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ARCHAEOSEISMOLOGICAL EVIDENCE OF HISTORICAL ACTIVITY
OF THE WADI ARABA-JORDAN VALLEY TRANSFORM FAULT
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RIASSUNTO - Indizi archeosismici dell'attivita storica della faglia trasforme del Wadi Arba-Valle del Giordano - Il Quaternario italian
Journal of Quaternary Sciences, 10(2), 1997, 401-406 - Lungo il rift del Mar Morto, dal Golfo di Aqaba al Lago di Tiberiade, & presente
senza soluzione di continuita una delle faglie trasformi pit: importanti ma meno studiate del mondo, la Wadi Araba-Jordan Valle Fault
(AJF). Lungo questa questa faglia, attiva per tutio I'Olocene, sorgono diversi insediamenti storici che, in maniera diversa, hanno risen-
tito dei movimenti della faglia. Lo studio delle deformazioni indotte sui manufatti ha permesso, in maniera speditiva, di definire alcune
caratteristiche del comportamento della faglia, i tempi di attivazione e lo slip-rate.
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1. INTRODUCTION

The Wadi Araba-Jordan River Fault (AJF) is the
sinistral transform fault separating the Sinai-African plate
from the Arabian Plate (Fig. 1A). According to Quennel
(1959), Freund et al. (1970) and Girdler (1991) the offset
of 107 km between the two sides of the fault occurred
mainly in the last 15 million years. The surface trace of
the AJF can be followed for hundreds of kilometres from
the Guif of Agaba to the Lebanon mountains (Figs. 1-2).
The fault runs mainly in Jordan, very close to the border
with Israel.

A survey along AJF, from the Agaba Gulf to the
northern Galilee, has allowed to recognise many ar-
chaeological sites located close to the fault plane, which
record the deformation induced by coseismic slips, and
give information about the age and the amount of the
movement. Among these sites, at least five — namely,
from S to N, the ancient town of Ayla, the Roman reser-
voir of Qasir el Telah, a nearby Roman (?) aqueduct, the
calcolithic settlement of Teleilat Ghassul, the one of Deir
Alla and a crusaider castle near the Jakob ford, in Israel
— are cut by the fault, showing displacements of the
masonry structure and/or of the foundation deposits.

In a region rich of archaeological remains, archeo-
seismology may represent an additional tool to constrain
seismic events both in space and time.

2. SOUTHERN ARABIA

Whitcomb (1987) directed attention to the presence
of a ENE-WSW fault, which caused a displacement of
~1.5 m in the SW wall of Ayla, a town on the Aqaba
Gulf, a few kilometres to the W of the AJF (Fig. 1).

New excavations (March, 1996) across the pre-
sumed fault, exposed masonry structures and virgin soils
with no traces of displacement. Although, the surround-
ing NW and SW walls display deformations which are

consistent with a NS dextral shear zone (the NW wall is
composed of three segments, right-shifted to one an-
other; Fig. 3).

Other decimetric deformations affect both the foun-
dation deposits and the masonry structures discovered
outside the Egyptian Gate. Muslim Ayla reached the
peak of its prosperity in the period between the 9th-11th
Century, during the Abbasid era; historical and archaeo-
logical data testify that the town, by the 11t Century,
started to deteriorate and finally to collapse. The rel-
atively abrupt abandonment of the city was probably
contemporary to or occurred shortly after the age of
deformations in the walls (which appear not restored)
and in their foundations. The common cause may be the
earthquake which would have struck this area in 1068
(Abou Karaki, 1987) and that probably occurred along
the AJF.

3. NORTHERN ARABIA

South of Dead Sea, close to the AJF scarp, the
ruins of the square water reservoir of Qasir el Telah crop
out (Fig. 1). They may be linked to the Roman Toloana,
which is known to have had a military garrison in the 4th
Century A.D. (Khouri, 1988). The eastern wall of the reser-
voir is cut into the bedrock, the remaining structure being
constructed with cemented and plastered sandstone
blocks, with foundations carved into cemented gravels and
counterforts on the southwestern side. The southeastern
wall, a well preserved and rectilinear structure striking
NB0°E, is tilted counterclockwise (1.5° 35 cm/14 m) star-
ting from a vent at half of its length. Part of the southwe-
stern wall is tilted, as well. The W corner (a tower ?) is ver-
tically tilted to E and is separated from the surrounding
wall by a N10°W fracture (0.5-1 m large). The fracture is
aligned to the AJF scarp (Figg. 4-5). The comer and its foun-
dations are shifted southward, stricking out of some decime-
tres with respect to the S wall. The deformation can be asso-
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Fig. 1 - Seismotecionic sketch of the Wadi Araba region. Inset
A: Regional tectonics of the Dead Sea Rift.

Schema sismotettonico della regione del Wadi Araba. Nellin-
serto A & riporito l'inquadramento teftonico regionale.
-

ciated to the wrenching occurred during the left-lateral
movement of the AJF.

The NW wall of the Qasir el Telah reservoir, which is
partly convex toward the reservoir (W side), forms an high
angle (70°) with the fault, but is badly preserved, espe-
cially close to the fault itself. Thus, with respect to the W
corner, an evaluation of the horizontal displacement is
not easy. However, if the W corner bulging (about 80
cm, partly due to vertical tilting) and the low angle of inci-
dence between the fault and the SW wall (about 20°) are
taken into consideration, the horizontal displacement
might be about 1.5-2 m. Since some restorations in the
western wall seem to be contemporary to the construc-
tion, a first earthquake could have damaged the reservoir
during or shortly after the period of the Roman domain in
the region (e.g. the event of 363 A.D. responsible for
serious damages in Holy Land and in the close town of
Petra (Hammond, 1980; Russel, 1980), followed by an-
other earthquake that caused the displacements which
would have not been restored (e.g. the 972 A.D. earth-
quake; Abu Karaki, 1987).

Farther north (Wadi Khunaizir gorge), a NNW-SSE
splay of the AJF displaces an aqueduct, with a 2 m right-
lateral step. The aqueduct, probably of the same age of
Qasir el Telah, is partly built of masonry with a standing
archway and is party entrenched in the hill-slope.

A few metres away, another branch of the AJF cuts
the aqueduct, some masonry stones being trapped in
the fault plane.

4. JORDAN VALLEY

At Telleilat Ghassul, a calcolithic settlement near the
. NE comer of the Dead Sea (Fig. 2), Hennesey (1969)
hypothesised the occurrence of many earthquakes that
contributed to the abandonment of the town (3600 B.P.).

There are evidence of surface faulting all along the
entire historical stratigraphical sequence, the fault system
being composed by N50°E subvertical reverse faults
with decimetric vertical throw, E-W undefined faults and
NNW-SSE subvertical reverse faults (Fig. 8). On a photo
published by Hennessey (1969; pl. Ill) a normal fault of
unknown strike, displacing the whole historical sequence
of about 0.5 m, can be observed. The site lies on a roughly
NNW-SSE fault system, with evidence of right-lateral slip
affecting some stream entrenched in the Lisan Forma-
tion top surface (Early Holocene: Galli, 1997, submitted
to J. Geophys. Res.).

In the past, some of these faults could have been
activated during some of the strong earthquakes occur-
red along the AJF, producing surface faulting and thus
contributing to the abandonment of the calcolithic settle-
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ment of Ghassul.

Surface faulting is also visible in the historical
strata at the top of “Tell Deir Alla” (at the mouth of
Zarqa River; Fig. 2). The “Tell” emerges from the alluvial
plain about 4 km to the east of the Jordan Valley Fault.
This “Tell” was used almost continuously throughout a
period spanning from around 3600 to 2400 B.P. Accord-
ing to the literature (see Khouri, 1988), the site was
seriously damaged by an earthquake around 3200 B.P.,
and suffered other catastrophic events later on.

The last site studied regards the segment of the
AJF to the north of Lake Tiberias, in Israel.

In 1178, King Baldwin IV, built a fortress near the
Jacob’s ford, on the W bank of Jordan River. The castle,
Meitzad Ateret (Fig. 2), was destroyed in 1179 by Saladin
and never rebuilt (Runciman, 1954). Abandoned for four
centuries, it was partly reutilized during the Ottoman
period (16th Century) and then was again abandoned
and was covered by debris.

On the top of a small elongated hill, recent ar-
chaeological excavations discovered the remains of the
160 m long and 55 wide surrounding walls of the castle.
The hill raises abruptly from the valley bottom of the
Jordan River, north of a right bend of the stream. The
river runs there in a straight gorge carved into basaltic
rocks, along the AJF line. At the river bend, the fault has a
right step. The shape of the hill is consistent with an
asymmetrical anticline, gently dipping westwards and with
a steep wing towards the east produced by the transpres-
sive component of the fault.

On the southern side of the castle, a few metres right
away from the threshold, the masonry shows an almost
pure horizontal deformation of at least 2.5 m, due to the
left-lateral slip that occurred during one or more strong
earthquakes (Fig. 7). The deformation may be described
as a warping with no neat rupture of the wall, whereas,
at a more detailed scale, each block has been tilted and
shifted of 5-30 ¢cm with respect to the neighbours. Spaces
amongst blocks are empty or partially occupied by basaltic
stones coming from the infilling material and from the
overlying masonry of the Turkish settlement. Awaiting
the constraints that might derive from the archaeological
dating, this latter circumstance allows to hypothesise
that the last deformation of the wall might be related to a
relatively recent earthquake (1759, Oct. 30 and Nov. 25;
1837, Jan. 1) rather than to an old one (1202, May 20).

5. CONCLUSION

The observations carried out in the archaeological
sites located across the AJF testify the historical activity
of the fault. The fault seems to have been mobilised
several times (e.g. , from south to the north: in 1064
A.D.; in the period from 363 A.D. to 972 A.D.; in the
period from 3600 to 3200 years B.P.; in the18th-19th
Century A.D.) and along different segments, from the
Gulf of Agaba to the Tiberias Lake region. The deforma-
tions recorded by the archaeological structures are con-
sistent with the 1mm/a slip-rate which was deduced on
the basis of field observations (Galli, 1997 submitted to
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Fig. 8 - View of the NW wall of the ancient town of Ayla, on the
Agaba Gulf. The wall is deformed by a NS dextral fault system,
evidence of which were observed in the foundation deposits
during archaeological excavations outside the Egyptian Gate.

Vista del muro nord-occidentale dell'antica citta di Ayla, sul
Golfo di Aqaba. Il muro é deformato da faglie destre ad anda-
mento NS di cui sono state osservate delle testimonianze nei
terreni di fondazione durante degli scavi al di fuori della Porta
Egiziana.

Geophys. Res.) and global plate motion programs (De
Metz, 1990).

These few indications highlight the potential of
archeoseismology for the understanding of the seismoge-
netic behaviour of the AJF and the need of future paleo-
seismological analyses in this (by now) desert region.
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Fig. 6 - Trench at Teleilat Ghassul, near the Dead Sea north-
eastern coast. Faulted historical deposits (ash and camp floor
deposits, 3600 years BC).

Trincea a Teleilat Ghassul sulla costa nord-orientale del Mar
Morto. Depositi storici fagliati (cenere e terreno di calpestio,
3600 anni BC).

que des pays de la bordure orientale de la
Méditerranée: sismicité du systéme de failles du
Jourdain-Mer Morte. PhD thesis, IPGS, Univ. of
Strasbourg |, 417 pp.

Freund R., Garfunkel Z., Zak |., Goldberg M., Derin B. &
Weissbrod T., 1970 - The shear along the Dead
Sea rift. Philos. Trans. R. Soc. London, Ser. A.,
267, 107-130.

Girdler R., 1991 - The case for ocean crust beneath the
Red Sea. Tectonophysics, 198, 275-278.

Hammond P., 1980 - New evidence for the 4th-century
A.D. destruction of Petra. Bull. Amer. School of
Oriental Res., 238, 65-67.

Hennessy J.B., 1969 - Preliminary report on a first season
of excavations at Teleilat Ghassul. Levant, |, 1-24.

Khouri R., 1988 - The antiquities of the Jordan rift valley.
Al Kutba Pub., Amman, Jordan.

Mor D., 1973 - The volcanism in the central Golan Heights.
M.Sc. Thesis, Hebrew University, Jerusalem, 179 pp.
(in Hebrew).

Quennel A., 1959 - Tectonics of the Dead Sea. 20t Int.
Geol. Cong., Mexico, Assoc. Serv. Geol. Afr., 385-
405.

Runciman S., 1954 - A history of the Crusades. Cam-
bridge Univ. Press, London.

W

oo
8D
£
i
-
D
s
<
b |
Q
£
o
i
' Q
()]
-

Fig. 7 - Northern Jordan River Valley. A few kilometres N of
Lake Tiberias, there are the impressive ruins of a crusader's
castle — Meitzad Ateret, the chatelet — built by Baldwin the 4th
in 1178 on the top of a hill close to the Jacob Ford. The hill is a
push-up to the west of the Jordan Valley Fault. During a strong
earthquake (in 1202 or in 1759 or, most probably, in 1834) the
movement along the fault plane warped the castle powerful
wall for more than 2 m. The photo shows part of the displace-
ment of the southern wall, immediately east of the threshold
{the camera axis is parallel to the underformed western wall).

Parte settentrionale della Valle del Giordano. Pochi chilometri a
N del Lago Tiberiade, si trovano le rovine del castello crociato di
Meitzad Ateret, lo chatelet, costruito da Baldovino 1V in cima ad
una collina vicino a Jacob Ford nel 1178. La collina & una push-
up a W della Faglia della Valle del Giordano. Durante uno dei
forti terremoti occorsi nella zona (nel 1202 o nel 1759 o, molto
pit probabilmente, nel1834) il movimento lungo il piano di faglia
ha deformato le poderose mura del castello di oltre 2 m. La foto
mostra lo spostamento del muro meridionale subito ad est del-
l'ingresso (la macchina fotografica & in asse alla parte occiden-
tale del muro non deformata).
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