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Fig. 1. A small man-made fell on the N. El-Khabour, near the town
of Al-Hasakeh

The Abd El-Aziz mountains have a latitudinal trend stretching for
over 60 km and reaching 10 to 15 km in width.

The mountains are of an asymmetrical pattern. The northern slope,
up to 10 to 20° steep, is often bounded with 40 or 50-metre scarps and
cut by deep ravines. The steepness of the southern slope is hardly over
5° and the relief is less rugged as compared with the northern slope. The
relative elevation of the J. Abd El-Aziz above the surrounding plain is
400 to 500 m. :

The drainage system is represented by the Nahr El-Khabour
(Fig. 1) and its left tributaries. Most of the tributaries get dry about
midsummer forming small isolated pools with hardly noticeable current,
with the water flowing through the alluvium,

The source of the N. El-Khabour is considered to be highly discharged
Ras El-Ein springs. The present valley of the N. El-Khabour, 1—2 km
wide, cuis the fluvial deposits and, in places, the original riverside down
to 10 or 15 m. The N. El-Khabour discharge is not constant due to the
main precipitation falling out in winter time.

The winter floods of January-March sharply and irregularly increase
the water discharge. Average monthly discharge of the N, El-Khabour,
measured near Suwar village (the Deir Az-Zor sheet), ranges from 40 or
41 cu. m/sec in June—July to 69 or 93 cu. m/sec in January—March
[13]. The deepest tributary of the N. El.-Khabour is the Jagh-Jagh having
the discharge of 5.93 cu. mfsec near Qamishli and 1.68 cu. m/sec near
Al-Hasakeh. Such a big difference in the discharge is due to the water
being taken for irrigation.

Most of the territory under investigation is covered by loose Quater-
nary sediments which in some localities are rather thick. The best ex~
posure of the rocks has heen observed in the Abd El-Aziz mountains and
somewhat worse exposed are the Tshumba and Jabiseh hills. Qutcrops are
also present in erosion cuts found in some localities of the plain north and
south of the J. Abd El-Aziz. The edges of the basalt sheets are well
exposed.
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The climate of the area in question ig transitional from subtropical
Mediterranean to the continental climate of the desert. The northern por-
tion of the territory belongs to a steppe zone, while the southern one is
in the zone of semidesert. The boundary between them runs approxima-
tely along the Iatitude of the northern slope of the Abd El-Aziz mountains.

The steppe zone is characterized by a more humid and mild climate.
The amount of precipitation ranges from 570 to 250 mm. Average annual
temperature is +19, --20° C. Absolute minimum of —5,3°C is in January,
maximum of ~-456°C — in July [13].

In the semidesert zone the precipitation decreases to 200—100 mm per
year, average annual temperature is over -}-20°C, absolute minimum is
—4.8°C and maximum is 47.8°C. The precipitation falls in the winter
time mainly as a heavy rainfall.

In the northern areas and in the Abd El-Aziz mountains there is
some snowfall, but the snow cover does not last long. There is no rain-
fall during the period from May to October.

In the north the relative humidity reaches 50%. and in the semidesert
zone it is much less. '

Soil zones nearly correspond to the climate zones. The steppe zone
ig characterized by chestnut soil which is gradually replaced by grey
soil southwards. In the semidesert zone grey soil is found butf the soil
cover is not continuous. There are localities devoid of soil but covered
with gypsum crust and in some places with windblown sand.

The vegetation is luxuriant in spring and completely dry in midsum-
mer.

Cereals and wormwood make the grass cover in the steppe zone, get-
ting scarse to the south. The semidesert zone is covered with vegetation
only in places, Perennian plants with deep roots grow here, such as ten-
crium, and also such annual plants as ephemeras.

In the Abd El-Aziz mountaing there are some low woods.

In the N. El-Khabour valley there are dense thickets of weeping
willow, tamarisk and Euphrates poplar. Fruit trees, vegetables, melons
and eotton are cultivated. ‘

The population is concentrated in the steppe zone, where its density
ranges from 11 to 25 men per 1 km2 The people living here are Arabs,
Kurds, Armenians and Assyrians engaged in agriculture and cattle-breed-
ing. South of the Abd El-Aziz mountains the density of population falls

- down to 1--5 men per 1 km?2

Before the work on contract 944 was started, the territory in question
had been insufficiently investigated geologically.

In 1932 L.Dubertret, A. Keller and H. Vautrin published the paper
“Contribution a la géologie de la Djezireh” in which the authors gave a
brief description and faunal characteristics of Carboniferous, Albian,
Cenomanian, Turonian, Lower Senonian, Maestrichtian, Paleogene, Bur-
digalian and Vindobonian deposits in the Abd El-Aziz mountains.

From 1934 to 1937 “Iraq Petroleum Company, Ltd” made a geological
survey and drilling on anticlinal siructures marked in the relief. Several
shallow core holes were drilled on the Jabiseh structure and a sketch
geological map was made on the scale of 1 :50,000.

In 1939 “Petroleum Concessions (Syria and Lebanon), Ltd” started
drilling a well Jabiseh-1, and in 1941 — well Jabiseh-2. The former pe-
netrated the deposits from Miocene to Lower Cretaceous inclusive, the
latter was drilled in Miocene. Oil and gas shows were recorded in the
holes nearly throughout the entire section. Well 1 gave a considerable
gas flow from Lower Miocene.

In the same years J. Badoux and R. Farbriage conducted a geologi-
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cal survey of the central part of the Abd El-Aziz mountains on the scale
of 1 :100,000. .

As a result of the investigations made by the French Geographical
Institute two geological maps of Syria on scales of 1 11,000,000 and
1:2,000,000 were compiled (1943). The maps were edited by L. Duber-
tret. The geology of the territory of the Al-Hasakeh sheet is shown on
these maps schematically. . '

. During 1947—1950 “Syrian Petroleum Company, Ltd” made a gravity
and magnetic survey on the scale of 1 :500,000.

In 1949 a third well was spudded on the Jabiseh anticline. The well

struck Jurassic. Oil and gas shows were recorded throughout the entire

depth, but no commercial flow was obtained. Negative results of drilling

on a number of structures served the reason for the abandonment of fur-
ther prospecting and in the beginning of 1951 “Syrian Petroleum Com-
pany, Ltd” gave up the concessions [6]

In 1956 a West-German “Concordia Co.” obtained a lease for oil
prospecting in Syria. OQut of the 49 lease areas, given to the company,
18 leases were on the territory described here. In 1957—1960 these areas
were covered by a selsmic reflection survey and 1 :50,000 geological and
structural maps were made, that are schematic and do not meet the re-
quirements to this type of maps in the USSR.

The structure of El-Bawwab discovered in 1957 was drilled by
well El-Bawwab-~1 which penetrated the sequence from Miocene to Per-
mian, and in 1958 well El-Bawwab-2 was drilled in the rocks from Miocene
to Upper Cretaceous. Both wells recorded small oil and gas shows in Oli-
gocene and non~commercial oil flow from Upper Cretaceous.

During the period from 1951 to 1957 several papers were published
dealing with the problems of the geological structure, tectonies and phy-
siographical information for extensive regions of the Near and Middle
East including the territory described [8, 9, 18].

In the spring of 1958 a group of Soviet experts consisting of
K. A. Goriachev, V. M. Filatov, A. V. Fomin, V. P, Ponikarov, A, A. Kras-
nov, B. V. Kotliarevsky and P. A. Strona visited Syria for the purpose

of collecting, studying ankl summarizing the information available on

geological, geophysical and prospecting work for oil in Syria. “The report
on the present state and recommendations for further prospecting for
oil in Syria”, written by this group [19], served the basis for the projects
of geological and geophysical work to be done under contract N 944.
Through this contract the Soviet specialists have made an aeromagnetic
survey of the entire territory of Syria and compiled a map of the vertical
component of the magnetic field (ATa) on the scale of 1 : 200,000, the con-
tour interval being 25 gammas [20].

7 In 1959—1960, under the same contract, a 1 : 200,000 gravity survey
was made in the areas that had not been previously covered by the gravity
work of “Syrian Petroleum Company, Ltd”. The result of this servey was
a gravity map of Bouguer anomalies with contour interval of 1 mgl, and
a map of local anomalies [21).

STRATIGRAPHY

The territory of the Al-Hasakeh sheet is composed of Paleozoic
(Ordovician, Silurian, Carboniferous and Permian), Mesozoic {Triassic,
Jurassic and Cretaceous) and Cenozoic (Paleogene, Neogene and Quater-
nary) deposits. Ordovician, Silurian, Permian, Triassic and Jurassic are
penetrated within the area under description by three deep wells. Carbo-
niferous, Cretaceous and Paleogene deposits are outcropping in the Abd
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Fl-Aziz mountains. Neogene and Quaternary formations compose the
most part of the territory.
PALEQZOIC

Ordovician System (3)
(according o well' Gamishli)

Ordovician beds were struck by well Qamishli at the interval of
2347T-1212;4£".emr;103ﬂy made of grey mudstone with inter.'beds of light grey,
fine-grained saridstone. The Ordovician age was determined by the follow-
ing fossils: Gramops aff. trentonensis Hall 1 Leptob.olgs sp., Ctenodonta
aff. e¢la (B arr.), Orthoceras sp., Dalmanitma cf. socialis (Barr.)', D. aif.
deshayesi (Barr.), Tomaculum problematicum G koom. Hyolithes qf.
cinctus Barr., Lingula cf. jejuna Barr, Creniops aff. trentonensis
Hall, Orthis (Plectorthis?) aff. reduxz Barr. and others. The thickness
of the Ordovician rocks penetrated by the well is 327,8 m.

Silurian system (S}
(well Qamishli)

The Silurian deposits, pierced by well Qamishli at the m-terv.ﬂ of
2150—2347 m are represented by grey mudstone intercalated by grey, fine-
grained sandstone. Orthis (Plaesiomus?) sp. was found in the mudstone.
The thickness is 197 m. .

Carboniferous system (C)
Tournaisian (Ct)

The Tournaisian deposits are known in the core of the Abd El-Aziz
anticlinal structure, 1.8 km to the northeast of 920.—m elevation. They
are shale, limestone and sandstone building the tectonic block, about 40 m
wide. Tn the south this block is bounded by faults from the Lower Creta-
ceous and in the north from the Upper Cretaceous rocks. The block it~

is broken by minbor faulis.
selt zlxst Ehe base, y:che outcropping sequence consists of thin-:bedded shale
alternating with sandstone and limestone, the observed thickness being
17 m. The shale is a grey and dark grey rock in places sandy. The sand-
stone is fine-grained, yellowish-grey with ferro-carbonate cement. The
limestone is brownish-grey, thin-laminated, fine-crystalline. The shale a.nd
limestone contain numerous remains of brachiopods, among Whlch
N. Litvinovitch determined Chonetes  ( Rugosochml%etes) laguessienus
K on., Spirifer aff. tornacensis K o n., Buxtonia scabricula Ma'r t., Cama-
rotoechia sp., Syringothyris sp. that indicate the Lower Carboniferous age,
probably Tournaisian. ‘ .

Further up comes ochreous-yellow, fine- and medium-~grained sand-
stone with ferro-carbonate cement having the thickness of 4 m.

The total thickness of the exposed Tournaisian beds is 20 or 30 m.

L. Dubertret, A. Keller and Vautrin (1932) found the follovsrmg fossils
in the rocks: Spirifer tornacensis Kon, Orthotetes_ c?‘enistma, Phil,
Ambocoelia urei Elem., Lepidodendron aff. veltheimicnum Ste rnb,
Archeosigillarie atf. vanuxemi G o e p p., indicating the Tournaisian age.

Permian system (I')
(drilling data)

The Permian deposits were encountered by wells El-Bawwab-1 and

Lramishl. _
At the interval of 3415—3500 m well El-Bawwab-1 struck the Lower
Fermian beds composed of dark grey, sandy shale containing sandstone
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bands at the base. The rocks, 85 m thick, are unfossiliferous. The Upper
Permian deposits occur at the interval of 2847—3415 m, among which three

series may be distinguished (upwards):

1. Dark grey clay with thick interbeds of light grey, fine-grained
sandstone (50 and 80 m). The clay contains Spirifer elatus G oldf uss,
Terebratuloide of. depressa Wasgen, Heliodopsis vf. ebreviata
Waagen

2. Dark grey shale with thin intercalations of fine-grained sandstone
and limestone, coniains Productus cf. burlingonensis Hall, P, cf. semi-
reticulatus Martin, Lingule credneri Gein itz Edmondia cf. sulceta
Phill, Mytilus cf. squamosus Sow., Bakeweling cf. sedgwickiang
King, FPleurophorus aff. jonnstonei Dickins, Nuculgte subacuto
Waagen, Albrisma aff. pleuromyoides 'W a a g e n., Streparoiius permia~
nus King, Bellerophon cf. permienus Netschajew . . . . . . .

3. Grey and dark grey limestone intercalaied by dark grey shale,
contains Chonetes ef, kirkbyi Trechm . . . . . . . . . . . . .

The total thickness of the Permian deposits penetrated by weall
El-Bawwab-1 is 653 m.

3456 m

155 m

68 m

In Qamishli well grey, fine-grained sandstone with mudstone bands,

30 m thick (18502150 m) is considered to be of the Permian age.

MESQZOIC
Triassic and Jurassic systems undifferentiated (T—J)
{drifling data)

The Triassic and Jurassic deposits were encountered by wells El-

Bawwab-1, Qamishli and Jabiseh-3.

At the inferval of 2140—2847 m well El-Bawwab-1 encountered

(upwards):
1. Dolomitic sandstone and dark grey shale . . . . . . . . .
2. Grey and brown-grey dolomite with Cythereis senckenbergi, Len-
tieuling sp., Lagena sp. at the top . . . . . . . . . . . . . ..
3. Dolomite intercalated by dolomitlic shale with Lenticuling sp.,
Miliola (Hechtina) antigua, Lagena sp., Cythereis senckenbergi .
4. Anhydrite with dolomite intercalations . . . . . . . . . .
5. Brown, bituminous dolomite with thin elay intercalations con-
taining, Lenticuling cf. cubalete Cristellaric sp., Ammodiscus cf, incertus
6. Anhydrite with thin intercalations of green-grey clay ..
The total thickness of the deposits having the Triassic and Juras-
sic age dis TO7 m.

2 m
320 m

70 m
35 m

200 m
60 m

Taking into consideration the information available from the neigh-
bouring areas the largest portion of the dolomitic series can be attributed
to Jurassic. The Triassic sequence of the series can hardly be distinguished

due to lack of evidence.

From the bottom hole (2624.3 m) up to 2435.8 m Jabiseh-3 well en-

countered:
1. Black shale, abundant in pyrite, with bands of grey limestone
2. Grey limesione, in places pseudo-oolitic, with pyrite, containing
bands of shale and at the top — of anhydrite . . . . . . . . . . .
3. White, compact anhydrite with black shale and anhydtite hands
4. Greyish-brown limestone, at the bottom containing bands and
inclusions of anhydrite, at the top containing Valvulinella sp., Glomospi-
#¢ sp. and others . . . . . . . . . . . L . L .. ..
The drilled thickness of the deposits supposed to be of the Triassic
and Jurassic age, undivided, in Jabiseh-3 well is 190.5 m,

18.3 m

274 m
25.9 m

118.9 m

In Qamishli well the Triassic and Jurassic age was assigned to a grey
dolomite series with greenish shade, containing bands of anhydrite, mud-

stone and in places marl, the total thickness being 200 m.

Cretaceous sysiem
Lower Cretaceous {Cry)

The Lower Cretaceous deposits are exposed in the Abd El-Aziz moun-
tains. Among them there are Neocomian, Aptian and Albian rocks the
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.outcrops of which could be put oniy on the schematic geological map,

1:25,000 (Fig. 2).

On the map of 1 :200,000 scale they are not subdivided but shown as
Lower Cretaceous, These deposits are also encountered by deep wells
Jabiseh~1 and 3, El-Bawwab-1 and Gamishli.

NEOCOMIAN

The Neocomian deposits are outcropping in three isolated localities.
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-outcrops of which could be put oniy on the schematic geological map,

1:25,000 (Fig. 2). ,
On the map of 1 :200,000 scale they are not subdivided but shown as

Lower Cretaceous. These deposits are also encountered by deep wells
Jabiseh-1 and 3, El-Bawwab-1 and Qamishli.

NECCOMIAN

The Neocomian deposits are outcropping in three isolated localities.
The lower boundary is not observed on the day-surface.
The largest exposure, 300X150 m in area, is 0.5 km o the east of
682-m elevation. The sequence of the rocks here is the following:
1. Conglomerate made of pebbles and boulders with sand and
gravels, of bright brown-yellow colour. The clastic material consists of
medium, ill-rounded pebbles and boulders (up to 0.5 m) of fine-grained,
sparkling dolomite and less frequently grey limestone. There are rare
bands of gravel conglomerate and less frequently lenses of clayey sands-
tone. The cement is carbonate, compact, basal or pore-filling, with Cycla-
ming aff. greisi Henson, Pseudocyclamina sp., Choffatella(?) sp.,
Orbitoling sp.
According to V. Shokhina the fossils indicate the Neocomian age 3/ m
2. Bright green, sendy, clayey* and dolomitic marl: CaCQO,— 24—589,

CaMg (COg)y ~ 10—'160/0 ) e e e e e e e e e e Im
3. Yellowish-grey compact inequigranular guariz sandstone with

some gravels and carbonate cement. In places, mostly at the base,

appears the admixture of coarse=detrital, ill-rounded material of the

same composition as in layer 1 20 m

4. Conglo-breccia consisting of medium,; ill-rounded Ifragments,
0.25 and seldom 0.5 m in size, of yellow-grey dolomite with sandy-car-
bonate compact cement of grey-yellow colour. The conglo-breccia is late-
rally often replaced by ineguigranular guartz sandstone with some car-
bonate grains, having obscure diagonal bedding. ‘A poorly preserved frag-
mient of Lima shell was found at the top of the bed, which according fo
the conclusion of N. A, Cheltsova “displays a remote likeness with Lima
ex gr. tuneteng Perv. from the Hauterivian of Tunisia” . . . . . . 15-3 m

The conglo-breceia and sandstone unconformably rest on the un-
derlying rocks cutting off the sandstone and marl of layers 3 and 2 and
partly conglomerate of layer 1,

5. A series of sandy-oolitic marl — CaCQy — 560, CaMg(COs)y — 2%,

dolomitic marl, calecareous dolomite — Ca Mgl (COgz — 57, ICaCO, — 33%,
quartzose sandstone with calcareous and clayey cement and limestone
generally dolomitic and sandy — CaCO; — 71%,, CaMg(Cogy — 9.5%.
The sandstone beds are mostly found wat the top. The colour of
the rocks is very bright varying from ochreous-yellow to brown and
cherry-red, in some beds mottled. The lighter shades are less frequent:
yellowish, pink and white. The thickness of individual beds ranges from
0.3 to 3.5 m.

At the base, the soft sandy-oolitic marl containg rare remains of regular echi-
noids, plenty of large foraminifera of the Orbitolina family, some fossils of Pseu~
docyclaming sp., P. aff. grandis Romanovs, Choffatelle sp., Discorbis (?) sp.,
Lenticuling sp. According to V. Shokhina the fossils indicate Neocomian age. The
thickness of the member is 13.5 m.

Phe total thickness is aboutl 75 m.

The rocks described above are characterized by some common fea-
tures which distinguish them from the rocks of the upper part of the sec-
tion. The most important feature is predomination of terrigenous rocks,
coarse and obscure-bedded at the base; less coarse and distinktly bedded,
mostly sandstones — in the middle; carbonate and sandy-carbonate, dis-
tinctly bedded at the top. Another feature is the bright colour which is
ochrecus-yellow at the base and in the middle and yellow-red, often mot-
tled at the top. The series, as a whole, is of not easily recognized trans-
gressive character what is quite typical for coastal facies of a normal sea
basin

The fossils of layer 4 permit to assume the Hauterivian age of the
deposits.

* For carbonate and dlay rocks we assume the classification of S. Vishniakov.
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It is likely that the lower part of the sequence belongs to the Early
Neocomian (Valanginian).

6. The Neocomian deposits are overlain by medium {0 coarse-grained, friable
quartz sandstone with carbonate and carbonate-ferruginous cement, with the colour
ranging from white to rust-brown, rust-red and violet-red., Bedding is obscure, often
lenticular, in places obscure diagonal. Ferrugination is not uniform, There are spots
and cakes (especially on bed interfaces) of pure, slightly sandy limonite.

The thickness of the sand_stone member ranges from 5 to 50 m.

The sandstone rests on the underlying rocks with obscure unconfor-
mity what is proved by their different ages.

The sandstone is probably of the Barremian age since it unconforma-
bly overlies the deposits assumed to be Hauterivian and is conformably

overlain by the fossiliferous Lower Aptian rocks.

APTLAN

The Barremian sandstone beds are conformably overlain by yellow-
green, plastie, limy-dolomitic clay — CaCO; — 6—24%, CaMg(COg)s — 6—10%
with thin bands of clayey marl rich in poorly preserved oysters. Among
them N. A. Cheltsova identified Btauris cf. praelongum Shaerpe, Pholado-
mie sp., Dosinia sp., Roloboceras () sp. indet. The species are typical for
the North American Aptian.

At the base of the clay member there are thin intercalations of light
clayey limestone which contains Ceratostreon aff. tysiphone Coq., Btauris
aff. praelongum Sharpe.

The latter, according to A. Atabekian resembles the fossils of the Ro-
loboceras genus widespread in Lower Aptian deposits.

The thickness of the clay member is 21 m, According to fossil evidence
the clay belongs to the Aptian age.

ALBIAN

The deposits which are tentatively attributed to Albian compose a
small locality, 1.2 km east of elevation 682. They contact the underly-
ing Neocomian rocks along the fault.

The Albian beds are made up of coarse-bedded, compact dolomitic li-
tnestone. In some beds the colour is dark and yellow-brown, in others —
light, yellow or grey. The middle and upper portions of the section con-
tain nodules, lenses and bands of light flint. At the top the limestone is
highly sandy.

The thickness of the exposed beds is 30 m.

In some places the limestone contains rare umdenhfled pelecypod re-
mains. The age of the rocks is inferred to be Albian due to the position in
the sequence (below the Cenomanian dolomite).

Lower Cretaceous undifferentiated (Crl)
(drilling data)

The Lower Creiaceous deposifs are peneilrated by wells Jabiseh-1, 3,
Qamishli and El-Bawwab-1.

In Jabiseh-1 the Lower Cretaceous rocks are recorded at the interval
from the bottom hole (2596.9 m) up to 2550.6 m. They are distinguished as
the Hayane formation consisting of dark grey or blue-grey, slightly dolo-
mitic shale with thin bands of limestone. The limestone contains Orbitoling
cf. discoides, Choffatella decipiens typical for Aptian-Albian [6]
‘The drilled thickness of the Lower Cretaceous rocks is 46.3 m.

The Lower Cretaceous beds pierced by well Qamishli are composed of
light grey, greenish and light-brown limestone with bands of mudstone
and marl, 85 m thick, with Lenticulina sp.
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In well El-Bawwab the Aptian-Albian age is assigned to the Aasfir
formation consisting of limestone and dolomite interbedded with grey-
green shale. Ferruginous shale and sandstone beds are recorded at the base
{the Aasfir formation).

The total thickness amounts to 150 m.

Upper Cretaceous

The Upper Cretaceous deposits outcrop in the Abd El-Aziz mountains.
It is possible to distinguish: 1) Cenomanian, 2) Senonian (without the upper
part of Maestrichtian), 3} Maestrichtian, the upper part.

In the geological cross-section, made from the daia of wells Jebiseh,
El-Bawwab and Qarmishli, the Upper Cretaceous is not subdivided into
stratigraphic units.

CENOMANLAN ({Craom)

The Cenomanian deposits compose small localities in the central part
of the Abd El-Aziz mountains. They are unconformably overlain by Seno-
nian. The contact with the underlying rocks was not observed. The Ceno-
manian sequence consists of grey, massive-bedded, compact dolomite, argil-
laceous dolomite and dolomitic limestone. At the top the rocks are more
light in colour and distinctly bedded, in places of lumpy structure and ver-
micular texture, typical for the Upper Cenomanian of the Central Syria.
The observed thickness is 63 m.

In the locality, 300 m east of elevation 682 m, the dolomitic limestone
containg Gryphaea ex gr. vesiculosa Sow., Neithea sp. indel., Gryphaea
sp. indet.

The former, according to N. N. Bobkova, is widespread in the Cenoma-
nian rocks of Great Britain, France, Italy and Southern India what makes
it possible to define the age of the deposits as Cenomanian.

SENONIAN, WITHOUT UPPER MAESTRICHTIAN (Crysn)
Coniacian

In the locality, 300 m weast of elevation 682, the Cenomanian
dolomitic limestone and Aptian clay are stratigraphically unconformably
overlain by white, laminated, organodetrital limestone of aphanite struc-
ture with remainsg of Pycnodonta cf. clavata Nils., P. cf. vesicularis
L am. which, according to N.A. Cheltsova, have cosmopolitan develop-
ment. '

The former is known from Lower Senonian, the latter is generally
found throughout the whole of Senonian.

The limestone, 15--22 m thick, is with distinct erosion overlain by the
rocks containing oysters and pelecypods that may be of the Santonian age.
They belong either to the base of Senonian or most probably, to Coniacian.

Santonian, Campanian and Lower Maestrichtian, undivided

The undivided rocks of the Santonian, Campanian and Lower Maes-
trichtian age lie on the eroded surface of the rocks having different ages
from the Neocomian many-colour marl and sandstone to the Coniacian
limestone, with erosion pockets and crack inwash at the contact. At the
base they are represented by a conglomerate which is upwards replaced by
marl and limestone.

The conglomerate consists of boulders and pebbles with some gravel
and sand, brmesh-grey in colour, nearly unsorted, with carbonate cement.
The clastlc material is as a rule, 111—r0unded consisting of grey, sparkling
granular dolomite (such dolomite is very common for the Cenomanian and
Turonian of Central Syria), yellow dolomitic marl and conglomerate, red-
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brown ferruginous sandstone, typical for the base of Cretaceous, and red-
dish-brown clay. The latter also occurs in small lenses. Gravel conglome-
rate with basal cement predominates at the top; in places there are lenses
of sandstone and white sandy limestone, up to 0.5 m thick. The sandstone
and sandy limestone are abundant in fossils, mostly gastropods. The thick-
ness is 10,56 m.

The fossils collected from the top of the member were identified by
N. A. Cheltsova as Trigonoarca camerunensis Riedel, T. curvatodonta
Riedel, Acre (Eonavicula) bogaerti Dart., Neithea quinguecostoia
Sow. typical for the Senonian of Cameroons, Angola and Gold Coast.

The basal conglomerate beds are overlain by dolomitic marl — CaCO;z —
54 to 68%, Calg (COs3), — 8 to 10%, and dolomitic imestone — CaCQO; —
87 to 90%, CaMg (CO3)y — 6 to 7%, white or light grey, sandy, with bands
o‘f brownish-grey compact sandstone, often with some gravel-pebble mate-
rial and conglomerate intercalations resembling the above discribed basal
conglomerate,

The thickness of the series is 203 m.

At the top of the series the conglomerate as well as dolomite and other
rocks contain nearly unrounded exotic boulders and large blocks of brow-
nish-grey, limy-clayey, shaly sandstone and brownish-grey limestone with
Tournaisian fossils. Similar rocks with Tournaisian fossils have been found
as individual blocks up 1o 0.8-1 m in size, “floating” in marl and limestone.
These boulders and blocks are probably debris of the coastal rocks. The
fosgils collected in the middle of the section (90 m from the base), in the
sgndsjcone and conglomerate, were defined by N. A. Cheltsova as Lopha cf.
tissoti Thomas et Peron known from the Campanian-Maestrichtian
of Syria, Tunisia and Algeria, Further upwards (150 m from the base)
Lucing aff. angolensis R ennie were encountered in the sandstone—con-
glomeratic deposits, and also Vautrinie syricce Vautrin, very well pre-
servedl (defined by N. N. Bobkova) which is knouwn from the Maestrichtian
of Syria and Turkey. Vautrinia syriaca is also widespread in the topmost
beds of the series. When the coarse sandstone-conglomerate deposits disap-
pear, these fossils are never found.

) The rparl and clay limestone of the middle and upper parts of the se-
ries contain nuinerous foraminifera typical for the Maestrichtian stage.
V. Shokhina determined them as Anomaling complanata Reuss, An.
monterelensis (M arie), Cibicides bembix Marsson, C. kurganicus N e~
ckaja, C akiulogayensis Vasgssgilenko, Globotruncana rosetta (Car-
sey), C. arce (Cushm), G. fornicata Plummer, Bulimina quudrata
Plummer, Bolivina #ncrassats Reuss, DBolivinoides delicatulus
Cushm., Stensiding stellaric (Vassilenko).

The total thickness of the undivided Santonian, Campanian and Lower
Maestrichtian rocks comes to 225 m.

On the basis of the fossil evidence and position in the sequence, the
age of the deposits is considered to be in the range of Santonian — lower
part‘of Maestrichtian. However, Santonian and Campanian ages are not yet
sufficiently proved.

MARSTRICHTIAN, THE UPPER PART (Cram)

The marl,.limestone and conglomerate series described above is, with

clear and stratigraphically normal contact, overlain by a thick series of car-
bonate rocks belonging to the upper portion of Maestrichtian. It consists
of three, nearly equal in thickness, members.
. The lower member, about 140 m thick consists mostly of soft shale and
slightly dolomitic limestone — CaCOz — 72%, CaMg (CO3); — 6% with rare
bands of marl CaCOs — 71 1o 73%. The rocks are slightly sandy, especially
at the bottom. At the base of the section there are many imprints of Ino-
ceramus, ex gr. balticus B 6 hm.
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" Cenomanian” [6] .

The middle member, about 160 m thick, is mostly made of white un-
consolidated marl (CaCOs; — 71 to 74%) with rare intercalations of clayey
limestone (CaCOs — 75 to 80%). The marl and limestone are also sandy but
to a lesser degree, than in the lower member.

'Phe upper member, 132 m thick, is composed of white limestone —
CaCO; — 73 to 94%; CaMg (CO3)2 — to 6%, more compact than the above
marl and limestone, in places clayey and dolomitic. The rock contains very -
little sandy material in the form of rare disseminated grains. The total
thickness of the upper part of the Maestrichtian stage ranges from 430 to
500 m. ' .

All the section is abundant in mikrofossils. V. Shokhina has determined
Gyroidinoides umbilicata (O T D)), Stensiving stellarie (Vassilenko),
S. caucasicea (Subbotina), Globotruncena rosetta (Carsey), G. arca
(Cushm), G. fornicete Plummer, G. stuarti Lapparent, Bolivi-
noides delicatula (Cushm.), B. draco (Marsso n), Rotundina marginata

(Reuss), Cibicides aff. bembix (Marsson), Gyroidina aff. depressa
Alth. Globigerina cretacea Orb., G. pseudobulloides Plummer,
Giimbelina globulose (Ehrenberg), G. globifera (Reuss), Neoflabel-
ling interpuncteta M ar c k. and others. '

The fossils indicate the Maestrichtian age of the deposits.

Upper Cretaceous undifferentiated (Cry)
(drilling data)

The Upper Cretaceous deposits encountered by deep wells, as recorded
by the oil companies, are subdivided into different stratigraphic units, not
correlated between the adjacent wells. Therefore in the geological section
we distinguish them as Upper Cretaceous, undifferentiated.

Well El-Bawwab-1 encountered the Upper Cretaceous deposits at the
interval of 1988-1396 m. Among them there are:

1. Cenomanlan and Turonian, undifferentiated -- clay with bands of
dolomitic limestone in the middie, upwards replaced by limestone, dolo-

mite and marl . . . . . 0 . v v 4 e e e e e e e e e =S 139 m
2. “Blind zone” — bituminous dolomite with sandstone interbeds . . 29 m
3. Santonian and Campanian, undivided — grey and dark-grey dolo-
mite with intercalations of limestone and shale at the bottom . . . . 288 m
4. Maestrichtian — marly limestone with Bolivina incrassata Reuss,
! . 136 m

Globigering sp. and others . [ . . . . . . . o Lo . e

The total thickness of the Upper Cretaceous rocks pierced by weill
El-Bawwab-1 is 592 m,

In the area of the Jabiseh hill the thickness of the Upper Cretaceous
beds increases to 1379 m. The following formations were distinguished in
well Jabiseh-1:

1. Judea formation — dolomitic #imestone with Orbitolina  sp.,
resembling Orbitolina ex gr. discoidea which is “fypical for Lower

3. Derro red beds — reddish brown shale with pariings and nodules
of anhydrite at the top. According to the position in the sequence the
shale is identified as Lower Senonian . . . . .

3. Spukhne formation — limestond, with shale inferbeds.

At the base there are sandy limestone intercalations, sometimes filled
with pebbles, at the top — flinty limestone containing phosphate grains.
Lower Senonian fossils were encountered, such as Globigering cretaced,
Giimbeling globulose, Buliming prolixe, Anomaling ammonoides, Glo-
bofruncang marginete . . . . . & o 0 b o e e e e e e

4. Shiranish formation divided into several members:

a) bituminous limestone {56 ) containing Lower Senonian fossils
gimilar to those encountered in the Soukhne formation,

b) greyish-brown, dolomitic, bituminous marl (115 m} with “Lower
Maestrichtian fossils” [6] Globigerina cretacea, Giimbelina globulosa, Clo-
botruncena arca, G. rosetta, G. fornicata, G marginate.

¢) grey and white marly limestone, in places bituminous, dark brown
(895 m). :

11 m

4

167 m
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) grey bituminous marl with shale i i
hale intercalations (119 ! i
gloc%ogz'cz;ncgzgmggfgéa} tq. tarr_g, G. stuarti, G. ?Jentriéosa Hg a;’loig?cs:g
. , T ivi incr rs { ;
Mocstriotitiany o 4, Boliving incrassata and others {typical for

The thickness of the Shiranish formation is 1185 m.

The smallest thickness of the Upper Cretaceous beds, 575 m, was recor-

ded in well Qamishli, whe : ;
intercalated by ST ‘:'e they are composed of brownish-grey dolomite

CENQZOIC
Paleogene system

The Paleogene deposits are outeropping i
' i pping in the Abd El-Azi i
gl;se;"ioggefgg:gie;f led?ﬁe—gplper Eocene and Qligocene zg‘f? 0131;%‘::11‘1}1112
: ce of the Paleogene rocks represented by all tha

ries was observed in deep wells Jabiseh-1 a e

was : ~1 and 3, El- -
Qamwhh. However, not in all the wells the ]?’aleocene?;L \gr_wa_lb b
tP_le Eocene, therefore in the
differentiated.

Fig. 3. An area composed of th i
Senonia
(Crysn), Maestrichtian (Cr ¥ .
¢ X 2m), Middle-Upper Eocene {Pg,2-%). OL
: . . - ’ ? L {
tl.a’n {Nih} rocks. lefe-r'ent units are characterized by (di%ere)nt »d;ggcr)'zingf ;Irl)tg 3)*, %ielvg—
Iity of aerial photographs, J, Abd El-Aziz Srpretabi-

without upper part of the Maesrichlian

Paleocene and FEocene undifferentiated (Pg—2)
(drilling data) .

Well El-Bawwab-1 encountered Paleocene and Eocene at the interval
of 1396-1109 m. The lower members composed of brownish-grey, argilla-
ceous, hard limestone, 69 m, thick, are tentatively dated as Paleocene. They
are overlain by the Eocene deposits:

1. Brownish-grey, argillaceous limestone with many globigerina

TETNAINS . - + = o« & e e e - oo b o000y b . 92 m
2. Dark grey limestone with thin bituminous shale interbeds with

Cristellaria cf. cultrate, C. cf, inornatea . . . 1 o . . « « « « o . 55 m
3. Pyritized limestone with Cristellaria cf. ekkorare . . . . . . 17 m
4. Light grey, compact limestone . . e e e e e e 54 m

The thickness of the Eocene deposits is 218 m.

In well Jabiseh-3, Paleocene and Eocene, undifferentiated, are divided
into several formations:

1, Aaliji formation — marnl beds, at the base containing grey shale
layers. The lower part of the formation, 12 m thick, containing Globoro-
talia velascoensis, Loxosctomum plaitum is attributed to Paleocene, The
overlying heds, 48.8 m dhick, containing Globorotalia aragonensis,
G. spinulose, G. wilcoxensis var. Loxostomum applinae are dated as
Lower Eocene.

2. Arag {lint member — marly limestomes, bifuminous, grey and
brown, with small nodules of flint B

3. Jaddala formation — grey and brown, marly fimesfone with some
glaucenite. The lower part of the formation, 88.4 m thick, containing
fossils similar o those found in the Aaiiji formetion, is attributed to
Lower Eocene. The overlying rocks, 50.3 m thick, containing Globorotalia
aragonensis G. centralis, G. lehneri, G. wilcoxensis, Nonion micrus, Vul-
vuling pennatule, Cassidulina subglobosa, Globigering orbitormis,
G. subcretaceg are dated as Middle Eocene, and the lower part of this
series, 9.2 m thick, is considered transitional between the Lower and
Middle Eocene.

4, The lower part of the Chilou formation, 35 m thick, composed of
bituminous, caleareous marl with Cibicides cushmani, C. mexicanus,
C. perlucidus, Gluborotalia centralis, (. cocouensis, Globigerina eocaena,
G. orbiternis is attributed to Middle — Upper Eocene.

The total thickness of the Paleocene and Eocene, undifferentiated,
is 296 m in well Jabiseh-3.

In well Qamishli the thickness of the Paleocene and Locene increases
to 650 m. At the base lie dolomite and dolomitic limestone, 270 m thick,
with thin clay interlayers and flint inclusions dated Paleocene—Lower
Eocene. The rocks are overlain by light-grey limestone intercalated with

dolomite and marl containing nummulites, 380 m thick, dated as Eocene.
Middle — Upper Eocene (Pgy?3)

The Middle—Upper Eocene deposits, outcropping in the central part
of the Abd El-Aziz mountains consists of organiec, compact limestone un-
conformably lying on the Maestrichtian rock with coarse-detrital rocks
at the base.

The thickness and lithology of these deposits greatly vary from place
to place.

On the northern slope of the Abd El-Aziz mountains, 0.5 km to the
north-east of elevation 686 these deposits form a high ridge made of mas-
sive, reef limestone containing flint nodules and silicified remains of algae,
sponges, corals and other organisms. Under the microscope one can distin-
guish remains of red algae, echinoderms and foraminifera cemented by pe-
litomorphic calcite. The thickness is about 100 m.

On the southern slope of the Abd El-Aziz mountains the thickness of
the Middle-Upper Eocene rocks decreases to 7—10 m. Near the El-Charra
mountain (920 m elevation mark) they are represented by white limestone,
in places metachert, with inclusions of the underlying Maestrichtian limes-
tone at the base, and with interbeds of organic, sandy limestone — in the
middle.

62.0 m
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South of Beer el Khazneh village, from the upper part of the massive
limestone the following fossils were collected: Nummulites striatus
(Brug.) and more rare N. incrassatus de la Harpe, which, according to
V. A. Krasheninnikov, are widely known from various stratigraphical units

and therefore enable to define the age of the limestone only as Middle-
Upper Eocene. :

" Oligocene (Pgy)

The deposits dated Oligocene conformably overlie the Middle-Upper
Eocene limestone. In the Abd El-Aziz mountains they consist of a monoto-
nous series of marlstone with marl interlayers. The rocks are of light,
yellowish-green colour, distinctly bedded. Prevailing thickness of the beds

+is 0.1 to 0.2 m. At the top there is a member built of white marlstone in
which bedding is hardly observable. The rock contains rare foraminifera
and poorly preserved remains of echinoids and pelecypods.

The thickness of the Oligocene deposits ranges southwards from 190 m
in Beer el Khazneh to 40—50 mm.

The marlstone contains rare foraminifera: Cibicides perlucidus Nutt.,
Uvigerina sp., Cibicides ungerianus (Orb.), Planulina costata (Hantk),
Bolivinoides reticulatus (Hantk.), which, according to V. A. Krashenin-
nikov, are known from Oligocene, Upper Eocene and upper part of Middle
Eocene. The rocks are dated Oligocene only according to their position in
the sequence: they overlie the nummulitic limestones of the Middle-Upper
Eocene age and underlie the Lower and Middle Miocene beds. The Oligo-
cene age is also assigned to the marlstone and marl developed in the Abd
El-Aziz, due to their lithological similarity with the deposits from the Al-
Furat valley (the Jrablus sheet) whose Oligocene age is confirmed by fora-
miniferal evidence (A. K. Oufland, V. D. Nikolaev, 1963).

The Oligocene rocks were recorded in deep wells Jabiseh-1 and 3,
El-Bawwab-1 and 2. Well Qarnishli did not strike Oligocene. Well Jabiseh-1
encountered brown marly limestone. At the top it struck an anhydrite bed,
4 m thick. The limestone contains microfossils “typical for Oligocene”
[6]: Globigerinoides rubre, G. triloba, Asterigerinag rotula, Globi~
gerina bulloides, Cibicides praecinctus, Gyroidina soldanii, Cassiduling
subglobosa, Uvigerina nuttalli.

The thickness of the Oligocene deposits is 160 m.

In wells El-Bawwab-1 and 2 the thickness of the marlstone dated Oli-
gocene is 347 m and that of the marly limestone and limestone is 328 m.

Neogene system

Lower Miocene

‘ The Lower Miocene deposits are outcropping in the eastern part of the
Abd El-Aziz. mountains, where the rocks of Burdigalian stage were estab-
lished by microfossil evidence, The rocks were distinguished as the Dhiban
formation in the subsurface, when pierced by deep wells,

BURDIGALIAN

The Burdigalian stage is represented by limestone, marlstone and marl
containing thick gypsum interbeds. The relation between the Burdigalian
rocks and the underlying deposits is not clear for the lower boundary of
the stage is not outcropping on the surface.

The most complete sequence of the Burdigalian rocks was observed on
the eastern slope of elevation 835 (upwards):

1. Greyish-yellow-green, distinctly bedded marlstone alternating with
marly limestone and marl. At the top there 45 a bed of cavernous, gypsi-
ferous limestone (0.5 m) ., . . . . . . . F o0 . . . . ... 4 m
2. White, sugar-like, compact, massive gypsum . . . . . . . . 8 m
16

3. A series of light-grey and yellow-grey limestone beds alternating
with marlstone and marl. In the middle there is a 1.5-m bed of limestone

.rich in operculinidae, Rame fossils of Fusus <f. valensiensis Grat,
. Xenophora sp., Ostrea cf. lamellosa Broce., Pychnodonta sp. are found

atthe top . . ¢ . o . . P d Y0000 . s 40 m
4. White, massive gypsum with two interlayers of white, in places

brown, recrystallized linestone (140 2 mthick) . . . J + . . . . . 23 'm
5, White, with greenish shade, net compact argillaceous limestone

with a shell limestone af the base and much gypswm in the middle . . om
6, White, sugar-like, mnassive limesione intercalated by gypsiferous

limestone, shell limestone and mard . . . v . . . . . . . . . . 10—12 m

“The total thickness is 95 m

The beds are overlain by the Helvetian limestone.

From layer 1 and 3 V. A. Krasheninnikov has identified Globigerinoi-
des trilobus (R e u ss), Globigerina bulloides Orb., Elphidium kvesanen-
sis Artchv.,, E.aff. macellum (F. et M.), Cibicides aff. stavropolensis
Bogd., Nonion boueanus (O rb.), Textularia consecta O rb., Cancris auri-
culus (F. et M.).

In spite of the poor, peculiar complex of foraminifera the deposits are
undoubtedly of the Burdigalian age, according to V. A. Krasheninnikov.

All the above listed species are typical for the Burdigalian stage of
north-western Syria (the area of Al-Latheqgiyeh and Aafrin).

3 to b km cast of the described section, the thickness of the gypsum in-
terbeds and their number in the Burdigalian sequence increase. Further to
the east, in the area of Jabiseh hill and El-Bawwab village, drilling has
shown that the sequence described correlates well with a rock salt series
intercalated with thin beds of anhydrite, limestone and marl.

At the interval of 696—b27 m well Jabiseh-1 struck the rocks of the
Dhiban formation consisting of iwo horizons., The lower salt-bearing hori-
zon, 123 m thick, is composed of thick rock salt beds with thin layers of
anhydrite and marly limestone. The upper zone, 46 m thick, is made up of
anhydrite and limestone.

The thickness of the Dhiban formation in well Jabiseh-3, 4 km ESE of
well Jabiseh-1, decreases to 71.7 m. Salt is absent from the sequence, The
series is made of anhydrite and limestone. :
~ Well El-Bawwab-1 struck the Dhiban formation at the interval of
762—613.5 m. where it consisis of three members (upwards):

1. White, pure rock salt with thin anhydrite beds . . . . . . . 97 m

2. Anhydrite with limestone and rock salt intercalations . . . . 20 m

3. Dolomitic limestone alternating with light-grey anhydrite, clay
and marly limestone . S 315 . m

In well El-Bawwab-2, 1 km north-north-west of well El-Bawwab-1
the Dhiban formation was recorded at the interval of 750—626 m.,

It consists of two members:

1. White, lucid, rather pure rock sali with thin anhydrite layers,
which are in places slightly saturated with oid . e e e e e 4

2. Anhydrite with thin limestone beds PR 515 m

The age of the Dhiban formation penetrated by deep wells is defined
as Lower Miocene by the position in the sequence between the Oligocene
and Middle Miocene beds.

According 1o the stratigraphical position, the Dhiban fermation can
be correlated with the Burdigalian -deposits, found on the eastern slope
of the Abd El-Aziz mountains. '

Middle Miocene
HELVETIAN (N,h)

The Helvetian deposits are developed in the Abd El-Aziz mountains,
in the Beida mountain and in some iselated areas near Ras El-Ein town.
They are also struck by all the deep wells.

2 Baw. 2799 ¥
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The Helvetian sequence is composed of organic-detrital limestone with
dolomite intercalations. The limestone unconformably overlies the Burdi-
galian and Oligocene beds.

At the base of the Helvetian sequence lies algal limestone which in
the eastern part of the Abd El-Aziz mountains overlies the Burdigalian
gypsum beds, and to the west — the Oligocene limestones. At the top of the
Helvetian deposits, the limesfone contains nodules and lenses of gypsum.

The most complete section of the Helvetian deposits is observed on
the northern slope of the J. Abd El-Aziz in the upper course of Wadi Magh-
louja, where the Oligocene argillaceous limestone is overlain by medium-
and thick-pedded limestone (0.5 to 10 m), 74.6 m thick. The beds of orga-
nic limestone, consisting of small pelecypod fragments, alternate with va-
rious types of limestones: light-grey, earthy, chalk-like, gypsiferous, argil-
laceous and dolomitic.

In the central part of the Abd El-Aziz mountains, near elevation 920,
the thickness of the Helvetian rocks decreases to 30—35 m. In this locality
lies white, massive limesione, in places indistinctly bedded, with pelecypod
and gastropod remains. At the top lies dolomitic limestone, tough and ca-
vernous, armouring the water divide and southern slope of the Abd El-Aziz
mountains. .

In the south-western trend the thickness of the Helvetian rocks increa-
ses and in the vicinity of J. Beida it exceeds 70 m. On the south-eastern
slope of J. Beida the Helvetian limestone is found which contsins partings
of calcareous dolomite in the middle and at the base (see the description
of the section in the notes for the J-37-IV sheet).

In the upper stream of the N. Ei-Khabour the Helvetian outcrops were
found near Ras El-Ein town. In this locality white and light-yellow organic
limestone intercalated with dolomite was found at the surface and in water
well dumps. ‘

The Helvetian deposits were struck by the wells drilled on the strue-
tures of El-Bawwab and Jabiseh, Well El-Bawwab encountered white, not
very compact, porous limestone with thin anhydrite interbeds, 48 m thick.

- In wells Jabiseh 1,2 and 3 the limestone contains nodules and lenses of

flint and anhydrite.

The prevailing rock among the Helvetian deposits is organic limestone
of detrital structure and slightly porous irregular texture. The organic re-
mains are recrystallized fragments of algae, echinoderms, pelecypods,
ostracods, ete.

The cement is generally microgranular calcite. Algae limestone has a
porous, irregular, in places breccia-like, texture, with organic algal mate-
rial amounting to 40—80% and consisting of algae fragments cemented
by microcrystalline and cryptocrystalline calcite.

Another known rock is shale, often recrystallized, of multi-granular,
mostly pelitomorphic and microgranular structure and porous texture. The
rock consists of pelitomorphic carbonate matter, in places crystalline, with
some clay (5 to 25%) present in isolated inclusions. :

Within the limestone there are some bands of calcarecus dolomite,
which, according to carbonate analysis, consists of dolomtie (60 to 70%),
calcite (20 to 30%) and clay particles (up to 10%). '

According to their stratigraphic position the above deposits correspond
to the Jeribe formation, the equivalent stratotype of which is found in the
Sinjar mountains (Irag), close to the Syrian border, near Jaddala village,
where this formation is represented by recrystallized dolomitic limestone
dated Lower Miocene [11].

In the eastern part of the Abd El-Aziz mountains, in some soft limes-
tone interbeds, V. A. Krasheninnikov has identified such foraminifera as
Dendriting rangi Orb., Peneroplis evolutus ITens on, Borelis melo
(F. et M), Elphidium crispum (L.}, Streblus beccarii {L.).
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This complex of shallow water foraminifera can be traced in the Ii-
mestone of the Jeribe formation on the ferritory of northern Syria from
Abou Karnal to Halab. In the area of Halab-Aafrin the Jeribe limestones
contain, in addition to the above listed foraminifera, many other plank-
tonic and bottom-dwelling foraminifera of the Helvetian age what enabled

V. A. Krasheninnikov to date the Jeribe formation as Helvetian.

The mollusk fauna collected from the limestones of the Beida moun-
tain does not provide a direct indication of the Helvetian age. However, on
the territory of the adjacent sheet J-37-VI the limestone of the Tshumba
mountains which stratigraphically and lithologically correlate with the
above, contain such fossils as Chlamys ex gr. opercularis Linne, Flabel-
lipecten ex gr. larteti Tourn., Pecten cf. fuchsi Font., Ostrea gingen-
sis Schloth., Gigantostrea crassicostatc Sow. which, according to
I. Bertels-Uspenskaya, are characteristic of the Helvetian stage of the Me-
diterranean province and are encountered in the Helvetian deposits of

western Syria. o

TORTONIAN (LOWER RARS FORMATION) . j

The Tortonian deposits are exposed in the extensive arcas of the Ab
El-Aziz mountains, Tshumba and Jabiseh and in the north-western territo-
ries adjacent to the Turkish border. They are also struck by shallow core
holes drilled for mapping purposes north of Al-Hasakeh and by the deep
wells drilled on the structures of El-Bawwab and Qamishli. |
The Tortonian deposits are regularly alternating chemogenous and
carbonate-terrigenous rocks, conformably overlying the Helvetian limes-
tone beds. The lower boundary of the Tortonian stage is drawn following
the bottom of the lowermost thick gypsum bed. o : o
According to some differences in lithology and fauna, the Tortonian
deposits developed in the Abd El-Aziz, Tshumba and Jabiseh mountaing
can be divided into two parts, lower and upper. The lower part consists of
gypsumn beds intercalated with limestone, marl and, in some places, rock
salt. Gypsum predominates over the other rocks making about 90% of the
entire series. The upper part consists of gypsum intercalated with clayey
marl, clay, marl, limestone, siltstone and sandstone, the amount of gypsum
beds being smaller as compared with the lower part and the amount of ter+
razencus material being greater. o

The Tortonian deposits, developed north of the Abd El-Aziz mountains
and Al-Hasakeh, are not sudbivided. Their lithological composition is dif-
ferent as compared with the area of the Abd El-Aziz mountains and the
Tshumba hills, the amount of gypsum decreasing and the amount of car=
bonate and terrigenous rocks increasing. :

Tortonian, the lower part (N; ta)

The lower part of the Tortonian deposits is made of gypsum, limestone
and marl. o
The most complete section of the lower part of the Tortonian sequence
was observed on the southern slope of the Abd El-Aziz mountains along
the ravine from Tell Saffour to the south and south-cast of the road Als
Hagakeh~-Madfa. The Helvetian limestone is conformably overlain by::
-1, White, fine-crystailine, massive gypsum. . e e e e e e
2. White, cavernous limestone with poorly preserved pelecypod
remains
3. Mill-white, fine-crystalline gypsum . e e e e
4. Light-grey limestone, at the bottom (0.7 m) clayey, upwards
containing as much as 30%; of gypsum (large nodufes) e e e .
5. White, sugar-like, massive gypsum . . . . . . . . .
- 6. Yellowish-white, chalk-like limestone with Pecten sp. E
7. Mitk-white, fine-crystalline gypsum . . . . . . . "
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8. White, with yellowish shade, organogenous, clayey limestone with

marl bands in the middle (0.5 m) and ai the fop (0.2 }1;?{ contains many

fossils of_ChIamys ex gr. opercularis Linne, Pecten cf. fuchsi Fon i

Ostreg. gingensis Schloth, O. ¢f. frondosa de Serr, Gigantostreci

crassicostata 8o w., Arca sp. characteristic of Middle Miocene (identified

by I Bertels-Uspenskaya) . . . . . . . . . . . 3.5
9. White, in some layers greenish-white, gypsum e e e 6
10. Yellowish-grey, gypsiferous limestone . . . . . . . . . . . 0.4
11. Milk-white, massive gypsum . . . . . . . . . .+ o« o+ . . 15
12. Light-grey, at the top yellowish-grey, limestone with a lenticular

gypsum band in the middle, contains valves of thick-walled oysters and

fragments of Pecten sp. . . . . . . . . 4« e e e o e s 3 m
13. White, in places light-grey, cellular gypsum . . . . . . . 8m
14, Yellowish-green marl, laterally replaced by cdlayey limestone

which consists of detritus and small shells of Clausinella sp. P 0.8 m
15. Milk-white, in places greenish-blue gypsum . . . . . . . . 4 to0 Tm

Fig. 4. Limestone, marl and gypsum beds of the lower part of the Tortonian forming
questas on the southern slope of the J.Abd El-Aziz. Figures show bed numbers. Here
. and further on air phoiograph scale is 1:20,000
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16. Light-grey with yellowish shade, gypsiferous limestone grading

laterally into organic e e e e e e e e . em
17. Milk-white and grey, mottled gypsum e e e . 20 to 40 m
18. Yellowish-green, thin-laminated, gypsiferous, clayey marl with

a band of dolomitic limestone e e e e e e e e e e e 2 m
19, 'White;, in places blue-green gypsum . . . . . . . - . . . 7 m
90, (Greerdsh-grey, highly gypsiferous marl. grading into clayey
21, Milk-white, in some bands light-green gypsum . . . . . . 15 m
22 Yellowish-green, gypsiferous mard . . . . . . .« .« . 1.3 m
93 Milk-white and grey SypsSUmM . . . < « « + - « « « . . 20=25m
24, Grey, cavernous dolomitic limestone (Fig. 4 . . . . . . . ’ 0.8 m
95, Milk-white and black, mottled gypsuum . ... . . . . . - - 45 m
28, Grey, gypsiferous, at the base clayey, limestone . . . . . . 0.5 m
97, White, medium and thin-laminated gypswm . . . . . . . 4 m
98. Creenish-grey, gypsiferous, clayey limestone . . . . . . . “0:8 m
90. Miik-white and grey, massive, less frequently medium-laminated i

gypsum with limestone bands (01 10 0.2 M) . . .« . .+ o« . - . . .25 to 30 m
20. Yellowish-greeny gypsiferous limestone  grading laterally

into yellow-green marl . ., . . . . - . . . e e e e e e e 15 m
31, Milk-white in some layers greenish-grey gypsum . . . . . 18 m
39—37. Gypsum interbedded with limesione, marl and sandstone . . h5 m

The total thickness of the Tortonian rocks is 250 to 280 1m.

The ovelying rock is clayey marl of the upper part of the Tortonian
(38 layers).

Layer 24, composed of dolomitic limestone is shown on the geological
map as a marker bed. It can be traced on the southern and eastern slopes
of the Abd El-Aziz mountains and near J. Beida.

To the south-west of the Abd El-Aziz mountains, near the J. Beida
the thickness of the lower part of the Tortonian sequence increases to
340 1 though the lithological composition of the rocks remains nearly the
same. .

To the south-east of the Abd El-Aziz mountains, near the J. Jabiseh,
according to drilling data, the thickness of the lower part of the Tortonian
increases to 500 m (well Jabiseh-3). Here, in addition to anhydrite, gyp-
surn, limestone and marl, there are beds of rock salt.

According to the data obtained from wells Jabiseh (Syrian Petroleum
Company, Litd.) the Tortonian deposits called the “Lower Fars formation”
can be subdivided into several zones. In wells Jabiseh-1, 2 and 3, three zo-
nes can be distinguished.

1. Transitional zone — alternation of anhydrite and limestone, 80 o
90 m thick.

9. Salt-bearing zone — alternation of anhydrite, limestone and rock
salt, 330 to 380 m thick.

3. Upper zone — anhydrite, brown clay interbedded with limestone
and sandstone. The thickness penetrated by well Jabiseh is 184 m.

The transitional and salt-bearing zones, and also the bottom of the
upper zone are attributed to the lower part of the Tortonian stage. .

Tortonian, the upper part (Ny t b)

The upper part of the Tortonian consists of gypsum, clayey marl,
clay, siltstone, sandstone, mar] and limesbone from layer 38 up to the top-
most thick gypsum bed.

Layer 38, whose bottom is taken as a boundary between the lower and
upper parts of the Tortonian is on the slopes of the Abd El-Aziz mountain
composed of clayey marl grading upwards into marl and limestone, its
thickness ranging from 2 to 4 m.

Following the extension of layer 38 within J-37-V, J-37-IV and
J-37-XXII sheets, one can find oysters Ostrea fimbriata Grat, and repre-
sentative pelecypods which according to I. Bertels-Uspenskaya were not
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reported in paleontological literature and were not identified as far as their
genetic and species determinations are concerned. They are relatively large
fossils, about 3x2x1 em in size, with strong shells. In the outcrops of this
layer, under plain terrain conditions the fossils are well prepared and
found on the surface in the form of eluvial placer. The cores of these pele-
cypods were encountered only in layer.38 what was very helpful in fol-
lowing this marker bed in the field. The oysters Osirea fimbriata Gr at.
are widely developed in the upper part of the Tortonian beginning from
the marl beds of layer 38 and were never found in the lower parts of the
section. However, the above mentioned oysters and pelecypods were not
encountered in layer 38 outcropping in the Tshumba hills. This layer was
distinguished here merely by its position in the sequence below easily re-
- cognizable layer 40 made of red silty clay.

The complefe sequence of the upper part of the Tortonian can be
observed on the north-eastern slope of the Tshumba hill in Dbaghiyeh ra-
vine. The Lower Tortonian gypsum beds with thin marl and Hmestone
bands are overlain by:

38. Greenish-yelllow marl (CaCQ, — 51.7%) with lenses of grey,
compact, gypsiferous limestone, Poorly preserved pelecypods were encoun-

tered, such as Lucing sp. nov., Cleusinelle ex gr. persica Cox . . 1.2 m

This layer corresponds to the 38 horizon, traceable on the slopes of
the Abd El-Aziz and Beida mountains. ‘

39, Milk-white gypsum with a lenticular band of clayey marl .20 to 25 m
40. Red-brown, in some beds green~grey, gypsiferous, caleareous,

Bilty clay. At the top it is replaced by green-yellow marl (3 m) with

limestone lenses (Fig. 3 . . . . . P 95 m
41. White, massive, fine crystalline gypsum . 14 m

42. Red-brown, silty clay (4 m) grading upwards into yellowish-
green, clayey marl with thin interlayers of dolomiitic marl — CaCOy —
65%, CaMg (COg)y — 5.2%, and shell limestone . . . . . . . . 5 m

43, White gypsum, at the base — thin bedded, upwands massive H m

44, Light-brown, in places sandy, calcareous clay with gypsum nodules 4 to 5 m

Fm
m
m

[

45, White gypsum €ill-exposed) . . , . . _ . . . . . . . .10 to 1
46. Red-brown silty clay grading upwands into grey-green clayey
mar] with limestone bands . . . . . . .. . e e e e e
47. Milk-white fine-crystalline gypsum. ., . ., . . . .., . . .
48. Greenish-grey, compact, salt-bearing, calcareous clay (15 m)
overlain hy greenish-vellow sall-bearing clayey marl. The salt content
increases upwards. The upper two metres are made of limy-clayey-sali-
bearing rock . . e e e e e 55 m

49. White, in places blue-green, gypsum e e e e 20 to 25 m
50. Brown, silty clay (3 m) overlain by green clayey and gypsumized

marl with thin limestone interbods e e e e e 55 m
51. White, with greenish-blue shade, gypsum e e e e e, g m
52. Red-brown, silty clay with lenticular bands of fine-grained

sandstone (3 m); upwardy — greyish-green, sandy amd clayey marl . 6 m
53, White, fine to coarse ecrysialline gypsum ., . . ., . . . . im
54. Red-brown clay with green spots, in places siliy and sandy,

‘upwands grading into yellowish-green, clayey marl with a thin (0.2 m)

hand of organic limestone e e e e e e e e e 24 m
55. White, compact gypsum . 10 m

56. Brownish-red clay, with gréen' épo%s, .g'y[péiﬁ(‘arous' ('2.8. m),
upwards — greenish-grey, fine-grained, silty sandstone with limestone-
clay cement (1.2 m}, at the top-grey, gypsiferous limestone with

Clousinelln of. persica Cox (0.2 m) e e e e e e e e 4.2 m

. 57. White, vari-grained, massive gypsum with a clayey marl in- '

terbed (0.3 m) in the middle Ce e e e e e e, 22 m
58. Red-brown, silty clay with a band of clayey gypsum (0.7 m)

and silistone (1.2 m), upwards replaced by greenish-grey, calcareous clay

and further up by clayey marl. Remains of Ostreq fimbriata Grat.,

O. frondosz de Serr. were encountered N : 106 m

'59. White and’ greyish gypsum . . . . . . e e e e e 14 m
60. Silty, calecareous, in some layers sandy clay containing Ostrea
fimbriate G rat., upwards grading into light yellow, clay marl (CaCOy
~ 46.1%) with clayey limestone lenses e e e e e
61. Greyish-white, non-compact gypsum

BB
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62. Red-brown, silly, calcareous clay N .
63. White gypsum with greenish and reddigsh shade . .
64, Brown, silty, at the fop greenish-grey, calcareous, clay
65. White with greenish shade, thin-bedded gypsum . . . . .
66. Brown-grey, siliy, in some beds sandy clay upwards grading
into light green, c-layey.marll . . eén" h' P e ..
. White gypsumm, in places greenis T
] gg gx’een—g%:j’gr, gypsumized elay, in places grading into clayey
gypsum (1.5 m}), overlain by yellow-green clay marl (0.5 m) ..
69. White gypsum, with greenish clay beds . . . iy marl
TG, Green-grey, caleareous clay, upwards grading into clay mar
with Ostrea fimbriatea Grat . . . . . . . . . . . . . . ..
: i sum, in places light grey, not compact . . . . . .
’?’21 gx?]gihg—igﬂow—grey, siliy sandstone with sﬂtstqne liands
(1.5 m), upwards grading into silty clay (1 m) and further up inio clayey
marl (6 m) with Ostrea fimbriatea G L’at‘ e e e e e e e e e
73. White gypsum, in places greenish and clayey . . . .

F;ig. 5. Clay, marl, siltstone, sandsto:
Figures indicate bed mumbers (see

3 m
4 m
I5 m
3m
28 m
12 m
2m
3 m
5m
3m
12 m
10 m

; rt tonian.

1l sum beds of the upper part of Tor :
nfhg def;;scr‘gptlon). They fogm small questias on lthe
northern slope of the Jabiseh mountain
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74, Green-grey, fine-grained sandstone (1.2 m) overlain. by white
and greenish-white clayey gypsum (2.5 m) at the top greenish-grey, clay
marl. (CaCO; — 46.6%) . . . e e e e

47 m
75. White gypsum, at the {op greem-grey, clayey . e e Tm
76. Red-brown, silty clay (2 m) overlain by: green-grey, fine-grained

sandstone (1.2 m), yellow-grey siltstone (1.5 m), clayey gypsum (0.4 m),

grey-green clayey marl (CaCOy — 32.8%) (2 m), at the top yellow-green.:

marl (CaCOy - 54.8%) with pelecypods (05 m) . . . . . . . . . . 76 m
77, White gypsum with blueish shade, coarse-grained. . ., . . . 9 m
78. Pink-grey, in some heds green-grey, cross-bedded, fine-grained.

sandstome (3.2 m) wupwards grading into sandy, modulan gupsum

(0.3—0.6 m), at the top light green, clay marl {CaC0O; - 36.7%) (3 m) 6.6 m
79. White, medium-grained gypsum {(Fig. 5) . 89 m

The total thickness of the upper part of the Torb'oniar;, (S‘bs'er{re& 11:1
the Dbaghiyeh ravine, is 340 to 360 m,

The overlying rocks are terrigenous deposits dated Upper Miocene,

For the southern slope of the Abd El-Aziz mountains several layer-by-
layer descriptions of the upper part of the Tortonian were made (Fig. 6),
but a complete sequence was never found due to breaks in exposure,

To the south-east of the Abd El-Aziz mountains, in the area of Sahel
el Khashab ravine; the upper members. of the series contain much more
teérrigenous material, many thick  interbeds of fine to medium-grained,
eross-bedded sandstone appear; the thickness of the gypsum beds decrea-
ses to 2 or 3 m.

The sequence of the upper part of the Tortonian from layer 42 to the
base of the Upper Miocene beds was observed in the south~west, in Wadi
Sajriya. The rocks are similar to those observed in the Beida mountain [15].
There are some differences only in the upper part of the sequence. Layer
79, which in the Beida mountain is composed of radiated gypsum, 10 m
thick, in Wadi Sajriya ravine is made of carbonate-~terrigenous rocks, such
as-elay marl, siltstone and sandstone with thin gypsum bands, b em to 1 m
thick. Fossil Diplodonta sp. nov. N 2 characteristic of the Upper Tortenian

was found in a marl interbed occurring high above the uppermost thick
gypsum bed. This is why the boundary between the Tortonian and Upper
Miocene in the area of Sajriya village — Dabshiya is drawn in the carbo-
nate-terrigenous rocks, 20 m higher than the uppermost thick gypsum bed.

‘ A few marker beds were distinguished in the upper part of the Torto-
nian..

In the Tshumba hill one can trace a bed of clay and clay marl, descri-
bed as layer 50, which can be easily distinguished on the aerjal photo-
graphs.

' Layer 58 composed of clay, siltstone and marl with oysters can be trac~
ed in the J. Jabiseh area, on the northern and wsouthern slopes of the
Tshumba hill and on the southern and eastern slopes of the Abd El-Aziz
mountains. It alse fringes the core of @ small anticlinal fold, located 2—3
km' south of Al-Hasakeh town. This layer can be easily followed in the

- area easy and south-east of the Abd El-Aziz mountains due to abundant
oyster fossils. South and south-west of the Abd El-Aziz mountains it does
not contain oystens and sandstone beds appear at its base. In this area
layer 58 can hardly be distinguished from the over- and underlying beds
and can be traced only with the help of aerial photographs between the
key  sections.

South and south-east of Al-Hasakeh one can trace-a. clay and marl bed
with: eysters (layer 60) outlining two anticlinal folds.

Tortenian undifferentiated

Below are given the rocks attributed to the Tortonian, undifferentiat-
ed: marl, caly, limestone, siltstone, sandstone and gypsum outcropping in

the north-western part of the J-37-V sheet and penetrated by mapping
bore holes drilled north. of Al-Hasakeh..
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d 19 km east of Ras El-Ein {(pl. 1,2) penetrated

A mapping well 19 drille
psum’ beds, 81.7 m

the series of alternating marl, clay, limestone and gy
thick, lying on the Helvetian limestone.

The neighbouring wells 12, 13, 14 and 17 penetrated the upper part of
the Tortonian sequence, which differs from the deposits described above by
a larger number of sandstone and’ siltstone beds.

The fossils collected from the lower beds of the Tortonian near Moja-
ben village such as Ostrea frondose de Serr, Miltha cf calipteryx
(Tourn.); Chione cf. basteroti (Desh.), indicate, according to L Ber-
tels-Uspenskaya, the Middle Miocene age. Abundant foraminifera:
Elphidium hauerinum (Orb.),. E. aff. macellum (F. et M.), Valvulineria
obtuse Orb. and others are typical of the Tortonian stage (after V. A.

Krasheninnikov).
Different from the above are the undifferentiated rocks of the Torto-
nian stage, encountered by well 10 drilled 10 km south-east of Derbasiyeh.

They are mostly carbonate rocks: limestone, marl and dolomitic marl with
Ostrea fimbriata Grat.,, Turritelle sp., Clausinelle sp. There are some
calcareous clay and siltstone interbeds but in a smaller number. Gypsum is
absent. '

The thickness of the undifferentiated deposits of the Tortonian stage
in the north-western portion of sheet J-37-XI, V is supposed to be 400 to

500 m. :

The previous investigators distinguish
as the Lower Fars formation. It was first men
Majo in Tran, in 1918 [11].

The Tortonian age is assigne
and ostracoda findings.

Among the fossils found in the lower part of the Torionian (layers
2, 4, 6, 8) on the southern slope of the Abd El-Aziz mountains V. A. Kra-
sheninnikov has identified: Streblus beccarii (L.) forma ordinaria, Elphi-
dium macellum (F. et M.), E. crispum (L.}, E. listeri (Orhb.), Globuline
gibba O rb., Nonion granosus (Or b)), Florilus communis (Orb.).

The upper part of the Tortonian (layers 38 to 78) on the northern slope
of the Tshumba hill contains: Streblus beccarii forma granosa, Eiphidium
gntoning (Orb.), E. hauerinum (Orb.), Nonion granosus (Orb.) Cibici-
des dutemplei (Orb.), Clavulinoides sp., Textularia meyeriana O b., Sig-
moiling mediterranensis Bo g d., Spiroloculina cancliculata Orb.,, Quin-
queloculinag contorta Orb. and other species, encountered also in the lo-

wer part of the Tortonian.
ication made by V. A. Krasheninnikov, the

According to the identif
above listed foraminifera indicate the Tortonian age of the rocks incorpo-

rating them.

The upper part of the seri
among which N. N. Naidina ide
L. ex gr. carinate Linencl,

ed the deposits described above
tioned by H. Busk and H. T.

d to these deposits due to foraminifera

es contains a great variety of ostracods,
ntified: Loxoconcha aff. cornuta Schn,
Cytherideis Tongule Ulrich et Bass-
ler, Trachyleberis expunctata Zalanyl, T. magne Schn.,, T. defor-
mis (Reuss), Cypridea miilleri (Minste r), Leptocythere exanthema-
ta (Ulrich et Bassler), L. ex gr. martini (Ulrich et Bassler)
and others. This complex of ostracods is according to N. N. Naidina typical
for Middle Miocene. Some of the above species were described by G. Shnei-
der in the Tortonian deposits of the Western Ukraine.

Upper Miocene (N;%)

e deposits are exposed on a fairly wide territory.
l-Aziz and Tshumba mountains. They confor-
an
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and Upper Miocene corresponds to a sharp change in the lithology from
terrigeno-chemogenous to terrigenous rocks. The boundary is drawn along
the bottom of the uppermost thick gypsum bed. '

- The Upper Miocene rocks were studied in the outcrops on the southern
slope of the Abd El~Aziz mountains, on the slopes of the Tshumba hill, in
the Abou Feja ravine and in a number of shallow core holes drilled for
mapping purposes. '

.. The Upper Miocene sequence consists of clay, sandstone, sand, siltstone
and marl. Lithologically these rocks can be divided into two members, lo-
wer and upper. .

The lower member is a frequent alternation of bright reddish, well sor-

. ted siltstone, clay, marl, sandstone and gypsum of lacustrine origin. The

thickness of the lower member changes eastwards from 30 to 80 m.,

The upper member is made of coarse-bedded, poorly sorted rocks of
dull, greenish-grey brown colours: sand, sandstone, clay, siltstone and marl
(Fig. 7, 8). The thickness is about 230 m. Predominating rocks are sand
and sandstone of greenish-grey colour which oceur in thick beds {up to

+20-25 m) consisting of many cross-bedded bands. Sand and sandstone ge~
nerally contain rolls of clay and clay marl. These rocks are fluvial forma-
tions and they often rest on underlying deposist with erosion. The sand and
sandstone beds regularly alternate with the beds of poorly sorted rocks,
such as clay, siltstone, sandstone and clay marl occuring as a rule in small
lenses.

“The clay and clayey marl always contain accessory psammiitic maderial
and inclusions of sandy rocks. Laterally they are often replaced by sand-
stone and siltstone. The sandy-clayey rocks contain remains of lake and
swamp plants in the form of small tubular cavities, partly filled with car-
bonaceous matter, carbonate and hydrous ferric oxides of gypsum.

- According to the result of the palinological analysis the lower member

of the Upper Miocene in a mapping well (N 4) contains a pollen and

spores complex mainly of thermophilic wegetation.

Predominating are grass and shrub xerophytic plants, such as compo-
sitae and others, which make 40%. Broad-leaved trees, such as nut, chest
nut and maple are pregent in a lesser amount — 209,

Subtropical and tropical evergreen vegetation makes 129% (martle,
pistachio-trees efc,). Cold-resisting conifers make only about 8% (pine, less
frequently cedar).
~ Pollen and spore spectrum shows a warm and dry climate and mainly
steppe country which had been present during the sedithentation of the
lower part of the Upper Miocene. Pollen and spores were not discovered
in the upper member of the Upper Miocene.

Samples were taken from the Upper Miocene sequences to identify
-ostracods. Ostracods were found in 89 samples out of 387. N. N. Naidina
established a distinction between the ostracod complexes of the lower and
upper members of the Upper Miocene sequence. The first five ostracod
species, shown in the table, were found only in the upper member, species
6 to 11 were present both in the upper and lower member and the last four
species were found only in the lower member (Table, page 28} .

The Upper Miocene age has also been assigned 1o the deposits develo-
ped east and south-east of Derbasiyeh where they were struck by mapping
wells.

These are mainly carbonate rocks, such as clay, marl and dolomitic 1i-
mestone. There are some tuffite interbeds consisting of acid ash cemented
by clay mass and also fine to medium-grained sandstone intercalations with
calcareous-clayey cement. One well encountered a limestone bed at the
depth of 20 m, which contains such ostracods as Candona compressa
(K o ¢ ), Zonocypris membranae (L i v.), Cyprinotus sp., Potamocypris sp.,
26

i 1 i the upper memher)
4. An outcrop of the Upper Miocene rocks (
Flgon the N. El-Khabour river bank, 25 km north-west of Al-Hasakeh

"Fig. 8. Cross-bedded sandstone containing small clay concretions,
: Upper Miocene, upper member

27




oreal, cool and damp climate

Cyclocypris sp. Pollen and. spores complex of b
lycopodium, etc., was found

plants, such as fir-tree, pine, cedar, birch, alder,
at the interval of 25 to 125 m. Dominating among the conifers is the fir pol-
len (Picea sp. sec. Eupicea). Foliage vegetation s mainly represented by
birch and alder. Grass pollen is very rare. Thus, the pollen and spore spec- -
trum of the bore hole shows a forest type of the country. As compared with
well 4 warm-climate plants nearly disappear. The deposits seem to be
upper horizons of the Upper Miocene but there is a possibility of Pliocene

rocks being present.
The thickness of the Upper Miocene varies from place to place whithin

GO
the area under investigation. The largest thickness, up 1o 320 m, is record-
ed south of the Tshumba and Abd El-Aziz mountains.

In the north-eastern portion, from Al-Hasakeh to the Turkish border,

it renges from 100 o 200 m decreasing westwands.

The Upper Miocene age is assigned to the deposits tentatively due to
their position over the MTortonian rocks and on the basis of geological and
paleogeographical evidence such as ostracod fauna and pollen and spore
spectra. The lower boundary is defined by a sharp change in the sedimen-
tation environment from marine to continental, by a change in ostracod

© complex and by disappearance of foraminifera.

In the lower member of the Upper Miocene N, N, Naidina has iden-
tified Potamocypris punciillate vV arosh., Cyprideis sp. (Cyprideis gigan-
tica? Vorosh.), Cyclocypris minimus V orosh., Limnocythere sp. 3, L
sp. 2, L. sp. 1, Eucypris sp., Ilyocypris brady Sars, Il. gibba{R a hm.).

This complex of ostracods greatly differs from the Middle Miocene
complex found in the underlying Tortonian deposits. However the first
three species were described by A. Voroshilova (1956) from a salt-bearing —
lagoonal formation of the Middle Miocene age. Species of the Limnocythe-
re and Ilyocypris genera arc found in the Miocene deposits.

The upper member of the Upper Miocene contains Limnocythere sp. 1,
L. sp. 2, Eucypris sp., Tlyocypris brady Sars, 1L. gibbae (R a hm.). Zonocyp-
ris membranae (Liv.). Cyprinotus sp. 1, Candoniella albicans (Brady),
Darwinula stevensoni (Bra dy et Robert s.), Potamocypris 84, Can-

donielle sp.

According to N. N, Naidina, a similar complex of ostracods is present
both in the Upper Miocene and Pliocene deposits of the Crimea — Cauca-
sian province of the USSR,

The pollen and spores found in the lower memmber of the Upper Mio-
cene, 28 lum north of Al-Hasakeh (mapping well 4) indicate a warm, sub-
tropical climate what, according to N, Sadovskaya, does not contradict the
conclusion about the Upper Miocene age, since the conditions of subtropical
climate had been present in the area adjacent to the Black Sea during the
first half of the Neogene period and jasted up to the Upper Sarmatian stage.
The pollen and spores found in the northern part of the territory (well 11)
testify that the climate got colder what, according to N. Sadovskaya, may
indicate the uppermost <trata of the Upper Miocene and the lowermost

atrata of the Pliocene.
A surface of the regional uncomformity distinguished as a result of the
geological mapping ig taken as the boundary between the Upper Miocene

and Pliocene.
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Pliocene

The Pliocene deposits are outcropping on the extensive verritory north
and south of the Abd Fl-Aziz mountains and north-east of the Ard esh
Sheikh basalt plateau. Lithologically these deposits consist of two parts:
the lower, composed of lay and gritsfones; and the

clay marl, sandstone, ¢
upper, consisting of limestone,

.. ...

(Rahmd.y. . ...
Ilyocypris brady Sarts.

Fossil name
K —rare findings (1 to 3) O — frequent findings (up to.10)

{(Bradi et Roberts).
cypris minimus
3ak, 2799

Candoniella albicans
Vorosh. . ... ..
Cyelo ’
Vorosh.
Limnocythere sp. 3. . . .

Livy. oo ...
Cyprinctus sp. )

(Brady). . . .. ...
Zonocypris membranae

Limnocythere sp. 1. .
Cyprideis sp. 1 . . .
Potamocypris punctillata

Limnocythere sp. 2. .
Eueypris sp.. . . . .

Candoniella sp.
Potamocyprissp. . . . . .
Darvinula stevensoni
Hyocypris gibba

® arl, gritstone and conglomerates.
29




PLIOCENE, THE LOWER PART {Naa}

The lower Pliocene sequence overlies the Upper Miocene and Torto-
nian deposits unconformably. The Pliocene base often containg sandstone
beds with some gravels and in some places gritstone.

The most complete sequence of the lower series of the Pliocene has
been observed on the right bank of the N. El-Khabour, 8 km west of Tell
Tamr village, in well 14 where the Tortonian clay marl is overlain by:

1. Greemish-grey, quartzitic amnd feldspathie, fine-grained sandstone
with calcareous and argillaceous cement, at the base grading into sitty

sand with small pebbles and gravels made of guartz, flint and limestons 9 m
2. Brown and light-grey, lumpy, silty, clay marl . . ., . . . . . 39 m
3. Brownish-grey, silty, fine to medium-grained sandstone with argil-
- laceous-calcareous cement, in places gypsiferous, with rare clay bands . 6.6 m
4. Brown-grey, silty, calcareous clay with small {ubular cavities
containing debris of argillacecus and calcareous rocks . . 29 m

5. Grey and greenish-grey, silty, fine-grained sandstone glightly
cemented with argillo-calearsous material containing bands of silistone
and lighi-brown, silty clay . T T T T T 171 m

6. Conglomerate, slightly cemented with argillo-caleareous material.

Tdmestone and flint pebbles are well rounded, up to 3 em in size . . . 1.8 m

7. Greenish-grey, silty, fine-grained sandstone slightly cemented
with argillo-calcareous maderial I T

The total thickness of the lower Pliocene series penetrated by the
well is 44.5 m,

3.7 m

East and north-east of the Ard esh Sheikh basalt plateau the deposits
of the lower Pliocene series are pierced by a number of wells drilled along
a mapping profile. Prevailing is light-grey, fine- to medium-grained sand-
stone with calcareous and argillo-calcareous cement, containing in some
places gravel grains of flint and limestone. Sand and gravel grains are
sometimes surrounded with a coating of secondary limestone. Alongside
with sandstone also occurs siltstone, clay marl, calcareous clay, limestone
and gritstone. The thickness of the lower Pliocene part penetrated by wells
3 to 9 does not exceed 35 m somewhat increasing eastwards and reaching 50
to 60 m on the border with the J-37-VI sheet.

South of the Abd El-Aziz mountains the lower series is compased of
sandstone, calcareous clay, clay marl and siltstone. Prevailing rock is grey,
brownish~grey and greenish-grey sandstone with argillo-calcareous and cal-
careous cement. The sandstone contains flint and limestone gravels and
pebbles. The rock also incorporates fragments and rolls of such local rocks
as marl, clay and siltstone which had probably been deposited due to the
erosgion of the Upper Miocene,

According to the results of the mechanico-mineralogical analysis,
clastic material in sandstone and siltstone consists of feldspar (mainly acid
plagioclase) — 40 to 50%, quartz — 10 to 20%, limestone — 10 to. 15 %,
siliceous rocks up to 5%, mica — 3 to 109| and heavy minerals — 5 to

10% among which dominating are epidote, ore minerals and hornblende;
in less amounts there is garnet, pyroxene, zircon, anatase, sphene, tourma-
line, rutile and spinel.

Lithologically the deposits of the lower series are similar to the under-
lying Upper Miocene rocks. They had been formed under nearly the same
conditions and are composed of nearly the same types of rocks, what com-
plicated the differentiation of the rocks during the field work. Therefore
the boundary between the Pliocene and Upper Miocene is in some cases
shown on the map tentatively. The distinguishing features of the Pliocene
rocks are:

- 1) higher content of calcareous material in the rocks; clay marl pre-
vailing over clay; sandstone cement being generally calcareous; ~

2} presence of gritstone in the form of interbeds and gravel grains of
flint and limestone present in sandstone and other rocks; '
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i astic material in the terrigenous rocks
jar structure of the clastic material in : ck
mapsgdps;uiizrczaiings of secondary carbonate formed around grains, gra

vels and pebbles.

PLIOCENE, THE UPPER PART (Nyb)

i i i teropping in the area
ts of the upper Pliocene series are ou )
tg IE:»?I’ %ﬁgoz?bil OEPAZ:iszElountains. They (icicnfuorﬁmably %\a’gﬁglsseigfe;‘oggg
i ' in localities have con a
of the Pliocene lower part but in some e The
i ; the base. 20 km west-south-west of Te . | '
%glmtfrtznseisdgttheeca&careous clay of the lower Pliocene part is overlain by:

te.

-] d gritstone, sandstone and conglomera ..

é?h%:iﬁse%%% pggbl% are made of igneous and meta.rnoxjptksuc jfmxfrﬁii

‘less frequently of limestone. The topmost coﬁnglomera‘tz T;:é)nggt anc":orp-hic
les of limestone and seldom 03 1gneous xd mota 1

iﬂgﬁsdﬂ’%h%egi?ﬂing material in the conglomerate and grifstone is coarsei

45 m
gand . . . e e e e
i : f the member is 4—5 mn, .
ZTJE? gjcl—zfen;w Ssasomdgr silfstone with argillo-calcareous cement, ﬁ}grcicfi
b srﬂaﬂig"tubuiar, holes, which were probably focrn‘med due to Le;w ing : 5 m
1'g0ts and stems of lake and swam‘lp plants . ..} . - - oo m
3. Reddish-brown clayey manl . . ! SR s
4. Grey lmestone with inclusions ‘of gleen—gresy,.ha.gh%y :gyl"a,su: ous 63 m
marl . s L L . v - S.ur;l crys‘tals I I m
5. Green-grey clayey marl with ﬁ_"-n_ue E¥P. 1 ; ‘ tieal
6. Light-grey to white] porous limestone with numerous ve Cm

alga?ncﬁlinggﬁic;m.ou{efﬂp.s 't-.he' ”nh-icljm-éss of th:e‘limestone bed iur;c;ffa'ses
to 5—6 m and interbeds of dolomite and dolomitfic i1mes6tone appear.
The thickness of the upper series does not excead 20 m.

15 km north-west of
trated by a dug well
Adveno-

The Pliocene rocks contain very rare (:ts’gracozlrsl:e
1-Hasakeh the sandy clay of the upper series p !
é\\ftas f?)?ind to contain Candona compressa Ko c¢h ., Cyprinotus sp.,
cypriici%nding to N. N. Naidina, the first species is present in 'thihpﬁt?ceréﬁ
of the Central Asia (USSR), the two others can be found bodh in the Upp
i ) d Pl ne., ) . . | . )
Mmcz-régo-?ggmg tlooiieir stratigraphical position and I}‘dh-ology, ltheegelglos%{fz
ibed can be correlated with the Pliocene formations develop don the
g:fr":ifuyor?r of the neighbouring J-37-VI sheet Whichhcon:tgmtp;trgcocan%ssna
| f Qamishl N. Naidina has identitied:
found 12 km southeast of Qamishh. N. . _ ed: Cancone
i Mandel, Cypridopsis for .
ta Sars, C. obrutschevi Mande . is . i
E’iﬂ;gtgcypﬂs (?) pellucida Sc h.n.., gygl):‘motg; p?féz:;n;ps % h i\lI s 1\?;13 d r?a
i i Brady), C. suzini Schn., . N. N.
prf)?g?s g?ﬁi?lﬁi r(nost of B&e fossils were described from the Pliocene of the

Central Asia (Fergana, Ili and Tian-shan depressions).

Quaternary system )
Quaternary is represented by the dapqmts of the é%)wgﬁg\ﬁ;}dﬁée(&%r; 1
Upper series corresponding together to Pleistocene an tewi‘de.spre.ad ua
té-rhary sediments are of various genetic tylpes. Tthg mfs 0k|s e
proluvial deposits, the least important are basic effusive* rocks,
lacustrine deposits (Fig. 9).

The Quaternary deposits cover ne
with the exception of the J. Abd Ei- o
small localities of the plain ad]acen-i:, to the N. -habe
even these localities are covered with a thin, non-con

viurn, deluvium and partly proluvium. | ”
r “Voleanic rocks”™.

. . } - in chapter
# The description of the basic effusive rocks is given in 8 -

i i heet

Iv the entire territory of the s
arizsirz, Tshumba, Jabiseh and some
Khabour valley. However,
inuous layer of elu-
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The largest thickness of the Quaternary deposits (75 to 110 m) has been
recorded at the foothills of the J. Akd El-Aziz.

On the plain lying north, northeast and southeast of the J. Abd El-Aziz
the thickness of the Quaternary deposits ranges from 3 to 8 m, sometimes
reaching 15 or 18 m.

Lower series (@)

The Lower Quaternary age is tentatively assigned to the oldest prolu-
vial gypsum-bearing deposits and basic effusive rocks.

The proluvial deposits fringing the J. Abd El-Aziz as a wide band are
composed of peculiar coarse and obscure-bedded carbonate-clay-gypsum
rocks with accessory silty, psammitic and psephitic material, intercalated
with gypsumized loams. '

- The Lower Quaternary proluvial deposits transgressively overlie the
Middle Miocene, Upper Miocene and Pliocene strata. North of the J. Abd
El-Aziz shallow core wells drilled for mapping encountered debris and grit-
stone, the fragmental material of which is composed of limestone and marl
of the upper Pliocene series.

The most complete sequence of the Lower Quaternary proluvial de-
posits has been observed in a well, located north of the J. Abd El-Aziz, 5
km north-north-west of elevation 6§82 m.

The siltstone of the lower Pliocene series is overlain by:

1. Light brown gypsiferous loam, in places grading into gypsum; it
contains inclusions of limestone and marl debris and gravels . . . . .

2. Light grey gypsum with great amount of carbonate-axgillaceous
material, with some silt and psammmitic grains and rare inclusions of
ill-rounded limestone gravels. There are some thin gypsumized loam
interbeds . . . . . P . . . e e e e

3. Light brown gypsiferous loam . . . . . . . . . .« « « .« .

4. Light grey, fine and medium-crystalline, calcaro-argillaceous
gypswm with silty, psammitic and psephitic material . . . + . . . 371

The tfotal thickness is 83.7 m.

On the southern slope of the J. Abd El-Aziz, gritstone interbeds ap-
pear, gypsum content decreases and gypsumized loams dominate in the
sequence. : -

Proluvial deposits of different composition were encountered in the
scarps of the marginal part of the Ard esh Sheikh, near Tell Massas village,
where the Pliocene rocks are overlain by brown loam containing ill-roun-
ded limestone gravels and fragments, similar to those of Upper Pliocene,
and also sandstone and clay fragments. The thickness of the loam is 1 m.

The Lower Quaternary age of the proluvial deposits was defined ac-
cording to their position in the succession between the Pliocene and Middle
Quaternary proluvial deposits. It is possible that the gypsiferous proJuvial
deposits of the J. Abd El-Aziz foothills began to form in the Upper Pli-
ocene time, but having no direct evidence, we limit their age by the Lower
series of the Quaternary system.

Middle series (GQy)

The Middle Quaternary deposits are divided into alluvial, proluvial
and lacusirine-proluvial.

Fig. 9. Generalized map of Quaternary deposiis i

Upper Quaternary, Recent: 1 — alluvial sands, loams, gravels; 2 — hasalts and tuffs;
3 — alluvial pebbles, gravels, sands; 4 — proluvial loams and sandy loams with
debries, gravels, pebbles. Middle Quaternary: & — allavial pebbles and sands;
6 ~ proluvial conglomerates, loams with some pebbles, boulders, sands. Lower Qua-
ternary: 7 — proluvial limy-clayey-gypseous rocks, loams, gypsun; 8§ — bhasalts and
tuffs; 9 — pre-Quaternary rocks cropping out or concealed by a thin cover of etuvial,
deluvial and proluvial deposits; 10 — isopach lines of Quaternary deposits; 11 - places

of finding stone-implements
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Alluvial deposits are developed in the N, El-Khabour valley. They
compose a third terrace above the flood-plain which is 20-30 m high over
the water level. The terrace is poorly preserved, its alluvial cover being
composed of cross-bedded pebble, gravel and sand beds which are cemen-
ted with calcareous material.

The Middle Quaternary alluvial deposits have been exposed by quar-
ries 48 km south of Al-Hasakeh, near the motor road. In the walls of the
quarries one can see cross-bedded pebble beds with sand lenses and bands.
The pebbles are well rounded and made of allogenic rocks such as flint,
quartzite, parphyrite, sandstone and limestone. The size of the pebbles ran-
ges from 1 to 3 cm, seldom reaching 10 em. The filling material is greenish-
grey, medium and coarse-grained sand with some gravels, in places grading
into slightly cemented sandstone. Similar sand and sandstone are present
among the cross-bedded series of pebble beds in the form of bands and
lenses, 0.1 to 1 m thick. The pebbles on the surface of the bed are covered
with concentric coatings of secondary, pink-grey limestone,

The thickness of the alluvial deposits does not exceed 10 m.

Proluvial deposits stretch in two wide bands northwards of the J. Abd
El-Aziz and along the Turkish border. They are also preserved as patches
southeast and north-east of the J. Abd El-Aziz.

Al the Abd El-Aziz foothills the proluvial deposits are loams with
pebbles, boulders and debris of the local rocks: limestone, marl and gypsum,
Near the foothills the proluvium often contains fragments and pebbles of
gypsum, while far from the mountains gypsum is encountered less fre-
quently, the size of the fragments also getting smaller. On the right bank of
the N. El-Khabour, 16 km north-west of Al-Haskeh, on a steep slope of
a hill there is an outcrop of proluvial pebbles and loams. One can observe
a hardly discernable bedding—loam beds with litile amount of pebbles al-
ternate with beds confaining 30 to 40% pebbles. The pebbles are poorly or
medivm-rounded, 2 to 5 c¢m in size, composed of limestone and marl, en~
closed into coating of secondary pinkish-grey limestone. The observed
thickness of the proluvial deposits is 10 m. The surface of the proluvium
is ecovered with a calcareous alluvial crust which appears to be a well con-
solidated conglomerate consisting of limestone pebbles and sometimes ba-
salt and flint pebbles cemented by pink limestone. The thickness of the
crust is 1 {0 3 m. :

In the northern portion of the territory the proluvial deposits are pre-
sent as alluvial fans of the Tourous mountains in Turkey. Between Der-
basiyeh and Ras El-Ein towns there are limestone coglomerates. The
pebbles are well and medium rounded, 3 to 5 am in size, sometimes up
to 10 cm, made of pink, white and grey limestone. Occasionally the rocks
contain nummulites. The cement is pink limestone. In some places con-
glomerates grade into limestones, on the weathered surface of which one
can see relics of clastic texture,

The thickness of the Middle Quaternary proluvial deposits ranges
from 2 to 20 m.

Lacustrine-proluvial pebbles, sands and loams are developed in the
south-eastern part of the J-37-V sheet. They transgressively overlie the
Upper Miocene and Pliocene deposits.

In Wadi Ar-Ramel the Upper Miocene clays are overlain by:

1. Pebble bed consisting of ifl-rounded smail limestone and gypsurn
pebbles. The filling material is brown sandy loam . . . . . . . . . 05 m

2, Brown loam in places grading into sandy %oam with bands and
lenses of greenish-grey. sand with algae remains such as dolium-shaved

columns 2 m

In the rain rills south of Wadi Ar-Ramel there are outerops of higher
horizons — reddish-brown loams and sandy loams with limestone nodules,
1--2 cm in size. These nodules looking like gravels are strongly cemented
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from the surface and inside they are made of pinkish-grey loose carbo-
hate; i i its does not exceed 10 m.
! thickness of the lacustrine-proluvial deposits doesnot e ]
%}]:ig M;&dllle Quaternary age of the alluvial deposits composing the thlrcé
terrace is determined by comparing this terrace Wlth the _thlr-d terra,c? O
the Al—Fura*a in which K. M. Mirzaev found ﬂmt—hckg — Middle Ache}clf 'zari
disk-shaped cores and flakes, 45 km north-west of Deir-Az-Zor (identifica
jon of A. Formozov). ] )
ton E’roluvigd and lzzcustrine—proluvial, deposits conpected by gradual ;cf:im
sitional zones with the alluvial deposits of ‘bhe‘thll‘d terrace anc(lilm m%
one surface together with the latter are also attributed to the Middle serie

of the Quaternary system.

Upper series (Q3)

jes i ial an luvial deposits.
he Tpper series is represented by alluvial and pro
Kl]ilvik%a)lp-depasits compose the loose cover of the second terrace of the
N. Fl-Khabour and Jagh-Jagh which stretches as an mtempptei ' EOV?‘(I;
al;ong the river valleys. They are -pebble;.s, gravels and sands W é(é _n;{)
elevated localities are consolidated by ]lmfe’sbk())ﬁe cemexiaggdofgr;bgle o
ates, gritstones and sandstones. Pebbles are ¢
gﬁoﬁsﬂy 1i§nes’oone. In places adjacent to the Lower Quaternary ba
: ] re some basalt pebbles. : )
Sa}tsfl:uk}:gr%géirsauabernarypajluvial deposits were e%cpo-se.d by quarries
9 km north-east of Al-Hasakeh where the Upper Miocene sandstone is

overlain by: N
Lle bed consisting of medium and angular-rounded pebbies,
poori&*ig?teg ra(:lging from gravels to large (pebbf_les, up to 10 cﬂ:phln ?11_?;:.
In the composition of the peb.b'lesfdonﬁﬂi*tes Wf]_]ﬁ]:; ‘asr;‘crll d};?})ﬂr?;m‘; ot_lxn;te’
E ! i limestone, less freguent are 1 ! ne, 3
gﬁﬁﬁmﬁﬁmﬁ)ﬁ etﬁa};?s? ?I‘Ihe pebbles are enclos‘gsd.mto a thin Icarb(l)ilifzte
conting. There are also some large peblles consisting of se:con_daryf -
stone which were formed by sequential concen_-trlc a:ccu.myﬁLgtlon o't ‘c%ri
bonale coatings around lflmesfion-e gravel grains. -'I‘h_e filling mg erla.
i i-granular gravelly san J e T T I
* nzeltéfgéféu%)aelt‘i,gzigsiageﬂ.d-ed, with some rare pebbles, similar to the
underlying bed .
The proluvial deposits are most widely spread ]?D()\ﬁ?'.'[‘%..n% the territory
i i in ities.
ith a continuous mantle interrupted only in some loca. . | -
. ‘Tahey malke alluvial cones around the J. Abd El-Aziz, which are ’I(‘:}?m
posed of gypsumized loams with rare thin pebble and gravel ban.dl-s. here
is an alluvial gypsum crust, 1 to 2 m thick, on the §urface of the oamsm_
The Upper Quaternary proluvial deposits adjacent to the N1
Khabour valley and present in the northern p_art of the territory are oazréi |
and, less frequently, sandly loams of yellowish-grey and br-own—gre%bi
louli containing some debris of calcareous rocks. There are some pe eg
and gravels, transported during the erosjon of the older Quabernali%r and
Pliocene deposits. The thickness of the proluvial deposits reaches an
in ases 20 mu. _ o )
" SOTTfllraee CUpper Quaternary age of the alluvial deposits is determined b)fc
the blades and flakes of the Upper Levallois found by French &rche%ogé?
M. Perves [14] in the second terrace of the upper course of the N. El-
bour near As-Safeh village. ‘ . )
Kha]’.}ohe proluvial deposits are connected with the alluvial deposits o‘f_‘cha?G
second terrace by facial transitions. One can observe numerou36 am.c;gn7
man-made hills on their surface. The old}e)st of gl.er? wert(i Jgﬁdefougg oy
! d ars ago what is justified by a flint maltoc :
%Oﬁ.a rI;ﬁir-z};\zv at tghe base of the hill near Halab which mdlca‘oesurTffahm.g%
aﬁd Jamouk culture (identification of A. Formozov). Hence, the surface 3-5.

2--3 m

0.6 m

3%




the proluvial valley and most of the proluvi i ' i
e ey aad I proluvial deposits were mainly formed

Recent (Qy)

The Recent deposits are the alluvial mantl i
_ ‘ e of the flood pl
tI}qle first terrace of the N. El-Khabour and Jagh-Jagh rivers .a%.gllaazgﬁ
sk eetst.)eThe deposits of the first terrace can be traced nearly along all the
rn;er ds while on the map they are shown together with the flood plain
ge-' iments. According to the data obtained from the engineering geology
?1111{1g of contract 938 (Technoexport, contract 938, 1960}, the first ter-
race is composed at the base of vari-grained gypsiferous sands with some
lg-ravels -and peb}blaes., 5 m thick. The upper part is made of gypsiferous
0aIns, about 8 m thick. The flood plain can also be divided into two hori-
122;)1:;1;{. thedltzo\};lver composed of coarse sands, gravels, and pebbles, 5 to 7 m
ick, and ) / i : i 7psi

ghick, an ’Ehic?{ .upper made of loams, 1@ some places slightly gypsiferous,

The Recent proluvial deposits are i i

; _ re present in dry river beds and as
% hthln, non-continuous, 1 to 2-meter mantle covering the older deposits.
A ey are y-ellow~grey_ loams. The Recent alluvial cones near the J. Abd El-
nglisal&?hm?-{d»e of gritty l.oa,m{; with fragments and boulders of the local
dveepos:its. e Recent proluvium is not shown on the map of the Quaternary

The alluvial deposits composing the first terra

_ rst terrace of the N. El-Khabow

and Jagh-Jagh rivers are dated as Recent by their comparison Witi Erfllll-g
ai.lqvmm of t}}e first terrace of the All-Furat river, the Recent age of
which was defined by flint mattocks (Tahoun and Jamouk culture) found

in the area of Maskaneh village fsheet J-37- ir: i
Bhation of A o ge (sheet J-37-I1I) by K. M. Mirzaev (iden-

VOLCANIC ROCKS

The effusive rocks developed : it ; >
v ped on the territory in questi : -
ternary formations of the Lower and Recent s-erges. duestion are the Qua

Lower Quaternary effusive rocks (BQ)

The Lower Quaternary effusive rocks make the Ard i
sheet, Kaupes Darh hill and Fakka lava flow, They 0v=er1'1wee1?ll11e Sthé}élllelzgz
Upper Miocene, .Phocen'e and probably the Lower Quaternary loams

Ard esh Sheikh lava sheet lies north-west of Al-Hasakeh on the N "Ell—
Khabmrlr left—bar}k territory. Its area is 280 sq. km and thickness is 10 to
15 m. The effusive rocks make a naarly level, slightly tilted southwards
iﬁ;ﬁﬁ W-izlght?ll.uff sltopes rising 50 to 100 m above the N. El-Khabour valley

i .e . r . . . “a :
) r\eligvolcaniccizn?; there is a low hill J. Qleib, 495 m high looking like

The effusive rocks are the products of bagalt lava ejec ’
surface through fissures. These rocks are petrogr-aphigalfﬁdsi;itl};?’ ’E:cﬁcl)ri‘}ﬁ:
basalts developed in the Qarashouk area (sheei J-37-VII), being of the
same composition and having the same mineralogical prop;er‘ties.

The effusive rocks make two flows. The lower flow is composed of
basalt, compa-c’g at thrg base and porous at the top; the upper flow is micro-
porous anamesite which at the top grades into fine-porous basalt forming
the sg-riafe of the plateau. The effusive rocks present along the Weste.r;
En-afg}n of the sheet, near Tell Tamr village, are exclusively anamesite and

olerite of massive texture. Among them there are areas of agglomeration
lava which contains pieces (about 20 em in size) of vesicular basalt with
36 ‘

aumerous calcite amygdules. They are welded into a better crystallized
rock of massive texture and may be fragments of the previously solidified
crustal part of the sheet, which was broken by the fluid moving lava and
welded as xenoliths. '

 The effusive rocks of the sheet are dolerite, anamesite and basalt.
These rocks are composed of the following constituents: plagioclase N 68,
titan-augite, clivine ilmenite, apatite, volcanic glass. The secondary mi-
nerals are chlorophaeite, bowlingite, xylotile, limonite and calcite. By the
composition these rocks are similar to plagiobasalt since plagioclase is
a dominating component. By the composition of the impregnations they
can be divided into olivine and plagioclase-olivine (less frequent) varie-
ties. The texture is non-homogenous, The anamesite is mainly of poikilop-
hytic and more seldom ophytic fexture and the basalt has a microdoleritic
texture. Less frequent are the rocks with vitreous fexture prevailing. The
characteristic feature of these rocks is poikiloblastic texture associated
with carbonatization of the rocks. Theé structure is massive, fluidal, amyg-
daloidal and microtaxitic.

The effusive rocks of Kapes Darh. In the vicinity of Derbasiyeh town
there is a table mountain, 2 km in diameter, with a level flat surface and
cliffed slopes. It rises 70 or 80 m over the surrounding plain.The top of the
mountain is composed of ankaramite which makes the flat brow of the
mountain, 10 to 15 m thick. Below the brow, along the southern slope
occurs a fine-clastic tuff series with the observed thickness of 22 m, which
is an alternation of lapilli-granular, ash, granular and ash-granular tuff
beds. :

The constituents of the tuff are glass of different colours, fresh olivine,
zonal greenish-brown augite and seldom hypersthene, microlitic basalt and
pelitomorphic limestone. Amygdules in scoria glass are made of zeolite or
chlorite, sometimes with halloysite in the middle. The tuff cement is of
ash-type and secondary of pore-filling type. The composition of the
cement is zeolitic and carbonate in some cases with some chrisotile. The
structure is thin-striated:

The origin of the effusive rocks of the Kapes Darh is not yet clear.
The underlying tuff beds having an oblique bedding are an evidence of
volvanicity, but the table-like form of the Kapes Darh mountain and a flat
occurrence of the effusive rocks in the form of a two-flow sheet contradict
the idea of a voleanic cone. The most probable explanation might be the
presence of an ancient tuff volecano which had later been covered with
lava flows. - E

Fakka flow adjoins the Kapes Darh effusive rocks from the east but
hypsometrically it is lower. The central part of the flow is preserved in
the form of isolated patches, while the southern portion extends as far as
26 km near the Fakka valley.

The fiow makes a narrow geniculate ridge, 0.5 to 1 m wide and about
5 m high: Tt corresponds to the bottom of an ancient valley. The Fakka
flow is composed of plagioclasse-olivine basalt and anamesite of micropo-
rous structure, agglomeratic lava and plagioclase picrite.

The Lower Quaternary age has been tentatively assigned to the ba-
salt by its position in the succession. The basalt lies on the loam and sandy
loam beds which are believed to be of the Lower Quaternary age and is
overlain by the Middle Quaternary proluvial deposits. The basalt of the
Ard-Esh-Sheikh cover adjacent to the N. El-Khabour valley rises 10 to
90 m over the surface of the third terrace an approximately corresponds
to the level of the fourth terrace which was dated as Lower Quaternary due
to flint tools found on the territory of the adjacent J-37 -XXII1 sheet.
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Recent effusive rocks {$Q,)

East of Al-Hasakeh there is a grou isi
) - of : oup of volcances rising as se il
in tt\zg chains confined to two north-north-easterly dimctegd fa-u1¥§ rih‘illri:
Weii dr} and eastern. The volcanoes are surrounded with lava flows which
anrr:b nllré Iﬁlse ISI.?I%? tr;‘nd. _Thege are five flows altogether which make sharp
. e Perrain. On the map they are shown 9}
esc i | L I e shown as three flows-
f(1;)0 “?;’ middle and upper with the middle one consisting in its turn of three
The lower flow (ff; @4} represents the i
. The ) ) : e product of the earliest effusi
?-lctw.lty in Recent time being most widely developed. The IavaS h-:d %EZZE
ko}zvmg as far as 8§ or 12 km to the point marking the outskirts of Al-Hasza~
en with some lava tongues offshooting along the slopes of the Jagh-Jagh
valley where they come down to the water. The thickness of the flow in
its central part is about 10 m decreasing to 3 m at the edges.

—

Fig. 10. A scheme showing relationship of basalt fiows.
1 — basalt and tuff of tthhe Ko‘%ka‘b s
~ . ; uf; e upper flow (BaQ,); 2 — basalt of th ik
E’lolw PaQ); 3 — basalt and tuff of the lower flow (iﬁiQ?)' 4‘?—~m&:}?§imit
olcances and their numbers; 5 — volcanic craters; 6 — supposed
faults (inferred feeding canais) ' .

"There is a volcano I on the surface of the lower flow (Fig. 10). Tt has
the form of a low hill, 10-15 m high, 200 m in diameber. The cone is well
rounded, the crater being filled with basalt and loam detritus.

In the immediate vicinity of the volcano, south-westwards, there is an
area of loose fine pyroclastic material, mainly volcanic sand which is pro-
pably related to the volcano that had either been completely destroyed,
or covered with the lava flow. o
. The middle flow (f2Q) had been flowing for shorter distances (not
more than 4 km). Its thickness in the central part is 50 or 60 m decreasing

40 5 m at the edges. Five voleanoes are present on the surface of the middle

flow.

The same as volcano I, volcanoes 11 and III are associated with the
western fault, They are well levelled but preserve distinct craters.

Valeano IV has an oval shape elongated in north-north-west trend, 0.7
km long and 0.2 km wide. It consists of two merging volcanoes with two
craters. It is also highly eroded as the former ones. .

Volcano V, located I km south of Kowkab is 30 to 40 m high and 0.5
km in diameter at the base. It has three vent funnels: a deep funnel of the
southern main crater about 50 m deep with nearly vertical sides and 4wo
small craters in the northern part. One can see a multiple alternation of
many hundreds of thin lava outpourings. In the crater the lava flows are
very steep, in its upper part they are flat and along the slopes of the vol-
cano they are gentle with reverse dip. The thin flows are composed of fine-
bubbly, foamy lava, the thicker ones (more than 20 cm) are made of mas-
sive basalt at the base and of bubbly lava at the top. The lava layers are
separated by red ferruginous scoria cakes. Sintered scoria is present on a
wide scale. The scoria has tubercular, twisted and striated surfaces, typical
for corded lava. One can see lava swellings, 9 to 5 m in size, on the vol-
cano slopes, which had probably resulted from local pressures of the fluid
lava on the solidified cake. From the inside of these swellings humid and
warm air is coming out through cracks (1+35°C).

Voleano VI has no cone but a deep (about 35 m) and wide (0.25 km
in diameter) crater with steep walls, It is composed of numerous alternat-
ing thin beds of foamy lava like volcano V.

Voleanoes V and especially VI are close to the type of shield volcanoes.

This type of volcanoes is characterized by a small and gentle cone and
thinly-bedded foamy lava without pyroclastic outhursts.

The upper flow (B3 @s) 18 developed on a small area north and east of
Kowkab voleano (Fig. 10, 11). The length of the flow in some tongues is 3
km and the thickness near the cone is about 50 m decreasing to 15 m at the
edges.

Kowkab voleano is the youngest. It has an clevation of 534 m rising 150

" to 200 m above the surface of the middle flow, which had been errupted ear-

lier. The diameter of the cone base is 1.2 km, and that of the deep crater
is 0.2 km. The cone has steep slopes and had hardly been affected by ero-
sion. It is composed of loose, uncemented fine pyroclastic material — ash,
sand and sometimes lapilli making thin alternating laminae, 2 to 10 cm
thick. They are nearly parallel to the slopes of the volcano. Within the
sand and ash there are some voleanic bombs and blocks — lumpy and whor-
ly with red scoria cake, their amount increasing at the top of the cone. The
top of the volcano is covered with lava flow which had not run down the
slopes of the cone. The crater is composed of alternating lava flows which
have undulating surfaces with red seoria cakes. These flows had been out-
pouring eastwards breaking through the wall of the crater. In the imme-
diate vicinity of the eastern edge of the crater there is a small lava hill,

nearly 50 m in diameter and 10 m in altitude,
East of Kowkab the upper flow has an uneven tubercular surface. It is
composed of basalt and tuff which are compact and massive at the bottom
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. g‘;g ﬁielénT?r? ﬁ(:ﬁfkab basalt massif, The Kowkab voleano and upper lava flow (B
midg%)per part of the photo. An older voleano and its lava flow El‘sh4
ddle flow — Q) are observed south-west of Kowkab ©

and more porous at the top. On the surfa i :
' p. ce the lava is bubbl d
Eﬁ)\gg%: ;encléﬁfglatfefhsci)rla (::E:ilke of black colour. The pores 3;1:5:1 oﬁggg’tgejg
e of the lava flowing. In places there lci
The lava has a coarse- fointing. Tn soues faes
polygonal, short-columnar jointi I
tongues one can observe an arched cross i e T v
ues ¢ -section and d ine- B
nal J%l}llltlng. Th_e lava_ flows alternate with granular ttl;?%q 1;3Izrelaris?l.ne polygo
nd 1 .flg ?.I:?lceni effusive rocks are ankaramite, basalt, picrite, their scoria
d uff. The lower flow is essentially made of ankaramite the middle f
an aér['%mlte ail% basalt and the upper — of picrite , *
e ‘constituents of the effusive rocks are pla‘ ioi
) ue C . gioclase N 65-68, no
a,}zgl"oe,lfresh olivine, ilmenite, apatite and volcanic glass. The co-,n-fclgxfir;n g%
ﬁ) agioclase ranges from 50-60% in basalt, to 15-25% in ankaramite. The

texture is crypto-and fine-granular, microdoleritic, tholeitic, intersertal and
poikilitic. Microglomeroporphyritic texture is also typical. Impregnations,
making from 10 to 25%, are made of olivine crystals, 0.5 to 1.2 mm in size
and less frequently of augite.The structure is massive, porous or bubbly.
The rocks are sometimes kaolinized,

The main effusive flows are dated Recent, due to the lower flow lying
on the Upper Quaternary proluvial loams, observed on the bank of the
N. El-Khabour river near Tell Rejmane and on the bank of the Jagh-Jagh
river.

TECTONICS

The territory of the Al-Hasakeh sheet s located in the area of junc-
tion of the Arabian platform and Mesopotamian foredeep.

The basement of the Arabian platform buried under a thick mantle of
slightly disturbed Paleozoic, Mesozoic and Cenozoic sediments is plun-
ging northwards. In the marginal part of the platform, at the border with
the Mesopotamian foredeep one can trace the Tuwal el-Aba-Sinjar swell
which includes such uplifts as Abd El-Aziz and Tshumba bounded from
the north by a regional fault.

The Mesopobamian foredeep is located north of the swell, Within the
territory under description only the external zone of the foredeep in pre-
sent while its internal zone which according to some investigators [4, 9,
8, 18] adjoins the Alpine geosynclinal region is on the territory of Turkey.

The sedimentary formations of the Neogene and Quaternary sysbems
composing the southern portion of the territory which is considered to be
a part of the Arabian platform do not differ much by lithology and thick-
ness from the contemporaneous formations developed in the external zone
of the Mesopotamian foredeep. The above mentioned tectonic zonation and
establishment of the boundary between the platform and foredeep is based
on geophysical information, results of deep drilling and data obtained from
the geological survey. ‘ r :

According to gravity data the territory is a negative gravitational
field with the gravity values (Bouguer reduction) decreasing northwards
from 4 to 52 mgl. Along the northern slope of the Abd El-Aziz and north
of the Tshumba, on the gravity map one can distinguish a gravity bench
(a belt of a high gravity gradient) expressed by a sharp densing of the
contours from § to 20 mgl. North of the gravity bench the contours become

" relatively dense and stretch in one trend.. The local anomalies are of an

‘elongated form and essentially latitudinal trend. Such features of a gravi-
tational field are typical for foredeeps (O. AcTarleHKos, 1960; M. JloGaues-
ckuil, 1960). South of the gravity bench the gravity anomalies have no spe-
cial orientation, making a complex mosaic pattern characteristic of plat-
form regions. : . '

According to magnetic data the territory is a positive magnetic field,
the intensity of which ranges from zero to -}-275 gammas. The magnetic
field consists of two zones, the northern and southern ones, separated by a
relative magnetic minimum (up to zero), which corresponds to the Abd
“Bl-Aziz uplift. The northern zone confined to the Mesopotamian foredeep
is characterized by a higher intensity of the magnetic field and densing of
the isodynamic lines. The highest intensity (275 gammas) was observed
east of Ras el-Ein town. Dominating trend of the isodynamic lines is sub-
latidudinal. The southern zone located in the area of the Arabian platform -
differs from the northern one by a somewhat lower intensity of the ma-
gnetic field (from 25 to 150 gammas) and by the absence of a clear trend
of the isodynamic lines. The magnetic field evidently reflects the structure
of the basement, for the overlying sedimentary rocks are not of appreciable
magnetic susceptibility.
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Fig. 12. Map of loeal gravity anomalies of Djezire reglon Composed by I, F. Sheleg
. ; . B ova

Local anomalies shoron as; ! — from +0,5 to -+1; 2 — over +1
H

Fig. 13. Combined map of

gravity anomalies (Bouguer reduction o=2,53) and

magnetic anomalies (ATa)
1 — gravity iscanomals; 2 — magnetic isoanomals




North-east and north-west of Al-H
' nor -Hasakeh on the back
fdllesltcxln;[;ﬁd }inagngtlc field one can distinguish areas of E rﬁ?grlll?y()fdgﬁl}%wé
Held b _:;izzof(:)onmsts of a number of local anomalies with the magnitud ef
o gammas. They are asscciated with the basalt sh 1:n ahl
lecting their outlines, + sheets roughly
Com;}ggdan?lﬁls of the .geophysical data 'suggests that the basement is
s f(') 3 e crystalline r.ocks capable to affect the character of th
evideﬁc ec ;ebh. T}l;le decrease in gravity values from south to north is ae
mergenceo the aseme_n-t submergence in the same direction, this sub[-]-
oeabio o1 EQlli;llg} deeper in the Mesopotamian foredeep. Gravity, highs tra-
ceable a ntingt be Abd El-Aziz and Tshumba reflect the uplifted block of
the basen ixslsocgﬁéged l;g fﬁulfts from the north and south. The magnetic
r : ; with this uplift 1
is cojinpossd here of low—magngtilc 1"8(1)3{‘:5 that the erystaline basement
ccording to the gravity data a nurnbe
| v ber of local gravi i
i:élcr; ;::nlooca;tlgd on thv; tenjltory of the sheet (Fig. 12, 13)1?1‘5\;(1)1;1{:1105;?15_168
focal thglsulffil é%riﬁg hlEhtSﬁ correspond to anticline structures re%oé;i‘;e
. u a . » - R
themT&;)n Surface althou gplanfere is a 2 to 4 km noncoincidence between
e seismic survey conducted on the territor
) v y of th i i
gd?ﬁ‘ ;ﬂfg, V? siht?ets show that the local gravity h-ighz are asz ?ﬁlleg 1;:;)&1;151135
o itk nf\;il ;{; %‘Z rf;l:.r;_m‘éures.ﬂ';[‘he seismic data suggest that the positive lo
: ified on the map of local anomalies al >
::)l;le t;téb;l:rfatce anticline structures. These inferred strt?cigrzgrgisepgﬁg\;o
on the ¢ 1;1;: u?al map. H‘owev?r, not all the gravity highs correspond tlclm
uticline s O?CO%resf. The location of some small local anomalies havin
verge of e m‘éﬁhpdthe adopted unit cannot be reliable since it is on thg
verd Correspon&[_i;g tzc}c&rﬁcy. TI_le presence or absence of anticline struc-
Surves, gravity highs can be proved only by a seismic

Marginal part of the Arabian platform

The marginal part of the Arabi ' i
Th fan
— Slr;%ar Tsweli almi Al-Furatian dep%?:ifgrl;m neludes the Tuwal el-Aba
e Tuwal el-Aba — Sinjar swell is lrﬂec;) i i
. _ °l-Al ogrized in the present reliel
bse ;ffd%hﬁgrﬁof;f% :EII‘fiuSlIrilb: andt otheczlr less elevated hﬂ}});eiinécxﬁglllllgg
. ritory eet westwards to the Tuwal 12 i
Svaiscicglag(fisﬂ’i(; z};?eiszl?éagzn;oumm?}? Contoured on the top 0? TAO?’;E;E E711:r1r11cc—]3“
. ' km. in the area of the J. Abd El-Azi ;
lgré l;c:ear’]fdshﬁmba area. In the_ swell zone the thickness of Mezsliz?)?f 123211;2-1‘
e Wig}:v% ioiffin?i Isbsr_nsﬂler as compared with the ac,ijoiniﬁg
1 X 1e beds being alt : ‘ i
hcat(j{idbby E?ticlines, flexures a%ld fgﬁg er absent. The swell is comp-
~Aziz anticline (1)*is.th "

;12 e largest st i

zisc;cixg 5%1;11?, 1t§01_t1a{ngt% L‘r(lzorftoured on the top of %Ielvi:éggt%firig ggr{;l;
- m. The anticline is complicated by a
zgcgililasfa’?gharplyoasymmetricai structure, its northernylimrﬁlgg;ri;; i’? lilzg’s
ange of aEc’rt I?O and the sguthe-rn limb being inclined in the zone closg
S0 e fore at b ce1 gng]:e of 20° and getting gentler (3 to 5°) southwards. The
sore Of the Garbolnni’?elfso ngri‘pﬁseﬂ 0{) the Cretaceous rocks and the faﬁl‘ced
N el Carbonie . e limbs are made of Paleogene, Lower and
lle I p to Lower Tortonian. The northern I i

E;.n 5&2&11&31 ffult which hao'[' caused the steep dip of thénllnzt;ss :xl;gk:;l r]fg
mefrica t)fru(:- 111;e of 1Ehe an-_tlc%lne. The result of the apex undulation 3irs a

gentle uplifts within the Abd El-Aziz anticline which can be

* Figures in brack
tectonic scheme (Fig. 1 STS stand for the numbers of the strucfures shown on the
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recognized on the surface as outcrops of the Paleogene and Lower Mio~
cene deposits. Many of these are complicated by minor faults of the north-

eastern trend.
Horra anticline (II) located south of Al-Hasakeh town is a

gentle brachy-anticlinal fold of a latitudinal trend. According to the closure
of marker beds 58 and 60 of the Tortonian age the antidline can be traced

g or 8 km in length and 3 km in width. The northern limb is inclined at

9-3°, the dip of the southern limb not exceeding 1°.

El-Khouene anticline (III) is located 17 km eagt-south-east
of Al-Hasakeh. This brachy-anticlinal fold can be traced along the Torto-
nian marker bed 60 as 5 km in length and 2 km in width. In the core of the
fold the beds are horizontal, the dips at the limbs ranging from 1 to 3°

" Tshumba anticline (IV) according to the Tortonian marker
bed 50 is 30 km long and 9 km wide within the area under investigatiot.
The core of the anticline made of the Helvetian limestone and Lower Tor-
fondan rocks s located on the territory of the adjoining sheet J-37-VL The
dip of the northern YTamb s 3 or 4°, of the southern — 4 or 8°.

West of the Tshumba anticline one more anticline seems to be pre-
sent, but its western closure has not been established. 1t is possible that
this anticline is opened towards the Abd El-Aziz anticline.

 Beida anticline (V) can be traced along the Tortonian marker
bed 25. Within the area surveyed it is 5 km long and 4 km wide. The core
and the western pericline of the structure are on the territory of the adja-
cent J-37-IV sheet. The core is made of the Helvetian rocks, the limbs —
of the Lower Tortonian deposits. The structure is asymmetrical. The
southern limb is steep having dips of 15 to 25°, and the northern Himb is
inchined at the angle of not more than 5°. From the south-east the
anticline is bounded by & north-eastern fault recognized on the surface
as an escarpment, 15 or 20 m high. The magnitude of displacement
between the south-eastern hanging wall and the north-western foot-wall

may be 50 or 70 m. .

Metiaha anticline (VI)as contoured on the top of Tortonian
is 2 km long and 1.5 km wide. The dips in the north-western part of the
fold are 1 to 2°, in south-eastern — up to 57, _

Synclines have been recorded between the Beidaand Abd Fl-Aziz
anticlines and north of the Tshumba anticline. Between these folds within
the Tortonian rocks there are some small brachy-synclines 2 or 3 km long
and 1 or 2 ke wide which can be traced hy the closure of the beds, The
dip at the limbs of the synclines is generally 2 or 3°. ‘ '

The largest syncline is Jocated north-west of the Tshumba anticline.
Contoured on the Upper Miocene beds its length is 20 km and width 3 or
§ km. The core and the limbs are composed of the Upper Miocene rocks.
The beds in the core are flat, while the limb beds are inclined at the
angle of 2 or 3% : ‘ :

According to gravity data there are several local anomalies within
the Tuwal el-Aba — Sinjar swell

" The most significant is the group of positive gravity anomalies of
about 1.5 or 2 adopted units, located along the axis of the Abd l-Aziz
anticline. Exact coincidence of a gravity high with the anticline recognized
on the surface has not been recorded. The most important gravity highs
(+1.5 or +2} are located east and west of the anticline core and on the
periclines, while the core shown on the surface by the exposure of the
oidest rocks and the steepest dips coincices with a weak gravity high of
about 0.5 of the adopted unit. South of the Abd El-Azlz anticline, in the
area of a gentle monocline marked on the surface, the gravity survey has
Jocated four local ancmalies with the value of +1 and three — with the
value of 0.5 adopted units.
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On the map of local anomalies the Tshumba anticline is marked as a
0.5 gravity high which consists of three --1 local anomalies shifted 2 or
3 km south of the Tshumba axis.

On the right-hand bank of the N. Bl-Khabour, west of the Tshumba
anticline one can see a +1 gravity high. It may possibly correspond to the
anticline inferred on the surface in the Tortonian beds, 4 or 5 km north-
 east of the above mentioned high.

In the area of Al-Hasakeh one can mark two weak gravity highs
(-+0.5) which can neither by the pattern nor by the position be correlat-
ed with the anticlines observed on: the surface.

Flexures are recorded in the southern part.of Tuwal el-Aba —
Sinjar swell south of the Abd El-Aziz mountains.

Along the line Tell Bourga _ Madfaa — Dibshiye a nearly 40-km
flexure can be traced in Upper Tortonian and early Upper Miocene
rocks in the zone 2 or 3 km wideé It is marked by a sharp increase of dip
angles up to 10—15° and in places to 25° in comparison with gentle dips
(1—2°) observed north and south of this zone. The flexure is associated
with a fault present in the subsurface according to gravity data.

To the north of the above mentioned flexure, on the southern slope of
the Abd El-Aziz mountains, in the Tortonian rocks, there is a gsecond fle~
xure, about 15 km long and 1 or 1.5 km wide with dips of 10—15° and
in places of 40%

The fractures are classified as latitudinal and northeasterly
according to their character and trend. Latitudinal fractures are faults.
They bound the Tuwal el-Aba — Sinjar swell from the north and south.
The north-easterly fractures are shift faults, they cut the Tuwal el-Aba —
Sinjar swell and are traced within the Mesopotamian foredeep.

The largest and most vividly expressed fault of a latitudinal trend
bounding the Tuwal el-Aba - Sinjar structure from the north is distin-
guished on the northern siope of the J. Abd El-Aziz. On the surface the
fault is recognized by crushed zone and by a saddle or escarpment in the
relief. In the area near the core of the Abd Fi-Aziz anticline the Cretace-
ous beds are brought against the Neogene, 1. e, the northern block being
downthrown with respect to the southern one. The magnitude of displa-
cement in the central part of the J. Abd El-Aziz is 1000--1500 m decreasing
westwards and eastwards to several hundred and to a few dozens of me-
ires. The fault is surrounded by many minor faults which form a compli-
cated system of blocks. Carboniferous rocks are brought to the surface in
one of the blocks. In the western pant of the J. Abd El-Aziz and north of
the Tshumba hills the fault can be followed only by geophysical data as
a gravity bench. ' :

On the gravity map south of the J. Abd El-Aziz one can s5¢e & gravity
change with a small gradient (from —3 to —8 mgl) which is possibly due to
5 latitudinal fracture which on the surface, in the Tortonian plastic rocks

Tig. 14, Tectonic scheme
The margingl part of the Arabian platform (A mobile part of a platform slope with
the linear and blodk-type folding in the sedimentary platform cover; the basement lies
at different depth): I — Tuwal El-Aba — Sinjar awell {rampart}); 2 — Al-Faration Jepres-
sion. Mesopotamian foredeep: 3 — North-Khabourian depression; 4 — Ras El-Ein (A) and
Ramishii {B) highs (uplifts); the latter is a part of the Quarashoukaanﬂshli rampart.
Structure symbols: 5 — anticlines located on the surface by the geological survey;
6 — anticlines supposed according to shallow core drilling for mapping Purposes;
7 — synelines founx on the surface by the geological survey, 8 — anticlines supposed
by the gravily survey; 9 — Troughs filled with Quaternary rocks; 10 — outlines of
basalt sheets; 11 — extinet wolcanoes; 12 — proved faults; 13 — supposed faults;
14 — flexures;, 15 — deep wells, Anticlines: I — Abd Fl-Aziz, II — Horra, Iif — El-
Khouene, IV — Tshumba (Fambe), V — Beida, VI — Metuaha, VII — Ghouna,
Vill — Jabiseh, IX — Ras El-Ein, X — Metsallem, XI — Afandi, XII — Ei-Bawwab.
Mroughs: XIII — Mughabb, XIV — Ghara
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is recognized as a flexure. The fracture is
as a . s probably a fault
;)i(;(}:)l; . ;fc a\ivlggi 1shd0W1$hrown with respect to y’;hle nortl’ut;crl}; gggth'l?ll;ﬁ
_ 2 show that in the subsurface the faulf j i :
wards with respect to the flexure mark arface Shlftefi o
that ghe fault plane is inclined to &fe esitftrlll the surface what indicate
major north-easterly fracture is extendi
” dmg 90 km from T1ezf
gzl}l;i?i tixgglig?r i.?l-—Hads-akehbttzi the El-Bawwab agmr[:icline ar?ccrln atgloeu?’}ilgeﬁg
ritory descriped. 16 or 18 km south of the J. Abd E i
. 1-
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?xfo%;difﬁd a change of strike, North-east of Al-Hagakeh ﬂhg %ﬁfﬁﬁ;ﬁfgﬁ
With Eheajf eg fl set of vo_ﬂJoano-els, tmost of which are not directly associated
with the racture described but with the surrounding eracks of a subme i
fﬁ;aa « r(_end. Further fl:o_ the north-east, on the El-Bawwab anticlin t:li'ﬂil-
etasﬂ w:s e is market_:l by displacement of the Upper Miocene beds a:z:’i 'S
eas gff Ie»eazd on eaem'aﬂ. phqtogmphs. On the gravily maps one can see a n-un;l:
ocal anomalies in the fracture zone and change of the comtours’

trend. The fracture desecribed can be placed into the category of shift

faults, having its south-eastern blo. ift:
r.es-pzct rtohfbhe noh-east b[hockfmk shifted 5 km to the north-east with
nother north-easterly fracture can b
‘ e tra ten
the southern slope of the J. Beida to the nor’ah—ced N

fslc_;iﬂi 01%1 the s-outh—_easd:ern slope of the J, Beida it is marked by a 20 m
eucal }fe X ir; tixgdml;)lihdmpiai}elm(;nt or absence of several Tortonian beds
_ -east the iracture zone shows a sh
ZZrlé(eéOIr; Ifh5e0(-)astenn part of the: J. Abd El-Aziz the fr-actureali‘sp r((féigi?zgé
a0 mTleigcarpment Wlth a direct contact of the Oligocene and
fiock pa Re ts. is fracture is a strike-slip fault with the south-eastern
nor-thuwes;te Obehe ngrthueast and upthrown 70 or 100 m in respect to the
thrbwn o ?]‘mBaig;k T."Sl;’ll J. Ab(%t Eé—Aziz and the north-western block uf)—
7 in J. da, the magnitude of displacement bei

In addition to the above mentioned 1 T Tanhe, i §

(100 08 200 1m . oy e loned large folds and faults, minor folds
present in the plastic rocks of th i

The Al-Furatian depression is sit £ the Tuvnl ol apge
o 1on 15 situated south of the T 1 el-Aba —
g;nﬁg'dsx:;}l :fm-o;[ can be traced in the area of the AraﬁianuWS%ateflo?rEafal'
v e limits of the sheet under description to the west, east and

south. In the area adjacent to th incli
e e e ae IOG,JgettingOﬂa *gt é;:vell the beds are inclined southwards at

' (1—2° and less) to ive
ng;eg;et }?f gravxty.values from -4 or —6 to —13 mglhissggggfdAeJ iﬁlt’gz
are: largeredee?ﬁesglon as compared‘ with the area of the swell. It is due
L b’hg MO thfe basement and thicker sedimentary strata. The cor-
B, > Mesozoic, Paleogene and Neogene sections shows that their

esses within the swell areca are smaller than within the depression

ing 55 km from
eastern slope of the J. Abr

Thickness in| Thickness
the area of | in the aren
Stratigraphic unit the Tuwal of the Al-
el-Aba— Furaiian
Sinjar swell, | depression,
in m inm
Pliocene , ., , |, | — 5
Upper Miocene . . . . . 50 .:.03_-70
Tortonian {uppen). . . . . 330 '?0
Tortonlan (ower), . . , . 275 5
Helvetian . . ", | . 50—70 5 “
Lower Miocene, . . . 0—105 ?[I)Mm"
Paleogene ., . . . ., . . 260 3———16:
Upper Cretaceous . . , . . 800 14%%
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Two brachy-anticlinal structures, Ghouna and Jabiseh, can be located
in the area of the Al-Furatian depression south of the Tshumba hills, and
the Mughabb trough can be located south and south-east of the Beida
mountain.

Ghouna antieline (VII) is a brachy-anticlinal fold the core of
which made of the Upper Tortonian rocks is on the territory of the J-37-VI
sheet. Contoured on the top of the Tortonian, the length of the fold is
9 km and the width is 4 or 5 km. On the territory described there is a
western pericline of the structure, the dip being 4 or 5°

Jabiseh anticline (VIII) is also a brachy-anticlinal fold which
comprises four small domes revealed by the closure of some Tortonian
beds. The lower Tortonian rocks are brought to the surface in the core
of the central dome. The anticline limbs are composed of the Upper Tor-
tonian and Upper Miocene rocks. The length of the brachy-anticline con-
toured by the Tortonian is 13 km, the width is 5 km. The dip in the core
is 2 or 3° at the limbs increasing to 8 or 10°

The anticlinal structure marked on the surface corresponds to a local
gravity high the max. value of which corresponds to the western peri~
cline of the structure. )

Mughabb trough (XII) adjoins the swell from the south. The
trough is filled with Quaternary proluvial deposits which are alluvial co-
nes of the Abd El-Aziz mountains, having the thickness of 70 or 80 m. The
trough is elongated in a latitudinal direction, being 50 km long and 25 or
30 m wide (including the territory of adjacent sheets J-37-IV and J-37-
HXI).

RMesopotamian foredeep

North-Khabourian and Sinjar depressions and Ras el-Ein and Qami-
shli highs can be located within the area of the Mesopotamian foredeep.

North-Khabourian depression is separated from the Tuwal el-Aba —
Sinjar swell by a latitudinal fault in the south, and in the north it is bound-
ed by the Ras el-Ein and Qamishli highs. To the west and to the east it
can be traced on sheets J-37-IV and J-37-VI. On the boundary between
the depression and the swell there is a flexure conjugate with a latitudi~
nal fault. The dips near the core of the Abd Fl-Aziz anticline amount to 50
or 60° reducing to 10 or 15° to the west and east. The width of the flexure
ranges from 0.5 to 1 km. North of the flexure the dips are never higher
than 2 or 3°.

According to gravity data the North-Khabourian depression differs
from the Tuwal el-Aba — Sinjar swell by a sharp change of the gravity
values from —10 or —15 mg! in the marginal part of the swell to —40 or
—50 mgl in the northern part of the depression. This is due to a greafer
depth of the basement and larger thickness of the sedimentary cover. El-
Bawwab bore holes drilled in the marginal part of the depression showed
a sharp increase of the Paleogene thickness up to 630 m, compared with
260 m within the swell area (Abd El-Aziz mountains). Data about the
thickness variations in the central part of the depression are not available.
Smaller gravity values suggest a still greater increase of the thickness of
the Paleogene and possibly of Mesozoic and Miocene, along the profile of
the core holes drilled for mapping purposes from Al-Hasakeh to Der-
basiyeh. -

30 km north of Al-Hasakeh one can distinguish another anticline
Affandi(XI). The core is probably in the area of well 4 which penetrat-
ed a thick series of the Upper Mioccene rocks and struck Tortonian. Due to
large spacings between the wells it is not possible to define the size and
morphology of the structure. On the surface it can hardly be observed. It
is not confirmed by dip and strike evidence and it is marked only by the

4— 2799 ) v




|
|

outterop of the Upper Miocene rocks and some decrease of the Quaternary
thickness. On the map of local anomalies the above anticline is marked by
a gravity high shifted 2 or 3 km southwards,

The EF-Bawwab anticline (XII) is located near the boundary

between the North-Khabourian depression and Tuwal el-Aba Sinjar
swell. This anticline is cut by a north-easterly fault. The dip in some places
amounts 1o 20° possibly due to the fault. The limbs are inclined at the angle
of 3 or 5° The size of the structure shown on the surface is hard to define
due to poor exposure. It may be not more than 10 km long amd about 4 km
wide. The oil company “Concordia” has conducted a seismic survey over
the El-Bawwab anticline. Contoured along a reference horizon “B” which
is supposed to occur at the top of Cretaceous, the anticline has the size of
1811 km.

In the southern part the axis of the anticline is latitudinal gradually
changing for north-easterly. The structure is cut by a number of faults into
individual blocks the relative elevations of which range from 100 to 400 m.
The largest displacement along the faults is recorded in the horizons occur-
ing.below 2000 m. On the map of local anomalies the El-Bawwab anticline
is marked by a local gravity high roughly coinciding with the surface struc-
ture. Within the North-Khabourian depression on the tap of local anoma-
lies one can see a number of gravity highs which may correspond to sub-
surface anticlines,

North of the J. Abd El-Aziz there is Ghara trou gh (XIV) with
Quaternary proluvial filling, up to 110 m thick. The trough stretches
35 km in a latitudinal trend, its width being 8 or 10 km.

The Pliocene deposits within the North-Khabourian depression in-
crease their thickness south-eastwards.

Fore-Sinjar depression has only its south-western termina-
tion within the territory of sheet J-37-V. Most of the depression is located
within the neighbouring sheets J-37-V1, VII where it is bounded by the
Tuwal el-Aba — Sinjar swell from the south and by a north-easterly fault
from the north-west (from the North-Khabourian depression). The Fore-
Sinjar depression differs from the North-Khabourian one by a sharp
increase of the Pliocene thickness up to 800 or 1000 metres as compared
with the 50 or 100 metre thickness in the North-Khabourian depression
what has been proved by the seismic and drilling data obtained from
sheets J-37-VI, VIL ‘ '

Ras E]-Ein high is recognized on the surace as an extensive outcrop
of the Middle Miocene rocks on the background of the Upper Miocene and
Fliocene deposits filling the depression. On the gravity map the Ras el-Ein
high is marked by a relative gravity low of —36 to —29 mgl and on the
map of A Ta anomalies by a geomagnetic maximum of 200—275 ganmumas,
The length of the high within the territory of Syria is 50 km and the width
is about 30 km. From the south and south-east the high is bounded by the
North-Khabourian depression, in the east it is separated from the Qamishii

-high by an offshoot of the North-Khabourian depression and in the north
and west the high extends further to the territory of Turkey.

In the area of Ras El-Ein town it is possible to locate a positive struc-
ture, called Ras EIl-Ein anticline (IX), by the outcrops of the
Helvetian limestone beds. Due to a poor exposure of the rocks composing
the fold, the dip and strike could mot be measured, therefore the size and
type of the structure are not known.

On the map of the local anomalies four local gravity positive anoma-
lies can be distinguished within the area of the Ras el-Ein high. These
anomalies may reflect deep-seated synclines.

Qamishli high can be traced stretching for about 50 km from Der-
basiyeh. The width of this high including the J-37-VI sheet does not
50

exceed 20 km. At the surface this high is marked by the Tortonian and
Upper Miocene deposits outcropping amidst the Fliocene rocks. The data
obtained from drilling Qamishli well on the high suggest that the Lower
Paleozoic deposits are relatively shallow, Devonian and Carboniferous are
absent and Mesozoic is reduced. Whereas the thickness of the Paleogene
and Neogene remains the same as in El-Bawwab wells. According to
gravity data the Qamishli high corresponds to a —42 or —52 mgl gravity
low. Reduced gravity values may probably be explained by a change in
the basement rocks composition and possibly by the appearance of sedi-
mentary rocks. . ' .
Metsalem anticline (X) has been located along the profile of
shallow core holes, 10 km south-east of Derbasiveh. The core of the anti-
cline composed of the Tortonian rocks must be at the depth of 75 m. The
crest can be located by a correlation with the neighbouring heles where
the.top of Tortonian is deeper. The fold is not expressed at the surface.
25 or 30 ki south-east of Derbasiyeh there is a local anomaly of
—+0.5 adopted units, comprising some local gravity highs of +1. One more
locel gravity high located on the territory of the J-37~VI sheet clos‘e to the
above highs, corresponds to anticlinal structure Qamishli suggesting that
the local gravity highs located west of the Qamishli high mark deep anti-
clinal folds, .

Geological history

The data available enable one to bring back the geological h%story
of the area beginning with Cretaceous. Any older stages of the history
can be outlined only schematically and for some selected localities only.

During Ordovician and Silurian the north-eastern portion of the area
was a sea in which terrigenous sediments (clay, siltstone and sandstone)
were deposited. o o

During Devonian and Carboniferous the Qamishli high came into
being and in this area sedimentation ceased and possibly denudation of
the formerly deposited rocks occurred from. time to time. In the Abd
El-Aziz mountaing marine thin-stratified formations, such as sandstones,
shales and limestones were depositing during Canboniferous. L

In Permian time most of the territory underwent subsidence which
resulted in transgressive accumulation of sandstones, clays, shales'and at
the top limestones. During Permian, probably between Paleozoic andr
Mesozoie, the Tuwal el~Aba — Sinjar swell was formed in the area of the
J. Abd El-Aziz whai resulted in the Fermian rocks being absent. _

At the end of Paleozoic general uplifting of the territory took place
and the sea retreated. :

The Mesozoic period started by the advance of the_sea% what was
marked by the deposition of sandstone at the base of the Tr1a_sszc sequence.

During Triassic and Jurassic marine and lagoonal-marme sediments
such as dolomite, anhydrite, shale and limestone accumulated_m the North-
Khabourian and Al-Furatian depressions. Although the Qa;tmshh high was
in the zone of sedimentation, the amplitude of downwarping was much
smaller here than in the North-Khabourian depressmn.‘Wlthm the Tuwal
el-Aba — Sinjar swell the amount of sedimentation varied from one loca-

i o another. . )

ity );.n the area of Tuwal el-Aba (sheet J-37-IV) the deposition of limes-
tone was accompanied by erruptions of bhasic effusi‘ves. Th'e area of the
J. Abd El-Aziz must have beea the place where sedimentation alternated

ith denudation.

WlthAt the end of Jurassic huge uplifting took place here, followed by a
washout of the Jurassie, Triassic and probably older rocks the remains of
which can be encountered as boulders and pebbles at the base of Lower
Crelaceous. .
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The Lawer Cretaceous period is characterized by the advance of the
sea into the zone of the Tuwal el-Aba — Sinjar swell. Sedimentation took
place all over the area. Mostly terrigenous rocks were deposited in the area
of the J. Abd El-Avziz, such as conglomerate and sandstone and only in late
Lower Cretaceous — marl and limestone. The sedimentation was inter-
rupted by local upliftings followed by erosion. In the rest of the area
carbonate and clayey rocks were deposited.

* During Upper Cretaceous sedimentation was going on all over the
territory, but the Tuwal el-Aba — Sinjar swell, Qamishli and perhaps
Ras El-Ein areas were slower in sinking than the North-Khabourian and
Al-Furatian depressions. In Late Coniacian slow sinking was interrupted
by a sudden rise of the Abd El-Aziz area. As a result of this rising and
later denudation Santonian rocks were deposited on the eroded surface
of the Lower Cretaceous, Cenomanian, Turonian and Coniacian sediments.
During later periods up to Paleogene accumulation of carbonate and car-
bonate-terrigenous deposits took place. In the North-Khabourian and Al-
Furatian depressions a thick series of carbonate and clayey-carbonate rocks
was deposited during Upper Cretaceous.

Between Mesozoic and Cenozoic the marginal part of the Arabian
platform underwent upwarping followed by the retreat of the sea while
in the area of the Mesopotamian foredeep sinking was going on.

The Paleogene advance of the sea in the area of the Al-Furatian
depression started in Lower Eocene and in, the zone of the Tuwal el-Aba —
Sinjar swell — in Middle Eocene. Up to the end of Paleogene tnostly car-
bonate rocks were deposited in this area, same as in the Mesopotamian
foredeep. Only the Qamishli high was subject to rising during Oligocene.

Late Paleogene — Early Neogene is characterized by strong tectonic
movements, the strongest occurring in the central and western parts of the
J. Abd El-Aziz and in the Tuwal el-Aba hills. As a result of uplifting
Faleogene deposits were eroded. :

Uplifting of the Tuwal el-Aba — Sinjar swell took place in Aguitanian
time and in the western part of the swell it continued during Burdigalian.
The eastern part of the swell including the eastern slope of the J. Abd
El-Aziz, parts of the North-Khabourian and Al-Furatian depressions
adjoining the swell came into the zone of subsidence during Burdigalian
time with chemogenous sediments, such as gypsum, rock salt and partly
limestone being deposited. The largest amplitude of sinking is recorded
south of the Tshumba hills, in the area of Jabiseh, Ghouna and Gheibe
anticlinal structures (sheet J-37-VI). In the most part of the Mesopotamian
foredeep during Lower Miocene a small-scale subsidence took place which
was followed by deposition of carbonate sediments.

Middle Miocene began with the advance of the sea over the entire
territory.

During Helvetian, limestone with open sea fauna was deposited.

In Tortonian time all the territory of sheets J-37-V, XI underwent
further sinking, but the areas of the Tuwal el-Aba — Sinjar swell as well
as Ras El-Fin and Qamishli highs were somewhat slower in sinking than
the Al-Furatian and North-Khabourian depressions. At that time accumu-
lation of gypsum and also limestone and marl took place. North and south
of the Tshumba area rock salt was also precipitated. In the middle of
Tortonian the addition of terrigencus material occurred which constantly
increased in amount and at the end of Tortonian terrigenous rocks were
accumulated on a par with evaporites. This regularity was probably due
to a rhythmic subsidence of the base level of erosion associated with ver-
tical movements in the areas of supply of terrigenous material and also
with periodical changes in climate. The movements were slow and of small
magnitude what caused the absence of coarse clastic material, The pre-
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i in t i terial of the
sence of pyroxene grains and amphybols in the clastic ma :
sandstonepi{, an evidence of the fact that basic igneous rqcks took part in
the rock formation. From the dip of the oblique series in the sandstone
directed mostly to the south one can state that the sources of the trans-
ported rocks were located to the north of the area, possibly in the zone of

Alpine geosyncline, o .
the InpﬁtegMigdle Miocene the sea retreategl and beginning with Upper
Miocene sedimentation took place under contlr}el_'ltal conditions. r
In Earlier Upper Miocene the tectonic activity was relatively low. In
lake basins thin-bedded terrigenous sediments were accumulated. C{_;ateé‘
mostly sandy and clayey rocks were deposfsed._They were 111—&'.40_1"te11 anL1
contained lake and swamp plant remains. All_uwal f?mqslrhythmma v al-
ted with lacustrine-swampy and lacustrine-proluvial. i )
temaF?eq:fent washouts and local unconformities are present in be:lidlng‘.
Clay contains fragments of sandstone and limy-clayey l;ocks. Clay ro 1s.are
disseminated in sand. It is possible that local anticlines and synclines
he formed at that time. .
startclag J{gteeUg;er Miocene and Early Pliocene general uplifting of the
arca was going on, with local structures springing up followed by den(.iuc]};i—
tion. The Tuwal el-Aba — Sinjar swell inclu_dmg Tuwal e}—Aba, Ab h-
Aziz and Tshumba anticlines kept on rising, meanwhlle ’ch(.e Nort -f-
Khabourian and Al-Furatian depressions were undergoing subsidence o
small magnitude, . . . .
Both depressions were filled with lacustrme—a]luwal_sed1ments pf Sl
milar composition, which contain accessory grgvels of fhnjc and basg: iga
neous rocks transported probably from the Alpine g(.eosyncl_mal zone situa-
ted in Turkey. Apart from allogenic clastic m_ater_lal, Pliocene deposits
contain debris and poorly rounded pebbles of in situ rocks: cl_ay, c}jfayiy
marl, limestone and gypsum which were 41"011"11(1@%L EV t%ele I*‘Je'ms}?ijélh OL ;tei
icli of the Tuwal el-Aba — Sinjar swell and Ras ll-Hin hlgh.
2n§11§;1e%e§ake basin was formed north of the J. Abd El-Aziz, in which marl
and limestone were deposited. - .
i i till going on,
1 uaternary time general upwarping qf the area was § '
the arr'leaQs of sedin’gant accumulation were getting less in nwmber and recent
relief started to be formed. ' )
In Lower Quaternary the Abd El-Aziz mountains were formed, the

- slow rising of which was followed by accumulation of proluvial gypsum

and loam in conjugate troughs. ‘ |
In Late Lower Quaternary basalt lava was ejected at the Asugfacg
through faults and fissures in the sedimentary strata, forming the Ard es
Sheikh, Kapes-Darh and Fakka flows and sheets. - .
In Middle Quaternary signifieant growth of the Abd E.l_AZf[.Z an r—
menian Tourous mountains took place wh%‘ﬁ cﬁu_sed a1 'ff?c?n;atl}(;)élaz d2 cf?cirfk?e
: i - ng e
detrital debris cone. 'The area of the Abd ziz uplifti ded. :
j iti i iously been zones of accumulation o
adjacent localities which had previoush z . O, e
ternary proluvial deposits. Thus, on the eastern p i
.];OX‘EE %&ﬁ%ﬁz th?a Iiower Quaternary proluvial deposits were raised up to
100 m and cut by deep gorges. . ' )
In Middle Quaternary the N. El-Khabour came into existence. Pabb
les, gravels and sands were deposited in its valltg. . wplifting
Middle Quaternary — Early Upper Quaternary new !
of tlig ;1?;: toék place. The N. El-Khabour cut the deposits of ﬁﬁe tthurc-l-
terrare. Middle Quaternary alluvial cones were patirﬂy \gﬁgh&& 5{1);11:;5] grf Rréld
' i ‘ ternary mountains
B o d Jasoh etc. o d to rise. Debris cones were formed
Fl-Aziz, Tshumba, Jabiseh etc. continued to rise. L)€ e e
i adioining the uplands. Clastic deposits were d
i::itﬁ; Zfaiﬁy sl:é)ping gplains. Pebble beds of the second terrace were depo
sited in the N. El-Khabour and Jagh-Jagh valleys.
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At the beginning

were formed, the N. El-Khabou
rmed, : t
?f the first ferrace and flood plgiglirvil; dss;ggge?rmce am-i lQam &}'nd sand

of Recent the basalt flows and sheets of Kowkab

. - ECONOMIC GECLOGY
e area of the sheet under description is in y
) : le plion is int i
gggiﬁeg%:ontfor oil, gas anq rock salf. In the courgéegéﬁlﬁ%ev?iglldr?ﬁ?pelst w0
pecial atf Eﬁg& olgia}feaer?a Igl:iin.to locating anticlinal structures, lu‘ﬁ)'fling::
determining boron. co1r1te:r_11:,quo’kigxirgp igm oo yPoiterous rock T oo Tor

fqvpura_ble tor quarrying building materials.

Gil and gas possibil_ities _

The fact that the area is oil and isi
o 2 ' - gas promising is proved by it; iti
Jg%a;c;?sr ;oz;idoﬁ\é]unctmn Qf two major geotectonic pr%vinces: B’EI;E:S R?:Z%;gg
plastorm and Wﬁic;ﬁotﬁénﬁ?aé?gedele%f Majoi" oil fields were discovered in
audi Ar Arabian platform. In the Mesopotamian
big oil fields are producing in Irag, Iran and Kuwait. %‘%eargiréjgirrfgecilf

fields in Syria are h o
A‘luHasakeIz. _ Qaras ?Uk and Suweidiyeh, 120—130 km horth-east of

_ The location of the ar
vinces of the world su
pecting.

Thus far no commercial oil i
] : pools have been discovered i
l:'flriltgmlglio?fz éT ?glsf u&l}iﬂoﬁbB:‘alWW?ib structures has not yieldeed llgloggievg rl?:-.'
. , i 8 ' i
ot of o, oil and gas shows have been recorded in the
In well Jabiseh~1 the first indicati i i
: ons of bituminous k
ﬁlﬁ"kzi 1111 thebLower Fars formation at the depth of 322 1;;)}0 ’Iﬁrgsgseogegﬁ
drillgd ) fg}? C$en~ engountered downwards throughout the entire section
drifted. te epth of 491.6 m a dry gas flow was obtained from the Hel-
mestone (Jeribe limestone) at the rate of 650.000 cubic metres pver

day with a 1.25” pipe. i
day with & followls)lzpe The analysis of a gas sample taken from the well

eae in question near biggest petroliferous -
ggests its estimation as promising for oil'and gas pli'lc;os—

Per cent of the total volume

Methane and clastic g

Ethane . -c.ga.s <o Qig
Propane . ., ., ., . | . 1'6
Butane . . . . . . i .. 08
Hydrogen sulphide H,S . . . 17

ot .
Specific gravity related to air is 0.640. If

_ ity : 640, 91.9% of i
Ezi”ch?;n?p%rfgsgveacsﬁfo ggrawty ;)f such a gas should be/OO.gIZFI}i ;sroijlfsl;iebllz
hot pling wa i properly made and the results of the analysis are

Oil-stained rocks and bitumens h '

L ) _ . ave been found i igali
gﬂ?];:;irfl(érr;%a%;m%Ohgo(c}ene, Eocene and Cretaceous deploréitsBu(rJgiE?rlllﬁ;n
P ; £y 1 ; o | . ' . . rpn ) -
oo oosting of fhe pper Cretaceous has resulted in a significant flow of

The results of the crude oil analysig

The : : alysis are as follows: ifi i
gg =60 BI‘ — 0.876, viscosity by Redwood N 1 at 70°F — 1052p§gléf13tglrg&lty

sec, sulfur content — 1.87%, asphalt — 0.1%, paraffin — 2.9%’ B

- Engler fracti i
goiﬂing point — 75°C onation
roducts of fractionati in %:
100°C — 1.5 stlon in. k-

2959 — 99,
125}:0 —3.5 250°C — 33 g
150°C — 8.5 . 2759C — 34.0
175°C — 13.0 300°C — 40,
200°C —19.0 a0
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r rock salt and selecting the Iocalities

 The total product of distillation is 41.0%, its specific gravily at
t=15.6°C is 0.791, specific gravity of the residue — 0,932, the volume of

the residue — 58.5%, loss of distillation — 0.5%. The oil is paraffinic.

“Small gas flows have been obtained from the Miocene horizons penet-
rated by wells Jabiseh-2 and Jabiseh-3, The composition.of gas is similar
to the gas of Jabiseh-1... = o
" In well Jabiseh-2 at the base of the Helvetian and.top of the Burdiga-

" lian a small amount of oil with water has been recorded. The oil is heavy,

its specific gravity at 60°F is 0.962, the total product of distillation is 21%.
_ In exploratory wells El-Bawwab-1 and 2 oil and gas have been- ob~
tained from the OQligocene beds in the following amounts, respectively:
650 and 300 Jitres (oil) and 20 and 42 cum {gas). . S

The results of the analysis are not available, In well Tl-Bawwab-2
slight oil shows have been recorded from the Upper Cretaceous.

In prospecting for new structures commercial accumulations of oil and
gas may be expected from the Helvetian (Jeribe limestone), Oligocene and
Tocene., These deposits are equivalent to.the famous Asmari limestone or
the “Main limestone” of the Irag oil fields, producing the largest amount
of oil in Iran and Iraq. Potentially promising is also Upper Cretaceous,
since it produces commercial oil in the Qarashouk and Suweidiyeh struc-
tures. : : : T

Jurassic also deserves consideration bearing in mind that oil has been
obtained from the Jurassic sequence in Suweidiyeh field. = - A
' The fact that the wells drilled in Jabiseh structure have failed to dis-
cover commercial quantities of oil can be explained by the lack of preli~
minary investigations. ' ‘

" The seismic operations conducted recently on the territories of sheets

J-37-VI and J-37-VII have shown that at greater depths the arches of the
structures are shifted. According to gravity data the area of the Jabiseh
anticline shows a gravity high which is not located in the core but in the
western pericline of the structure. It may be the evidence of the deep
crests shifted westwards. This suggestion is confirmed by drilling. Well
Jabiseh-1 drilled in the western part of the structure has given a big gas
flow and marked oil shows unlike Jabiseh-2 and Jabiseh-3 drilled in the
east. However, in order to come to a final solution of the problem of deep
structure of the Jabiseh anticline and hence to estimate its oil and gas
possibilities, it is necessary to conduct a seismic survey.

The Abd El-Aziz structure is not practically important for oil and gas
prospecting since it is deeply eroded and all the horizons with possible
accumulations of oil are brought to the surface. Fluoro-bituminolog?cal
analysis of the deposits occurring in the arch has revealed traces of .b_1tu-
men “A” in a number of samples. It is an. evidence of favourable conditions
of oil formation which had existed during Upper Cretaceous — Middle
Miocene. However, no oil pool had evidently been present here, since the
core of the Abd El-Aziz anticline never contains rocks with oil oxidation
products. : ' o

Interesting with respect to oil and gas prospecting is the area of t}.xe
Mesopotamian foredeep where commercial oil fields of north-eastern Syria

are known. This territory has not yet been sufficiently investigated Wﬁh
respect to the structure. When a profile of shallow core holes was drilled
in the area of Tell Affandi and Metsallem village, anticlinal structures
were located the first of which corresponds to a local gravity high. An
anticlinal structure can be distinguished in the area of Ras El-Ein. A num-~
ber of mapped gravity highs are not expressed at the surface and not
checked by seismic operations and shallow core drilling. However, 10(:5}1
gravity highs suggest the presence of deeper anticlines promising for _011
and gas prospecting. Fluoro-bituminological analysis of the Tortonian
rocks penetrated by core holes east and south-east of Ras el-Fin has re-
vealed traces of bitumen “A” in a nurnber of samples. ' '55
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The deposits with
a sufficiently thick m

serve as a good caprock. The most effective method for locating structures
in the area is an areal seismic survey.

The areas south and east of the J, Abd El-Aziz had been included into

possible oil and gas accumulations are overlain by
antle of terrigenous and chemogenic rocks which

the Concessions of “Concordia Co” and covered by an areal seismic survey,
The results of this survey are not available. A number of anticlines have
been located on the surface. These are Horra, El-Khouene, Tshumba, Me-
tuaha, Jabiseh. A number of local gravity highs are present. These highs
may correspond to deep structures. Fluoro-bituminological analysis has
shown traces of bitumen “A” in the Tortonian rocks present in the area
of the Tshumba structure, Gas and oil-stained rocks obtained from well
Jabiseh-1 place this area into the category of areas promising for oil and
gas. Recommendations for further oil and gas prospecting can be made
only on the basis of seismic investigations.

Rock salt

Salt has been found by exploratory oil wells on the Jabiseh and El-
Bawwab anticlines.

Salt-bearing rocks have been encountered amongst homogenous de-
Pposits of the Lower and Middle Miocene. Two distinet salt-bearing horizons
can be easily distinguished, one of which is confined 1o the Burdigalian
base (Dhiban formation) and the other — to the base of Tortonian (Lower
Fars formation).

The Burdigalian salt-bearing horizon has been ercountered by Ja-
biseh-1 at the interval of 573—695 m and by El-Bawwab-1 at the interval
of 644—762 m. The salt-bearing formation is composed of white halite
with some bands of anhydrite and clayey limestone.

The Tortonian salt-bearing horizon has been struck by Jabiseh-1 at
the interval of 85—412 m, by Jabiseh-2 at the interval of 187—546 m, by
Jabiseh-3 at the interval of 94477 m and by El-Bawwal at the interval
of 480--522 m. The salt-bearing formation consists of alternating anhydri-
tes, limestones and marls with bands and lenses of salt, 1 to 20 m thick.

A four-metre-bed of salt~bearing clay has been located in Dbaghiyeh
ravine during mapping. The clay is non-compact and soft on the weathered
surface and hard in a fresh-cut trench. It is possible that salt in the out-
crops of this bed has been partly leached out by ground water and pure
salt may be found deeper. It is the only case of salt-bearing deposits pre-
sent in the upper {chemogeno-terrigenous) pant of the Tortonian in the
area.

On the western slope of the Jabiseh hills a highly mineralized sodium-
chloride spring has been encountered with the flow of 15 litres per second,
The water of the spring is accumulated in low places of the terrain, where
the local people make small basins for getting salt by evaporation. Accor-
ding to NaCl content the spring brings out about 8000 tons of common
salt per year. Using modern methods of exploitation much salt can be
produced here.

Prospecting for salt should be conducted in the area restricted by the
latitude of the Jabiseh hill in the south, by the latitude of El-Bawwab
in the north and by the latitude of the eastern end of the Abd El-Aziz
mountains in the west.

The first step of prospecting should be made along the eastern frame
of sheet J-37-V in the area of Dbaghiyeh ravine and Jabiseh structure.

Results of metallometric testing

Metallometric testing has been made in the area of chemogenic rocks
of the Middle Miocene age in order to select most favourable localities
promising for boron. Many samples were found to contain boron traces.
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umber of samples the boron content is 0.006—0.001 % and in _
thre;nsa?ngles it is 0.003—801 % (4 k. south of elevation 346 m and 36 kxg
south-south-west of Al-Hasakeh). The results of the analysis are not goi)1
to recommend any areas for boron prospecting. Of some interst is t (?f
area 4 km south of elevation 346 m where a somewhat higher content o
boron has been recorded along the distance of one kilometre,

Building materials

The area contains the following building {rinateria}s: gypsum, marl,
i basalt, basalt tuff, cinder, pebbles and gravels. )
11mesGt;r;2hm Sis mostly developed at the base of the Tortonian, where
gypsum beds are up to 30 m thick and are divided from each other by
thin bands (1—3 m) of limestone and marl. In the upper part of the Tolxl'—
tonian the thickness of the gypsum beds decrea:esl’%o 10—20 m and the

i f the dividing members increases up to m.

thmkél;zssgm is white, g)metimes with greenish shade, fine fo coarse+

-crystalline, massive, less frequently stratified. In the lower part of the

i i i fracture {ala-
tonian, sum is mostly snow-white, pure, W1th sugar C :
gg;‘tggl.aln ’?gg) upper part of the Tortonian alongs;de with a W%nte vametg

there is light green gypsum, containing some a}djrmxture of t(.errlgepcigs 13135
argillo-calcareous material. The upper Tortonian beds contains thick-platy
gypsg;r;.]ples of white gypsum taken in the area of the adjacent shee%
J-37-IV from the Tortonian beds have shown a high content . 50
CaS0,- 2H,0 amounting to 98.5= and low content of other admlxtur'?f? { _].
Withi]la the area described here, the Tortonian gypsum does not ('21;1 3}731"[{;1
composition from the gypsum present on the territory of sheet é d—.f r
Therefore, the area of the Tortonian ouglcrops may }%i _gesg;r;r;inage ﬂge

; rospecting. The most favourable areas in thi : e
Eg‘l?fﬁlgnpslople) of ’chge J. Abd El-Aziz, the eastern slope of the Beida moun
i the Tshumba and Jabiseh hills. ' )

e I%Ir;cll"l isewicsiely present in the Senonian and Ol}gocene deposits. In {)no'si’f
cases it is light yellow or yellow. The rock is .suft%m%nt(ljyo stro?l%eii ?anléles
i sal. According to carbonate anaiyszs ¢ CaCOjy co rang
gll:gi’gn ﬁtg 1'?4 %. In som% beds marl grades into clagrey l}rfcl‘estonea'\bagl‘il élg/{c;r

— into dolomitized varieties —
CaCO; content up to 89—90% and into mitized s — about i
l : building industry in the form o
of CaMg(CO3),. Marl can be used in the ] 1y in the Torm o
well as in the form of sawn and quarry stone. : -
gg?:?alflse aélarl in the central part of the Abd El—tAz_lzlmountams can be re
f rospecting for cement raw materials. . ) iy
comrﬁfggggongr ig Wi%e]y lgnown in the Eocene and Helvetian (Jeribe 1i
ations.
mestﬁgg()ﬂf(e) Iixi];-rlnestone is a very hard, organo%_m;l?cllls and ree_f)v 1;1(;)1(1:1;11'5;(;:1 gg;km
i itic and fine-grained, in some beds slightly porous : -
iZsag?lgn;ﬂlfc?ﬁed orgagnic remains. It is characteristic of the Eocene limes
t bedding is altogether absent. ] .
tone’I‘tﬁgtH:lvetrilagn limestone is a white, orgafno—_detrltal rock often gyj%s;S
ferous and argillaceous. There are many chalk-like, very porous varie
! ecrystallized, “grainy” ones. ) y
and gi?:?)rgingyto carbonate analysis the Cg(l;(o)/g coir:t?nt ;?ezgﬁngzcgél% gz
ies within the range of 91 to 89.5% what co :
gé?’lstt:rﬁeogagieio 559%. Some beds are slightly dolomitized, not ex((::ﬁ:ledlng
5% (MgO — 2.4%). As a rule, the rock is cornqple’ce}cyls<)I111;1£EJ%;:1 111?1 iI"x;.Ig L
The Eocene limestone can be us:ed as ornamen ? a o e
i oduct for producing astringents and_also or ¢
rTll?l}eS,n?(S)s?: }Ef)gvourable area for getting the rock is an area near the core of
the Abd El-Aziz anticline.
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CaCOy content in the Helvetian limestone ranges from. 80 to 99%.
There are some dolomitic varieties with a magnesium carbonate content
of 15 to 20%. The rock can be easily worked and may be used as sawn
building ;stones.. It can also be recommended for cement raw material
prospecting. -

To be used as a building material, Ilmestcme has practically unhrmted
reserves and can ke quarried by open works on the northern slope of the
J. Abd El-Aziz anticline. '

Basalt occupies extensive areas on the left bank of the N. Ei-Khabour,
4—6 km east and 12—15 km north-west of Al-Hasakeh and in fhe north of
the area south-west of Deu*bamyreh Basalt is widely used in road building
as crushed. stone and less in building.

Tutf composes the cone of the Kowkab Volcano It is used for yoad
pavmg and for moulding slag cément bricks and blocks. 'I‘he reserves are
substantial.

' Cinder is exposed in a ravine near ._;eblrka vﬂlage 4—-—6 km west of
the Kapes-Darh basalt sheet. The cinder is light, highly porous, unstrati~
fleci very hard. The exposed thickness is about 10 m.

It can easily be worked and used in building industry. It may be pos-
sibly used as adsorbent. The reserves are rather big.

Pebbles and gravels are present in the N. El-Khabour valley, where
they compose the third terrace above the flood plain. Pebbles and gravels
are guarried 8 km west of Shaddadi village and in the area of All-Hasakeh.

BRIEF INFORMATION ABOUT GROUND WATER
o AND WATER SUPPLY

Hydrogeological observations were made in the course of the geologi-
cal survey. About 900 dug water wells have been examined and described.
Water has been sampled from 140 wells to be chemically analized.

One of the main sources of water supply is the N. FEl-Khabour and
its tributaries. The areas outside of the viver walleys are supplied by water
from dug wells reaching ground water.

The discharge of the wells and chemical composition of water depend
on the precipitation and on chemical and physical properties of the water-
bearing rocks. In the north of the area, where the precipitation is more
than 300 mm a year [13] the discharge of the wells is the highest and the
water is least saline (see hydrogeological sketch, Fig. 15). The amount of
water in the rocks of the northern portion of the area is also influenced by
the closeness to the mountain lands of the Armenian Tourous which make
the source of ground water. In southern areas, where the precipitation dec-
reages to 200—150 mm a year, the rocks become less watery and the salini-
ty of the water becomes higher.

-Also one can observe seasonal changes in the amount and salinity of
ground water and in some wells in chemical composition. The highest
discharge of the wells, low salinity and in some localities bicarbonate com-
position of the water are recorded in rainy winter time. In summer the
well discharges decrease and some wells get dry, salinity increases and
bicarbonate composition of the water changes for sulphate. |
‘ Ground water has been recorded in all the deposits of the area.

Ground water in ihe Quaternary formations

The Quaternary rocks cover nearly the entire terrifory described but
ondy thick proluvial depomts and the alluvium of the river valleys are
water-bearing.

*  The water-bearing proluvial rocks have been found in three isolated
Iocalities: the north-eastern portion of the area and two localities north
and south of the J. Abd El-Aziz,
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1In the montheast, near Aamouda town, dug wells veach fresh water

gecurring in proluvial conglomerates. Waterproof beds are generally com-

posed of marl and clayey limestone of the Upper Miocene age, Ground
water is present at the depths of 3'to 10 m with the average discharge of
the wells being 1.5 to 1.9 cu. m/day*: The water is of bicarbonate-calcium~
magnesium type with the salinity of 0.4 to 0.6 g/

“In the localities north and south of the J. Abd El-Aziz the proluvial
deposits contain saline water occurring in highly gypsiferous sandy loams
and pebble interbeds. The depth of the water ranges from. 7 to 65 m. Ac-
cording to the ecomposition; calciim ~sulphate water prevails and there are
some sodium-chloride types, the salinity ranging from 2.5 to 6.3 g/l

As to the alluvial depesits, water is present in Recent sands, sand-
stones, sandy loams and toams, making the flood plain and first terrace
of the N. El-Khabour and its tributaries. ' ; C :

According to ground water investigations conducted in 1960 through
Contract 938 by the USSR “Pechnoexport” in the N. El-Khabour valley,
the depth of the ground water within the flood plain ranges from zero to
3 m and in the first terrace from 3 to 5 m. The thickness of the water-
bearing zone is 5 to & m, the filtration ratie of the  sand-pebble rocks
amounting to 40 cu. m/day. Predominating fresh water is of a magnesium-
ealeium-sulphate type and some water of sodium-chloride type with the
salinity of 0.8 to 1.5 g/1, in some places amounting to 3 g/k :

The N. El-Khabour valley is an area of ground water discharge. The-
refore the salinity and chemical composition of the water circulating in the
alluvium depend on the type of the water-bearing beds adjacent fo the
river valley and the degree of dilution with the river water.

The Upper Quaternary pebble beds of the second terrace of the N. El-
Khabour may in some places contain watber of magnesium-calcium-sulp-
hate type, not very saline, although sometimes -the salinity amounts

to 7-10 g/1.

Ground water in the Pliocene formations

Sandstones, pebbles and limestones are watber-bearing among the Plio-
cene rocks. Ground water is present in three isolated localities.

In the north-eastern part of the area, south of Aamouda town, there is
fresh water occurring at the depth of about 30 m. Discharge of the wells
ranges from 1 o 10 cu. m/day, with 3 to 4 cu. m/day discharge dominating.
The water is of a magnesiu.m—calcium—bicarbonate type with the salinity of
0.4 to 0.8 gfl, seldom exceeding 1 gfl.

North of the J. Abd El-Aziz Pliocene water is encounterd by dug weils
at the depths ranging from 25 to 65 m. The discharge ranges from 0.04 to
1 cu. m per day. In summer many wells get dry. The water is of calcium-~
sulphate and calcium-chloride-sulphate types with the salinity varying
from 1.4 to 6.5 g/1. ,

South of the J. Abd El-Aziz the depth of the water ranges from 12 to
55 m. Discharge data are not available. The height of the water column in
the wells is 2 to 3 m. The water is of a caleium-sulphate type with the sa-

linity ranging from 1.8 to 5.2 gil.
| Ground water in the Upper Miocene fermations

Cround water in the Upper Miocene rocks is present over an extensive
area, Water-bearing rocks are sands, sandstones and siltstones, Water-re-

sisting rocks are clays and clay marls.

# The discharge data are taken for summer time, given by the local people. In
winter the discharge is much higher. . : ‘
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In the north, between the Ard esh Sheikh basalt massif and the Tur-
kish frontier there is an area of fresh bicarbonate water. The average depth
of the water is 15 to 30 m. The discharge amounts to 10 cu. myiday, the
average being 3 to 5 cu m/day. The water is of magnesium-bicarhonate
type, seldom calcium-bicarbonate with the salinity of not more than 1 g/1.

On the rest of the territory saline sulphate water is bresent, with the
depth ranging from 15 to 60 m, average 25 to 40 m. The discharge of the
wells is low (below 1 cu. m/day), in some cases reaching 3.5 cu. m/day.
There is some regularity in the distribution of the water according to
chemical composition: to the left of the N. El-Khabour dominate magne-
sium-sulphate water, whereas to the right, south-east of the J. Abd El-
Aziz, calciu-sulphate water is present.

South of the Tshumba hill the water is more saline (more than 4 g/1)
and of mixed sulphate~chloride composition what is probably due to slow
water exchange and presence of stagnant water zones. ‘

Ground water in the Middle Miocene formations

Ground water is present in the Middle Miocene rocks composing the
slopes of the J, Abd El-Aziz, Tshumba and Jabiseh hills and north-western
portion of the J-37-V sheet.

Water-bearing rocks are cavernous and fractured limestones and Eyp-
sums and at the top of Tortonian — sandstones and siltstones. Water-re-
sisting rocks ave compact clayey limestones, clay marls, clays and  com-
pact, massive gypsums.

On the southern slope of the J. Abd El-Aziz dug wells strike ground
water at the depths of 5 4o 20 i, while on the northern slope the depth of
the water increases to 45 m ang more. The discharge of the wells in rainy
winter time is rather high (over 3 cu. m/day), greatly decreasing in summer.
The water is of a calcium-sulphate type with the salinity of 2.5 to 3.3 g/L

In the north-western portion of the sheet, adjacent to the Turkish
border, ground water is present at various depths from 6 to 54 m with the
largest depths being recorded at water divides and smallest in dry valleys.
The discharge of the wells located near the river-beds amounts to 5—10 cu.
m/day and becomes smaller at water divides 0.7 to 0.9 cu. m/day). The
waber is of bicarbonate and sulphate types. Fresh, bicarbonate water is
present in an isolated area, west of the Kapes Darh hill (the Dheileh area),
South and south-west the water changes in composition and becomes sulp-
hate water with the salinity of 2.5 to 7 g/1. East and south-east of Ras EI-Ein
town the amount of ground water increases, the discharge of the wells
becoming high and constant, reaching over 20 cu. m/day. The water is
mainly of calcium-sulphate composition and 3-gram-salinity. 'The COMpos-
ition of the water taken from well 893 is as follows:

S04, Ciy HCO NO3
’ Cayy Mg g (Na-}- K),

Ground water in the Lower Miccene and Paleogene formations

In the area of the Lower Miocene and Paleogene outerops (J. Abd El-
Aziz) no water springs or wells have been encountered. In the daba
obtained from drilling deep wells which struck Lower Miocene and Paleo-
gene on the Jabiseh hill and near El-Bawwab village no information about
ground water is available. Cne can suppose that fresh water can be present
in the fractured limestones of the Eocene age considering their good per-
meability and wide development in the area of the ground water source
in the Urfa plateau in Turkey [7].
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Ground water of the Mesozoic deposits

i core O Abd El-Aziz anticline
: oic rocks comgposing the core of the clir

contzﬁeérwigfﬁiglgnd vein water confined to fault zones and fractures in
0US TOCKS. _ )

the %r?ffjrz and vein water flows out at t}}e surfic-eft-htr}?ugl\gllalel‘gg?cﬁﬁsg
rings. The largest. spring is flowing out o e i

W}'ater Si?rl;:éls%cine ifl A\bg El-Aziz village, 1.2 km northm-eﬁ:l of e%g;raigl%x%

52%31?37 The discharge of the spring is about 100 cu. m/day, the wa

-a bicarbonate type with the salinity of 0.7 g/1.

HC 05,504 Cly
7 Cagy Mgy Nag '
Formation water is present in the Mesozoic deposits penetrated by
deep wells. .

i i with traces of oil was obia-
abiseh-1 a flow of saline water with 1 _ ;
in-edl”ﬁ*(;”nflih‘jea[}iper Cretaceous. The water is sodium-chloride with the

salinity_of 123 g/l

i ; : horizons confain sodium-
Jabiseh-3 the Upper Cretaceous ! s
chlojilewxilalteraaith the salinity of 77 g/l. Similar water has been foun

n tﬂilﬁgfrEggmz%z a flow of pure, very Slightligr?;alif}?% Swa;::r \;I?g
i i e intervals of 156561653 m, — ¥
(1)??)8%132(13'?30 l{rflo;?on; t%el%q:?;er Cretaceous rocks of 12 to 15% porosity. The

results of the apdlysis of this water are not available.

Ground water of the Paleozoic deposifs

ater has been encountered in the Paleozoic rocks gquﬁfgﬁgg

in thﬁOJ WAde El-Aziz. In Qamishli well, 15 km_ so-u;ciéizg;cl eo N ‘numb-er
— ter was recorded in thfe Pnern}lan 8 dstone. ‘

E%ﬁlébgioﬁéﬁzgli were located by electric logging and core analyses. The

table below gives the results of the analyses.

Sampling interval in m

Type of analysis $600.9—1905.5 | 2030—2036

6.5
1. Permeabifity . . . . 235579 %2.7
2. Porosity . . . . . . .
3. Salinity grams per o
litre . . . . . . .. 54.04 o7 307
4. Water saturation . . 1000/4 .

Fracture and vein water is associated with fauils and fissures. It
l b the . e in ascending springs. _ L
ﬂow?)lou’?hatsziilf;gasclipz of the J. Abd El-Aziz from Beida ‘Eg» r?;}?‘;lﬁgg
illa =en omée can trace seven springs associategl with a ﬁeiu&e . Irel.all which
se gé; to correspond to a deep fault. The springs tflp-w ou L small cracks
ziilmfunnels present in the -gyps:imiﬂ 0{1 f;he(goz’go(ﬁljanrfige-e.ﬂOWS nost Im-
] Khnezir an adf . ‘ s 9 i
p;;tig: ;gsggz tEZ)TZOUO cu. m/day in winter but wggéom;cgolénfsrl éggsutr}rlle
g ; ' : ’
ese springs become small creeks, some 200 0 > L
wats Tgiiﬁgsp%";régn by the local people for drinking anﬁ) 11?%?1 ing
?eaggfabl-e gardens. The composition of the Madfa water is as :

S 04, NOJ HCO4 Cly
o Cagg Mg Na,
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The water of the other springs is also of calcium-

ion, the salinit vine fro sulphate composit-
50 cu. m/day. y varying from 2.6 to 3.4 g/l. The flow is not more than

On the eastern slope of the J. Ab
| ' : : . d El-Aziz, near elevati :
glc;evl;eifar]idﬁnl%% Oﬂgflrrala%dout %61 a funnel in the Tortol;lfatlgvg;lgguingLne:
fon with the salintt. .é):f 2.63;]1. e Wat‘er is of calcium-sulphate composit-

On the northern slope of the J
_ . Abd E]
located in the zone of a resi N tudi
cat o gional latitudinal fault. I i
E‘[}éf{he'lzneh the springs are probably tlowing out or; %azgloja i s
vetian limestone. The flows of the 8D 0500 ou. 1o

The water is fresh, of a calcium-bicar s e i 160200 cu. ey,

Beer El-Khazneh water is ag foIlou?sO:nate {¥pe. The composition of the

-Aziz there are several Springs

HCO3 S04, NOEcl,
Cago Mgy (K+Na),

Portggeofm{l? aI&anA}a]tOnd Beer Jili Balagha springs, located in the western
Their £] © d El-Aziz, are flowing out of the Tortoni

Llows do not exceed 80 cu. m/day. nian rocks.

Within the Tshumba hill there are several low-

out of cracks and funnels formed i i
3 ormed in the Tort [
th-gs‘z springs 'd-o. not exceed 10 cu. m/day, t%l?elm\iragtjggs?sméirfhe ﬂ?WS o
su poabe type with the salinity of more than 3 g/l | ¢ e
. n-ortl’l:-xg};etl‘?esmn' slope of the Jabiseh hills a spring is flowing out of
2 nortl rth-east fissure with the discharge of about 1200 cu m/day. Th
ater 1s of a sodium-chloride type with the salinity of 22 g/1 . e

Sou

flow springs leaking

ClySOf
gy ———— 2,
’ Nagy Cay Mg, K;

High concentration of i i
zgif; Sthghxza;ﬁ:(r;kgia’;his Sprifm; aiifisg;i{atggsi;?’g tll}ie ﬁ‘}fmﬁiilnigi i)a%tf}}}leeafift
I sor;ne 200_3-00 -m(.e described in the r-ep'ort of well Jabiseh-1, Their depti%
opri nI;ls tﬁe‘; ;rﬁhgéfhfitﬁ .ENI_EiIt town racture water flows out as strong
D. [7] the total discha;r-gE vof.tgi g?fg(;ufs gl(;l-glnate& Accc)rdi__ng o conataon
nearly all year soond cu. m/day, remaining constant

The biggest springs are flowing
. ' w wing out of cracks in th ia
limestone. In Ras EI-Ein town a number of springs make a snfall%e?liﬁeggé

is one of the sources of the N. El- ] i :
fresh and mied in co-mposei A, 1-Khabour river. The water in the lake is

Cly, HCO%; S04,
Na,, Cayg Mgy .

0.8

In some of the springs the water contains som»e. sulphur.

_ South of Ras El-Ein several sprin
limestone and marl of the Tortoni

than that of the springs of Ras Kl
higher.

gs flow outl of cracks in gypsum
an age. Their discharge is much lower
-Ein town, and the salinity is somewhat

According to ground water suppl i
can be divided into three categories?:p ¥ the tewitory of sheet J-37-V, XI

1. Areas where demand of the loeal jon i
] £ 4] population is completel isfi
by ground water. This category includes a northern part 0:%) t?ree ghzgiﬁlfnfrliig

fresh and low sali d ] i
o lng ground water of a bicarbonate type occurring not

very deep in the Quaternary, Pliocene, Upper and Middle Miocene heds.
This area may have big reserves of fresh ground water in the Tortonian
and Upper Miocene rocks at the depth of more than 50 m.

: 9. Areas with poor water supply for drinking purposes. Most of the
territory belongs to this category. The main water supply is ground water
present in the Quaternary, Pliocene, Upper and Middle Miocene deposits.
Salinity of this water varies greatly, the prevailing one being 2 to 4 g/l
The water is of a sulphate type. The water with salt content exceeding
5 g/l is used only in winter being diluted with rain water, Fracture and
vein water of 3 g/l salts content is also used for water supply from “the
springs flowing out of the Middle Miocene rocks.

3. Areas with no ground water. To this category belongs the area of
water divide, upper part of the J. Abd El-Aziz and also the area between
the Tshumba hill and the southern border of the territory. In the Abd
Fl-Aziz mountaing ground water is very deep, unreachable by dug wells.
Ground and fracture water south of the Tshumba hill is not potable due
to a high salinity (over 5 g/l). '

The problem of water supply for the most of the ferritory can be
solved by using surface water of the N. El-Khabour and its tributaries, In
the area north and north-west of Al-Hasakeh to the Turkish frontier
fresh water can be obtained by drilling in the Helvetian beds to the depth
of more than 400--500 m.

CONCLUSION

As a result of the survey conducted on the territory of the Al-Hasakeh
sheet new information has been obtained about the geological structure
of the area.

In the J. Abd El-Aziz the Cretaceous has been subdivided into two
series in which a number of stages have been distinguished. The ages of
the majority of the stratigraphical units have been identified on the basis
of faunal evidence. An extensive area of the Middle Miocene deposits
represented by Tortonian and Helvetian rocks has been located in the
north-western portion of the territory.

The deposits previously distinguished as “The Lower Fars” format-
jon have been dabted as Tortonian after the microfauna analysis, and
divided into two members each incorporating marker beds what hag made
it possible to show on the map all the principal structures expressed at
the surface.

The continental deposits, distinguished by previous investigators as
“The Upper Fars” formation have been for the first time divided into the
Upper Miocene and Pliocene, the latter being also divided into two
members — upper and lower. But the absence of fossils and guide micro-
fossils made it impossible to give an exact identification of the ages of the
continental deposits and to draw a boundary between the Miocene and
Pliocene.

The Quaternary deposits previously undifferentiated have been
divided into the Lower, Middle, Upper and Recent series among which
different genetic types have been established.

According to the geophysical and geological data the area has been
tectonically divided into two major units — the marginal part of the
Arabian platform and external zone of Mesopotamian foredeep. The Tuwal
el-Aba — Sinjar swell and Al-Furatian depression have been distinguished
within the Arabian platform. The North-Khabourian depression and Ras
El-Fin and Qamishli highs have been distinguished within the Mesopota-

* mian foredeep.
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@ According to the field

e main faults have | icli

e mmain faul ve been located and local anticlinal siructures hawve
Information about salinity,

and also about the content of w

geological observations and geophysical data

composition and depth of ground water

the ground water investigations.ater in the rocks has been obtained from

An area of fresh wi ' )
nopth DAbea territory.water good for water supply has been located in the
A seismic surve
anticlinal structures
gas drilling,

y has been recommended in order to i i
: : to Investigate
and 1o outline the localities favourable fé%aoildszg
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