




















































































































































































































































































































Sample 5-2-1 (5-7) 

FG AG FG AG - -
Si02 

49.07 49.25 49.54 46.96 

Al 2o
3 

15. 1 8 21. 59 1 5.62 20.04 

FeO 9.22 18.86 9.31 19 .89 

MgO 8.76 3.23 8.69 3.24 

cao 12.93 .73 12.7 7 . 7 9 

Na 2o 3.07 .61 3.00 2.32 

K20 . 12 2.95 . 11 4.22 

Ti0
2 1. 31 2.44 1. 39 2.69 

Total 99.66 99.67 100.42 100 . 15 f--' ..,. 
f--' 

6 % 6 % 

S i o 2 + l - 5 

Al 2o 3 + 42 + 28 

FeO + 105 + 11 4 

MgO - 63 - 63 

Cao - 94 - 94 

Na 20 - 80 - 23 

K20 +2358 +37 36 

Ti02 + 86 + 94 

Other s + 160 + 244 



FG AG FG --
Sio2 50.49 47 . 58 49.44 

Al 2o
3 

16.31 21.59 1 6.32 

FeO 9.51 18 . 71 10.04 

MgO 8.69 2.63 8.34 

Cao 11. 77 .77 11. 84 

Na 2o 3.19 2.39 3.00 

K20 .11 3.83 . 11 

Tio 2 1 . 27 2.52 1. 26 

Total 101.34 100.01 1 00.36 

!::, % 

Sio 2 - 6 

Al 2o 3 + 32 

FeO + 97 

MgO - 70 

Ca o - 93 

Na 2o - 2 5 

K20 +3 382 

Ti o 2 + 98 

Other s 

AG FG 

49.42 51.12 

18.02 16.8 4 

19.26 9.66 

3.07 8.38 

. 6 1 12.05 

1. 92 3 . 04 

4.93 .11 

2 . 51 1. 27 

99.74 102.47 

L % -
0 

+ 10 

+ 92 

63 

95 

36 

+ 4382 

+ 99 

+ 9 48 

AG - -
49.41 

20.42 

1 3.27 

5.24 

6 . 09 

2.24 

1. 71 

1. 92 

100.29 

!::, % 

- 3 

+ 21 

+ 37 

- 37 

- 4 9 

- 26 

+1 455 

+ 51 

Sample 5-2-4 (28 - 31) 

l-' 
,!» 

N 



Samples 6-1-1 (4 - 7) A & B 

FG AG FG AG FG AG --
Sio2 52.18 48.31 51. 55 49.43 46.92 45.99 

Al 2o
3 

15.78 18 .09 16.20 17.51 16.79 16 .54 

FeO 9.87 21.14 9.22 19.47 10.03 20.39 

MgO 8.25 3.84 8.46 3.77 9.59 9.44 

cao 9.46 .77 10.85 .57 12.26 .68 

Na 2o 2.89 1. 45 2.G2 3.31 2.82 1.14 

K20 .10 3.44 .11 3 . 67 .10 3.16 

Ti02 1. 22 2.87 1. 25 2.44 1. 56 2.43 

Tota l 99.76 99.91 100.26 100 .17 100.07 99.75 I-' 
~ 

w 

6 % 6 % 6 % 

Si O~. - 7 - 4 - 2 
L. 

Al 2o 3 + 15 + 8 - l 

FeO + 11 4 + 111 + 103 

MgO - 53 - 55 - 2 

Cao - 92 - 95 - 94 

Na 2o - 50 + 26 - 60 

K20 +3340 +3236 +3060 

Ti 0 2 + 135 + 95 + 56 
Others + 56 4 + 22 



Sample 6-1-12 (93-95) 

FG AG FG AG AG 

Sio2 47.13 45.14 50.14 46.57 48.09 

Al 2o
3 

16.33 18.59 16.13 17.63 17.19 

FeO 1 0.71 21. 91 9.45 20.99 20.20 

MgO 8.97 3.64 9.05 4.15 4.66 

Cao 12.14 .53 11.14 .50 .44 

Na 2o 2.98 2.72 2.95 3.17 2.08 

K20 .12 4.79 .13 4.69 4.84 

Ti0 2 1. 29 2.98 l. 23 2.70 2.65 

Total 99.67 100.31 100.21 100.39 100.14 f-' 
.i,, 
.i,, 

6 % 6 % 6 % 

Si0 2 - 4 - 7 - 4 

Al 2o
3 

+ 14 + 9 + 7 

FeO + 105 + 122 + 114 

.MgO - 59 - 54 - 49 

Cao - 96 - 96 - 96 

Na 2o - 9 + 7 - 29 

K2o + 38 92 +3508 +36 23 

Ti 0 2 + 131 + 120 + 115 

Others + 1 8 0 + 2 96 + 478 (2 distinct AG fra gments) 



FG AG FG --
Sio

2 
48.53 46.64 50.26 

Al 2o 3 17 .09 17.11 17.01 

FeO 8.81 15.65 10.39 

MgO 8.77 11.79 8.03 

cao 11.19 1.74 10 .17 

Na 2o 3.70 2.52 3.12 

K 0 2 .18 l.85 .19 

Ti0 2 l.38 2.38 1. 32 

Total 99.64 99.67 100.49 

I:,. % 

Si0 2 - L'; 

Al 2o 3 + 0 

FeO + 78 

MgO + 34 

Cao - 84 

Na 20 - 32 

K20 + 927 

Ti o 2 + 72 

Others + 92 

~ 

AG FG 

46.94 49.74 

15.09 17 .12 

19.77 8.81 

8.17 7.56 

1.33 12.86 

3.27 2.84 

2.69 .17 

2.89 1. 43 

100.15 100.53 

I:,. % 
-
7 

11 

+ 90 

+ 2 

87 

+ 5 

+1316 

+ 120 

AG --
47.15 

14.55 

14.91 

9.25 

7.98 

2.59 

1.37 

2.15 

99.96 

I:,. % 

- 5 

- 15 

+ 69 

+ 22 

- 38 

- 9 

+ 706 

+ 50 

Sample 23-1-9 

I-' 

*"' u, 



Sample 24-1-12 (74 - 76) 

FG AG FG AG FG AG --
Sio

2 
45.93 47.59 47.00 47.44 48.06 49.61 

Al 2o
3 

17.03 13.25 16.42 13.41 16.89 13.61 

FeO 9.59 20.70 9.60 22.62 9.70 21. 6 7 

MgO 8.92 6. 70 9.77 5.79 7.77 3.8 1 

Cao 12.84 .69 13.05 .53 13.13 .59 

Na 2o 3.73 3.38 3.17 l. 78 3.20 2.85 

K20 . 18 4. 11 . 16 5.25 .18 4. 35 

Tio 2 l. 59 3.34 l. 28 3.48 1.40 3. 13 

Total 99.81 99.76 100.44 100 . 31 100.34 99.63 f-' 
~ 
m 

6 % 6 % 6 % 

Sio 2 + 4 + 1 + 3 

Al 2o
3 

- 22 - 18 - 1 9 

FeO + 116 + 136 + 123 

MgO - 25 - 41 - 51 

Ca o - 95 - 96 - 96 

Na 2o - 9 - 44 - 11 

K20 +2183 +3181 +2317 
Ti o 2 + 110 + 172 + 124 
Others + 13 3 + 619 +1297 



APPENDIX C 

Tabulation of XMP Data and % Change Calculations 

Averages of x-ray milliprobe data are tabulated 

here with an abbreviated label indicating the phase analyz­

ed (see key in Appendix A), the standard deviation, and the 

number of analyses averaged (in parentheses). Calculations 

of the % change between the paired FG - AG analyses are 

also included here, as in Appendix B. Sample numbers in­

cluding 'A' and 'B' indicate preparations of very different 

areas of a large sample. 

Average rand cr values for the fits from the XRF-4 

program are listed below, with the standard deviation. 

For samples where not all elements are reported, this may 

be because of inclusion of some earlier runs where not a ll 

were determined, rejection of a single e l e ment due to poor 

fit of the standards, or for Cr, the lack of data for thos e 

analyses made using the 100 ~m aperture. 

r s.d. a s.d. 

Zn .971 .021 18 7 

Cu .976 .035 11 5 

Ni .967 .033 18 9 

FeO .988 .001 .50 .20 

MnO .989 .008 .02 .01 

Cr .967 .037 46 16 

147 



148 

Even when the number of points fitted is only 6, the 

re · quired r value for the 99% confidence limit is .917, and 

for the 99.9% limit is .974 (Hinchen, 1969). The r values 

for the d d th 1 f th 9 9 runs used always excee e e va ue or e % limit, 

and usually that for the 99.9 % limit, using 8 to 10 points. 

Zn, Cu, Ni are rep~rted in ppm; FeO and MnO as %. 



r 

Zn 

Cu 

Ni 

FeO 

MnO 

Cr 

Zn 

Cu 

Ni 

FeO 

MnO 

Cr 

FG --

94 

66 

131 

7.35 

.17 

( 2) 

1 

4 

11 

.04 

.01 

AG --
100 

107 

65 

18.08 

.09 

6. % 

+ 6 

+ 62 

- 50 

+146 

- 47 

( 9) 

6 

35 

29 

2.00 

.06 

Sample 4-1-4 

Cem (3) 

89 11 

97 41 

24 * 
.30 .16 

.04 . 0 2 

* 1 determination 

(40-42) 

I-' ..,. 
I.O 



~ 

Sample 4-2-3 (18-20) 

FG ( 2) AG ( 6) 
- - -

Zn 88 0 89 15 

Cu 60 6 56 4 

Ni 122 9 105 28 

FeO 8.51 . 76 14.90 2.43 

MnO .15 .01 .19 .18 

Cr 95 28 181 55 

I':, % I-' -- Ul 

Zn + 1 0 

Cu - 7 

Ni - 14 

FeO + 75 

MnO + 27 

Cr + 91 



01 (5) -
Zn 74 19 

Cu 57 4 

Ni 610 97 

FeO 16.28 2.18 

MnO .25 .03 

Cr 329 19 

la 

BC+DC 

104 

66 

114 

9.53 

.15 

379 

(10) 

6 

3 

47 

1.10 

.02 

57 

Sample 4-2-9 (62-64) 

I-' 
u, 
I-' 



Sample 5-2-1 (5-7) 

FG ( 5) FG ( 5) FG ( 2) AG ( 3) 
- -- -- --

Zn 115 2 113 2 116 1 117 3 

Cu 84 3 83 2 147 0 157 14 

Ni 137 7 151 41 

FeO 9.47 .22 9.74 .57 10.18 . 83 13.76 1.03 

MnO .17 .02 .24 .13 .26 .08 .15 .05 

Cr 322 16 331 78 

6, % 
I-' 

Zn + 1 
Vl 
N 

Cu + 7 

Ni 

FeO + 35 

MnO - 42 

Cr 



Sample 5-2-1 ( 5-7) (cont.) 

FG ( 3) AG ( 2) FG ( 2) AG ( 2) 
- -- - --

Zn 106 2 104 l 86 5 90 2 

Cu 75 l 78 l 70 2 80 4 

Ni 139 18 182 51 84 16 100 10 

FeO 9.34 .12 10.87 .06 9.75 .02 10.48 .04 

MnO .18 .01 .23 .09 .22 .01 .15 .01 

Cr 303 16 276 47 

6 % t::, % - -

I-' 
U1 

Zn - 2 + 5 w 

Cu + 4 + 1 4 

Ni + 31 + 19 

FeO + 16 + 7 

MnO + 28 - 32 

Cr - 9 



Sample 5 - 2-4 (28-3 1) 

FG ( 2) AG ( 2) FG ( 3) AG ( 2) -- -- -- --

Zn 90 32 103 9 105 11 116 12 

Cu 64 4 55 2 66 3 66 2 

Ni 64 30 75 2 123 33 147 11 

FeO 12.18 1. 4 7 15.46 5.10 9.25 .90 16.92 .83 

MnO .20 .04 .21 .13 .20 .04 . 18 . 02 

Cr 422 4 346 18 

6 % 6 % -- -- f-' 

Zn + 14 + 10 Ul 
,/:> 

Cu - 14 0 

Ni + 17 + 20 

FeO + 27 + 83 

MnO + 5 - 10 

Cr - 18 



,,.. 

Ce m 
--

Zn 83 

Cu 63 

Ni 1 05 

FeO 2. 5 3 

MnO . 23 

Cr 320 

(1 ) p 
--
11 8 

70 

12 3 

3.28 

.27 

Sample 5-2-4 (28-31) (cont.) 

( 1 ) 

f-' 
u, 
u, 



~ 

Sample 6-1-1 (4-7) A 

FG ( 7) AG ( 2) BC ( 3) -- -- --
Zn 109 8 102 2 106 5 

Cu 78 7 74 4 72 2 

Ni 141 10 132 l 172 29 

FeO 9.72 .52 17.83 1.76 9.83 1.85 

MnO .18 .02 .06 .04 .23 .10 

Cr 363 41 530 55 329 49 

I'::. % I-' --
l.il 

Zn - 6 O'I 

Cu - 5 

Ni - 6 

FeO + 83 

MnO - 67 

Cr + 46 



Sample 6-1-1 (4-7) 
B 

FG ( 4) AG ( 4) GC ( 2) 

- - -Zn 110 2 112 
4 113 

l 
Cu 79 l 83 l 78 l 
Ni 132 4 108 20 148 20 
Feo 10.28 Los 16.79 Los 12.90 L 39 
Mno .18 .01 .09 .03 .17 .01 

Cr 364 48 532 83 527 39 

6 % -Zn 

Cu + 2 

f-J 
+ 5 Ni 

u, 
'1 - 18 Feo 

Mno + 63 

Cr - so 
+ 46 



FG ( 2) 
-

Zn 80 6 

Cu 70 1 

Ni 68 18 

FeO 10.54 .15 

MnO .19 .08 

Cr 

Zn 

Cu 

Ni 

FeO 

MnO 

Cr 

AG ( 3) --
89 24 

66 2 

99 20 

20.67 .80 

.06 .03 

6, % -
+ 11 

- 6 

+ 46 

+ 96 

- 68 

Cem 

70 

62 

92 

0 

Sample 6-1-12 

( 2) 

4 

1 

2 

0 

.07 .02 

(93-95) 

f-' 
u, 
(X) 



BC ( 1 4) 

Zn 112 5 

Cu 70 3 

Ni 84 8 

FeO 9.39 1.08 

MnO .12 .01 

Cr 392 30 

BC* 

1632 

9887 

104 

8.82 

.11 

312 

Sample 6-1-1 4 

( 2) 

212 

1236 

2 

. 39 

.01 

16 

*dark interstitial filling s 

(107- 112) 

I-' 
V, 

'° 



BC+GC ( 6) --
Zn 118 13 

Cu 7 2 4 

Ni 124 60 

FeO 8.25 1. 76 

MnO .24 .10 

Cr 311 38 

Cal 

121 

90 

159 

.61 

.21 

113 

(3) 

12 

9 

49 

.62 

.14 

20 

Sample 7-1-1 2 (142-1 44) 

f-J 
O"\ 
0 



BC ( 1 4 ) -
Zn 95 15 

Cu 70 3 

Ni 127 39 

FeO 9.65 .72 

MnO .20 .07 

Cr 322 74 

p 
--

69 

73 

52 

.09 

.04 

121 

( 3) 

26 

8 

21 

.11 

.02 

122 

Sample 7-2-9 (97-102) 

~ 
O"\ 
~ 

'"' 



~ 

Sample 8-1-1 3 (118-120) 

FG ( 2) AG (1) BC ( 2) GC ( 2) 
- -- --

Zn 100 16 107 106 11 90 15 

Cu 59 1 61 68 1 59 1 

Ni 100 17 152 68 11 110 16 

FeO 7.87 .10 9.15 9.00 .22 7.62 .41 

MnO . 23 .02 .20 .18 .01 .19 .OS 

Cr 

6 % 
-

I-' 
Zn + 7 O'\ 

N 

Cu + 3 

Ni + 52 

FeO + 16 

MnO - 13 

Cr 



X. 

..............:, 

Sample 23-1-9 
--=-::.. 

FG 
( 3) 

AG 
( 2) 

FG 
( 2) 

AG 
( 3) 

- - - -
Zn 99 

l 
98 

4 
94 

18 
12 9 

10 

Cu 116 
3 

104 
8 

74 
7 

95 
l 

Ni 

156 
51 

119 
2 

Feo 
8.64 

.84 
11. 81 

.02 
10.30 

.07 
14 . 11 

1. 84 

Mno 
.37 

. 26 
.12 

,06 
. 1 4 

.03 
.07 

.06 

Cr 

Zn 6 % -Cu - 1 
Ni - 10 

6 % -
Feo + 37 

I-' 
O"\ 

+ 28 
+ 37 Mno 

w - 24 
- 68 Cr 

+ 37 

- so 



~ 

Sample 24 -1 - 12 (7 4- 76) 

FG ( 13) AG ( 3) p ( 2) -- -- --
Zn 91 37 10 8 47 110 14 

Cu 65 12 70 1 5 91 3 

Ni 110 34 130 20 78 32 

FeO 9.43 1. 43 1 7.35 3.67 2.94 2.94 

MnO .19 .04 .05 .03 .05 .05 

Cr 218 153 * 382** 350 2 

6. % 
-

Zn + 19 I-' 
O'I 
~ 

Cu + 8 

Ni + 1 8 

FeO + 84 

MnO - 74 

Cr + 75 

* (n=7) ** (n=l) 
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