1. VFo¥ lcusl g jle VO o Lol VA 0,99 (60 1) cwldcpmo) (099 (slaaiSL

31 05wl b g Coais dilaio (gL gy y1lin 43 oy19dl A b o anlllag

by (waiub 9 (F9,5dlgls 3 ,

" otz do 05gu 9 o013 cpare cx el M Kol 4 o 4

Ol eple,S (yle,S ol apeds olKails clpale 0aSLisls ( cwlidye) 0,5 JLoliwl =)
Ol esle,S ele,S al agds olRasls bpgle 0aSisls ¢ cwlidiyn) 05,5 sbiwl -Y
Ol eyl plzo¥s olRiils clpale 0aSiisls ( gwliiyee) 05,5 JLoliwl -V

* bahram.bahrambeygi@gmail.com : g o 95

VX NYY ihpds  VEVENY bl s

ouS

g3y o & o

3 Sl degame (nltesl 00l ly (ol pl (Brbogiz oS ©fogiz )0 oS Cul (Sdgdl (Slassere hies gncial ik
@ a5 2l oo S (nl 19 39290 po S Aoz I pgdl i Cenl oud JSE5 Sadgs g Ca el oudss ) 53k sl
5o il Slaingdl (oS 5 ik 09l oo canlive dilate GlaSiw ;3 Sl 5 (nSgmelS 5 (S 9m5559) (S9m olyen
9 Moy < I¥A dgax 10 Lawgie Jlade LNIO .ol Codgn S U o w98 €95 5 99,8 o0 518 0o 0 AY LAY Cy i 148 0090
4 b il ey ogdle aims o Hlid 1 Jluw] (slacaans 4 bog e 03gamte lapgdl 1 S5 weye VT .Sl L MO
b il o slasll 2 5555 5] 58l 313 2 Sl e slocSlal sl 5 oges IS5 K, Slyte
2 @ ol el oy yzsle cnl 5o Gl ($55 50 B G Silis a5 5 ge oy 8 T atblisazee sl glaysly ol sen
Q@ Camd )bl G e pedS jo Sl L 565,50 slacpgdl 45 6laiss 4l 0050 5 00l 55 U cend Slalllas
oo (IRl S g Colymle S a4 Sodgy )l dacngddl Co i g8 plie SIS oot Slalllae p3 s oleSle Slacng
i polin a5l g AT oy s bl aalln 50 (slososel 53, 1 Sl (sl Slallias ns e o5

A oo Hlis o9 | dihate cpgdl sl SIS

obeyS Eleals ‘QLA) C....wga...la ‘Gilf (o ‘L‘}.;'%Jl a9y g :‘5..\.5.15 ‘_glboj‘g

5 a8 wils (il -l abasaul —cdl gl
4y ool oad &y (Lo ST o ogia 5 reskS VY
2o 3l (6550 Glnl Sedsedl Sijenel ke
gy 958 5 (AU 1) (gdl a8 cnl S
Srow &3 635 30 Glpl 0, 03,5 )y (95 (cwoil Sl
aS (Vo1 (Sodyg 9 ooljopms) ails oo (B i Jles
oz I gounie glacidsdl dcgorme JSi5 4 e
sl 008 (655 50 el 0,8 05,5 (y3elye slacudsedl
e ($9y° SHsdl anyeS i ) asgee )
YV 7 Sosyg g 00ljme N AAY (LS gil) aisles oo
8l -l ol g5, 1 goanie Slalllas (55l
(YY) oLl 5 padie il (92 (SStn)y Lawss
5 Sl (VYA Glye «(V-10) oyl 5 pade
V-V oen g ooljedin i 9 (V+1) ), Ken

Sy )
it Gl iy ) St (S asgame Codgdl
Appo oweildl ding 5l Sewd gl 4 a5 ol
i asls VAVY (padsS VY o wYeS)
aapd opldl alng jea> Sl lalis 5 el
oo JSts o iy oyl S
el aS s g sl (g8l Acgexs
Sl )50 aiisS 4y iy sla oS 5o Joxxi 2 ogdle
sl aamoge lid 0 I Iy el e
e S 5 (SBgd atieS o S5 n 5ol A
oMbl ] addlls a5 sl dsedl gladsgame 4o
JeSis 090 g (glalssS (aoe b b3 o (85,1b )l
O Sen g ganall) 0,105 oo Lol o bbacgess oyl



" VX Olenali g 5l F0 o5loid VA 0,98 (63 32,1 (wlbbiimo (g5 sloasdly

o4 A macial Sdedl acgeme Cleli )l ol
Olnl (Sl gedl ai oS (g (A5 ;0 9 9l (3lad 0g,F
aS Cowl U“i)ol‘*‘;‘ .)...)fo.f g_i) Sl 00 éﬁb \LQ;J‘A
5 by fagkS 10 B ¥ 5 Job aslS T+ sl
3 Batiul by slel Sbpd i loads j0 99505
side Codgudl il oo daldl Lo S liwl § g
wlazs 5 )18 4wl S slaSal b oled jo cuigay plie
02,0 shls 9wl celaie Jlgv adlais (pl slocodsdl
A CETIPUTRPC SN I P YR CO. PSRN EHIRE L RPRE E I
Llo JolS job 4y 1) oodgdl il S sloasly daan
Sl oolo Hlis azd I & g Slalllas (¥ JSU5) aiil oo
Olpl 0B 00 > o il — 180 slaidle udsudl a5
Jud adle S &Sl e gt (95 9 65
LT e} L MP Lf" J.Ali) 9 0d é9|5 ol Lg‘o)Lé
ST (09) 2) & o BeE (owild] ategy il 8
9 Srie VW) (Hge 5 (L2B) Wb Gl

o

48 D2

ol lacaisn n 5o ugdll G5 Ll sl 48,5 & 50
S sl sl 43,55 18 alllas o y50 lise b
Lyl 5 Fge (i LSl (5,5 S adg) 50 aF el (sogee
Ol ol oo oS 5 oll 2 (aizmen § WS e
Sleogas 5 (2l Sw a3 S9zge Sliledl
ols )13 s p 9590 1y ol eaijle sleSle 3 lacran;
e crl bl gl 2 (Ve e A 250 5 (el
Seigd ple sl Xw o gl o ysl aslas 4
Sul A Ay b oogl e aBby modiald adhis
oyl s, 2 Slllae wikie glsn GloFs
9y b (G (oed Slalllas jloslinul b 3g2 50 (gl

el oy plonil 35 el (il 5 (59 2SI 5,

oges by =) -
095 Lz 4 @l i abais I Gl lacudgdl
OV JESe AVF (IS ga) Wigdoa s
0,8 00,5 ;90 (155 ) slrojunl g laidgudl a5 () Ss)
—oh 5l 0l — Sl Jolis 655 50 !
o3ls polaisl o9 4y 095 oz (nl 5 (Ko 055 oz

34’

2k
I Ophiolite
26 1] ssz
[¥7% ubma

Al g9 » axdllo 890 ddlaio CarByge (Vo)) (o) San g L5051 48,5 0) oyl G gudl (p yimte TSy Al ) JKb

ol odls aStino

Fig. 1. Distribution map of the most important ophiolites in Iran (taken from Ghazi et al., 2011). The location of the

studied area is indicated on the map.
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Fig. 2. Geological map of the studied area (with modifications from Bahrambeigi et al., 2019).
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Fig. 3. General view of the studied area on the image obtained from the SPOT satellite (view from the south-west).
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Table 1. Main element oxide contents in selected olivine from peridotite rocks of Shasatpich area by microprobe analysis in

wt% along with the calculation data of the structural formula based on 3 cations and 4 anions (all in atoms per formula unit-

apfu).

RType | §5i02 | MgO | AI203 | TiO2 | MnO | CaO | FeO | Cr203 | NiO [ Total | Si4+ | Fe2+ | Fe3+ | Mg2+ | Ni2+ | Mg#* | Fo*
Hz 41.14 | 48.61 0.01 bdl 0.18 | 0.03 | 9.73 0.01 0.4 [ 100.11 | 1.01 0.2 bdl | 1.778 | 0.008 | 0.9 89.9
Hz |41.07|4865| bdl | 001 | 0.13 [ 0.02 | 9.62 bdl | 0.37 [ 99.87 | 1.009 | 0.198 | bdl | 1.782 | 0.007 | 0.9 | 90
Hz 40.84 | 48.67 | 0.01 bdl | 0.16 | 0.03 | 9.46 bdl 0.38 | 99.55 | 1.006 | 0.195 | bdl | 1.787 | 0.008 | 0.9 90.2
Hz |40.87 | 48.7 | bdl bdl | 0.17 | 0.04 | 956 | 0.01 | 0.4 [ 99.73 | 1.005 | 0.197 [ bdl | 1.786 | 0.008 | 0.9 | 90.1
Hz 40.99 | 48.73 bdl bdl 0.15 | 0.02 | 9.99 bdl 0.33 | 100.22 | 1.005 | 0.205 | bdl 1.78 | 0.007 | 0.9 89.7
Hz | 40.86 | 48.76 bdl bdl | 0.13 | 0.01 | 9.81 0.01 [039] 9997 | 1.003 | 0.201 | bdl | 1,784 | 0.008 | 0.9 | 89.9
Hz |40.97 | 4877 | bdl | 0.01 | 0.15 | 0.02 | 9.9 0.01 |0.37 | 100.2 | 1.004 | 0.203 | bdl | 1.782 | 0.007 | 0.9 |89.8
Hz |41.06 | 48.83 | bdl bdl | 0.14 | 0.04 | 937 | 0.01 |0.41| 99.86 | 1.008 | 0.192 | bdl | 1.787 | 0.008 | 0.9 [90.3
Hz 40.99 | 48.98 bdl bdl 0.12 | 0.02 | 9.69 0.01 0.36 | 100.18 | 1.004 | 0.198 | bdl 1.788 | 0.007 | 0.9 90

Hz |40.99 | 489 | bdl | 0.01 | 0.14 | 0.03 | 9.71 bdl | 0.4 [100.18 | 1.004 | 0.199 | bdl | 1.786 | 0.008 | 0.9 | 90

Hz 41.13 | 48.87 bdl bdl 0.14 | 0.04 9.4 0.01 0.36 | 99.95 | 1.009 | 0,193 | bdl 1.787 | 0.007 | 0.9 90.3

Hz |41.05|4881 | bdl bdl | 0.16 | 0.04 | 9.97 | 001 |036| 1004 | 1.004 | 0.204 | bdl [ 178 [0.007| 0.9 |89.7

Hz |41.09 | 4873 | 0.01 | 0.01 | 0.18 [ 0.04 | 9.39 bdl | 039 9982 | 1.01 |0.193 [ bdl | 1.785 | 0.008 | 0.9 |90.2

Hz |41.03 | 48.7 | 0.01 bdl | 0.17 | 0.03 | 982 | 0.01 | 0.4 [100.17 | 1.006 | 0.201 | bdl | 178 | 0.008 | 0.9 |89.9

Hz 40.85 | 48.75 bdl bdl 0.13 | 0.02 | 9.88 0.01 0.37 [ 100.02 | 1.003 | 0.203 | bdl | 1.784 | 0.007 | 0.9 89.8

Hz |40.85|48.72| 0.01 | 0.01 | 0.16 | 0.03 | 9.77 bdl | 0.36 | 99.91 | 1.004 | 0.201 | bdl | 1,784 | 0.007 | 0.9 |89.9

Hz 41.12 | 48.89 bdl 0.01 | 0.18 | 0.03 | 9.95 0.01 0.36 | 100.55 | 1.004 | 0.203 | bdl 1.78 | 0.007 | 0.9 89.8

Hz |40.98 | 48.71 | bdl | 0.01 [ 0.13 [ 0.03 | 9.39 | 0.01 |0.39| 99.65 | 1.008 | 0.193 | bdl [ 1.787 [ 0.008 | 0.9 |90.3

Hz 41.11 | 4863 | 0.01 bdl | 0.15 | 0.03 | 9.83 bdl 0.36 | 100.12 | 1.009 | 0.202 | bdl 1.778 | 0.007 | 0.9 89.8

Hz 40.97 | 48.65 | 0.01 0.01 | 0.14 | 0.04 | 9.48 bdl 0.36 | 99.66 | 1.008 | 0.195 | bdl | 1,785 | 0.007 | 0.9 90.2

Hz |4094 | 4874 | 001 | 001 [ 0.13 [002| 943 | 001 |039| 9966 | 1.007 | 0.194 | bdl [ 1787 [ 0.008 | 0.9 |90.2

Hz |41.13 | 48.64 | bdl bdl | 0.14 | 0.04 | 9.74 bdl | 041 [100.11|1.009| 02 | bdl | 1.779 | 0.008 | 0.9 |89.9

Hz [4091 | 4891 | bdl | 0.01 | 0.16 | 0.03 | 9.56 bdl | 036 | 9993 | 1.004 | 0.196 [ bdl | 1.789 | 0.007 | 0.9 |90.1

Hz 40.89 | 48.89 | 0.01 bdl 0.13 | 0.02 | 9.46 0.01 0.37 | 99.78 | 1.004 | 0.194 | bdl 1.79 | 0.007 | 0.9 90.2

Hz 41.07 | 48.61 bdl bdl | 0.17 | 0.03 9.6 0.01 041 | 9991 | 1.009 | 0.197 | bdl | 1.781 [ 0.008 | 0.9 90

Hz |4093|4895| 001 | bdl | 0.14 [ 0.02 | 9.98 bdl | 0.37 [ 100.41 | 1.001 | 0.204 [ bdl | 1.784 | 0.007 | 0.9 |89.7

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

40.99 | 48.72 | 0.01 bdl | 0.13 [ 0.04 | 94 bdl | 037 99.66 | 1.009 | 0.193 | bdl | 1.787 | 0.007 | 0.9 |903
41.14 | 48.79 bdl bdl 0.13 | 0.03 9.46 bdl 0.4 | 99.95 1.01 | 0.194 | bdl 1.785 | 0.008 0.9 90.2
4108 | 48.68 | 0.01 | bdl | 0.17 | 0.04 | 9.56 | 0.01 |0.37| 99.92 | 1.009 | 0.196 | bdl | 1,782 | 0.007 | 0.9 | 90.1
41.14 | 4883 | 0.01 | 0.01 | 0.14 | 0.03 | 9.56 | 0.01 | 038 | 100.1 | 1.008 [ 0.196 [ bdl | 1.784 | 0.008 | 0.9 |90.1
4093 | 48.68 | 0.01 | 0.01 | 0.14 | 003 | 972 | 001 | 039 9992 | 1.006 | 0.2 | bdl | 1,783 [ 0.008 | 0.9 |89.9
41,04 [ 4874 0.01 | bdl | 0.15 | 0.04 [ 9.51 | 001 |0.34| 99.83 | 1.008 | 0.195 [ bdl | 1,785 | 0.007 | 0.9 | 90.2
40.89 | 48.63 | 0.01 | bdl | 0.13 | 0.02 | 947 | 0.01 |0.35| 99.52 | 1.008 | 0.195 | bdl | 1.786 | 0.007 | 0.9 | 90.2
41.08 | 48.85 | 0.01 | bdl | 0.15 [ 0.03 | 9.38 | 0.01 |036| 99.87 | 1.008 | 0.193 | bdl | 1.788 [ 0.007 | 0.9 |90.3
41,03 | 4883 | 0.01 | bdl | 0.14 | 0.03 [ 9.45 | 0.01 |0.39| 99.89 | 1.007 | 0.194 [ bdl | 1,787 | 0.008 | 0.9 | 90.2
4101 [ 4866 | 0.01 | bdl | 0.17 | 0.04 | 9.44 | 0.01 |0.38| 99.71 | 1.009 | 0.194 [ bdl | 1785 | 0.007 | 0.9 |90.2
41,08 4893 | bdl | bdl | 0.3 |002| 9.88 | 001 |039 10044 | 1.004 | 0.202 | bdl | 1,783 [ 0.008 | 0.9 |89.8
4096 | 48.95 | 0.01 | 0.01 | 0.13 | 0.04 | 968 | bdl |0.34 | 100.1 | 1.003 | 0.198 | bdl | 1,788 | 0.007 | 0.9 | 90
409 [ 4882 | bdl | bdl | 0.16 [ 0.01 | 9.5 0.01 | 0.4 | 99.81 | 1.005 [ 0.195 | bdl | 1,788 | 0.008 | 0.9 |90.2
4103|4892 | bdl | bdl | 0.16 | 0.04 | 9.63 | 0.01 | 041 |100.19 | 1.005 | 0.197 | bdl | 1.786 | 0.008 | 0.9 |90.1
Hz | 4098 | 48.68 | 0.01 | 0.01 | 0.16 [ 0.03 | 9.6 bdl | 0.35| 99.82 | 1.007 | 0.197 | bdl | 1,784 | 0.007 | 0.9 |90.1
Hz | 4089|4879 | 0.01 | bdl | 0.15 [ 0.02| 971 | 001 |037| 9994 |1.004 |0.199 | bdl | 1786 | 0.007 | 0.9 | 90
Hz | 4095|4862 | bdl | 0.01 | 0.13 [ 001 | 9.89 | bdl |038| 9998 | 1.006 | 0.203 | bdl | 178 [0.007 | 0.9 |89.8
Hz [4097 4886 | bdl | bdl | 0.18 [ 002 | 939 | bdl | 0.4 | 99.81 | 1.006 | 0.193 | bdl | 1,789 | 0.008 | 0.9 |90.3
Hz |41.07 | 4891 | 0.01 | bdl | 0.18 [ 0.04 | 9.5 0.01 | 0.34|100.05 | 1.007 [ 0.195 | bdl | 1.787 | 0.007 | 0.9 |90.2
Hz | 4099 | 489 | bdl | bdl | 0.16 | 0.04 | 9.68 0 | 0.35]100.13 | 1.004 [ 0.198 | bdl | 1.786 | 0.007 | 0.9 | 90
Hz |[41.07 |48.64| bdl | 0.01 | 0.13 [ 002 | 9.94 | 0.01 |0.38]100.19 | 1.007 | 0.204 | bdl | 1,778 [ 0.007 | 0.9 |89.7
Hz |4095|48.67 | 0.01 | 0.01 | 0.17 | 0.02 | 9.89 0 | 0.36]100.07 | 1.005 [ 0.203 [ bdl | 1,781 | 0.007 | 0.9 |89.8
Hz |[4092|4887| 001 | bdl | 0.14 [ 0.04 | 991 | 001 |0.35]|10024 | 1.002 0203 | bdl | 1.784 [ 0.007 | 0.9 |89.8
Hz

Hz

Hz

Hz

Hz

4099 | 4865 | bdl | bdl | 0.13 | 002 | 948 | 001 |036| 99.65 | 1.009 | 0.195 | bdl | 1785 [ 0.007 | 0.9 |90.2
4093 | 4886 | bdl | bdl | 0.17 | 0.03 | 9.44 | 001 | 0.4 | 99.82 | 1.005 | 0.194 | bdl | 1.789 [ 0.008 | 0.9 |90.2
41,03 | 48.63 | 0.01 | 0.01 | 0.12 | 0.03 | 9.42 0 | 041 9965 | 1.01 |[0.194 | bdl | 1,784 | 0.008 | 0.9 |90.2
4098 | 4897 | bdl | bdl | 0.14 | 0.02 | 9.52 0 |035] 9998 | 1.005 [ 0.195 [ bdl | 1,79 | 0.007 | 0.9 |90.2
41.1 | 4876 | 0.01 | 0.01 | 0.18 | 0.04 | 9.37 0 |037]99.83 | 1.01 [0.193 [ bdl | 1.786 | 0.007 | 0.9 |90.2
Du [4089| 48 | 0.01 | bdl | 0.16 [0.03| 921 | 003 |038| 98.71 | 1.017 | 0.192 | bdl | 1,779 [ 0.008 | 0.9 |90.3
Du |41.05|49.08| 0.01 | bdl | 0.11 | 0.03| 9.93 0 | 03810058 | 1.001 [0.203 | bdl | 1.785 | 0.007 | 0.9 |89.8
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RType | SiO2 | MgO | AI203 | TiO2 | MnO | CaO | FeO | Cr203 | NiO | Total | Si4+ | Fe2+ | Fe3+ | Mg2+ | Ni2+ | Mg#* | Fo*

Hz | 41.14 | 48.61 | 0.01 bdl | 0.18 | 0.03 | 9.73 0.01 0.4 | 100.11 | 1.01 0.2 bdl | 1.778 | 0.008 | 0.9 | 89.9

Hz | 41.07 | 48.65 | bdl 0.01 [ 0.13 | 0.02 | 9.62 bdl | 0.37 | 99.87 | 1.009 | 0.198 | bdl | 1.782 | 0.007 | 0.9 90

Hz 40.84 | 48.67 | 0.01 bdl | 0.16 | 0.03 | 9.46 bdl 0.38 | 99.55 | 1.006 | 0.195 | bdl | 1.787 | 0.008 [ 0.9 90.2

Hz | 40.87 | 48.7 bdl bdl | 0.17 | 0.04 | 9.56 0.01 0.4 | 99.73 | 1.005 | 0.197 | bdl | 1.786 [ 0.008 | 0.9 | 90.1

Hz | 40.99 | 4873 | bdl bdl | 0.15 | 0.02 | 9.99 bdl 0.33 | 100,22 | 1.005 | 0.205 | bdl 1.78 10.007 | 09 |89.7

Hz | 40.86 | 48.76 | bdl bdl | 0.13 | 0.01 | 9.81 0.01 |0.39] 99.97 | 1.003 | 0.201 | bdl | 1.784 | 0.008 | 0.9 |89.9

Hz | 4097 | 48.77 bdl 0.01 | 0.15 | 0.02 9.9 0.01 |0.37| 1002 | 1.004 | 0.203 | bdl | 1,782 [ 0.007 | 0.9 |89.8

Hz | 41.06 | 48.83 bdl bdl | 0.14 | 0.04 | 9.37 0.01 |0.41 | 99.86 | 1.008 | 0.192 | bdl | 1.787 | 0.008 | 0.9 |90.3

Hz 40.99 | 48.98 bdl bdl 0.12 | 0.02 | 9.69 0.01 0.36 | 100.18 | 1.004 | 0.198 | bdl 1.788 | 0.007 0.9 90

Hz | 40.99 | 48.9 bdl 0.01 | 0.14 | 0.03 | 9.71 bdl 0.4 | 100.18 | 1.004 | 0.199 | bdl | 1.786 | 0.008 | 0.9 90

Hz | 41.13 | 48.87 | bdl bdl | 0.14 | 0.04 | 9.4 0.01 |0.36| 99.95 | 1.009 | 0.193 | bdl | 1.787 | 0.007 | 0.9 |90.3

Hz | 41.05 | 48.81 bdl bdl | 0.16 | 0.04 | 9.97 0.01 |0.36 | 1004 | 1.004 | 0.204 | bdl 1.78 1 0.007 | 0.9 |89.7

Hz 41.09 | 48.73 | 0.01 0.01 | 0.18 | 0.04 | 9.39 bdl 0.39 | 99.82 1.01 | 0.193 | bdl 1.785 | 0.008 0.9 90.2

Hz | 41.03 | 487 0.01 bdl | 0.17 | 0.03 | 9.82 0.01 0.4 | 100.17 | 1.006 | 0.201 | bdl 1.78 1 0.008 | 0.9 |[89.9

Hz | 40.85 | 48.75 bdl bdl | 0.13 | 0.02 | 9.88 0.01 |0.37|100.02 | 1.003 | 0.203 | bdl | 1.784 | 0.007 | 0.9 | 89.8

Hz |40.85|48.72 | 0.01 0.01 | 0.16 [ 0.03 | 9.77 bdl 0.36 | 9991 | 1.004 | 0.201 | bdl | 1,784 | 0.007 | 0.9 |89.9

Hz | 41.12 | 48.89 bdl 0.01 | 0.18 [ 0.03 | 9.95 0.01 | 0.36 | 100.55 | 1.004 | 0.203 | bdl 1.78 | 0.007 | 0.9 | 89.8

Hz 40.98 | 48.71 bdl 0.01 | 0.13 [ 0.03 | 9.39 0.01 0.39 | 99.65 | 1.008 | 0.193 | bdl 1.787 | 0.008 0.9 90.3

Hz | 41.11 | 48.63 | 0.01 bdl | 0.15 | 0.03 | 9.83 bdl 0.36 | 100.12 | 1.009 | 0.202 | bdl | 1,778 | 0.007 | 0.9 |89.8

Hz |40.97 | 4865 | 001 | 0.01 | 0.14 | 0.04 | 948 bdl | 036 | 99.66 | 1.008 | 0.195 | bdl | 1785 | 0.007 | 0.9 |902

Hz |40.94 | 48.74 | 0.01 0.01 | 0.13 [0.02 | 943 0.01 |0.39| 99.66 | 1.007 | 0.194 | bdl | 1.787 | 0.008 | 0.9 |90.2

Hz 41.13 | 48.64 bdl bdl | 0.14 | 0.04 | 9.74 bdl 0.41 | 100.11 | 1.009 | 0.2 bdl 1.779 | 0.008 0.9 899

Hz | 40091 | 4891 bdl 0.01 | 0.16 [ 0.03 | 9.56 bdl 0.36 | 99.93 | 1.004 | 0.196 | bdl 1.789 | 0.007 | 0.9 | 90.1

Hz | 40.89 | 48.89 | 0.01 bdl | 0.13 | 0.02 | 9.46 0.01 |0.37 | 99.78 | 1.004 | 0.194 | bdl 1.79 10.007 | 09 |90.2

Hz | 41.07 | 48.61 bdl bdl | 0.17 | 0.03 9.6 0.01 |0.41]| 9991 | 1.009 | 0.197 | bdl | 1.781 | 0.008 | 0.9 90

Hz | 40.93 | 4895 | 0.01 bdl | 0.14 [ 0.02 | 998 bdl | 0.37 | 100.41 | 1.001 | 0.204 | bdl | 1.784 | 0.007 | 0.9 |89.7

Hz | 40.99 | 48.72 | 0.01 bdl 0.13 | 0.04 9.4 bdl 0.37 | 99.66 | 1.009 | 0.193 | bdl | 1787 | 0.007 | 0.9 |90.3

Hz | 41.14 | 48.79 bdl bdl | 0.13 | 0.03 | 9.46 bdl 04 [ 9995 | 1.01 |0.194 | bdl | 1,785 [ 0.008 | 0.9 |90.2

Hz |41.08|48.68| 001 | bdl | 0.17 [ 0.04 | 9.56 | 0.01 |037| 99.92 | 1.009 | 0.196 | bdl | 1782 [ 0.007 | 0.9 |90.1

Hz |41.14 | 4883 | 0.01 | 0.01 | 0.14 | 0.03 | 9.56 | 0.01 | 038 | 100.1 | 1.008 | 0.196 | bdl | 1.784 [ 0.008 | 0.9 |[90.1

Hz | 4093 |48.68| 0.01 | 0.01 | 0.14 | 0.03 | 9.72 0.0 | 039 99.92 | 1.006 | 0.2 bdl | 1783 | 0.008 | 0.9 |89.9

Hz | 4104|4874 | 001 | bdl | 0.15 | 0.04 | 9.51 0.0 | 034 | 99.83 | 1.008 | 0.195 | bdl | 1,785 | 0.007 | 0.9 |90.2

Hz | 4089 |48.63| 001 | bdl | 0.13 | 0.02| 947 | 001 |035]| 99.52 | 1.008 | 0.195 | bdl | 1.786 | 0.007 | 0.9 |[90.2

Hz | 41.08 | 48.85| 0.01 bdl | 0.15 | 0.03 | 9.38 0.01 |0.36| 99.87 | 1.008 | 0.193 | bdl | 1.788 | 0.007 | 0.9 |90.3

Hz | 41.03|48.83 | 0.01 bdl | 0.14 | 0.03 | 945 | 0.01 | 039 | 99.89 | 1.007 [ 0.194 | bdl | 1.787 | 0.008 | 0.9 |90.2

Hz |41.01 |48.66| 0.01 | bdl | 0.17 | 0.04 | 944 | 0.01 |0.38| 99.71 | 1.009 | 0.194 [ bdl | 1,785 [ 0.007 | 0.9 |90.2

Hz |41.08|48.93 | bdl bdl | 0.13 | 0.02 | 9.88 0.01 |0.39|10044 | 1.004 | 0.202 | bdl | 1.783 | 0.008 | 09 |89.8

Hz | 4096 | 4895 | 0.01 | 0.01 | 0.13 | 004 | 968 | bdl |034| 100.1 | 1.003 | 0.198 | bdl | 1,788 [ 0.007 | 0.9 | 90

Hz 40.9 | 48.82 | bdl bdl | 0.16 | 0.01 9.5 0.01 0.4 | 99.81 | 1.005 | 0.195 | bdl | 1.788 [ 0.008 | 0.9 |[90.2

Hz |41.03 4892 | bdl | bdl | 0.16 | 0.04 | 9.63 | 0.01 |041 |100.19 | 1.005| 0.197 | bdl | 1.786 | 0.008 | 0.9 |090.1

Hz | 4098|4868 | 001 | 0.01 | 0.16 | 0.03| 9.6 bdl | 0.35| 99.82 | 1.007 | 0.197 | bdl | 1,784 | 0.007 | 0.9 |90.1

Hz |40.89)48.79| 0.01 | bdl | 0.15 | 0.02 | 9.71 0.01 |0.37| 99.94 | 1.004 | 0.199 | bdl | 1.786 | 0.007 | 0.9 | 90

Hz |4095|48.62| bdl | 0.01 | 0.13 | 0.01 | 9.89 bdl | 0.38 | 99.98 | 1.006 | 0.203 | bdl | 178 [0.007 | 09 |89.8

Hz | 4097|4886 | bdl bdl | 0.18 | 0.02 | 9.39 bdl | 0.4 | 99.81 | 1.006 | 0.193 | bdl | 1,789 | 0.008 | 0.9 |90.3

Hz | 4107|4891 | 001 | bdl | 0.18 | 0.04 | 95 0.01 |0.34 | 100.05 | 1.007 | 0.195 | bdl | 1.787 | 0.007 | 0.9 |90.2

Hz |4099| 489 | bdl bdl | 0.16 | 0.04 | 9.68 0 0.35 | 100.13 | 1.004 | 0.198 | bdl | 1.786 [ 0.007 | 0.9 | 90

Hz |41.07|48.64 | bdl 0.01 | 0.13 | 0.02 | 9.94 0.01 | 038 100.19 | 1.007 | 0.204 | bdl | 1.778 | 0.007 | 0.9 |89.7

Hz |4095|48.67| 0.01 | 0.01 | 0.17 | 0.02 | 9.89 0 0.36 | 100.07 | 1.005 | 0.203 | bdl | 1.781 | 0.007 | 0.9 |89.8

Hz | 4092|4887 | 0.01 bdl | 0.14 | 0.04 | 9.91 0.01 |0.35|100.24 | 1.002 | 0.203 | bdl | 1.784 | 0.007 | 0.9 |89.8

Hz | 40.99 | 48.65 | bdl bdl | 0.13 | 0.02 | 9.48 0.01 | 036 | 99.65 | 1.009 | 0.195 | bdl | 1785 | 0.007 | 0.9 |90.2

Hz | 4093 | 48.86 | bdl bdl | 0.17 | 0.03 | 9.44 | 0.01 | 0.4 | 99.82 | 1.005 | 0.194 | bdl | 1.789 | 0.008 | 0.9 |90.2

Hz |41.03|48.63| 0.01 | 0.01 | 0.12 | 0.03 | 9.42 0 0.41 | 99.65 | 1.01 | 0.194 | bdl | 1,784 | 0.008 | 0.9 |90.2

Hz | 4098 [ 4897 | bdl bdl | 0.14 | 0.02 | 9.52 0 0.35| 99.98 | 1.005 | 0.195 | bdl | 179 | 0.007 | 0.9 |90.2

Hz | 41.1 |48.76| 0.01 | 0.01 | 0.18 | 0.04 | 9.37 0 0.37 | 99.83 | 1.01 | 0.193 | bdl | 1,786 | 0.007 | 0.9 |90.2

Du |40.89 | 48 0.01 bdl | 0.16 | 0.03 | 9.21 0.03 |038| 9871 | 1.017 | 0.192 | bdl | 1779 | 0.008 | 0.9 |90.3

Du | 41.05(49.08| 001 | bdl | 0.11 | 0.03 | 9.93 0 0.38 | 100.58 | 1.001 | 0.203 | bdl | 1,785 | 0.007 | 0.9 |89.8
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RType | 8i02 | MgO | A1203 | TiO2 | MnO | CaO | FeO | Cr203 | NiO | Total | Si4+ | Fe2+ | Fe3+ | Mg2+ [ Ni2+ | Mg#* | Fo*
Hz |41.14 [48.61 | 001 | bdl | 0.18 [003 | 973 | 0.01 | 0.4 | 100.11 | 1.01 | 02 | bdl | 1.778 | 0.008 | 0.9 |89.9
Hz |41.07 [4865| bdl | 001 [ 0.13 | 002 | 9.62 | bdl |0.37| 99.87 | 1.009 | 0.198 | bdl | 1.782 | 0.007 | 0.9 | 90
Hz |40.84 [48.67| 001 | bdl | 0.16 | 003 | 946 | bdl |0.38| 99.55 | 1.006 | 0.195 | bdl | 1.787 | 0.008 | 0.9 |90.2
Hz |40.87 | 48.7 | bdl bdl | 0.17 | 0.04 | 9.56 | 0.01 | 0.4 | 99.73 | 1.005 | 0.197 | bdl | 1,786 | 0.008 | 0.9 |90.1
Hz | 4099 [ 48.73 | bdl bdl | 0.15 | 0.02 | 9.99 bdl | 0.33 10022 | 1.005 | 0205 | bdl | 1.78 | 0.007 | 09 |89.7
Hz |40.86 | 48.76 | bdl bdl | 0.13 [ 001 | 9.81 | 0.01 |039| 9997 | 1003|0201 | bdl | 1,784 | 0.008 | 0.9 |89.9
Hz |4097 [48.77 | bdl | 001 [ 0.15 | 002 | 99 0.01 |0.37| 1002 | 1.004 | 0.203 | bdl | 1,782 | 0.007 | 09 |[89.8
Hz |41.06 | 48.83 | bdl bdl | 0.14 [ 004 | 937 | 0.01 | 041 | 9986 |1.008 | 0.192 | bdl | 1787 | 0.008 | 0.9 |90.3
Hz |40.99 [ 48.98 | bdl bdl | 0.12 [ 002 | 9.69 | 0.01 |0.36|100.18 | 1.004 | 0.198 | bdl | 1788 | 0.007 | 09 | 90
Hz |40.99 | 489 | bdl | 0.01 | 0.14 | 0.03 | 9.71 bdl | 0.4 | 100.18 | 1.004 | 0.199 | bdl | 1,786 | 0.008 | 0.9 | 90
Hz |41.13 [ 48.87 | bdl bdl | 0.14 [ 004 | 94 0.01 |0.36| 99.95 | 1.009 | 0.193 | bdl | 1,787 | 0.007 [ 09 |903
Hz |41.05|48.81 | bdl bdl | 0.16 [ 0.04 | 997 | 0.01 |0.36| 1004 |1.004 | 0.204 | bdl | 1.78 | 0007 | 0.9 |89.7
Hz |41.09[4873| 001 | 001 [ 018 [004| 939 | bdl |039| 99.82 | 1.01 |0.193 | bdl | 1,785 | 0.008 | 0.9 |902
Hz |41.03| 487 | 001 | bdl | 0.17 | 0.03 | 9.82 | 0.01 | 0.4 |100.17 | 1.006 | 0.201 | bdl | 1.78 [ 0.008 | 09 |89.9
Hz | 4085|4875 | bdl bdl | 0.13 [ 002 | 988 | 0.01 |0.37]100.02 |1.003|0.203 | bdl | 1,784 | 0007 | 0.9 |89.8
Hz |40.85|4872| 0.01 | 001 | 0.16 | 0.03 | 9.77 bdl | 036 9991 | 1.004 [ 0201 | bdl | 1,784 | 0.007 | 09 [89.9
Hz |41.12[4889| bdl | 001 [ 0.18 | 003 | 995 | 0.01 |0.36|100.55 | 1.004 | 0.203 | bdl | 1.78 | 0.007| 09 [89.8
Hz |40.98 [48.71| bdl | 001 | 0.13 | 003 | 9.39 | 001 |0.39| 99.65 | 1.008 | 0.193 | bdl | 1,787 | 0.008 | 0.9 |90.3
Hz |41.11 |48.63| 001 bdl | 0.15 | 0.03 | 9.83 bdl | 0.36 | 100.12 | 1.009 | 0.202 | bdl | 1778 [ 0.007 | 0.9 |89.8
Hz |40.97 [48.65| 001 | 001 [ 0.14 | 004 | 948 | bdl | 0.36| 99.66 | 1.008 | 0.195 | bdl | 1,785 | 0.007 [ 0.9 |90.2
Hz |4094 (4874 | 001 | 001 [ 0.13 | 002 | 943 | 0.01 |0.39| 99.66 | 1.007 | 0.194 | bdl | 1,787 | 0.008 | 0.9 |90.2
Hz |41.13 [ 48.64 | bdl bdl | 0.14 [ 004 | 9.74 | bdl | 04110011 |1.009| 0.2 | bdl | 1,779 | 0.008 | 0.9 |89.9
4091 [ 4891 | bdl | 0.01 | 0.16 | 0.03 | 9.56 bdl | 0.36 | 9993 | 1.004 | 0.196 | bdl | 1789 | 0.007 | 0.9 |90.1
Hz |40.89 [ 4889 | 001 | bdl | 0.13 | 002 | 946 | 001 |037| 99.78 | 1.004 | 0.194 | bdl | 179 |0.007| 09 [902
41.07 | 48.61 | bdl bdl | 0.17 | 0.03| 96 | 0.01 |041| 9991 |1.0090.197 | bdl | 1,781 [ 0.008 | 0.9 | 90
Hz |40.93[4895| 001 | bdl | 0.14 [ 002 | 998 | bdl |0.37|100.41 | 1.001 | 0.204 | bdl | 1.784 | 0.007 | 09 |89.7
Hz |40.99 [48.72| 001 | bdl | 0.13 | 0.04 | 9.4 bdl | 0.37 | 99.66 | 1.009 | 0.193 | bdl | 1,787 [ 0.007 | 0.9 |90.3
Hz |41.14 [ 48.79 | bdl bdl | 0.13 [ 003 | 946 | bdl | 04 | 9995 | 1.01 |0.194 | bdl | 1,785 | 0008 | 0.9 |90.2
Hz | 41.08 | 48.68 | 0.01 bdl | 0.17 | 0.04 | 9.56 0.01 |037] 9992 |1.009|0.196 | bdl | 1.782 [ 0.007 | 09 |90.1
Hz (4114|4883 | 0.01 | 0.01 | 0.14 | 0.03 [ 9.56 0.01 |038 100.1 |1.008 | 0196 | bdl | 1784 [ 0.008 | 09 |90.1
Hz | 4093 | 4868 | 0.01 | 0.01 | 0.14 | 0.03 | 9.72 0.01 (039 9992 | 1.006 ( 0.2 bdl | 1,783 | 0.008 | 09 |89.9
Hz | 41.04 | 48.74 | 0.01 bdl | 0.15 | 0.04 | 9.51 0.01 |034| 9983 |1.008|0.195| bdl | 1,785 | 0.007 | 09 |90.2
Hz | 4089 | 48.63 | 0.01 bdl | 0.13 | 0.02 | 947 0.01 [0.35] 99.52 | 1.008 | 0.195 | bdl | 1.786 | 0.007 | 0.9 |90.2
Hz |41.08 | 4885 | 0.01 bdl | 0.15 | 0.03 | 9.38 0.01 |0.36| 99.87 | 1.008 | 0.193 | bdl | 1.788 | 0.007 | 0.9 |90.3
Hz (41034883 | 0.01 bdl | 0.14 | 0.03 | 945 0.01 039 99.89 | 1.007 | 0.194 | bdl | 1787 | 0.008 | 09 |90.2
Hz |41.01|4866| 001 | bdl | 0.17 [0.04 | 9.44 | 001 [038| 99.71 | 1.009 | 0.194 | bdl | 1785 | 0.007 | 09 |90.2
Hz |[41.08 | 4893 | bdl bdl | 0.13 | 0.02 | 9.88 0.01 [0.39|100.44 | 1.004 | 0.202 | bdl | 1,783 | 0.008 | 0.9 |89.8
Hz | 4096 | 4895 | 0.01 | 0.01 | 0.13 | 0.04 | 9.68 bdl [ 034 100.1 | 1.003 [ 0,198 | bdl | 1788 [ 0.007 | 09 90
Hz | 409 | 48.82 | bdl bdl | 0.16 | 0.01 | 9.5 0.01 | 0.4 | 99.81 | 1.005]0.195| bdl | 1,788 | 0.008 | 0.9 |90.2
Hz (4103|4892 | bdl bdl | 0.16 | 0.04 | 9.63 0.01 | 041 |100.19 | 1.005 [ 0.197 | bdl | 1,786 | 0.008 | 09 |90.1
Hz | 4098 4868 | 001 | 0.01 | 0.16 | 0.03 | 9.6 bdl | 035 99.82 | 1.007 | 0.197 | bdl | 1,784 [ 0.007 | 0.9 |90.1
Hz | 40.89 | 48.79 | 0.01 bdl | 0.15 | 0.02 | 9.7 0.01 [0.37| 99.94 | 1.004 | 0.199 | bdl | 1786 | 0.007 | 0.9 90
Hz | 4095 |48.62 | bdl 0.01 | 0.13 | 0.01 | 9.89 bdl | 038 | 99.98 | 1.006 | 0.203 | bdl 1.78 | 0.007 | 0.9 |89.8
Hz | 4097 | 4886 | bdl bdl | 0.18 | 0.02 | 9.39 bdl 0.4 | 9981 | 1.006 | 0.193 | bdl | 1789 | 0.008 | 0.9 |90.3
Hz |[41.07 | 4891 | 0.01 bdl | 0.18 | 0.04 | 9.5 0.01 |0.34|100.05 | 1.007 | 0.195 | bdl | 1,787 | 0.007 | 0.9 |90.2
Hz | 4099 | 48.9 bdl bdl | 0.16 | 0.04 | 9.68 0 0.35|100.13 | 1.004 | 0.198 | bdl | 1786 | 0.007 | 09 90
Hz | 41.07 | 48.64 | bdl 0.01 | 0.13 | 0.02 | 994 0.01 |038100.19 | 1.007 | 0.204 | bdl | 1778 [ 0.007 | 09 |89.7
Hz | 4095 (4867 | 0.01 | 0.01 | 0.17 | 0.02 | 9.89 0 0.36 | 100.07 | 1.005 | 0.203 | bdl | 1781 | 0.007 | 09 |89.8
Hz | 4092 4887 | 0.01 bdl | 0.14 | 0.04 | 991 0.01 |0.35100.24 | 1.002 | 0.203 | bdl | 1784 | 0.007 | 09 |89.8
Hz | 4099 | 48.65| bdl bdl | 0.13 | 0.02 | 9.48 0.01 | 036 99.65 | 1.009 | 0.195 | bdl | 1785 [ 0.007 | 09 |90.2
Hz | 4093 | 48.86 | bdl bdl | 0.17 | 0.03 | 9.44 0.01 0.4 | 99.82 | 1.005|0.194 | bdl | 1,789 | 0,008 | 0.9 |90.2
Hz |41.03)|4863( 0.01 [ 0.01 | 0.12 | 0.03 | 9.42 0 041 | 99.65 | 1.01 | 0194 | bdl | 1784 | 0.008 | 0.9 |90.2
Hz | 4098 [ 4897 | bdl bdl | 0.14 | 0.02 | 9.52 0 0.35| 99.98 | 1.005 | 0.195 | bdl 1.79 | 0.007 | 09 |90.2
Hz 41.1 [48.76 | 0.01 | 0.01 | 0.18 | 0.04 | 9.37 0 037 | 99.83 | 1.01 | 0.193 | bdl | 1,786 | 0.007 | 09 |90.2
Du | 4089 | 48 0.01 bdl | 0.16 | 0.03 | 921 0.03 | 0389871 | 1.017| 0192 | bdl | 1779 [ 0.008 | 09 |[903
Du | 41.05 | 49.08 | 0.01 bdl | 0.11 | 0.03 | 993 0 0.38 | 100.58 | 1.001 [ 0.203 | bdl | 1,785 [ 0.007 | 09 |89.8
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RType | SiO2 | MgO | AI203 | TiO2 | MnO | CaO | FeO | Cr203 | NiO | Total | Si4+ | Fe2+ | Fe3+ | Mg2+ [ Ni2+ | Mg#* | Fo*

Du |[40.89 | 49.19 | bdl bdl | 0.18 | 0.03 | 9.69 0 0.38 | 100.36 | 0.999 | 0.196 | bdl | 1,791 | 0.008 | 0.9 [ 90.1

Du |[41.08|49.21 | 0.01 bdl | 0.15 | 0.02 | 9.58 0 0.41 | 100.47 | 1.002 | 0.196 | bdl 1.79 1 0.008 | 09 |[90.1

Du |[4091 | 4925 | bdl bdl | 0.17 | 0.02 | 9.72 0.01 04 | 100.47 | 0.998 | 0.195 | bdl | 1,792 | 0.008 | 0.9 | 902

Du | 41.05]| 4941 bdl bdl | 0.12 [ 0.13 | 9.33 0.02 | 0.39 | 100.46 | 1.001 | 0.19 | bdl | 1795 [ 0.008 | 0.9 |90.4

Du | 4098 | 49.29 | bdl bdl | 0.12 | 0.11 | 9.48 0.02 | 0.39 | 100.41 1 0.194 | bdl | 1,793 | 0.008 | 0.9 |90.2

Du 41.05 | 49.05 | 0.01 bdl 0.17 | 0.13 | 9.93 0.01 04 | 100.73 1 0.202 | bdl 1.782 | 0.008 0.9 89.8

Du | 41.04 | 48.72 | bdl bdl | 0.12 | 0.05 ] 9.51 0.01 | 041 ] 99.86 | 1.008 [ 0.195 | bdl | 1.784 | 0.008 | 0.9 | 90.1

Du | 4094 | 4894 | 0.01 bdl 0.13 | 0.09 | 9.88 0.02 04 | 100.42 | 1.001 | 0.202 | bdl 1.784 [ 0.008 | 0.9 89.8

Du |[41.04 | 48.86 | 0.01 bdl | 0.16 | 0.07 | 9.6 0.02 | 0.39]100.14 | 1.005 [ 0.197 | bdl | 1.785 | 0.008 | 0.9 | 90.1

Du |41.04 | 4824 | 0.01 bdl | 0.14 | 0.02 | 9.91 0.02 | 038 | 99.75 | 1.011 [ 0.204 | bdl | 1.773 | 0.008 | 0.9 | 89.7

Du | 40.94 | 48.87 bdl bdl | 0.17 | 0.1 9.93 0.02 | 0.39 | 100.43 | 1.001 | 0.203 | bdl | 1,782 [ 0.008 | 09 | 89.8

Du | 4095 | 49.38 bdl bdl | 0.12 | 0.13 | 9.39 0.01 04 | 100.36 | 0.999 | 0.19 bdl | 1.796 | 0.008 | 0.9 |90.4

Du 41.08 | 49.18 bdl bdl | 0.14 | 0.06 | 9.29 0.01 |[0.39| 100.15 | 1.005 | 0.19 bdl 1.793 | 0.008 09 |904

Du | 4095 | 48.18 | 001 bdl | 0.18 | 0.03 | 9.34 002 | 041 | 99.11 | 1.014 [ 0.194 | bdl | 1,779 [ 0.008 | 09 | 90.2

Du 41 49.02 bdl bdl | 0.18 | 0.08 | 9.34 0.02 | 0.39 | 100.02 | 1.004 | 0.191 | bdl 1.79 | 0.008 | 0.9 | 904

Du |41.03 | 48.69 | 0.01 bdl | 0.15 | 0.04 | 9.68 0.03 | 0.41 100,05 | 1.007 | 0.199 | bdl | 1,781 | 0.008 | 09 | 89.9

Du 41 48.78 | 0.01 bdl | 0.15 | 0.09 | 9.57 0.02 | 041 | 100.03 | 1.006 | 0.196 | bdl | 1784 | 0.008 | 0.9 | 90.1

Du 41.08 | 48.53 | 0.01 bdl | 0.15 [ 0.13 | 9.28 0.02 | 041 | 99.61 | 1.012 [ 0.191 | bdl 1782 | 0.008 | 0.9 90.3

Du | 4098 | 48.87 | 0.01 bdl | 0.17 | 0.06 | 9.49 0.01 [039] 99.98 [ 1.005[0.195| bdl | 1787 | 0.008 | 09 | 902

Du |[41.03|48.87 | 0.01 bdl | 0.14 | 0.11 | 9.83 0.01 |0.41 | 10041 | 1.003 | 0.201 | bdl | 1.781 | 0.008 | 09 |89.9

Du |[41.03 | 49.1 bdl bdl | 0.12 | 0.08 | 9.35 0.01 0.39 | 100.08 | 1.004 | 0.191 | bdl | 1792 | 0.008 | 09 |[904

Du |[41.01|48.71 bdl bdl | 0.15 | 0.07 | 942 002 | 04 | 99.76 | 1.008 | 0.194 | bdl | 1,785 [ 0.008 | 09 | 90.2

Du 409 | 48.75 | 0.01 bdl | 0.11 | 0.09 | 9.79 0.01 | 0.41 | 100.08 | 1.003 | 0.201 | bdl | 1.778 | 0.008 | 09 | 89.9

Du 40.92 | 48.59 bdl bdl 0.18 | 0.08 | 9.93 0.02 | 039 | 100.1 | 1.004 | 0.204 | bdl 1.778 | 0.008 | 0.9 89.7

Du |[41.07 | 4892 | 001 bdl | 0.15 | 0.13 | 9.27 0.01 04 | 99.94 | 1.007 | 0.19 | bdl | 1.788 | 0.008 | 09 | 904

Du | 41.07 | 49.34 | 0.01 bdl | 0.16 | 0.06 | 9.44 0 04 | 100.48 | 1.001 | 0.192 | bdl | 1,793 | 0.008 | 09 | 903

Du [40.94 | 48.04 | bdl bdl | 0.15 | 0.09 | 9.28 0 04 | 989 |1.016[0.193 | bdl | 1778 | 0.008 | 0.9 |90.2

40.97 | 48.79 | 0.01 bdl | 0.12 | 0.05 | 9.63 0.02 |0.39 | 99.97 | 1.006 | 0.198 | bdl | 1,785 | 0.008 | 0.9 90
40.92 | 49.14 | 0.01 bdl | 0.11 | 0.03 | 9.81 0.02 | 04 [10044 | 0999 |0.199 | bdl | 1,789 | 0.008 | 0.9 90

41.04 | 48.63 | bdl bdl | 0.14 [0.02 | 948 | 0.02 |041| 99.75 | 1.009|0.195| bdl | 1,783 | 0.008 | 0.9 |90.1

Du
Du
Du 4091 | 48.86 | 0.01 bdl | 0.11 | 0.11 | 9.26 0.01 |041| 99.68 | 1.005| 0.19 | bdl 1.79 {0008 | 09 |904
Du
Du

41.04 | 49.02 | 0.01 bdl | 0.14 [0.11| 9.64 | 0.02 [0.41 10039 |1.003|0.197 | bdl | 1.786 | 0.008 | 0.9 |90.1

Du |41.02 |49.03 [ bdl bdl | 0.16 [ 0.03 | 9.66 | 0.01 |0.41]|100.32 |1.003|0.197 | bdl | 1.787 [ 0.008 | 0.9 |90.1

Du |41.01|4873| 001 | bdl | 0.7 |0.05| 9.81 | 0.02 |0.39]100.19 | 1.005 | 0.201 [ bdl | 1,78 | 0.008 | 0.9 |89.9

4097 | 48.17 [ 0.01 bdl | 0.12 [0.02 | 9.56 | 0.03 [041] 9929 |1.014|0.198 | bdl | 1777 | 0.008 | 0.9 90

40.96 | 48.05 | 0.01 bdl | 0.12 | 0.09 | 9.43 0.02 | 039 99.07 | 1.015 [ 0.196 | bdl | 1.776 | 0.008 | 0.9 |90.1

41.08 | 48.88 | bdl bdl | 0.14 | 013 | 9.75 | 0.02 |0.39|100.37 | 1.005 | 0.199 | bdl | 1782|0008 | 09 | 90

409 | 4834 | 0.01 bdl | 0.18 [ 0.09| 936 | 0.03 | 04 | 99.31 | 0011|0193 | bdl | 1781 | 0.008 | 09 |90.2

40.89 | 49.13 [ 0.01 bdl | 0.12 [0.06 | 949 | 0.01 | 04 |100.12 | 1.001 | 0.194 | bdl | 1.793 [ 0.008 | 0.9 |90.2

g|12g2|2(7|F

4098 | 49 bdl bdl | 0.18 [ 0.09 | 9.52 | 0.01 | 04 |100.18 | 1.008 | 0.195 | bdl | 1788 | 0.008 | 0.9 |90.2

41.05 | 48.49 | bdl bdl | 0.18 [ 0.04 | 9.84 0 041 | 100 |1.009 |0.202 | bdl | 1776 | 0.008 | 0.9 |89.8

Lz |41.08 4732 001 | 001 | 0.15]0.02| 9.6 0 0.37 | 98.55 | 1.026 [ 0.201 | bdl | 1762 | 0.007 | 0.9 |89.8

Lz |41.17| 484 | 001 | bdl | 0.12 [ 0.03 | 9.63 0 037 | 99.73 | 1.014 | 0.198 | bdl | 1.777 | 0.007 | 09 | 90

Lz |4091 | 4844 ( 0.01 bdl | 0.15 [ 0.03 | 9.56 | 0.01 |0.35| 9944 | 1.01 |0.197 | bdl | 1.782 [ 0.007 | 09 90

Lz |40.84 | 48.47 | bdl 0.01 | 0.13 | 0.04 | 9.6 0 039 | 9948 |1.008 | 0.198 | bdl [ 1.783 | 0.008 | 0.9 90

Lz | 40.87 | 47.74 | bdl bdl | 0.14 | 0.03 | 9.56 0 0.37 | 98.73 | 1.018 [ 0.199 | bdl | 1,772 [ 0.007 | 0.9 |89.9

Lz | 4096 | 48.05( bdl 0.01 | 0.14 | 0.04 | 9.56 0 0.37| 99.13 | 1.015| 0.198 | bdl [ 1.775 | 0.007 | 09 90

Lz | 41.1 | 4804 | 001 [ 001 | 012|004 958 0 |038) 9927 |1.017]|0.198| bdl [ 1773|0008 | 09 | 90

Lz |4099 |47.64 | 0.01 bdl | 0.15 [ 0.04 | 963 | 0.01 [037] 9883 | 1.02 | 02 | bdl | 1768 | 0.007| 09 |89.8

Lz |41.06 | 47.86 | bdl 0.01 | 0.15 | 0.04 | 9.57 0 0.37 | 99.05 | 1.019 [ 0.199 | bdl | 1771 [ 0.007 | 09 |89.9

Lz |41.12 | 48.1 bdl bdl | 0.13 | 0.04 | 9.59 0 037 | 9936 | 1.017 [ 0,198 | bdl [ 1773 [0.007 | 09 | 90

Lz |4085|47.62| bdl | bdl | 0.13 | 0.04| 9.6 0 0389862 [1.019| 02 | bdl | 1.77 [0.008| 09 |89.8

*Mg#=[(100*Mg/(Mg+Fe)]
* Fo = Mg/(Mg+Fe)
*bdl: below detection limit
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Table 2. Main element oxide content results from peridotite whole rocks of Shasatpich area by XRF in wt %.

R-Type Si02 | TiO2 | Al203 | Fe203 | MnO | MgO | CaO [ Na20 | K20 P205 Total LOI
Hz 38.17 0.01 1.00 9.58 0.18 35.08 | 0.16 0.18 0.01 0.06 99.4 14.38
Hz 40.00 | 0.03 1.59 10.34 0.16 33.02 | 0.27 0.12 0.01 bdl 99.34 13.68
Hz 41.34 | 0.01 0.76 10.13 0.12 33.18 | 0.45 0.14 0.01 0.01 99.36 13.1
Hz 38.32 0.02 1.41 8.49 0.14 35.53 1.01 0.13 bdl bdl 99.39 13.79
Hz 39.06 0.02 0.97 8.71 0.11 35.67 1.13 0.14 0.01 bdl 99.41 13.15
Hz 38.95 0.02 1.07 8.73 0.11 35.24 | 1.27 0.19 0.01 bdl 99.34 13.26
Hz 39.13 0.02 0.99 8.59 0.13 35.65 1.2 0.17 0.01 0.01 99.89 13.51
Hz 38.46 0.01 1.15 9.57 0.17 34.81 1.11 0.18 0.01 0.04 99.43 13.58
Hz 39.62 0.01 1.12 10.04 0.15 34.24 | 0.82 0.14 0.01 0.03 100.66 | 13.96
Hz 38.23 0.01 1.20 9.03 0.12 35.28 1.25 0.15 0.01 0.05 100.03 | 14.17
Hz 38.61 0.02 1.28 10.02 0.11 33.85 | 0.26 0.17 0.01 0.02 97.98 13.11
Du 36.52 bdl* 0.59 10.15 0.15 37.15 | 0.06 bdl 0.01 bdl 99.39 14.3
Du 37.12 0.01 0.99 8.92 0.16 36.34 | 0.07 0.16 0.01 bdl 99.43 15.4
Du 36.59 0.01 0.77 9.35 0.15 36.72 | 0.07 0.06 0.01 bdl 98.92 14.86
Du 36.70 | 0.01 0.72 10.08 0.16 36.43 | 0.07 0.14 0.01 bdl 98.97 14.4
Du 36.74 | 0.01 0.81 9.36 0.15 36.54 | 0.07 0.03 0.01 bdl 98.98 14.88
Lz 39.20 0.02 0.92 8.71 0.11 35.49 1.43 bdl 0.02 bdl 99.48 13.16
Lz 38.95 0.02 1.07 8.73 0.11 35.24 | 1.27 0.19 0.01 bdl 99.35 13.26
Lz 38.84 | 0.07 2.00 9.65 0.15 35.09 | 2.03 0.25 0.03 0.01 99.46 10.93
Lz 39.03 0.07 1.79 9.49 0.12 35.14 | 1.79 0.21 0.02 0.01 100.62 | 12.39
Lz 38.88 0.07 1.88 8.82 0.13 35.29 | 1.38 0.19 0.01 0.01 99.96 12.81
Lz 38.91 0.02 1.26 9.02 0.13 35.34 | 1.66 0.11 0.01 0.01 99.68 12.67
Lz 38.84 | 0.06 1.84 9.57 0.13 35.3 1.45 0.13 0.01 0.01 100.81 | 13.04
Lz 38.88 0.02 1.11 8.96 0.12 35.18 1.4 0.01 0.01 0.01 97.8 11.6
Lz 38.87 0.06 1.63 8.94 0.11 35.4 1.58 0.17 0.03 0.01 99.15 11.8

*bdl: below detection limit
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Fig. 4. Outcrops of different types of rocks in the studied area separately, types of serpentinized peridotites next to the
Cretaceous thrust limestones and basalts outcrops (view towards the south).
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Fig. 5. Ultramafic rocks in the studied area. a) Altered harzburgites in Shastapich region; b) Intensity of

serpentinization and crushing in harzburgites outcrops.
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Fig. 6. Primary coarse-grained olivine (Ol,) next to fine-grained neoblasts of metamorphic olivine (Ol;) and serpentine
veins within primary olivines (Ol;) in harzburgite samples of the studied area (PPL).
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Fig. 7. Lizardite networks between altered olivines in dunites of the studied area (PPI).
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Fig. 8. Distribution quality of olivines and spinels among the serpentinization context of dunite rocks (XPL).
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Fig. 9. Mineral chemistry of olivine based on Fe#=(Fe/(Fe+Mg)) against Mg#= diagram (Hovey et al., 1992). The olivine
samples are in the range of forsterite tending to chrysolite in the ultramafic rocks of the studied area.
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Fig. 10. a: Raman spectrum image of a first generation olivine sample (Ol;) (BP3-44) from the harzburgite samples of
the region; B: Olivines under Raman analysis in harzburgite rocks of the studied area.
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Table 3. Comparison of the chemical metamorphic olivine (Ol) with primary olivine (Ol;) compositions in lherzolite

and metamorphosed harzburgites of the region.
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Abstract

The Shasatpich area hosts an ophiolitic complex located in the south of Kerman, southeast Iran. This
ophiolitic complex is composed of lherzolite, harzburgite, and dunite. Olivine is one of the important
minerals found in these rocks, which is observed along with pyroxene (orthopyroxene and
clinopyroxene) and spinel. The combined range of olivines is forsterite to chrysolite, range of 84 to 92%.
NiO with an average amount of about 0.38 wt% and MnO with an average of 0.14 wt% in olivines show
the range has related to abyssal peridotites. In addition to serpentinization as a general alteration in the
ultramafic rocks, petrographic studies show that evidence of metamorphism in the olivines of some
harzburgites along with recrystallized antigorite crystals, which indicate a phase of thermal
metamorphism in this harzburgite. These results have been confirmed in mineral chemistry studies too.
Metamorphic olivines have an abnormality compared to magmatic olivines with a decrease in CaO. In
chemical mineralogical studies, the amounts of forsterite and olivines show a regular increase from
lherzolite to harzburgite and dunite. Raman spectroscopy studies on the studied olivines show the
relationship between the peak shift of 854 waves/cm and forsterite values of olivine minerals in the
study area.

Keywords: Peridotite, Olivine, Mineral Chemistry, Raman Spectroscopy, Shasatpich, Kerman

Introduction

The Shasatpich Ophiolitic Complex is a part of
the Baft-Esfandaghe ophiolitic Complex,
located 110 km southwest of Kerman in central
Iran. It belongs to the mixed ophiolitic belt of
central Iran. The formation of this ophiolitic
belt is attributed to the subduction of the
Neotethys oceanic crust beneath the Central
Iranian microcontinent towards the northeast,
which has led to the formation of numerous
ophiolitic ~ complexes, including those
surrounding the Central Iranian
microcontinent. Olivine is an important
mineral that plays a significant role in the
formation of magmas, and its chemical
composition can help clarify ambiguities
regarding the petrogenesis and tectonic
characteristics of the magmatic rocks.
Therefore, this study focuses on studying
olivine crystals in the metaperidotites of the
Shasatpich area. Due to the intense alteration
of the rocks in the area, studies on existing
olivine crystals have been conducted using

mineral chemistry analysis with the electron
microprobe and Raman spectroscopy.

Material and Methods

In this study, the investigations include
electron microprobe analysis, whole-rock
geochemistry, and Raman spectroscopy, all of
which were carried out in the Lithospheric
Research Department laboratory of the
University of Vienna, Austria. Electron
microprobe analysis was performed on 108
points of olivine minerals from 30 samples of
peridotites in the Shasatpich area using the
SXFive FE device at the University of Vienna.
These analyses were carried out with an
accelerating voltage of 30kV and a beam
current intensity of 200nA. For the whole-rock
studies, 25 samples from the region were
analyzed using ICP-MS method. Raman
spectroscopy studies were also conducted
using a micro-Raman device (HORIBA Jobin
Yvon, LabRAM HR800) equipped with a Nd:
YAG laser with a diameter of 532 nanometers
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(Ltd model, J100GS-16) and an optical
microscope (Olympus, BX41 model).

Results

Geological surveis: In field observations, the
metaperidotite outcrops of the area exhibit
more intense tectonization and faulting with a
darker background. The predominant lithology
of the peridotites in this area includes
lherzolite, harzburgite, and lesser amounts of
dunite. The observations indicate that the
peridotites in the region have been affected by
the processes of serpentinization and
tectonization, which are also observed in other
peridotites of the CEIM ophiolitic belt. This
phenomenon has even affected the units with
greater intensity compared to neighboring
areas. Consequently, many of the ultramafic
rocks, especially the peridotites, have been
transformed into serpentinites. The boundaries
between lithological units are tectonic and are
sometimes marked by schistosity in
serpentinites. Lherzolite outcrops and gabbroic
dykes that have cut through serpentinites are
also seen in some parts of the central and
western regions.

Types of olivine: The olivine crystals in
lherzolites are mostly seen as pseudomorphs
due to intense serpentinization, where only the
mesh texture of olivine is recognizable;
however, in rare cases, some crystals are
preserved. The serpentine bachground of
lherzolites is also often composed of
pseudomorphs of olivine, which have often
been transformed into lizardite and antigorite.
An important point regarding the lizarditized
olivines is that despite the generally lower
alteration of lherzolites compared to
harzburgites and dunites; the olivines of these
rocks show a higher degree of alteration.

In the studied harzburgites of the region,
petrographic observations on these rocks
identify the presence of three types of olivine.
Firstly, primary olivines (Ol1) whose traces
remain in the layers of lizardite networks.
Secondly, neoblastic fine-grained olivines
(O12) which are likely crystallized due to
serpentinization and often along fractures.
These types of olivines have cut the rock into
fine-grained aggregates, chrysotile veins, and
lizardite veins. Thirdly, fine crystals of olivine
(Olr) are observed as inclusions within
orthopyroxenes, which could be considered as
the third generation of olivines. The olivines
present in dunites are no specific evidence of

re-crystallization. On the other hand, the
olivine crystals present in the matrix of dunites
are often recognizable as pseudomorphs due to
intense serpentinization.

Olivine chemistry: According to the Mg# vs.
Fe# diagram, most of the olivine samples are
located in the range of chrysolite and forsterite.
The positioning of samples on this diagram
shows that the olivines present in harzburgites
and donites contain values closer to forsterite,
while the olivines in lherzolites contain values
closer to chrysolite.

Raman spectroscopy in olivine: The olivine
spectrum is divided into three regions: <400
cm’', 400-800 cm’, and 800-1100 cm’'. The
region between 800 and 1100 cm™' corresponds
to internal vibrations of the SiOj structure. The
most important phenomena in this range occur
near 820 and 850, which are related to the
height as a function of mineral orientation. The
region from 400 to 800 is also related to
internal vibrations of silicate tetrahedral
structures. Peaks below 400 mainly indicate
rotation and structural changes in octahedral
units. The observed positions for olivine are at
820. Approximately 10 waves start from 815
waves for pyroxene and continue up to 824
waves for forsterite.

Discussion

Based on  petrographic  studies, the
predominant mineral in peridotite is olivine,
which has mostly granular textures and has
been altered by serpentinization with different
values in each of the three lithological groups.
However, the investigations show that this
mineral can be distinguished in the region's
harzburgite into three primary types (Ol),
metamorphism (Ol,), and replacement (Olr).
The primary olivines, created within the lattice
networks of lizardite, have remained and are
predominant. The secondary olivines are fine
grains neoblasts whose formation is related to
the metamorphism of serpentines. The
concentration of NiO is predominantly
controlled by forsteritic olivines and the types
produced in the early stages of magma. The
olivines in the region fall within the range
associated with abyssal peridotites. According
to the Mg# versus MnO diagram, the olivines
studied not only fall within the range of abyssal
peridotites but also exhibit a mantle array.

The amount of CaO in the primary olivines
(Oly) present in harzburgites and lherzolites is
lower compared to donites, which can be
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considered as a function of the temperature of
crystallization of the primary minerals. The
amount of CaO in the primary olivines (Ol) in
harzburgites and lherzolites is quite similar,
and MnO also shows a limited range of
variations. However, the CaO content in the
metamorphic  olivines (Oly) present in
harzburgites shows the lowest value.
Nevertheless, the olivine present in
harzburgites has undergone considerable
metamorphism, and serpentine is observed as
both a background and vein in these rocks.
Despite the lower degree of alteration in
lherzolites, the extent of serpentinization of
olivines in lherzolites is greater than that in
adjacent  harzburgites. Considering the
chemical similarity and equal resistance of
olivine in both rocks, this may indicate an
earlier formation of olivine in lherzolites
compared to harzburgites and a relatively
delayed formation of harzburgites in the
studied area.

According to the MgO versus CaO diagram,
the rock samples in the region fall within the
range of melting above 15% (average melting),
showing a differentiation from lherzolites
towards harzburgites, and ultimately donites.
This indicates variable degrees of partial
melting on the source rock within this melting
range. Additionally, a curvature is observed in
the harzburgite samples on this diagram. This
curvature is seen in harzburgite samples that
have undergone metamorphic processes and
affected their MgO content. The presence of
non-primary olivine minerals and
mineralogical and textural evidence in these
rocks supports this claim. The presence of
pyroxenes that have been partially replaced by
secondary olivines or embayment of these
crystals by secondary olivines are among the
indications of subsequent processes such as
metamorphism that have occurred in the
harzburgite rock mass. The low amounts of
CaO in donites and the higher amounts in
lherzolites can also be justified by the presence
of more clinopyroxenes in lherzolites and
higher amounts of olivines in donites.

Conclusion
The Shasatpich area in southeastern of Iran is a
part of the Nain-Baft ophiolitic complex, as a

part of the internal ophiolitic belt related to the
microcontinental ophiolites of central Iran. The
intensely tectonized ophiolite melanges in this
area represent a complete sequence of an
ophiolitic complex. The peridotites in this area
are composed of harzburgites, lherzolites, and
donites, with harzburgites being the dominant
rock type. Field observations indicate a high
degree of serpentinization in these rocks.
Petrographic studies identify olivine as the
characteristic mineral, which has been
influenced by serpentinization processes to
varying degrees in these rocks. Microscopic
observations reveal only magmatic olivine
crystals (Oly) in the lherzolites and donites of
the studied area; however, in the harzburgites
of the region, in addition to magmatic and
primary olivines (Ol;), metamorphic olivines
(Oly) and replacement olivines (Olr) are also
observable based on evidence.

Investigating the chemistry of this mineral in
the rocks of the region, the compositional range
of olivines is in the range of 83-92% forsterite
values (from forsterite to chrysolite), which
shows the similarity of the composition of
these crystals with mountainous peridotite
olivines. The main difference between primary
olivine crystals (Ol;) and types of metamorphic
olivines (Ol) is in the amount of CaO, which
is much lower in metamorphic olivines (Ol,)
than magmatic and primary olivines (Ol;). The
lower amount of CaO is probably due to the
metamorphism and dehydration process that
leads to the formation of this type of olivine
from serpentine with low CaO content.

The use of Raman spectroscopy as a very
precise tool for identifying chemical and
structural bands in olivine crystals in the rock
samples of the studied area, using the
frequency range of 820 to 850 cm™, shows
compositional variations in olivine and
confirms microscopic and mineralogical
studies.

The ophiolitic complex of Shasatpich is
remnants of the Neotethys oceanic crust in
central Iran. All microscopic and chemical
studies of the peridotite rocks in the Shasatpich
area have placed them in the range of abyssal
peridotites. These peridotite rocks have formed
as a result of partial melting of a source rock
with a moderate degree.



