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Petrology, Mineral Chemistry and Petrogenetic Evolutions of
the Harzburgites from Abgarm Ultramafic Complex (South
of Kerman Province)

Raziyeh Alipour, Hesam Moeinzadeh’, Hamid Ahmadipour
Department of Geology, Shahid Bahonar University, Kerman, Iran
Abstract

Abgarm ultramafic complex in termination of the south east of Sanandaj- Sirjan is a part of Haji
Abad- Esfandagheh ophiolitic belt. This body consist of three different types of rocks include of
ultramafic rocks, mafic and metamorphic. Most ultramafic rocks are harzburgite, dunite and lherzolite
that harzburgites are more than 85 volume percent of this complex. Microscopic evidence suggests
that there are several generations of minerals in these rocks. In addition, mineral chemistry data
indicate that the Abgarm harzburgites have been formed in an environmental similar to those
considered for MORB peridotites and they past about 15% partial melting. Pyroxene porphyroclasts
and Olivine-Spinel thermometry in these harzburgites shows 816- 992 and 708- to 840" C. Moreover,
1O, calculation gives a redox state that lies within a range of 1.6 log bar units around the Fayalite—
Magnetite- Quartz buffer FMQ (xlog = -0.8 - 0.9 log-bar units) in the range of pressure of 1.2 and 2
GPa. For them and suggest that they have been equilibriated in spinel peridotite field for Abgarm
peridotites. Chemical evidences show that these rocks are similar to abyssal peridotites and probably
formed in a back arc basin environment.
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Figure 1. Geological map of Abgarm region adapted from geological map (1: 100000) of the Orzueiyeh
and Dolat Abad (Sahandi et al., 2007)
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Figure 2. a) Alternation of harzburgites with dunites in the studied area, b) Pyroxenite dyke and coarse-

grained orthopyroxenes in harzburgite, ¢) Serpentinization along fractures of the harzburgites, d)
Magnesite veins in the harzburgites of Abgarm region.
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Figure 3. a) Porphyroclastic texture with coarse-grained orthopyroxene and olivine in the matrix with
different generations of minerals. b) First generation coarse-grained orthopyroxene along with first and
third generation olivines as well as mylonitized olivine, ¢) Third generation olivine crystals with triple
junction at the coarse-grained orthopyroxenes, d) Olivine inclusion in the first generation spinel, e)

Undeformed spinel crystals of the second generation found in the harzburgites, f) Orientation of
chromium spinels in the harzborgites.
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Figure 4. Scanning Electron Microscope (SEM) images from the harzburgites. Spectrograph

spectroscopy of x-ray energy diffraction of the harzburgites and spectroscopy of the specified points for
the a) olivine mineral, b) orthopyroxene mineral, ¢) clinopyroxene mineral, d) spinel mineral.
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Table 1. The chemical compositions of olivines (Ol) in the harzborgites (Hz) of Abgarm complex

Sample M-15 M-15 M-15 M-15 M-15 M-15 M-56 M-56 M-56 M-56
Phase 01 01 01 01 01 01 01 01 01 01
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Si02 =49 ¥-.20 ¥ AY ¥ AQ ¥-YA f.A¥ AR AR AR ¥-4a9
Ti02
Al203 e Y
Cr203 o
FeO .y A 0 0 LY A 94 q.+0 Yo AOD
MnO -\ <\ (AE CAR <\ « (AR CAR A ERTA
MgO FAVA faxn fayy I ISR .40 Fa.v- Fayy fa.4f FAAF
NiO < XY + X0 CAYA <Xt < XY CAvd (A AR =Xt (A A
CaO ..o 35y S 4
Total Voo X¥ 4.0 Voo Vo) JEXA & JERFA g Voo FY 3.A0 VeeVY 8.4¢
Si Voo Voo Voo Voo -9 Voo Voo Voo Voo Voo
Ti
Al
Cr .88
Fe(ii) 4 4 4 +)4 ' AR 4 ' '4 \Y
Mg VAN VA A VAN VAY VAN VA VA YA A
Ni \ \ Y \ \ \ \ \ \ \
Ca ’ : 4 : 4 : 3 ’ : .
Mgt .2 Q.00 .20 q..79 q..£9 Q.77 Q.7 2y q-.09 .Yy
Fo 0 q-.50 .07 909 .09 .00 R0 q-.0F q-.fY q).-9
Fa axrA .¥f axy a.ya . ary .y ary ¥ AYF
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Table 1 (continued)
Sample E-2 E-2 E-2 E-2 E-2 E-2 M-5 M-5 M-5 M-5
Phase 0Ol 0Ol o1 o1 0Ol 0Ol 0Ol 0Ol 0Ol 0Ol
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Sio2 £ AY f.5% £, £ 5N feAY FALY £y 1.9 f1.. 8 £ YA
TiO2
A203
Cr203 .0
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MnO LAY LAY SN¥ LAY SN¥ 0¥ AT LAY -0 LAY
MgO a0 Ra) FAA- XA £4.40 £a.4Y FAAF faY) faYY FAA-
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CaO s | .5 w5 Y e ¥ w4y c¥ s s
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Fe(ii) .4 <A SAA SAA SIA LAY SAA SIA SIA -4
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Ni _— .5y Y .o ) SPEY oy . .y .y Y
Ca . . . . > . X . 4 4
Mgt 9. 0Y q..49 AR LA .Y q)X¥¢ .40 ).y 3.4y 3..54
Fo LR 3 3+ AY 3. 8A 3-.AQ Q.. ¥F Y. 9. AN .43 9. AY q.¥Y
Fa af) 9. AAY AAA AAY AFD .Y AAY ..y 9.0+
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Table 2. The chemical compositions of orthopyroxenes (Opx) in the harzborgites (Hz) of Abgarm
complex

Sample M-15 M-15 M-15 M-15 M-15 M-15 M-15 M-15 M-56  M-56 M-56

Phase Opx Opx Opx Opx Opx Opx Opx Opx Opx Opx Opx
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Si02 bO.LY DOYD N4 [NAR INAR [NAR [NAR [NAN [NAR N4 [NALd
TiO2 8 .5 o f s &Y .5 0 o0 e
AI203 Y.yv YAy Y.y Y.AY .Yy Y.A0 Yre Y.ya Y.of Y.Yo Y..f
Cr203 -.fo .. ¥F <Y (AE < \F (AR CATA <A (AR (AR «
FeO 7YY Fxa 7OV 7.¥v 7Y 7OV AN 24 FXF 700 FY#
MnO <A <Y LRI ERTA <A ERTA LRI .Yy <Y (AR (R 4
MgO YY.AQ Yv.a¥ YY.AQ Yyay YY.AA Yv.a. Yvy.an YY.YA YY.va YY.vy Y¥f..0
CaO B (R 4 < XY < XY +.YA < Y¥ CAYA .Yy < XY <Yy <Y
Na20 .5y .5y sa¥ o . oY o5y oy «3Y
K20 RN .oY RN o). .Y Ry BRI RN .Y ). \F

Total Voo FA Voo0) q4.44 Voo ARER & Voo AD AREIALE Voo VA AREN /4 4.4 AEER A

Si VA 1A+ VA0 yAay 14y 14y y.ay LAY 14y Vag 14¥
Ti
Al «3Y <Y LEL <Y 3 L L | CATA <N¥ +.4¥ B <Y
Cr RS P ..o ..o
Fe(ii) BN .09 «\4 <Y <A +.3F <Y A e ERL *4b
Fe(iii) v \s AT s E ey w3y " ey
Mg ).yvy vy V.Y¥ \RA¢ 1.y 1y vy \.vy vy \.ve \RA¢
Ca o0 NS ..o S 4 o0 RS ..o e NS
Na s 2 s 2 NS
Mgt 10.vY .Y 9.y Y0 q..%Y .24 A0 9.0V q..vY AAf av.yy
Wo <Y <Y e <Y . Vxa <Y < ¥y < £Y < ¥y CFA]
En a9 q..0Y ALDY VALY AFY AAYO Q.0 AdFO ALY Ad.oY q..0¢
Fs .Y+ vy AP A A A0 .Yy VoY .8y Yeoo¥ s
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Table 2 (continued)
Sample M-56 M-56 M-56 M-56 E-2 E-2 E-2 M-5 M-5 M-5
Phase Opx Opx Opx Opx Opx Opx Opx Opx Opx Opx
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Sio2 bFA [NAA [NARA bEAY [NAL bFAY OF.o ¢ [ARR) [NAN DO.OY
Ti02 AY oY ooV LR o ¥ e ¥ LR oY ~¥f
A2O3 Y.Nf Y.Ye Y.y v.aq Y.Yo Y.YA A\BA Y..0 Y. YAy
Cr203 EATA EAYA <Xy (A g X7 <Xy (AL < Xf < YA (A g
FeO F.eQ 7O 750 7.AO 700 7.0V FA- 7.5\ I£4 700
MnO AY CAR AY CATA Rh¢ CAR <Y AY N0 Rh¢
MgO YY..v Yy y Y¥f.-v Yo YY.AD Yf.-v YY.f Ye.y. YY.vy Ye.2)
CaO < AY <. fY fY EAR) < YA <Xy <. fv +.¥a e <Yy
Na20 .o¥ o (AR (XA LR ) .Y KA
K20 . g . % e 3 e Y .F Y Y
Total AR VeouWN JRRATA Voo ¥q « o £ <o YA Voo 0F 9.AF qA¥ «.FA
Si \Aaf \.A¥ 1.0 ).Aay ).y ).y ).y 1.9 AR V4.
Ti
Al <Y <Y AY AY <Y CAR <Y AY CRIN AY
Cr -\ - K3 K3 - K3 ) KA KA
Fe(ii) .Yy AR AY AR <Y <\Y <A AY A AY
Fe(iii) ¥ n . n . n o n i
Mn
Mg V.Y 'V \.Y¥ VLYY ).y \.Y¥ 'V \.Yg VY¥ A4
Ca oY LR (R ¢ K3 K3 - LA 1 ) .Y KA
Na -
K
Mgt AAXY AdDY av.ag AdAD A0 axy q.XY ayv.ay Q.5 aY.FA
Wo V2 <) + AN <YYo .Yy NG <A < OF <20 < FY
En AAAA ALY ALY AAAY AQLYY AROY AAYAQ AAA A7 Ad.AY
Fs .5 q.4y .4y Vo) LAD vy Ve XY LOA 1.4 8D

Y\#
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Table 3. The chemical compositions of clinopyroxenes (Cpx) in the harzborgites (Hz) of
Abgarm complex.

Sample M-15 M-15 M-15 M-15 M-15 M-15 M-15 M-15 M-56 M-56

Phase Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Si02 oY.£Y ov.ag OY.AY [NEad OY.AF OY.vY oYY oY.VN OY.AY OY.A¥
Ti02 <A -Y EAR CAT4 CAT4 <A <Y <Y <Y A
Al203 Y.¥. Y0\ Y.y Y. 0 Yoy Y.Yo Y.0A Yy Y.f4 Yo
Cr203 < OY - OF < OF - 0F - Of <OV - 0f N <0 - fa
FeO Y.XY YN0 yay VAR V.a¥ V.aA YY§ Y.o¥ Y.AY Y4
MnO oo F CAT4 CATA cev CAN co¥ cY <Y CAN B 4
MgO AFAN V£.01 \7A- VFAA VPV VY. \PXF V7 AP VF.0A \PY-
CaO YFNYF YY.AY YYAY YE.OY Yf.0 YEAF Yyas Yv.aa MAAR YAy
Na20 < OY <0 < OF <Y oY . fY -y < AY -Af - A¥
K20 oY Y . oF ooV s ¢ . oF oY oo . oF
Total Veolde Vool Voo Vee Xy Ve o) ARRWA ¢ Voo £ ARRN 24 Ve ¥y Voo ¥y
Si 1.0 1) V4. V4. Va. VA APA APA Va. VA
Al EATA <\ <\F <Y CATA CAN CATA < NF CATA CAN
Cr oo .Y RS RS .oY oo ooY oY oo oo
Fe(ii) 4 sy w3 Y oy e 30 4 sl
Fe(iii) BRI RS 4 IR <. CRYN B AR CAN B CAR
Mg © A <A <A CR e - A¥ < AN e «AF <Al
Ca < A¥f -8y - Ay £ A0 - Ay Ay -y -y - Ay <Ay
Na i Y i ~f i Y 4 4 Y Y

K
Mg# qY.YA av.f4 Voo of aYA¥ 497\ ag.A9 ag.£4 af.vo av.vfe qf.£4
Wo fasf fAAY fASY £a.00 fay. FANA faxy FAAN fa.a0 fAAY
En f£.04 MAS FA-¥ FV.£5 fV.of fASE £7AA FY.V¥ ATATN Y00
Fs Y.y AEZN Yy YA Y.y# Y.\f Y.va A ¢4 Yy Y.Ov
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Table 3 (continued)
Sample M-56 E-2 E-2 E-2 E-2 E-2 E-2 E-2 M-5 M-5
Phase Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
Rock type Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
Si02 oy.£y oy sy oY..y oy.-¥ OY. A OY.0b OY.VY OY.AN oya. oy.- ¥
Ti02 AR < fY AY AR AA AR HE" AR A AR
AI203 \AR Y.AO YAy v.aq Y.Aa0 YooY Y. Y.AA v.aq Y.
Cr203 A <.YO «Xa <.OY (AR LA fo < .OA < OF < DA
FeO \.vo \AY 1) 1Ay R V.20 VAP Y.AY \.AY IR
MnO <Y IAES LK 4 K34 oY (AR Ae" oY LRI oY
MgO AAR \£AaY \Y.XA 1V.¥a \V.YY vxa AR \V.Y# vy NArd
CaO Y¥.ye Yf.\# Yf.-v Yf.-v Y¥.-# YYs¥ Yf.-v YY.f0 Y¥.-N YEY
Na20 <Y HE" <\ CRIN AA N0 IAES AR AY (AR
K20 o eV .Y (A 1 oY Ka CRIN LR
Total Veood AR . F Ao NF 9.0Y 9.YA q4.va 14.49 CA ¢4
Si \.Aa¥f \Aa¥ Vay V.Aay .y V.20 Vay V.Aay .y 1.0
Ti CRa) Ka K3 KA Ka K3 KA
Al BRL) AY AY <Y AY AY AY AY AY AY
Cr CRa) Ka Ka K3 2 LA Ka Y LR KA
Fe(ii) Cof ceY oot 0 ooy ooy Y ¥ ooy oY
Fe(iii) e ) Y ) oy ey oY oy ooy Y
Mn
Mg . af .43 . A% .ay .ay .af . Af .ay LAy .ay
Ca -af - A¥ - Ay -ay -ay -ay - Ay -2 -ay -A¥
Na \ Ka Ka K3 2 KA Ka K3 K3 KA
K
Mgt 0.00 v AY a7.fY D.X¥ a7.YA VAR VAT 0.40 gLy 700
Wo fAYY fa.-9 fAY . fAY. fAFY fY.AD TA¥FY V.20 FAFY ALY
En fAYY fYAY YAPY YAFY fAYQ fARA ALY fAA. fAQY TAFN
Fs YAy Y..¥ Y. A YAy Y.\# Y.AY Y..¥ Y.00 Y. Y.oA

Fo!

d9ps0 Jlebr llSgnn 50 ASuogd g LS plp e Wl S B nSelie ol
dilate gl Jrml (oleowd 4325 5| Jol> s .(Gonzalez-Jiménez et al., 20011; Ahmed et al., 2005)
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Gl oS5 il adsl slSle oS 5 slp sanie Slis wilg o 45 (Maurel & Maurel, 1982)
LQ)] )0 Mg# 9 Cr# U‘)‘ff‘e 9 w‘ M‘.ﬁj)s 69.: )| ol Ol.i LSLQLS’lS as w‘ U] )| L;L> ol IR dalase
YVY,- A )| u.:&'fé\.: ).3.: Lér" 39 Cr203 9 AlI203 )L.\.EA F) Sl LS’)5 oy by ;\,‘\f' 9 YVY,\Y iy Yo,y O u.:.:).“:‘b
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Table 4. The chemical compositions of spinels (Sp) in the harzborgites (Hz) of Abgarm complex.

Sample M-15 M-  M-15 M-15 M-15 M-15 M-56 M-56 M-56 M-56

15
Phase Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp
Rock Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz
type
TiO2 RN B 4 <\ AR <Y <\ s ¥ O 4 LRI AR
Al203 7Y Yoy Yoy fTY.yy AR fTYay YA fY.YA fyyy fTYay
V203 R ¢ -\Y LY 4 LR 4 «\F CAY4 AR CRTA <\Y CRN 4
Cr203 Yyags o yvay Yya- YY.OF Yv.as YY.AA Yy.yy YYYo YY.20 YYao
FeO \FOA \P 5O \2.AN \WY.ey V\£.AA AR \F.OY \PXY \2.0Y AT
MnO co¥ LR CRIN s <\ LRE ) AR CRTA <Y <\
MgO AR \PAY VO.v¥ \O.YO VO.2Y \0.0Y \EXY \F.0F \2.¥Y VP20
CaO s ¥ e a5y ¥
NiO <A <\Y «Y\ =Y «.Y\ +.) 4 <Y +)4 -.YO «Yf
total A1) A4V qa48Y  qd.. AAFL A40F Q4SY 240F Q4AF Q4AY
Ti+4 RS 3. .Y 3 ¥ 3.5¥ b3 Y FRL) s, 233 CeY
Al+3 VWWEY O VLFY VLYY R4 V)FY RS AR VV¥Y VXYY AARS
V+5 .y . ¥ .oy e . ¥ .s¥ .o ¥ Y Y Ly
Cr+3 f.-0 f.-f f..0 . f.-v f.-v YAas Yay Y.y f.-v
Fe+2 Yo ¥ Y.-f Y- YA¥ YAY Yaa Yoo Y.ag Y.A4 yay
Mn+2 A IS ¢ A IS ¢ 1 ¢ RS 4 S 4 s ¢ S 4
Mg+2 AR oYD oYL [\AR% oYy [\APN o¥Y OFA b.OY b.b-
Ni+2 CeY Cey CoF Y Cf v Y Y R CF C¥
Ca+2 RS ooy SRS
Cr# YFeq o YPAY Y& A YoAa- AT AN YPY-. Yoy YO.b A\\RY4 Y#.¥Y
Mg# FYOY  PYVY FYAY £Y.29 YD £1A¥F FEYY #EAY 7f.a¥ #f.20




VEe e bl sl ) 8)les Y alx YY-

=85 e pale
(ol oBails psle 4 155

F Jous alol
Table 4 (continued)

Sample E-2 E-2 E-2 E-2 E-2 E-2 M-5 M-5 M-5 M-5
Phase Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp
Rock Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz

type
Ti02 R4 LR R .Y oF <A woF CRYA) .Y s ¥

AI203 FY.YF fY.AQ fYYY fY.yo fr.ay fYA- fYry YAy fr.aa ..y
V203 LR e AR R < \F AL s f

Cr203 YYAY YY.AA YYYs YY.ZA YYo YY.YA YY 5o YY.AY YY.AY YY.AQ

FeO \F.OY \F.AR \PA-. \F.YA V0.¥4 VOAN \£8e \F.0A \FFA ARG
MnO 2L -9 CA R CRTA AY AY Ao Ao AY AR
MgO \TAN AR \PA- VV.FY IAAR \\AL VOYA \PYY V0.4 \VPAY
CaO Rid =8 co¥ .Y =3 KA =3 K3 K3 KA

NiO AY AY -Y¥ - <Y + YO AY < YY -\ AA

total 8.0) <o ¥F 3AD « o £A 4.0A 9.2 LA & < YA 4.4y QAP

Ti+4 -\ -\ ~Y -\ £ -\ -\ R3 R3 A9
Al+3 VXY AR My IARE VVYY AR V).FY VV.YA RRR Wy

V+5 -\ o\ #3 A% v 2¥ .

Cr+3 f.oA . Yay Y.Aay f.-7 f.-9 f\F fAA AR £,
Fet+2 Y.o¥ Y..¥ Y.t Y.AA Y.AY YAY Y.-f Y..¥ Y..# YA4
Mn+2 oY ~Y 2 LR LR 4 Y LR ..of Y LR ¢
Mg+2 o.f [\ied 800 AR "R [l oYY [\Ad AR AR
Ni+2 s S 4 ¥ S S 2 ¥ s of ~F s
Cat+2 ) K

Cr# ATAR Y7 FY YOO Y£.N YF.Hf YPYY \id 24 YV.-0 V.Y YY.AY
Mgt LAY 7O.YN 7f.0% #0.£9 FEA- £E.5Y FYYY £E..- YYD FEAY
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Figure 5. a) Fo vs. MnO values of olivins in the harzborgites of the Abgarm complex, b) Mg# vs. A1203
values in orthopyroxenes and clinopyroxenes of the Abgarm Complex (High Pressure field from
(Medaris, 1972)), ¢) Cr# vs. TiO2 diagram for chromium spinels within the harzborgitis of the Abgarm

area (Bonavia, 1993), d) composition of chromium spinels in Cr, Al and Fe triangle diagram (Proenza et
al., 2007).
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5 Sadcio 4 Jold limo ;0 Vb gles IS5 5o 6T (Kretz, 1983) wloas sl aiigS wgd 51 g Cawl 00
@ aS wesee plas e (nl o (eiSom laaT) 5 LUl Sezs ez 5 Sl slajok (SaeaS
bzl ( FaiS ez S50 waled ogdleas (Juteau & Maury, 2009) & jls 3las aisS 4 ool 8 Loz
3923 srzed 3 oSl (gl Glaysh e S8 Soe slajye S92y Sl 5 gl S
Slgee S o sl slajsh Cbys )0 (e (Shgels g WL ((Faed aile YU jlid 5 Les sl IS 5
oolitul g o, (Mercier & Nicolas, 1975) axiws Vb ats8 4 Glate bl a5 0l cllas ol sl e
Y gou Calid gl Jolote g aie (g, (slaiigS slacuian  bass JuSis slo SIS o 5l Jols slaosls
S1a38s 5 5 plsieas o (Zhou & B, 1992) s, e Loy T talig a5 39755 arome 55 54
Cr#t Mg polie 5l a5 ano o lid 095 5 (g0l cunglie Sl 3o plp jo glanigs glacsgn » saces JSis
gl (Arai & Abe,1994) o 8 soliiw] SigxSs Jaoe (anseis slp oy oo b SIS 0l 10 84390 TIO, 4
» {(Pearce et al., 2000) x4 oo JSis (SSZ) 2ilyg,8 3 (MORB) (y9> Sl 5losiyme; slodaa yo
, ALO3 yly 50 €03 Jlages j0 anlllae 3,50 dilaie sloco ;s )0 35250 slo il p3,S S 5 ol
g 48,5 15 laingS wl)] edgaze ;0 0dd w)p Slodiged 0 39390 sla il pg,S (Shervais, 2001)
20 9920 glofigul 05,5 50 Mgh ol jo Crf Jlogai jo .(1F JS2) atnsee oLt | linissS slo S
PUSE) 958 o0 48 T s laiiganp eagame ;o laSiw (al o ST SCSLl gl acgaze slacy]s e
2 bKiw pl 10 9590 o Jiml p5,5 oS5 (o F JS2) TIO; Llas 0 ALO3 Jloges jo ogdleas (o
ol 5 B STan n S it Boguze ;3 G ol 5 (owgilBl e slaaiiy slacudsoy n edgace
Crt l5ee 000 &5 siledl oo sloaiy 1o L3l Jooo a5 Jluol locgons 50 935S o0 58 (cwgil S
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Ve ogu U ao,0 0 5l 5o 5l baaiguy p (Sadogd lad 3 108 ouls o5 slacuigns y 0dgame [0 badigal
Sqpie0 Vb leKiw 10 Sod b dwoyd ciduosd ax 0 Gwlisl L (Kelemen et al., 1997) sas oo 5, doy0
oS 9m sl Glime 5 G Cae e 0 S90S e Gl gy lansdl Jloge wo)d &S )00 (oo
. (McDonough & Frey, 1989)ab oo ialS cae pwds cpnS'g 0 5dS o il 51 e Jg ol lacl 5o
5ok 098 oo oalive 5 5 8 oS S e2ge Slaj Cumd (ul 0L 5 o5 pegdle (EFuoed sk o
(zhou & Bai, Jiow! Cr# plp ,o ol Mgh slaloges 4L (Ishii et al., 1992) ailey 3L s ,o a5
u.:.s).? L’ L;"Ltbu.:::j..\g‘).’ ol eor Lngbu_i...u (AIal & Abe,l994) M‘ Cr#).:|).’ 3 Mg# )L)yu E) 1992)
(z 9 & F JSb) wloads o yd 10 &) S5 cdducgd o aS aiiwd Jluw! Cunle g glaiissS Sl - gl
5 LiraSsrmsi)l 5 ALOs s Glajloged jloads ow)n sbcuiymle ;o Crg Al LS, ow)p ln
Sy e, a5 das o Lid loges (pl (z 9 7 F UKD) o solaiul Juol Cr# oy j0 Sy mends
003 0b5 5 Ot (1050 057 03,5 oo )18 0t g bl (slaugildl &) b ye (slacuisny 835920 )0 0,501 dilaie
iy glacaisny 5l e shtursd olee 5uBOGL oSy sidS 5 LSy i)l 0 AlLOs lyome
as ..\.IboLSA QL...: EPR 6Ltbu.¢.?3~.\.1).: o..\.:l.ets‘él.a LngbLg:ls @L:.a.:....: M:.S)S P os)i.cig s (EPR) ‘nb] 9)&;
(Jaques &Green, 1980) ol 0uo,s YO (sgbue b 55,5 codile Sb slocign p cnl ;o ddusgd oo
alie ol guyn glocaeile 0 O lie 5 LomSspmsnds 5 bomSsymg)l o ALOs lyome
o SBrad;nle 5o Jobs gled b bl s 63l oS 5 ool oyl Cigin 50 (e eslS's
-U'~’~5'~'~'” ).Meye)ssj) 9 (Nlu & Hekinian, 1997) Z.L:.uj‘b 0 43|)| u...55).3.’93)| —w.:.....lf )..A9A)393) Z-L:-hh’ﬁd-’ 0
L5L°‘> 9 4y G AP le.m) u.:::‘)::‘d.a 9 KW R Gl 00l 43|)| (Brey & Kohler, 1990) :\.L:.ujc\.a as J».:.»..u‘
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S92 o S5 alide o Juus 0929 wile (unlyd c0nd (ow p Slel gl dcgezme 13 35290 slala)n))le
Sazme Hokd Gz 5 bojol ;o Ll 5 (SariS ((K8Lcgr oS smsi)l 0 S omaelS il sloass
30 v g Nloads JSis oYL all S laylps 0 S opl &5 el cdlae ol Slo a5 wies o lis |
Sdlel gl acgazme g5 oo (oliandioh alite daled 3l colaiul b iz e Sloduw, Jols 4 glaiug laore
05750 GBS et ol 48,5 18 aSTales (55 GV 50 &5 Cendls (pugildl Jhwgd Sl i ) K
Foo! Liis lKins ol mmiwles 5 o0 oo lis Ll slp 1) osds 5 oYL axieS Lice oca,es,le ol
095 4 Ol K05 5 00 (o2 839 (gulidipn) Cunbge &y azgi b ogdleay S o bled LT (6l ) g
5 o3l hugd | i |y o098 (ul lgi s voltile S5 slacedsdl g 5o o 6558 5 ST Sl
(L85 I35 9% | plaasll a4 Bl

&l Sl

Ol ety sloasiz pll Jdoas (ol BLBL olSails 51 50555 LapdlSU joundyyy Slox 5l abeasg o

oS o0 SRk g5
&b
OYYY) HeiS bl e losles R VAS TR oolie oleiugb 5995 sl owlilionme aea op o )

2. Ahmed A. H., Arai S., Abdel-Aziz Y. M., Rahimi A. "Spinel composition as a
petrogenetic indicator of the mantle section in the Neoproterozoic Bou Azzer ophiolite,

Anti-Atlas, Morocco". Precambrian Research, 138 (3-4) (2005) 225-234.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

Yo

10.

11

12.

13.

(o bl wgiz) p,Rl Sdlal gl acgazmo sloys oo Seiifa iy Vg0 5 SIS sord (6 i

Ahmed A. H., Habtoor A., "Heterogeneously depleted Precambrian lithosphere deduced
from mantle peridotites and associated chromitite deposits of Al’Ays ophiolite,
Northwestern Arabian Shield, Saudi Arabia". Ore Geology Reviews, 67 (2015) 279-96.
Arai S., "Characterization of spinel peridotites by olivine-spinel compositional
relationship: review and interpretation,” Chemical Geology, 113 (1994a) 191-204.

Arai S., Abe N_,"Possible presence of Podiform chromitite in the arc mantle: chromitite
xenolithes from the Takashima alkali basalt, southwest Japan arc", Mineralium
Deposita 29 (1994) 434-438.

Ashchepkov 1. V., Pokhilenko N. P., Vladykin N. V., Logvinova A. M., Kostrovitsky
S.I, Afanasiev V. P., Pokhilenko L. N., Kuligin S. S., Malygina L. V., Alymova N. V_,
Khmelnikova O. S., Palessky S. V., Nikolaeva I. V., Karpenko M. A., Stegnitsky,
Y .B.,"Structure and evolution of the lithospheric mantle beneath Siberian craton,
thermobarometric study". Tectonophysics, 485 (2010) 17-41.

Aswad K. J., Aziz N. R, 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.

Baker P. E., Gass 1. G., Harris P. G., LeMaitre R. W_, "The volcanological report of the
Royal Society expedition to Tristan da Cunha, Philosophical Transactions of the
Royal", Scociety London, 256 A (1994) 439-578.

Ballhaus C., Berry R. F., Green D. H.,"High pressure experimental calibration of the
olivine—orthopyroxene—spinel oxygen geobarometer: implications for the oxidation
state of the upper mantle", Contributions to Mineralogy and Petrology, 107 (1991) 27—
40.

Bodinier J. L., Godard M. R., "Orogenic, ophiolitic, and abyssal peridotites", Treasure
on Geochemistry, 2 (2003) 103-170.

Bonavia F. F., Diella V., Ferrario A., "Precambrian podiform chromitites from Kenticha
Hill, southern Ethiopia", Economic Geology, 88 (1993) 198-202.

Boudier F., Nicolas A., "Harzburgite and lherzolite subtypes in ophiolitic and oceanic
environments", Earth and Planetary Science Letters,76 (1985) 84-92.

Brey G. p., Kohler, T.,"Geothermobarometry in four-phase lherzolites. Part 11: New
thermobarometers and practical assessment of existing thermobarometers", Journal of

Petrology, 31(1990) 1353-1378.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

=35> e pole Ve bl g ke ) 8)les Y ol vyr

(ol oBails psle 4 155

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Caran S., Coban H., Flower M. F.J, Ottley C. J.,Yilmaz, K., "Podiform chromitites and
mantle peridotites of the Antalya ophiolite, Isparta Angle (SW Turkey): Implications for
partial melting and melt-rock interaction in oceanic and subduction-related settings",
Lithos, 114 (3-4) (2010) 307-326.

Dare S. A. S., Pearce J. A., McDonald 1., Styles M. T., "Tectonic discrimination of
peridotites using fO2-Cr# and Ga-Ti-Felll systematics in chrome-spinel"”, Chemical
Geology, 261 (2) (2009) 199-216.

Deer W. A., Howie R. A., Zussman J., "An Introduction to the rock forming minerals".
2end ed., Longman, London, UK (1992).

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.

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

Farahat E. S., "Chrome-spinels in serpentinites and talc carbonates of the El Ideid-El
Sodmein District, central Eastern Desert, Egypt: their metamorphism and petrogenetic
implications", Chemie der Erde, 68 (2008) 193-205.

Ghaseminejad F., Torabi G., "Petrography and mineral chemistry of wehrlites in contact
zone of gabbro intrusions and mantle peridotites of the Naein ophiolite", Economic
Geology, 6 (2) (2014) 291-304.

Gonzalez-Jiménez J. M., Proenza J. A., Gervilla F., Melgarejo J. C., BlancoMoreno J.
A., Ruiz-Sanchez R., Griffin W. L.," High-Cr and High-Al chromitites from the Sagua
de Tanamo district, MayariCristal ophiolitic massif (eastern Cuba): constraints on their
origin from mineralogy and geochemistry of chromian spinel and platinum-group
elements" Lithos, 125 (2011) 101-121.

Irvine T. N.,"Chromian spinel as a petrogenetic indicator", Part II. Petrological
applications, Canadian Jornal or Earth Science, 4 (1967) 11-103.

Ishii T., Robinson P. T., Mackawa H., Fiske R.,"Petrological Studies of Peridotites from
Diapiric Serpentinite Seamounts in the [zu-Mariana Fore-arc, Leg 125. In Proceedings
of the Ocean Drilling Program", Scientific Results, 125 (1992) 445-485.

Jan M. Q., Windley B. F., "Chromian spinel-silicate chemistry in ultramafic rocks of the
Jijal Complex, northwest Pakistan". Journal of Petrology, 31(1990) 67-71.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

YYv

25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(Gl S Sl w3iz) ST Sdlal gl e gazmo (slos 0050 Seiife iy V526 5 U o 1 IS

. Jaques A. L., Green D. H.," Anhydrous melting of peridotite at 0-15 kb pressure and the
genesis of tholeiitic basalts", Contribution to Mineralogy and Petrology, 73(1980) 287-
310.

Juteau T., Maury R., "La crout Océanique, Pétrologic et Dynamique Engogene. Société
G¢ologique de France Vuibert", Paris, Cedex 13 (2009).

Kamenetsky V. S., Crawford A J., Meffre S."Factors controlling chemistry of
magmatic spinel: an empirical study of associated olivine, Cr-spinel and melt inclusions
from primitive rocks", Journal of Petrology, 42(2001) 655-671.

Kelemen P. B., Hirth G., Shimizu N., Spiegelman M., Dick H. J. B.,"A review of melt
migration processes in the adiabatically upwelling mantle beneath oceanic spreading
ridges", Philosophical Transactions of the Royal Society of London, 355 (1997) 283-
318.

Kepezhinskas P. K., Defant M. J., Drummond M. S., "Na metasomatism in the island-
arc mantle by slab melt-peridotite interaction: evidence from mantle xenoliths in the
North Kamchatka arc", Journal of petrology, 36 (1995) 1505-1527.

Kretz R., "Symbols for rock-forming minerals", American mineralogist ,68 (1983) 277-
279.

Maurel C., Maurel P.," Etude experimentale De La Distribution De L, Aluminium entre
bain silicate basique Et spinelle chromifere. Implications petrogenetiques: Teneur En
Chrome des Spinelles", Bulletin De Mineralogia 105 (1982) 197-202.

McDonough W. F., Frey F. A"REE in upper mantle rocks. In: Geochemistry and
mineralogy of rare Earth elements", Mineralogical Society of America, (1989) 99-145.
Medaris L.G., "High- Pressure peridotite in south-western Oregon", Bulletin of
geological society of America, 83 (1972) 41-58.

Mercier J. C. C., Nicolas A.,"Textures and fabrics of upper mantle peridotites as
ihllustrated by xenoliths from basalts", Journal of petrology 16 (1975) 454-487.
Monnier C., Girardeau J., Maury R. Cotten J.,"Back-arc basin origin for the East
Sulawesi ophiolite (eastern Indonesia)", Geology, 23 (1995) 851-854.

Morgan Z., Liang Y., Kelemen, P.,"Significance of the concentration gradients
associated with dunite bodies in the Josephine and Trinity ophiolites", Geochemistry,
Geophysics, Geosystems, 9 (2008).

Morimoto N., " Nomenclature of pyroxenes. Mineralogy and Petrology", 39(1) (1988)
55-76.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

3l s psle Ve bl g e ) 8Lt Y ol YYA

(ol oBails psle 4 155

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Morishita T., Maeda J., Miyashita S., Kumagai H., Matsumoto T., Dick, H. J. B.,
"Petrology of local concentration of chromian spinel in dunite from the slow-spreading
South West Indian Ridge". European Journal Mineralogy, 19 (2007) 871-882.
Najafzadeh A. R., Ahmadipour H., "Using platinum-group eclements and Au
geochemistry to constrain the genesis of Podiform chromitites and associated peridotites
from the Soghan mafic-ultramafic complex, Kerman, Southeastern Iran", Ore Geology
Reviews, 60 (2014) 60-75.

Niu Y., Hekinian R.,"Spreading-rate dependence of the extent of mantle melting
beneath ocean ridges", Nature, 385 (6614) (1997) 326-329.

Nouri F., Asahara Y., Azizi H., Tsuboi M., "Petrogenesis of the Harsin-Sahneh
serpentinized peridotites along the Zagros suture zone, western Iran: new evidence for
mantle metasomatism due to oceanic slab flux", Geological Magazine, 156 (5) (2019)
772-800.

Parkinson 1. J., Pearce J. A., "Peridotites from the Izu-Bonin-Mariana forarc (ODP Leg
125): evidence for mantle melting and melt-mantle interaction in a suprasubduction
zone setting", Journal of Petrology, 39 (1988) 1577-1618.

Pearce J. A, Barker P. F., Edwards S. J., Parkinson 1. J., Leat P. T.,"Geochemistry and
tectonic significance of peridotites from the South Sandwich arc-basin system, South
Atlantic", Contributions to Mineralogy and Petrology, 139 (2000) 36-53.

Pomonis P., Magganas A., "Petrogenetic Implications for Ophiolite Ultramafic Bodies
from Lokris and Beotia (Central Greece) Based on Chemistry of Their Cr-spinels",
Geosciences, 7 (1) (2017) 10.

Prinz M., Keil K., Green J. A, Reid A. M., Bonatti E., Honnorez J.,"Ultramafic and
mafic dredge samples from the equatorial Mid-Atlantic Ridge and fractures zones",
Journal of Geophysical Research 81 (1967) 4087-4103.

Proenza J. A., Zaccarini F., Lewis J. F., Longo F., Garuti G., "Chromian spinel
composition and the platinum-group minerals of the PGE-rich Loma Peguera
chromitites, Loma Caribe peridotite, Dominican Republic", The Canadian Mineralogist,
45 (2007) 631-648.

Rogkala A., Petrounias P., Tsikouras B., Giannakopoulou P.P., Hatzipanagiotou K.,
"Mineralogical evidence for partial melting and melt-rock interaction processes in the

mantle peridotites of Edessa ophiolite (North Greece)", Minerals 9 (2019) 120.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

Yya

48

49.

50.

51

52.

53.

54.

3.

56.

57.

58.

39.

(G5 Gl w3z) ST Sdlal gl e gazmo (slo 0050 Seife iy V526 5 U o 1 0K

. Rollinson H. R.,"Chromite in the mantle section of the Oman ophiolite: a new genetic
model", Island Arc 14 (2005) 542-550.

Rollinson H.,"The geochemistry of mantle chromitites from the northern part of the
Oman ophiolite: inferred parental melt compositions", Contribution to Mineralogy and
Petrology, 156 (2008) 273-288.

Sahandi M. R., Azizian H., Nazemzade M., Navazi M., Atapour H., "level orzueiych
Geological map. 1:100000", Geological Survey and Mineral exploration of Iran Series
7346 (2007).

Shelly D., "Igneous and metamorphic rocks under the microscope”, London, Chapman
and Hall (1993) 445.

Shervais J.W.,"Birth, death, and resurrection: The life cycle of suprasubduction zone
ophiolites", Geochemistry, Geophysics, Geosystems, 2(2001) 1525-2027.

Stampfli G. M., "Tectonics and magmatism in Turkey and surrounding area",
Geological Society, Special Publication, 173 (2000) 1-23.

Suhr G., Hellebrand E., Snow J. E., Sec H. A., Hofmann A. W_,"Significance of large,
refractory dunite bodies in the upper mantle of the Bay of Islands Ophiolite",
Geochemistry, Geophysics, Geosystems, 4 (3) (2003) 1-34.

Takahashi E., "Melting of A Dry peridotite KLB I up to 14 Gpa: implications on the
origin of the peridotitic upper mantle,” Journal of geophysical research, 91 (1986) 9367-
9382.

Tamura A., Arai S., "Harzburgite-dunite-orthopyroxenite suite as a record of supra-
subduction zone setting for the Oman ophiolite mantle", Lithos, 90 (2006) 43-56.

Uysal 1, Ersoy E. Y., Karsli O., Dilek Y., Sadiklar M. B., Ottley C. J., Tiepolo M.,
Meisel T., "Coexistence of abyssal and ultra-depleted SSZ type mantle peridotites in a
Neo- Tethyan ophiolite in SW Turkey: constraints from mineral composition, whole-
rock geochemistry (major-trace-REE-PGE), and Re-Os isotope systematics”, Lithos,
132-133 (2012) 50-69.

Xu, MJ,, Li.,, HANG, X. Z., Wu, Y. W., "Nature and evolution of the Neo- Tethys in
center Tibet: synthesis of ophiolitic petrology, geochemistry, and geochronology",
Intrenational Geology Review, 56 (9) (2014a) 1072- 1096.

Zhou M. F., Bai W. ], "Chromite deposits in china and their origin, mineral," Deposita

27 (1992) 192-199.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

3l s psle Ve bl g e ) 8Lt Y ol AN
(o3 o ol pole 4,23)
60. Zhou M. F_, Bai W. J, "Chromite deposits in china and their origin, Mineral". deposita,
27 (1992) 192-199.
61. Zhou M. F., Lightfoot P. C., Keays R. R., Moore M. L., Morrison G. G.,"Petrogenetic
significance of chromian spinels from the Sudbury igneous complex,Ontario,Canada”,

Canadian Journal of Earth sciences, 34 (1997) 1405-1419.



[ Downloaded from gnf.khu.ac.ir on 2021-12-07 ]

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

Petrology, Mineral Chemistry and Petrogenetic Evolutions of
the Harzburgites from Abgarm Ultramafic Complex (South
of Kerman province)

Raziyeh Alipour', Hesam Moeinzadeh™', Hamid Ahmadipour'
1. Department of Geology, Shahid Bahonar University, Kerman, Iran
Extended Abstract
(Paper pages 191-214)
Introduction
The Abegram ultramafic complex, in the form of an elongated mass with an approximate
northeast-southwest trend and an arca of approximately 80 km?, forms part of the southeastern
tip of the Kermanshah-Neyriz ophiolites at the northern edge of the Zagros over thrust, and
despite the extensive outcrop to surrounding ultramafic assemblages, it has not been extensively
studied. Considering that the study of mineral chemistry in rocks is a valuable way to determine
their origin, so in this study, using field evidence, petrography and mineral chemistry in
harzburgites, the origin and tectonic environment provide suitable in accordance with
geochemical data for the Abegram ultramafic complex.

Material and methods

After careful studies, it was tried to select suitable samples with the least alteration effects
from the harzburgite units. After preparing the samples in microscopic thin section and
performing petrographic studies, a thin polished section was prepared from a number of
harzburgites and subjected to electron microprobe analysis using JEOL-JXA-8600 M model, 15
kV accelerator voltage and 2-ray current * 10 -8Amp, placed in the Department of Earth
Sciences and Environment of Yagamata University, Japan, and then the structural formula of
the minerals was calculated using the obtained results.

Results and discussion

Harzburgites are the most basic and widespread ultramafic unit in the Abegram ophiolite
complex. The effects of high temperature deformation in the desert, including the alignment and
clongation of spinel crystals, as well as the presence of dykes and pyroxenite veins in these
rocks, indicate that they most likely belong to the mantle. Based on the composition of
chromium spinels in the harzburgites of the study area, they show mantle features and are of the
Alpine peridotite type. In addition, the chromium spinel compositions in these rocks are within
the peridotite range of the mid-ocean ridges and some are within the common range of the back-
arc and mid-ocean peridotites. The studied rocks are peridotites with olivine—spinel mantle
composition and abyssal nature that have undergone a partial melting of nearly 15%, thus
showing a low melting rate. Estimation of temperature, pressure and oxygen fugacity in
Abegram peridotite was performed based on the composition of mineral phases. The
equilibrium temperature in the studied harzburgites was examined by calcium orthopyroxene
geothermometer and olivine-spinel geothermometer and showed the temperature of 816 to 992
and the equilibrium temperature of Fe and Mg between olivine-spinel is 708 to 840°C, and due
to the low temperatures obtained, it can be noted that these temperatures show the rebalancing
temperature of sub-solidus in the lower crust conditions. Equilibrium pressure was estimated
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based on Cr-spinel composition and shows a range between 1.2 to 2 GP, which corresponds to
the melting conditions of pyrolite in the range of spinel peridotite. The fO, range obtained for
these peridotites is 0.2 to +1 Log-bar relative to the quartz-magnetite and fayalite buffers.
According to field studies, petrography, geochemistry of peridotites in the study area, as well as
the genesis and tectonic position of these rocks in different diagrams, we conclude that these
peridotites are related to the back- arc basin, which is about 10% to 15% have undergone partial
melting, which together with textural properties, temperature-barometric pressure and oxygen
fugacity estimation shows a multi-stage history of sub-solid melting, deformation and
rebalancing within the spinel stability range.

Conclusion

The harzburgites in the studied ultramafic complex show evidence such as the presence of
different generations of minerals, the presence of exsolutions of clinopyroxene in
orthopyroxene, the orientation, eclongation and curvature of the crystals, as well as
recrystallization which indicates that these rocks were formed in upper mantle conditions and
then reached equilibrium in the crustal environment. Also, using various geochemical
evidences, the Abgarm ultramafic complex can be considered as a part of the oceanic
lithosphere, which is located above the subduction zone. The chemistry of the minerals in these
harzorgites indicates the origin of the depleted upper mantle, and thermometry of these rocks
reveals the origin of the spinel peridotite. In addition, due to the geological location of the
studied massif and its proximity to the Zagros Trust Zone and its location in the Neyriz-
Kermanshah ophiolite process, this massif can be considered part of the oceanic lithosphere and
belongs to the branches of Neotethys.

Key words: Abgarm ultramafic complex, Esfandagheh- Haji Abad, Harzburgite, Ophiolite, Kerman.
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