
*** ** * * *
*

**
***

Ti Si Mg EPMA

Ti

kbar ± oC

I-type

° ° °

S-type I-type

(Stockli, 2004

EPMA

I-type

Gilg et al. (2006)

S-type

I-type

(U/Pb) Stockli (2004)
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 ±

% %

%

(%> )

% % %

%

% %

%

GFZ CAMECA-SX100

P-T

(sub-solidus)

Fe2+/Fe3+

(Droop, 1987)

Kretz (1983)

(XAn=0.55)

K2O (XAn=0.35)

a.p.f.u.)

Ab-An-Or

(Leake et al., 1997) K Ca, Na

(Na+K) (a.p.f.u.)

 Leake et al. (1997) Si(a.p.f.u.)

Si Mg

Al Na

(a.p.f.u.) AlIV .[M1M2T(2)]

AlVI (T)

Na Ca M1 Mg

M1 Mg

( wt%) Na ( wt%) Ti

En-Fs-Di-Hd

Di0.23-0.77Hd0.17-0.24Ca-Ts0.00-0.20

Fe3+ Fe

(a.p.f.u.) Al

Cz13Ep79Fe-Ep11

AlVI/(AlVI+Fe3+)

Si. M1M2TO4(O,OH,F)

Al2O3 (T)

(M2) Fe3+ AlVI (.a.p.f.u)

Ti

Archive of SID

www.SID.ir

http://www.nitropdf.com/
http://www.sid.ir


Fe3+ Fe

Pyrophanite (MnTiO3) (FeTiO3) Ilm63Prh36

 ±

McCarthy and Patiño Douce (1998)

(a)

P-T  (b)

McCarthy and Patiño Douce (1998)

CaAl2SiO6
Cpx+SiO2

Qtz=CaAl2Si2O8
Pl (SCAn)

McCarthy & Patiño Douce (1998)

P(kbar) = [5.066   0.760 + [(1300   800) / T ] - Lnk.T
276   16+-

+- +- ] 2.5+-

K=
a Pl
An

a CpxCaTs

(McCarthy and Patiño Douce, 1998)

kbar

km

Zen and Hammarstrom (1984, 1988) Naney (1983)

kbar

McCarthy and Patiño Douce (1998)

km

Blundy and Holland (1990)

Otten (1984)

Blundy and Holland (1990) Na[A]Al[4] [A]Si-1
[4]

(Moazzen and Droop, 2005)

Ca

T= ± oC

Blundy and Holland (1990)

Ti ± oC

Ti
oC Otten (1984)

I-type fO2

Na+Al[IV]

(Schweitzer et al., 1979) Al[VI]+2Ti+Cr

I-type

I-type

S-type I-type

(Whalen and Chappell, 1988; Vyhnal et al., 1991)

I-type

(Whalen and Chappell, 1988; Vyhnal et al., 1991)

Al

Al Ti

Verhoogen (1962) (Kushiro and Le Bas, 1962)

Ti

Si Al Ti

Ti Al Si

aSiO2

(Kushiro and Le Bas, 1962)

Al Si

Ti

Al2O3

a

Le Bas (1962)

Ti (a.p.f.u.)

b Ca+Na (a.p.f.u.)

I-type
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(AlVI+2Ti+Cr) (Na+AlIV)

Pyrophanite (MnTiO3) (FeTiO3)

I-type

Si Al Ti

Ti Si Mg

P-T

 ~ kbar ± oC

oC

R. Oberhansli

EPMA

Qtz-diorite (sample R29-gb)
Mineral Am Am Pl Pl Cpx Cpx Ttn Ilm

SiO2 44.40 46.07 55.74 58.47 50.49 54.21 29.92 0.00
TiO2 5.38 0.58 0.00 0.02 0.26 0.24 36.80 53.01
Al2O3 7.44 10.57 29.14 27.23 6.43 0.35 1.54 0.00

Cr2O3 0.19 0.19 0.06 0.00 0.16 0.01 0.00 0.00

FeO 12.97 14.23 0.08 0.06 13.48 6.57 1.47 29.97

MnO 0.26 0.27 0.01 0.01 0.32 0.31 0.10 17.05
MgO 11.84 13.45 0.00 0.00 15.59 15.51 0.00 0.03
CaO 14.30 12.20 10.35 8.37 12.66 24.52 27.05 0.00
Na2O 0.72 1.20 6.04 7.49 0.72 0.22 0.00 0.00

K2O 0.67 1.02 0.19 0.18 0.31 0.01 0.00 0.00

Sum 98.47 99.81 101.60 102.00 100.42 101.71 96.88 100.05
F 0.26 0.12 0.27 0.00 0.24 0.19 0.00 0.00
Cl 0.04 0.03 0.00 0.00 0.03 0.00 0.0 0.00

(O) 23 23 8 8 6 6 5 3
Si 6.57 6.56 2.47 2.58 1.86 1.97 1.00 0.00
Al 1.33 1.77 1.52 1.41 0.28 0.02 0.06 0.00

Fe3+ 0.00 0.72 0.00 0.00 0.05 0.07 0.06 0.00
Fe2+ 1.64 0.97 0.00 0.00 0.37 0.13 0.04 0.65

Ti 0.60 0.06 0.00 0.00 0.01 0.01 0.00 1.00

Cr 0.02 0.02 0.00 0.00 0.00 0.00 0.93 0.00
Mn 0.03 0.03 0.00 0.00 0.01 0.01 0.00 0.34
Mg 2.61 2.85 0.00 0.00 0.86 0.84 0.00 0.00
Ca 2.27 1.86 0.49 0.39 0.50 0.95 0.98 0.00
Na 0.21 0.33 0.52 0.64 0.05 0.02 0.00 0.00
K 0.13 0.18 0.01 0.01 0.01 0.00 0.00 0.00

Sum 15.37 15.38 5.02 5.03 4.00 4.00 3.01 1.99

Al[IV] 1.29 1.44 - - 0.14 0.02 0.00 -
Al[VI] 0.03 0.33 - - 0.14 0.00 0.01 -

Mg/Mg+Fe 0.61 0.75 - - 0.94 0.92 - -
Al/Al+Fe3++Cr3+ 0.98 0.71 - - 0.85 0.22 - -

(K+Na)A 0.34 0.38 - - -
Na/Na+K+Ca 0.08 0.14 0.51 0.62 0.09 0.02 0.00 -
K/Ca+K+Na 0.05 0.08 0.01 0.01 0.02 0.00 0.00 -
Ca/K+Na+Ca 0.87 0.78 0.50 0.38 0.89 0.98 1.00 -
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Clinopyroxene activity-composition relationships (Wood, 1979)

Cation assignment (recalculated on the basis of six oxygens)
IVAl=2-Si

XM1Al=Al-IVAl

XM2Ca=Ca

XIVSi=Si/2

XIVAl=(2-Si)/2

aCaTsCpx=4.XM2Ca.XM1Al.XIVAl.XIVSi

Plagioclase activity-composition relationships (Holland and Powell, 1992)

XAn=Ca/(Ca+Na+K)

Xb=0.12+0.00038.T

XAn(2Tmodel)=[XAn(1+XAn)
21]/4

IAn=-RTLn(XAn(2T)/XAn)-(Wc-Wi)91-Xb)2

Wc=1070.0 J mol-1  ,    Wi=9790.0 Jj mol-1

aAn(2T)Pl=XAn(2T).exp{1/RT[Wc(1-XAn)
2+IAn]}

T=temperature in K.

Leake et al. (1997)

En-Fs-Di-Hd

(Morimoto et al., 1988)(Schweitzer et al., 1979)

SiO2 (wt%)-Al2O3 (wt%) (a)

Leterrier et al. (1982) Ti (a.p.f.u.) - Na+Ca (a.p.f.u.) (b) Le Bas (1962)
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