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Application of mineral and whole rock analysis in identification of
petrogenesis of the pillow lavas in the Nain ophiolite
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Abstract: Pillow lavas are one of the important rock units of Nain ophiolite. Rock forming
minerals of Nain ophiolite pillow lavas are chloritized olivine, plagioclase, clinopyroxene
(augite), Cr-spinel, magnetite, amphibole, chlorite, pumpellyite, epidote, prehnite and calcite.
Whole rock geochemical analyses and composition of clinopyroxenes and chromian spinels
of these rocks indicate that they are similar to mid-ocean ridge basalts. These lavas are basalt
to andesite in composition and produced by high degree of partial melting of a depleted
mantle lherzolite. According to their field studies, petrography, mineral and whole rock
geochemistry, they have undergone sub-sea floor metamorphism and changed to spilite.
Application of clinopyroxene thermometry shows that they have formed at 1058 to 1170 °C.
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ol log Ko alllas” o paie Slid g op SLiKa, [4]
5 Sl ol Sl dspame o sl S
Wy oBuily gwlin SIS 5 gwlid sl (les yeenoil
YYA-YYD o (YWAY)

b sl lamio Slo Ol s58d5 00 b Sle, [V 4]
095 Sidsre Al i)l i bl (e o)
o W OYAF) leiol ol8iils cwlidien)

Ep cb‘j ‘sia “p ‘_J..b e UL"’ 08 o (Gourw [Vy]
st Sloodiy ey 5 LoCsistnn] H55 00 ooyl
Olaol oKuils gegh aas SYlae dcgesme
FA-FY o (OYAF)

Ep ool Sewp L wp ol oyi (e oM VY]
st Sloodiy ey 5 LoCsistn HS5 0 Aoyl
OYAF) (Hlebol sBasls gy atan OYlEe aods ¢yl
MO-NF o

oD L o Cugyg wo ooly cutod (3 2l Y]
oBiils simghy aloxe oy - e g ol (sloidMo Cotsid]
(ol Jb 50 (WYAP) (bl
Codpdl 42558 clocias o dllbs” & b Loy [V
ook 03,5 (S5sls s 5] (ol Sl oLl ¢ ol 0L
2 VA OYAR) ool olKails (e

0 sloKiw 5 o isT S0 il (e ) (e

b Sl 5 b ot 5 SFLEK (o Sl cw)
Ol Cdgdl o vg2ae il sleolas’ a5 wiss o ol
Lyd T s Goled 5o @Vl Al S )0 LSCas 5l
Jols losls plowl T L1, obeond sledols 5 428,518

Cwl NayO e isli8l 5 CaO ol rals Ldols oyl
sl o0l ol @ LS ol o cael colgsyo a5
LD 933k g bacn gl salos e ekl By 51 50
L a3l 5 adsl S (e g oud Lo S5 Bgms
RSB Ces s pgS ksl gl 5 kenSopm 5l (S
o el ey jpax WSS I3 5685
S ond has dacngdl ol (0,5 e e
bl polis jlaie (o9 YU 5 (Jsmehel & oS sy gilS

olas waled 5l des daliw (pl ;o 39250 (NayO + K,,0)

2 ol & Wi ol a5 5 gl S S 5
5 IS S erdighy dnlllas i jew Connd 8yl
Ot le g8 Slekiml 5 LS g m 9SS 5 (o) n
aliv ol cudedl )0 S92 g0 b slaojlas a5 was
Bl G 5l g 00 iy comle glyls oidl slaojlas

8T Ay ) o0d 45 sl

&zl
[1] Dilek Y., Newcomb S., “Ophiolite concept and
the evolution of geological thought”, Geological
Society of America, Special Paper 373 (2003) 504
p-
[2] Arai S., “Chemistry of chromian spinel in
volcanic rocks as a potential guide to magma
chemistry”, Mineralogical Magazine 56 (1992)
173-184.
[3] Beccaluva L., Macciotta G., Piccardo G.B.,
Zeda O., “Clinopyroxene composition of ophiolite
basalts as petrogenetic indicator”, Chemical
Geology 77 (1989) 165-182.
[4] Pessagno E. A. Jr., Ghazi A. M., Kariminia M.,
Duncan R. A, Hassanipak  A. A.,
“Tectonostratigraphy of the Khoy Complex,
northwestern Iran”, stratigraphy 2-1(2005) 49-63.
[5] Davoudzadeh M., “Geology and petrography

”»

of the north area of Nain, Central Iran”,



AL ol Cdandl il glaoilo8 ol Fin slulis o U5 S 5 o Sl 5L

settings”, Contributions to Mineralogy and
Petrology 63 (1977) 161-173.

[27] Leterrier J., Maury R.C., Thonon P., Girard
D., Marchal M., “Clinopyroxene composition as a
method of identification of the Magmatic affinities
of Paleo-volcanic series”, Earth and Planetary
science Letters 59 (1982) 139-154.

[28] Rollinson H., “Using Geochemical Data:

evaluation, presentation, interpretation”,
Longman Group UK Ltd.,, London, United
Kingdom (1993) 352.

[29] Le Bas M.J., “On the origin of the Tertiary
granophyres of the Carling ford Complex,
Ireland”, Proceedings of the Royal Irish Academy
65B (1967) 325-38

[30] Sigurdsson H., Schilling J.-G., “Spinels in
Mid-Atlantic  Ridge Basalts: Chemistry and
occurrence”, Earth and Planetary Science Letters
29 (1976) 7-20.

[31] Hodges F.N., Papike J.J., “Petrology of
basalts, gabbros and peridotites from DSDP Leg
37. In: Aumento”, W.F., Melson, W.G. (eds.),
Initial Reports on the Deep Sea Drilling Project 37
(1977) 711-723.

[32] Schrader E. L., Rosendahl B. R., Furbish W.
J., Meadows G., “Picritic basalts from the
Siqueiros transform fault. In: Rosendahl”, B.R.,
Hekinian, R. et al. (eds.), Initial Reports on the
Deep Sea Drilling Project 54 (1980) 771-778.

[33] Dick H.J.B., Bullen T., “Chromian spinel as a
petrogenetic indicator in abyssal and alpine-type
peridotites and spatially associated lavas”
Contributions to Mineralogy and Petrology 86
(1984) 54-76.

[34] Kepezhinskas P. K., Taylor R. N., Tanaka H.,
“Geochemistry of plutonic spinels from the North
Kamchatka Arc — Comparisons with spinels from
other tectonic settings”, Mineralogical Magazine
57-389 (1993) 575-590.

[35] Hellebrand E., Snow J. E., Hofmann A. W.,
“Coupled major and trace elements as indicators
of the extent of melting in midocean-ridge
peridotites”, Nature 410(6829) (2001) 677-681.
[36] Nimis P., Taylor W.R., “Single clinopyroxene
thermobarometry for garnet peridotites. Part I
Calibration and testing of a Cr-in-Cpx barometer
and an enstatite-in-Cpx thermometer”,
Contributions to Mineralogy and Petrology 139

win Vlie dsgare « il o 3o Coddl 0 osmse
(Pl J 50) OYAD) (ol olKuils imghs

Colpud] (50 slocKi (islyyy oy 03y by VP
)5 ssgdsrn asl oL Olpdel Gl Gl
02 VAY OVFAR) (o lgiol olKtsls ol e 09,5 o )|

[17] Hushmandzadeh A., “Ophiolites of south Iran
and their genetic problems”, Geological Survey of

Iran, Internal Report (1977) 89 p.
[18] Droop G.T.R., “A general equation for

. . 3+ . . .
estimating Fe’" concentrations in ferromagnesian
silicates and oxides from microprobe analyses,

using  stoichiometric  criteria”, Mineralogical
Magazine 51 (1987) 431-435.
[19] Kretz R., “Symbols for rock-forming

minerals”’, American Mineralogist 68 (1983) 277-
279.

[20] Morimoto N., “Nomenclature of pyroxenes”,
Canadian Mineralogist 27 (1989) 143-156.

[21] Irvine T.N., Baragar W.R.L, “4 guide to the
chemical classification of the common volcanic
rocks”, Canadian Journal of Earth Sciences 8
(1971) 523-548.

[22] Kuno H., “Lateral variation of basalt magma
across continental margins and island - arcs”,
Geological survey of Canada, 66(15) (1966) 317-
336.

[23] Le Maitre, R.W., Bateman P., Dudeck A.,
Keller J., Lameyre Le Bas M.J., Sabine P.A.,
Schmid R., Sorensen H., Streckeisen A., Woolley
AR., Zanettin B., “A classification of igneous
rocks and glossary of terms”, Blackwell, Oxford
(1989) 195 p.

[24] Pearce J.A., “Trace element characteristics of
lavas from destructive plate boundaries. In:
Thorpe”, R. S., ed., Andesites: Chichester, Wiley
(1982) 525-548.

[25] 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 and
Planetary Science Letters 50-1 (1980) 11-30.

[26] Nisbet E.G., Pearce J.A., “Clinopyroxene
composition of mafic lavas from different tectonic



ob‘j QADO)MD ‘QSQA‘”M “53‘)3

YiY

(2000) 541-554.

[37] Falloon T.J., Green D.H., Hatton C.J., Harris
K.L., “Anhydrous partial melting of a fertile and
depleted peridotite from 2 to 30 kb and application
to basalt petrogenesis”, J. of Petrology 29 (1988)
1257-1282.

[38] Hyndman D. W., “Petrology of igneous and
metamorphic  rocks”, McGraw Hill Book
Company (1985) 786 p.



