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Abstract

The northeastern part of the Bishri area, Syria consists of Neogene sedimentary rocks, Neogene-
Quaternary volcanic rocks and Quaternary sediments of fluviatile and aeolian in origin. Volcanic
eruptions took place in the area and lava flows and pyroclastic deposits covered the Bishri
basement rocks in four places: the Al Treb, Zenobia-Halabiye, Mankhar Gharbi and Mankhar
Sharqi volcanoes. The following ages were obtained from K-Ar dating performed on three basaltic
lavas: 2.72+0.09 Ma B.P. for Al Treb, 2.60+0.08 Ma B.P. for Zenobia-Halabiye and 1.38+0.08
Ma B.P. for Mankhar Gharbi. Petrographical and petrochemical analyses indicate that the
rocks from the older volcanoes are identified as basanite of the per-alkaline variety, whereas
those of the younger volcano are identified as foidite of the hyper-alkaline variety. Foidite lava,
terrestrially very rare in occurrence, characteristically contains phenocrystic nepheline crystals
in which groundmass crystals of clinopyroxene and opaque minerals are embedded poikilitically.
Identification of the basaltic rocks is significantly useful for Archaeological investigation, and
this study could offer some petrographical and petrochemical parameters for that kind of identi-
fication.

1. FLsdIC

2005 4EA 5 2009 4F £ T 5 M, FPEs#EEAigE [ A REHEGZOEK - 22— 7 F 7 A i
Y aIGROBENIE] 233 7AE e HAEE LTEBSI N, o7y oy MIHHFERERSE
LAWK OMERELY: - BRI e A b Y, BHEATSE [BRBIME S, BBk, MCAEMRE
IZHD L =7 5 7 AR OBREEEER | 24 L, ZOMICHE 8 HOBMARAEZIT- 7. X
FTEIATZERE GEFR @ AARBIZOHED YA ERFO-T: Wl (MEMbS), iR ERIE),
W GREMESY), WHMA (BREEY), HEHEbA (VE— ey v 7)) L5 (R
B), BLUOKBKFORBE % BF - WEYY) o748 THESh, AEREREADOERE
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- Late Cenozoic Volcanic Rocks D Study area

Fig. 1. Geological setting of NW Arabia.

35°15"N

Quaternary: river-terrace, aeolian - Late Cenozoic basaltic lavas

and talus deposits and pyroclastics

— Neogene: gypsum, tuff, sandstone, Paleogene: sandstone, siltstone,
:i] siltstone, conglomerate, marl, mudstone, tuff, marl, limestone
limestone and asphalt and flint

Fig. 2. Simplified geological map of the Bishri area (after Ponikarov, 1963).
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Litak et al, 1997 ; Brew et al, 2001a, 2001b, 2003 ; Lustrino and Sharkov, 2006 ; Krienitz et al., 2006,
2007 ; Lease and Abdel-Rahman, 2008). #AFICRLIRT 2L Lix, 24740 L aalHmIcd F
BLIznE W) EROFREIA LD 5.
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FLEE ZOW R, ) 7 MCHB RERREGT OMEEZ /R L TWa (Fig. 1). WRE—E, %k
7)) THRBEEPILCER LR A 2 L, BRI > TEEE 1000—3000m D ILIRASA S b.
7 I ETRBMTIX, dLEFHOF ) A - 2—7 55 AMWfJIl (Euphrates graben) &RV ¥iEIZ
Ao THIZ R4 KT 35, h 7)) TIREOHEZNY G L H 12, 7)) TRroHAE
R E TORRFEEDVED O R/AITIZNET & A FEZL S (Platform cover). #LiEY 7 MIHEH FF
VAT F— LW, 77‘7”‘2’575"555‘(&’5:1.0“(% HIZILIZEETDN % (Girdler and Southeren, 1987 ;
Brew et al, 2001b). 2—7 77 A - 75—~ QLB EZIY it & 9 ROV 70 RS,
TIET - TL—be2—=F37 - TL— b EDPRFTRTH S (Pearce et al., 1990). fEHt—52
Pk KBBLZ LA ZE Fig. 1IR L2, IS UANMS D /BB 2 LA RS LB L, K
THH dDIL, €32 ) HRNICHBIT 2/hE 2L RAKRTH 5.

Uy VOB % Fig. 21083, 2oL, vo4 T Budy7) X o TERS Nz E
X (Ponikarov, 1963) %L L72dDTH 5. 1—7 57 AMH O b 0% & v A IE
EAERW, ZD0bH-T, WHEKE» RV IEHTH L. HAHRT 51— 7 7 7 AHOM R,
ELWTHRIZREA R L 5 BROMEE A5 S s Bk, 2009). 21— 7 77 AMIZEERAIC
BB T2 DR L, 6—10km WEOMARFIHE 2 W L7z (Fig.2). Z O P, HAEDWE,

() LEE, =HH# (U3 H#oEE228m) BLOKE 2% 5O THET 5 RN
Beln (B 230m) X DMEcE NS, BEEIFOT NV - H—H 2 - TV—T U bR LRI
LTwa., wEMERETE, dik U =7 7T AWMOEE KM LR REEDEATD
L. MAEFHEOBICFVR) L) ICREMN T TOABROBEENRET 5. REVEEOESIZB X
Z250m TH U, %uﬁ‘%%ﬁ%:ﬁﬁ%@@@ﬁ#k X2 30m oE S, REMELEA 513 50m @
W TEEZND (Platel-a).

BN D THAE L 727 F AdliEd, WEERUBERAICHETWL, TOBRBTELZHFE=RL
OFEIEZIE, KEOHIEE GEMIBTIIAHE B TR »HERL72 (Brew et al, 2001a).
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Fig. 2 1213 5 AT O KIIATR SN TV B D, wHEONKINIERELELBATE L o7 L
Mo T I TRZENDASD 4 FEFFOKINZDOWTRLART 5.

(1) 7+ Fo L7 (Al Treb) Xili

Yy a) BHodbEmA 58 X2 10km B A - 72825 400m OMEICH D, DMEVEDO L HICH
Z % (Plate 1-b). WRICEBEEOZREBEAEIBISE SN, BAE LHIIZLILETH 5205, Fie
THECIIARIRE B & BCIRE B A 2 2 NIZE L, FELILETH S CEHIZA, 2008). #HEEF—iT 1X)E
WA IS DI, KA DILEA ) IZHERRTE v,

(2) E2€7—1FE7 (Zenobia-Halabiye) KIlI

BHROKINERL—T7 57 AMOEBRRIZL > T220IMRIZGHE TS, €/ ET—NFE
7 RIS HUZAE 5 230m DO RARN B LA 58 50m OFE E 0 %7 L, #& EEB 20m [E O LR A EE D
THOKFLHEZFABERBEE->Tw5b (Plate 1-c,d). #HAEE EIIEZILE T, IWEHB TS HE
(Block field) JIRIZEET 5 (Plate l-e).

(3) A2+ HNVE (Mankhar Gharbi) XIlI

R 250m O FJE A S 100m (3 EZ oK (Plate 1-). 2 — YRz EZ S 5, IIkFIIC
KIT (Plate 1-g) & b2, HHIZA (2008) OBILIC XL, MKAHXT THES, NATATES
DIFH, T7BAXL—1F, TZVFA—=bREOKUBEND»E L 2505, KIUBEWIZIZT v —
N EORBEAR B E TN, IMEROMRICH o> TREICHER LT3 (Plate 1-h). $72, HERKA&A
K7y 720 LTWA, LLEOKEIS, A - VIR KIERE (Pyroclastic cone) DT RE
HAd 5.

(4) A2+ % )V¥F (Mankhar Sharqi) Kili

Ao AV ekilE LBk E A EZRT (Plate 14). B2 5 < WKINEAHRFTHZ L COEH L
72THHI. BB, AN AL AN TRV FWKINOREE A7 11E, XRAERS L XRE
HRIBEEI AL L 545 LT b, MRS EEHERED I BEDO N T THIRTIRAWFETH 5
A5, WREEMENTIC L > CTORT2EIICI LTSNS REH, 2007).

4. BRAEH

ZNENORIUDPSBEOLRGE G2 HREL, #h 2 /ER L TROGEBEEBIE M L2, 2hb
OHRPHMRKRN 2 E Y 2) WHREAR L, HEBERFEOLOIZY) THIONT v~ - Ty va -
¥ % ~<— (Harrat Ash Shamah) & 1 {UFHZDWT, ZNSORFEMEEOE (Tablel) & RIGH
W EH (Plate2) %/R7.

Yo g ELRAEES S HBORENTHREICEUTORERETH L. Thbb, BHEIEH
HZRPEIRMAERZ R L, MW IE~ASAA (Olivine) 23EBT % (Plate 2-a,b,c). HEHHEA

(Clinopyroxene) B2 D TNILEI D EEDL LW D EDH S, ARITHAERD 5V IiTk KD
MG ST ARIRSHESA  (Plagioclase), 22A B AH, ANEWHEEEYW (Opaque minerals) X 0 72 5.
B B9 & B10 DA T AHTH B, F72, B B7 & B11 (Plate 2-¢) 121341 (nepheline)
PEMT L. BFNRE2OD L0 8HBRIAZBOT VA DPALAALZRECET 5. &b,
Table 1 T &A% 3B OLADHRER DKL THIX S L2 DTH 5.

DML7eNTy b Ty va V- ERREBI3RE TR THY, MlkiE LI 4 Mk
W (Plate 2-d). SRR EE OZLREEFLETH 5.
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Table 1. Optical properties of late Cenozoic basaltic rocks in Syria.

Sample No. B-2
Texture: Porphyritic

Locality: Al Treb, summit

Rock type:

Basanite lava

Phenocrystic minerals: Olivine, Cpx* Grain size: ~1.5 mm
Groundmass minerals: Cpx, Plag** Olivine, Opaque™**

Sample No. B-3 Locality: Al Treb, summit Rock type: Basanite lava
Texture: Porphyritic
Phenocrystic minerals: Olivine, Cpx Grain size: ~2.2 mm
Groundmass minerals: Cpx, Plag, Olivine, Opaque

Sample No. B-4 Locality: Zenobia Halabiye, summit Rock type: Basanite lava
Texture: Vesicular
Phenocrystic mineral: Olivine Grain size: ~2.0 mm
Groundmass minerals: Cpx, Plag, Olivine, Opaque

Sample No. B-6 Locality: Zenobia Halabiye, foot Rock type: Basanite lava
Texture: Coarse-grained
Phenocrystic minerals: Olivine, Cpx Grain size: ~2.0 mm
Groundmass minerals: Cpx, Plag, Olivine, Opaque

Sample No. B-7 Locality: Mankhar Gharbi, foot Rock type: Foidite lava
Texture: Porphyritic
Phenocrystic minerals: Cpx, Olivine Grain size: ~3.5 mm
Groundmass minerals: Cpx, Plag, , Nepheline, Olivine, Opaque

Sample No. B-9 Locality: Mankhar Gharbi, foot Rock type: Foidite scoria
Texture: Scoria
Phenocrystic mineral: Olivine Grain size: ~1.8 mm
Groundmass minerals: Glassy

Sample No. B-10 Locality: Mankhar Gharbi, base Rock type: Basanite lava
Texture: Vesicular
Phenocrystic minerals: Olivine, Cpx Grain size: ~1.3 mm
Groundmass minerals: Glass, Cpx, Olivine

Sample No. B-11 Locality: Mankhar Sharqi, foot Rock type: Foidite lava
Texture: Vesicular
Phenocrystic mineral: Olivine, Nepheline Grain size: ~2.0 mm
Groundmass minerals: Cpx, Olivine, Nepheline, Opaque

Sample No. B-13 Locality: Harrat Ash Shamah Rock type: Basalt lava
Texture: Coarse-grained
Phenocrystic mineral: Plag Grain size: ~4.0 mm

Groundmass minerals:

Plag, Cpx, Olivine, Opaque

*Clinopyroxene **Plagioclase ***Opaque minerals

TREREB2 (7 by L7k, B4 (E2ET7—SE 7KL, B7 (X -
(#) 5 L HU AR A AR 22 12 K-Ar 25 I E 2 K L 72,
TV - b L 7KINE 272 T 4ERT, €2 ET7—F 7 KILIE 260 J54ERT, FLT

i) o 3 izonT,
DTEBIZRLT:.
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AU IVEKINE 138 TAERTDOERZRT T &b o 7.
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W ERIND A E ARG LA RN TH 5.
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Table 2. Major and trace elements content, Sr isotopic ratio and K-Ar radiometric age of late Cenozoic basaltic rocks in

Syria.
Sample No. B-2 B-3 B-4 B-6 B-7 B-9 B-10 B-11 B-13
Massive | Massive | Vesicular | Massive | Massive Foidite Vesicular | Vesicular | Massive
Rock type basanite | basanite | basanite | basanite foidite - basanite foidite basalt
lava lava lava lava lava scoria lava lava lava
. Zenobia- | Zenobia- | Mankhar | Mankhar | Mankhar | Mankhar Harrat
Locality | Al'Treb | AlTreb | fglabiye | Halabiye | Gharbi | Gharbi | Gharbi | Shargi | gAish.
(wt. %)
Si0, 43.32 43.45 42.90 42.62 39.40 39.33 41.58 39.46 50.15
TiO, 3.12 3.13 3.52 3.18 3.18 3.28 2.92 3.53 2.15
Al,O4 11.93 12.07 11.79 11.71 9.80 10.13 10.93 10.63 16.67
Fe,05* 14.34 14.31 14.59 15.11 13.09 14.17 13.59 15.13 12.33
MnO 0.17 0.17 0.18 0.18 0.17 0.19 0.18 0.18 0.17
MgO 10.86 10.60 10.69 10.05 14.76 13.88 13.12 11.78 5.12
CaO 10.14 10.23 9.77 10.17 10.99 11.19 10.86 10.90 9.32
Na,0 3.36 3.46 3.17 3.51 4.09 3.93 3.82 4.98 3.66
K,0 1.14 1.18 1.30 1.04 1.46 1.77 1.45 1.39 1.09
P,05 0.56 0.58 0.58 0.72 0.99 1.03 0.78 1.07 0.31
Total 98.94 99.18 98.49 98.29 97.93 98.90 99.23 99.05 100.98
(ppm)
Sc** 19.3 20.3 20.2 18.4 20.1 19.8 20.6 19.1
A% 563 575 654 583 539 584 523 644 341
Cr** 806 569 417 347 744 541 548 295 | Cr 181
Co** 65.3 65.2 67.6 58.5 75.9 70.1 68.2 67.2 | Co 39
Ni 428 416 349 314 375 375 365 224 57
Cu 71 56 59 70 25 51 53 55 24
7n 109 110 115 129 113 118 111 138 97
Rb 12 12 11 9 11 15 13 12 14
Sr 804 806 876 1055 1019 1129 895 1078 427
Y 20 21 20 22 24 26 24 28 28
Zr 209 212 236 260 282 314 243 366 167
Nb 34 37 36 42 60 70 58 76 23
Mo 5.1 5.3 4.3 4.8 4.9 5.5 5.0 4.1
Ba 245 223 224 247 377 400 362 298 261
La** 25.2 28.1 27.3 32.8 53.5 55.1 41.5 59.4
Ce** 60.2 60.4 61.8 69.0 110 112 83.4 129
Sm#* 6.03 6.19 5.84 7.69 10.3 10.1 8.04 11.8
Eu** 2.10 2.26 2.32 2.52 3.36 3.50 2.76 3.95
Yh## 1.3 1.3 1.2 1.2 14 14 14 1.5
Lu** 0.18 0.17 0.17 0.16 0.20 0.20 0.17 0.22
Hf** 4.1 4.0 4.7 4.7 5.9 6.2 4.8 7.7
Ta** 2.5 2.6 3.0 2.8 4.3 4.7 3.8 5.4
Pb 4 5 4 5 4 6 5 5 3
Th** 3.1 3.1 2.6 3.1 5.4 5.7 4.2 64 |Th 2
U 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3
K-Ar age (Ma) | 2.72+0.09 2.60+0.08 1.38+0.08
87Sr/%6Sr+20,, | 0.70348+2 | 0.70348+2 | 0.70387+2 | 0.70380+3 | 0.70314x2 | 0.70311x2 | 0.70322+2 | 0.70313=2
Mg# 0.65 0.65 0.64 0.62 0.74 0.71 0.71 0.66 0.51

*Total Fe as Fey,O3. Mg# = molar Mg/(Mg + Fe?*) assuming molar Fe?*/(Fe?* + Fe3*) = 0.8.
**Neutron activation analysis (INAA)
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(2) %% (Table 2)

°® Mankhar Gharbi
- > i N = A + Mankhar Sharqi
B-13 B 4t cjil Si0; & A it 274 < Na:0 Na;O+K20 (wt%) B Zenobia-Halabiye
KO GHEDRRBVWT VAV ZRATHAZ & ok A AlTreb
PHETH 5. ZRaEahanmBHEODED O Harrat Ash Shamah
T 5 Le Bas et al, (1986) O¥ A Y7 T A
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Gfime 7y b5 5L (Fig3), A /- 9& Tephrite
. 6 —
HNVEE RN Y X VEELRER T + 4 s | Trachy:
. .. s - - s 6 3
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WO RREMEE L ELO TR TH 5. # Fig. 3. Classification of late Cenozoic basaltic rocks in Syria,
%ﬁ?ﬁ??fﬂ)ﬂﬁ Y SrfA 1i17-|§ﬂj 2ol %%\30) rh base.)d on total alka%li-silica diagram (Le Basetal., 1986).
Optical and chemical properties of the basalt samples
TN . No.1,5,8 and 12 are not shown in Tables 1 and 2.
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Fig. 4. Variations of selected major elements vs. MgO of late

Cenozoic basaltic rocks in Syria.

150 Zn 140 — Ce
L]
[ ] . ®
1201~ ° 100}
[
- ° °
o [ ]
90 60
0 | | | e loa W | |
o Y Sm
o °
[ ]
20— A n 0l ° o
s
lo I | IS |4 w I —
Nb . 4 Eu
L]
° [ ]
50 3
A . L
A E [ ]
o AN
3 | | ] 2 A | J
La ° 7 Th o
° [ ]
[ ]
401~ ° 4
n -~ .'
A nm
N o
20 1 1 ) ! | | |
100 200 300 400 100 200 300 400

Zr

® Mankhar Gharbi & Mankhar Sharai Bl Zenohia-Halabive

Zr

ppn

A AlTreb O Harrat Ash Shamah

Fig. 5. Variations of selected trace elements vs. Zr of late Cenozoic
basaltic rocks in Syria.

28—



FEHARHIEMgO GFEE, WMETELELIX Zr ARt WO 2R IEF2IZAOMHBEZRT GUBEHEL
PRV DHRTELOTHERITELRVD) OBV O0hHb. O LiE, TITHITLAEX
REVH—-O7RETH Y, A2 EofbFMEoEniE, v 7~03uRas LThe - BT
LMBETOMEMOENE XKML TV, LHRTX 5.

Lease and Abdel-Rahman (2008) X, Z—7 5 7 ATV OZRE 17 BDOILFEGHTIZH & DWT
VHOLRET OB NE@w L7, 2L T, 7 vOLFNE LS LR (Ocenanic Island
Basalt) ®bDIZiivE Lz, 4B, MEEIRAELH LX) XA ET7 7 & KHE 12 b %@
WCHENT 2. ShaAEELozERIE, F7uAETHOHE=RLICBIT2EHIC L ) EFoHnH
MHE), ZNCH->TT VA ) ZREEOR 7B LEAL, 2—T 57X - 79—V I L
7z, &# z7-. ¥72, Lustrino and Sharkov (2006) 1%, ¥V 7EN®ILE D HERE L7z 25 O TR
FHOLEGHTIZH EDOWT, ZNOHORN %5 Uz, MU b B S o KRG @~ 7
XTHY, FREETLOLERIE, HiERNS A7+ —2WBOEHICLY, BETO7E /A7«
TS, SEIELBEOISREE, ARk SER, B EE0a Yy IA—Ta v ERT, A
P LSRR O LR EVE L8 L.

WERLDOEEDS, ThUESZ7<BEHEBHCOWTHREZMA S Z LI LRV, 22 TOMEH
R, RIORL7 2 oMM & FEIZL TV,

B

ELERFORBRZELIZICIE, K70y =7 MIBFVW22E, HMERETL L HIHTRES
MEHIZ o 72, U 7 E LW T RE ® Bassam Jamous i+, Michel Al Maqdissi i+, Anas Al
Khabour 4z, ZWHHEWEET - 7 v A 1HWEE O Mohamad Sarhan £, WF%EH® Ayham Al Fahry
K, Ibrahem Khalil )X, Nawras Mohamad X, Ahmed Sultan [X, 7% 5 WNZ% < O3 7 & G
ITBERE O ZW )T 8 MOBIMH A 2 i ) %% S FRFICEITTE 2. AHERFOHMKE, EH M
RICEZEBOBEMEBIENEAER 2R L T2 &, FR¥EREAO R —IRICIZEA 08
X#otrz B L7z, 2k, BIHHFARIIUFEMEREEPSMLCEBINIZLOTHS. Uk
DAL E DAL LS 5. A5, SR AARHATFEE - K SURm e - R [BREE
WRE, B, MCERMEIZD EOK =7 5 7 AP OBREZEL ] (No.17063005, 2005
—2009) ORI LY BTSN

SEH

HRE R (1994) FFVIL - 32T Y FVY =V AOFE. FRE A= 2 — 2, 30, 1-3.

Brew, G., Barazangi, M., Al-Maleh, A.K. and Sawaf, T. (2001a) Tectonic and geologic evolution of Syria.
GeoArabia, 6, 573-616.

Brew, G., Lupa, J., Barazangi, M., Sawaf, T., Al-Imam, A. and Zaza, T. (2001b) Structure and tectonic devel-
opment of the Ghab basin and the Dead Sea fault system, Syria. J. Geol. Soc. London, 158, 665-674.

Brew, G., Best, J., Barazangi, M. and Sawaf, T. (2003) Tectonic evolution of the NE Palmyride mountain
belt, Syria: the Bishri crustal block. J. Geol. Soc. London, 160, 677-685.

Girdler, R.W. and Southeren, T.C. (1987) Structure and evolution of the northern Red Sea. Nature, 330,
716-721.

BANERE (2007) x50 - €22 ) FBIZB0T 288504 & Z OVl ORERNE R —H— KRB 2 h
DC—. [ A REBEAEZ O Newsletter, No.6, 10-17.

ATl (2009) €22V ILROFHF KIS, [ 2258l DEE ] Newsletter, No.16, 6-9.

—029__



Hoshino, M., Tanaka, T., Nakamura, T., Yoshida, H., Saito, T., Tsukada, K., Katsurada, Y., Aoki, Y. and Oho,
S. (2010) Geological and chronological study in the Bishri region. AL-RAFIDAN, Special Issue 2010, 9-19.

PR - ACKIEE - PERkEZ (2008) #— % 4 « 7OV - 7 VU@BEEIZ BT 5 BRI AEBORA —55 Xk
Y2 ) BMHREAEL ) —. [L2AREBEESZOEE] Newsletter, No.11, 3-6.

i (2007) €2 2V litdbiBs L 02— 7 7 7 A i E A O W E BB ¢ ASTER Mif§12 X 2 3 B4t
& 2007 FEEBIHERA O HER. [ 2 RTEL SO ] Newsletter, No.8, 1-4.

APNEE (2007) FFRE D O WK HBEORR. [ 2 REBEALZ DI Newsletter, No.6, 18-23.

Krienitz, M.-S., Haase, K.M., Mezger, K., Eckardt, V. and Shaikh-Mashail, M.A. (2006) Magma genesis and
crustal contamination of continental intraplate lavas in northwestern Syria. Contrib. Mineral. Petrol.,
151, 698-716.

Krienitz, M.-S., Haase, K.M., Mezger, K. and Shaikh-Mashail, M.A. (2007) Magma genesis and mantle
dynamics at the Harrat Ash Shamah volcanic field (Southern Syria). JJ. Petrology, 48, 1513-1542.

Lease, N.A. and Abdel-Rahman, A.-F.M. (2008) The Euphrates volcanic field, northeastern Syria: petrogenesis
of Cenozoic basanites and alkali basalts. Geol. Mag., 145, 685-701.

Le Bas, M.J, Le Maitre, R.W., Streckeisen, A. and Zanettin, B. (1986) A chemical classification of volcanic
rocks based on the total alkali-silica diagram. ¢J. Petrology., 27, 745-750.

Litak, R.K., Barazangi, M., Beauchamp, W., Seber, D., Brew, G., Sawaf, T. and Al-Youssef, W. (1997) Mesozoic-
Cenozoic evolution of the intraplate Euphrates fault system, Syria: implications for regional tectonics. <J.
Geol. Soc. London, 154, 653-666.

Lustrino, M. and Sharkov, E. (2006) Neogene volcanic activity of western Syria and its relationship with
Arabian plate kinematics. J. Geodynamics, 42, 115-139.

Mouty, M., Delaloye, M., Fontignie, D., Piskin, O. and Wagner, J.J. (1992) The volcanic activity in Syria and
Lebanon between Jurassic and Actual. Schweizrische Mineralogische Petrographische Mitteilungen, 72,
91-105.

ARk - BEPORHE - P B - 3 - A R - WHIEA - HEHEA - RENIEEE - KEAET (2009) ¥
)T DL—7 55 A% % Tell Ghanem al-Ali EBFFHAR D CHER. [ 2 REEIZ DT
Newsletter, No.16, 16-21.

Nakamura, T. (2010) The Early Bronze Age chronology based on *C ages of charcoal remains from Tell
Ghanem al-Ali. AL-RAFIDAN, Special Issue 2010, 119-130.

KEWE (2005) BEWIEEFEILZWT VT EDHS. [ L2 REEHEZOWM] Newsletter, No.1, 1-2.

Pearce, J.A., Bender, J.F., De Long, S.E., Kidd, W.S.F., Low, P.J., Giiner, Y., Saroglu, F., Yilmaz, Y., Moorbath,
S. and Mitchell, J.G. (1990) Genesis of collision volcanism in Eastern Anatolia, Turkey. /. Volcano. Geo-
thermal Research, 44, 189-229.

Ponikarov, V. (1963) Geological Map of Syria I-37-XXI. Ministry of Industry, S.A.R., 1963.

g B (2009) Tell Ghanem al-Ali BBIZHET A . [ AR S DK | Newsletter, No.16,
10-15.

Sawaf, T., Al-Saad, D., Gebran, A., Barazangi, M., Best, J.A. and Chaimov, T.A. (1993) Stratigraphy and
structure of eastern Syria across the Euphrates depression. Tectonophysics, 220, 267-281.

SeHE 2 - mr W - w o OHEAR - AT - B RE - AR sk - TR IE S - BREE Y - AR BRIE - PHEEER
F - /hNE A (2001) BEBRKFETAV F—TRAEL VS —ICRE SNy MEHBNE - TS AT 212X
B W O VE T BT TR & SR EE. Al R R RS, No.17, 15-32.

He Wl (2009) 7V - F—F A7V OLEFE Y2 Al HliEhe P — KRBT 2 v 7 133 o R
H. [ 2R Z O] Newsletter, No.15, 7-9.

Tobias, PV. (1966) Fossil Hominid remains from Ubeidiya, Israel. Nature, 211, 130-133.

WHIFIGA - BEPOGHE - AR 3% - fEHShA - S HIE— - 1 W - AR (2008) TV - A—F L TN T
) EHEEOME. [& o RSO | Newsletter, No.12, 1-6.

HHZE— (2009) ¥V TEREOHTKE “2—7F 7 Z/ME” ORRER. [ 2 REBEHEZDOME] Newsletter,
No.15, 10-13.

(2010 4£ 10 A 13 H=2fF, 12 H 23 H#)



Plate 1. (a): Unending stretch of cliffs (c. 50m high) of the Bishri Plateau, a distant view. Tell Ghanem al-Ali is near side. (b):
Al Treb volcano (c. 30m high), a distant view. (c): Zenobia-Halabiye lava plateau (c. 50m high) and Euphrates River.
(d): Zenobia-Halabiye plateau viewed from the west. (e): Basalt block field on the hillside of Zenobia-Halabiye. (f):
Mankhar Gharbi volcano (c. 100m high), a distant view. (g): Mankhar Gharbi crater. (h): Mankhar Gharbi volcano
is rimmed with vast amount of pyroclastics. (i): Mankhar Sharqi volcano is also rimmed with vast amount of
pyroclastics.
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One nicol « » Crossed nicols

Plate 2. Photomicrographs of the basaltic rocks. (a): Sample B-2, (b): Sample B-4, (¢): Sample B-11, (d): Sample B-13. Left
row: one nicol, right row: crossed nicols. Scale bar: 0.2mm.
Highly birefringent phenocrystic minerals are olivine in photographs (a), (b) and (c). Nepheline crystal with greyish
interference colour is shown at the centre of the photograph (c). Lath-shaped plagioclase crystal predominates as
phenocrystic and groundmass minerals in photograph (d).
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