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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 at5 gt6 at7 at8 gtl6 gtl7 gt20 gt-ave
Si0, YV,AA YV, YA YAY# YAYY YYA- YALN YAX? YAOF YANQ

TiO, Y Y n.d. n.d. n.d. n.d. n.d. n.d. o)

Al O4 ARIEA ¢ AR ARIRTA YY- YN ARIRTA Y. Af Yixya ARV

Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,0; S Y¥E Y n.d. NP e ¥ CAA XY YO
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CaO AQ YAY VYo VYo Y £A VYA 555 ONY 44
Total a9,A- IRER T I RET V- IR G A TR 2 S R Y S I TR VN B R 1)
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Si ¥ev ¥y ¥ ¥y Y0 ¥ea- ¥4 ¥y AY 8-

Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Al VA4 VA4 Y. 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.
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Pyrope VY YA AYA- AV - VfY- \ & 9A Ve Voo AN 8’
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TiO, n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al,O4 Y\ YF# YyAN yiae. AR YV,00 YANY Yy fY AR




S coe Gt g ey slST 0 092 g0 SCS,S e g (s dilats

Cr,04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
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Total 49,44 9,8 VelAe | Vs AY | Ve By [ e na [y |y
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si ¥y ¥y Y Yy Y.y Y.y Y- Y.y
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al VAYe | Y VA4 VAA- VA4 VAY- VAY- VAA-
Fe** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe?* VA VY- VA VAY- VAY- VAA- VAY - VA
Mn N N e Y Y S YE- SYY- NE-
Mg Far VY. s SR - oY Sf. - FY . .00
Ca - FY- - fo- - ¥o- SR - fa. <A - 0) - <A
Total YA YA Ao vAa- vAa- Ao YAY. vAa-

(Sb-1) Ce¥gus gloogs CuialsT Bigas o i)l Sg S (S5l 51y 452 @l ¥ Jgu

Sample No. Sb-1 Sb-1 Sb-1 Sb-1 Sb-1 Sb-1
Oxides/Min. gtl9 gt25 2t29 gt35 gt36 gt-ave
Si0, Y | YANY | oYYy | fesy | oA | vafy
TiO, oY A N0 s ¥ .9
AlLO; Y, ¥ Y. RV Y. Ry Y144 YYYY YO FY
Cr,0; e o) Y o f e oY
Fe, 05 n.d. n.d. n.d. n.d. n.d. n.d.
FeO 14,V Y& VA YV £V YAAD YA VF YYFA
MnO <0 \FY \YY ' as < fA < AY
MgO Ve 00 Y4 Y0 Ve £0 AN VXY
CaO YAY )0 88 AYA v Y0
Total Vee AR | Ve XY | a3 | Yerar | revay | oveeva
Formula (corr.) | 12(0 12(0) | 12(0) | 12(0) | 12(0) 12(0)
Si ¥ ¥y YAA- ¥y ¥y ¥
Ti n.d. AN AN n.d. n.d. AN
Al VAf. YAy VAY-. VAY-. VAay. VAY-.
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?* VXY VYA VAD- VAY- VY- V-
Mn ceY. SN e ot ceY. "
Mg VA - YO~ - Yo- VAA- Ve4- <A
Ca - PY. - A0- - AY- .55 - VE- . v$-
Total Ay A Ve A fe Ae A Y- Ay
(F3) K5 Jlois sloogs cujelST Lgas jo laes 8 oSl Gaslo gy A mls F Jgus
Sample No F3 F3 F3 F3 F3 F3 F3
Oxides,Min. gtob gt9 gt23 gt27 gt31 at36 gt-ave
Si0, YAO- YAYA YAV YV 2O YVAS TAEO FAYE
TiO, o) n.d. n.d. n.d. n.d. n.d. K
ALOs A vy e viva N vy v N oy
LR UL URTA Ul URIARM T URIA

i i i



el oy g8 AR
Cr,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d.
F6203 Yy Yy .Y Y < YY < YY A
FeO YUA) Y4 %) Yo Y¥¥Y Y4 %0 Y4, ¥ YAV
MnO AY V-4 A YAA VA YA Yo
MgO v ¥5 X0 v 08 VoY Y VY YT Y A%
Ca0 7 5 F¥ $¥ YA NV V). sYY
Total Voo Xy a9 AY Voo 00 a9,v# Ve X Voo 4 Voo Ve
Formula (corr.) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0)
Si ¥ ¥V ¥y ¥y ¥y ¥ A Y5
Ti AN n.d. n.d. n.d. n.d. n.d. AN
Al VA4 VAq- B AR VAA- VAq- VA4
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe** oV o) n.d. n.d. Ve N N
Fe** YA4- VAY- A V5O VAS- VAt VAY-
Mn o Fe Y Ve - Fa. Y- NE NFe
Mg - FY . Sfe - fY- LR SYY A CYE-
Ca - oY .00 - 0Y - <A < OA e - OA-
Total AsA ArY Ay AYe AYe A A A F
(FGE3) S35 Jlad Cujsls Gigad yo b 5 Sg iS G3lsp 2, &y b & Jgaz
Sample No FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3 | FGE3
Oxides Min. gt4 gts gtob gt7 gt8 gtl0 gtll gt-ave
SiO, Yavy Yayy YAAY YAFY YAFS Y4YA Yq,-A ARYER
TiO, n.d. A Al i) *AY n.d. VY Al
ALO, Yooh | ovevy | ovexy | ovest | oYeya [ oveva | oYesa | vesa
Cr,04 n.d. Y n.d. W n.d. n.d. n.d. oY
Fe,0, CAF NY - Y b SN SN A
FeO YAA) YAVS | YASS | YAds | Yaay | va Y8 | YAAP
MnO <20 CNAs - Ay < AY < Yo < AY < AD + A¥
MgO Y va Yy Y. AR YAy Y40 Y, vy AVEAY
CaO £4) £4) VY #va A £ AY Y, ¥ £ AY
Total AFA | ARAY | A4FA | A%+F | 298% | Q%AA | Q9VA | aagf
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Si wyve | owyee | ovyre | o¥pae | ovaee | ovyee |y ¥
Ti n.d. AN o0 n.d. N n.d. o) AN
Al 176 O EYCC PO B VCC PO B TV S A ORI VLT O R L O IR LS
Cr n.d. AN n.d. AN n.d. n.d. n.d. AN
Fe3+ DR o) N N n.d. N N o)
Fet VA4- Va8 VAY. VA- VAq. VAq. VAq. VAA-
Mn Ve 0 Ve o Fe 0 o Fe o Fe 5
Mg SYE- . ya. YV Cfe. e Sys. CYE- YV
Ca N g I .04~ < OA- I CEY. 2
Total AYY- AYY- AYY- AND- AY-e AY-e AYY- AYY-
(F2) S35 Jlah 805 idyohol gl Cagals] g 13 o) andle s a3l 3, s s 5 g
Sample No F2 F2 F2 F2 F2 F2 F2 F2
Oxides,Min. gtls gt20 2t29 gt30 gt31 gt32 gt33 gt-ave
rim rim rim rim rim rim rim rims
SiO, YAYY YAYQ £7YA Y#YA VYA OOYA fAYA YV YA
TiO, n.d. n.d. n.d. n.d. n.d. n.d. AT -




VO

co St 5 g 3slST )0 052ge SlS )l gerd 5 (o adlate

Al,O4 ARNA YV YO <4V Yy m \ANK AN YAYN VY
Cr,04 n.d. n.d. n.d. n.d. AN V0 n.d. Ve
Fe,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
FeO Y.Aaf Ya vy oo,¥4 fyy. AR A ¥a M Ya “AY.
MnO - - Af AY,- \APK 70, 79, !, va,.
MgO YAvY Y- f 7Y ANy ANy \Ana oYy YO¥
CaO 7, ¥4 \AR! \thd B V4 AN Yv# AY 7 INdi4
Total Ve AY AR AAN RN AY, A4 NS feNee INARK: \ANEE
Formula (corr.) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 1200) | 1200) | 12(0)
Si Y. Yeve. <Fex A AN Y. r RN AN
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al VAY. VAv. YN AN af-) v\ v\ Y2
Cr n.d. n.d. n.d. n.d. n.d. AN n.d. AN
Fe** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
F€2+ Y,-f. VAage a-) Yo X YN LYn YN AAY )
Mn /.a¢ /.?. .?./. .a¢/. .f¢/ .a¢/ .?./. .a“‘/.
Mg Yo s AR Y& e, f-, AARI YVY,.
Ca ¢/AV¢ ¢/?\. 9?‘/. AY‘/‘ 9../ A‘ﬂ‘/‘ A\/‘/¢ AA‘/¢
Total Apeee yAaq- aAA- Y av.y «A aA- Y -y AAY Y

(FSD8a)ccY g Jlos)5 ST s 10 L )5 9,58l (3jlo 0 50, &35 bl ¥ Jaao

Sample No FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a | FSD8a
Oxides,Min. gtl gt2 gt3 gt4 gto at8 gtl0 gt-ave
Si0, YAYA TAXY YO XV YayA q, v YayA Yoxy AYY
TiO, n.d. n.d. n.d. n.d. n.d. -0 n.d. N
ALO; YY) YYY- AT Y YA Y YN Yex- Y)Y vy
Cr,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,0; n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
FeO Y- vay- vova CAY- Or- FYYY | MY | 65 YA
MnO YA, 14,1 V¥, Yo, YY) oFY Y I
MgO vy £\ Y ey Ay VA 1) £\ vay
Ca0 08 A #V8 Y VEY aEA VoA Yoy
Total YN AY QA 7¥.A ERNARE] YO N \AARES YVAA NN
Formula (corr.) 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0) | 12(0)
Sl .Y./\" .Y./\" .../\" .f'./\" .Y./\" .A./\" .f'./\" .T‘./\"
Ti n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Al aq.)) av.)) x| oaven av.)) af. ) %)) av.))
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** ce N ce Y 9.\ Ve NZN) V& -
Mn e Ao e e \Y- . IR Y. VY.
Mg v, Yq. YA« v A V& VA« Yq.
Ca INEIE INEE OA« - OA« - SN V& ARIE FY .
Total "y A A vy -y Ay Ay 9.y
(GOF5) (lo5:Kie & yzlie) So35 Jlos Hlocd )5 ol cacds jo s 5 Sg,5SU bilo 5, 4025 ol A Jous
Sample No GOF5 | GOF5 | GOF5 | GOF5 | GOF5 | GOF5 | GOF5
Oxides/Min. gt2 gt4 gts gt3 gt7 gtl2 gt-ave
Si0, YAY# YA Y YAYA YAYO YAYA YAYY YAYA
TiO, n.d. n.d. n.d. o e o <Y
Al 04 Y. Ny Yoy ARY2N Y+ VA 14,4 Yoy Y. 5




el ) (>

VOY

Cr,03 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe,0; < Yf « A N0 Y0 VA\Y Yy - fv
FeO Yyy- YeN- Yy o YY XY \F 2V YV AT AARIN
MnO U \RIEAS vy AYY VEYY AENR Vo fFF
Mgo AN \FY VYE Y. VY- 1,40 VA
CaO 72y YY¥ A 7M YA 7,0A AN
Total Ve va 9,f0 4,7 VeuoV 9, vy a4q,yy A9AY
Formula (corr.) | 12(0) | 12(0) | 12(0) | 1200) | 1200) | 1200) | 12(0)
Si YAf-. Yhge. YAy AR YA YAy YAf-.
Ti n.d. n.d. n.d. n.d. A n.d. AN
Al VA VAag- V44 VA4 \AY-. Va4 VAY-.
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Fe3+ e ¥ N Y- Ve N Y.
F€2+ \OF- \ya. oy VOA- NE. INAT INAR
Mn S5y SYY- LSV NE V. Sy SyY-
Mg P ! <Yy Y- NO- NAR YV
Ca - OA et N .04~ St AT Fax
Total ANE- AP ANY - ANY- AYY- ANY- AP
Pyrope
Alm.+ Spss.
B group
A group
Gr. + And. Py. —:ilpt'ssarlilt
Pyrope
D
Group B
RFRANC ff: j ]"'-.... A ]
Gr. + And. Py. —:;‘pusanil(' " 20 -‘I" 4:1 —*  Grossular

SV gu (sloogs slacy;elST 5 (D-32) doves 4 jgimnds syl o3alST o Cud b @ oy jslST glgl Gl )5 aslis Jlogei -C, A ¥ s
5 (D-32) asned 4 jemnds sl cojelst o s g a s )8 S5y ol -D, B [V] 51 olesl e o pls = Sb-14 &= SF-22)
VTS Gl V] 51 C 9 B gg sloiujolsST o bas (SF-22) ceus¥ous (slosgs ajslST
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