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Abstract. We report gravel of the River Euphrates, cappedflowed from the provenance of sediment reaching lowland or
by basalt that is Ar-Ar dated to9 Ma, at Shireen in northern  offshore depocentres, with no direct supporting evidence.
Syria. This gravel, preserved by the erosion-resistant basalt, with a length of~2800 km, the Euphrates is the longest
allows us for the first time to reconstruct the history of this river in SW Asia. From its source in NE Turkey it flows ini-
major river during the Late Miocene. In response to pro-tially west and south, then SE across the Arabian Platform
gressive regional surface uplift, the Euphrates extended Skn Syria and Iraq (Fig. 1) to the Persian Gulf. The Ara-
by ~800 km between the early Middle Miocene, when the pjan Platform was a marine depocentre until the Middle-Late
coast was near Kahramanmaras in southern Turkey, and thgliocene (e.g., Lovelock, 1984). Fluvial sand and gravel are
Pliocene, when it lay in western Iraq, east of the Arabianwidespread near its northern margin around Kahramanmaras
Platform uplands. (e.g., Derman, 1999; Fig. 1), dated to the early Mid-
dle Miocene (Langhian;~16 Ma) using interbedded basalt
(Arger et al., 2000) and shallow marine sediments (Karig and
Kozlu, 1990). The diverse clast content, including metamor-
phic lithologies not found in situ in the Arabian Platform,

Due to their action of transporting the products of erosion,indicates that a major river, draining at least part of the mod-

and thus facilitating the isostatic rebound that has contribute'" UPPET Euphrates catchment, reached the sea here at this
to the systematic growth of topography in the Late Ceno-Me (1'.':'9' 1. ) )

zoic, large rivers have had a significant role in long-timescale A Staircase of Late Cenozoic fluvial terraces records the
global change. However, relatively few pre-Pleistocene up-€volution of the Euphrates along its present course, indi-
land localities are known with demonstrable evidence thatcating net incision by~110m at Birecik (Sanlaville, 2004;

an extant major river was present. Examples include: AusPemir et al., 2004), near the Turkey-Syria border, and by
tralian rivers with records back to the Palaeogene (Stevensofy 70 m at Khan al-Baghdadi (Tatek, 1987) at the eastern
and Brown, 1989; Nott, 1992); rivers in eastern Europe thatmargin of the Arabian Platform uplands (Fig. 1). Across

are documented back to the Late Miocene (e.g., Matoshk&astern Syria (around and below Raqga, where much less
et al., 2004): and the Colorado in the SW USA, which hasincision has occurred since both the Late Pliocene and the

been reconstructed back to the Middle Miocene (e.g., Mc-/ate Early Pleistocene; Westaway et al., 2005a) and west-
Kee and McKee 1972; Lucchitta, 1979). However, in most €M Irag, the modern Euphrates valley is flanked by extensive

other regions one can only infer roughly where rivers onceolder stacked fluvial gravels (attributed to the ancestral Eu-
phrates from their diverse clast content), which indicate the

Correspondence to: R. Westaway course of the river in the Early Pliocene (e.g., Besancon and
(robwestaway@tiscali.co.uk) Geyer, 2003; 3, Fig. 1). However, its modern course farther

1 Introduction
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Fig. 1. Map locating the study area in relation to the River Euphrates (with its altitude a.s.l. marked at key sites) and the active left-lateral
faults (after Westaway, 2004, coloured light blue) bounding the Arabian (AR), African (AF) and Turkish (TR) plates. Mountain ranges
forming by distributed shortening along the DSFZ are: L.M., Lebanon Mountains; C.R., Syrian Coastal Range (Jebel Nusayriyah); and
A.M., Amanos Mountains. K.V. denotes the Karasu Valley. The Anatolian crustal province is shaded yellow, except where offshore. The
suture of the Neotethys Ocean follows its southern margin, also marking the northern limit of the Arabian Platform. Ophiolitic rock (chert,
basalt, etc.) from this suture zone and metamorphic rock (quartzite, calcschist, etc.) from Anatolia, farther north, are major constituents
of the Euphrates gravels. Cenozoic folding, superimposed on regional uplift, has created the uplands within the Arabian Platform labelled
in grey. In the Key, (1) denotes outcrop of the Upper Fars Formation; (2) denotes concentrations of stacked fluvial sand and gravel, from
the early Middle Miocene and (?) Late Miocene. In the figure, 1, 2, 3 and 4 indicate the Euphrates in the Middle Miocene, Late Miocene,
Pliocene, and Pleistocene, respectively coloured red, green, dark blue and purple. 1, 3 and 4 are from previous work; 2 is inferred in this
study.

upstream (4, Fig. 1) is no older thar?2 Ma, from the ratio of = Kahramanmaras (Fig. 1). Previous work on reconstructing

the offset of its gorge through the East Anatolian fault zonePlio-Pleistocene fluvial systems in Syria (Bridgland et al.,

(EAFZ) to the total slip on this fault zone (e.g., Westaway, 2003) and Turkey (Westaway et al., 2004, 2005b, 2006b) has

2004). required the documentation of fragmentary sedimentary sec-

) o ) ) ] tions, often with dimensions of only a few square metres.

There is thus a significant information gap, spanning the\\e have identified one such site, at Shireen in northern Syria

Late Miocene and more, for which the geometry of the Eu- ki 1y \where fluvial gravel — attributed to the Euphrates

phrates has been obscure. One view (Arger et al., 2000) hag,g preserved due to capping by basalt — has been dated to

been that it terminated in a large palaeo-lake north of the g \j4 py Ar-Ar dating of the basalt, thus demonstrating the

modern Ataiirk Dam (Fig. 1). Another possibility, suggested |4cation of this major river in the Late Miocene.

by the modern drainage geometry (Fig. 1), is that it flowed

SW into the Mediterranean Sea, along either the Karasu Val-

ley or the line of the modern River Ceyhan (Fig. 1), be- 2 Regional geology and tectonics

fore being diverted eastward, possibly due to the initiation

at ~4 Ma of the modern geometry of the northern Dead SeaMost outcrop in this part of northern Syria (Fig. 2) consists of

Fault Zone (DSFZ), which is strongly transpressive, with Cenozoic marine carbonates. Late Eocene chalky and clayey

left-lateral slip accompanying localised surface uplift (e.g., limestone is overlain by-70 m of Oligocene hard crystalline

Westaway, 2004; Seyrek et al., 2007). The most recent estilimestone and dolomitic limestone (Ponikarov et al., 1967).

mate of the initiation of this modern geometry of strike-slip During deposition of these sediments the northern Arabian

faulting is 3.73t0.05Ma (Westaway et al., 2006a), based Platform formed a seaway linking the Mediterranean Sea and

on evidence from the SW part of the EAFZ to the east ofIndian Ocean.

eEarth, 2, 27-34, 2007 www.electronic-earth.net/2/27/2007/
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Table 1. Euphrates terraces in the Shireen area.

Terrace Height Description MIS Age Rate
(m) (ka) (mm/a)
Qfo +8 Fluvial sand/gravel 2 15 0.067
Qfl +15 Fluvial sand/gravel 6 140  0.057
Qfll +39 Fluvial sand/gravel 12 430 0.074
Qflll +70 Fluvial sand/gravel 22 870  0.072
Shireen  +70 Fluvial sand/gravel 8900 0.007

After Oguchi (2001) and Sanlaville (2004), with our tentative age estimates. These in-
ferred ages for the deposits forming terraces Qf0 and Qfl are consistent with the results
of Kuzucudjlu et al. (2004) farther upstream in the Euphrates, at Birecik (Fig. 1). See
Demir et al. (2007) for details of the locations and heights of terrace deposits selected ==
as representative of terraces Qfll and Qflll in this area. Notation in brackets is after
Oguchi (2001). Incision rates are calculated relative to 7 m above modern low-stage
(autumn) pre-dam river level. MIS denotes the marine oxygen isotope timescale.

Unconformable Miocene marine limestone was assigned
by Ponikarov et al. (1967) to the Jeribe Formation. This
stratigraphic unit has regional significance, extending from [
Syria to Iran, dated to the early Middle Miocene (Langhian;
James and Wynd, 1965; Alsharhan and Nairn, 1995).
Diverse carbonate facies are evident, suggesting rapidly--
changing shallow-marine conditions. This limestone is over- [ L : ”
lain by deposits assigned by Ponikarov et al. (1967) to the |2/~ ([ [C°L T — Y

Lower Fars Formation, another regionally significant unit, of Wutde Pleistocene Euphrates terrace (Q0)
. . . . FASNNE:L lolocene braided channe system

late Middle Miocene (Bur@gahan) age (James a_nd Wynq, T, +*.° |Early and Middle Pleistocene
1965; Alsharhan and Nairn, 1995). Around Shireen this |2 : .’ . <|fluvial sand and gravel (terraces Qfill and Qfll)
consists of interbedded green calcareous clay and marl, re( e Miocere basal
mudstone and white limestone with occasional gypsum lay- 1 ate middle Miocene marginal Sample site
ers, and is no more than a few tens of metres thick. Far- marine clastics (Lower Fars Fm.)
ther north near the Turkish border, conglomerate and cross- e e earbonatos (orine o)
bedded sandstone are also assigned to this unit. Thes‘ﬁ Oligocene hard w Late Cenozoic
sediments indicate marginal marine conditions with input f’:’s:"'“e '"“:S::"e :"erse:a:':

. . . . uggested rormer
of clastic sediment from the north. By this time a land Eaﬁfc.:f:f limestone S | Eunmrates course

bridge connected Arabia with Turkey (between Aleppo and
Kahramanmaras; Fig. 1), isolating the Mediterranean Seig. 2. Geological map of the Shireen area, after Ponikarov (1966),
from the Mesopotamian Basin of Syria, Iraq and Iran. as modified by Oguchi (2001), showing the location of basalt
No younger stacked sediments are found in this areasample 03SY09. The underlying fluvial gravel was not recog-
However, east of Raqga (Fig. 1) there is extensive outcropiised in this mapping, presumably because the modern quarry
of the Upper Fars Formation, consisting of upt850m of ~ had not yet opened. 1 indicates the inferred course of the Eu-
clay, siltstone, fine-grained sandstone and gypsum. Thesgrates before this basalt eruption; 2 indicates how we sug-
deposits record a marine to lagoonal or lacustrine transitiond€St it adjusted immediately afterward. The Euphrates was lo-
which occurred in the Late Miocene (James and Wynd 1965pally ~300m asl. in the souther part of this map area, ris-

. .—_Ing to ~305m a.s.l. in the north; construction of the Tishreen
Alsharhan and Nairn, 1995). Younger stacked terrestrialy, i e 1990s has impounded it a825m (see Fig. S2 in

sedlm.en.ts, aSSIQ_ned to the Pliocene and C(_)rrelqted with thﬁ’le online supplement (http://www.electronic-earth.net/2/27/2007/
Bakhtiari Formation of Iraq, also crop out widely in eastern ge--27-2007-supplement.zip) for more detail). Pleistocene grav-
Syria, notably around Deir ez-Zor. These consist of sand an@is are labelled consistent with Table 1; based on its mapped extent
gravel, with a general upward-coarsening trend, with calcarein relation to the topography, the deposit assigned to terrace Qflll
ous clay and gypsum interbeds (Ponikarov et al., 1967), indiis ~45m thick, its base and top beting430 and~475m a.s.l.
cating a lacustrine depocentre with fluvial input. The clasts(see Demir et al., 2007, for more details). Shireen is an abbrevi-
include igneous and metamorphic rocks derived from easter@ted phonetic spelling of the name of the village in our study area.

Turkey, indicating that the Euphrates reached the area at thAtlternative spellings, in full, transliterated from Arabic on maps
time (3, Fig. 1) and other publications, include Shirrin esh-Shemaliyeh, Shirrin ash-

Shamaliyah, Serrin Esh-Shamaligeh, Surrien Shamali, and Sarine
Shamali.

www.electronic-earth.net/2/27/2007/ eEarth, 2, 27-34, 2007
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corner of Fig. 2), modified after Oguchi (2001) (cf. Table 1). The a J &€« Corestones
deposits forming Euphrates terrace Qflll are projected into this sec- 5 E : Erosion surface
tion line from their location near the NW corner of Fig. 2, assuming 3 ' (interpreted as
a downstream decrease in river level of 5m, consistent with a typi- °‘§7 ST o a fossil terrace
cal downstream gradient of the Euphrates channel®8 m kni 1. ee 28 bluff)

(b) [DA 37571 47645] | >~ No exposure

Following the Eocene closure of the Neotethys Ocean (Se%ig. 4. (a) Field photograph, looking west at the Shireen quarry

Fig. 1 caption), northward motion of the African Plate (AF) eyposure of gravel and overlying basalt. T. Demir provides scale.
was accommodated for tens of millions of years by dis- (b) Field sketch of this exposure.

tributed crustal shortening. The principal shortening mech-

anism within the Arabian Platform involved folding of an-

ticlines above blind reverse faults (e.g., Rigo de Righi and~4km E of the modern river, whose course locally bends
Cortesini, 1964; Chaimov et al., 1990; Coskun and Coskunfrom SE to SW (Figs. 1, 2). This region is transected by both
2000). The DSFZ developed in the early Middle Miocene SE- and SW-trending reverse faults, which took up crustal
(~19Ma; Garfunkel, 1981), separating the Arabian Plateshortening prior to the initiation of the EAFZ, causing lo-
(AR) from the African Plate. Initially, it seems, its left- calised offsets and warpings in the stacked Cenozoic sedi-
lateral slip was taken up by continued distributed shorteningments. The present local relief results from this deformation,
within the northern Arabian Platform (Westaway, 2004). At differential erosion (the Eocene clayey limestone being eas-
~4 Ma (Westaway, 2004; Westaway et al., 2006a; Seyrek etly erodable) and fluvial incision. Young incision is revealed
al., 2007) the modern throughgoing linkage (Fig. 1) betweenby Euphrates terraces (Table 1), the most prominent around
the DSFZ and EAFZ developed, since when many of theseShireen being Qfll and Qf0 (Fig. 2), the latter assigned to
anticlines have been inactive. However, the northern DSF2MIS 2 (Fig. 3)

is strongly transpressive (e.g., Westaway, 2004; Gomez et About 2km SE of Shireen, the road along the Euphrates
al., 2006; Seyrek et al., 2007). The component of distributedvalley passes through basalt, which unconformably overlies
shortening along it has caused localised growth of topograthe stacked Middle Miocene succession (Fig. 2). At UTM co-
phy (e.g., Westaway, 2004), notably in the Lebanon Moun-ordinates [DA 37748 47784], a track heads west to a quarry,
tains, Syrian Coastal Range and Amanos Mountains (Fig. 1)where the basalt overlies gravel (Fig. 4). The up~tbm
Superimposed on all these local effects has been progressivhickness of gravel visible (base not exposed) is cemented
southward regional tilting of the land surface, due to the typ-and highly weathered. Clasts, set in a sandy matrix, and
ical northward increase in rates of post-Middle Miocene re-typically rounded to subrounded, are poorly-sorted but show
gional uplift (e.g., Arger et al., 2000). All these factors, plus stratification and some evidence of fining-upward (maximum
the need to maintain a downstream channel gradient, mustize,~10cm). Intact clasts of both chert and limestone are
be considered when reconstructing the evolution of the Eu-abundant, the largest being of limestone, but clasts of other
phrates. lithologies have weathered to powder or disintegrated com-
pletely, leaving voids within the matrix. The cemented nature
of the deposit and the fact that many clasts are unidentifiable
have precluded any stone count analysis. The basalt-gravel
contact is subhorizontal, except at the left-hand (south) end
of the exposure, where the basalt covers a downward bluff
at the edge of the gravel (Fig. 4b). The8 m of basalt is

3 The Shireen site

The site is in the left flank of the Euphrates valley36 km
S of the Turkish border;~60 km downstream of Birecik),

eEarth, 2, 27-34, 2007 www.electronic-earth.net/2/27/2007/
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likewise highly weathered. Above the quarry face the in situside of the river. The basalt thus covered the contemporane-
basalt is obscured by a pediment of basalt blocks, whereasus river thalweg. This evidence is indeed similar to what is
within this face it consists of corestones surrounded by rot-observed elsewhere, where basalt flows have interacted with
ten rock. Sample 03SY09 was collected from a corestone foriver valleys (e.g., Westaway et al., 2004, 2006b; Maddy et
Ar-Ar dating. al., 2005). By analogy, the Euphrates will have subsequently
This basalt erupted from a neck-a#40m a.s.l.,, 1.6 km incised around the northern tip of the Shireen basalt flow.
SSW of this site (Fig. 2). It flowed initially east for 1 km We have been unable to identify clear palaeo-flow indi-
before apparently becoming deflected northward along a locators (e.g., cross-beddng, clast imbrication) in the Shireen

cal tributary valley, descending from400 to~370m a.s.l.  gravel. However, from the regional context we consider it
in 1km distance. However, the most distall km of this likely that the Euphrates flowed eastward through this site at
flow, including this site, is at a roughly constant level of this time, adjusting from course 1 to course 2 in Fig. 2 as
~370m a.s.l. a result of the basalt-damming of its valley. This eastward

course most likely led towards Raqga, shown schematically
as course 2 in Fig. 1. NW of Raqga, a succession of fluvial
sands and gravels, locallyl0 m thick (base not exposed),

: : _ attributed to the Euphrates from their polymict lithology (Ta-
Ar-Ar dating gave an age of 8883 ka (-20) for our sam ble 2), crops out over an area o200 kn? (Fig. 1) at up to

ple (Fig. 5). Itis thus Late Miocene, therefore much older ~320 m a.s.l.~80 m above the modern river. These gravels

than the “Early Pleistocene” age, shown on the local geo- 1"
logical map sheet. Thius younger age seems to have bee%djom the western end of the outcrop of Upper Fars Forma-

inferred (Ponikarov et al., 1967) by analogy with the Pleis- tion (Flg'tl)b bfltzllkle Ichle_btasaIt v!ega m_:‘(erred ;nggzse 1T9h605
tocene basalts in the nearby Karasu Valley (cf. Yurtmen etal.’mapplng 0 be "Early Pleistocene” (Ponikarov, ). These

2002; Seyrek et al., 2007). However, the degree of weathergepos'ts appear much less weathered than those at Shireen,

ing is more characteristic of the Late Miocene Homs basaltbUt Fhetsggga area haés trr?ucgl Igsts annuaIIEra|EﬂtD()rrt1m,
of western Syria{6 Ma; Mouty et al., 1992) and Karacay agains mm) an € rieistocene tuphrates ferraces

) have locally experienced minimal weathering, in contrast
basalt of SW Turkey+7 Ma; Westaway et al., 2005b). i
Our new date alg(')efits the existingydating frameavork for with farther NW. We thus suggest that these Raqqa gravels

the Yavuzeli Basalt in adjacent parts of Turkey. For instance mark the dqwnstream limit of the SE course of the Euphrat(_::s
Ulu (1996a) mentioned a K-Ar date of 18:6.2 Ma for one through Shireen, recgrded by t_he gravel there, and also delin-
of the Yavuzeli Basalt flow units east of Birecik (Fig. 1); Ter- eate the paleocoastline adjoining the contemporaneous Late

lemez et al. (1997) cited an unpublished oil-industry reportM'Zﬁflne ddipfiigtr:?nof;hereupgf; Farl'sftF?r:;nzggnr.etrseual?[ZZ-
in support of dating this phase of volcanism +®—8 Ma. quently, du inuing regi upHTL,

Our new date lies within the range of these earlier estimatesf.rom this area and the Euphrates thus extended downstream

Farther northeast, the voluminous Siverek Volcanics, whichaclraOSS _easterndS_yna and IrBaq @, F'gl' 1)1'997_ B d
crop out widely between Diyarbakir and the River Euphrates_ " 'cV'0US studies (e.g., Brew et al, o —esancon an
(Fig. 1) have an age of 7481.7 Ma (+20), determined as the Geyer, 2003) have noted that the SE-trending course of the

weighted mean of three K-Ar dates (Bridgland et al., 2007),5uphrates. belolw Raﬂan'S rs1tructu'r:ally| (;)ntroll\(/a\;j, E}y local
making them also broadly synchronous with the Shireen vol- ownwarping along t € Eup rates Fault Zone. We thus sug-
canism. gest that in the Late Miocene, the reach of the ancestral Eu-

phrates between Shireen and Raqga was also controlled by
the same lineation (Fault F1 in Fig. 2). We infer that, at a later
5 Late Miocene location of the Euphrates stage, processes in the Shireen area (including local faulting
and folding, the latter including NW downthrow on fault F2;
Although exposure and preservation are not ideal, we interdifferential erosion; southward tilting) disrupted this course
pret the gravel in Figs. 2b, c as fluvial. Since chert is rel-and deflected the river to form its modern looped course up-
atively rare in the Cenozoic carbonate sequence of the Arastream of Raqgga, which is now flooded by the Lake Assad
bian Platform, we consider it probable that the abundant cherteservoir (Fig. 1).
clasts originated from the ophiolite suite at the Neotethys
suture,~200 km farther north (Fig. 1). The unidentifiable
weathered clasts may thus be of igneous constituents frord Post-Miocene uplift and fluvial incision
this ophiolite. The gravel thus indicates the presence of the
ancestral River Euphrates in this area-&Ma. Regarding the incision history, we note that in SE Turkey
The disposition of the basalt and gravel indicates that thehe +60 m Euphrates terrace (Qflll) has been thought to date
former cascaded into the Euphrates valley from the south, th&om MIS 12 and, it seems, the volumetrically most sig-
evidence (Fig. 4b) suggesting that it reached beyond the temificant gravel (of terrace QfV, reaching +110 m) has been
race bluff of what was at this time a low terrace on the norththought to have finished aggrading in MIS 22 (Sanlaville,

4 Age of the Shireen volcanism and its regional context

www.electronic-earth.net/2/27/2007/ eEarth, 2, 27-34, 2007
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Fig. 5. Main part of figure shows an age spectrum derived from step-heating of sample 03SY09. The horizontal bar indicates the heating
steps used to calculate the age estimate from step-heating. To the right are listed four age determinations for the same sample based c
different analysis methods; the internal consistency of these different numerical ages and their low error margins demonstrate the reliability
of this date (see Demir et al., 2007, for more details). Following previous recommendations (e.g., Harford et al., 2002), the calculation based
on step-heating is considered definitive. Calibration of the neutron flux during sample irradiation utililised the U.S. Geological Survey Taylor
Creek Rhyolite sanidine standard TCR-2A with an assigned age of 28.34 Ma (after Renne et al., 1998). The material dated was groundmass
after magnetic separation, prepared following the procedure used previously by Yurtmen et al. (2002) and Westaway et al. (2004, 2005b,
2006b). Analysis was carried out at the Isotope Geosciences Laboratory, Massachusetts Institute of Technology, the method used being
essentially the same as that described by Harford et al. (2002). Age calculations have assumed the decay constants of Sigéger and J
(2977).

estimated between-8.8 Ma and~0.9 Ma, is attributed in
part to the local downwarping caused by slip on fault F2
(Fig. 2) and in part to the dramatic downstream lengthen-

Table 2. Gravel composition near Khuzayma.

Lithology Number % ing of the Euphrates channel that accompanied the coastal
Quartzite 89 36% retreat (Fig. 1). The~45m thickness of the Qflll terrace
Chert or flint 55 22% gravel (Fig. 3) indicates that the Euphrates did not remain at a
Quartz 33 13% constant level (relative to the bedrock geology in the Shireen
lli/ilrflecsltggzc’:rsmarble 3128 1"752//;’ area) during this span of time; it evidently incised to within
Calcschist 10 4% ~25 m'of its present level before.ag.gradmg packvt?)Om

Hard mudstone 8 3% above its present level, before re-incising (during the Middle

Sandstone 2 1% and Late Pleistocene, given our preferred set of terrace ages)
to its present level.
Summary of results of a stone count of 247 clasts in the 16-32 mm size fraction, col- Fault F2 in Fig- 2 is presumed (Iike many others in
Ie(_:ted from the Euphrates gravel at [DV 98374 96614], to the south of Khuzaymathe northern Arabian PIatform; e.g., Chaimov et a|_, 1990;
(Flg- 1) Brew et al., 1997; Litak et al., 1997; Coskun and Coskun,
2000) to have been active at some stage between the Late
2004; Demir et al., 2004). Taking account of the regional Miocene and Middle Pliocene; it can be seen in Fig. 2
southward tapering in uplift rates (Arger et al., 2000), weto have offset and warped the local Miocene and older
suggest that the upper part of the principal Euphrates gravedtratigraphy. On the upthrown side of the fault the Eu-
around Shireen (reaching +70m, assigned to terrace Qflliphrates has incised into Eocene limestone, whereas on the
Figs. 2, 3) likewise probably aggraded no later than MIS 22.downthrown side it has only reached the stratigraphically
Other possible correlations of the terrace gravels between theverlying Oligocene limestone. Using the geological map
Shireen and Birecik areas and with MIS stages are discusse@ind the additional topographic information in the on-
by Demir et al. (2007). The minimal net incision at Shireen, line supplement (http://www.electronic-earth.net/2/27/2007/
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