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MgO MgO
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Berberian (1981), Stocklin (1977, 1968), Alavi (1991,1979),
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 Kozur & Mostler (1991) Sakmarian

1

1

B
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(Undercooling)

mm

mm
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TiO2 CaO, Al2O3, SiO2

Winkler, 1974)

A

m

Cm

B

Lofgren (1983)

C

Hill et al., 1994, 2004



Munro Township Arndt (1986)

Arndt (1986)

B

(Glomerate)

Fo

Vernon (2004)

D/G

D/G

(Superheating)

Arndt, 1986  Lofgren, 1983

Faure et al.(2006)

IUGS

MgO

Kerr & Arndt (2001) LeBas, 2000

LeBas(2000)

F104, F36, F29D, F29

F97, F89, F42, F37, F29C, F28X, F28J, F17

F1 TiO2<1%

F97, F57, F55

45% SiO2

MgO

A Jensen & Pyke (1982)

Irvine & Baragar, 1971 A

F36 F104, F29D, F29 

Zr/TiO2 Nb/Y

F1 (Pearce, 1996)

 –



Nb/Y

F36

B AFM

Jensen&Pyke(1982) A

MgO

MgO

Hanski et al. (2001)

([Al2O3]) MgO

B ([TiO2])

[Al2O3] =Al2O3/(2/3- MgO-FeO) ; [TiO2]= TiO2/(2/3- MgO-FeO)

F42, F37, F36, F29D, F1

F89, F57, F55, F104, F97, F29C, F29, F28X, F28J

Kerrich et al. (1999b)

La/Sm Th/Ce > 0.05 (La/Sm)N > 1.5

Condie (2003) Sun & McDonough, 1989

Nb/Th<5

%

Th/Ce F89, F57, F55 (La/Sm)N

F1

Nb/Th<5

F89, F57, F55

A

CaO/Al2O3 Al2O3/TiO2

Al2O3/TiO2

CaO/Al2O3

CaO/Al2O3

Al2O3/TiO2

Al2O3

CaO

Al2O3/TiO2 (Wilson et al., 2003)

B F89, F57, F55

CaO/TiO2 Al2O3/TiO2

Al2O3/TiO2

Ca Al

CaO/TiO2 F89, F57, F55

Al2O3/TiO2

Al2O3/TiO2 CaO/Al2O3 Al2O3/TiO2

MgO (Gd/Yb)N

Arndt (2003)

F1

F89, F57, F55

B

(Gd/Yb)N Al2O3/TiO2

F36, F29D, F1, F42, F37

F1

Herzberg (1995)



 –

Gd/Yb CaO/ Al2O3 Al2O3

A Zr/Nb Nb/Th

F89, F57, F55, F1

Condie (2005)

Nb/Th

Zr/Nb

Zr/Nb

F42, F37 F36, F29D F97, F104

Zr/Nb

F89, F57, F55, F1

Zr/Nb Nb/Th

(Tail) (Head)

(Kerr et al., 1996; Viruete et al., 2007

B Nb/Y Zr/Y

Nb)

Fitton et al. (1997)

Nb

Nb Condie(2005)

(DM)

REE

F36, F29D, F1

F42, F37
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F1

F36 F1

F29C, F28X, F28J, F17
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Hanski et al., 2001
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U LREE
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(Sun & McDonuogh, 1989)
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P

P
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B
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(Arndt & Nisbet,1982; Arndt et al.,1998)

C F89, F57, F55

F1 F17
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MREE

REE U
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F37
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Niu et al. (2002a) ºC
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 –

Troodos Othris Agrilia

Cameron & Nisbet(1982)

Paraskevopoulos & Economou, 1986

TiO2 / P2O5 P2O5

Best, 2001

Nesbitt (1979)

TiO2

MgO

MgO

Stocklin (1974)

Belov et al. (1986)

(Hanski et al. , 2004)



Samples F1 F17 F28J F28X F29 F29C F29D F36 F37

SiO2 45.057 43.812 45.032 43.671 48.666 45.139 48.774 51.338 43.646

Al2O3 15.169 5.574 7.568 5.762 13.636 7.331 13.135 14.423 5.459

Fe2O3 18.900 11.807 12.316 11.779 12.572 12.878 12.852 10.636 12.150

MgO 7.397 32.771 26.731 32.202 8.316 26.094 10.447 5.908 33.081

CaO 5.392 5.382 6.954 6.150 12.087 7.897 9.234 9.229 4.886

Na2O 2.862 0.000 0.000 0.000 3.202 0.000 3.305 4.873 0.000

K2O 0.091 0.167 0.231 0.027 0.043 0.051 0.079 1.111 0.078

TiO2 4.412 0.496 0.659 0.534 1.243 0.685 1.875 2.143 0.768

MnO 0.262 0.169 0.189 0.177 0.178 0.179 0.173 0.157 0.165

P2O5 0.457 0.004 0.013 0.007 0.057 0.017 0.127 0.182 0.031

LOI 6.330 6.770 8.060 9.690 3.060 7.820 4.100 3.340 9.580

Total 99.611 100.786 100.495 99.932 99.862 99.758 99.725 99.993 100.447

Mg- no 0.437 0.846 0.811 0.844 0.567 0.801 0.617 0.524 0.844

C a O /
Al2O3

0.355 0.966 0.919 1.067 0.886 1.077 0.703 0.640 0.895

A l 2 O 3 /
TiO2

3.438 11.245 11.487 10.788 10.973 10.698 7.005 6.731 7.106

Zr 165.6 20.7 27.7 22.3 64.1 31 114.3 148.7 39

Cr 10.372 3403.2 2723.4 3375.0 207.5 2222.3 843.3 86.0 3035.0

Sc 43.3 22.5 27.4 20.6 38.2 20.1 38.1 31.7 18.6

Samples F42 F55 F57 F89 F97 F104 Sam.Re Ac.(rmsd)

SiO2 44.843 46.477 48.844 43.273 48.069 49.843 0.030 0.060 0.220

Al2O3 6.181 14.779 12.782 7.352 11.130 14.515 0.020 0.050 0.120

Fe2O3 11.662 11.886 12.625 12.951 11.633 11.903 0.020 0.050 0.050

MgO 31.070 11.467 11.312 31.766 16.198 8.920 0.030 0.060 0.080

CaO 5.251 12.526 11.072 4.508 10.104 9.477 0.010 0.060 0.050

Na2O 0.000 2.075 2.805 0.000 1.675 3.768 0.030 0.010 0.060

K2O 0.095 0.006 0.008 0.069 0.009 0.063 0.007 0.005 0.020

TiO2 0.866 0.553 0.379 0.214 0.948 1.287 0.009 0.013 0.010

MnO 0.170 0.186 0.149 0.186 0.201 0.176 0.002 0.003 0.010

P2O5 0.036 0.044 0.023 0.001 0.034 0.049 0.003 0.023 0.010

LOI 8.380 4.640 3.940 9.560 3.950 3.090

Total 99.787 100.043 99.857 100.287 99.458 99.955

Mg- no 0.841 0.656 0.640 0.829 0.734 0.597

C a O /
Al2O3

0.850 0.848 0.866 0.613 0.908 0.653

A l 2 O 3 /
TiO2

7.134 26.705 33.681 34.381 11.746 11.275

Zr 46.3 29.3 18.2 9.2 44.3 54.8 0.9 1 14.8

Cr 2488.3 712.3 1616.8 4709.5 2631.4 146.4 2.1 1.1 11.0

Sc 19.4 56.5 45.8 24.8 36.7 47.1 0.9 1.5 2.4

Sc, Zr, Cr

XRF

Samples F1 F17 F28J F28X F29 F29C F29D F36 F37

Ni 40.401 2009.321 1493.835 1994.011 104.099 1462.409 426.233 118.028 2018.088

Co 51.702 101.620 90.207 97.626 49.762 93.867 57.784 37.443 100.602

V 393.882 136.203 187.079 136.393 332.635 178.834 356.554 330.619 138.311

Ga 21.067 6.643 8.688 6.664 14.514 8.293 17.237 19.337 7.097

Mn 0.232 0.148 0.160 0.144 0.166 0.154 0.164 0.154 0.148

Hf 3.899 0.591 0.794 0.622 1.723 0.843 2.841 3.885 1.033

Nb 26.789 1.075 1.395 1.311 3.479 1.673 8.362 10.800 2.937

Ta 1.547 0.063 0.076 0.072 0.219 0.101 0.502 0.676 0.171

Th 1.768 0.074 0.091 0.094 0.253 0.119 0.770 1.062 0.248

Pb 2.102 0.119 0.506 0.095 0.218 0.387 0.177 0.319 0.039

U 0.413 0.016 0.023 0.030 0.080 0.033 0.206 0.562 0.066

Cs 2.000 0.042 18.439 1.581 0.164 3.694 0.831 1.320 0.240

Rb 2.208 3.687 20.363 2.276 5.245 7.516 1.666 29.621 3.189

Sr 254.339 48.148 54.970 27.435 133.987 41.437 157.506 218.562 31.954

Ba 130.403 5.383 8.010 14.500 45.986 179.720 46.691 127.666 19.658

Y 30.464 7.488 10.307 7.787 20.651 10.199 24.635 31.030 8.701

Cu 70.863 69.969 89.875 67.680 222.067 91.119 125.856 104.957 54.444

Zn 139.814 56.249 59.112 55.322 66.017 58.788 78.362 95.309 59.588

La 15.457 0.905 1.178 1.078 3.165 1.432 6.670 10.530 2.246

Ce 36.120 2.647 3.373 3.010 8.759 4.001 16.800 25.974 5.771

Pr 5.378 0.485 0.624 0.532 1.524 0.715 2.792 4.011 0.964

Nd 23.668 2.526 3.340 2.818 8.022 3.750 13.835 19.998 4.819

Sm 5.670 0.741 1.075 0.830 2.459 1.151 3.812 5.542 1.254

Eu 2.210 0.320 0.431 0.329 0.928 0.459 1.446 1.892 0.481

Gd 6.426 1.228 1.591 1.241 3.475 1.669 4.819 6.479 1.656

Tb 0.952 0.205 0.284 0.209 0.583 0.280 0.730 1.014 0.268

Dy 5.400 1.218 1.671 1.253 3.463 1.695 4.245 5.638 1.530

Ho 1.032 0.239 0.339 0.257 0.711 0.357 0.830 1.093 0.293

Er 2.557 0.646 0.893 0.688 1.847 0.911 2.100 2.789 0.752

Tm 0.374 0.102 0.142 0.101 0.281 0.136 0.302 0.402 0.109

Yb 2.304 0.599 0.858 0.648 1.760 0.838 1.848 2.368 0.667

Lu 0.350 0.094 0.133 0.101 0.261 0.132 0.274 0.370 0.092

ICP-MS

A –
B

Samples F42 F55 F57 F89 F97 F104 StDev RSD%

Ni 1895.606 252.481 811.926 1850.456 972.755 145.282 10.65 3.25

Co 100.474 56.726 77.873 119.657 86.137 51.143 1.63 2.62

V 168.315 253.446 191.450 122.526 274.715 339.012 6.15 2.65

Ga 8.719 11.961 10.516 6.194 12.560 15.900 0.54 2.99

Mn 0.159 0.168 0.141 0.183 0.200 0.179 0.01 2.82

Hf 1.343 0.687 0.401 0.267 1.202 1.562 0.09 1.62

Nb 3.285 8.119 3.320 1.953 2.965 4.455 3.12 2.62

Ta 0.205 0.439 0.156 0.099 0.184 0.283 0.05 0.81

Th 0.306 0.606 0.372 0.216 0.291 0.405 0.41 3.63

Pb 0.689 0.266 0.222 0.329 0.360 0.947 0.04 1.00

U 0.130 0.136 0.086 0.045 0.100 0.146 0.12 4.64

Cs 11.356 0.577 0.881 11.626 0.344 0.521 0.03 4.05

Rb 10.806 0.149 0.132 3.079 0.246 1.237 1.65 3.49

Sr 73.730 46.631 37.234 39.650 29.438 152.074 36.83 2.70

Ba 17.154 31.152 27.244 27.847 13.120 66.522 35.32 3.62

Y 10.893 16.191 14.724 8.307 14.456 20.019 0.95 3.13

Cu 72.390 57.704 69.734 49.544 125.560 138.237 2.76 3.85

Zn 78.371 60.868 59.629 84.924 79.941 112.039 6.66 5.53

La 3.136 4.103 2.065 1.999 3.130 3.915 2.64 3.39

Ce 7.902 7.965 4.053 3.661 8.024 10.135 4.31 3.05

Pr 1.241 1.032 0.528 0.420 1.248 1.594 0.50 2.84

Nd 6.326 4.289 2.297 1.746 6.487 8.230 1.97 2.96

Sm 1.925 1.010 0.588 0.458 1.985 2.538 0.40 3.40

Eu 0.647 0.400 0.275 0.190 0.640 0.995 0.10 2.87

Gd 2.245 1.674 1.266 0.695 2.405 3.298 0.38 3.82

Tb 0.354 0.317 0.270 0.153 0.409 0.552 0.03 2.53

Dy 2.033 2.233 1.960 1.078 2.476 3.333 0.11 1.79

Ho 0.387 0.511 0.475 0.263 0.509 0.693 0.02 2.16

Er 1.013 1.537 1.405 0.845 1.421 1.887 0.03 1.40

Tm 0.149 0.253 0.239 0.139 0.213 0.293 0.00 1.46

Yb 0.862 1.688 1.554 0.932 1.350 1.833 0.02 1.08

Lu 0.129 0.275 0.252 0.166 0.218 0.300 0.01 2.30



 –

Sample TiO2/P2O5 [La/Sm]N [Th/Sm]N La/Nb Nb/Y Nb/Th Nb/U Th/U Zr/Nb [Zr/Nb]N Th/Ce Ti/Zr Zr/Y

F1 9.7 1.762 1.629 0.58 0.879 15.15 64.86 4.28 6.18 0.394 0.049 159.7 5.436

F17 116.5 0.790 0.522 0.84 0.144 14.53 67.19 4.63 19.26 1.226 0.028 143.5 2.764

F28J 51.0 0.708 0.442 0.84 0.135 15.33 60.65 3.96 19.86 1.264 0.027 142.6 2.687

F28X 80.3 0.840 0.590 0.82 0.168 14.00 43.70 3.12 17.01 1.083 0.031 143.6 2.864

F29 21.9 0.832 0.537 0.91 0.168 13.75 43.49 3.16 18.42 1.173 0.029 116.2 3.104

F29C 39.4 0.804 0.540 0.86 0.164 14.06 50.70 3.61 18.53 1.180 0.030 132.5 3.040

F29D 14.8 1.131 1.055 0.80 0.339 10.86 40.59 3.74 13.67 0.870 0.046 98.3 4.640

F36 11.8 1.228 1.001 0.98 0.348 10.17 19.22 1.89 13.77 0.877 0.041 86.4 4.792

F37 24.9 1.158 1.033 0.76 0.338 11.84 44.50 3.76 13.28 0.845 0.043 118.1 4.482

F42 24.0 1.053 0.830 0.95 0.302 10.74 25.27 2.35 14.09 0.897 0.039 112.2 4.250

F55 12.6 2.625 3.134 0.51 0.501 13.40 59.70 4.46 3.61 0.230 0.076 113.2 1.810

F57 16.5 2.270 3.305 0.62 0.225 8.92 38.60 4.33 5.48 0.349 0.092 125.0 1.236

F89 194.0 2.824 2.466 1.02 0.235 9.04 43.40 4.80 4.71 0.300 0.059 139.3 1.107

F97 28.3 1.019 0.766 1.06 0.205 10.19 29.65 2.91 14.94 0.951 0.036 128.2 3.064

F104 26.5 0.997 0.834 0.88 0.223 11.00 30.51 2.77 12.30 0.783 0.040 140.8 2.737

N F42, F37, F28X, F17

Sample N SiO2 TiO2 Al2O3 Cr2O3 MgO CaO MnO FeO NiO Na2O K2O P2O5 Total

Average F17 13 40.6 0.00 0.11 0.12 48.1 0.29 0.16 10.5 0.39 0.00 0.01 0.00 100.2

Average 28X 4 41.2 0.01 0.08 0.15 49.3 0.27 0.14 8.4 0.47 0.00 0.00 0.00 100.0

Average F37 11 40.1 0.01 0.06 0.10 47.3 0.36 0.17 11.5 0.38 0.00 0.01 0.01 100.0

Average F42 2 39.7 0.01 0.09 0.19 50.7 0.23 0.12 8.0 0.42 0.00 0.01 0.00 99.4

Max Fo in F28X 1 41.1 0.01 0.07 0.13 48.7 0.29 0.16 9.4 0.46 0.01 0.00 0.00 100.4

F42, F37, F28X, F17

Sample N Si Ti Al Cr Mg Ca Mn Fe Ni Na K P Total #Mg

Average F17 13 5.99 0.00 0.02 0.01 10.57 0.05 0.02 1.29 0.05 0.00 0.00 0.00 17.99 0.89

Average 28X 4 6.03 0.00 0.01 0.02 10.76 0.04 0.02 1.03 0.05 0.00 0.00 0.00 17.96 0.91

Average F37 11 5.97 0.00 0.01 0.01 10.47 0.06 0.02 1.44 0.05 0.00 0.00 0.00 18.02 0.88

Average F42 2 5.86 0.00 0.02 0.02 11.14 0.04 0.02 0.99 0.05 0.00 0.00 0.00 18.13 0.92

Max Fo in 
F28X

1 6.02 0.00 0.01 0.02 10.96 0.04 0.01 0.83 0.06 0.00 0.00 0.00 17.96 0.93

( A
(B

(Ol)
(Cpx)

XPL mm (Gl)
(C

(D PPL mm

XPL mm

 (A

(Cpx) (Ol)

PPL mm
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(A

 Cm

(B
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(C PPL mm
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PPL mm

(LeBas, 2000)

MgO
( LeBas, 2000)

Irvine & Baragar (1971)

Winchester & Floyd (1977)

Pearce (1996)

(A

Jensen & Pyke (1982)

(B

(Hanski et al., 2001)  Al2O3 TiO2

Kittila

CaO/TiO2 Al2O3/TiO2 (A

CaO/Al2O3

Al2O3/TiO2

Al2O3/TiO2 CaO/TiO2 (B

(Nesbitt et al., 1979)



 –
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MgO

Arndt (2003)

(Gd/Yb)N Al2O3/TiO2

MgO

Arndt (2003)

Zr/Nb Nb/Th Nb/Y Zr/Y (B A
(OIB) (ARC)

(DEP) (DP) (NMORB)
μ EM2 EM1 (REC) (UC) (PM)

(F) B A  BM.(238U/204Pb)
Viruete et al. (2007) B Condie(2005) A (SUB)

REE

(D (C (B (A
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Fang Niu (2003) (NMORB) (E-MORB)REE U

(Cameron et al., 1983) REE
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Fo MgO (A
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