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SiO2(%wt) ST/SQ |Q/S| Qh/XQ hX/Og T/PX OO/PX |/OQ Sh/Xg OT |S/S|
TiO2 Sh/W S|/W gS/W Q g/Q TO/W Q gh/W OS/W WO/Q
Al2O3 P/Qg hh/QQ gS/Q| gX/QS SO/QO gX/QO PO/QO Wh/QP gX/Qg PP/Q|
Fe2O3 |h/Qg Oh/QQ WQ/g PQ/QW WX/QQ Sh/T Oh/X hh/Q X|/h gO/T
MnO gT/W Qh/W W|/W WO/W g/W Q/W QO/W W|/W gX/W QQ/W
MgO QP/W QP/W SX/W Wh/T X|/h PS/X |X/P Xh/W hX/QQ QS/Q
CaO |T/| S/| |T/g h|/W QX/QQ PS/P T/S PX/g SX/W S/|
K2O S/W Wh/Q Qg/O OO/T QS/W |X/S SX/S SO/Q O|/Q W|/|
Na2O OP/S WT/S Th/g QS/W WQ/| g/W SP/W O|/O gg/W SQ/P
P2O5 Q/W WT/W WO/W Qg/W Q/W QQ/W WX/W WP/W W|/W gT/W

�)�7 +)��)(LOI gO/W SQ/W OX/Q XX/g S/Q TO/T ST/X SO/Q SO/O OT/g
9���� O/hT |h/hh O|/hh OP/QWQ XT/QWQ hS/hh Th/QWQ gT/QWQ hP/QWW Oh/QWQ
Cr(ppm) gO || O| |PQ |ST gOX OQ P| SW PX
Co O/P h/| h/Q P/|O Q/PO S/OT T/QS h/Q �/�� {/�
Ni h/Q h/Q X/P O/QS S/QST X/QWg P/QW Q/P g/SQ S/S
Rb O/Q| O/Qg QgT Q/gQg X/| X/TQ hO P| T/OQ O/SS
Sr |/QgS O/QPW g/QOh |/ghO QT| |/SQ X/QhS O/ggg O/|Q S/QhQ
Cs hX/W g|/W hQ/W O|/X O|/W TS/Q WT/Q Q/Q W|/Q QP/Q
Ba g/|Sh h/OWW T/XhO P/QgXT P/ST g/QTO Q/QggQ h/|OX Q/ggT X/XWg
V QW< QW< gQ gOP gQO QOT Q|T gP Q|T OP
Ta h/g P T/W P/W O/W O/W P/W h/W X/W |/Q
Nb g/OX T/SQ T/h T/P P/| |/O g/P T/T X/X Q/gQ
Zr QQhP QS|O QPQ QWW OQ hg XQ Q|h QPS ||P
Hf P/|g T/PO O/O O/g h/Q O/g S/g P/O X/P QQ
Th QP/T PX/Qg WX/QW hO/W ||/W Sh/g gX/g OX/QQ hX/X P|/Qg
U Qg/g hS/g Qh/X PP/W QQ/W hg/W OQ/Q hQ/O Wg/P SO/|
Ga Q/|T PW X/QO Q/QO |/QP h/QS X/QP g/QX S/|W h/gh
Y P/QOW |/gWX |/gh Q/gg g/gg X/gQ P/gP h/gS X/Qg h/SP
La |/Ph TS P/gO g/QQ P g/|h Q/gQ h/gg X g/P|
Ce g/Qgg Q/QTT O/OO T/gW g/QW P/XO S/OX Q/PX h/Qg T/hW
Pr QS/QT TS/gO PX/S PX/g SP/Q WS/h XS/X PT/O {/� �{/��
Nd Tg Q/QQQ O/g| g/QW O/T P/|X |/gh S/Qh O/O P/PX
Sm Wh/gg h|/gT S/P TX/g XP/g TT/X SX/O QO/P |S/Q Th/QW
Eu P|/P OP/O XT/W hQ/W Q|/Q OS/Q Q|/g Xg/W PS/W hT/Q
Gd PP/g| XT/|Q Oh/P QS/| |P/| TS/S |S/O hP/| Ph/Q |g/QQ
Tb |O/P hQ/O XO/W Oh/W S|/W hg/W XT/W SO/W gX/W hS/Q
Dy hS/gT XT/|T TO/P gQ/P g|/P TT/P Tg/P gh/P hT/Q hh/QQ
Ho Qh/S PT/T W|/Q h/W Th/W TT/W hT/W hg/W PS/W O/g
Er QT/Qh OO/gS Qh/| OQ/g Sh/g O|/g XO/g QQ/| Oh/Q Sg/X
Tm hO/g TX/| O/W |T/W |h/W |S/W PQ/W PT/W gX/W QP/Q
Yb XT/gW PS/gO gP/| PX/g |h/g WP/g |T/g g/| TQ/Q g|/X
Lu 

|Q/| TP/| PX/W |S/W |S/W gT/W |S/W Ph/W |/W WO/Q
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SiO2 g|/Ph hQ/PO XO/PP Sh/PX QT/PO |g/PO g|/PS QP/PT |S/PT WT/PO T|/PX SO/PX
TiO2 SS/W WW/Q |X/Q XT/W TQ/W WW/Q gO/Q S|/W |T/Q P|/Q TX/W hP/W
Al2O3 X|/g hO/P QO/O hT/| WT/O QW/O QX/O |X/P TW/P hP/O XT/P WX/O
FeO OX/gX  WX/gT  OO/gT  OP/gO  Xh/gS  |S/gO  |h/gS  |P/gX  Sg/gS  OW/gS  |X/gS  hQ/gS  
MnO gh/W PQ/W |P/W gS/W |T/W |S/W gS/W |Q/W |T/W g|/W ||/W |X/W
MgO |X/S XQ/O PW/O hX/O QP/S SO/S OP/S hg/O WP/S |S/S |X/S XQ/O
CaO Oh/QW PT/h TO/h O|/QW XP/h TQ/h TO/h Og/QW XX/QW Pg/QW QS/h T|/QW
Na2O hS/W PT/g |Q/g |S/Q QQ/g gT/g PT/g Og/Q OX/W O|/Q PQ/g P|/Q
K2O OS/W XX/W hS/W X|/W Xh/W Xh/W XQ/W Tg/W TX/W XX/W XO/W XW/W
Cr2O3 WW/W W|/W WW/W W|/W WW/W WQ/W WQ/W WW/W WW/W WW/W WQ/W W,WW 
9���� hS/hT  TQ/hT  ST/hT  TX/hS  Wg/hX  ST/hS  Th/hT  OX/hh  Xh/hh  gS/hT  TT/hT  SQ/hh  
Si PS/X W|/X hg/S P|/X Wg/X WO/X WO/X |W/X gS/X hW/S g|/X g|/X
Al IV Ph/W Th/W hP/W OX/W h|/W hP/W h|/W XW/W XP/W WX/Q XX/W ��/�
Fe 3+ WO/W WX/W QP/W WW/W WO/W WQ/W W|/W WW/W WW/W W|/W WW/W ��/�
9����T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T

Al VI WW/W WW/W WW/W QS/W WW/W WW/W WW/W WT/W QQ/W WW/W Wh/W QP/W
Ti WT/W Qg/W QS/W Wh/W Wh/W Qg/W QP/W WX/W QS/W QS/W QW/W QQ/W
Fe 3+ OO/W X|/W SQ/W QS/W XO/W Oh/W OT/W PO/W O|/W XS/W SS/W |P/W
Mg PP/Q |W/Q gP/Q |h/Q Pg/Q OP/Q Ph/Q |P/Q |O/W PO/Q PP/Q gh/Q
Fe 2+ Th/g Xh/g hP/g QX/| ST/g XW/g XS/g Wg/| TQ/g SW/g SX/g WT/|
Mn WP/W WO/W WP/W W|/W WO/W WO/W W|/W WP/W WO/W W|/W WP/W WO/W
9����C WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O

Ca Xg/Q OS/Q S|/Q XS/Q Sg/Q SP/Q SQ/Q XQ/Q X|/Q XQ/Q PT/Q XS/Q
Na gT/W PP/W |X/W gP/W |T/W |S/W |h/W gh/W QX/W Wgh/W Og/W gP/W
9����B WW/g WW/g WW/g WW/g WW/g WW/g WW/g WW/g hW/Q WW/g WW/g WW/g

Na WW/W gh/W |g/W QX/W gS/W |g/W |P/W QS/W WW/W QS/W Qh/W QT/W
K QQ/W QO/W Qh/W QO/W QS/W QS/W QP/W QS/W QX/W QO/W QP/W QP/W
9����A QQ/W PP/W OQ/W |Q/W PQ/W PT/W PT/W |g/W QX/W |Q/W ||/W |g/W
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SiO2 SQ/SS |Q/SX SS/SX OW/SX Oh/SP TP/SS gg/SX P|/S| gO/SP QQ/SP
TiO2 WQ/W WQ/W WW/W WW/W WW/W WQ/W WQ/W WQ/W WW/W WW/W
Al2O3 |g/Qh Xh/Qh Xh/Qh XO/Qh QS/QT XP/Qh gW/gW |T/Qh W|/Qh O|/QT
FeO WS/W Wh/W QW/W Qg/W WQ/W QW/W ||/W WQ/W WW/W WW/W
MnO WW/W WW/W WW/W WW/W WW/W WQ/W WW/W WW/W WW/W WW/W
MgO WQ/W WW/W WW/W WW/W WQ/W WW/W WW/W WW/W WQ/W WQ/W
CaO TX/W Og/W OP/W PO/W WW/W |T/W gh/W OQ/W ||/W |O/W
Na2O hT/QW |Q/QQ XX/QW gO/Qg QT/W Sh/QQ QS/Qg SS/W Pg/W g|/W
K2O WO/W gT/W QW/W WS/W |P/QS WP/W QQ/W hS/QP Xh/QO WO/QO
Cr2O3 WQ/W Wg/W WQ/W WQ/W WQ/W WW/W WQ/ WW/W WW/W WW/W
9���� hg/hX ||/hh hX/hT QP/QWW |W/hh TQ/hT ||/QWW hS/hT T|/hh gT/hT
Si hT/g hX/g WQ/| h|/g WQ/| hO/g hg/g hX/g hX/g Wg/|
Ti WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Al Wg/Q W|/Q W|/Q WQ/W WW/Q W|/Q W|/Q WS/W WP/Q W|/Q
Fe2+ WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Mn WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Mg WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Ca WP/W Wg/W W|/W Wg/W WW/W Wg/W WQ/W Wg/W Wg/W Wg/W
Na hO/W hX/W h|/W W|/Q Wg/W WW/Q W|/Q WS/W WP/W Wg/W
K WW/W Wg/W WQ/W WW/W hX/W WW/W WW/W Th/W h|/W hQ/W
9���� hh/P WQ/O WQ/O hh/P WW/O WW/O hh/P WW/O WW/O WW/O
Ab O/hO h/hO X/hS X/hX S/Q W/hT S/hT g/S h/| g/g
An P/g O/g X/g WW/g WW/W T/Q |/Q S/g S/Q h/Q
Or |/W S/Q S/W |/W P/hT g/W Q/W g/hQ O/hP h/hO
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