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Zoning and chemistry of garnets in eclogites and blueschists in ophiolitic
complex of eastern Birjand: An evidence for subduction process in
eastern Iran
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Abstract: The ophiolitic complex of eastern Birjand consists of various rocks of a complete
ophiolitic complex. Except for basaltic pillow lavas which are changed to metabasites such as
eclogites and blueschists under metamorphic conditions, all other rock types of an ophiolitic
complex could be seen in this sequence. Chemistry of garnets and their zoning patterns
indicates the occurrence of subduction in the study area. The presence of the low-temperature
and medium-temperature eclogites in the study area also may show the collision process
between Lut and Afghan Blocks which has occurred after the subduction process. This
collision process has lead to the occurrence of medium-temperature eclogites in response to
the increase of temperature in the study area and then uplifting of the eclogitic rocks during
the emplacement of area ophiolite in the suture zone between Lut and Afghan Blocks.

Keywords: Birjand, Ophiolitic complex, Garnet Zoning, Eclogites and Blueschists,
Subduction.
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Sample No D3a D3a D3a D3a D3a D3a D3a D3a D3a
Oxides/Min. gt3 gts gto gt7 gt8 gtl6 gtl7 gt20 gt-ave
SiO, YV,AA YV YA YAX? YAYY YYA- YA YAY? YAOF YANQ
TiO, Y ¥ n.d. n.d. n.d. n.d. n.d. n.d. o)
Al,O4 Yy f ARVENS Y- A0 AR TR YN ARFRA Y- Ar yyya ARTER
Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe, 04 - ¥ AR n.d. NP o0 Bhrd <NVA < YY Y0
FeO Y4,.0 YAYO YV, 08 Y£40 YONY YASA Y45 Y4,0A YA+
MnO VAT ¥ YY £YY £ AP FAY YY$ \AY - A0 ¥ YY
MgO YAY Y.$ 12 VAY VAR Y00 Y5V £F. Y £4
Ca0 A% YAY VYo VYO YA VYA s 55 OYY £49
Total 49,A- Voo ¥V | Vo0 | Vel f- 4,y VeoSE | Ve A | Ve 80 | Vel YO
Formula (corr.) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0)
Si AR Yeve ANAE Y-y Y0 Y-q- AR YoV INVE &
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al VA4 VA4 ATER VA4 VAV VAA- VA4 VAA. VA4
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe3+ ey oY n.d. ) B Sy oY Y. o)
Fe?* 140+ VAR VAY- VAN VY- VAY- VAA- VAF- VAA-
Mn CAY- SXO- . YA AR - Y- SN AY- 5 SXY
Mg S YE. S YO SYY. S YY. . YY. Y. S <OV Y.
Ca . b4~ CEN. AT AR 50 AR < OA- - fa. e
Total At Aoy ANV AV A A Al AeY A-$
Almandine IAPNE AR ANAE 7o f INGIN AR . 7€ FA Y NF .
Spessartine AV ASY - Y. \ATRA R \YAY- AR ANAi Y YYY-
Pyrope VA YA AVA- FAV- VY- V.- 494+ VeXeo | VNG 9.
Grossular VOV | YeN0e | YAYAe | Y-A%. | YAYEe | YepYe | Vs | V0AA VAAY -
Andradite < NVFe A n.d. AR oYY AR N N s
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Oxides/Min. gtl gt2 gt3 ) gt5 gto gt7 gt-ave
SiO2 YAV YAYE Yay YA OF YAO0 YA+ O YAAQY YAPY
TiO, n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
AlLO; Yy\YF YyAN AT YV Y0 Y,00 YANY Yy fY YV0-
Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
FeO YV$- YE¥- YA YV VY Y40 YAXY YA+ 0 YV V¥
MnO \FA . AY 1,08 VA0 VAY iTas TN Y4
MgO OY0 F¥e 0,00 £ 07 £,00 Yy £ £Y
CaO 0,0f OFY 0,00 £ OAA OFA AN OO
Total A | 295 | Y Ae [ Ve Y | v By | eena [ vy |y ts
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Sl “’/.Y‘. “’/.Y. “’/.\. Y",.\". “’/.Y. Y",.\’. “’/.\C. Y‘/.Y.
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al VAY- AR VA9 VAA- VA9 VAV VAY- VAN
Fe** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
]—'<‘e2+ VAN VVY- VAN VAY - VAY . VAN VAY - VAN
Mn ./\.. ./.9. ./\. ./\Y‘. ./\\". ./\’f. ./\‘\. ./\\C.
Mg ./}\. ¢/\/\“¢ ./}f. ./A\“. ¢/a\“¢ ./\c¢. ¢/f\¢ ./aa.
Ca ‘/fV‘ ‘/fb‘ ‘/fb‘ ./A\. ‘/fﬁ‘ ./\c/\. ‘/a\‘ ./f/\.
Total Y,AA- Y,AA- Apeee vAaa- \ARE Ao YAy \ARK

A8b-1) g (slodgs Ca3slS| Digai 50 )8 g iU ol 32y day @l ¥ g

Sample No. Sb-1 Sb-1 Sb-1 Sb-1 Sb-1 Sb-1
Oxides/Min. gt19 gt25 gt29 gt35 gt36 gt-ave
Si0, AT | YANY | oYVEY | fesv AP | YAFY
TiO, RS YA N0 < f . f 9
AlLO; Y, ¥ Y. Ry YRy Y144 YV (R4
CI‘203 i+ 0 o) Y o f 0 Y
Fe,0; n.d. n.d. n.d. n.d. n.d. n.d.
FeO 14,V Y& VA YV SV VAAD ER3; YY A
MnO <0 \ Y \YY a1 < fA < AY
MgO Ve 00 Y- Y0 Ve £0 AN YYY
CaO YAf 110 a5 AYA ¥ Y0
Total Vee AR | VoY | 2388 | VY | vevay | yeeva
Formula (corr.) | 12(O 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si ¥ ¥y YA~ ¥y ¥y ¥
Ti n.d. ) AN n.d. n.d. Ak
Al VA¥- VAN \AY. \AY. VAv. \AY.
Cr n.d. n.d. n.d. n.d. n.d. n.d.
Fe’* n.d. n.d. n.d. n.d. n.d. n.d.
Fe* AR \,VA- VAD- VAV VY- \F0-
Mn Y e a- o f- Y BT
Mg VAA YO CX- VA V9. CAY-
Ca - By A0 “AY- .55 - V¥- - VE
Total A-Ye A A+ Ay A Ay




sl ol (>

(F3) 58 Jlod slosss Sl Dgmi 5o Lo 39550 G2310 32, By s F gz

Sample No F3 F3 F3 F3 F3 F3 F3
Oxides,Min. gto gt9 gt23 gt27 gt31 gt36 gt-ave
Si02 YAD. YAYA YA OV YV,£0 Yva8 YA YO YAYE
TiO, Ve n.d. n.d. n.d. n.d. n.d. s
Al,O; ARTER ARTEAS Yy ya AR 4 AATEAY Y\ # \ANE
Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,04 < YY <Yy oY oY ¥y oYY A
FeO YA Ya.f) Yoo f Y fY Y4,f0 Yq,-f YAY-
MnO AY AT -A9 YA VA Y- A A\N\rd
MgO \N\itd Y ro Y08 V0V Yy Y Y YAQ
CaO AR 7 ¥t [dEAE Y AD 7YY /B 7YY
Total Voo 4Y A9AY ARENNIA a4, v# Voo ¥f Yo+ f4 VooV
Formula (corr.) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0)
Si YA Y.y YV APRA R Yoy YA Y5
Ti N n.d. n.d. n.d. n.d. n.d. AN
Al VA4- VA9 AR AR VAA- VAa4- VAa4-
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe** o) o) n.d. n.d. Y o) AR
Fez+ V,Aa4- VAV AR \ o VA8 VAafe. V,Aav-
Mn /.}‘ /‘V‘ ‘/‘\/‘ ‘/fﬂ‘ ./\\“. /\f. /\}‘
Mg A Sfe- Y. SNa. Y. AE SYE.
Ca ./a\“‘. ’/QA’ ./A\. ./9/\~ ./A/\. ./9~. ./A/\.
Total A A AY AV Ao Y- ApeYe A A IR
(FGE3) 135 Jlod 2a3slS| &g 10 a5 5 55U (s 3, 235 ulis 0 Jgo
Sample No FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3
OxidesMin. gt4 gt5 gto gt7 gt8 gtl0 gtll gt-ave
Si02 ya v Yayvf YAAY YASY A\ Ydd Ya,YA A VRPN Ya,-v
TiO, n.d. A Al il < AY n.d. Al A
ALO; Yoo | oYeNy | overy | ovest | oveva | oveve | vesa | veso
Cr,04 n.d. il n.d. Ny n.d. n.d. n.d. i)
Fe,0; <NF AY -7 < \F o0 R Nk < \Y
FeO YAAY | YAYE | YAXS | YALs | Yaay | van Ya.8 | YAAS
MnO -0 ENAs <Ay < AY < Yo < AY « A - A¥
Mgo Y, va Yy Yo YyY YAy Y40 \na% AVEAY
Ca0 £ £ VY ¥4 oY £AY Y. ¥ £ AY
Total a9,fA 9,4y ARAWN a4,-# 9,44 A9AA A9, YA a4,7f
Formula (corr.) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si ATAR I S 0 P B 0 4 P B AV PR IR VPR B o PR o \ALE
Ti n.d. AN N n.d. AN n.d. Ak AN
Al VAa4- VAa4- VAa4- VAN AFRRE VA4- VA9 VA9
Cr n.d. AN n.d. e n.d. n.d. n.d. AN
Fe3+ AR AR ). o). nd. o). o). o).
F62+ VAa4- VA8 VAV VA0 VAa4- VA4- VA9 VAN
Mn Y. 0. Y. 5 e 0- 5 o Fe o Fe
Mg AR YA YV Sfe. YA, S YE. S YY. YV
Ca AR 2 2 - 04 < OA- e .Y e
Total AYYe | AYY | OAYY- | AND AY-« | AY- AYYe | AYY
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(F2) G55 Jlos 80 sdgral Sogany) cuolsT Biged ;0 e |5 acdle g 2SI 5l 30, o @l # Jgor

Sample No F2 F2 F2 F2 F2 F2 F2 F2
OxidesMin. gtls gt20 gt29 gt30 gt31 gt32 gt33 gt-ave
rim rim rim rim rim rim rim rims
Si0, YAYY TAYA £5¥A YEYA VYA OOYA FAYA Y YA
TiO, n.d. n.d. n.d. n.d. n.d. n.d. % %
ALO; YA YA Y0 -q,¥) YY Y YA Y- Yo YAY) VEY
Cr,0; n.d. n.d. n.d. n.d. ¥ V0 n.d. Ve
Fe,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
FeO v. a8 Y4, Ve RS fYY. Yoy A- YA Mya CAY-
MnO A - Af AV, YY) 7O 79, . va,-
MgO A Y- f 7Y Y Y)Y \AnE NS AR
CaO £Va A Y& Y SEY YV AY S AS S
Total Ve AY ARRIA \ANEE AY,A4 INZRS feNee ISARE AR ERS
Formula (corr.) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0)
Si YeY- Yev. s S hs s Yy YOy Yy
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al VAV VAV %) A+ ) Q¥ ) v ) v ) 158\
Cr n.d. n.d. n.d. n.d. n.d. Ve n.d. Ve
Fe** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe Y- VAg. a0+ Y.y oYY LT g )\ AAY)
Mn 0 g BT O “fe O S LOY).
Mg Y Sy Y. vs. . vE. . ¥ - £ VY-
Ca NE CEN - 55+ NG Fovfe NS INZ OA+ -
Total Ao vAa. A+ Y vy ceA qA- Y 9.y JAYY

(FSD8a)cusY s ,l0s, 5 ol s )0 )5 5958l Loslo s 50, 325 bl ¥ Jeus

Sample No FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a
OxidesMin. gtl gt2 gt3 gt4 gté gt8 gtl0 gt-ave
SiO, YAYA fAXY YOV Y4, YA a4y Ya,rA Yoy ATV
TiO, n.d. n.d. n.d. n.d. n.d. -0 n.d. 0
A1203 Yy YY) AR AR YY) Yexy- fyy-. avy-
Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
FeO ALY ray- Yo,Ya CAY VoY fY VY A YO N7
MnO YA 19,0 V¥, Vo, YY) N 00 N
MgO Yoy £AY \EY )Y VWYY 1 ££)) va,Y
CaO 0,5 Y5 SV$ Mg VEY AFA VoA YoY
Total SN | AYAA SEAA | oo Nee [ YON-s | YV | YVAA 0844
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si Yy Yy ceny STy Yy s STy Rhs
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al 4. av-N RN - av-N af-n LY N v
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe?* celyY b)Y ceeyY 9. ) Y 0%\ v§. ) )
Mn O Ao O O \Ye . INRIE Y. VY.
Mg ra. . Ya. . YA, vE. . Y VS VA« Ya. .
Ca OF- - INDE BA« - OA- £ s, Yy $Y.
Total /-y | oaa-y ceoh | oavey | oaaey Y | AAey aq.y
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(GOF5) (Jlo e & pzlie) S35 Jlois Jlocs 8 @ngw.,i,)o s, So Sl o3l g 5y 4 s A Jgus

Sample No GOF5 | GOF5 | GOF5 | GOF5 | GOF5 | GOF5 | GOF5
Oxides/Min. gt2 gt4 gts gt3 gt7 gtl2 gt-ave
SiO, YA Y& YA Y YAYAQ YAYO YAYA YAYY YAYA
TiO, n.d. n.d. n.d. o Ha o ¥ NY
AlLO; ARNAS Yo N ARNZN Y- YA V4,74 YN \ENi4
Cr,05 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,0; LYE N SN SYO VY LYY - FY
FeO YYV- Yoy YYNO YY XY V85V YV AF YN0
MnO q)- VoY V) AYY VEYY EAE! Ve Ff
MgO YA VSV \YE Y- VY- VA0 VA
Ca0 Zal \AA ZN Z8 VA £0A £A4
Total AREN R 19,f0 4,7 Veoo¥ 9, Yy 4,y a9,AY
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si YAf- Yhg- YAY-. Yy YA Yy YO F-
Ti n.d. n.d. n.d. n.d. o ¥ n.d. o ¥
Al VAA. VA VA4 VA4 \AY-. V44 VAv-.
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe}+ ./.Y. ./.f. ./.\. ./.\’. ./.V. ./.\. ./.\".
Fez+ V,of-. \yya- V0N VOA- NP \fa- NAS
Mn ./f\“‘. ./\/V. ./?\/. ./av. \/... ./\/.. ./\/Y.
Mg YF. AR AR YO N0 < V¥ Yy
Ca ‘/AA. .ff. ./9‘. ‘/a‘\. ./9‘\‘ ‘/&V‘ ./9\.
Total ANVE. ANF. ANY - ANY- AYY- ANY- ANF.
Purupe
Alm.+ Spas.

REH CALT Sl
.

i group %,

A group

Gr. + And. PF e

Al = Spa

iL L Al
Cr. 4 And, My, Rgeanarrity L B » = ool

CYgus (gloogs sloy3slST 5 (D-32) dedes AL jgiunds glyls CusalST jo i 3 a4 ba3elST glail sl B asls losai -C, A ¥ JSCi
5 (D-32) aiones aijeiuccds glyls cosalsl o s 4 8 S5 ol -D,B. [V] 51 Lol (o pls = Sb-14 &2y = SF-22)
VL olsst V] 51 C B s slemislST cnn b (SF-22) Vo (slosgs & jolST
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