
** *
*
**

Vacancy

O – OH

(B)

(Raith et al., 2004)

(Burianek & Novak , 2006)

Ca

F Fe

(Burianek & Novak, 2006)

(Griffin et al., 1996)

XY3Z6 ( T6O18 ) ( BO3 )3 V3W

(Hawthorne & Henry, 1999)

X = Ca , Na , K or vacant ;

Y = Li , Fe2+ , Mg , Mn , Al , Cr3+ , Fe3+ , V3+ , Ti4+ ;

Z = Mg , Al , Fe3+ , V3+ , Cr3+ ;

T = Si , Al , B ;

B = B , ( vacant ) ;

V = OH , O ;

W = OH , F , O.

(Pull-apart)

CAMECA SX – 50



(Opaque)

N60E

(Raith et al., 2004)

(Polychroism)

N50-60E

Hg

OH



X

X

(Hawthorne & Henry, 1999)

X

K

(Hawthorne & Henry, 1999) X-Site vacancy- Na+ (K) -Ca  

2tou X

39tou X-Site vacancy

Vacancy

Ca– Fe (total)– Mg

(Henry & Guidotti , 1985)

(Burt,1989)

Li

Ca Na

Fe – Mg – Al X

Na / ( Na + Ca ) Y

(Hawthorne & Henry, 1999) Fe/ (Fe + Mg)

Fe/ (Fe + Mg) Na / (Na + Ca)

(Trumbull & Chaussidon, 1999

Fe/ (Fe + Mg)

Na/ (Na + Ca)

Henry & Dutrow (2001)

X-site vacancy/ (Na + X-site vacancy) (Al >6apfu)

Mg/ (Mg + Fe)

(Mg / (Mg + Fe) = 0.2 to 0.7) Fe + Mg

(NaFe3Al6(BO3)3(OH)3OH

(NaMg3Al6(BO3)3(OH)3OH)

(Hawthorne & Henry, 1999

X-site X

(KFe2+AlAl6(BO3)3(OH)3OH vacancy

(Bleeken et al., 2006)

Fe# = FeO / (FeO + MgO ) Pirajino & Smithies (1992)

MgO

(Endogranite) Fe#

(Fe#)

B

C

A

(Proximal)

X+Y

Manning (1982)

(Trumbull & Chaussidon, 1999) London & Manning (1995)

(X + Y) = Z =

(Y = Fe + Mg + Mn

Trumbull & Chaussidon (1999)

Trumbull & Chaussidon (1999)

Y

-1

X

{( Mg,Fe ) OH }{AlO}-1



Al

Al

Fe

(Hawthorne and Henry, 1999) X-Site vacancy- Na+ (K) -Ca

Vacancy

FeO / (FeO + MgO)

B

Fe / Fe + Mg Na / Na + Ca

Ca– Fe (total)– Mg

As

Ca– Fe (total)– Mg

Li



Sample 1tou
core

2tou 3tou
rim

5tou
core

6tou 8tou 10tou
rim

13tou
core

14tou
rim

33tou
core

39tou
rim

11tou
core

14tou
rim

16tou
core

19tou
rim

SiO2 36.11 33.96 36.53 37.61 36.45 37.20 36.66 35.41 36.79 35.68 66.54 34.26 36.12 35.28 37.27

TiO2 0.65 0.18 0.94 0.41 0.36 0.18 0.39 0.88 0.62 0.26 0.93 1.13 1.12 0.32 0.31

Al2O3 31.21 30.99 30.55 31.70 32.18 34.35 34.13 30.33 32.48 31.62 22.25 27.12 29.98 30.94 34.36

Cr2O3 0.00 0.05 0.00 0.04 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.11 0.00 0.01 0.06

FeO 10.49 9.48 11.87 14.41 12.54 10.63 8.63 14.06 10.34 14.89 11.77 16.07 6.92 13.76 9.33

MgO 4.51 3.33 4.64 3.19 3.57 3.51 4.99 3.33 3.85 2.17 2.00 4.05 8.14 3.06 5.22

CaO 0.05 0.01 0.47 0.07 0.02 0.05 0.14 0.14 0.13 0.15 0.63 0.39 0.87 0.11 0.08

MnO 0.07 0.00 0.01 0.00 0.04 0.00 0.00 0.00 0.00 0.06 0.00 0.01 0.04 0.00 0.00

Na2O 2.08 1.37 2.06 2.23 2.13 1.74 2.23 2.39 1.93 1.86 1.40 2.45 2.20 2.34 1.88

K2O 0.00 0.06 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.02 0.09 0.04 0.03 0.06 0.00

Structural formula based on 31 anions ( O , OH )

T:       Si  6.039 6.037 6.035 6.080 6.011 6.005 5.918 5.977 6.043 6.008 7.881 6.284 6.477 6.715 6.885

          Al   0.000 0.000 0.000 0.000 0.000 0.000 0.082 0.023 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Z:      Al 6.000 6.000 5.949 6.000 6.000 6.000 6.000 6.000 6.000 6.000 3.106 5.863 6.000 6.000 6.000

          Mg 0.000 0.000 0.051 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.353 0.137 0.000 0.000 0.000

Y:      Al 0.152 0.493 0.000 0.040 0.255 0.535 0.411 0.010 0.288 0.276 0.000 0.000 0.336 0.940 1.481

          Ti 0.082 0.024 0.117 0.050 0.045 0.022 0.047 0.112 0.077 0.033 0.083 0.156 0.151 0.046 0.043

          Cr 0.000 0.007 0.000 0.005 0.000 0.000 0.003 0.007 0.000 0.000 0.000 0.016 0.000 0.002 0.009

          Mg 1.124 0.882 1.092 0.769 0.878 0.845 1.201 0.838 0.943 0.545 0.000 0.970 2.176 0.868 1.437

          Mn 0.010 0.000 0.001 0.000 0.006 0.000 0.000 0.000 0.000 0.009 0.000 0.002 0.006 0.000 0.000

          Fe 1.467 1.409 1.640 1.948 1.730 1.435 1.165 1.985 1.420 2.097 1.166 2.465 1.038 2.190 1.441

X:      Ca 0.009 0.002 0.083 0.012 0.004 0.009 0.024 0.025 0.023 0.027 0.080 0.077 0.167 0.022 0.016

          Na 0.674 0.472 0.660 0.699 0.681 0.545 0.698 0.782 0.615 0.607 0.322 0.871 0.765 0.863 0.673

          K 0.000 0.014 0.000 0.000 0.011 0.004 0.000 0.000 0.000 0.004 0.014 0.009 0.007 0.015 0.000

Xvacancy 0.317 0.486 0.257 0.289 0.304 0.442 0.278 0.193 0.362 0.362 0.584 0.043 0.061 0.100 0.311

Fe# 0.566 0.615 0.600 0.716 0.663 0.629 0.492 0.703 0.600 0.793 0.768 0.718 0.323 0.716 0.500

Na/Na+Ca 0.986 0.995 0.888 0.983 0.994 0.983 0.966 0.969 0.963 0.957 0.800 0.919 0.821 0.975 0.976

Mg/Mg+Fe 0.443 0.384 0.399 0.283 0.336 0.370 0.507 0.296 0.399 0.206 0.232 0.282 0.677 0.284 0.499

Al(tot) 6.152 6.493 5.949 6.040 6.255 6.535 6.493 6.033 6.288 6.276 3.106 5.863 6.336 6.940 7.481

Ca+Na 0.683 0.474 0.743 0.711 0.685 0.554 0.722 0.807 0.845 0.634 0.402 0.948 0.932 0.886 0.689

Fe+Mg+Mn 2.601 2.291 3.543 2.717 2.614 2.280 2.366 2.823 2.363 2.651 1.166 3.437 3.220 3.058 2.878

Z 6.261 6.525 6.105 6.107 6.315 6.564 6.556 6.820 6.390 6.620 3.216 6.070 6.537 7.001 7.539

X+Y 3.284 2.765 4.286 3.428 3.299 2.834 3.088 3.630 3.208 3.285 1.568 4.385 4.152 3.944 3.567

xpl

ppl

Bio Mus Tour



(Hawthorne & Henry, 1999) X-Site vacancy

(Xvac ( Xvacancy) = 1- ( Na + K + Ca )) Vacancy

(Henry & Guidotti, 1985) Ca – Fe (total) – Mg

Li

Li

Ca

Ca

Fe/ (Fe + Mg Na / (Na + Ca)

(Hawthorne & Henry, 1999)

Fe/ (Fe + Mg Al

(Trumbull & Chaussidon , 1999)

Mg/ (Mg + Fe) X-site vacancy/ (Na + X-site vacancy)

(Hawthorne & Henry, 1999)



Fe# = FeO / (FeO + MgO)

(Pirajino & Smithies, 1992) MgO

A C B .Fe#

Z X+Y

(Trumbull & Chaussidon , 1999)

Y = Fe + Mg + Mn

Uvite

Fe

15nA 15 kV
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