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ABSTRACT

The Africa-Arabia plate boundary comprises the Red Sea
oceanic spreading centre and the left-lateral Dead Sea Fault
Zone (DSFZ); however, previous work has indicated kinematic
inconsistency between its continental and oceanic parts. The
Palmyra Fold Belt (PFB) splays ENE from the DSFZ in SW Syria
and persists for ~400 km to the River Euphrates, but its
significance within the regional pattern of active crustal
deformation has hitherto been unclear. We report deformation

of Euphrates terraces consistent with Quaternary right-lateral

transpression within the PFB, indicating anticlockwise rotation

Introduction

The boundary between the African
and Arabian plates (Fig. la) com-
prises the Red Sea oceanic spreading
centre and the left-lateral Dead Sea
Fault Zone (DSFZ). The northern
DSFZ, in Lebanon, western Syria
and southern Turkey (Fig. Ib), is
transpressive, the crustal shortening
that accompanies its left-lateral slip
contributing to the development of
local topography (e.g. Westaway,
2003; Gomez et al., 2006; Seyrek
et al., 2007). The southern DSFZ is,
in contrast, a good approximation to
a transform fault zone. Although the
kinematics of the Red Sea oceanic
spreading are well constrained (e.g.
Chu and Gordon, 1998), the resulting
Euler vector significantly over-pre-
dicts the slip rate on the northern
DSFZ (e.g. Westaway, 2003). The
Palmyra Fold Belt (PFB), first de-
scribed by Krenkel (1924), consisting
of mountain ranges above blind re-
verse faults, splays ENE from the
DSFZ in SW Syria and persists for
~400 km to the vicinity of the River
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Euphrates in NE Syria (Fig. 1b).
Although the PFB exhibits relief (up
to 1800 m altitude) comparable with
the northern DSFZ, its development
has hitherto been attributed (e.g. by
Rukieh et al., 2005) to crustal deform-
ation preceding the present phase,
which began in the Mid-Pliocene,
c. 3.5 Ma (e.g. Westaway et al., 20006,
2008a; Seyrek et al., 2007, 2008).

The River Euphrates crosses the
line of the PFB ~40 km NW of
Deir ez-Zor, its valley here flanked
by the basalt-capped Halabiyeh (SW)
and Kasra/Zalabiyeh (NE) plateaux
(Fig. 2). Previous local descriptions
of the basalts (e.g. Medvedev and
Ponikarov, 1966a,b) and Euphrates
terrace deposits (e.g. Besangon and
Sanlaville, 1981; Sanlaville, 2004)
have reported subhorizontal disposi-
tions with no disruption by faulting.
However, in a study of the structural
geology, Litak et al. (1997) disclosed
an oil-industry seismic section show-
ing faulting reaching the Earth’s
surface within the bedrock SW of
the Euphrates valley (Fig. 2); they
proposed that the faulting is active
and continues NE, disrupting the
Kasra Plateau basalt, but provided
no details. Their interpretation was
disputed by Zanchi et al. (2002), who
claimed that the evidence could not
be verified in the field. The hitherto

(estimated as 0.3° Ma~' about 36.0°N 39.8°E) of the block
between the PFB and the northern DSFZ relative to the
Arabian Plate interior. The northern DSFZ is shown to be
kinematically consistent with the combination of Euler vectors
for the PFB and the Red Sea spreading, resolving the
inconsistency previously evident. The SW PFB causes a
significant earthquake hazard, previously unrecognized, to
the city of Damascus.
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unresolved question of whether there
is significant active faulting in this
part of Syria prompted the present
investigation.

Field evidence

We have surveyed the FEuphrates
terraces between Lake Assad and
Deir ez-Zor (Fig. 1b) using differen-
tial GPS (Fig. 3) and Shuttle Radar
Topographic Mission (SRTM) topo-
graphic imagery (see Supporting
Information) to determine altitude,
following the procedures described,
for instance, by Westaway et al.
(2006, 2008b). The terrace deposits
typically consist of gravels overlain by
sand and silt, the gravel being char-
acterized by metamorphic and igne-
ous clasts derived from north of the
suture of the former Neotethys Ocean
(Fig. 1b). They are inset against Late
Miocene/Early Pliocene evaporite
(mainly gypsum) interbedded with
silts and gravels of the ancestral
Euphrates (e.g. Medvedev and Poni-
karov, 1966a.,b). The study reach is
dominated by an Early Holocene
floodplain terrace (dated using '*C
by Besangon and Geyer, 2003; desig-
nated Qf0 after Sanlaville, 2004) up to
10 km wide and typically ~4 m above
the river (Fig. 3). Above this are
fragments of terrace QfI; at Ayash
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Fig. 1 Regional maps, modified after
Litak et al. (1998). (a) Map of plate
boundaries in the eastern Mediterranean
and Middle Eastern region, with
TR—EU Euler pole (from McClusky
et al. 2000) and AR—SY Euler pole
from this study. AR—AF pole 1, from
Chu and Gordon (1998), is based on the
magnetic anomalies adjoining the Red
Sea oceanic spreading centre; pole 2,
from Klinger et al. (2000), Westaway
(2003) and Seyrek et al. (2007), fits
evidence from within the DSFZ but is
not consistent with this oceanic spread-
ing. The present study shows that pole 1
fits the evidence from the northern
DSFZ well, once the deformation within
the PFB is taken into account. (b) Map
showing active fault zones, greatly sim-
plified, in Syria and adjoining countries,
showing the extent of the Syrian micro-
plate as envisaged in this study. Note the
active anticlines, which presumably
overlie blind active reverse faults, in
localities north-east of the present study
region. These structures represent
active deformation at the northern
margin of the Arabian Platform, as one
approaches the broad deforming bound-
ary zone between the Arabian and
Eurasian plates (cf. Reilinger et al.,
2006). The relative motion between the
Arabian Plate and Syrian microplate in
this region, predicted from our Euler
vector for the PFB, would be very slow
transtension, which is not observed; we
thus infer that any such motion is
outweighed in this region by the
component of the Arabia—Eurasia con-
vergence that is accommodated locally.
This is why the Syrian microplate is
depicted as having a diffuse eastern
boundary as this region of active anti-
clines is approached. Structural models
exist that might account for the
termination of a zone of localized
deformation (such as, the PFB) in such
a zone of distributed deformation (e.g.
Froitzheim ez al., 2006). Further discus-
sion of this issue is the subject of work in
progress and, thus, beyond the scope of
this study.
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Fig. 2 Map of the study region, modified after Besangon and Sanlaville (1981) to include Universal Transverse Mercator (UTM)
co-ordinates, with dating evidence from Sharkov et al. (1998) and Demir et al. (2007a) and additional information from our own
fieldwork. Outcrops whose margins have not yet been mapped are illustrated schematically. The warping of the Kasra Plateau
basalt along the surface trace of the Kasra Fault (6 on this map) is very clear in the field, as Litak ez al. (1997) noted; for instance,
at [EV 90049 42947] basalt in the hanging-wall of the fault is tilted SE at ~20°; basalt in the footwall is locally warped towards the
fault, the line of the fault being picked out by a gulley.

(Fig. 2), these reach 9 m above present
river level and are overlain by basalt,
dated by Demir ez al. (2007a) to
402 + 11 ka. Above this, and visible
along most of the valley, are much
thicker and more extensive deposits of
terrace QfII. In comparison with the
dated terraces of the River Tigris
around Diyarbakir, SE Turkey (docu-

© 2009 Blackwell Publishing Ltd

mented by Bridgland et al., 2007, and
Westaway et al., 2008b), this terrace is
dated to ¢. 900 ka (cf. Demir et al.,
2008). Our fieldwork indicates that
higher deposits previously grouped as
terrace QfIII can be subdivided; some
post-date the ¢. 2.1 Ma Kasra/
Zalabiyeh basalt (dated by Demir
et al., 2007a), others underlie this

basalt, others underlie the ¢. 2.7 Ma
Halabiyeh basalt (dated by Sharkov
et al., 1998, and Demir et al., 2007a),
whereas deposits in the highest parts of
the landscape significantly pre-date
this older basalt (Fig. 2). The basalt
capping the entire Kasra/Zalabiyeh
plateau has been attributed to a
single eruption phase (e.g. Medvedev
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Fig. 3 Cross-sections showing variations in heights of Euphrates terraces and associated basalts on the right side (a) and left side
(b) of the river. Both projections are oriented N35°W-S35°E with distance measured from an origin at UTM co-ordinates [DV
65000 70000]; terraces are labelled using the same ornament as in Fig. 2.

and Ponikarov, 1966a,b), a view sup-
ported by the geochemical similarity of
the basalt throughout this area
(Fig. 4).

The terraces in this reach of the
Euphrates are unusual in that they are
not parallel with the modern flood-
plain, variations in height being most
clearly evident for terrace QfII
(Fig. 3). For >20 km upstream of
the Halabiyeh Plateau, this terrace
maintains a near-constant altitude of
~250 m a.s.l., thus diverging down-
stream from ~30 to ~40 m above the
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river, while the oldest spreads of terrace
QfIII are back-tilted significantly.
Conversely, in the ~20 km down-
stream from Ain Tabus, terrace QfII
falls from ~35 to ~10 m (Fig. 3a).
We also note abrupt, highly local-
ized variations in the height of terrace
QfII. Thus, in the ~8 km upstream
from Ain Tabus to Masrab, it falls
from ~35 to ~30m above the
Euphrates. At the western edge of
Masrab, it then rises abruptly to
~60 m (Fig. 3a) as the terrace and
underlying gypsum are offset across a

reverse fault (Figs 5 and 6). In the
~2 km upstream of Masrab, the ter-
race rises to ~80 m (Fig. 5b) at Tarif,
where it then falls to ~45 m in a few
tens of metres; the terrace deposits
and underlying bedrock are here
locally tilted at up to ~25°, indicating
a blind reverse fault in the subsurface.
These Masrab and Tarif faults (1 and
2 in Figs 2 and 3a) are aligned with
counterparts with equivalent slip
polarity on the Litak e al. (1997)
seismic section, 4-5 km farther SW
(Fig. 2).

© 2009 Blackwell Publishing Ltd



Terra Nova, Vol 21, No. 6, 427-437

M. Abou Romieh et al. e Palmyra Fold Belt kinematics

67
: . Basanite
5_: . hd Ao A
[l RS @
= 4 o ! o
o 35 = M
¥ 31 Foidite :
Z Picrobasalt
17
38 40 42 44 46 43
" Si0, (Wt%)
:{g} Halabiyeh 0 poch »[2] Mankar
a[g AYAS 0[2] Shireen

o [2] .
o 31 Zalabiyeh (3] Kasra

s3] Hjaf

Fig. 4 Graph of percentage composition by weight of alkali metal oxides against
silica for basalts from the study area, also showing standard classification fields.
Symbol shapes indicate volcanic fields, their shades indicating the reference source:
[1], Lustrino and Sharkov (2006); [2], Demir et al. (2007a); [3], this study. The plot
demonstrates significant differences in composition between basalts from different
eruptive centres and that the Zalabiyeh Plateau and Kasra Plateau basalts are
indistinguishable, confirming that both came from a single eruptive phase of the same
volcanic neck. Full geochemical analyses of the basalt samples in group [3] are

provided in the Supporting Information.

Between Bweitiyeh and Al Khan,
terrace QfII falls (upstream) from ~45
to ~35 m, in line with another fault in
the seismic section. We thus project
this, the Bweitiyeh Fault (3 in Fig. 2),
to the Euphrates. A fourth fault evi-
dent in the seismic section, with down-
throw to the SE, adjoins the southern
end of a bluff across which the highest
spread of back-tilted Euphrates gravel
is abruptly truncated as the land
surface drops from ~150 to ~90 m
above the modern river. We attribute
this to downthrow across this Tibni
Fault (4 in Fig. 2). This bluff passes
end-on into the southern Halabiyeh
Plateau, where it marks a ~20 m
displacement (from ~315 to ~295 m
a.s.l.) in the contact between fluvial
terrace deposits and overlying basalt.
In the SE corner of the plateau, the
base of the basalt is even lower,
~275 m a.s.l.; we attribute this addi-
tional displacement to downthrow on

© 2009 Blackwell Publishing Ltd

the Shiha Fault (5 in Fig. 2), which we
envisage as splaying from the Tibni
Fault as indicated in Fig. 2. In these
localities, no faulting is visible, but the
basalt is warped (Fig. 7), thus indicat-
ing (like at Tarif) blind faulting in the
subsurface.

On the left side of the Euphrates,
terrace QfII rises gradually upstream
from ~10 m east of Deir ez-Zor to
~40 m at Kasra (Fig. 3b). Higher-
level spreads of gravel, assigned to
terrace QfIII, and flats in bedrock
gypsum show corresponding height
variations. In contrast, the contact
between the basalt capping the SE
Kasra Plateau and the underlying
fluvial gravel tilts NW (Fig. 3b), fall-
ing gradually upstream from ~300 to
~255 m as.l. in ~4 km before rising
abruptly to 290 m a.s.l.. Because of
cover by talus, no fault is visible in the
plateau bluff, but within the plateau,
the basalt is clearly warped across this

discontinuity, indicating the presence
of the Kasra Fault (6 in Fig. 2), as
previously inferred (Litak et al., 1997,
see also Alsdorf er al., 1995). The
downthrow across this fault dies out
progressively north-eastward; 10 km
farther NE, the plateau basalt NW of
the fault line is at the same level as
gypsum bedrock to the south-east. We
infer that, to the SW, the Kasra Fault
splays into the Masrab and Tarif
faults as indicated in Fig. 2.

NW of Harmushiyeh, the surface of
terrace QfII steps down abruptly from
~245 to ~230 m a.s.l., much of this
extensive feature having hitherto been
regarded (e.g. Besangon and Sanla-
ville, 1981; Sanlaville, 2004) as part of
terrace QfI because of its low altitude
(~20 m above river level). We attri-
bute this instead to downthrow across
the Harmushiyeh Fault (7 in Fig. 2),
interpreted as a NE continuation of
the Bweitiyeh Fault. Finally, localized
deformation is also evident in the
southern Zalabiyeh Plateau and
westernmost Kasra Plateau. The
Zalabiyeh plateau basalt is typically
subhorizontal, reaching ~310 m a.s.l.;
south of an anticline axis (indicated in
Fig. 2), it tilts southward, declining to
~290 m a.s.l. in ~1-2 km. South of
this point, it drops more abruptly to
~265 m a.s.l., indicating another fault
(the Kibr Fault; 8 in Fig. 2), beyond
which it slopes southward to ~250 m
asl. or only ~35m above the
Euphrates.

Sense and rate of crustal
deformation

The overall effect of this deformation
is to create a localized zone of max-
imum uplift between Masrab and
Tarif, downstream of a localized zone
of minimum uplift encompassing the
Tibni-Kibr area, the southernmost
Zalabiyeh Plateau and the extreme
SE Halabiyeh Plateau. Structural evid-
ence (e.g. Litak et al., 1997; Seber
et al., 2000) indicates that the deform-
ation is primarily right-lateral with a
minor component of shortening (see
Supporting Information, which in-
cludes discussion of the available
earthquake focal mechanisms in this
deforming zone). Evidence for right-
lateral slip is provided by the apparent
~200 m offset of the inner edge of
Euphrates terrace QfII at Tarif
(Fig. 6) which, given the age of this
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Fig. 5 (a) Field photograph looking S30°W from [EV 79098 32580] at the ~40 m high
bedrock gypsum bluff capped by deposits of Euphrates terrace QfII NW of Masrab (1
in Fig. 3a; precise location at A in Fig. 6). The terrace deposits and underlying
bedrock are warped and offset across the Masrab Fault. (b) Annotated sketch of (a),
identifying key details, with deposits of Euphrates terrace QfII that are exposed in the
terrace bluff shaded. 1, 2 and 3 are the bedrock gypsum, fluvial terrace deposits (silt,
sand and gravel) and surface of fluvial terrace QfII, respectively, in the footwall of the
fault. 4 and 5 are the bedrock gypsum and an outlier of the basal part of the QfII
fluvial succession in its hanging-wall. 6 is the fault plane. 7 is talus derived from the
fluvial deposits, which has cascaded down a gulley in the surface of the bedrock
gypsum close to the footwall cutoff, partly covering the gypsum, some of which has
been locally eroded. 8 is another gulley cut into the bedrock gypsum by a wadi that
drains part of the QfII fluvial terrace in the hanging-wall of the fault. 9 is the surface
of the QfII fluvial terrace in the middle distance (>~100 m away), away from the
terrace bluff in the hanging-wall, the bulk of the fluvial deposit at closer localities in
the hanging-wall having been lost to erosion. 10 is the surface of the Holocene (Qf0)
floodplain terrace. 11 is the footwall cutoff of the top of the bedrock gypsum. 12 is the
estimated position of the hanging-wall cutoff of the top of the bedrock gypsum,
taking into account the local loss of some of this bedrock to erosion (see 7, above).
Also shown are construction lines for estimating the heave and throw on the fault;
these are ~15 m and ~20 m respectively. However, the resulting throw underesti-
mates the observed ~30 m decrease in altitude of the terrace surface over a ~100-m
distance (Fig. 3a). It is thus concluded that the slip on the fault decreases upward in
the shallow subsurface and that the heave and throw at shallow depths (assumed to
decrease in proportion) are ~23 m and ~30 m (Table 1).

terrace, indicates a slip rate of
!, The overall

~0.2mma . crustal

ation in this sense being evident (e.g.
Litak et al., 1997; Brew et al., 2003),

shortening rate consistent with the
field evidence between Masrab and
the Halabiyeh Plateau is estimated as
~0.1 mm a~! (Table 1).

Right-lateral transpression charac-
terizes the PFB SW of the present
study region, more intense deform-
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although the lack of points of refer-
ence has prevented quantification of
its rate. Although modest, the deform-
ation rates estimated from our study
provide a basis for quantification
throughout this zone. The evident
north-eastward tapering in deform-

Terra Nova, Vol 21, No. 6, 427-437

ation suggests that the PFB is charac-
terized by an Euler pole (for
anticlockwise rotation of the block to
the NW, which we call the Syrian
microplate in Fig. 1, relative to the
Arabian Plate to the south-east) lo-
cated not far north of the present
study region. A pole at 36.0°N,
39.8°E, with a rotation rate of
0.3°Ma™!, can roughly account
for the available evidence (Figs 6 and
8a).

This Euler vector for the PFB can
be used, along with that for the Red
Sea oceanic spreading (from Chu and
Gordon, 1998), to predict the kine-
matics of the northern DSFZ (Figs 8
and 9). The anticlockwise rotation of
the Syrian microplate relative to Ara-
bia reduces the slip rate below that
predicted from the oceanic spreading
alone, bringing it into agreement with
observations (e.g. those reported by
Meghraoui et al., 2003; and Seyrek
et al., 2007; Fig. 8). This implies that
the PFB has the effect of absorbing
part (estimated in Fig. 8 as ~20%) of
the northward motion of Arabia rel-
ative to Africa that is required to
accommodate the Red Sea spreading.
The PFB is thought to mark an
ancient line of weakness within the
Arabian Platform; it was a zone of
crustal extension in the Mesozoic and
may also mark a boundary between
terranes that sutured together in the
latest Precambrian when this crust
became consolidated (e.g. Litak et al.,
1997; Brew et al., 2003). Reactivation
of this zone can now be seen to be an
essential element in the post-3.5 Ma
geometry of the regional kinematics,
enabling the northern DSFZ to slip
at the observed rate, given the rate of
oceanic spreading in the Red Sea.
The proposed kinematic model
predicts a maximum of ~9 km of
crustal shortening in the SW PFB
during this phase of deformation (cal-
culated as ¢. 3.5Max25mma ;
after Fig. 8a). Structural analysis by
Chaimov et al. (1990) indicates a
maximum of 20-25 km of crustal
shortening in the SW PFB; much
of the shortening within this zone
thus pre-dates this phase of deform-
ation.

An important implication of this
analysis concerns the earthquake
hazard to Damascus. This city (pop-
ulation ~3 000 000) is located within
the SW PFB on alluvium of the

© 2009 Blackwell Publishing Ltd
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Fig. 6 Topographic map of the Bweitiyeh-Tarif-Masrab area of the right side of the Euphrates valley, showing the disposition of
terrace QfII in relation to the active faults that are interpreted in this study. The topographic imagery, prepared as described by
Westaway et al. (20006), is based on SRTM data and thus cannot resolve features with dimensions smaller than ~90 m. The WSW-
ENE-striking Tarif fault, with downthrow to the NNW, follows the course of Wadi Fasayya, which joins the Euphrates valley
north of Tarif. South of Bweitiyeh, terrace QfII forms a ~2 km wide flat at ~350 m a.s.l., on the inside of a meander loop, with
older terrace deposits at higher levels farther west. North of Tarif, terrace QfII can be traced as a much narrower flat around the
outside of another meander loop, as shown. It resumes south of Wadi Fasayya, reaching the line of the Tarif Fault at locality 2,
adjoining a tributary gulley that enters the right bank of the wadi. At locality 2, a narrow flat bounded by a bluff is evident west of
this gulley, circa [EV 7705 3330]; we interpret this as the inner edge of terrace QfIII NNW of the fault. SSE of the fault terrace QfII
is higher, ~385 m a.s.l., because of the component of vertical slip on the fault. A narrow terrace flat can again be traced west of the
tributary gulley, as far as locality 1, circa [EV 7700 3295], and is interpreted as the inner edge of the terrace in the hanging-wall of
the fault. We project the inner edge of the terrace in the footwall south—south-eastward to the footwall cutoff circa [DB 7715 3310].
The ~200 m distance between these points ([EV 7700 3295] and [EV 7715 3310]) indicates ~200 m of right-lateral slip on the Tarif
Fault since the end of aggradation of the deposits now forming terrace QfII, as noted in the text. The tributary gulley and wider
terrace flat on its right side also appear offset right-laterally by ~200 m, but the offset of the inner edge of the terrace provides
stronger evidence. Note also the much greater height of terrace QfII in the hanging-wall of the Masrab Fault than in its footwall
(~285 m against ~240 m a.s.l.), because of the component of reverse slip on this fault. A field photograph illustrating the
landscape in this area (looking SSE from locality B at [EV 77387 35614], near Bweitiyeh) was published as Fig. S1(d) of Demir
et al. (2007b) and so is not repeated here. This photograph shows both the vertical and right-lateral offsets of the inner edge of
terrace QfII, although this was not realized at the time; what is now apparent as the high part of terrace QfII between Tarif and
Masrab was thought to be an older fluvial terrace, above the level of terrace QfII at Bweitiyeh. This high terrace flat was mapped as
bedrock by Besangon and Sanlaville (1981) (Fig. 2), but is covered by Euphrates terrace deposits, now well-exposed in many
localities as a result of quarrying. These terrace deposits and the underlying bedrock can be seen to be warped and tilted along the
line of the Tarif Fault, for instance, beneath Tarif village between [EV 78216 33571] and [EV 77501 33445] (locality C), indicating
that a single deformed fluvial terrace is present rather than two terraces at different levels as Demir ez al. (2007b) thought.

Damascus Basin in the footwall of one
of the reverse faults within this zone
(the Damascus Fault; see Supporting
Information) the hanging-wall of
which rises ~400 m above the city
(e.g. Sharkov et al, 1994). The
~600 m thickness of Pliocene/Pleisto-

© 2009 Blackwell Publishing Ltd

cene alluvium in the Damascus Basin
(dated, using interbedded basalt, after
Mouty et al., 1992; and Sharkov
et al., 1994; see Supporting Informa-
tion) indicates that this fault has
developed a throw of ~1000 m on
this time scale, implying (assuming the

motion started at 3.5 Ma) a vertical
slip rate of ~0.3 mm a~'. This and
other reverse faults forming the SW
PFB have hitherto been regarded as
inactive (e.g. by Rukieh ez al., 2005),
but our reanalysis, which predicts an
overall rate of crustal shortening
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Fig. 7 Field photograph of warped basalt inferred to overlie a blind reverse fault. View N from [EV 68765 41202] to the southern
tip of the Halabiyeh Plateau, showing down-to-the-east warping of the Halabiyeh basalt across the Tibni Fault and back-tilting of
Euphrates gravel, overlain by the basalt, to the west of the fault.
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Fig. 8 Summary of proposed regional
kinematic model. (a) Kinematics of the
PFB predicted using the Euler vector
(0.3° Ma™' about 36.0°N, 39.8°E) de-
duced in this study. Predicted rates of
motion (b) and azimuths (c) for the
DSFZ, showing both the prediction
using the Africa—Arabia Euler vector
from Chu and Gordon (1998) [1] and the
revised solution using this Euler vector
in combination with that, illustrated in
(a), for the PFB [2]. Observational evi-
dence for comparison (locations in
Fig. 1b) is; (1) from the Misyaf area
(Meghraoui et al., 2003), for slip in
earthquakes in the past ¢. 2000 years;
(2) from the Karasu Valley (Seyrek
et al., 2007), from offsets of dated Mid-
dle Pleistocene basalt flows; (3) from the
Lebanon/Syria border region, for a
compilation of data (Seyrek et al.,
2007); (4) the 6 mm a~' upper bound
to the left-lateral slip rate estimated
south of the Dead Sea (Klinger ef al.,
2000); and (5) the 3.2 mm a™' slip rate
estimated on one strand of the north-
ernmost part (in the Jordan valley north
of Lake Kinneret, at the western margin
of the Jaulan region of SW Syria) of the
southern DSFZ (Marco et al., 2005). (4)
may underestimate the overall slip rate
because the southern DSFZ consists of
multiple en echelon strands that straddle
sensitive international borders. (5)
clearly underestimates the total slip rate,
as Marco et al. (2005) mentioned other
active left-lateral faults en echelon to the
one that they studied, and so is depicted
with an indeterminate upper bound
equal to the predicted local slip rate. In
(c), misalignment means the difference in
azimuth between the predicted plate
motion and the active faulting, negative
values indicating transpression.

© 2009 Blackwell Publishing Ltd
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Table 1 Estimation of rates of crustal shortening. AR 1,760 mm a1 S20.27°E
d

Offset marker Rate of ",I;;\:/ / 1530 mma-’
Age Throw Dip Heave increase of I".\'v sy | N

Fault Name Ma) (m) (9 (m) heave (mm a™") ".lll'.I
Right side of Euphrates valley I"-I".
Masrab Fault Top of terrace Qfll 0.9 [1] 30 [2] 50 [2] 23 [2] 0.026 u 2386 et &1
Tarif Fault Top of terrace Qfll 0.9 [1] 35 45 [3] 35 0.039 I".I'- ’
B.\/ve!tlyeh Fault  Top of terrace Qfll 0.9 [1] 10 45 (3] 10 0.011 6,084 e .a'1l".:'.|
Tibni Fault [4] Top of oldest Euphrates gravel 3.0 [1] 60 45 [3] 60 0.020 N13.65°W W

Total 0.096 ————7.318 mm a-"
Halabiyeh Plateau I':::. N12.07°W
Tibni Fault [5] Halabiyeh basalt 2.7 [6] 20 45 [3] 20 0.007 \
Shiha Fault Halabiyeh basalt 2.7 [6] 20 45 [3] 20 0.007

Total 0.014 [7]
Left side of Euphrates valley AF
Kasra Fault Kasra/Zalabiyeh basalt 2.1 [6] 35 45 [3] 35 0.017
Harmushiyeh Fault Top of terrace Qfll 0.9 [1] 15 45 [3] 15 0.017 Fig. 9 Velocity vector diagram for Mis-
Kibr Fault Kasra/Zalabiyeh basalt 2.11[6] 25 45 [3] 25 0.012 yaf on the northern DSFZ in NW Syria

Total 0.046 (8]

Time-averaged rates of increase of heave, regarded as proxies for rates of crustal shortening across each
fault, are calculated for each fault by dividing the heave by the age of the offset marker.

[1] Age estimated from regional correlations of fluvial terraces, supported by isotopic dating in the Diyarbakir
area (Bridgland et al., 2007; Westaway et al., 2008b); [2] Throw and heave observed in the field at the fault
plane (Fig. 5), but scaled to the total offset of the terrace surface. Dip calculated as tan™" (throw./heave); [3]
Nominal dip value assumed; heave estimated as throw (estimated to the nearest 5 m from SRTM imagery)
divided by tan(dip); [4] The part of the Tibni Fault SW of Tibni; [5] The part of the Tibni Fault in the southern
Halabiyeh Plateau; [6] Age estimated from Ar—Ar dating of local basalt (Demir et al., 20074, and Fig. 2); [7]
Shortening rate comparable to, but less than, that estimated across the Tibni Fault south of the Halabiyeh
Plateau; [8] Estimated shortening rate decreases by more than 50% from that for the right side of the
Euphrates valley in ~12 km distance, consistent with increasing proximity to the Euler Pole for the Palmyra

Fold Belt.

across this fault zone in the Damascus
area of ~2 mm a~' (Fig. 8a), suggests
otherwise. Damascus is known to
have repeatedly experienced destruc-
tive earthquakes during the past
> 3000 years, hitherto attributed (e.g.
by Sbeinati et al., 2005) to the DSFZ,
which runs >40 km west of the city
(Fig. 1b). Our findings imply that
some of them involved slip on the
Damascus Fault or other reverse
faults closer to the city. Destructive
earthquakes are known to have
affected the PFB; for example, the
ancient city of Palmyra was dam-
aged to seismic intensities of VII
and VIII respectively in Ap 1043
and 1089 (Sbeinati ez al., 2005).
Moreover, the sparseness of the
population in this desert region makes
it probable that other earthquakes up
to magnitude 6.5 have been missed
from the historical record (Sbeinati
et al., 2005), leading to the underesti-
mation of the significance of the PFB
that our present analysis seeks to
redress.

© 2009 Blackwell Publishing Ltd

Conclusions

Deformation of Euphrates terraces in
NE Spyria indicates Quaternary right-
lateral transpression within the PFB.
The PFB thus accommodates clock-
wise rotation of the Arabian Plate
relative to the Syrian microplate to the
NW. The kinematics of the northern
DSFZ (the western boundary of the
Syrian microplate) are shown to be
consistent with the combination of
Euler vectors for the PFB and for the
Red Sea spreading, resolving the
inconsistency previously evident with
the relative motion across the PFB not
taken into account. As a result of its
proximity, the SW PFB causes a
significant earthquake hazard, previ-
ously unrecognized, to the city of
Damascus.
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