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Ternary diagram for diopsides (top), garnets (centre) and enstatites (bottom) from Monastery. The olivine 
compositions are indicated by two brackets on the Mg-Fe join 
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Fig. 2 
Nickel oxide plotted against Mg/Mg+Fe at.% for the Monastery olivine megacrysts, and histogram (top) 
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Per cent Cr203 plotted against Mg/Mg+Fe at.% for the Monastery diopsides 
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Fig. 6 
Diopside megacrysts plotted in part of the Ca-Mg-Fe ternary diagram. 

10 

1: Monastery discrete diopsides (open area) and diopside-ilmenite lamel/ar intergrowths (black area). 
Diopside megacrysts found in basalts; 

2: Mt. Noorat; 3,4,6: Elie Ness; 5: Mt. Franklin; 2 and 5: from Irvine (1974); 3,4 and 6: from Chapman 
(1976j ' 
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" DISCRETE MEGACRYSTS 
• ILMENITE ASSOCIATION 
• GARNET- DIOPSIDE 
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:t: DIOPSIDE EXSOLVED FROM OPX 
• GARNET IN OPX- ILMENITE 

Fe 

Ternary Ca-Mg-Fe diagram for diopsides (top), garnets (centre) and enstatites (bottom) from Monastery. 
Olivine compositions are shown by the two brackets on the Mg-Fe join. Natural (solid lines) and calculated 
(dashed lines) equilibrium assemblages are also shown 



Ca 

Mg <<<<<<<a ' Fe 
Ca 

r. . I 
./ . 

NORTHERN LESOTHO // / 
GRANULAR -------..,... • / 

,. I 
i '/ 

x DISCRETE MEGACRYSTS 

• ILMENITE INCLUSIONS 

SHEARED-----···~·;"'· MATSOKU (COX, GURNEY ~ HARTE, 1973) 
(BOYD AND NIXON,1973) : __ .,:.__ --- --- - - - - - - --, . ~ 

.,- ·. x x ~ 

)'~L.xX~~i~-'~ ..... .:. ... 
/. . 

/. I 
/ / 

./.. ./·· 
/ •• ~MONO INCLUSION FIELD 

XENOCRVSTS, KIMBERLEY 
(REID E! HANOR, 1970) 

"-··- .. -··- · (LAWLESS, 1974) 

Mg . 
5 10 15 20 25 30 35 40 45 

GARNETS 

Fig. 8 
Ternary Ca-Mg-Fe diagram for garnet megacrysts and garnet inclusions in ilmenite from Monastery. Also 
plotted are the fields for Northern Lesotho lherzolites (Boyd and Nixon, 1973; Cox, Gurney and Harte, 
1973), xenocrysts from the Kimberley area, and inclusions in diamonds 
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Chrome plotted against Mg/Mg+Fe at.% for the Monastery garnets 

N 
0 

..... 

1·5 

1·0 

·5 

68 70 

60 
54•• 

• 55 •34 
47. •52 

62• o27 
13 47• •21 

•55 

5 • o 9o 025 
5 0 e55 • 11008 35 

5 • 130 013 On. go 
Oo -o3 

os 03 

03 
03 

02 

72 74 

•57 

76 

Mg I Mg+ Fe 

GARNETS 

Fig. 10 

66 • 163 • •72 

• GARNET MEGACRYSTS 

o ILMENITE ASSOCIATION 

°lo Cr 2 03 >< 100 INDICATED 

e87 
• 55 e98 

•68 •103 

•33 

•94 •209 
• 96 

78 80 82 

Titanium plotted against Mg/Mg+Fe at.% for the Monastery garnet megacrysts and garnet inclusions in 
ilmenite hosts. Per cent Cr203 is also indicated 
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Fig. 11 
The titanium content of garnet inclusions in ilmenite megacrysts increases with increasing Mg/Mg+Fe at.% 
of the garnet and increasing magnesium content of the coexisting ilmenite host 
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Fig. 12 
The titanium content of garnet inclusions in ilmenite megacrysts increases for increasing magnesium in the 
ilmenite and for increasing Mg/Mg+ Fe at.% of the garnet. This is consistent for both experimental work and 
natural intergrowths from Northern Lesotho. The titanium content for the Monastery garnet intergrowths 
is shown in Fig. 11 
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Fig. 13 
Per cent MgO in ilmenite plotted against the Mg/Mg+Fe at.% of the coexisting silicate. Note the large range 
of MgO in the discrete ilmenite megacrysts. 
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The Monastery enstatite megacrysts are compared to Northern Lesotho sheared and granular lherzolites 
(Nixon and Boyd, 1973) and to enstatites from Matsoku lherzolites (Cox, Gurney and Harte, 1973). Since 
the calcium content of enstatites is temperature-dependent, the large range of equilibration temperatures of 
the Group I enstatites is evident. The lame/lar Group 11 enstatites exsolved diopside ± garnet during a later 
re-equilibration process 
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Fig. 15 
The composition of enstatites can be used to estimate equilibrium conditions. Calcium in the enstatite is 
temperature-dependent, while aluminium is both temperature- and pressure-dependent 
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Chromium oxide plotted against Mg/Mg+ Fe at.% for the Monastery enstatites 
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Fig. 17 
Titanium plotted against Mg/Mg+ Fe at.% for the Monasiery megacrysts and intergrowths. The Mg/Mg+ Fe 
ratio is considered to be a good differentiation indicator for the megacrysts. Titanium in the silicate phases 
increases during differentiation until ilmenite starts to precipitate, when the titanium content of the melt 
decreases rapidly 
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Plate 1. 
Coarse olivine and ilmenite {white) intergrowth from M~nastery. Scale: XS. Analyses in Table 20. 

Plate 2. 
Kimb erlite inclusion in olivine megacryst Rf 469, analysis Table 26. Scale Xl 0. Note reaction rim 
and veinlet al upper left. 
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Plate 3. 
Kimberlite inclusion in olivine megacryst from Monastery. Note translucent carbonate-rich matric 

containing small crystals, reaction rim and veinlet. Scale X6. 

Plate 4. 
Irregular and regular cnstatite and ilmenite (white) intergrowth. Scale X3. 
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Plate 5. 
Irregular enstatite and ilmenite (white) intergrowth from Monastery. Scale X3. 

Plate 6. 
R egular and irregular diopside and ilmenite (white) intergrowth. Scale X2. 
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Plate -,-. 
R egular diopside and ilmenite (wh ite} lamellar in tergrowth. Note cen tral f ine-grained in tergrow th. 
Scale X3,5. 

Plate 8. 
Regular diopside and ilmenite (white) intergrowth. Note ou tside coarse intergrowth. Scale X3. The 

diopside is completely altered to calcite. 



TABLE 11 
ANALYSES OF IRON-POOR OLIVINES 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
9 13 17 19 21 23 29 31 33 35 38 44 46 

5102 39.56 3 9. 51 39.69 39.61 39.89 39.77 39.'58 39. 09 39.27 39.39 39.B4 39.70 40.43 
TI02 0.05 0.03 0.05 0.04 0.04 o. 02 0.05 o. 06 0.04 o.os 0.01 o.oo 0.03 
AL203 o. 09 0.09 0.06 0.04 0.12 0.10 o.a9 a.o5 0.01 o. 06 0.06 0.06 0.06 
CR203 o. 02 o.oo o. 02 o. a2 o. 02 0.01 0.02 o.oo a.01 o.oo 0.03 o.oo o.oo 
FED * 14.26 13.30 13.19 13.84 14. 17 14.19 12.99 14.49 13.11 13.84 14.0l 13.20 13.60 01 
M\10 o .. 09 o.14 0.1 '.l 0.14 0.13 a.11 a.06 a.14 o. 12 0.10 0.12 0.10 0.15 

... 
MGO 45.23 46.00 45.14 46. 31 45.95 45.7B 46.56 44.81 46.85 46.35 .. ,. . 46. 56· 45.47 45.96 
CAO o.oe 0.11 a.OB o.a6 0.10 a.OB 0.12 a.01 0.11 0.14 o.oB 0.10 a.OB 
NIO o.3B 0.36 0.35 0.36 0.39 0.30 o. 36 o.36 0.36 0.36 

TOTAL 99.38 99.56 9B.72 100.41 100.7B 100.06 99.89 99. 01 99.5B 100.29 101.13 98.99 100.67 

NUMBEP OF CATIONS FOR 4 OXYGENS 

SI 0.996 a.993 1. Oa3 0.989 0.993 a.q93 0.990 0.993 0.982 o. 9B5 0.9BB 1. 001 1.003 
TI 0.001 0.001 0.001 0.001 o. 001 o.ooo 0.001 0.001 0.001 0.001 0.001 o.ooo 0.001 
Al a.oa3 0.003 0.002 .0.001 0.004 o.oa3 a.oo? o.oa1 o.aoz 0.002 0.002 0.002 0.002 
c~ o.ooo o.ooo o.ooa o.ooo o.oao o. 000 o.aao o.ooo o.ooo o.ooo o. 001 o. 000 o.ooa 
FF 0.300 0.219 D.279 0.289 0.295 o. 296 0.212 0.308 0.214 0.2B9 0.291 0.278 0.282 
f>'IN 0.002 0.003 o.oa3 o. 003 0.003 0.002 0.001 0.003 0.003 o. 002 C.C03 0.002 0.003 
t-AG 1.697 1.122 1. 701 1. 723 1. 705 1.705 1.736 1. 696 1.747 1. 727 1. 721 1. 705 1.700 
CA 0.002 o.oo~ o. 002 0.001 0.003 0.002 0.003 o. 002 0.003 0.004 0.002 0.003 0.002 
NI 0.008 0.001 0.001 0.001 0.008 0.006 0.001 0.001 0.007 0.001 

MG/~G+FE 85.0 86.0 8 s. 9 85.6 85.2 85. 2 86.4 84.6 86.4 85.7 85.6 84.0 8 5. 8 

* TOTAL IP.ON AS FEO 



TABLE 11 CONT. 
ANALYSES OF IRON-POOR OLIVINES 

WT t RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ FRB FRB EO 
47 51 55 57 60 65 469 470 473 475 183 220 

SI02 40.36 39. 72 39.86 40.42 39. 53 39.89 39.47 39.80 39.62 39.82 39.5 40. 3 39.6 
TI02 0.04 o.o4 0.06 0.05 0.03 o. 03 0.06 o.oo o.o5 o.oo 0.04 0.03 o.o5 
AL203 0.10 0.13 0.05 o.oa 0.06 0.04 o.oo o.oo 0.04 o.oo o.oa o. 08 0.06 
CR203 o.oo 0.03 o. 01 o. 01 0.02 0.03 0.02 0.01 0.02 0.02 o.o3 0.03 . o. 03 
FEO * 14.28 13.61 13.94 12.27 13. 91 12.21 14.22 13.18 14. 38 12.48 12.3 11. 7 12.8 

01 MNO 0.14 o. 12 0.12 0.09 0.10 0.13 0.06 o. 08 0.12 0.10 o. 13 0.13 0.13 
MGO 45.47 45.84 45.99 47.68 46.it8 46.01 45.62 47.17 45.19 48.03 46.8 48.8 46.2 l'O 

CAO 0.10 0.24 0.11 0.09 0.08 0.13 0.10 o. 08 0.01 0.08 0.10 0.09 0.11 
NIO o. 32 o. 3t. 0.31 0.40 o.3s 0.40 0.34 0.36 0.36 0.37 0.33 

TOTAL 100.81 100.09 100.45 101.09 100.56 98.93 99.89 100. 32 99.85 100.53 99.3 101.53 99.3 

NUMBER OF CATIONS FOR 4 OXYGENS 

SI 1.002 0.993 o. 993 0.994 o .• 986 1.003 0.991 0.988 0.995 0.985 0.989 0.<?84 0.993 
TI 0.001 0.001 0.001 0.001 0.001 o.ooi 0.001 o.ooo 0.001 o.ooo o. 001 . 0.001 0.001 
Al 0.003 0.004 0.001 0.002 0.002 '· O. OQl o.ooo a.coo 0.001 o.ooo 0.002 0.002 0.002 
CR o.ooo 0.001 o. 000 o.ooo o. 000 ·0.001 0.001 o.ooo o.ooo o. 000 0.001 o. 000 0.001 
FE 0.297 o.285 0.291 0.253 0.290 o.25a 0.299 0.275 0.303 o.258 0.257 Oe239 0.210 
MN 0.003 o. 003 0.003 0.002 0.002 0.003 0.001 0.002 0.003 0.002 0.003 0.003 0.003 
MG 1.684 1.709 1. 708 1.749 1. 728 1.725 l. 706 l. 745 1. 692 . 1.769 l.;747 1.775 1. 727 
CA 0.003 0.001 0.003 0.002 0.002 0.004 0.003 o. 002 0.002 0.002 0.003 0.002 0.003 
Nl 0.006 0.001 0.006 0.000 o. 007 0.008 0.001 0.001 0.001 o. 007 o. 007 

MG/MG+FE 85.0 8 5. 7 8 5. 5 87.4 85.6 87.0 85.1 86.4 84. 8 87. 3 87.2 88.1 86.5 

* TOTAL IRON AS FED 



TABLE 11 CONT. 
ANALYSES OF I RON-RICH OLIVINES 

WT % RJ RJ RJ RJ RJ RJ RJ FRB 
25 27 41 "-9 54 63 66 188 

S ID2 38.92 38.87 38.27 38.55 38.45 38.16 38.61 38.6 
TI02 0.02 0.02 0.03 o. 04 0.03 0.02 0.03 0.03 
Al203 o. 1 7 o.oo 0.08 o.os 0.06 0.04 0.03 o. 04 
CR203 o.oo 0.02 o.oo o. 03 o.oo o.oo 0.02 0.03 
FEO * 17.78 19.78 19.42 19.37 18.77 20.40 19. 81 19.G (J1 

MNO o. 16 0.19 0.18 0.11 0.18 0.20 0.21 0.24 ~ 
MGO 42.81 41.89 41.11 41. 49 42.32 41. 30 40.83 42.9 
CAO 0.04 0.04 0.06 0.04 0.06 0.03 0.06 0.03 
NIO 0.10 0.06 0.11 0.06 0.06 0.06 0.06 

TOTAL 100.00 100.87 99.15 99.85 99.93 100.21 99.66 100.93 

NUMBER OF CATIONS FOR 4 OXYGENS 

SI 0.991 o. 990 o.990 a. 991 a. 985 0.983 0.996 0.982 
TI 0.001 o.ooo 0.001 0.001 0.001 o.ooo 0.001 o. 001 
AL o.oos o. 000 0.003 0.002 0.0002 ·0.001 0.001 0.001 
CR o.ooo o.ooo o.ooo 0.001 o.ooo o. 000 o.ooo o.ooo 
FE 0.378 0.421 0.420 0.416 0.402 0.439 0.427 0.403 
MN o. 003 0.004 o. 004 0.004 0.004 0.004 0.004 o.oos 
MG 1. 624 1.591 1. 5 86 1.590 1. 616 1. 586 1.570 1.623 
CA 0.001 0.001 0.002 0.001 0.002 0.001 0.002 0.001 
NI 0.002 0.001 0.002 o. 001 0.001 0.001 0.001 

MG/MG+FE 81.1 79.1 79.l 79.2 80.1 78.3 78.6 80.1 

~ TOTAL !PON AS FED 



TABLE12 
ANALYSES OF CLINOPYROXENES 

WT <g RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ !<J 205 206 208 210 212 214 216 218 220 223 224 226 228 230 232 234 
s 102 54.97 55.05 55. 75 54.97 54.78 54.89 55.10· 53.89 54. 71 55.21 54.88 55.30 55.39 54.54 55.55 55. 84 TI02 0.37 0.39 0.34 0.39 0.41 o. 40 0.36 0.44 0.34 0.34 0.26 0.29 o. 35 0.31 0.30 0.33 AL203 2. 52 2.60 2.54 2.54 2.60 2.58 2.54 2.58 2.43 2.57 2.61 2.59 2. 66 2. 58 2. 59 2.55 CR203 o. 28 0.22 0.29 o. 21 0.21 o. 28 0.29 .0.24 0.29 0.32 0.32 0.30 0.22 o. 30 o. 30 0.30 FEO * 5. 66 5.94 5. 71 5.83 6.03 5.75 5.47 5.65 5. 53 5. 53 5.56 5. 53 5.87 5.57 5.59 5.67 MNO 0.10 0.09 o. 12 o. 12 0.11 0.10 0.09 0.09 0.09 0.12 0.13 0.11 o. 13 0.12 0.11 0.10 MGO 19.41 18.69 19.77 19.05 18. 87 19.55 20. 89 19.64 20.18 20.11 20.94 20.29 19.56 20.51 20.52 19. 97 CAO 14.31 15.04 14. 32 15.16 15.22 14.82 13.73 14.64 14. 04 14.35 13. 60 14.12 15.07 14.45 14. 02 14.15 NA20 1.63 1.68 1.60 1. 71 1.77 1. 71 1.64 1.33 1.61 1.62 lo 4 7 1.66 1.83 1.64 1.63 l. 51 K20 0.05 0.03 0.04 0.04 0.05 0.04 0.02 0.02 o. 03 o. 02 o.os 0.03 o.o 1 0.03 0.04 0.03 

CJl TOTAL 99.30 99.75 100.48 100.02 100. 05 100.12 100.13 98.52 99.25 100.19 99.82 100._23 101. 09 100.06 100.65 100.46 ti::i. 
NUMBER OF CATIONS FOR 6 OXYGENS 

SI 1.987 1.987 1.990 1.980 1.976 1.974 1.971 1.967 1.976 1.977 1.970 1.979 1.974 10961 1.978 1.991 TI o. 010 0.011 o. 009 0.011 0.011 0.011 0.010 0.012 0.009 0.009 0.001 0.008 0.009 0.009 0.008 0.009 AL 0.101 0.111 0.101 0.108 o. 111 0.109 0.101 0.111 0.106 o.1oa 0.110 0.109 0.112 0.109 0.109 0.101 CR 0.008 0.006 0.008 0.006 0.006 o.ooa 0.008 0.007 o. 008 0.009 0.009 Oo009 0.006 0.009 0.008 0.009 FE 0.111 0.119 0.110 0.176 0.182 0.173 0.164 0.112 0.167 0.166 0.167 0.166 o. 175 0.168 0.166 0.169 MN 0.003 0.003 0.004 - o. 004 0.003 0.003 o. 003 0.003 0.003 0.004 0.004 0.003 0.004 0.004 0.003 0.003 MG 1.046 1.006 1.052 1.023 1.015 1.048 1.115 1.06'1 1.087 1. 074 1. 121 l. 082 1.039 1. 099 1. 090 1.062 CA o.554 o. 582 o. 548 o. 585 o. 588 o.571 0.526 0;573 0.543 0.551 0•523 0.541 o.575 o.557 o. 535 o. 541 NA 0.114 0.118 0.111 0.119 0.123 0.119 0.116 o. 094 0.113 0.113 0.102 0.115 0.121 0.114 0.113 0.104 K o. 002 0.002 o. 002 0.002 0.003 0.002 0.001 0.001 o. 002 0.001 0.002 0.001 o.ooo 0.001 o. 002 0.001 
CA 3l.3 32.9 31.0 32.8 32.9 31.9 29.1 31.6 30.2 30. 8 28.9 30.2 32.1 30.5 29.9 30.5 MG 59.1 56.9 59.4 57.3 56.9 58.5 61.8 58.9 60.5 60. 0 61.9 60. 5 58. 5 60.2 60.'1 59.9 FE 9.6 10.l 9.6 9.9 10.2 9.6 9.1 9.5 9.3 9.2 9.2 9.3 9.8 9.2 9.2 9.5 

MG/MG+FE 85.9 84.9 86.l 85. 3 84. 8 85.8 87.2 86.1 86.7 86.6 87.0 86.7 85. 6 86.8 86.7 86.3 
CA/CA+MG 34.6 36.6 34.2 36. 4 36.7 35.3 -32.1 34.9 33.3 33.9 31. 8 33.3 3 5. 6 32.9 32.9 33.7 

* TOTAL IRON AS FED 
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TABLE13 
ANALYSES OF DIOPSIDES EXSOLVED FROM LAMELLAR ENSTATITES 

WT % RJ RJ RJ RJ RJ RJ RJ RJ 
126 319 320 322 330. 3.32 335 337 

SI02 53.62 54.08 54.22 54.74 53.94 54. 38 54. 68' $5.12 
TI02 0.11 0.13 o. i.o o. 01 o.os 0.01 0.09 0.02 

' Al203 1.68 1. 72 1.7 f; 2. 37 1.67 2. 52 1.60 2.98 
CR203. 0.90 0.86 0.90 2.04 1.22 1.92 o.74 2. 51 
FED * 2. 74 2. 97 2.97 1.20 1. 55 l.61 2.32 1•91 
M'IO 0.00 0.06 0.06 0.01 o.o5 0.02 0.05 0.08 
MGO 16.43 16~41 16.51 16.24 11.00 16.00 16.93 16.73 
CAO 21.a8 21.69 2 2. 19 20. 83 22. 52 21.24 22.62 18. 50 . 

. NA20 1.39 1.37 1.37 1.86 1.17 1. 87 1.12 2. 37 
K20 o.oo 0.01 0.02 0.02 o.oo o.oo 0.01 o.oo 

TOTAL 98.83 99.30 100.10 99.38 99.17 99. 57 100.16 100. 22 

NUMBER OF CATIONS FOR 6 OXYGENS 

SI 1. 972 1.978 1.972 1.984 1.970 1.974 1.979 1.978 
TI 0.003 0.004 0.003 o.ooo 0.001 o. 000 0.002 0.001 
Al 0.073 0.074 0.076 0.101 0.012 0.108 o.068 0.126 
CR o. 026 o. 025 o. 026 o. 059 0.035 0.055 0.021 0.011 
FE 0.084 0.091 0.090 0.031 0.047 0.049 0.010 o. 05 7 
MN 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.002 
MG 0.899 0.894 o.893 o. 878 0.926 o. 866 0.914 o.s95 
CA 0.865 0.852 0.864 0.809 0.881 0.826 0.877 o. 711 
NA o. 099 o. 097 0.097 0.131 0.083 0.132 0.079 0.165 
K o.ooo o.ooo 0~000 0.001 o. 000 o.ooo o.ooo o.ooo 

' CA 46.8 46.4 46.8 46.9 47.5 47.3 47.1 42.7 
MG 48.6 48.7 48.3 50.9 49.9 49.6 49.l 53.8 
FE 4.6 4.9 4.9 2. 1 2.5 2. 8 3.8 3.4 

MG/MG+FE 91.4 90.8 90.8 96.0 95. 1 94.6 92.9 94.0 

CA/CA+MG 49.0 48.8 49.2 48.0 48.8 48.8 49.0 44e3 

* TOTAL IRON AS FEO 



TABLE14 
ANALYSES OF DIOPSIDES COEXISTING WITH ILMENITE 

HT % RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
371 373 377 379 381 385 389 391 393 395 397 401 

SI02 54.50 53.89 54.53 54.87 54. 24 54.47 54.35 54.66 54.06 54.66 53.55 54.15 
TI02 0.45 0.49 o.42 o.43 o.45 0.44 0.44 0.44 o.45 0.34 0.44 0.38 
AL203 2.57 2.47 2.57 2.48 2.44 2. 54 2.56 2.49 2.48 2.43 2.51 2.40 
CR203 0.08 0.12 0.02 0.03 0.01 o. 03. 0.04 0.10 o. 06 . o. 02 0.11 0.01 
FED * 6.46 6.49 6.42 6.20 6.34 6.23 6.28 6.43 6.27 6.33 6.43 6.24 
MNO 0.01 0.10 0.12 0.13 o. 11 0.13 0.14 0.12 o.38 0.14 0.09 0.11 
MGO 18.46 18.22 17.55 18.32 18.05 17.73 18. l 7 18.31 17.66 17.05 18.79 17.26 
CAO 16. 54 15.28 16.62 16.43 16. 19 16.31 16.21 15. 80 16.38 16.99 15.81 16.73 
NA20 1.86 1.77 1.97 1.97 1. 71 2. 03 2.08 1.96 1.91 2.08 1.85 2. 01 
K20 0.04 0.03 0.02 0.02 0.03 0.03 0.02 a.cs o. 03 0.01 o.os 0.04 

TOTAL 101.03 98.86 100.24 100.88 99.63 99.94 100.29 100.36 99.68 100.05 99.63 99.33 

NUMBER OF CATIONS FOR 6 OXYGENS Ol 
-.1 

SI 1.960 1.974 1.976 1. 972 1.974 1.977 1.967 1.974 1. 971 1.985 1. 953 1.980 
TI 0.012 0 ... 013 0.012 o. 012 o. 012 0.012 0.012 0.012 0.012 0.009 0.012 0.010 
AL 0.109 0.101 0.110 0.105 0.105 0.109 0.109 0.106 0.101 0.104 0.108 0.103 
CR 0.002 0.003 o.ooo 0.001 0.002 0.001 0.001 0.003 0.002 o.ooo 0.003 o.ooo 
FE 0.194 0.199 0.194 0.186 o. 193 0.189 0.190 0.194 0.191 0.192 0.196 0.191 
MN 0.002 0.003 0.004 0.004 0.003 0.004 0.004 0.004 o. 012 0.004 O.C03 0.003 
MG o.989 0.995 0.948 o.981 0.979 0.959 0.980 0.98t 0.960 0.923 1.021 0.941 
CA 0.637 0.600 0.645 0.633 0.631 0.634 0.628 o. 611 0.640 0.661 0.618 0.656 
NA 0.130 0.126 0.138 o.138 0.120 0.143 0.146 0.131 0.134 0.146 0.131 0.143 
K 0.002 0.001 0.001 0.001 o. 001 0.001 0.001 0.002 0.001 o.ooo 0.002 0.002 

CA 35.0 3 3. 5 36.l 35.1 35.0 35.6 34.9 34.2 35.7 37.2 33. 7 36.7 
MG 54.3 55. 4 53.0 54.5 54.3 53. 8 54.5 55.0 53.6 52.0 55.6 5 2. 6 
FE 10.7 11.1 l 0.9 10.4 10.7 10.6 10.6 lo. 8 lo. 7 10.8 10. 7 lo. 7 

MG/MG+FE 83.6 83.'3 83.0 84.0 83.5 83. 5 83. 8 83.5 83.4 82.8 83.9 83.1 

CA/CA•MG 39.2 ? 7.6 40.5 39.2 39.2 39.8 39.l 38.3 40.0 41.7 37.7 41.l 

* TOTAL IRON AS FED 



TABLE 14 CONT. 
ANALYSES OF DIOPSIDES COEXISTING WITH ILMENITE 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
403 405 407 409 412 414 416 418 420 448 449 

SI02 54.12 54.64 54.60 54.64 54.92 54.45 54.81 55.Cl 54.84 54.97 55.31 
TI02 . o. 43 0.43 0.33 0.46 0.43 0.39 0.46 0.44 0.40 0.42 0.39 
AL203 2.45 2.45 2.48 2.51 2.46 2. 54 2.52 2.50 2. 54 2.57 2. 5 3 
CR203 0.01 0.10 o.oo 0.08 0.01 o.oo 0.09 0.04 0.02 0.06 0.02 
FED * 6.29 6.18 6.23 6. 04 6.34 6.42 6.17 6.26 6. 33 6.35 6.36 
MNO 0.14 0.14 0.12 0.09 0.13 o. 16 0.12 0.11 0.12 0.18 o. 13 
MGO 17.99 18. 48 17.27 18.51 17.77 17.29 18.48 18.08 17.80 17.13 16.91 
CAO 16.70 15.74 17.28 . 16. 15 16.65 16.87 16.12 16.18 16.83 16.42 17.29 
NA20 1.94 1.97 2.13 1.83 2.00 2.10 1.99 2.10 2.oa 1. 83 1.84 
K20 0.02 o. 03 0.01 0.04 0.03 0.04 0.02 0.03 0.01 0.02 0.02 

TOTAL 100.09 100.16 100.45 100.35 100.74 100.26 100.78 100.75 1oc.97 99.95 100.ao 

NUMBER OF CATIONS FOR 6 OXYGENS 

SI 1. 978 1.975 1.977 1.971 1.979 1.975 1.970 1.979 1.973 1.992 1.991 
TI 0.012 0.012 0.009 o. 012 o. 012 o. 011 0.012 0.012 o. 011 0.012 o. 011 
Al 0.104 0.104 0.106 0.101 0.104 0.109 0.101 0.106 0.108 0.110 o. 107 C.11 
CR o.ooo 0.003 o.ooo 0.002 o.ooo o.ooo 0.002 0.001 o.ooo 0.002 o.ooo 00 

FE 0.109 0.187 0.189 0.182 o. 191 0.195 0.185 0.188 C.190 o.1q2 0.192 
MN 0.004 0.004 0.003 0.003 0.004 o.oos 0.004 0.003 0.004 0.006 0.004 
MG 0.962 0.915 o. 932 o. 995 o. 954 o. 935 0.990 0.969 0.954 0.925 0.907 
CA 0.642 0.610 0.670 0.624 0.643 0.656 0.621 o. £::24 0.649 0.637 0.667 
NA 0.13 5 0.130 0.150 0.128 0.140 0.148 0.139 0.146 0.145 0.129 0.129 
K 0.001 0.001 o.ooo 0.002 0.001 0.002 0.001 0.001 o.ooo 0.001 0.001 

CA 35.8 34.0 37.4 34.7 36.0 36.7 34.7 35.0 36.2 36.3 37.8 
MG 53.7 5 5.6 5 2.0 55.2 53.4 52.4 55.0 54.4 53.2 52.7 51.3 
FE 10.5 10.4 10.5 10.1 10.6 10.9 10.3 10. f; 10.6 1o.9 1o.9 

MG/MG+FE 83.6 84.Z 83.2 84.5 83.3 82.8 84.2 83.7 83.4 82.8 82.5 

CA/CA+MG 40.0 38.0 41. 8 38. 6 40.2 41.2 38.7 39.2 40.5 40.8 42.4 
' 

* TOTAL IRON AS FED 



TABLE15 
ANALYSES OF GARNETS 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ 
10 68 70 72 74 76 78 80 82 

SI02 41.32 41.11 41.39 42.18 41.30 41.55 41.62 41.31 41.61 
TI02 1.46 1.47 1. 11 o. 83 1.34 1. 20 ·l.30 1.36 1.26 
AL203 21. 42 21.43 21.61 22.01 21.66 22.12 21.73 21.30 21.65 
CR203 o.54 0.60 1.03 0.96 o.34 0.21 0.12 0.55 0.62 
FEO * 11.82 11.65 9.11 9.25 11. 51 11. 75 10.20 12.13 11.28 
MNO 0.21 0.25 0.20 0.23 0.26 0.29 0.23 0.26 0.24 
MGO 18.88 18. 73 20.36 20. 56 18.78 18. 81 19.77 18.50 19.32 
CAO 4.70 4.66 4.58 4.33 4.65 4.61 4.66 4. 72 4.10 

TOTAL 100.32 99.91 99.39 100. 42 99.86 100.53 100.25 100.13 100. 69 

NUMBER OF CATIONS FOR 12 OXYGENS 

SI 2.972 2.973 2. 976 2.995 2.983 2.980 2.979 2.986 2.978 CJ1 

TI 0.079 o. 080 0.060 0.044 0.073 0.065 0.010 0.074 0.068 CD 

AL 1.820 l.827 1.831 1. 847 1.844 1. 870 1.833 1.815 1.827 
CR 0.031 0.034 0.059 0.054 0.020 o. 012 0.041 0.031 0.035 
FE o. 713 0.105 o. 548 o.549 0.695 0.104 0.611 o.734 0.676 
MN 0.016 0.015 0.012 0.014 0~016 o. 018 0.014 0.016 0.015 
MG 2.029 2.020 2.181 2.176 2.022 2.011 2.109 1. 996 2.063 
CA o.363 0.361 o. 353 0.329 0.360 o.354 o. 3 58 0.366 0.361 

CA 11.7 11.1 11.4 10.0 11.7 11.5 11.6 11.8 11.6 
MG 65.3 65.5 10. 8 11.2 65.7 65.5 68.5 64.5 66.6 
FE 23.0 2_2. B 17.8 18.0 22.6 22.9 19.9 23.7 21.0 

MG/MG+FE 74.0 ·74.1 79.9 79.8 74.4 74.l 77.5 73.l 75.3 

CA/CA+MG 15.2 15. 2 13.9 13.1 15.1 15.0 14.5 15.5 14.9 

* TOTAL IRON AS FEO 



TABLE 15 CONT. 
ANALYSES OF GARNETS 

WT % RJ RJ RJ R.J RJ RJ RJ R.J RJ 
84 86 88 90 92 94 96 98 100 

SI02 42.02 4-1.32 41.26 40.67 41.13 41.41 41.25 40.06 42.18 
TI02 1.23 1.14 1. 06 1. 11 1.29 1.20 1.11 1.18 0.90 
Al203 21.46 22.08 21.94 21.96 21.38 20.63 21.53 21.69 21.13 
CR203 0.87 0.05 o.o5 0.05 0.47 0.47 o.55 0.98 0.94 
FEO * 9.87 13.09 13.35 12. 79 11.98 11.69 11.40 9.56 9.55 
MNO 0.23 0.32 o.33 0.26 0.21 0.24 0.24 o. 25 0.21 
MGO 19. 97 18.04 17.87 18.04 18. 56 18.46 18.94 20.21 20.29 
CAO 4.74 4.58 4.55 4.71 4.72 4.79 4.62 4.53 4.59 

TOTAL 100.40 100.62 100.41 99.58 99.80 98.90 99.64 98.46 99.78 

NUMBER OF CATIONS FOR 12 OXYGENS 

SI 2.998 2.977 2.984 2.962 2.981 3.024 2.984 2.921 3.021 a.i 
TI 0.066 0.062 0.058 0.061 0.011 0.066 0.061 0.065 0.049 0 
Al 1.805 1.876 1.870 1.885 1. 825 1. 7·76 1.836 1.86\ 1.785 
CR 0.049 0.003 0.003 0.003 0.021 o. 027 0.032 0.056 0.053 
FE 0.589 0.789 a.sos o.779 0.126 0.114 0.690 o.583 o.512 
MN 0.014 0.020 , o. 020 0.016 o. 017 o. 015 0.015 0.015 0.013 
MG 2.124 1.940 1.926 1.961 2.007 2.011 2.045 2.197 2.166 
CA o. 352 0.354 o. 353 o.368 0.367 0.375 0.3·58 0.344 o.352 

CA 11.8 11.5 11.4 11.8 11.a 12. 1 11.6 11.3 11.4 
MG 69.1 62.9 62.9 63.1 64.7 64.9 66.l 70.l 70.1 
FE 19.l 25.6 25.6 25. 1 23. 4 23. 0 22. 3· 18.6 18.5 

MG/MG+FE 78.3 71.1 70.5 71.5 73.4 73.8 74.8 79.0 79.1 

CA/CA+MG 14.6 15. 4 15.5 15.8 15. 5 15.7 14.9 13.9 14.0 

* TOTAL IRON AS FEO 



TABLE 15 CONT. 
ANALYSES OF GARNETS 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ 
102 104 108 110 112 114 116 118 454 

SI02 41.38 41.37 41.35 41.24 41.66 42.11 41.58 41.95 41.38 
. TI02 1.40 1.22 1. 31 1. 08 0.88 o. 95 1.12 l.28 1.37 

Al203 21.30 21.52 21.57 21. 45 20.66 22.02 21.66 20. 51 20. 52 
CR203 o. 55 0.65 o.57 0.66 2.09 0.33 0.68 o.52 1.63 
FEO * 11.41 10.27 11.05 10.35 a. 11 10.69 10.45 11.79 9.80 
MNO 0.28 0.26 0.28 0.26 0.31 0.22 0.23 0.22 0.29 
MGO 19.21 19. 78 19.22 19.53 20.02 19.86 19.65 19.02 19.52 
CAO 4.75 4.44 4.48 4. 57. 5.06 4.17 4.50 4.64 5.13 

TOTAL 100.28 99.51 99.84 99. 14 98.80 100.35 99.86 99.93 99.65 

NUMBER OF CATIONS FOR 12 OXYGENS 

SI 2.978 2. 98 2 2.981 2. 986 3.012 3.004 2.987 3.030 2.990 0) 

TI 0.076 0.066 0.011 0.059 0.048 0.051 0.060 0.010 0.075 .... 
AL 1.807 1.829 1. 833 1.831 1.761 1. 852 1.835 1.747 1. 747 
CR 0.031 0.037 0.032 o.038 0.120 0.019 0.039 o. 030 0.093 
FE 0.687 0.619 0.667 0.627 0.491 0.638 o.628 0.713 0.592 
MN 0.011 0.016 0.011 0.016 0.019 o. 013 0.014 0.013 0.018 
MG 2.063 2.126 2.068 2.109 2.157 2. 113 2.105 2.050 2.103 
CA 0.367 0.343 o. 346 0.355 o. 392 o.319 0.347. o.360 o.397 

CA 11.8 11.1 11.2 11.5 12.9 10.4 11.2 11.5 12.a 
MG 66.2 68. 8 67.1 68. 2 71.0 68.8 68.4 65.7 68.0 
FE 22.1 20.0 21.6 20.3 16·· 1 20.8 20.4 22.8 19.l 

MG/MG+FE 75.0 77.4 75. 6 77.1 81. 5 76.8 11.0 74.2 78.0 

CA/CA+MG 15.1 13.9 14.3 14.4 15.4 13.1 14.l 14.c; 15.9 

* TOTAL IRON AS FEO 



TABLE16 
ANALYSES OF GARNETS CO-EXISTING WITH ILMENITE 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ 
257 260 262 265 268 271 274A 2748 282 

SI02 41. 50 ~0.86 41.13 40.94 41.26 41.46 41.57 41.23 41.46 
TI02 0.98 0.81 0.64 0.86 1. 16 o.99 1.16 1. 04 1.09 
AL203 22.29 21.90 21.99 21.72 21.51 22.01 21.8 7 21.92 22.10 
CR203 o.oo 0.02 o.oo 0.03 0.09 o.o3 0.13 0.13 0.11 
FED * 13.20 13.61 14.19 12.99 12.23 12.88 12.50 12. 64 12.82 
MNO 0.30 o. 31 0.32 0.31 0.21 0.31 0.28 0.31 0.21 
MGO 18.13 17. 32 17.22 17. 81 18. 51 18. 18 18.29 18.55 18. 72 
CAO 4. 51 4.50 4.34 4.42 4.56 4.63 4.71 4.54 4.53 

TOTAL 100.91 99.32 99.83 99.09 99.59 100. 49 1cc.5 0 100.36 101.10 

NUMBER OF CATIONS FOR 12 OXYGENS 

SI 2.980 2.990 2.999 2.995 2.993 2.988 2.991 2.974 2.969 0) 

TI 0.053 0.045 0.035 0.047 o. 063 0.054 0.063 ()..057 0.059 
~ 

" 
AL 1.887 1.890 1.890 1.873 1.840 1. 870 1.855 1.864 1.866 
CR o.ooo 0.001 o.ooo 0.002 0.005 0.002 0.001 0.001 0.006 
FE o.794 0.833 o. 865 o. 795 o. 743 0.111 0.753 0.763 o. 769 
MN 0.018 0.019 0.020 0.019 0.011 0.019 0.011 o. 019 0.016 
MG 1.943 1.890 1. 872 1.942 2.004 1.956 1.965 1.998 2.002 
CA o.347 0.352 o.339 0.346 o. 355 o. 357 o. 363 0.351 o.348 

CA 11.3 11.5 11.0 11.2 11.4 11.6 11.8 11.3 11.2 
MG 63.0 61.4 60.9 63.0 64.6 63. 3 63.8 64.2 64.2 
FE 25.7 21.1 28.l 25.8 23.9 25.l 24.4 24.5 24.6 

MG/MG+FE 71.0 69.4 68.4 71.0 73.0 71.6 72.3 72.4 12.2 

CA/CA+MG 15.2 15.7 15. 3 15. 1 15. 0 15.5 15.6 14.9 14.8 

* TOTAL IRON AS FED -· '"'" - ... 



TABLE 16 CONT. 
ANALYSES OF GARNETS CO-EXISTING WITH ILMENITE 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
285 287 290A 290B 294 298 304A "3046 308 311 314 

SI02 40.62 41.34 41.10 41.50 41. 31 41.31 41.17 41.16 41.55 41.49 41.54 
TI02 1. 03 1.09 1.16 1.23 l. 03 1.11 0.93 0.88 0.78 0.96 0.99 

~ AL203 22.47 22.02 21.43 21.62 22.01 21.78 22.19 21.86 22.34 22.45 22.25 
CR203 o. 09 o.os o. 2 5 0.21 o. 13 0.33 o.o5 0.03 0.02 o. 03 o.oo 
FED * 12.14 12.56 11.76 12.00 11.93 11.99 12.89 12.66 13.04 12.40 12.78 
MNO o. 30 o. 31 o. 27 0.26 0.28 0.28 0.28 0.30 0.32 0.32 0.31 
MGO 18.21 18.49 18.42 18.74 18.42 18.50 18.07 18.17 17.86 18. 41 18.02 
CAO 4.35 4.52 4.63 4.73 4.44 4.61 4.51 4.43 4.42 4. 50 4.43 

TOTAL 99.21 100.41 99.04 100.38 99.55 99.91 100.09 99.49 1 oo. 32 100.56 100. 32 

NUMBER OF CATIONS FOR 12 OXYGENS 

SI 2.956 2.978 2.995 2.989 2.992 2.986 2.978 2.992 2.997 2.980 2.993 a> 
TI 0.056 0.059 0.064 o. 067 o.056 o. 060 0.051 0.048 0.042 0.052 0.054 Ci) 

AL 1.927 1.870 1.841 1.834 1. 879 1.855 1.893 1.873 1.900 1.900 1.890 
CR o.oos 0.004 0.015 0.015 0.001 0.019 0.003 0.002 0.001 0.002 o.ooo 
FE o.740 o.747 0.717 0.123 0.123 0.725 a. 100 0.111 0.787 0.745 0.771 
MN 0.018 0.019 0.011 0.016 0.011 0.011 0.017 0.018 0.020 0.020 0.019 
MG 1.978 1.989 2.003 2.012 1.990 1.995 1.952 1.972 1.923 1.973 1.938 
CA 0.339 0.349 0.362 0.365 0.344 0.358 0.350 0.346 0.342 0.347 o. 343, 

CA 11.1 11. 3 11. 7 11. 8 11.2 11.6 11.4 11.2 11.2 11. 3 11.2 
MG 64.7 64.2 65.0 64.9 65.1 64.8 63.3 63.8 63.0 64.4 63.5 
FE 24. 2 24.5 23.3 23.3 23.6 23.6 25.3 25.0 25.8 24.3 25. 3 

MG/MG+FE 72.8 72.4 73.6 73.6 73.4 73.3 71.4 11.c; 70.9 72.6 71.5 

CA/ CA+MG 14. 7 14. 9 15.3 15. 4 14. 8 15. 2 15. 2 14.9 15.1 14.9 15.0 

* TOTAL IRON AS FEO 
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TABLE17 
ANALYSES OF GLASSY DISCRETE ENSTATITES 

WR i RJ RJ RJ RJ RJ RJ FRB 
122 124 130 138 150 328 4 

SI02 55.49 56.39 57.31 55.51 56. 19 56. 01 55.3 
TI02 0.16 0.13 0.20 0.21 0.16 0.25 0.15 

AL203 0.15 0.82 1.30 1.16 o.74 1.31 0.10 
CR203 o. 02 o.oo 0.12 0.04 o.oo 0.08 0.03 
FEO * 10.94 10.57 7.30 9.02 10.88 8.37 10.7 
MNO 0.13 0.13 0.10 0.13 0.19 0.13 0.20 
MGO 30.89 30.32 3 2.12 31.80 31.71 31.89 32.3 
CAO o. 80 0.88 1.53 1.22 0.19 1.35 0.68 
NA20 0.26 0.26 0.21 0.31 c.20 0.20 0.15 
K20 0.01 0.02 o.oo o.oo o.oo o.oo o.oo 

TOTAL 99.51 99.42 100.25 99.46 100.86 99.67 100.2 

NUMBER OF CATIONS FOR 6 OXYGENS 

SI 1.970 1.992 1.984 1.957 1.966 1.963 1.948 
Tl 0.004 0.003 o. 00 5 0.001 0.004 0.006 0.004 
AL 0.031 0.034 0.053 0.048 o. 031 o.054 0.029 

CR o.ooo o.ooo 0.003 0.001 o.ooo 0.002 0.001 
FE 0.325 0.314 0.211 0.266 o. 318 0.245 0.316 
MN 0.004 0.004 0.003 0.004 0.006 0.004 0.006 
MG l. 634 1.597 1.656 1.671 l. 653 . l. 666 l .698 
CA 0.030 0.033 0.057 0.046 o. 029 o. 051 0.026 
NA 0.018 0.018 0.010 0.021 0.014 0.019 0.010 
K o.coo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 

CA 1.5 1.7 2.9 2.3 1.4 2.5 I 1.3 
MG 82.1 82.l 86. l 84. 2 82.6 84.9 83.2 
FE 16.3 16.2 11. 0 13.4 15.9 12. 5 15.5 

MG/MG+FE 83.4 83. 6 88.1 86.2 83. 8 87.1 84.3 

CA/CA+MG 1.8 2. 0 3.3 2.1 1. 7 3.0 1.5 

* TOTAL IRON AS FEO 



TABLE18 
ANALYSES OF LAMELLAR ENSTATITES 

WT 1: RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
126 128 132 137 140 142 144 146 148 317 318 319 320 322 330 332 235 337 369 

s 102 58.07 57.05 57.61 59. 01 58.82 58.44 57.49 57.58 57.85 56. 76 58.60 57.73 58.17 58. 85 57.22 59.49 57.44 58. 36 57.10 
TI02 0.06 o.os 0.06 o.oo o.oo 0.05 0.04 0.01 0.02 o. J7 o. 07 0.-05 0.05 0.01 0.01 0.01 0.01 o.co 0.04 
AL 203 o.s6 0.78 0.30 o.ss 0.90 0.90 0.84 0.11 0.84 0.82 0.83 0.78 o.73 0.92 o. 87 o. 91 0.88 0.90 0.78 
CR203 0.20 0.17 0.11 0.28 o. 31 o. 18 o~zo 0.21 0.15 o. 16 0.18 0.16 0.18 0.21 0.22 0.29 0.19 o. 29 0.11 
FED * 7.48 8.28 a.oz 4.84 4.80 7.42 7.05 s.01 6.97 6.37 6.22 a. 15 6. 14 3. 63 4.49 3.94 6.2 5 4.29 6.67 a.i 
MNJ 0.09 0.13 0.08 o. 09 0.12 0.10 0.09 0.11 0.13 0.12 0.12 0.10 0.10 o. 09 o. 09 o.os 0.08 0.09 o. 09 Cl1 
MGO 33.68 33.44 32.68 35.55 35. 44 33.82 33.98 33.38 33.83 33.89 3 z. 90 33.66 33.29 35.63 36.24 35.43 35.03 35.47 34.58 
CAO 0.28 o. 24 0.21 0.26 0.25 0.21 0.2 3 0.26 0.24 0.24 0.21 o. 27 o. 25 o. 29 0.23 0.28 0.23 0.28 0.21 
NA20 0.06 o.oo o. 08 0.01 o. 00 0.05 0.01 0.02 o. 01 0.01 o.oo 0.05 0.01 0.01 o. 06 0.11 0.05 0.12 o. 01 
K20 0.04 o.oo 0.02 0.01 0.03 0.04 0.01 o. CZ o. 02 0.01 o. 00 o. 00 o.oo 0.01 0.02 0.02 o.oo o.oo o.oo . 
TOTAL 100.76 10 o. 17 99.73 100.93 lOC. 67 100.27 99.94 100.43 1oo.06 lOil.51 99.19 100.95 98.98 99.77 99.45 1 oo. 62 100.22 99.80 99. 71 

NUMBER OF CATIONS FOR 6 CXYGENS 

SI 1.993 1.979 2.001 l.997 1.996 1.994 l.986 l.988 1.993 2. 008 2. 0.26 1. 985 2. 017 2.003 1.968 2.009 1.974 1.994 1.976 
TI 0.002 0.002 0.002 o. 000 o.ooo 0.001 0.001 0.002 0.001 0.002 0.002 0.001 0.001 o.ooo o.ooo o.ooo 0.002 o.ooo 0.001 
AL 0.035 o. 032 0.033 0.035 0.036 0.036 0.034 0.031 o. 034 o. J33 0.034 0.032 0.030 0.037 0.035 0.036 0.036 0.036 0.032 
CR 0.005 0.005 0.003 0.001 o.oos 0.005 0.005 0.006 0.005 O.OJ4 O. C05 o. 004 0.005 o. 007 0.006 o.oos 0.005 o.ooa 0.005 
FE 0.214 o. 240 o. 2 33 o. 137 0.138 0.212 0.204 0.231 0.201 o.1a2 o. 180 0.234 o. l 78 0.103 o. 129 o. 111 C.180 0.123 0.193 
MN 0.003 C.004 0.003 0.003 o. 003 0.003 o. 003 o. 003 0.004 o. 003 o. 003 0.003 0.003 0.002 0.003 0.002 0.002 0.003 0.003 
MG l. 721 1.729 1.692 l. 793 1.791 l. 720 1.750 l. 719 l. 739 1.727 1.694 1. 7 2 5 l. 718 1.808 1. 859 1. 784 1.795 l. 807 l. 784 
CA 0.010 0.009 0.010 0.009 0.009 o. 010 0.009 0.010 o. 009 0.009 0.010 0.010 0.009 0.010 0.009 0.010 o.oos O. ClO c.010 
NA 0.004 o.ooo 0.006 0.001 c.ooo 0.003 0.001 o.co1 0.001 o. 005 c. C•JO 0.003 o.ocs 0.005 0.004 o. 011 0.004 0<C08 0.001 
K 0.002 o. 000 o. 001 0.001 0.001 o. 002 o.ooo 0.001 0.001 0.0')1 o.ooo 0.009 :i.aoo o.ooo o. 001 o. 001 o.ooo o.ooo o.ooo 

CA 0.5 0.4 0.5 0.5 o.5 0.5 o.5 0.5 0.5 o.5 o. 5 o.5 0.5 0.5 o.5 0.5 0.4 o.5 0.4 
MG ae.4 87.4 87.4 92. 5 92.4 88.6 89.l 87.7 89.2 90.0 89.9 8 7.6 90.2 94. l q 3. l 93.6 90.6 93.l 89.7 
FE 11. 0 12.l 12. 0 7.1 7. l 10.9 10.4 11. 8 1 o. 3 9. 5 9.6 11. 9 9.3 5.4 6.5 5.8 9.1 6.3 9.7 

MG/"lG•FE 88.9 .3 7. 8 87.9 9z.o 92.9 89.0 89.6 88.l 89.6 90.5 90.4 sa.c 9Q.6 04.6 93.5 94. l 9C.9 93.6 90.2 

CA/CA+-MG o.6 0.5 a • .:J o.s o.5 0.6 0.5 a.c c.5 0.5 0.6 0.6 o. 5 0.6 s. 5 C.6 0.5 o.e: 0.6 

* TOTAL IRCN AS FED 



TABLE19 
ANALYSES OF ENSTATITES COEXISTING WITH ILMENITE 

WT ~ RJ i<.J RJ RJ RJ RJ RJ RJ RJ RJ l'.J ~J OJ PJ RJ RJ fi.J RJ FRB 
336 340 343 345 346 350 351 354 356 359 3b0 362 364 365 36S 42 8 460 464 352 

SIO 2 55, S2 56,SO 56,5S 56,69 56,S3 57,06 56.37 56,73 54.84 56.l4 56.70 56.41 57.02 56,40 56.26 57.41 55,54 55,67 55,6 
T!02 0,23 0,26 o.2s 0.24 o. 25 o. 25 0.19 o.25 0.22 0.21 0.22 0.25 o. 2 5 o. 2 5 0.27 0.11 0.21 0,23 0,13 
ALI'J3 . lo 06 1.06 1.09 1.04 lo 05 1.02 1. 01 0,95 0.97 l. 03 1.01 1.01 lo 01 1. 02 1.01 a.so 0.92 IJ,% o. 75 
Ci:\!03 o. 04 o. 01 0,04 o. 00 o. 01 o.oo o.oo 0.01 o.oo 0.02 o. co o. 01 0.02 O, OJ 0.01 o.oo o.oo 0.02 0.05 
F':O * 9,2S 9, 16 9.24 9,69 9,62 9.42 9,63 9.31 9,64 9,33 9, 71 9.62 9.31 9.28 9, 62 11. 21 9.4 7 9,07 10,6 
MNO 0.01 0.12 0.12 0.13 0.10 0.12 0.12 0.10 0.12 o. 1() 0.12 0.12 0.10 0.10 0,05 o. 13 0.11 0.11 0.24 
MGO 3 lo BO 32.13 32.29 31.47 31.t4 31, 73 31.S7 30.26 3lo2S 31. l 0 31. 22 31. 03 31.27 31.73 31.14 30.83 32.42 32.t2 31,S 

CJ) CAO l.12 1.05 1.23 1. 10 l. OS 1. 14 lo 03 lo 11 1.14 1.14 1.09 1. 11 1. 12 1. 11 l. 12 o. 73 1.06 l,OS a.ts 
NA20 o. 20 Oo24 0.28 0.22 0.28 a.2s 0,23 0.21 a. 23 o.zs 0,28 0.21 0.28 a.oz 0.29 0.02 0.2 2 0,27 o. 17 CJ) 
K20 0.01 0,03 a. 01 0.01 a.oo o. 01 0.02 0.06 0,03 Q,OJ o.oo o.oo o.oo 0.01 o. 00 0.02 a.oo 0,00 o.oo 

TOTAL 99, 63 1 0 o. 86 101.16 100,59 1oo.86 101.03 100.47 99,05 98.47 99,91 100.35 99. 83 100.38 99,93 99,77 l 01.32 99,95 100,C3 1oo.1 

NU~BER OF CATIONS FOR 6 OXYGENS 

SI 1,965 l .971 l. 62 l. 975 l.975 1.979 l .969 2.002 1,958 1,933 1. 981 lo 98 3 l. 9S7 1,974 l. 979 1.994 lo952 lo 954 1. 959 
TI 0,006 0.001 0.001 0.006 o. 007 0.001 0,005 0.001 0.006 0.001 1. C06 0.001 0.001 0.001 0.007 0,004 o. 006 0.006 0,003 
Al 0,044 0.043 o. 045 0,043 o. 043 0.042 0,042 (),040 0,041 0.043 o. 042 0.042 0,042 0,042 0.042 0,033 o.036 0,04C 0,031 
CR a.on o.ooo 0.001 o.ooo o.ooo o. 000 o.ooo ·a.coo o.ooo 0,0)0 o.ooo o.ooo o.ooo o.ooo o.ooo 0, DOC o.ooo o.ooo 0.001 
FE 0.273 0,266 o. 26S 0.282 o.2so 0.273 o.2s1 o.275 o. 2S8 0,274 0,284 0.283 0.211 0.212 o. 2S3 0.325 c.219 0.266 0.313 
MN o. 002 0.004 0.004 o. 004 o. 003 0,004 0,004 0.003 0,004 O,OJ3 0,004 0.004 0.003 0.003 0.001 0,004 0.003 0,003 0.001 
'°'G l,66t 1,660 1,667 1.639 1. 638 1.637 l.65S lo 5C)3 1,666 1. 628 1. 626 1.620 1. 624 1.657 l. 629 1. 596 lo 69S lo 702 1.676 
CA 0.042 o.03q 0,046 0,041 0,040 0,042 0.039 O,C42 0,044 o. 043 0.041 0,042 Oo042 0.042 0.042 0.021 0.040 O,C41 0,026 
NA 0.014 Q,016 0,019 0,015 o. 019 0.019 0,016 0.010 o. 016 o.01q 0.019 0.018 0.019 o.ooo o. 020 o.ooo 0.015 0,018 0.012 
K o.ooo 0.001 o.ooo o.ooo o.ooo o. 000 o.ooo 0.003 0, COl o. 000 o.ooo o.ooo o.ooo o.ooo o.ooc o.ooo a. ooo a.coo c.ooo 

CA 2. 1 2.0 2.3 2.1 2.1 2.2 2.0 2.2 2.2 2. 2. 2. 1 2. 2 2. 2 2. l 2.2 1.4 2.0 2.0 1.3 
MG 34. l 84,5 84, 2 S3,5 83,6 83,S 83.S S3.4 83.4 33,7 ~3. 4 83.3 8 3. 8 84. 1 S3.4 81.9 84.2 34,7 S3,2 
F= 13. s 13,5 13.5 14. 4 14.3 14,0 14.2 14.4 14,4 14. l 14. 5 1455 14, 0 13.8 14.5 lb,7 13.8 13.2 15.5 

MG/'1G+FE S5,9 36.2 36.2 85. 3 85,4 85,7 S5.5 S5o3 S5.3 ~5.6 85. 2 85,2 8 5. 7 S5.9 85, 2 s 3. 1 85. 9 Sc. 5 84, 3 

CA/CA<-MG 2,5 2.3 2.7 2,4 2.4 2. 5 2.3 2. 6 2.6 2.6 2. 4 2.5 2. 5 2,,,. 2. 5 1. 7 2.3 2.3 1.5 

" TOTAL IRON AS FED " TJTAL JF ON AS FEO 

FRB 152 F, R. BOYD IU~DUBLISHEul 



TABLE 20 
ANALYSES OF SILICATE INTERGROWTHS 

OJQPSIDE-GARNET INTERGROWTHS OLIVINi:'. INTEt::Gf;OWTHS 
GARNETS EXSOLVEJ GARN FT l~CLUSICN IN ILMENITE DIOPSIOES GARNETS CLIVINE c;AR"JETS OLIVINE =NSTATIT~ •JLI VIN" ILMENITE FRQ~ H:STA.TITF fqQM OPX/ILM INTE~G?DWTH ~J460 

WT t RJ RJ RJ RJ RJ RJ PHN P.J PHN •J RJ RJ RJ RJ f<J RJ 
l 466 l 4 4f:6 474 1859~ 4 74 l959M 473 473 422 422 145 3? 6 460 

5102 55.39 54.18 41.87 41.82 41. 52 39.60 40.0 41.27 42.0 39.6 56.28 39.46 0.00 40.81 42.04 41.l 
TI02 o.3o 0.46 1.06 o. 97 1.01 0.03 o. 03 0.99 1.10 o. 05 o. 31 a.oz 51.n o.o'< o.oo 0.84 

Cll AL203 2.67 z. 49 21.73 21. 71 21.47 0.03 a.cs 21.31 21.4 0.04 l. 17 o. 04 c. 55 Zl. 93 21.96 21.8 ..;i CR203 0.26 0.13 o.n 0.84 o. 47 0.04 0.04 l. 06 o. 89 ND 0.06 o.oo 0.6 2 2.47 3.Ze 0.01 
FED * 5. 61 6.21 9.64 9. 74 11. 28 12.38 12.1 9.4e 9.38 14.4 8. 77 18.3 7 33.79 11.14 1.21 12.2 MNO o.13 0.10 o. 2 3 0.£6 0.23 0.08 0.16 0.20 0.28 0.12 0.10 Ll.19 0.33 0.45 0.35 c. 2 5 
MGO 19.82 18. 71 20. 35 20. 33 18. 74 46.82 48.2 20.02 21. 2 45. 2 32.71 43.0< 12.47 18.Jd 20.69 ie. o CAO 14. 32 15. 53 4.39 4. 2 5 4. 78 0.09 0.1 4.74 4.56 o. 07 1. 3f: 0.04 o.oi. 4.7q 4.90 4.46 
NA20 1. 87 l. 81 0.20 
K20 0.04 0.03 o.oo 
NIO 0.41 o. 39 0.36 

TOT AL 100. 4 7 99.f5 100.19 99.92 99. 50 99.07 101.7 99. =2 100.9 09.8 100.54 101. 21 99.55 100.00 100.43 98. 8 

NUMBER OF CATIONS FOR N OXYGEN 

N=6 N=6 N=l2 N=l2 N=l2 N=4 N=4 N=l2 N=l2 N=4 N= 3 N=4 N=3 N=6 N=t. ~=12 

SI 1.990 1.970 2.988 2.992 3. 006 C.990 0.981 2.999 2. 978 0.995 l.<:160 0.994 o.ooo z. 95 7 2.980 3.0C~ 
TI 0.010 0.013 0.057 0.052 o. 055 0.001 0.001 0.054 0.059 0.001 o. 008 c.ooc O. 9 ?I o.o::i2 o.ooo o. 004 AL 0.112 0.101 l. B 28 1. 832 1. 837 0.001 0.001 1.806 1.789 0.001 o.c.4g 0.001 0.015 0.142 C.184 l1. 046 
(!\ 0.001 0.004 0.052 0.048 0.021 0.001 o. 001 o. 060 0.050 o.ooo o. 002 o. 000 0.012 1.873 1.834 1.882 FE 0.168 0.169 o.575 o.ss> 0.684 0.260 0.260 0.570 0.556 0.303 o. 2 55 0.387 c. 669 0.675 u. 42 8 o.746 M•J 0.004 0.003 0.014 0.016 0.014 0.002 o. 003 0.012 o. 017 0.003 o.oo~ J.004 D.007 0.020 o. 021 C.015 
MG 1.056 1.010 2.165 2.168 2.014 1.743 1.no 2.149 2.241 1.692 !. 670 l.617 0.44~ 1. 933 2.] 86 l.9t5 
c~ 0.548 0.604 0.336 0.326 o. 371 0.002 0.003 0.365 0.353 0.002 o. 051 O.JO! O.OJl J. 3 72 J.?72 o. 34<; NA o. uo 0.127 o.01a 
K O.OJ2 O.COl o.ooo 
N! o.oos 0.001 0.007 

CA 30. 9 33.5 10.9 10.6 12.1 11. B 11. 2 2. 5 li.; l:. 4 1.4 MG 59·. 6 56. c 7 o. 4 10. 5 65. 6 69.7 71.1 84.5 6:' • .:. 7:-.• tt. z 
FE 9.5 lo. 5 18. 7 18. 9 22. 3 18. 5 l 7. 7 iz.q 2?.3 l "f.? "•4 

M0'.;/'1G+FE 66. 3 84. 3 79.0 78. 8 74.6 37.J 87.! 79.J SO.! 54.3 3t.. 7 JO. 7 "'4 • ... s-::. L -: 2. s 
CA/CA+'1G 34.Z l 7. 4 z. c; 

TCTAL IRON AS ~ED 
D~t~ }859"'1 BOYD 1973 



TABLE 21 
ANALYSES OF ILMENITES 

WT % RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ 
152 154 156 158 160 163 164 167 169 170 172 174 176 178 180 

SI02 0.02 o. 08 0.03 0.10 o. 04 0.08 0.18 0.04 0.06 0.02 o. 10 0.03 C.15 0.12 0.11 
TI02 48.90 48.57 48.87 51. 91 47.67 48.84 50.84 52.96 50.15 52.82 48.00 50.68 51.82 53.87 52. 71 
AL203 0.23 0.10 0.86 0.43 0.76 0.74 0.51 o.43 o.55 0.59 1.44 0.66 1.13 1.08 0.84 
CR203 o.87 0.04 0.25 0.13 0.03 0.03 0.20 1.16 o.o4 o.oo 0.06 o. 06 0.03 0.36 0.23 
FED * 41.97 41.37 40.19 38.10 44.35 41.49 37.74 31. 87 40.59 37.42 38.81 41.04 38.18 35.80 36.04 
MNO o. 23 0.11 0.11 0.18 0.18 0.20 0.16 0.24 0.14 o. 20 0.18 0.11 0.18 0.11 0.18 
MGO 7.69 8.53 9.41 9.63 7. 58 1. 90 9.56 11.87 9.26 8.67 11. 08 7.60 7.78 9.46 9.60 
CAO 0.02 0.11 0.04 0.05 0.04 0.05 0.04 0.01 o. 01 0.01 0.11 0.01 0.05 0.05 0.04 

TOTAL 99.94 99. 57 99. 83 100.53 100.65 99.33 99.23 98.58 100.80 99. 73 99.78 100.26 99.32 100.91 99.75 , 

FE203+ 13.27 14. 58 14.68 9.68 16.87 13.14 10.01 6.24 13.43 6.15 17.30 10.18 6.13 4.80 6.51 
FED + 30.03 28. 25 26.98 29.38 29.18 29. 66 28.68 26.25 2 8. 51 31.85 23.20 31.88 32. 66 31.48 30.18 

NUMBER OF CATIONS FOR 3 OXYGENS ** CT.I 

SI o.oao 0.002 0.001 0.002 0.001 0.002 0.004 0.001 0.001 o.ooo 0.002 0.001 0.004 0.003 0.002 
00 

TI 0.870 0.859 o. 856 0.906 0.840 0.810 0.898 0.928 o. 874 o. 936 o. 828 0.899 o. 925 o.937 0.926 
AL 0.006 0.019 0.024 0.012 0.021 0.021 a.014 o. 012 0.015 0.016 0.039 a.018 0.032 o. 029 o. 023 
CR o. 016 0.001 0.005 o.oa2 0.001 0.001 o.ao4 0.021 0.001 a.coo 0.001 0.001 a.ooo 0.006 0.004 
FE3+ 0.236 a.258 0.257 0.169 0.279 0.234 0.178 0.109 0.234 o. 110 0.299 0.181 0.110 0.084 0.114 
FEZ+ o.594 o.555 0•526 o.510 o. 571 0.588 0.563 o. 512 o.ss2 0.628 0.445 0.629 0.649 0.609 C.590 
MN o. 005 0.003 0.003 0.004 0.004 0.004 0.003 a.cos 0.003 o. 004 0.003 0.003 0.004 0.003 0.003 
MG 0.211 0.299 0.327 0.333 o.265 0.279 0.335 0.412 0.320 0.3a5 o. 379 a. 267 o. 275 0.326 o.334 
CA 0.001 0.003 0.001 0.001 0.001 0.001 o.oa1 a.coo c.ooo o.ooo 0.003 o.ooo 0.001 0.001 0.001 

GK 24.6 26.9 29.4 31. 1 23.4 25. 3 31.1 39.9 28.9 29.2 33.7 24.8 26. 6 32.0 32. 2 
IL 53.9 49.9 47.4 53.2 50.4 53.4 52.3 49.5 49.9 60.2 39.6 58.4 62.7 59. 8 56.8 
HM 21. 5 23. 2 23. 2 15. 7 26.2 21.3 16.6 10.6 21.2 10.6 26.6 16.8 1o.6 s.2 11.0 

MG /MG+FE 31. 3 35. 0 38.3 36.9 31.7 32.2 37.3 44.i: 36.7 32.7 46. 0 29. 8 29.8 34.9 36.1 
(AT %1 

* TOTAL IRON AS FED 
+ FE203 AND fEO IS CALCULATED FROM THE TOTAL FE ANO FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 



TABLE 21 CONT. 
ANALYSES OF I LMENITES 

WT :g RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ RJ • 183 185 187 188 190 192 194 196 199 200 202 

SI02 0.20 0.06 0.04 o.oo 0.03 0.10 0.04 0.02 0.02 o. 09 o. 01 
TI02 47.53 48.80 47.31 50.02 49.88 47.36 55.37 50.44 49.45 49.66 47.80 
AL203 0.10 o.35 0.51 0.21 0.79 o.58 0.61 o,.87 0.68 0.78 0.74 
CR203 0.06 0.82 0.06 o. 84 0.13 o. 55 o.51 0.05 0.03 o. 05 0.04 
FEO * 44.33 38. 81 45.22 39.59 38.65 43.08 29.45 39.22 39.77 41.49 43.82 
MNO 0.11 0.32 0.11 o. 25 0.15 0.11 . 0.22 0.11 0.16 0.16 0.16 
MGO 7.29 11.12 7.06 8.36 9.41 1.12 12. 71 9.36 9.37 8.83 7. 37~ 
CAO o. 06 o. 08 0.02 0.02 0.04 0.03 0.06 0.01 0.02 0.03 0.10 

TOTAL 100.34 loo. 36 100.39 99.35 99.10 98.96 98.97 100.14 99.50 101.10 100.04 

FE203+ 16.22 16.79 17.13 10.88 11.93 14. 70 2.86 11.90 13.52 14. 08 15.84 
FEO+ 29. 73 23.70 29.81 29.80 27.91 29.80 26.88 28. 51 27.60 28.82 29.57 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI 0.005 0.001 0.001 o.ooo o.ooo 0.002 0.001 o.ooo o.ooo 0.002 o.ooo 
Tl 0.842 0.842 o.839 0.891 0.882 0.852 0.961 0.883 o. 871 o.864 0.848 a:> 
Al o. 019 0.009 0.014 o. 008 0.022 0.016 0.016 0.024 0.019 0.021 0.020 tO 

CR 0.001 0.015 0.001 0.016 0.002 0.010 0.009 0.001 0.001 0.001 0.001 
FE3+ o. 28 7 0.290 0.304 0.194 o. 211 0.264 0.050 0.208 0.283 0.245 o. 281 
FE2+ o. 585 0.455 o. 588 o. 590 o.549 o.596 o.519 o.555 0.540 o.558 0.584 
MN 0.003 0.006 0.003 0.005 0.003 0.003 0.004 0.003 0.003 0.003 0.003 
MG o.256 o.380 0.248 0.295 0.330 0.254 0.437 0.325 o.327 0.305 0.259 
CA 0.001 0.002 o. 001 0.001 0.001 0.001 0.001 o.ooo 0.001 0.001 0.002 

GK 22.1 33.8 21. 8 27.3 30.3 22.8 43.5 29.8 29.6 27.5 23.l 
IL 51.9 40.4 51. 6 54.7 50.3 53. 5 51.6 51.0 48.9 50.4 51.9 
HM 25.4 25.8 26.6 18. 0 19.4 23. 7 4.9 19.2 21.5 22.1 25.0 

MG/MG+FE 30.4 45.5 29.7 33. 3 37. 5 29.9 45.7 36.9 37.7 35.3 30.7 
CAT :g) 

* TOTAL IRON AS FEO 
+ FE203 ANO FED IS CALCULATED FROM THE TOTAL FE ANO FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATidN TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATIO~ 



\ TABLE 22 
ANALYSES OF ILMENITES CO-EXISTING WITH CLINOPYROXENE 

WT % RJ RJ RJ. RJ RJ RJ RJ RJ RJ 
371 373 375 377 379 381 383 385 387 

SI02 0.06 0.04 O.Of: 0.04 o. 00 0.04 0.04 o.oo o.oo 
TI02 50.63 49.61 50.16 52.17 50.57 48.70 50.50 50.66 5c.11 
AL203 0.18 o. 70 0.94 0.63 1.00 1. 05 0.71 0.14 0.49 
CR203 0.25 0.48 0.22 0.06 0.01 0.21 o. 03 0.12 0.46 
FEO * 37.85 38.47 38.90 37.85 38.61 40.18 39.56 38.21 39. 01 
MNO o.oo 0.08 · 0.18 0.11 o. 14 0.19 0.11 0.11 0.18 
MGO 9.86 9.52 9. 72 9.56 9.75 9.75 8.61 9.15 9. 84 
CAO o.o5 0.04 0.05 0.12 0.04 0.02 0.04 0.02 0.04 

TOTAL 99.47 98.94 100.23 100.69 100.18 100.20 99.67 99. 06 100.13 

FE203+ 10.99 12.13 12. 55 9.18 11.90 15.49 10.75 10.18 13.03 
FEO+ 27.96 27.55 27.60 29.59 27.90 26.24 29.89 29.04 27.28 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI o. 001 0.001 0.001 o. 001 o.ooo 0.001 0.001 o.ooo o.ooo ..;J 

TI 0.889 0.879 0.874 o. 910 0.881 o. 84 7 0.894 0.898 0.875 0 

AL 0.021 0.011 0.026 0.011 0.021 0.029 0.020 0.020 0.013 
CR 0.005 0.009 0.004 0.001 0.001 0.005 o.ooo 0.002 0.008 
FE3+ 0.193 0.215 0.219 0.160 o. 208 o. 270 0.190 0.181 0.278 
FEZ+ o.546 o.542 o. 535 0.574 o. 541 o.508 o.588 o. 573 0.530 
MN o.ooo 0.002 0.004 0.003 0.003 o. 004 0.003 0.003 0.004 
MG o.343 o. 334 0.336 0.330 0.337 o. 336 0.302 0.322 0.341 
CA o. 001 o. 001 0.001 0.003 o. 001 o.ooo 0.001 o.ooo 0.001 

GK 31.7 30.6 30.8 31.0 31.0 30.2 28.0 29.9 31.0 
IL 50.5 49.7 49.l 53.9 49.8 45.6 54.4 53.3 48.3 
HM 17.8 19.7 20.1 15. {j 19. 1 24.2 17.6 16.8 20.1 

MG/MG+FE 38.6 38.1 38. 6 36.5 38.4 39.8 33.9 36.C 39.2 
(AT.:> 

* TOTAL IRON AS FEO 
+ FE203 AND FEO IS CALCULATED FROM THE TOTAL FE AND FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 



TABLE 22 CONT. 
ANALYSES OF ILMENITES CO-EXISTING WITH CLINOPYROXENE 

WT i RJ RJ RJ RJ RJ RJ RJ 
4a7 4a9 411 416 42a 448 449 

Sl02 o.oo a.oo a.oo o.oo o.oa o.oo o.oo 
TI02 48.48 50.32 49.61 51. 72 52. 89 50. 71 50.54 
AL203 l.a4 1.17 a.92 a.74 a.37 0.76 o. 63 
CR203 o. 03 0.36 0.39 0.2 5 o.a3 0.09 0.06 
FED * 38.42 37. 23 38.68 36. 74 36.95 38.33 39.29 
MNO 0.11 0.14 a.16 0.10 0.19 0.18 o. 19 
MGO 9.13 1o.03. 10.40 10.so 9.48 9.91 9.13 
CAO 0.05 0.04 0.05 a.as 0.04 0.04 o. 05 

TOTAL 98. 32 99.29 laO. 21 100.18 99.95 100.02 99.89 

FE203+ 12.60 11.12 14.26 10.22 7.26 11. 81 11.53 
FEO+ 21.08 H.23 25. 84 . 21. 54 30.42 21.10 28.91 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI a.ooo o.aoo o.oao o.aoo o.ooo o. 000 o. 000 -.;J 
TI o. 872 0.883 0.860 o.899 0.931 0.886 0.889 """' AL 0.029 0.032 o.a25 0.020 o. 010 o. 021 0.011 
CR o.ooa a.001 o.oa1 o.a04 o.aao o.ooo o. 001 
FE3+ o. 227 0.195 0.247 0.110 0.128 0.201 0.203 
FE2+ o.s42 0.531 0.498 o.532 o. 595 o. 538 o. 566 
MN o.ao3 0.003 0.003 a.ao4 a.oo4 0.004 o.oa4 
MG 0.325 0.349 0.357 o. 362 0.331 0.343 0.318 
CA 0.001 o.ooa 0.001 o.ao1 0.001 0.001 o. 001 

GK 29.8 32.4 32.4 33. 8 31.4 31.5 29.3 
IL 49.5 49.4 45.2 49.7 56.5 49.5 52. 0 
HM 20. 7 18. 2 22.4 16.6 12.1 18.9 18.7 

HG/MG+FE 37.5 49.8 41.8 40. 5 35. 7 38.9 36.0 
lAT.U 

* TOTAL IRON AS FEO 
+ FE203 AND FEO IS CALCULATED FROM THE TOTAL FE AND FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 



I 
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TABLE 23 
ANALYSES OF I LMENITES CO-EXISTING WITH ORTHOPYROXENE 

WT i RJ RJ RJ RJ RJ RJ RJ RJ 
338 340 343 345 348 351 354 356 

SI02 0.04 o. 04 o.o-6 0.09 0.04 0.11 0.04 0.12 
TI02 50.40 50.11 50.26 49.77 51.89 51. 32 49.88 50.47 
AL203 a.as o.1a 1.13 0.43 o.63 0.10 0.16 o.1a 
CR203 0.35 0.11 0.10 0.13 0.20 0.16 o.2a 0.13 
FEO * 37.49 37.27 38.3.9 38.41 37.01 36.89 38.25 37.75 
MNO 0.11 0.22 0.16 0.11 o.1a 0.14 0.11 0.18 
MGO 9.86 9.38 10.0l 9.18 9.59 10. 71 9.52 9.48 
CAO 0.02 0.06 0.04 0.09 0.02 0.05 0.02 0.04 

TOTAL 99.21 98.03 100.15 98.27 99.56 100.08 98.91 98.95 

FE203+ lloOO 10. 20 12.42 11.34 8.45 11.01 llo69 10.40 
FED+ 27.59 28.09 27.21 28.21 29.40 26.98 27.73 28.39 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.003 
TI 0.887 0.895 0.874 o. 889 0.914 0.891 0.882 o.893 
AL 0.024 0.022 0.031 0.012 0.011 o. 019 0.021 o. 022 
CR 0.006 0.003 0.002 0.002 0.004 0.003 0.005 0.002 
FE3+ 0.194 0.182 0.216 0.203 0.149 0.191 0.201 0.184 
FE2+ 0.540 o.558 o.526 o.560 0.576 o.521 0.546 o. 559 
MN 0.003 0.004 0.003 0.003 0.004 0.003 0.003 O.C04 
MG 0.344 o.332 0.345 0.325 . o. 335 o.368 0.334 0.332 
CA a.coo 0.002 0.001 0.002 0.001 0.001 0.001 0.001 

GK 31.9 31.0 31. 7 29.9 31.6 34. l 30.7 30.9 
IL 50.l 52.0 48.4 51. 5 . 54.3 48.2 50.2 52.0 
HM 18.0 17.0 19.9 18.6 14. l 11.1 19.l 17.1 

MG/MG+FE 38.9 37.3 39.6 36.7 36.8 41.4 38.0 37.3 
CAT.ii 

* TOTAL IRON AS FED 
+ FE203 ANO FED IS CALCULATED FROM THE ILMENITE STRUCTURAL FORMULA AB03, 

ASSUMING ATOMIC PROPORTION OF ·R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 

RJ 
359 

0.04 
49. 73 

o.66 
0.39 

37.66 
0.11 

10.47 
0.04 

99.16 

13.45 
25.55 

o. 001 ..;:i 

0.868 
t.:) 

o. 018 
0.001 
0.237 
o.5oo 
0.003 
o.365 
0.001 

33.1 
45.4 
21.5 

42.2 



TABLE 23 CONT. 
ANALYSES OF I LMENITES CO-EXISTING WITH ORTHOPYROXENE 

WT t RJ RJ RJ RJ RJ RJ 1860 FR8 BO 
362 364 365 366 367 368 D 352 1636 

SI02 o.oo 0.04 0.02 0.10 0.02 0.02 0.14 0.11 0.05 
TI02 50.03 51.48 48.87 49.62 50.27 50. 84 51.88 46.66 48.30 
AL203 0.12 0.47 0.90 1.33 0.65 a.as o.aa o.t4 0.61 
CR203 0.19 o.33 0.45 0.26 0.30 o.3o 0.38 0.45 0.01 
FEO * 38. 71 37.60 38.68 38.76 37.88 37. 53 37.23 42.75 40. 70 
MNO 0.14 0.20 0.16 0.11 0.18 o.1a ·a.20 0.21 0.20 
MGO 9.42 9.76 10.11 9. 82 9.77 9.58 10.57 7.82 8.52 
CAO 0.04 .0.02 0.02. 0.04 0.06 o. 07 o. 05 o. 03 0.01 

TOTAL 99.25 99.90 99. 21 100.10 99.13 99.40 101.33 98.67 98.4 

FE203+ 11. 90 9.88 14.36 13.06 11.48 10. 16 10.58 16.52 14.0 
FEO+ 28.00 28.71 25. 76 27.01 21. 55 28.39 27.71 27.89 28.1 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI o.ooo o.ooo o.ooo 0.002 o.ooo o.ooo 0.003 0.003 0.001 
TI o.883 0.903 o. 857 o.863 0.886 0.895 0.890 0.836 0.865 ...:i 
AL 0.020 0.013 0.025 0.036 o. 018 0.024 0.024 0.018 0.011 ~ 

CR 0.004 0.006· o.ooa 0.005 0.006 0.006 0.001 o.ooa c.ooo 
FE3+ 0.210 0.173 0.252 0.221 0.202 0.119 0.182 0.296 0.251 
FEZ+ o.550 o.560 0.502 0.523 o. 540 o.556 o. 529 0.556 0.559 
MN 0.003 0.004 0.003 0.003 0.004 0.004 0.004 o.004 0.004 
MG 0.330 0.339 o. 351 0.339 o.342 0.334 0.360 0.278 0.302 
CA 0.001 o.ooo o.ooo 0.001 0.001 0.002 0.001 0.001 o. 000 

GK 30.2 31.6 31.8 31. l 31. 5 31. 3 33.6 28.3 21.2 
IL 50.5 52.2 45.4 48.0 49.8 52.0 49.4 56.6 50.3 
HM 19.3 16.2 22.a 20.9 18.7 16.7 17.0 15.1 22.5 

MG/MG+FE 37.5 37.7 41.1 39.3 38.8 37.5 40.5 33.3 35.l 
lAT.tJ 

* TOTAL IRON AS FEO 
+ FE203 AND FED IS CALCULATED FROM THE ILMENITE STRUCTURAL FORMULA AB03, 

ASSUMING ATOMIC PROPORTION Of R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 
18600 BOYD AND NIXON 1973 
FRB 352 F.R.BOYD,UNPUBLISHED 
BO 1636 BOYD 1971 



TABLE 24 
ANALYSES OF ILMENITES CO-EXISTING WITH GARNET 

WT :C RJ RJ RJ RJ RJ RJ RJ RJ RJ 
257 260 262 265 268 271 274 278 282 

SI02 o.oo o.oo 0.03 o.oo o.o4 o.os 0.02 o. 01 o.o4 
TI02 si. 04 51.16 49.24 50.66 51.07 51.11 50.85 51.17 52.21 
AL203 0.73 o.oo 0.13 0.11 0.11 o. 65 o.53 0.97 0.45 
CR203 o. 03 o.oo 0.02 0.05 0.11 0.06 0.15 0.11 o.oo 
FED * 38.72 39.67 40. 71 38. 71 38. 59 38. 71 38.36 37.88 37.80 
MNO o.1a 0.16 0.18 0.11 o. 16 o. 18 0.15 0.14 0.16 
MGO 8.90 8.42 7.93 a.as 9.62 9.14 9.31 9.60 9.60 
CAO 0.02 o.oo 0.03 o.os 0.04 0.04 0.04 0.03 0.05 

TOTAL 99.62 99.41 98.88 99.26 100.34 99.95 99.42 99.98 100. 31 

FE203+ 9.89 9.82 11.95 10.19 ll.C9 10.24 10.46 10.17 9.05 
FED+ 29. 82 30. 83 29.96 29.54 28.61 29.49 28.95 28. 73 29.66 

- -
NUMBER OF CATIONS FOR 3 OXYGENS ** 

SI o.ooo o.ooo 0.001 o.ooo o. 001 o. 001 c.ooo o.ooo o. 001 
~ TI 0.902 0.912 o.882 0.898 0.891 0.899 o. 898 0.896 0.914 

AL 0.020 o.ooo 0.020 0.021 0.019 0.018 0.015 0.021 0.012 
CR 0.001 o.ooo o.ooo 0.001 o. 002 o. 001 0.003 0.003 o.ooo 
FE3+ 0.175 0.175 0.214 0.181 0.194 o.1ao 0.185 0.178 0.158 
FE2+ o.586 o.611 o.596 o. 5~3 o.555 0.511 o.569 0.559 o. 577 
MN 0.003 0.003 0.004 0.003 0.003 0.003 o. 003 o. 003 0.003 
MG o. 312 0.298 0.282 0.311 o.333 0.319 0.326 0.333 C.333 
CA 0.001 o.ooo 0.001 0.001 o. 001 0.001 0.001 0.001 0.001 

GK 29.1 27.4 25.8 28.9 30.8 29.6 30.2 31.1 31.2 
IL 54.6 56.4 54.6 54.2 51. 3 53. 6 52.7 52.2 54.0 
HM 16.3 16.2 19.6 16.9 17.9 16. 8 17.1 16.f; 14.8 

MG/"IG+FE 34.7 32.8 32.1 34.8 37.5 35. 6 36.4 37.3 36.6 
lATaU 

* TOTAL IRON AS FEO 
+ FE203 AND FEO IS CALCULATED F~OM THE TOTAL FE AND FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 



TABl.I! 24 CONT. 
ANALVBES OF ILMENITES CO-EXISTING WITH OARNET 

WT t A.I "J RJ RJ RJ A.I RJ ~J RJ RJ 
291 181 190 294 298 ,00 304 308 311 t1i. 

Sl02 o.oo 0106 0109 o.oo 0~00 o. oz o.oo .· o.Olt 0.06..,. 0.02 
TI02 I0,89 11121 '1164 S0.91 52.61 IOeJ6 so. 56 50.56 53.ota~- . so.10 
AL20J OeH 0166 1.02 0.13 0.94 o.n 0.92 o.84 0 .OO.': 01 Tit 
CR20J 0119 Otllt 0110 0.03 o. 42 0104 0.01 o.oo 0.01 · .. o.oo 
FEO • sa.10 u.u IT1Z9 38.85 35.38 38.12 38.92 38.40 364'21' 38.J) .. , 
MNO o.u 01109 o.u 0.26 0.11 0.06 0.11 0.18 0.24 01 lit 
MGO 9,09 9115 9148 8.40 9. 87 ~ . 9.17 8.96 9.25 9.17 9,03 
CAO o.os 010J 0103 0.01 0.06 0.04 o.os 0.06 0.04 0.05 

TOTAL 99 •• l 99e88 10o.oo 99.25 99.45 99.16 99,55 99.32 98. 94 :"-~_8. 61 

FE203+ 0116 10.u a. 11 9.33 6a57 10.97 10.74 10. 71 5.67 10.42 
FED+ 19,12 28197 29.45 . 30,45 29.46 28.85 29.26 28. 76 31.17 28.95 

- . -- ·4-- ---~- --

NUNBEA OP CATIONS FOR 3 OXYGENS •* 
SI o.ooo 01001 0.002 0.001 o.·ooo o.ooo o.ooo 0.001 0.001 o.ooo -:a TI o,e99 01899 01905 0.906 0.925 c.092 o.893 0.893 o.9't7 0.896 
AL o.ou 01018 01028 0.020 -:-0.026 a.on_ 0.023 0.023 o.ooo 0.021 en 
CR o.oos 0.002 01006 o.ooo o.ooa 0. 001_. __ ()_. 001 o.ooo 0.001 o.ooo 
FE3+ 0.112 011T9 01153 0.166 0.116 0.194 ·--o.190 o.189 - 0.101 01186 
FE2+ o.576 o,565 019l't 0.60~ o.576 0.568 ci,5'75 o. 565 o.618 01574 
MN o.ooJ 01002 Oe003 0.005 0.003 0.001 0.003 0.004 0.005 0.003 
MG 0.318 01332 Oe!29 0.296 o.344 0.322 o.311t 0.324 01324 0.319 

-. CA 0.001 0.001 01001 0.002 0.002 0.001 0.001 0.001 01001 0.001 

GK 29.8 10.9- 31.2 27.8 3!. i 29.7 29.l 30.0 u.1 2C)16 
IL 54. 0 52.5 54.4 56.6 55.6 52.lt 53.3 52.4 59,z 53.2 
HM 16.2 16e6 14.4 15.6 11. 2 17.9 11.6 17.6 917 17.2 

~G/MG+FE 35.6 37.0 36.4 32.9 37.4 35.8 '35.3 36e4 Jlt14 ,,,., 
(AT.l) 

* TOTAL TRON AS FEO 
+ FE203 ANO FEO IS CALCULATED fi'ROM THE TOTAL FE ANO FROM THE. ILMENITE 

STRUCTURAL FORMUL•.AB03, ASSUMING ATOMIC.PROPORTION OF R2+=Rlt+ 
** CATION TOTAL NORMALIZE~ IN TH~ COURSE OF FE3+ CALCULATION 



TABLE 25 
COMPOSITION OF MONASTERY LHERZOLITES 

FRB 1 (BOYD & NIXON, 1975) 1589N (BOYD & NIXON, 1973) 

WT % OL EN DI GT Ol EN DI GT 
5102 40.5 56.3 55.2 42.9 41.11 58.12 54.67 41.86 
TI02 0.03 0.10 o. 15 0.48 0.01 o.os 0.21 0.09 
AL203 0.06 0.92 2.09 20.a 0.02 0.80 3. 28 20. 50 
CR203 o. 03 0.22 o.a8 3.07 0.04 0.37 2.89 5.oo 
FEO 0.59 5.14 3.14 6. 90 6.20 3.76 1.90 5.42 
MNO 0.12 0.11 0.13 0.28 0.09 0.09 0.06 o. 32 
MGO so. 8 35.9 19.3 21.9 52.28 36.70 15.82 22.10 
CAO 0.01 1.07 18.2 4. 82 0.03 0.43 17.85 5.15 
NA20 0 ,.i 8 1.55 0.03 0.17 3.22 0.04 
NIO 0.39 0.37 

TOTAL 100.6 99.9 100.6 101.2 100.46 100.49 99.96 100.47 
""1: 

NUMBER OF CATIONS FOR N OXYGEN 0) 

N 4 6 6 12 4 6 6 12 

SI 0.984 1.943 1.972 3.014 0.992 1.973 1.971 2.966 
TI o.ooo 0.003 o. 004 0.025 o. 000 0.001 0.001 o.oos 
AL 0.002 0.037 0.000 1.720 o. 000 0.032 0.139 0.112 
CR 0.001 0.006 . o. 025 0.111 o.ooo 0.010 0.082 0.280 
FE 0.17 5 0.148 0.094 0.406 0.125 0.106 0.057 0.321 
MN 0.002 0.003 0.004 0.011 0.001 0.003 0.002 0.019 
MG 1.842 1.848 1. 030 2.296 1.881 1.858 o.0so 2.335 
CA 0.002 0.038 0.698 0.363 o. 000 0.016 0.689 0.391 
NA 0.012 0.101 0.004 0.011 0.225 o.oos 
NI 0.000 0.001 

MG/MG+FE 91.3 92.6 91.6 85.0 93.8 94.6 93.7 97.9 

CA/CA+MG 0.020 40.4 0.009 44.8 
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TABLE 26 

KIMBERLI TE 
INCLUSION 
IN OLIVINE 
RJ469 

$102 31.4 
T [02 s. 5 
AL203 2.63 
CR203 o.1s 
FEO * 13. 9 
MNO 0.15 
MGO 25. 9 
CAO 8.97 
NA20 o.38 
K20 1.45 
H20- NO 
H20+ ND 
P205 ND 
C02 PRESENT 
s NO 

TOTAL 91.8 

* TOTAL IRON AS FED 
NO NOT DETERMINED 
# FROM GURNEY AND EBRAHIM (1973) 

MON/\STEFW , 
QUARRY TYPE 

KIMBERLITE 
1870 # 

27.98 
4.22 
2.64 
0.14 

11. 58 
0.18 

26.17 
<J.16 
0.64 
1.78 
0.40 
7.33 
0.94 
5.83 
0.09 

99.86 

\ 
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TABLE 27 
ANALYSES OF CLINOPYROXENES COEXISTING WITH ILMENITE 

(LITERATURE VALUES) 

WT % JJG JJG JJG JJG PHN R R BD BD 
201 207 214 216 1859GL ll l 5B ll 15C 1374 1634 

SI02 54.30 54.34 54.50 54.49 54.3 54.41 54.42 55.19 54.8 
TI02 0.45 o.42 o. 39 o.51 o.39 0.11 0.30 .o. 38 o.34 
AL203 2.65 2.75 2.73 2. 7C 2. 52 2.t2 2.74 2.76 2.58 
CR203 0.03 0.05 0.04 0.06 o.os 0.03 0.06 o. 01 
FE203 1.72 
FEO * 5.46 5.46 5.60 5. 57 6.23 6.36 5.18# 5.76 6.35 
MNO o. 08 0.09 0.01 0.06 0.16 0.01 0.07 0.17 0.14 
MGO 17. 59 17.31 17. 51 18. 28 1 7. 5 16.60 18.09 17.10 17.8 
CAO 17.14 1 7.46 17.61 16. 71 16.6 11. 52 16.34 1 7. 03 16.4 
NA20 1. 75 1.74 1.89 1.82 2.48 1.76 1. 71 1.28 1.88 

TOTAL 99.45 99.62 100.34 100.20 100.2 99. 51 100.63 100. 12 100. 3 

NUMBER OF CATIONS FOR 6 OXYGENS 

SI 1. 976 1.975 1.970 1.967 1.970 1.986 1.959 1.998 1.980 
TI 0.012 0.011 o. 011 o. 014 o. 011 0.005 0.008 0.010 o. 009 
AL 0.114 0.118 0.116 0.115 0.108 0.113 0.116 0.110 0.110 
CR o.co1 0.001 o. 001 0.002 o.ooo o. 001 0.002 o.ooo 
FE3+ 0.041 
FE2+ 0.166 0.166 0.169 o.168 0.189 0.194 0.156 0.174 0.192 
MN 0.002 0.002 0.002 0.002 o.oos 0.002 0.002 0.005 0.004 
MG o.954 0.938 0.943 0.983 0.949 0.903 o. 971 0.922 0.959 
CA o.668 0.680 0.682 0.646 0.646 o.685 o.630 0.660 o.635 
NA 0.123 0.123 0.132 0.121 o. 175 o. 125 Ci.119 0.090 0.132 

CA 37.4 38. l 38.0 35.9 36.2 38.4 35.9 37.6 35.6 
MG 53.4 52.6 52.6 54.7 53. 2 so. 7 55.3 52.5 53.7 
FE 9.3 9.3 9.4 9.3 10.6 10.9 8.9 9.9 lo.a 

MG/MG+FE 85.2 85.0 84.8 85.4 83. 4 82. 3 86.2 84.1 83.3 

CA/CA+MG 41.2 42.Q 42.0 39.7 40.5 43.1 39.4 41.7 39.8 

* TOTAL IRON AS FED 
# DETERMINED CHEMICALLY 
JJG 201-216 MONASTERY GURNEY ET.AL. 1973 
PHN 1859 GL/ 1 MONASTERY BOYD AND NIXON 1975 
Rl115 B AND C MONASTERY RINGWOOD AND LOVERING 1969 
BO 2374 MONASTERY DAWSON AND REID 1970 
BO 1634, BO 1635 MONASTERY BOYD 1971 
BO 1971 UINTJESBERG BOYD ANO DAWSON 1972 
KEN 1 RILEY COUNTY,KENTUCKY,u.s.A. GURNEY ET.AL. 1973 
IL 527 MIR PIPE,YAKUTIA ILYUPIN ET.Al. 1973 
IL 528 MIR PIPE, YAKUTIA ILYUPIN fi .AL. 1973 
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TABLE 27 CONT. 
ANALYSES OF CLINOPYROXENES COEXISTING WITH ILMENITE 

(LITERATURE VALUES) 

WT i 

SI02 
TI02 
AL203 
CR203 
FE203 
FED 
MNO 
MGO 
CAO 
NA20 

TOTAL 

BO 
1635 

54.4 
0.43 
2.60 
0.03 

6.16 
0.14 

17.9 
16. 4 

1.80 

99.9 

BO 
1971 

54.9 
0.6 
3.1 
0.05 

5.8 
0.2 

1o.1 
16. 1 

1. 6 

100. 4 

KEN 
1 

55.15 
0.50 
2.52 
o. 3 2 

4.9 3 
0.19 

18.54 
17.12 

1.42 

100.69 

IL 
527 

53.80 
0.50 
1.67 
0.32 
3.29 
4.02 
0.11 

17.73 
16.29 

1. 70 

NUMBER OF CATIONS FOR 6 OXYGENS 

SI 
Tl 
Al 
CR 
F~3+ 

FE2+ 
MN 
MG 
CA 
NA 

CA 
MG 
ff 

1. 974 
0.012 
0.111 
0.001 

0.18 7 
0.004 
o. 968 
0.638 
0.121 

35.6 
54.0 
10. 4 

MG/MG+FE 83.8 

CA/CA+MG 39.7 

2. 032 
0.016 
0.131 
0.001 

o. 174 
0.006 
0.969 
0.620 
0.111 

35.2 
55.o 
9.9 

84.8 

39. 0 

* TOTAL IRON AS FEO 
# DETERMINED CHEMICALLY 

1.975 
0.013 
o. l 06 
0.009 

o. 148 
0.006 
0.990 
0.657 
0.099 

36. 6 
55.2 

8.2 

87.0 

39.9 

1.963 
0.014 
0.012 
0.009 
0.090 
o. 113 
0.005 
0.964 
0.637 
0.120 

37.2 
56.2 
6.6 

89. 5 

39.8 

IL 
52 8 

55.l 
0.09 
2.26 
0.03 

5.BA 

17.4 
15.l 

1. 5 

97.36 

2.030 
0.002 
0.098 
0.001 

0.101 

0.955 
o.596 
0.101 

34.4 
55.1 
I 0. 4 

84.l 

38.4 

JJG 201-216 MONASTERY GURN~Y ET.Al. 1973 
PHN 1859 Gl/l MONASTERY BOYO AND NIXON 1975 

IL 
528 

55.9 
0.09 
5.25 
o.o4 

5.78 

16.9 
14.6 
1. 5 

100.06 

1. 992 
0.002 
0.220 
o. 001 

0.112 

0.897 
0.557 
o. 104 

34.2 
55.2 
10.6 

83.9 

38. 3 

Rll15 B ANO c MONASTERY RINGwnoo AND LOVERING 1969 
BO 2374 MONASTERY DAWSON ANO REID 1970 
BO 1634,BD 1635 MONASTERY BOYD 1971 
BO 1971 UINTJFS~ERG BOYD ANC DAWSON 1972 
KEN 1 RILEY COUNTY,KENTUCKY,u.s.A. GURNEY ~T.AL. 1973 
IL 527 HIP PIPE,YAKUTIA ILYUPIN ET.AL. 1973 
IL 528 MIR PIPE,YAKUTIA ILYUPIN ET.AL. 1973 
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TABLE 28 
ANALYSES OF MONASTERY ILMENITES CO-EXISTING WITH CLINOPYROXENE 

(LITERATURE VALUES) 

WT i JJG JJG JJG JJG PHN R R BO 
201 207 214 216 1859GL l 115B ll 15C 1374 1635 

sro2 0.08 0.08 0.08 0.08 0.10 0.04 0.04 O.G4 O. ll 
TI02 50.44 49.96 so. 11 51.46 49.5 48. 27 48.77 so.22 49.3 
AL203 o.53 o.s1 0.53 o.55 o. 25 o. 56 o. 5 0 o.55 0.61 
CR203 0.14 o. n 0.13 0.22 o.os o.o5 0.08 0.01 NO 
FED * 37. 74 38.04 38.6= 36. 32 38. 8 37.86 37.32 37.65 38.7 
MNO 0.22 0.23 0.24 0.22 o. 23 0.23 o. 23 o. 23 0.20 
MGO 9.20 9.26 8.50 9.43 9.16 10.65 11.82 8. 31 c;.64 
CAO 0.10 0.09 0.12· 0.09 o. 03 o. 08 0.08 0.02 

TOTAL 99.4 99.4 99.3 99.l 99.4 97.73 99.8 97.07 98.6 

FE203 10.04 1o.97 10.03 7.89 12.00 15. 26 9.63# 8.32 12.06 
FED 28. 70 2 8.16 29.61 29.22 28.03 24.13 28.65 30.16 27.05 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI 0.002 0.002 0.002 0.002 o. 002 o. 001 0.001 0.001 0.002 
TI 0.900 0.892 0.899 0.918 0.886 0.856 0.848 0.915 o.874 
AL 0.015 0.014 o. 015 0 •. 015 0.001 0.016 0.014 0.016 0.011 
CR 0.003 0.002 0.002 0.004 0.001 0.001 0.001 o. 001 NO 
FE3+ 0.119 0.196 0.180 0.141 0.214 0.210 0.168 0.152 0.230 
FEZ+ o.569 o.559 o.591 o. 580 o. 558 o.476 o.554 0.611 o.533 
MN 0.004 0.005 0.005 o. 004 .· 0.005 0.004 0.004 0.005 o. 004 
MG o. 325 o. ?28 0.302 0.333 0.325 o. 374 o.407 0.300 0.339 
CA 0.002 0.002 0.003 0.002 0.001 .o. 002 0.002 o.ooo o.ooo 

GK 30. 3 30.3 28.2 31.6 2c;. 6 33.4 36.0 28.2 30.7 
IL 53.0 51.6 55.0 55.0 50.9 42. 5 49.l 57.5 48.4 
HM 16.7 18.1 16.8 13.4 19.5 24.1 14.9 14.3 20.9 

MG/MG+FE 36.4 37.0 33.8 36. 5 36.8 44.0 42.4 32.9 38.9 

* TOTAL IRON AS FEO 
+ FE203 ANO FEO IS CALCULATED FROM THE TOTAL FE AND FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE Of FE3+ CALCULATION 
#DETERMINED CHEMICALLY 
JJG 201-216 GURNEY ET.AL. 1973 
PHN 1859 GL/l BOYD AND NIXON 1975 
RlllS B AND C RINGWOOD ANO LOVERING 1970 
BO 1374 DAWSON AND RE ID 1970 
1635 BOYD 1971 
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TABLE 28 CONT. 
ANALYSES OF ILMENITES CO-EXISTING WITH CLINOPYROXENE FROM OTHER OCCURRENCES 

(LITERATURE VALUES) 

WT i BO KEN A IL IL IL IL 
1635 1971 l 265 527 528 528 528 

s 102 0.11 0.1 o. 08 0.16 1.40 o. l 0.1 0.1 
TI02 49.3 52.4 50.92 48.~2 50.10 49.3 49.9 49.8 
AL203 o. 61 o. 7 1.08 0.44 0.85 0.11 0.15 0.11 
CR203 ND 0.2 1.24 0.24 o. 28 o. 15 0.15 0.16 
FEO * 38.7 35.5 29.8 39.21 36.02 40.2 41.15 40.8 
MNO o. 20 0.2 0.20 0.21 0.28 0.1 0.1 0.1 
MGO 9.64 10.7 15.30 9.20 9.74 8.89 8.62 8.92 
C40 0.02 o.05 0.01 0.36 0.05 0.05 0.05 

TOTAL 98.6 99.8 98. 7 98.34 98.67 99.0 100.2 100. l 

FE203 12. 06 8.45 12. 76 13.85 7. 71 13.07 12.99 13.30 
FEO 21. 05 27.90 18. 3 2 26. 75 29.08 28.44 29.46 28.83 

NUMBER OF CATIONS FOR 3 OXYGENS ** 
SI 0.002 o. 002 0.002 0.004 0.033 0.002 0.002 0.002 
TI o.874 0.913 0.864 o. 864 o. 885 o. 877 0.000 0.877 
AL 0.011 0.019 0.029 0.012 0.024 0.005 0.004 0.005 
CR ND 0.004 0.022 0.004 0.005 0.003 0.003 ' 0.003 
FE3+ o. 230 0.141 o. 217 0.241 o. 136 o. 233 0.229 0.234 
FE2+ o.533 0.540 0.346 o. 530 0.571 o.563 o.511 0.565 
MN 0.004 0.004 0.004 0.004 0.006 0.002 0.002 0.002 
MG 0.339 0.369 o.515 o.325 0.341 0.314 o.301 o. 311 
CA o.ooo 0.001 0.002 0.009 0 .• 001 0.001 0.001 

GK 30.7 35.0 47.8 29.5 32. 5 28.3 21.2 28.0 
IL 48. 4 51.1 32.1 48.l 54.5 50.7 52.l 50.9 
HM 20.9 13.9 20.1 22.4 13. 0 21. 0 20. 7 21.1 

MG/MG+FE 38.9 40.6 59.8 38. 0 37.4 35.8 34.3 3'5. 5 

* TOTAL IRON AS FEO 
+ FE203 AND FEO IS CALCULATED FROM THE TOTAL FE ANO.FROM THE ILMENITE 

STRUCTURAL FORMULA AB03, ASSUMING ATOMIC PROPORTION OF R2+=R4+ 
** CATION TOTAL NORMALIZED IN THE COURSE OF FE3+ CALCULATION 
BO 1971 UINTJESBERG BOYD AND DAWSON 1972 
KENl RILEY COUNTY,KENTUCKY,u.s.A. GURNEY ET.AL. 1973 
A 265 MIR KIMBERLITE,YAKUTIA IL YU PIN ET.AL. 1973 
IL 527 MIR KIMBERLITE,YAKUTIA IL YUP IN ET .AL. 1973 
IL 528 MIR KIMBERLITE,YAKUTIA IL YUP IN ET• AL• 1973 




