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Sample *Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz 

No Ol-134 Ol-135 Ol-136 Ol-137 Ol-138 Ol-139 Ol-140 Ol-141 Ol-142 Ol-143 
SiO2 [T/NR RT/NO _T/NR [V/NR O\/NO _R/NR O[/NO RT/NO UU/NO RV/NO
TiO2 R^/R RO/R RR/R RR/R RO/R RR/R RU/R RU/R RR/R RR/R
Al2O3 RU/R RR/R RO/R RR/R RR/R RR/R RR/R RR/R RO/R RR/R
Cr2O3 RO/R RR/R RR/R RO/R RR/R RR/R RO/R RR/R RR/R R^/R
FeO* R_/[ OT/[ OU/[ ^^/[ VN/[ OU/[ U^/[ U[/[ OU/[ UO/[
MnO OU/R OV/R OO/R OR/R O\/R R[/R OU/R OV/R OO/R O^/R
MgO _[/N[ T^/N[ V_/N[ UR/VR RR/VR V\/VR _[/N[ U^/VR _V/N[ OU/VR
CaO RR/R RU/R RO/R RO/R RU/R RR/R RR/R RU/R RO/R RU/R
Na2O RO/R RR/R RR/R RO/R RR/R RR/R RO/R RR/R RR/R RR/R
K2O RR/R RR/R RU/R RO/R RR/R RO/R RR/R RR/R RU/R R^/R
Total RR/ORR RN/ORR _[/[[ TU/ORR NO/ORR VR/ORR ^_/ORR RN/ORR _[/[[ V[/ORR

Si RRR/O RR^/O RR/O [[^/R RR/O [[/R RR/O RR/O RR/O [[/R
Ti RRO/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Al RRO/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Cr RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R

Fe+2 O\V/R O\_/R O\R/R O_T/R O\/R OT/R O[/R O[/R O\/R O\/R
Fe+3 RR/R RR/R RO/R RO/R RR/R R^/R RR/R RR/R RO/R RO/R
Mn RRU/R RR^/R RRU/R RRU/R RR/R RR/R RR/R RR/R RR/R RR/R
Mg \OO/O \R_/O \ON/O \OV/O \OO/O \U_/O \O/O \O/O \O/O \U/O
Ca RRR/R RRO/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Te OU/R OT/R OO/R OR/R O[/R R[/R OU/R OR/R OV/R O^/R

Sum OUN/^ OVV/^ OON/^ ORU/^ O\V/^ R[U/^ OUN/^ ORU/^ OVV/^ O^^/^
Fo TU/[R NV/[R VT/[R NV/[R TU/[R _V/[R TU/[R NV/[R VT/[R NV/[R
Fa UT/[ ^_/[ ^O/[ N^/[ O_/[ OT/[ UT/[ ^_/[ ^O/[ N^/[

Mg# [O/R [O/R [O/R [O/R [O/R [U/R [O/R [O/R [O/R [O/R
* Hz = Harzburgite 

 ���# ���7�86
Sample Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz 

No Ol-144 Ol-145 Ol-146 Ol-147 Ol-148 Ol-149 Old151 Ol-152 Ol-153 Ol-154 
SiO2 \_/NO [^/NR [N/NR \U/NR R_/NO \N/NR TO/NR \T/NR [[/NR N^/NR
TiO2 RU/R RN/R RO/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Al2O3 RR/R RO/R RR/R RO/R RR/R R^/R RR/R RR/R RR/R RO/R
Cr2O3 RR/R RR/R RU/R RR/R RR/R RO/R R^/R RR/R RR/R RU/R
FeO* R\/[ RU/[ UN/[ U_/[ OO/[ O[/[ U\/[ U^/[ V^/[ ON/[
MnO OR/R O_/R OV/R OR/R OR/R OV/R OU/R R[/R OT/R OV/R
MgO OO/VR VN/N[ N_/VR RO/VR VO/N[ RN/VR [T/N[ ^\/N[ \O/N[ \\/N\
CaO RR/R RO/R RR/R RO/R R^/R RR/R RU/R RR/R RO/R RR/R
Na2O R^/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RU/R
K2O RR/R RR/R RO/R RU/R RR/R RO/R RO/R RU/R RO/R RO/R
Total UR/ORR __/[[ \^/ORR UT/ORR \U/[[ UT/ORR R^/ORR V\/[[ V^/ORR TV/[[

Si [[/R RR/O [[/R [[/R RR/O [[/R [[/R RR/O RR/O RR/O
Ti RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Al RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Cr RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R

Fe+2 O_/R O\/R O_/R O\/R O[/R O\/R O_/R O[/R O[/R O[/R
Fe+3 RO/R RR/R RU/R RO/R RR/R RO/R RU/R RR/R RO/R RR/R
Mn RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Mg \O/O \R/O \U/O \O/O \O/O \U/O \U/O \O/O \O/O \O/O
Ca RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Te OR/R O\/R OV/R OR/R OR/R OV/R OU/R R[/R OT/R OT/R

Sum OR^/^ O__/^ OV^/^ OR^/^ ORN/^ OVN/^ OU^/^ R[N/^ OTV/^ OV\/^
Fo VT/[R _V/[R V\/[R N\/[R VO/[R VU/[R N^/[R NU/[R OV/[R ^T/[R
Fa UU/[ OT/[ ^R/[ NO/[ ^N/[ ^^/[ NU/[ N\/[ T\/[ N\/[

Mg# [O/R [U/R [U/R [O/R [O/R [O/R [O/R R[O/R [O/R [O/R
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Sample Hz Hz Hz Hz Hz Hz Hz Hz Hz 

No Ol 155 Ol 156 Ol 157 Ol 158 Ol 159 Ol 160 Ol 161 Ol 162 Ol 163 
SiO2 T[/NR _R/NR TV/NR RO/NO UN/NO [T/NR OV/NO OO/NO TU/NR
TiO2 RR/R RR/R RR/R RR/R RO/R RO/R RU/R RR/R RO/R
Al2O3 RR/R RR/R RU/R RU/R RR/R RR/R RR/R RR/R RR/R
Cr2O3 RU/R RR/R RO/R RR/R RO/R RR/R RR/R RR/R RR/R
FeO* U[/[ R[/[ NV/[ O^/[ NR/[ U\/[ N^/[ UV/[ U_/[
MnO O[/R ON/R ON/R R\/R R[/R UR/R ON/R O^/R ON/R
MgO T\/N[ V\/N[ VR/N[ RV/VR U\/VR R\/VR \U/N[ OT/VR VN/N[
CaO RU/R RO/R RR/R RO/R RO/R R^/R RR/R RR/R RR/R
Na2O RO/R RR/R RR/R RR/R RO/R RO/R RU/R RO/R RR/R
K2O RR/R RU/R RU/R RO/R RU/R RU/R RO/R RO/R RR/R
Total [R/[[ VN/[[ _[/[[ ^U/ORR RV/ORO TO/ORR V_/ORR T\/ORR V\/[[

Si [[/R RR/[ RR/O RR/O RR/O [[/R RR/O RR/O RR/O
Ti RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Al RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Cr RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R

Fe+2 O\/R O\/R O[/R O\/R O\/R O\/R O[/R O\/R O\/R
Fe+3 RO/R RR/R RO/R RR/R RO/R RO/R RR/R RO/R RO/R
Mn RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Mg \O/O \O/O \O/O \O/O \O/O \O/O \O/O \O/O \O/O
Ca RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R RR/R
Te UR/R OV/R ON/R R\/R R[/R UO/R ON/R O^/R OV/R

Sum O[T/^ OVR/^ ONV/^ R\U/^ R[U/^ URV/^ ONN/^ O^^/^ ONV/^
Fo ^R/[R V^/[R UR/[R T^/[R NO/[R ^T/[R U_/[R VR/[R ^_/[R
Fa N_/[ ^O/[ TT/[ U_/[ N[/[ ^[/[ V[/[ ^T/[ N[/[

Mg# [O/R [O/R [O/R [O/R [O/R [O/R [R/R [O/R [O/R

���#9J
�;����P D�
#�,��KD�K&M�,  'L � $�L�� K&" E�&-���? �� $�L��
��-f�!, )X�� ���� �4&��	 �;7�!�2�-f�!, T�L,  0B.
Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz sample 

Cpx 173 Cpx 172 Cpx 171 Cpx 170 Cpx 169 Cpx 168 Cpx 167 Cpx166 Cpx165 Cpx164 No 
NO/V^[T/VUN[/V^\U/VUO^/VN^O/NO__/VU_[/VT^O/VN_V/V^SiO2

RR/RRN/RRN/RRU/RRR/RRU/RRR/RRR/RRR/RRU/RTiO2 
U_/U^V/U_O/OOV/U^T/ONV/RN^/U^V/OOV/O_O/OAl2O3

[^/R[_/RVN/R[U/R^R/RRN/RR^/OUT/RO_/RTV/RCr2O3

__/O\\/O_U/O_N/O[O/O_\/V[O/O\^/O_N/O\^/OFeO* 
R_/RRV/ROR/RR\/RR[/RON/ROR/RRV/RR\/RRT/RMnO 
[N/OTRT/O_^R/O_OT/O_^V/O_UN/^NT\/OTU_/O___/O_UT/O_MgO 
__/UN[O/UNOU/UVU[/UN^\/UN_R/RTN/UNRO/UNNU/UNN[/UNCaO 
R\/RRT/RR^/RRV/RR\/RRR/RRT/RR^/RR^/RRT/RNa2O
R^/RRU/RRO/RRR/RRO/RRU/RRR/RRU/RRR/RRR/RK2O
U_/ORRU[/ORRR_/ORRUU/[[[R/[[T[/\[TU/[[TR/OROT_/[[\U/[[Total 

[^_/O[O[/U[NO/O[^^/O[TN/OT_T/O[U_/OR^N/U[_N/O[VV/OSi 
RRR/RRRO/RRRO/RRRO/RRRR/RRRO/RRRR/RRRR/RRRR/RRRO/RTi 
R[_/RORR/RR_^/RR[^/RRV\/RRUU/RORV/RRV_/RRN[/RR_^/RAl 
RU_/RRU\/RROV/RRU_/RRR[/RRRO/RR^R/RRR_/RRRV/RRO[/RCr 
RR\/RR^V/RR^R/RRO\/RROR/RTUN/RROV/RRRR/RRRR/RRRO/RFe+3 
RNV/RRUU/RRUU/RR^V/RRN\/RNU\/RRN^/RRVV/RRV^/RRVV/RFe+2 
RRU/RRRU/RRR^/RRRU/RRR^/RRRV/RRR^/RRRU/RRRU/RRRU/RMn 
[OT/R[UU/R[T^/R[^T/R[VV/RR_R/U[R\/R[UU/R[T^/R[^T/RMg 
[TU/R[T_/R[_T/R[VU/R[N\/RR^R/R[TN/R[UO/R[VO/R[VN/RCa 
RRT/RRRN/RRRU/RRRN/RRRT/RRRR/RRRN/RRRU/RRRU/RRRN/RNa 
RT^/UR\O/URV[/URT_/UR^T/U^UN/UR_^/U[TT/ORUT/URNV/USum 
[V/R[\/R[\/R[T/R[V/R[T/R[V/R[N/R[V/R[N/RMg#

\U/N[_O/N[_O/N[RV/N[^V/N\^U/O[N/N[VN/N\^V/N\RN/N[Wo 
NR/N_^_/N_T^/N_UO/N\_R/N\ON/[RRN/N_V\/N\[T/N\R[/N\En 
_\/U[^/UTT/U_N/U[T/UVN/\RU/^\[/UT[/U\T/UFs 
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���7�8����# 9
Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz sample 

Opx 183 Opx 182 Opx 181 Opx 180 Opx 179 Opx 178 Opx 177 Opx 176 Cpx 175 Cpx 174 No 
O^/VTRO/VTN^/VVVT/VV_O/VV_T/VU[T/VVV\/VVN[/V^\U/VUSiO2

RO/RRR/RRR/RR_/RRU/RRR/RRN/RR\/RRN/RRU/RTiO2

NR/U_U/UTT/U_N/UNT/UO[/UVO/UT_/U_O/OOV/UAl2O3

T\/R_R/R\\/R__/R_N/RTV/R_[/R\_/RVN/R[U/RCr2O3

RU/TRN/T_O/VUO/TRR/TUT/TO^/T[U/V_U/O_N/OFeO* 
OU/RON/RON/ROV/ROT/RO^/ROV/RO_/ROR/RR\/RMnO 
^O/^^TT/^^^^/^U_V/^^R[/^^UV/^VTV/^^T^/^^^R/O_OT/O_MgO 
OT/OUV/OT[/U^O/RV\/O^\/RRO/ONO/ROU/UV U[/UN CaO 
RR/RRR/RRO/RRO/RRR/RRU/RRO/RRR/RR^/RRV/RNa2O

RR/RRU/RRR/RRO/RRU/RRR/RRU/RRO/RRO/RRR/RK2O

\^/[[ VN/ORR \V/[[ V\/[[ _\/[[ T^/[_ U_/ORR ^^/[[ R_/ORR UU/[[ Total 
[NV/O[UN/O[UN/O[UV/O[^O/O\[\/O[U\/O[^O/O[NO/OOO[/O[^^/OSi 
RR/RRRR/ORRR/ORRU/RRRO/RRRR/RRRO/RRRU/RRRO/RRRO/RTi 
R[\/ROOR/ROR[/ROOU/RORO/RR[^/RORU/ROR[/RR_^/RR[^/RAl 
RO[/RRO[/RRUN/RRUO/RRUR/RRO\/RRUU/RRUN/RROV/RRU_/RCr 
RR/RRU^/RRUR/RRON/RROT/RR[V/RRUR/RRRO/RR^R/RRO\/RFe+3 
O_N/ROVR/RONT/ROTT/ROV\/RR[^/ROVT/RO_O/RRUU/RR^V/RFe+2 
RR^/RRRN/RRRN/RRRN/RRRV/RRRN/RRRN/RRRV/RRR^/RRRU/RMn 
_UO/O_UN/OT_^/O_N^/O_OR/O_\^/O_U\/O_NU/O[T^/R[^T/RMg 
RN^/RRNT/RORR/RROU/RRV[/RROV/RR^_/RROV/R[_T/R[VU/RCa 
RR/RRRR/RRRO/RRRO/RRRR/RRRO/RRRO/RRRR/RRRU/RRRN/RNa 
RRV/UR_T/UR_T/UR_V/URT[/UORU/UR_U/URT[/URTT/U\\O/USum 
[O/R[U/R[U/R[O/R[U/R[V/R[U/R[O/R[\/R[T/RMg#

UU/U^_/UOT/VV[/RRU/^_N/R[U/O_[/R_O/N[RV/N[Wo 
_\/\\ _R/\\ U[/\T OR/[R R^/\\ _\/\[ [[/\\ U[/[R T^/N_ UO/N\ En 
RR/[[^/\VV/\^R/[[V/\N\/[R[/[[U/\TT/U_N/UFs 

���7�8����# 9
Hz Hz Hz Hz Hz Hz Hz sample 

Opx 193 Opx 192 Opx 191 Opx 189 Opx 188 Opx 187 Opx 186 No 
RT/VT ^_/VT ^\/VT ^N/VT NO/V_ UT/V_ UU/VT SiO2

RR/RRO/RRU/RRU/RRN/RRV/RRR/RTiO2

_\/U_R/O^U/U_V/UT[/O\N/U^[/UAl2O3

_[/R^O/RTO/R_N/R^R/R_V/R_O/RCr2O3

U\/[ON/[T^/VUR/T^\/TOR/[U_/TFeO* 
O\/RO_/ROT/RON/RON/RO_/RON/RMnO 
_V/^^ _N/^U ^R/^N R\/^N TT/^N NO/^^ NU/^U MgO 
^T/RTT/UVO/R^N/RU^/RTV/RVU/UCaO 
RO/RRR/RRO/RRU/RRO/RRR/RRR/RNa2O

RR/RRO/RRU/RRO/RRU/RRR/RRR/RK2O

UU/ORR _O/[[ V[/ORR \O/ORR T[/ORR UN/ORO RU/ORR Total 
[^/O[V/O[^/O[U/O[T/O[V/O[N/OSi 
RR/RRR/RRR/RRR/RRR/RRR/RRR/RTi 
OO/RR_/RR[/ROO/RRT/ROO/RR[/RAl 
RU/RRR[/RRO_/RRU/RRR\/RRU/RRO/RCr 
RR^/RRR_/RRUN/RROU/RRR/RRR/RRR/RFe+3 
OR/OOR/OOT/RO_/RR[/OOV/ROV/RFe+2 
RRV/RRRV/RRRV/RRRN/RRRN/RRRV/RRRN/RMn 
_^/OT[/O_V/O_^/O_T/O_R/OT_/OMg 
RO^/RR[[/RRO[/RROU/RRR\/RRU/RR[/RCa 
RRO/RRR/RRRO/RRRO/RRRO/RRR/RRR/RNa 
RT\/URN^/URT_/UR_O/UR^T/URNU/URVU/USum 
T\/[R N^/[O \N/[O RT/[O \\/[R T\/[R OU/[O Mg#

[T/RRV/V[T/RTN/RN^/RUV/O\N/NWo 
[U/\[ NT/\T \^/\[ [O/\[ N[/[R VV/\[ _O/T[ En 
^[/[N[/\UO/[NN/[R\/[UR/[NV/\Fs 
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'! 5����
j&L $�)5n�20,�
, �!�"# ���L � �!�"#�&'- �'@� �tv

���#:
D@M J
�;��2�
#�,��KD����;*�, �E�&-E��? �� F" G!, 
��-f�!, )X�� ���� �4&��	 �;7�!�2�-f�!, N�L,  0B.
Spl 21 Spl 20 Spl 19 Spl 18 Spl  17 Spl 16 Spl 15 Spl 14 Spl 13 Spl 12 sample 

RR/RRV/RRU/RRV/RRO/RR^/RRV/RRN/RRO/RRR/RSiO2

RN/RRU/RRN/RRR/RRR/RRO/RRR/RRR/RRT/RRU/RTiO2

[U/^O OV/^O ^T/^O [N/^_ RN/^V N^/^_ TV/^T O_/^N _R/^R VV/^U Al2O3

TR/^V OU/^T NU/^V RU/U[ ^V/^U N[/U\ VR/^R [T/^U __/^T RT/^V Cr2O3

VT/O\ T[/O\ R\/O[ RN/O_ [R/O_ _\/O\ O_/O\ VO/O\ O[/O[ R\/O\ FeO* 
UN/RU^/RU\/RUO/RUO/RU_/RUR/RUU/RU_/RUN/RMnO 
RN/ON \R/O^ _R/O^ ^R/OV ^_/ON _^/ON TO/ON ^T/ON NN/O^ N^/ON MgO 
RR/RRO/RRO/RRU/RRU/RR\/RRO/RRR/RRR/RRR/RCaO 
NR/ORR R_/ORR [U/[[ V\/[[ [O/[[ \^/[[ NT/ORO ON/ORU \/ORR _\/ORR Total 

RRO/RRRO/RRRO/RRRO/RRRR/RRRO/RRRO/RRRO/RRRR/RRRR/RSi

RRO/RRRR/RRRO/RRRR/RRRR/RRRR/RRRR/RRRO/RRRR/RRRR/RTi 
ORU/OR\^/OR[O/OU_\/OO[\/OUTT/OUNR/OOT\/ORT\/OOO\/OAl 
\UN/R\NU/R\U_/RTVT/R_NU/RT[T/RT[U/R_VT/R\V\/R\R\/RCr 
R_U/RR_O/RR_[/RRT^/RRTR/RR\T/RRTV/RR_N/RR_R/RR_^/RFe+3 
^\U/R^[R/R^[U/R^NN/R^_N/R^TV/R^_O/R^_V/RNR^/R^T\/RFe+2 
RRT/RRRT/RRR_/RRRV/RRRV/RRR_/RRRV/RRRV/RRR_/RRRT/RMn 
TO^/RTR_/RTR^/RTVU/RTUO/RT^R/RTUV/RTUO/RV[O/RTU_/RMg 
^^^^^^^^^^Sum 
TR/TO [R/TR TU/TR NN/TV N^/TU ^V/T^ _N/TU ^V/TU NV/V[ RN/T^ Mg#

\R/NU _V/N^ OO/N^ [O/^^ UV/^\ \R/^^ \^/^V U[/^[ VV/NN [V/NO Cr#

\T/OV ON/O_ __/OT N_/OV \/O^ RT/O[ [/ON V/OT \/ON V/OT Fe#

���7�8����# :
Spl  29 Spl 28 Spl 27 Spl 26 Spl 25 Spl 24 Spl  29 Spl 28 Spl  23 Spl 22 sample 

RU/RRU/RRR/RR^/RR^/RRU/RRU/RRU/RRU/RR^/RSiO2

RR/RRU/RRU/RRN/RRN/RRV/RRR/RRU/RR^/RRR/RTiO2

U\/^^ __/^U UN/^O RN/^^ ^[/^^ ^V/^N U\/^^ __/^U ^T/^R ^N/^^ Al2O3

[[/^^ UR/^N [O/^N TT/^N V[/^N O^/^^ [[/^^ UR/^N U_/^_ T^/^^ Cr2O3

UU/O\ [_/O\ N^/O[ N\/O\ T^/O\ ^V/O\ UU/O\ [_/O\ RR/O[ ^V/O\ FeO* 
U_/RUT/RUN/RUT/RUV/RU^/RU_/RUT/RU^/RUU/RMnO 
TR/ON O\/ON [\/O^ V^/ON O_/ON ^_/ON TR/ON O\/ON TU/O^ OU/ON MgO 
RN/RRR/RR^/RRU/RRR/RRR/RRN/RRR/RRO/RRO/RCaO 
NU/ORR N^/ORR \V/[[ RT/ORO OR/ORO N[/ORR NU/ORR N^/ORR VN/ORR _R/[[ Total 

RRO/RRRO/RRRR/RRRO/RRRO/RRRO/RRRO/RRRO/RRRO/RRRR/RSi 
RRR/RRRR/RRRR/RRRO/RRRO/RRRO/RRRR/RRRR/RRRO/RRRR/RTi 
O^[/OOUT/OR\T/OOUT/OO^[/OO_O/OO^[/OOUT/ORVT/OOVR/OAl 
_\R/R_\\/R\ON/R_[U/R_[O/R_V\/R_\R/R_\\/R\T[/R__\/RCr 
R\R/RR\N/RR[[/RR_\/RRTT/RRT\/RR\R/RR\N/RR_O/RR_R/RFe+3 
^TU/R^_\/R^\R/R^T[/R^\N/R^_T/R^TU/R^_\/R^[T/R^_[/RFe+2 
RR_/RRRT/RRRT/RRRT/RRRT/RRRT/RRR_/RRRT/RRRT/RRRV/RMn 
T^U/RTOT/RTOV/RTUT/RTOO/RTUR/RT^U/RTOT/RV[[/RTOT/RMg 
^^^^^^^^^^Sum 
V_/T^ [V/TO \R/TO [^/TU ^[/TO UU/TU V_/T^ [V/TO O\/TR [R/TO Mg#

TT/NR O\/NO \V/NU ^O/NO RR/NO U\/^[ TT/NR O\/NO OT/NV ^T/NR Cr#

R[/O\ O\/O\ T_/UR NV/O_ T_/ON ^O/OV R[/O\ O\/O\ U/OV V[/OV Fe#
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)'/ ������5# ��0�;�-�M���� # 5���L ��;����-&��M � �?2�K
M�) ��;#&� ,2	, �& B�C� �. . .�t�

���# ���7�8:
Spl 41 Spl 40 Spl 39 Spl 38 Spl 37 Spl  35 Spl 34 Spl 33 Spl 32 Spl 31 sample 

RU/RRO/RRU/RRU/RR^/RRR/RR^/RRV/RRO/RRN/RSiO2

RO/RR^/RRU/RRO/RRU/RRO/RRO/RRN/RR^/RRU/RTiO2

^O/^O T^/^N UU/^N OU/^N TU/^O UR/^O [O/^U UO/^T OU/^U O^/^O Al2O3

T^/^V _N/^O \^/^U O^/^^ RU/^V O_/^T ^V/^N N\/^O R\/^V U[/^T Cr2O3

RT/O[ TN/O\ __/O\ U[/O\ T\/O[ ^O/O[ RN/O[ ^T/O_ \T/O\ T\/O[ FeO*  
U\/RU_/RU_/RUN/RU_/RUT/RUT/RUT/RU_/R^R/RMnO 
V_/O^ N[/ON UV/ON ON/ON \R/O^ \T/O^ ^N/ON RO/OV OO/ON [V/O^ MgO 
RO/RRO/RRU/RRU/RRO/RRR/RRR/RR_/RRO/RRR/RCaO 
\[/[[ \O/[[ NR/ORR [T/[[ NV/ORR \O/ORR [[/ORR N\/ORR N[/ORR NO/ORO Total 

RRO/RRRR/RRRO/RRRO/RRRO/RRRR/RRRO/RRRO/RRRR/RRRO/RSi 
RRR/RRRO/RRRO/RRRO/RRRO/RRRR/RRRR/RRRO/RRRO/RRRR/RTi 
R[O/OO\V/OOT[/OO_O/OR[^/OR__/OOUN/OUUU/OORT/ORT[/OAl 
\^^/R_U\/R_VU/R_T^/R\OU/R\^\/R_\_/R_O^/R\OO/R\^T/RCr 
R_V/RR\V/RR_T/RRTV/RR[O/RR\V/RR\T/RRTO/RR\O/RR[O/RFe+3 
^[T/R^T_/R^_[/R^\O/R^[O/R^\\/R^_V/R^VV/R^\R/R^\\/RFe+2 
RR_/RRR_/RRR_/RRRT/RRR_/RRRT/RRRT/RRRT/RRR_/RRR_/RMn 
V[\/RTU_/RTOT/RTON/RTR^/RTRV/RTUR/RTNO/RTOV/RTRT/RMg 
^^^^^^^^^^Sum 
OT/TR RT/T^ [^/TO _U/TO TT/TR [O/TR U[/TU ^N/TN \U/TO [T/TR Mg#

U[/N^ R\/^\ OT/^[ NN/^[ T^/NU ^_/N^ O\/NO \N/^T U[/NU \\/N^ Cr#

RN/RRN/RRN/RR^/RRV/RRN/RRN/RR^/RRN/RRV/RFe3#

Mg# = Mg/( Mg + Fe+2) Fe# = Fe+3/Fe+3+Fe+2) Cr# = Cr/(Cr+Al) 
 

�)�'�"� -��;"'�<��
��1"�2��&� !��-�-�3 4�5# �� �- � �;	�� �,�= )"/�

+�-�	, �(&5@� �,  �& B�C� �2���&7 8&/ 0�� 2
! �K �L �!, 0�;�
M�) �)- �;+E�&-���? 
�(� ��-�� �
�,2

��,)� ��?2+��- ��?)e,� �2,
� ,� �(&5@� $�)���!.
�K
M�) ��;!�� 9�# � 4�5# �� �?2�	
�&�D � j&"/ �

-�3 j&"/��;!�� 2�
� 0&5"7� jP D)��, )F*#O.(�&�e
�?�&'-2D���- �#�� 
�, ��
�B��?2.5+�  ��K
M�) ��?2

,
�!, ��1"� $.,
H"! $��M �nM �? 6"M ���e � �?�?2
�� $;7�!�]OU[�K ��� ,)
6.;�*# ��?2++L �#�� �

P�	 �,
;��K�! )" "�)# �0)# 
�)# ��7 � �;�*# �,))�, .
0���?2'�� ��;�- 2�- k!�"� ,2��!��� ��?�
)"��� 

;��K�! "�� � �&;� ;�0)# ]ON�O^[i?,�	 ,� �L�!, �� .
� �&;� ��?- ��1"� �� �M c�&X �Y�?
��-�
��!�"#�

�K 0��� �� �;!�7�-
M�) ��?2;��K�!  "�� �)?�+� �)# �-
&#�).��-�� )e,��
��VL �;�&'2�	 j�3 
)e,� � �&�D

��,)�,2�;�-,�Q�� �- ���2	, �& ;�)"� �� 
�'5/ �, Fn� $

e,&� ���=�# j&"/ � j&"/ ��;!�� 2�	
0&5"7� �&�D
 )��,�)F*#O.(��,)�,�,� k'3, �?2+��- �7�! ��- � ��&- 

� � 0�
��?�
# �,  F�?2�,&3�, �� �)?�+� �)�&# .�;+��-
�?2'	 +�6�- �� 0E&s��K � �!�M�L �?2-&"/ �DL�� �2�

��5#�"���12��&� !��-�� �)?�+� �)�&# .0&5"7��?2
*�&L��,�� �,  ���&�,��
�&
� ��
�&
� DM�,&L � �
�&
�
	�&K �20��� �- '	 �(&5@� +����L l&r� )�, $!&p, �- �L

]O[�;�-,�)�,.
E�&-���?:::
�:�:::	�-�:::?2, �� k:::��3 :::
.":::! ):::e,� $��

;!C-&�,�� 	�&K �A ;!CL�� �!, AQ+� � A.�:e �:	�- �&
	�&K ;!CL�� *�)F*#Ud��,(L�e���:M �,  '*:#��� ���:-
���2�K 
, �- $
H"! $�!�? .'*#��� ���P�;!CK  �� �L A
���2:� �� ��- �):?�]OV�OT[$*:#�,&� �:'5/ �, �)Kink 

band (K �� � $�::L�� �::?)F*::#Udj(::� �)?�+::�����::� .
�, &
K&M�, �$ 'L � $�L�� K&" ��L $�L����?2'X, �%��:L �

G!, ��L F"�(�	 �,
� ,� )e,� $����! .�, &
�? $2��;Q�� ���M 
��,� c�&X �-�?2�
D2)�, �;*�&:LV/R� ' �:;5 (�,�:Z, ��
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'! 5����
j&L $�)5n�20,�
, �!�"# ���L � �!�"#�&'- �'@� �u�

K&M�, $�L�� � �)?�+� �?�)�&# )F*#Ud��,.(7�-��:�,� �, -
�?2�, &
)# $
�,);��K�!  "��)# )�, .K&M�, $�L�� ��:h-, �:- �?
V/R�M^� '��M �#�� ��;� 
,D/, $2,:
H":! $:� ,� �:?�-

)���! .'L K&" $�L�� ��:h-, �- �?V/R�:M O� ' 0&:�5? � �:;5
K&M�, $�L�� #&��7 �?�/&� �:� 0�+:� �):"?� .G:!, �:- F"

F*# c�&X � �M �,� F*# �5 K&M�, �,�:Z, �� �,� $�:L�� � �:?
�, &
$��,� �&/� �? .,
��L $�QZ �&� ��  h�H:�� �:- �&:�= ,2

� $#��
� �)�#&��7 )=�	 ��&#�/&� ����P �2'*#��� �, �
;!CK ,�,� � �!, A2#�e  ! � ��)�, :� �:L ��, 0�+:� ):�,&M
;".� ;�)#�- ���P 0)# .:? ��:7�, ���, �, : &
G:!, � $ �� F"

K $�L��)�)+� �)?�+� �?.
��-�� )e,��
:,
�:�&5� � ,�nX �� )e,� $�:?2K&*:!��L�� �

�
�)"-22�,��M M � 0�+� ,� $#�� � ���)?�.�:?�,&�2M: ��

"3�K �,  �?�,&� � $�L��2"3 $#�� �ECK �, :
�CL& )";�:? 
)F*#^d��,.(ECK
, �� �CL&
H"! $��&:5h� �:? F*:# �:M �,�
� F*# �5 �- �,���2:'K�;;":!  *��:
:� �)��&:# .�:?��-��

,�,�2ECK 
�?�CL&2�-��2��M&L ��+:� �:L )";�? �)�&#��,
'*#����;!CK  �!, A]O_[)F*#^dj.(ECK
�:- �:?�CL&

 ��L �- iL �,)����?2!���)# 0�!��� )�, .'L &"K $�L�� �- 
��L ��"M 0,&"(�"���	  D
, $
."! )e,� $����&5( -��:M F*#

� )��,� F*# �5.
� ' G!,:ECK
K � �CL& ��L $�L����?2'X, ��'L �
��

K, �L, � c�"-�L �c�) ��L �$?P )��?2&��� 
, �
)e,� $
."!�)";�?., �� k��3 �	�-
H"! $	�&K �? �2;'*!, ���

�'�'� %�,2]O\[�!, .

5/� 9=�� )"?� 0�+� ��1"� 2�? �
E�&-���? �� �� ;!C|�� 	�&K �	�-�2�� �'�#��� 4�5(, ��� 2�K 
�!, $).(XPLj:75: �)���
�?2K&M��,  E�&-���? �� $�L��
)"?� 0�+� �L ��2�!, � ;!CK �'�#��� 4�5(, ). (XPL 

5/�:��,:�?�,&� j��"M 2M ��)"3�K �,  $�L�� ($#�� �)"3�ECK �, 
�CL& (�?��-�� ��2��1"� 2��&� !��-�.j:'*# ����;!CK  �� A
ECK
�?�CL&2�- �? ��-�� �)�&# ��M&L FL�� c�&X �
� �)��&# (XPL).
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)'/ ������5# ��0�;�-�M���� # 5���L ��;����-&��M � �?2�K
M�) ��;#&� ,2	, �& B�C� �. . .�u�

������� ���
,�-2L�M �7�"# # k 5 ��
2�,�.��� ����+	 � ��� $  hM

�(&5@� ����hM �&'QM �
� ��| 2�?E�&-���? ��
��
D@M �, �2
�1�����| 2,�?2�, &
K �$ $�L��G!, � �? F")# ���r;!, �
�!, .

�, &
$:k |�M $
& �,�?2E�&-���? �� �&/&�
��� �?��;��2
Fo90.15-Fo90.75 ,�,� �2L�M  o!&;� kFo90.52)";�?�L

����;��2�;!�&	 
�]O[[� �,�=�� )��)F*#N(.
K $�L��:,�- 2%�� �,��2K $�L�� 8�� �, ��?]UR[���r;:!, 

)::# ., ��::
 8�� $��::�� �,�&::5� �, ���r;::!, �::- Q-J I,&::�, 
K $�L���?2)!
)! �A
Ad�'L �:'L � A �, A,):/ i:? 

)�):#) .2Na (Q = Ca + Mg + Fe2+, J =K $�:L�� �� �:?
��;��2K $�L���?2�'L  �i"� � $?P D
i� �,�= �,��� )�� 

)F*#Vd��,.(�'�� �,�&5� f�!, �-��&;!��  �dM�;�:�,  �d
!��	 ' �]UR[K � $�L��E�, I&� �, �?
� �
�:K& )2)Mg#

= 95.8(M�;��, � �)Mg# = 91.58()";�? )F*#Vdj.(
G::!, F":G::!, ���::| �::
 F"�&::5h��H"::! �� $::
�lP 2�::?

��:: ��� ��:: ����� ��::
E�&-���? ��:: ��� )::"��� �� 	�::�,�;��,
 �:: �&;|��M � �
�;�::-� �� "�::|�� K�::!, .G::!, F"�::?)�::-

� .�� %��L �)( $NO$?P �)( �T/OT "� �):( �: D
iTU(��
�&::5��,Al- Fe+3 + Ti-Cr ]UO[G::!, ���::� �� � F"�::?2

�&�P " %&d��L %� �,�= �,��� )��)F*#T.(

5>�?k |�M $
& �, �? � M�)
�K �� �?]O\[.

5/�@��, :h=&� K � �? $�L��2E�&-���? �� �&/&� 
�?�,�&5� �� �2QF-��� �� J]O[[j: K ��'�� �,�&5�)"?)��+� �| �? $�|���2�
E�, 
M�;��, � 2) �K&
� �
E�&-���? y�&5� �� ��!, ]O[[.

بالف

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

17
 ]

 

                             9 / 14

http://ijcm.ir/article-1-323-fa.html


'! 5����
j&L $�)5n�20,�
, �!�"# ���L � �!�"#�&'- �'@� �u�

بالف

5>�A�&�P F" G!, �&/� x)"?� 0�+� �| �? F" G!, ��'�� �,�&5� " %&dE�&-���? ��&5� �� �,� %��L 
��!, ]UR[.

.���-(�<
'�B	�������
L�M  # k 5 ��
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5>� E5M, �,)���Na'L  K&" $�L�� �- �Q�� Cr� 0P �K �
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M�) ��:?2	, �&: �� �:�1"� ���;�:�2
=, !&���� �,�= �� )��.
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�, ���r;!, �- J
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 K&" '|$�|�� –$�:|�� K&M�, ]U_[$
&: �, � �–� �F" G:!,
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�,D	, %�� �, ���r;!,PTMAFIC  ]OO[)# %�@�, .�:p,�, 4&��	 

�)# o!&M ]U_[c��Q( �, �!,:

Tc = (-10202/(LnK) - 7.65 X Fe Opx + 3.88 (X Fe 
Opx)2 - 4.6))-273.15 
K = αMg2Si2O6

CPX/ αMg2Si2O6
OPX

 = (XMg 
M2.XMg

M1)CPX/ (XMg M2.XMg
M1) OPX 

� ��h	 �| Mg2Si2O6$�|�� K ������h� �, ���r;!, �-2:
αMg2Si2O6 = XMg

M2 . XMg
M1          

� ��MFe2+$�|�� K �� ��&5h� 2�? $;	�:� �{� �� �- c��:Q(
X Fe

OPX c��Q( �:

X Fe
OPX = ( Fe2+ / Fe2+ + Mg)OPX                                               
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P(kbar) =-T(K)/126.9.*ln[aCPX

CaCrTs] + 15.483*ln 
(CrCPX/T(K) + T(K)/71.38+107.8) 

aCPXCaCrTs = Cr-0.81Cr#(Na + K) 
Cr# = (Cr/Cr + Al) 
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, �L �� � ���*-2$
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�/Mg �Fe$ - $
& �, �F" G!, �!,.
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M�L $ 0&�?���L ��2�? $
& �, �F" G!, �� 

H"!2�? �; M�)
�K �� �;e 0��� ��! 0)# F��L $
, 

H"!�?�2�?��� �� �-$ 
�K D � ��,�, ��)-�
 �)"��� �.
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�� J"!��� $J
,� 2�?�$�L�� K2�? ��
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<1= ��5� �-��)�&#.)"� 
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�Ll F-�= 6�- $
�!, ]^O�^R[.8�� ��]^R[4��QM f�!, �- �LCr �Fe2+�
Fe3+�Mg� ��&� ��+	 �&;L�	 �!, �,&;!,  ��� 0P �� � ��

,�1-,� �2�
�!, �)�P �!)- �:
Tc = ((4250 × YCr

Spl + 1343)/(LnKD2 + 1.825×
YCr

Spl × 0.571)-273 
KD2 = LnKD1-4 × YFe3+

Spl 
KD1 = (XMg

Ol × XFe2+
Spl

)/ (XMg
Spl × XFe2+

Ol)
���2�:- �)�P �!)- J":!��� ]^R[�__[ �:/��2;��:! �,�.

�!, .��� 8�� �-]^O[� ��+	 0P �� �L D�Z �, �!, ��&� :
�
� �1-,�
� �!)- ��P
).

Tc = A + [16150.XCr
Spl + (25150.(XFe+3

Spl + 
XTi

Spl))]/R.lnKD1 + 4.705-273.15 
A = 6350 + 280.PGpa + [(7000 + 108. PGpa).1-2. 
XFe+3

Ol)]-1960.( XMg
Spl- XFe+3

Spl)] 
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