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Fig. 1. Location of Turkmeni area on the Iran map (Torabi, 2011).
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Fig. 2. Simplified geological map of Turkmeni area (Romanko et al., 1984; Sharkovski et al., 1984).
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Fig. 3. Field photographs of Turkmeni metamorphic rocks: A: Whole view of studied metamorphic units (view to the

NE); B: Metamorphosed sedimentary rocks (metagreywacke) have located in E-W direction by liner trend (view to the
E); C: Blueschist by clear schistosity have extended in linear mounts (view to the E).
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Table 1. Chemical composition and structural formula of Turkmeni blueschists amphiboles
Sample 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-2 657-2 657-2 657-2 657-2 657-2
Mineral Act Act Win Win Win Win Win Act Win Win Win Win Win
Si0, 57.12 57.37 55.16 55.87 55.15 56.29 54.30 55.76 57.09 57.22 57.55 56.27 57.16
TiO, 0.00 0.00 0.02 0.00 0.03 0.00 0.01 0.01 002 0.00 0.00 000 0.00
Al O, 1.55 095 2.03 1.56 2.18 2.05 222 1.09 308 1.69 3.63 263 324
Cr;05 0.00 0.00 0.29 0.04 0.07 0.10 0.00 0.00 0.05 0.02 0.02 034 0.06
FeO' 9.62 10.88 10.30 9.43 13.23 10.21 12.63 9.90 11.71 12.87 11.80 12.73 11.56
MnO 040 0.31 041 037 033 039 034 036 026 029 028 030 0.32
MgO 17.69 17.30 16.67 17.53 14.94 16.70 1537 17.22 1529 1570 15.07 15.52 15.28
CaO 998 9.64 9.08 9.13 7.59 875 8.04 1025 649 7.17 596 7.19 6.64
Na,O 1.85 2.03 239 235 318 245 3.18 1.67 392 380 444 353 4.12
K,O 0.04 0.02 0.07 0.05 0.07 0.07 0.07 0.03 0.03 003 0.03 005 0.03
Total 98.26 98.51 96.14 97.28 96.69 96.91 96.16 96.29 97.88 98.78 98.77 98.21 98.36
Oxygen# 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 792 796 783 794 784 791 7.78 794 793 794 792 781 7.93
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00 0.00
AlY 0.08 0.04 0.17 0.06 0.16 0.09 022 0.06 ~0.07 0.06 0.08 019 0.07
AV 0.18 0.12 0.17 0.20 021 025 0.16 0.12° 043 022 051 024 046
Cr 0.00 0.00 0.03 0.00 0.01 0.01 0.00 0.00 001 0.00 0.00 0.04 0.01
Fe** 0.69 0.77 0.69 0.63 0.84 068 083 084 073 082 075 066 0.82
Fe* 042 050 0.54 047 073 052 0.69 034 063 067 061 082 0.52
Mn 0.05 0.04 0.05 0.04 0.04 0.05 0.04 0.04 003 0.03 0.03 0.03 0.04
Mg 3.66 3.58 3.53 3.65 3.17 3.50 328 365 3.17 325 3.09 321 3.16
Ca 148 143 138 1.37 1.16 1.32 124 156 097 1.07 088 1.07 0.99
Na 0.50 0.55 0.66 0.63 0.88 0.67 0.88 046 1.05 1.02 1.19 095 1.11
K 0.01 0.00 0.01 0:.01 0.01 0.01 0.01 0.00 0.00 0.01 000 0.01 0.01
Total 14.99 14.98 15.05 15.01 15.05 15.00 15.13 15.03 15.03 15.10 15.07 15.03 15.10
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Table 2. Chemical composition and structural formula of constituent minerals in Turkmeni blueschists

Sampl 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-2
Point 11 28 7 8 13 22 25 9 23 24 157
Miner Albit Albit Albit Albit Epidot Epidot Epidot Epidot Chlorit Chlorit Chlorit
Si0, 67.42 69.55 69.58 69.32 37.94 38.07 38.38 3828 2828 29.07 29.12
TiO, 1.00 0.00 0.00 0.00 0.00 000 0.00 0.00 001 000 0.00
ALO; 18.80 19.47 19.32 19.30 24.04 23.73 24.69 24.53 1890 19.09 18.37
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 029 019 0.53
FeO" 005 000 002 0.11 1076 11.05 1022 1033 1579 1577 15.98
MnO 0.02 0.01 0.00 000 0.00 0.00 000 0.00 046 053  0.55
MgO 0.00 0.00 0.00 0.00 0.01 0.00 0.0l 003 2286 2266 23.23
CaO 085 002 0.02 0.03 2343 2351 2346 2337 0.03 004 0.04
Na,0 11.57 11.77 11.86 11.86 0.00  0.00 0.00 0.00. 0.00 0.00  0.00
KO 005 006 003 0.04 0.00 000 0.00 0.00 000 000 0.00
Total 99.77 100.8 100.8 100.6 96.18 96.36 96.76 96.54 86.61 87.37 87.83
Oxyge 8 8 8 8 12.50 12.50 12.50 12.50 28 28 28
Si 297 3.01 3.01 301 302 3.03 3.03 303 410 416 4.16
Ti 0.00 0.00 0.00 000 000 0,00 000 000 0.00 0.00 0.00
AY 003 000 0.00 000 0.00 0.00 000 000 322 322  3.09
AIY" 094 099 098 099 225 222 229 229 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.03 0.02 0.06
Fe?*  0.00 0.00 0.00 0.00 0.00 000 000 0.00 191 189 191
Fe"  0.00 0.00 0.00 000 0.71 0.73 067 068 0.00 000 0.00
Mn 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.06 0.06 0.07
Mg 0.00 0.00 0.00 000 000 0.00 000 000 494 484 495
Ca 0.04 0.00 000 000 200 200 198 198 0.00 001 001
Na 0.99 099 099 1.00 000 0.00 0.00 000 0.00 0.00 0.00
K 0.00 0.00 0.00 000 000 0.00 0.00 000 0.00 0.00 0.00
Total 5.00 499 499 500 7.99 799 798 798 1427 1421 1425
Ab%  95.80°99.50 99.80 99.70 - - - - - - -
An% 390 0.10 0.10 0.10 - - - - - - -
Oor% 030 040 0.10 020 - - - - - - -
Ps% - - - - 20 20 20 20 - - -
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Table 3. Chemical composition and structural formula of constituent minerals in Turkmeni metagreywackes

Sample P35 P35 P35 P35 P35 P35 P35 P35 P35 P35
Mineral Phengite Phengite Phengite Phengite Albite Albite Albite Albite Epidote Epidote
SiO, 5199 5202 51.76 5121 6922 69.43 68.97 68.97 3858 38.68
TiO, 0.05 0.04 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00
ALO;  26.10 2529 2604 2534 1953 19.73 19.52 19.64 2548 23.80
Cr,0;  0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO" 3.14 3.47 3.21 4.08 0.01 0.01 0.03 0.04 9.69 11.79
MnO 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.00
MgO 3.54 3.64 3.58 3.36 0.00 0.01 0.01 0.00 0.00 0.0l
CaO 0.00 0.00 0.01 0.00 0.03 0.03 0.01 0.04 2411 23.86
Na,O 0.11 0.07 0.11 0.11 11.80 11.95 11.71 1173 0.00  0.00
K,O 9.76 9.65 9.73 9.44 0.03 0.03 0.04 0.04 0.00 0.00
Total 9473 9421 9451  93.59  100.62 101.21 100.29 100.49 97.86 98.14
Oxygen# 22 22 22 22 8 8 8 8 12.5 12.5
Si 6.32 6.37 6.31 6.33 3.00 3.00 3.00  3.00 3.01 3.02
Ti 0.004  0.003  0.005 0002 000 000 000 000 000 0.00
AlY 1.68 1.63 1.69 1.67 0.00 0.00 0.00 ~0.00 0.00 0.00
AV 2.06 2.01 2.05 2.02 1.00 1.00 1.00 1.00 234 2.19
Cr 0.002  0.00 0.00 0.00 0.00 ~0.00 0.00 0.00 0.00 0.00
Fe** 0.32 0.36 0.33 0.42 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.00 0.00 0.00 0.00 0.00  0.00- 0.00 0.00 0.63 0.77
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.64 0.66 0.65 0.62 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.02 2.00
Na 0.03 0.02 0.03 0.03 0.99 1.00 099 099 0.00 0.00
K 1.51 1.51 1.51 1.49 0.00 0.00 0.00 0.00 0.00 0.00
Total 12.57 1256 1258 1258 499 500 499 500 800  7.99
Fett 0.33 0.35 0.33 0.40 - - - : i -
Mg# 0.67 0.65 0.67 0.60 - - - : i -
Ps% - - J - - - - - 20 30
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Table 4. Major oxides, minor and trace elements contents of Turkmeni blueschist

Cople U g glaml 55,50 sloon] b aawlga oiiwn
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Samples B500 BS504 B2-1 B24 B657
SiO, (Wwt%) 47.00 45.70 47.80 47.60 47.60
TiO, 0.64 062 088 0.67 0.64
Al,O4 13.30 13.50 16.50 15.80 11.90
Fe,O3* 11.50 11.60 10.70 10.70 10.80
Cr,0; 0.08 0.08 <0.01 0.03 0.11
MnO 034 031 0.18 093 0.27
MgO 799 856 639 10.20 . 8.02
CaO 11.10 1090 893 4.69  11.10
Na,O 2.80 230 350 1.80  3.00
K,O 0.13 021 0.05 _0.04 0.12
P,0s 0.07 0.11 0.15° 0.12 _0.12
LOI 392 362 362 568 385
Total 99.00 97.50 98.70  98.30 97.50
Ni (ppm) 133 131 20 45 136
Co 50.40 55.60 36.40 42.70 50.80
Zn 91 98 94 102 95
Rb 280 440 1.00 140 2.60
Cs 020 020 , 030 020 0.20
Ba 20 50 70 30 20

Sr 190 200 380 410 190
Ta <0.50  <0.50 <0.50 <0.50 <0.50
Nb 2 2 3 2 2

Hf <1 <1 <1 <1 <1

Zr 29.80 29.50 50.60 31.90 32.60
Y 13.90 1530 18.00 13.10 16.30
Th .80 1.70 2.10 1.70 1.70
U 024 024 077 070 0.25
La 580 1250 8.80 6.80 6.20
Ce 1490 26.50 20.60 17.00 14.80
Pr 1.94 310 284 229 214
Nd 8.60 11.50 12.10 9.50 9.40
Sm 240 2,50 3.10 270 2.50
Eu 069 09 094 0.79 0.80
Gd 258 276 347 255 3.05
Tb 0.50 046 052 042 045
Dy 2,52 2,67 312 235 301
Ho 0.62 064 073 055 0.60
Er .76 176 213 1.69 1.77
Tm 0.22 025 030 022 022
Yb 1.60 1.60 190 1.50 1.70
Lu 021 024 028 020 0.21



www.sid.ir

Yyy %0)3‘ -LS.AS)J J...f slacel LSL“"SB L;)ftl.a 9 @T sl s 6)5“5)"" (ya¥ JL..J) Y O)Lo..':l ARVES

: ' ’ i ¥ ‘;-. | —
e J1:C otk j90 0 A eai B 5‘531 Clcas Lol slhosns JSis A SaS 5 adlaie «5’1 Gl Sy, S pglai F S
oalS 5 (=l () Wiz b s piie ladsetel Slsl3 E il 555 )0 € pugai D sl Jlsl 3 sla ol g5l 5 0351 atee ay Sg0me
(99w Ep ¢ lewald Fld ¢ Jgrtol :AAMP) Lo Jgutol jo ez 5 Sbigs F dadiged 5l S 50 Sgaml oliae
Fig. 4. Microphotographs of Turkmeni blueschist: A: Main constituents of blueschist; B: A photo in PPL; C: Albite
with a lot of inclusion has restricted to the groundmass; D: C photo in PPL; E: Abundance of blue-amphibole and

reduction of epidote were seen in some samples; F: Preferred orientation in amphiboles (Amp: amphibole; Fld: feldspar;
Ep: epidote).
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Fig. 5. Microphotographs of Turkmeni meta-greywackes: A: Plagioclase, epidote and phengite are the main minerals;
B: Phengites are fine to medium crystals; C: In some samples of schists have seen veins of garnet, muscovite and iron

oxide; D: C picture in reflected light; E: Fine crystal and isotropic garnets are abundant in groundmass; F: E picture in
PPL. [Fld: feldspar; Ep: epidote; Phn: phengite; Ms: muscovite; Grt: garnet].
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Fig. 7. Classification of Turkmeni blueschists: A: AFM diagram show tholeiitic nature for samples (Irvin and Baragar,

1971); B: Turkmeni blueschists have basaltic composition (Le Maitre, 2002); C: In SiO, vs Zr/TiO, diagram samples
have plotted in sub-alkali basalt field (Winchester and Floyd, 1977); D: Based on immobile content of samples, they
have sub-alkaline basaltic composition (Winchester and Floyd, 1977).

5 S a5 el oa oo |y gd a1 ,8 L3 a5 cul
el o HE s Ti Zr y52eas HFSE L. gNb s Ta
slalsce VT Lase 5 plaS coiy 5 5l 4 g
(Ewart et oes o 7, Jlow 5l 28 sloglde b (glaziseS
393> L5 9 Zr Nb _ite sl Jlogil 5459 al.,, 1994)
St Th .U Cs ks LIL ,olie 5l coto cla Jlogil 5 HE
o Jlmindy (1oS 5 ol Slacucd SeSie slajlsges ;o
b e loaul 3 s (28 Sl gl antss @ cons
Ui ;5 aigy ezl oo b wgilidl agy iilys,8 b
(Yu et al., 2006; Pearce and Stern, 2006) <ol w43

Sl o JFs) el Th 5l 8 lesls a5 5l Ta g ND
Sibse 38 )b B g Lt o il
st 5 98 o i1, Ta 5 Nb L, (Green, 1995)
(Foley et al., a2 o slz 055 L5ls 0 1) Nb (5550
ol sL—52000; Bromiley and Reffern, 2008)
2 Nb/Ta ol cowi g Ta gNb —aie Lo Jlogs!
Sy g0 Jed) R BB wge (eSS ol slacand
Bl el ol aS el Lans o o7 puile 3L 5 Ol
5 sl ol (5 yhaagid Lt 5 Ti ie JogiT b (oomilie
glaigS Jol>Nb g Ta 5l Fos 45 ;500 g o)


www.sid.ir

Yrv e g sl = oS e Slael sl (5,5 5 ] b sYsls OFRF L) ¥ o)less ¥ als

I —r— Ty T ¥ T T "m:m.".‘ T T T T T TS
a s -
- -
E '
= E
e angE -3
= = F H
E i 3
& nl E
= F ] = ¥
= L 1 B -
- i =
E : 1 i =
i e E .
L 3 =
9 ' -
B Th % K Or Fr % Br Fs Gd Dy Er ik
! al T T T A T S
Ba ©n Pr % Sm Eu G T Dy D I Te ¥V Is i Ma U Ta La Pk % Xm I T1 Th ¥V Tm L
i) p=r - ey
III wwerage of blweschivty
L _ 4
B E-AHIER L
N Ll
T |skamd are bhanald 5] =
= o
= B
= 1
E =
o= f-m |
=3 4 E
=t 1E
= F 4 £
¥ f 1=
£l L E =9
% [ 3
]
" ]
e Th N K e B Nd Fr Bs ol By Er W
[ PR | B I T L R VLY | N | - O T T T W B 1 Lok L L 4 3's B L k4
ba € P % 3 Fa 6l Th B Ha I'F Te V5 Ls s Ba | i La P & Sa I T TR N I'm la

REE sy, anglio 1€ tadgl agS 4y comnd Bty 0 ) i 1A 1 1S 5 dihaie ol slacands 55l luiady sla loges A JSb
MBS L S 53l ity e (slaglogas DD 1 S 4y s ot ity IAB 5 E-MORB L (a8 5 1 (sloCnd (5
(McDonough and ;| o 08 as 5l uiads polis) JAB s EEMORB L S 5 o] slacund nSikee oS 5 duslie S 4y
(Ewart et al., ;I IAB (Niu et al., 2002) ; E-MORB _,.Xls .S 5 {Sun and McDonough, 1989) ;I asl a5 Sun, 1995)

(ol 0 1998)

Fig. 8. Normalized multiple-elements diagrams of Turkmeni blueschists: A: Chondrite-normalized REE patterns; B:

Primitive mantle-normalized trace element spider diagram; C: Comparison of chondrite-normalized REE trend of
Turkmeni blueschist with E-MORB and IAB; D: Primitive mantle-normalized trace element spider diagram for
comparison of Turkmeni blueschist average with E-MORB and IAB; [Normalized values for chondrite from
(McDonough and Sun, 1995), primitive mantle from (Sun and McDonough, 1989), average composition of E-MORB
and TAB from (Niu et al., 2002), and (Ewart et al., 1998), respectively.
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al., 2000).
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Introduction

The occurrence of blueschist metamorphic facies
is believed to mark the existence of former
subduction zones. This facies is represented in the
main  constituents of  subduction-accretion
complexes, where it occurs in separate tectonic
sheets, imbricated slices, lenses, or exotic blocks
within a serpentinite mélange (Volkova et al.,
2011). The evidence of the presence and maturity
of Paleo- Tethys oceanic crust in the CEIM
(define this) in Paleo-Tethys branches, subduction
and collision has been studied by various authors
(Bagheri, 2007; Zanchi et al., 2009; Bayat and
Torabi, 2011; Torabi 2011). Late Paleozoic
blueschists have recognized in the western part of
the CEIM (e. g. Anarak, Chupanan and
Turkmeni) in linear trends. Metamorphic rocks of
the Turkmeni area (SE of Anarak) are composed
of blueschist and meta-greywacke and are situated
along the Turkmeni-Ordib fault associated with
Paleozoic rock units and serpentinized peridotite
bodies. Turkmeni blueschist and meta-greywackes
have not been studied by previous workers.

The Turkmeni blueschists consist of albite,
winchite, actinolite and epidote. Granoblastic,
nematoblastic and lepidoblastic are main textures
in these rocks. Winchite is found in the matrix and
around epidote grains. This sodic-calcic
amphibole serves as an index mineral in
blueschist facies. Actinolite and epidote formed
during retrograde metamorphism of blueschists in
the greenschist facies. The mineral assemblage of
albite, epidote, chlorite and phengite + garnet is
present in meta-greywackes in the Turkmeni
blueschists. Veins of garnet, muscovite, quartz
and opaque minerals are extensive in these rocks.
Epidote and chlorite formed in meta-greywackes
by retrograde metamorphism in the greenschist

*Corresponding authors Email: fereshtehbayat2011@gmail.com

facies. The aim of the present study is to
determine the petrological and geochemical
characteristics, P-T condition of blueschists and
meta-greywackes, as well as the geotectonic
setting of primary basaltic rocks of the Turkmeni
blueschists.

Material and methods

This study is based on field observations and
petrographical and analytical studies. Satellite
images and a geological map were prepared.
About 20 thin sections were supplied for
petrological studies. Mineral chemical analyses
were carried out by a JEOL JXA-8800R electron
probe micro-analyzer (EPMA) at the Cooperative
Center of Kanazawa University, Japan. The
analyses were performed under an accelerating
voltage of 15 kV and a beam current of 15 nA
with 3um probe beam diameter. The Fe’™ contents
of minerals were estimated by assuming ideal
mineral stoichiometry. The representative mineral
compositions are given in Tables 1-3. Major
oxides, rare earth eclements (REE) and trace
elements of five blueschists samples were
analyzed by the ICP-MS method (Kanpanzhouh
Research Company, Tehran, Iran) of the SGS
laboratory of Canada. Whole rock chemical data
are presented in Table 4.

Results and discussion

Petrographical and geochemical characteristics of
Turkmeni blueschists reveal that they were
derived from a similar mantle source and
underwent analogous melt extraction and post
magmatism occurrences. According to the trace
and rare earth elements contents, the protolith of
blueschists should be formed by crystallization of
tholeiitic basalt and have sub-alkali basalt nature.
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Blueschists have LREE values more than HREE.
High amounts and evident variations of LIL
elements are obvious. Negative anomalies of
HFSE such as Nb, Hf, Zr and Ti are evident in
Turkmeni blueschist. REE trends of these rocks
resemble as the back arc basin basalts. Based on
the Nb/La ratio and REE contents, the original
magma has been generated by low to medium
degree of partial melting of a lithospheric mantle
spinel lherzolite. Geochemical characteristics and
normalized diagrams reveal that primary magma
of protolith has been nature near to IAB and E-
MORB. The related processes to subduction of
Paleo-Tethys oceanic crust led to mantle
enrichment and carbonate metasomatism. The
Paleo-Tethys Ocean spreading in CEIM
commenced in Late Ordovician and terminated in
the Late Paleozoic-Triassic. Association of meta-
greywackes with blueschist and LILE/HFSE
contents shows that Paleo-Tethys oceanic crust
subduction zone at Turkmeni region was been
immature. Mineral chemistry and assemblages of
the blueschists and meta-greywackes units reveal
that they suffered different metamorphic
evolution: (M1) greenschist metamorphism by
existence of actinolite and albite in basaltic rocks,
and then they passed a prograde metamorphism in
the blueschist facies by existence of ‘winchites
(M2) which is followed by a retrograde
metamorphism P-T condition inthe greenschist
facies (M3). Variscan tectono-metamorphism
occurrence has been main metamorphic phase in
Anarak region and it has led to metamorphism in
blueschist facies of Turkmeni rocks.
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