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SiO2 cn/iq in/iq oy/iq dd/iq ix/iq dn/iq cq/iq ir/iq qv/iq ic/iq
Al2O3 oi/io co/io yq/in oi/io qn/iq oo/io oo/io qi/iq yn/in co/io
TiO2 iv/v yv/v yq/v id/v iq/v in/v dr/v iy/v yy/v yd/v
FeO cr/cd cd/cd rr/cc vr/cd vx/cd vx/cd dv/cd vx/cd rx/cc cc/cd
MgO ir/c xv/c yx/c nc/c qd/c nc/c ix/c qi/c yo/c qy/c
CaO cc/v dc/v dc/v ci/v cd/v cd/v cd/v cn/v do/v cx/v
MnO co/v cx/v cx/v cq/v co/v cq/v cq/v cq/v cq/v cx/v
Na2O nc/c nr/c dr/c dd/c ir/c dc/c ir/c ix/c dr/c nr/c
K2O vi/v vi/v vn/v vn/v vn/v vi/v vn/v vi/v vn/v vn/v
`*7L� do/yx vd/yy yx/yx cc/yx xq/yy ci/yx dy/yx yv/yy yr/yx rn/yx

Si rqv/o yyc/o ryv/o vno/q yyo/o yqx/o rqo/o ydo/o rdc/o rni/o
Al xny/q xnn/q qyn/q xod/q rov/q xon/q xoq/q rny/q qyd/q xnn/q
Ti vin/v cvv/v cvo/v viq/v vnn/v vnd/v vii/v vnq/v cvx/v cvd/v

Fe2+ qyr/c qov/c qic/c qxy/c qdn/c qxn/c qrd/c qdn/c qdr/c qnr/c
Mg inn/v nvx/v nnx/v inn/v irv/v iny/v inc/v irv/v nnr/v nvy/v
Mn vdd/v vdo/v vdd/v vdc/v vdd/v vdc/v vdd/v vdd/v vdd/v vdo/v
Ca vdv/v vic/v vic/v vdd/v vdv/v vdc/v vdd/v vdd/v vdd/v vic/v
Na nov/v nxi/v ncv/v iyr/v nic/v iyr/v nov/v nic/v ncv/v nxi/v
K vvq/v vvq/v vvy/v vvy/v vvy/v vvq/v vvy/v vvq/v vvy/v vvy/v

FeO+MgO oy/ci yd/ci yq/ci ov/ci qr/ci ny/ci ox/ci xv/ci yd/ci xr/ci
FeO/FeO+MgO yry/v yxx/v yqo/v yro/v yyi/v yro/v yrr/v yyc/v yqq/v yxy/v

Xsite nxq/v ocd/v nqv/v ncy/v nor/v ncy/v nxq/v nor/v nqv/v ocd/v
Xvac ndn/v nyy/v onv/v oyd/v onc/v oyd/v ndn/v onc/v onv/v nyy/v

Na+K noq/v nxr/v ncy/v irx/v nir/v iro/v noy/v nix/v ncy/v nyc/v
Xvac+Na rxn/v rqc/v rov/v rxc/v rxd/v rxc/v rxn/v rxd/v rov/v rqc/v

Xvac/Xvac+Na nio/v ovx/v oqy/v orr/v ooq/v orr/v nio/v ooq/v oqy/v ovx/v
Mg/Mg+Fe cqr/v cry/v dco/v cxv/v crn/v cxd/v cqy/v crn/v dcq/v cry/v
R1=Na+Ca nxv/v ovn/v nnc/v ncc/v noc/v ncv/v nxd/v noi/v nid/v ovn/v

R2=Fetot+Mg+Mn voo/d vyd/d cvv/d vni/d viq/d vni/d voo/d viq/d cvv/d vyd/d
Al in R2 xnx/v qor/v qiq/v xon/v yvi/v xon/v xnx/v yvi/v qiq/v qor/v

R2* yvd/d xnc/d xiq/d xrv/d yir/d xrq/d ycd/d yno/d xnv/d xnn/d
R1+R2 odo/d oyq/d onc/d non/d nyx/d noi/d odx/d nyr/d oid/d oyq/d

R2*+Al in R2 onr/i nvv/i ixd/i ooc/i qnd/i ooc/i onr/i qnd/i ixd/i nvv/i
R3=Al+1.33Ti xri/q yxx/q ydn/q yvv/q vvc/x ycv/q yvv/q vcv/x ydn/q yyv/q
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SiO2 ��/�� qq/io ��/�� ��/�� ��/�� qv/in oo/io yy/io ��/�� dc/iq 

Al2O3 ��/�� yd/in ��/�� ��/�� ��/�� xv/io qr/in xi/in ��/�� rd/in 

TiO2 ��/� qr/v ��/� ��/� ��/� yq/v xc/v qd/v ��/� qy/v

FeO ��/�� cn/ci ��/�� ��/�� ��/�� ic/ci qv/ci rr/cd ��/�� do/ci 

MgO ��/� yr/v ��/� ��/� ��/� qx/v qv/v yy/v ��/� yi/v

CaO ��/� co/v ��/� ��/� ��/� cx/v dc/v cx/v ��/� cq/v

MnO ��/� cr/v ��/� ��/� ��/� cx/v cq/v dn/v ��/� dc/v

Na2O ��/� qn/c ��/� ��/� ��/� xd/c oo/c oy/c ��/� oo/c

K2O ��/� vn/v ��/� ��/� ��/� vo/v vo/v vn/v ��/� vo/v

`*7L� ��/�� dd/yx ��/�� ��/�� ��/�� do/yx cd/yx ci/yx ��/�� yq/yx 

Si ���/� rcq/o ydy/o rin/o ydv/o qrv/o yqy/o yrn/o xxy/o rcc/o

Al ���/� xyy/q yin/q ydi/q yrd/q rxy/q xyn/q xxy/q ryq/q xon/q

Ti ���/� vyx/v cvx/v voq/v cvd/v cvx/v vrv/v vxy/v vdo/v vyn/v

Fe2+ ���/� ycx/c ynd/c ynx/c yor/c ynq/c yyx/c yvv/c yrv/c ycy/c

Mg ���/� ddo/v cxd/v cqq/v cod/v cqx/v cov/v dco/v cov/v dvv/v

Mn ���/� vdy/v vdi/v vdv/v vdv/v vdo/v vdc/v vid/v vdq/v vdy/v

Ca ���/� vdc/v vnc/v viy/v vnn/v vid/v viq/v vid/v vnc/v vdq/v

Na ���/� odr/v nnr/v nxi/v oqo/v oov/v ovv/v ovn/v oco/v ovv/v

K ���/� vvy/v vvy/v vvy/v vcc/v vcc/v vcc/v vvy/v vcc/v vcc/v

FeO+MgO ri/ci vi/cn cx/cn yi/ci vx/cn ry/ci dv/cn yx/ci rx/ci vy/cn 

FeO/FeO+MgO rqv/v riq/v rii/v roc/v roo/v rod/v roy/v riq/v roq/v rnc/v

Xsite oqn/v oqx/v ovc/v odr/v qdv/v ori/v onr/v oni/v oqn/v odq/v

Xvac nqi/v nii/v nrr/v nxc/v iyv/v nvx/v noc/v nox/v niq/v nxn/v

Na+K oid/v oix/v nox/v nyc/v oxq/v oqc/v occ/v ocd/v odq/v occ/v

Xvac+Na ryn/v rqd/v rny/v roi/v rno/v rox/v roi/v rqc/v roc/v rxn/v

Xvac/Xvac+Na nxv/v nov/v odq/v nrd/v nvd/v ndo/v nxi/v nxo/v noy/v nyq/v
Mg/Mg+Fe
Fe/Fe+Mg

vqr/v ccv/v vyo/v vyd/v vxo/v vyi/v vxn/v cvx/v vxi/v vrr/v

R1=Na+Ca ooi/v oov/v nrv/v occ/v qvr/v oyd/v oiq/v oiq/v ooq/v odq/v

R2=Fetot+Mg+Mn vdr/d vxv/d vix/d vii/d vic/d viy/d voy/d vnx/d vqq/d vnq/d

Al in R2 qyo/v qrx/v qrx/v xnc/v qrd/v xdc/v qyi/v xvd/v xyx/v qrd/v

R2* xci/d xxv/d xiy/d xxx/d xio/d xqc/d xir/d xoc/d yoo/d xnc/d

R1+R2 oyd/d qdv/d odx/d onn/d qnv/d qdv/d orn/d oyi/d qdd/d ord/d

R2*+Al in R2 irr/i nqn/i nic/i oco/i nco/i nyv/i ndn/i noc/i yoi/d nic/i

R3=Al+1.33Ti yqc/q rvn/q rxq/q yrx/q vdy/x cdv/x rvn/q yyd/q vcr/x yqq/q
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SiO2 ��/�� qc/io ��/�� xv/io ��/�� yi/io xc/io ��/�� oy/io ��/�� 

Al2O3 ��/�� or/in ��/�� vd/io ��/�� cv/io xr/in ��/�� yi/in ��/�� 
TiO2 ��/� xc/v ��/� ox/v ��/� qx/v qr/v ��/� vc/v ��/�
FeO ��/�� qq/ci ��/�� id/ci ��/�� vo/ci cv/ci ��/�� qr/ci ��/�� 

MgO ��/� qd/v ��/� qq/v ��/� yn/v yq/v ��/� or/v ��/�
CaO ��/� cx/v ��/� cy/v ��/� cn/v cq/v ��/� dc/v ��/�
MnO ��/� cy/v ��/� co/v ��/� dd/v cr/v ��/� co/v ��/�
Na2O ��/� ov/c ��/� nr/c ��/� qi/c oo/c ��/� yr/c ��/�
K2O ��/� vi/v ��/� vo/v ��/� vn/v vi/v ��/� vo/v ��/�
`*7L� ��/�� vx/yx ��/�� cn/yx ��/�� od/yx vy/yx ��/�� vv/yx ��/�� 

Si yvx/o rvr/o ydn/o yyv/o ���/� rcc/o yqo/o ���/� rcy/o rvo/o
Al ryo/q xxv/q yno/q yid/q ydq/q yvc/q xyo/q ���/� ydy/q xqr/q
Ti vdn/v vrv/v cvx/v vxd/v vro/v vyi/v vyx/v ���/� vvv/v vyy/v

Fe2+ yyr/c yrx/c yor/c ynn/c ynq/c xrr/c ycd/c ���/� rvo/c ydr/c
Mg coc/v cod/v cqd/v cqc/v coy/v dcq/v dvy/v ���/� cod/v cxc/v
Mn vdq/v vdn/v vdc/v vdv/v vdn/v vid/v vdx/v ���/� vdc/v vdi/v
Ca viy/v viv/v vir/v vid/v viv/v vdq/v vdy/v vid/v viy/v viq/v
Na oco/v nyv/v ovv/v nxi/v ovv/v ovn/v ovv/v ���/� qci/v nxi/v
K vvq/v vvq/v vvy/v vcc/v vcc/v vvy/v vvq/v ���/� vcc/v vci/v

FeO+MgO dn/cn dy/cn cd/cn ry/ci vn/cn yr/ci rq/ci yv/ci dv/cn xx/ci 
FeO/FeO+MgO rov/v roq/v rod/v rod/v ron/v rix/v rir/v ���/� rqn/v rny/v

Xsite oqn/v ocn/v onx/v ocq/v oii/v oni/v oiq/v ��/� qoy/v oni/v
Xvac niq/v nyq/v noi/v nyn/v nqx/v nox/v nqn/v ��/� ind/v nox/v

Na+K odc/v nyq/v ovy/v nyn/v occ/v ocd/v ovq/v ���/� qdn/v nyq/v
Xvac+Na roc/v rqq/v roi/v ror/v ror/v rqc/v rqn/v ���/� roo/v roc/v

Xvac/Xvac+Na noy/v ovi/v nxo/v ovn/v nyq/v nxo/v nyc/v ��/� ioy/v nyv/v
Mg/Mg+Fe
Fe Fe+Mg

vxn/v vxn/v vyv/v vyv/v vxr/v cvx/v cvi/v ���/� vxn/v vyo/v
R1=Na+Ca oni/v ocv/v oir/v ovo/v oiv/v oiv/v ody/v ���/� qoc/v ovr/v

R2=Fetot+Mg+Mn vqq/d vxi/d vnd/d vdo/d vdy/d vnx/d vnx/d ���/� vxy/d vdi/d
Al in R2 xyx/v qyv/v qyy/v xir/v xvy/v xvd/v qri/v ycr/v xno/v qrx/v

R2* yoo/d xox/d xdr/d xqq/d xnc/d xno/d xiy/d ���/� ydq/d xcr/v
R1+R2 qcr/d oyi/d oyc/d oiv/d ooy/d oxx/d oxo/d ���/� xdr/d oid/d

R2*+Al in R2 yoi/d nii/i ncy/i ovi/i nnn/i noc/i nii/i ���/� oqy/i ncx/i
R3=Al+1.33Ti vcx/x yrv/q ryx/q rdy/q rod/q rcc/q rvc/q ���/� ydy/q yyq/q
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