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Geochemistry and Petrogenesis of Pillow Lavas and Sheeted
Dikes of Kamyaran Ophiolite Complex (NW Iran)
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Abstract

The Kamyaran ophiolites, with the age of Late Cretaceous, are a part of the Iranian Mesozoic
ophiolites, which are exposed in the SW of Zagros Main Thrust fault. This massif is bordered at the
NE by the Sanandaj-Sirjan metamorphic rocks and at the SW by the Bisotun limestones and
Kermanshah radiolarites and then by the Zagros Fold-Thrust Belt. The Kamyaran ophiolite is made of

the mantle and crustal sequences. The crustal sequence is distinguished by pillow lavas, sheeted dike
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complex, and lava flows. The positive LILE anomalies with HFSE depletion confirm their arc-related
affinity. The geochemistry signatures of sheeted dikes show that these rocks have two different

patterns. The REE pattern in some of the sheeted dikes, pillow and flow lava samples show patterns
similar to the trends of these elements in the E-MORB. The positive LREE and LILE anomalies with
the depletions of the HFSE suggest the calc-alkalic tendency and subduction-related affinity for these
rocks, however, dacitic dikes with the flat REE pattern, LILE enrichment, and HFSE depletions have
the Island-arc tholeiites affinity. The similarity of element ratios in all the samples may suggest that

these rocks have the same magma source, and the tectonic environment of the ophiolitic rocks can be
correlated with the intraoceanic subduction environment.

Keywords: Kamyaran ophiolite, pillow lavas, sheeted dikes, island-arc tholeiites, calc-alkaline affinity.
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Table 1. Results of whole-rock chemical analysis of volcanic rock from Kamyaran ophiolite by the
methods of ICP-MS and ICP-AES
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Figure 1. Geological map of Kamyaran ophiolite with changes from 1: 25000000 geological map of
Kermanshah (Aghanabati, 1978). The study area is marked by dotted frame.
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Figure 2. Field images of pillow and flow basalts along the village of Kharra and Sartakht, a) Pillow
lavas covered with flow basalt, b) Plagiogranite veins in basalts, c) Infiltration of felsic dykes into mafic
dykes, d) Plagiogranite lens inside sheeted dykes.
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Figure 3. a) Sequence of pillow lavas on turbidite/tuffs and sandstone/lavas in the shotormel village
route, b) pelagic limestone between pillow lavas, stratigraphy column of sheeted dykes in the west of
Kharra village, in the image, the infiltration of repeated dykes is well visible, ¢) Sequence of rock units
near Siah Pareh village, in this area, the volcanic sequence has a considerable width and thickness and is
composed of pillow lava and basaltic flows.
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Figure 4. Images of microscopic thin sections of pillow lavas (a, b & ¢), flow basalts (d), andesitic basalts
(e), andesitic dykes (f), diabase dykes (g & h) and microdiorite dykes (i) crustal sequence of Kamyaran
ophiolite, a) Calcite-filled cams in a field of columnar and elongated plagioclase crystals and opaque
minerals, b) The long columnar phenocrysts of plagioclase are altered, between which they are filled with
opaque and pyroxene minerals, c) Porphyry texture with glass microlithic matrix, d) Pseudomorphic
clinopyroxene phenocrysts in the field of pyroxenes, altered microcrystalline plagioclase and oriented
opaque minerals (porphyry texture with flowing microlithic matrix), Microcrystallization and formation
of porphyric texture with intergranular matrix, large plagioclase crystals are fractured due to the applied
stress, g) Susoritic plagioclase phenocrysts and epidotes due to plagioclase alteration, formation of
intergranular texture in diabase dykes, h) Pseudomorphic plagioclase crystal with reaction margin, with
inclusions of pyroxene in microcrystalline matrix (porphyry texture with glass microlithic matrix) in
microdiorite dyke. All pictures are taken in XPL light. Plg: plagioclase, Cpx: clinopyroxene, Ca: calcite.
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Figure 5. Chemical classification and determination of magmatic series of Kamyaran ophiolite crustal
rocks. a) Chart of Na20 + K20 versus SiO2 (Le Bas et al., 1986), b) Nb/Y diagram versus Zr/TiO2
(Winchester & Floyd, 1977), ¢) AFM ternary diagram (lrvine & Baragar, 1971), d) Th vs. Co diagram
(Hastite et al., 2007).
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Figure 6. Diagram of rare earth elements normalized to chondrite (Boynton, 1984) and multi-element
diagram normalized to N-MORB (Sun and Mc Donough, 1989), respectively, for Kamyaran ophiolite

crustal sequence samples, a & b) Pillow lavas, ¢ & d) Andesitic and basaltic flow lavas, e & f) Diabase
dykes, g & h) Sheeted dykes.
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Kermanshah ophiolite in Kamyaran region (Moradpour, 2017). With a little change.



ole> e psle VEe e bl g ke o) Byles Y ul> VFY
(o3)ls> oS85 psle 4 59)
oK Lide 4868 Lol casien Sl Jlid cov g o5 Glael o Slsd atigs iduogd amas iy slacKin
SlaKin ( S0l polic jo Jood s sladiges .aloods ciduogd Hls (5 s HLid g Gles )0 JIIT SIS
el Bl Jgo5 Clie Sy aiasylas g 009 adsl Ol (oS 5 oales Ll (oS 5 a5 s glasdl 8
61,5 il b suijle LSl yog Live v p s Wi o boaiges plad o (s paic slacuns alas
Bogame ,0 (Lidu w9d S ko 45 0gd o 3510 LeghS FO B OO Ges Lo Ko 098 e sl ol Cawsay
L3l Adgo S5l pt5n LalS Slgudl oS el T 51 (Sl olearigss b ool sl Sl ) A
O ALaSd ol 418 T S s egilidl iz 0 4 el 00y ugiliBlo )8 JEDH 55 40 ek LS
5 Ol gt Ssh 05 & etinh (ils,8 g @ e o SLl anliyS e ol (il 8 5 et atey
S5 S g on 5 Sl o Leals” Sl jo ()T dly SlaSin g ugd Cuy Gugd Adg> (555 IS
S5y ely9,8 18 aigy o 0 S ety 4 bletie slacils adg> o 8 slaio Sl 5 2L slaojlos
el o0ls
&L

1. Agard P., Omrani J., Jolivet, L. and Mouthereau F., "Convergence history across Zagros
(Iran): constraints from collisional and earlier deformation", International journal of
earth sciences, 94 (3) (2005) 401-419.

2. Aghanabati, A., "Geological Maps of Kermanshah Quadrangle, Scale, 1: 250000",
Geological Survey of Iran, Tehran (1978).

3. Aldanmaz, E., Pearce, J. A., Thirlwall, M. F. Mitchell J. G., "Petrogenetic evolution of
late Cenozoic, post-collision volcanism in western Anatolia, Turkey", Journal of
Volcanology Geothermal Research 102 (2000) 67-95.

4. Allahyari K., Saccani E., Rahimzadeh B., Zeda O., "Mineral chemistry and petrology of
highly magnesian ultramafic cumulates from the Sarve-Abad (Sawlava) ophiolites
(Kurdistan, NW Iran): new evidence for boninitic magmatism in intra-oceanic fore-arc
setting in the Neo-Tethys between Arabia and Iran", Journal of Asian Earth Sciences,
79 (2014) 312-328.

5. Allahyari K., Saccani E., Pourmoafi M., Beccaluva L., Masoudi F., "petrology of
mantle peridotites and intrusive mafic rocks from the Kermanshah ophiolitic complex
(Zagros belt, Iran): implications for the geodynamic evolution of the Neo-Tethyan
oceanic branch between Arabia and Iran", Ofioliti, 35 (2) (2010) 71-90.

6. Ao, S., Xiao, W., Khalatbari Jafari, M., Talebian, M., Chen, L., Wan, B., Ji, W., Zhang,
Zh., "U-PDb zircon ages, field geology and geochemistry of the Kermanshah ophiolite
(Iran): From continental rifting at 79 Ma to oceanic core complex at ca., 36 Ma in the
southern Neo-Tethys", Gondwana Research, 31 (2015) 305-318.

7. Aswad, J. A., Sarmad, A., Al.Sheraefy, R. M., Nutman, A. P., Buckman, B., Jones, B.
G., Jourdan, F., "40Ar/39Ar hornblende and biotite geochronology of the Bulfat



\FY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(Ol o Jod) OlolS odsedl asgorma slamio Syls 5 ol slaolus 55585 5 sondsis

Igneous Complex, Zagros Suture Zone", NE Irag: New insights on complexities of
Paleogene arc magmatism during closure of the Neotethys Ocean. Lithos, (2016) 266-
267, 406-413.

Aswad K.J., Aziz N.R. and Koyi H.A., "Cr-spinel compositions in serpentinites and
their implications for the petrotectonic history of the Zagros Suture Zone, Kurdistan
Region, Iraq", Geological Magazine, 148 (5-6) (2011) 802-818.

Azizi, H., and Asahara, Y. "Juvenile granite in the Sanandaj—Sirjan Zone, NW Iran:
Late Jurassic-Early Cretaceous arc-continent collision”, Int. Geol. Rev., 55 (2013)
1523-1540.

Azizi H., Tanaka T., Asahara Y., Chung S.L. and Zarrinkoub M.H., "Discrimination of
the age and tectonic setting for magmatic rocks along the Zagros thrust zone, northwest
Iran, using the zircon U-Pb age and Sr-Nd isotopes", Journal of Geodynamics, 52
(2011) 304-320.

Babaie, H. A., Ghazi, M. A., Babaei, A., la Tour, T. E., Hassanipak, H. H.,
"Geochemistry of arc volcanic rocks of the Zagros Crush zone, Nyriz, Iran", J. Asian
Earth Sci.19 (2001) 61-76.

Baier, J., Aude’tat, A. Keppler, H., "The origin of the negative niobium-tantalum
anomaly in subduction zone magmas", Earth and Planetary Science Letters 267 (2008)
290-300.

Berberian, M. and King, G., "Towards a paleogeography and tectonic evolution of
Iran", Canadian Journal of Earth Sciences 18 (2) (1981) 210-265.

Bonev, N., Stampfli, G., "Gabbro, plagiogranite and associated dykes in the supra-
subduction zone Evros ophiolites”, NE Greece. Geological Magazine, 146 (2009) 72-
91.

Boynton, W. V., "Cosmochemistry of the rare earth elements: meteorite studies. In:
Henderson, P. (Ed.), Rare Earth Element Geochemistry", Elsevier, Amsterdam, 522,
(1984) 63-114.

Braud J., "La suture du Zagros au niveau de Kermanshah (Kurdistan Iranien):
reconstitution pale’oge’ographique, e’volution ge odynamique, magmatique et
structurale", The’se, Universite” Paris-Sud, (1987) 489.

Braud J., "Geological map of Kermanshah 1/250.000 scale", Geological survey of Iran,
(1978).

Braud, J., "Les formations du Zagros dans la region de Kermanshah (Iran)", et leurs
rapports structuraux Imp. Jouve (1970).

Class, C., Miller, D. M., Goldstein, S. L. and Langmuir, C. H., "Distinguishing melt and
fluid subduction components in Umnak volcanics, Aleutian Arc", Geochemistry
Geophysics Geosystems 1 (6) (2000). 10.1029/1999GC000010.


https://www.sciencedirect.com/science/journal/00244937/266/supp/C
https://www.sciencedirect.com/science/journal/00244937/266/supp/C

le> e pele VEe o bl gl o) Bl Y al> \Ef

(il ol pole a,29)

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Delaloye M., Desmons J., "Ophiolites and melange terranes in Iran: a geochronological
study and its paleotectonic implications", Tectonophysics, 68 (1-2) (1980) 83-111.
DePaolo D. J. Daley E. E., "Neodymium isotopes in basalts of the southwest basin and
range and lithospheric thinning during continental extension"”, Chemical Geology 169
(2000) 157-185.

Dilek, Y., and Furnes, H., "Ophiolite genesis and global tectonics: geochemical and
tectonic fingerprinting of ancient oceanic lithosphere”, The Geological Society of
America Bulletin 123 (2011) 387-411.

Dilek, Y. and Furnes, H., "Structure and geochemistry of Tethyan ophiolites and their
petrogenesis in subduction rollback systems", Lithos 113 (1-2) (2009) 1-20.

Dilek, Y and Robinson, P. T., "Ophiolites in Earth history: introduction Geological
Society", London, Special publication, 218 (2003) 1-8.

Dilek, Y., "Ophiolite concept and its evolution, in Dilek, Y., Newcomb, S., eds.,
"Ophiolite Concept and the Evolution of Geological Thought", Geological Society of
America Special Paper 373 (2003)1-16.

Caulfield, J. T., Turner, S. P., Dosseto, A., Pearson, N. J. Beier, C., "Source depletion
and extent of melting in the Tongan sub-arc mantle. Earth and Planetary Science
Letters. 273 (2008) 279-288.

Desmons, J., and Beccaluva, L., "Mid- ocean ridge and island- arc affinities in
ophiolites from Iran: palaeographic implications”, complementary reference, Chemical
Geology 39 (1983) 39-63.

Fabien, H., "Les ophiolites de Kermanshah (Iran) Naissance dun arc intra-oceanique
Eocene en fin de subduction de la Neotethys", Memori de stage de Recherche Master 2,
(2005) 57.

Fleche M. R., Camire G. Jenner G. A., "Geochemistry of post-Acadian, Carboniferous
continental intraplate basalts from the Maritimes Basin, Magdalen Islands, Quebec,
Canada", Chemical Geology 148 (1998) 115-136.

Furman, T., "Geochemistry of East African Rift basalts: An overview", Journal of
African Earth Sciences 48 (2007) 147-160.

Geng, H., Sun, M., Yuan, C., Xiao, W.J., Xian, W.S., Zhao, G.C., Zhang, L.F., Wong,
K. Wu F.Y., "Geochemical, Sr—Nd and zircon U-Pb—Hf isotopic studies of Late
Carboniferous magmatism in the West Junggar, Xinjiang: implications for ridge
subduction”, Chemical Geology 266 (3-4) (2009) 364-3809.

Ghazi, J. M., Mozzen, M., Rahgoshay, M., Shafaii Moghadam, H., "Geochemical
characteristics of basaltic rocks from the Nain ophiolite (Central Iran), constraints on
mantle wedge source evolution in an oceanic back arc basin and a geodynamical
model”, Tectonophysics, (2012) 574-575, 92-104.



1FO

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(Ol o Jlod) OlolS odsedl asgorma slamio Syls 5 ol slaouS 55585 5 sondsis

Ghazi A. M., Hassanipak A.A., "Geochemistry of subalkaline and alkaline extrusives
from the Kermanshah ophiolite, Zagros Suture Zone, Western Iran: implications for
Tethyan plate tectonics", Journal of Asian Earth Sciences, 17 (3) (1999) 319-332.

Gill, J.B., "Orogenic Andesites and Plate Tectonics", Springer, Berlin (1981) 390.
Hastie, A. R., Kerr, A. C., Pearce, J. A., Mitchell, S. F., "Classification of altered
volcanic island arc rocks using immobile trace elements: Development of the Th-Co
discrimination diagram", Journal of Petrology, 48 (2007) 2341-2357.

Hawkesworth, C. J., Turner, S. P., McDermott, F., Peate, D. W. and van Calsteren, P.,
"U-Th isotopes in arc magmas: implication for element transfer from subducted crust",
Science Journal 276 (1997) 551-555.

Homke, S., Verges, J., van der Beek, P., Fernandez, M., Saura, E., Barbero, L., Badics,
B., and Labrin, E., "Insights in the exhumation history of the NW Zagros from bedrock
and detrital apatite fission-track analysis: Evidence for a long-lived orogeny", Basin
Research, 22 (2010) 659-680.

Irvine, T. N., Baragar, W. R. A., "A guide to the chemical classification of the common
volcanic rocks", Can. J. Earth Sci., 8 (1971) 523-548.

Kuepouo G., "Transitional tholeiitic basalts in the Tertiary Bana volcano plutonic
Complex", Cameroon Line, Journal of African Earth Sciences 45 (2006) 318-332.

Lin, P. N., Stern, R. J. Bloomer, S. H., "Shoshonitic volcanism in the northern Mariana
arc: 2. Large ion lithophile and rare element abundances: Evidence for the source of
incompatible element enrichments in intra oceanic arcs", J. Geophys. Res. 94 (1989)
497-4514.

Leat, P. T., Pearce, J. A., Barker, P. F., Millar, I. L., Barry, T. L., Larter, R. D., "Magma
genesis and mantle flow at a subducting slab edge: the South Sandwich arc-basin
system, Earth Plenet", Sci. Lett 227 (2004) 17-35.

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

Marchev P., Raicheva R., Downes H., Vaselli O., Chiaradia M., Moritz R.,
"Compositional diversity of Eocene-Oligocene basaltic magmatism in the Eastern
Rhodopes, SE Bulgaria: Implications for genesisand tectonic setting™, Tectonophysics,
393 (2004) 301-328.

Mason, B. and Moore, C. B., "Principles of Geochemistry", Wiley & Sons, New York
(1982).

McQuarrie, N., "Crustal scale geometry of the Zagros fold-thrust belt, Iran™, Journal of
Structural Geology, 26 (2004) 519-535.



3)le> e ple VEe o bl gl o) Bl Y > \E5

(il ol pole a,29)

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Meschede, M., "A method of discriminating between different types of mid-ocean ridge
basalts and continental Tholeiites with the Nb-Zr-Y diagram”, Chem. Geol., 56 (1986)
207-218.

Mohajjel, M., Fergusson, C.L., Sahandi, M.R. "Cretaceous—Tertiary convergence and
continental collision, Sanandaj-Sirjan Zone, western lIran", Journal of Asian Earth
Sciences. 21 (2003) 397-412.

Moinvaziri, H. Azizi, B. Mehrabi. F. lzadi., "Oligocene Magmatism in the Zagros
Thrust Zone (Sahneh- Marivan) Area: Evidences for the second Neotethyan Subduction
Occurrence in the Paleogene", Journal of Science, University of Tehran 34 (2008) 113-
122.

Monnier, C., Girardeau, J., Maury, R, C., Cotton, J., "Back-arc basin origin for the East
Sulawesi ophiolite (eastern Indonesia)", Geology, 23 (1995) 851-854.

Monsef, I., Monsef, R., Mata, J., Zhang, Z., Pirouz, M., Rezaeian, M., Esmaeili, R. and
Xiao, W., "Evidence for an early-MORB to fore-arc evolution within the Zagros suture
zone: Constraints from zircon U-Pb geochronology and geochemistry of the Neyriz
ophiolite (South Iran)", Gondwana Research, 62 (2018) 287-305.

Moradpour, A. "Petrology, geochemistry and tectonic setting of the Songhor, Kamyaran
and Sahneh ophiolitic complex"”, northeast Iran. Phd thesis, University of Lorestan,
Lorestan, Iran (2017) (in Persian with English abstract).

Moradpour, A., Zarei Sahamieh, R., Ahmadi Khalaji, A., and Sarikhani, R., "Textural
records and geochemistry of the Kermanshah mantle peridotites (Iran): implications for
the tectonic evolution of southern Neo-Tethys", Journal of Geosciences, 3 (2017) 165-
186.

Munker C., "The isotope and trace element budget of the Cambrian Devil River arc
system, New Zealand: identification of four source components", Journal of Petrology
41 (2000) 759-788.

Neill, O., "The Transition between spinel peridotite and garnet peridotite, and its use as
a geobarometer”, Con. Min. Pet., 77 (1981) 185-194.

Nouri, F., Azizi, H. and Rashidnejad Omran, N., "Magma signification and
geothermobarometry of Vanako gabbro, southeast Sahneh", using the pyroxene and
plagioclase composition.lranian Journal of Petrology 6 (2015) 131-150 (in Persian).
Pearce, J. A., "Immobile element fingerprinting of ophiolites. Elements”, 10 (2014)
101-108.

Pearce, J. A., Stern, R. J., Bloomer, S. H. Fryer, P., "Geochemical mapping of the
Mariana arc-basin system: implications for the nature and distribution of subduction
components”,  Geochem. Geophys. Geosyst, 6 (2005) QO07006, doi:
10.1029/2004GC000895.


http://www.jgeosci.org/authors/author/1442
http://www.jgeosci.org/authors/author/1443
http://www.jgeosci.org/authors/author/1444
http://www.jgeosci.org/authors/author/1445
http://www.jgeosci.org/issue-62-3

\FY

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

(Il @ Jed) OLLalS’ Sidgedl asgorma slamio Slacsuls 5 (L2l slaojlaS 5359 5 5 (bt

Pearce, J. A. Peate, D. W., "Tectonic implications of the composition of volcanic arc
magmas", Annual Reviews of Earth and Planetary Sciences 23 (1995) 251-285.

Pearce, J. A., Lippard S. J., Roberts S., "Characteristics and tectonic significance of
supra-subduction zone ophiolites. In: Kokelaar, B. P., and Howells, M. F., (eds).
Marginal Basin Geology. Geol. Soc. Spec. Publ. Lond., 16 (1984) 77-94.

Pearce, J. A., "Role of the sub-continental lithosphere in magma genesis at active
continental margins. In: C.J. Hawkesworth, M.J. Norry (Editors.), Continental Basalts
and Mantle Xenoliths", Shiva publishing, Nantwich, (1983) 230-249.

Pearce, J. A. and Norry, M. J., "Petrogenetic Implications of Ti, Zr, Y, and Nb
Variations in Volcanic Rocks", Contributions to Mineralogy and Petrology, 69 (1)
(1979) 33-47.

Pearce, J. A. Cann, J. R., "Tectonic setting of basic volcanic rocks determined using
trace element analyses. Earth and Planetary science", Letters 19 (1973) 290-300.

Peng, T., Wang Y., Zhao G., Fan W. Peng B., "Arc-like volcanic rocks from the
southern Lancangjiang zone, SW China: Geochronological and geochemical constraints
on their petrogenesis and tectonic implication", Lithos 102 (2007) 358-373.

Plank, T., "Constraints from Thorium/Lanthanum on Sediment Recycling at Subduction
Zones and the Evolution of the Continents", J. Petrol, 46 (2005) 921-944.

Prytulak, J. and Elliott, T., "TiO2 enrichment in ocean island basalts", Earth and
Planetary Science Letters, 263 (2007) 388-403.

Rolland, Y., Pécher, A., Picard C., "Middle cretaceous back arc formation and arc
evolution along the Asian margin: the Shyok Suture Zone in northern Ladakh (NW
Himalaya)", Tectonophysics, 325 (2000) 145-173.

Sarkarinejad, K., "Structures and micro structures related to steady state mantle flow in
the Neyriz ophiolite, Iran", Journal of Asian Earth Sciences, 25 (2005) 859-881.
Saccani E., Allahyari K., Rahimzadeh B., "Petrology and geochemistry of mafic
magmatic rocks from the Sarve-Abad ophiolites (Kurdistan region, Iran): evidence for
interaction between MORB-type asthenosphere and OIB-type components in the
southern Neo-Tethys Ocean", Tectonophysics, 621 (2014) 132-147.

Saccani E., Allahyari K., Beccaluva L. and Bianchini G., "Geochemistry and petrology
of the Kermanshah ophiolites (Iran): Implication for the interaction between passive
rifting, oceanic accretion, and OIB-type components in the Southern Neo-Tethys
Ocean", Gondwana Research, 24 (1) (2013) 392-411.

Salisbury, M.J., Bohrson, W.A., Clynne, M.S., Ramos, F.C. and Hoskin, P., "Multiple
plagioclase crystal populations identifed by crystal size distribution and in situ chemical
data: implications for timescales of magma chamber processes associated with the 1915
eruption of Lassen Peak", CA. Journal of Petrology, 49 (2008) 1755-1780.



3 e pele Ve ollg sl o) Bles Vol VA

(355 o805 psle & ,29)

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Saunders, A., and Tarney, J., "Back-arc basins. In: Floyd, P.A. (Ed.), Oceanic Basalt.
Blackie and Sons, Glasgow, U.K, (1991) 219-263.

Shahidi M., Nazari H., "Geological map of Harsin, 1/100.000 scale", Geological survey
of Iran, (1997).

Shafaii-Moghadam, H. and Stern, R. J., "Ophiolites of Iran: Keys to understanding the
tectonic evolution of SW Asia: (II) Mesozoic ophiolites”, Journal of Asian Earth
Sciences 100 (2015) 31-59.

Shafaii Moghadam, H., Corfu, F., and Stern, R. J.,, "U-Pb Zircon ages of Late
Cretaceous Nain-Dehshir ophiolite, Central Iran", J. Geol. Soc. London 170 (2013) 175-
184.

Shafaii Moghadam, H., Stern, R. J., "Geodynamic evolution of Upper Cretaceous
Zagros ophiolites: formation of oceanic lithosphere above a nascent subduction zone",
Geological Magazine 148 (2011) (5-6) 762-801.

Shaw J. E., Baker J. A., Menzies M. A., Thirl wall M. F., Ibrahim K. M., "Petrogenesis
of the largest intraplate volcanic field on the Arabian Plate (Jordan): a mixed
lithosphere-asthenosphere source activated by lithospheric extension", Journal of
Petrology, 44 (2003) 1657-1679.

Shen, P., Pan, H., Seitmuratova, E., Yuan, F. and Jakupova, S.,"A Cambrian intra-
oceanic subduction system in the Bozshakol area, Kazakhstan", Lithos, 224 (2015) 61-
77.

Sommer, C. A., Lima, E. F., Nardi, L. V. S., Liz, J. D. and Waichel, B. L., "The
evolution of Neoproterozoic magmatism in Southernmost Brazil: shoshonitic, high- K
tholeiitic and silica- saturated, sodic alkaline volcanism in post collisional basins",
Anais da Academia Brasileira de Ciencias, 78 (2006) 573-589.

Stacey, C. and Wade, C., "Stratigraphy of the lower Gawler Range Volcanics in the
Roopena area, north-eastern Eyre Peninsula”, Geological Survey of South Australia
(2016). Report Book 2015/00021.

Stern, R. J., Kohut, E. J., Bloomer, S. H., Leybourne, M., Fouch, M. Vervoot, J.,
"Subduction factory processes beneath the Guguan cross-chain, Mariana Arc: no role
for sediments, are serpentinites important”, Contributions to Mineralogy and Petrology,
151 (2006) 202-221.

Sudi Ajirlu, M., Hajialioghli, R. and Moazzen, M., "Mineral chemistry and Tectonic
setting of diabasic dykes of Kamyaran ophiolite complex"”, Western Iran. Iranian
Journal of Crystallography and Mineralogy, 25 (2017) 609-618.

Sun, S. S. and McDonough, W. F., "Chemical and isotopic systematics of oceanic
basalts: implications for mantle composition and process. In: Saunders, A.D., Norry,



YF4

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

(Ol o Jlod) OlolS odsedl asgorma slamio Syls 5 ol slaous 55585 5 sondsis

M.J. (Eds.), Magmatism in the Ocean Basins", Geological Society of London, Special
Publication, 42 (1989) 313-345.

Tepper, J. H., Nelson, B. K., Bergantz, G. W. Irving, A. J., "Petrology of the Chilliwack
batholith, North Cascades, Washington: generation of calc-alkaline granitoids by
melting of mafic lower crust with variable water fugacity", Contributions to Mineralogy
and Petrology, 113 (1993) 333-351.

Tian, L., Castillo, P. R., Hawkins, J. W., Hilton, D. R., Hanan, B. H. Pietruszka, A. J.,
"Major and trace element and Sr-Nd isotope signatures of lavas from the central Lau
Basin: implications for the nature and influence of subduction components in the back-
arc mantle", Journal of VVolcanology and Geothermal Research, 178 (2008) 657-670.
Turner S., Hawkesworth C., Rogers N., Bartlett J., Worthington T., Hergt J., Pearce J.
Smith 1., "#¥U- #*°Th disequilibria, magma petrogenesis and flux rates beneath the
depleted Tonga- Kermadec island arc", Geochimica et Cosmochimica Acta 61 (1997)
4855-4884.

Varekamp J., Hesse A. Mandeville C. "Back-arc basalts from the Loncopue graben
(Province of Neuquen, Argentina)”, Journal of volcanology and geothermal research
197 (1) (2010) 313-328.

Veisinia, A., Ebrahimi, M., Mokhtari, M. A., Ahmadian, J., Azimzadeh, A. M.,
"Mineral chemistry and tectonic setting of mantle peridotites of the Garmab ophiolitic
sequence"”, NE Kamyaran. Kharazmi Journal of Earth Sciences 3 (2018) 241-266.
Vincent S.J., Allen M. B., Ismail-Zadeh A. D., Flecker R., Foland K. A., Simmons
M.D., "Insights from the Talysh of Azerbaijan into the Paleogene evolution of the South
Caspian region", Geological Society of America Bulletin, 117 (11-12) (2005) 1513-
1533.

Whitechurch H., Omrani J., Agard P., Humbert F.,Montigny R., Jolivet L., "Evidence
for Paleocene—Eocene evolution of the foot of the Eurasian margin (Kermanshah
ophiolite, SW Iran) from bacK—Arc to arc: implications for regional geodynamics and
obduction", Lithos, 182-183 (2013) 11-32.

Winchester, J. A. Floyd, P. A., "Geochemical discrimination of different magma and
their differentiation products using immobile elements"”, Chem. Geol., 20 (1977) 325-
343.

Wood, D. A., "The application of a Th-Hf-Ta diagram to problems of tectonomagmatic
classification and to establishing the nature of crustal contamination of basaltic lavas of
the British Tertiary volcanic province", Earth Planet Science Letters 50 (1980) 11-30.
Woodhead, J. D., Hergt, J. M., Davidson, J. P., and Eggins, S. M., "Hafnium isotope
evidence for “conservative” element mobility during subduction zone processes"”, Earth
and Planetary Science Letters, 192 (2001) 331-346.



3 e pele VEee Ol g 5l ) 55leis Y al> V-

(il ol pole a,29)

93.

94.

95.

96.

Wrobel-Daveau J. C., Ringenbach J. C., Tavakoli S., Ruiz G., Masse P., Frizonde
Lamotte D., "Evidence for mantle exhumation along the Arabian margin in the Zagros
(Kermanshah area, Iran)", Arabian Journal of Geosciences", Springer Berlin/
Heidelberg, (2010) 499-513.

Xia, B., Chen, G., Wang, R. and Wang, Q., "Seamount volcanism associated with the
Xigaze ophiolite southern Tibet", Journal of Asian Earth Sciences 32 (5) (2008) 396-
405.

Zhao, J. H., Zhou, M. F., "Geochemistry of Neoproterozoic mafic intrusions in the
Panzhihua district (Sichuan Province, SW China) Implications for subduction-related
metasomatism in the upper mantle", Precambrian Research 152 (2007) 27-47.

Zhengfu, G., Marjorie, W., Maoliang, Z. and Lihong, Z., "Post- collisional, K-rich
mafic magmatism in south Tibet: constraints on Indian slab to wedge transport
processes and plateau uplift”, Contribution to Mineralogy and Petrology 165 (6) (2013)
1311-1340.



10 Vol. 7, No. 1 Kharazmi Journal of Earth Sciences
Spring & Summer 2021

Geochemistry and Petrogenesis of Pillow Lavas and Sheeted
Dikes of Kamyaran Ophiolite Complex (NW Iran)

Asrin Shojaei*, Mohammad Rahgoshay *, Ayoub Veisinia®, Iman Monsef?

1. Department of Mineral Resource and Groundwater, Faculty of Earth Sciences,

Shahid Beheshti University, Tehran, Iran.
2. Department of Earth Sciences, Institute for Advanced Studies in Basic Sciences

(IASBS), Zanjan, Iran.

Extended Abstract
(Paper pages 105-134)

Introduction

Ophiolites of the Zagros orogenic belt are part of the Tethys ophiolites, because of their
geographical locations and link the Middle East ophiolites and other Asian ophiolites (e.g.
Pakistani and Tibetan) to the Mediterranean ophiolites (e.g. Troodos, Greek and East European).
The Kermanshah ophiolitic complex has preserved geodynamic evolution of the southern part of
the Neotethys Ocean between the Arabian shield and the Sanandaj-Sirjan block. The
Kermanshah ophiolite extends as a belt with approximately 230 km length and 30-30 km width
along the Zagros Main Thrust and is part of the Kermanshah-Penjween ophiolitic belt. This
complex consists of two separate zones. The first is Harsin-Sahneh complex. in the southeast
and the second is a volcanic zone which is widely exposed alongside the Noorabad road from
east of Sahneh to north of Kamyaran (Allahyari et al., 2010; Whitechurch et al., 2013).
Kamyaran ophiolite is a part of Kermanshah ophiolite and it is a sign of Neo-Tethys closure and
subsequent collision between Arabian plate and Central Iran micro-plate. The complex consists
of several over thrust sheets composed of Paleocene-Middle Eocene brecciated serpentinites and
lava flows with intercalations of sedimentary rocks (Braud, 1987; Shahidi and Nazari, 1997;
Whitechurch et al., 2013). In Kamyaran area, most of the researches have been focused on the
northeastern part (Sudi Ajirlo et al., 2017; Veisinia et al., 2018). In this research work we have
focused on the northern part which has not been yet studied in details. In this paper geology,
petrography and geochemistry of the pillow lavas and sheeted dikes as a crustal sequence of
Kamyaran ophiolitic complex is discussed. Field relationships and geochemical evidence
indicate that involved ophiolites were part of a rifted basin at the ocean-continent transition
zone, which formed in the south of the Neo-Tethyan Ocean.

Material and methods

During the field work various pillow lavas, sheeted dikes and related rocks were sampled.
Thin sections were prepared from the taken samples and they were studied by petrographic
microscope. Basis on the petrography studies, 21 samples were selected and powdered in agate
mill (in the Shahid Beheshti University) for geochemical analyses. About 100 grams of powder
from each sample was sent to the laboratory to be analyzed. Major and minor elements were
analyzed by ICP-AES while rare earth elements and some trace elements like Pb, Th, U, Rb and
so on were carried out using inductively coupled plasma atomic emission spectrometry (ICP-
AES) and ICP mass spectrometry at the Centre de Geochimie de la Surface, Strasbourg
(France). Finally, computer software was used to draw the diagrams and the paper was written.
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Results and discussion

Geochemical studies on the volcanic rocks of the ophiolitic complexes in the Zagros range
reveal that most of the Zagros ophiolites have been formed in an island arc setting (Ghazi and
Hassanipak, 1999; Babaie et al., 2001). Desmons and Beccaluva (1983) were also reported
tholeiitic dikes from Kermanshah ophiolite which have been formed in an island arc tectonic
setting. The positive LILE anomalies with HFSE depletion confirm their arc-related affinity.
The geochemistry signatures of sheeted dikes show that these rocks have two different patterns.
The REE pattern in some of the sheeted dikes, pillow and flow lava samples show patterns
similar to the trends of these elements in the E-MORB. The positive LREE and LILE anomalies
with the depletions of the HFSE suggest the calc-alkalic tendency and subduction-related
affinity for these rocks; however, dacitic dikes with the flat REE pattern, LILE enrichment, and
HFSE depletions have the Island-arc tholeiitic affinity. The similarity of element ratios in all the
samples may suggest that these rocks have the same magma source, and the tectonic
environment of the ophiolitic rocks can be correlated with the interaoceanic subduction
environment. According to these studies, an immature island arc was developed in the ocean
due to an intra-oceanic subduction before its closure.

Conclusions

Based on the petrography and geochemical studies pillow lavas and sheeted dikes of
Kamyaran ophiolitic complex belong to tholeiitic and calc-alkaline series. The tholeiitic rocks
are products of low pressure partial melting of the upper mantle at shallow depth while the calc-
alkaline rocks originated from the deeper part of upper mantle and partial melting have taken
place under the higher pressure. According to the geochemical results the study ophiolite is a
part of oceanic crust located in a transitional zone between the ocean and the continent which
has undergone rifting at the vicinity of Neo-Tethys. The break-off of Neo-Tethyan slab and
subduction of this slab beneath the oceanic lithosphere during Cretaceous led to the cessation of
the Neo-Tethyan subduction beneath the Sanandaj-Sirjan block, and forming arc-back arc basin
and related rocks in the Kamyaran ophiolite. The study pillow lavas and sheeted dikes are
formed in a marginal basin and show characteristics of suprasubduction ophiolites.

Keywords: Geodynamic, Kamyaran ophiolitic complex, Zagros, Neo-Tethys, NW Iran.
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