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INTRODUCTION

Quantitative electron microprobe data of Apollo 15 non-mare rake samples are presented here. Almost all the
data have not been previously published. Some of the interpretation of the data for non-mare rocks and the conclu-
sions drawn are presented in Dowty et al. (1972a and b) and a more complete report is in preparation. Bulk analyses
and descriptions of these rocks are given in the Apollo 15 rake sample catalogue by Dowty et al.(1973a). Bulk analy-
ses of lithic fragments in the non-mare rocks (expressed in oxide weight-percent) and the corresponding CIPW molecu-
lar norms are given in this publication. The mineralogy of the rocks and lithic fragments are also given; structural
formulae for complete analyses and molecular end-members for all mineral analyses are included. The mineral analyses
include pyroxene, olivine, plagioclase, barian K-feldspar, spinel and ilmenite, cobaltian metallic nickel-iron as
well as Si0,-K,O-rich residual glass. Spinel and ilmenite data from some of these samples are presented in Nehru et
al. (1973)." Data on other minor mineral phases, such as zirkelite and armalcolite, occurring in these rocks will be
presented elsewhere.

The standards used for all analyses of lithic fragments are the same as those described in Dowty et al. (1973a).
The standards used for mineral analyses are the same as those given in Dowty et al. (1973b). The grain numbers are
recorded at the top of each column of analysis and correspond to the numbers marked on photo mosaics on file in the
Institute of Meteoritics. Complete mineral analyses were corrected for differential matrix effects by the procedure
of Bence and Albee (1968).

Electron microprobe analyses (oxide weight percent) of glasses in loose fines and microbreccia samples and their
CIPW molecular norms are presented next. The interpretation of these data and the conclusions drawn are presented
in Bunch et al. (1972) and a more complete report is in preparation. The glasses are listed 1in 1increasing order
of FeO within each sample and classified according to their bulk composition, shape and color. The following
abbreviations are used. Note that these abbreviations are wused only for convenience and to save space. The
compositional groups are defined in Bunch et al. (1972; in preparation).

Color Compositional Groups
C Clear (grayish-white) FP Feldspathic peridotite (green glass)
P Pink (pink-lavender) I0B Ilmenite olivine basalt
G Green PIC Picrite (Ilmenite-bearing)
Y Yellow BAS Basalt
0 Orange(orange-brown-amber) ANT  Anorthositic-noritic-troctolitic suite
OP Opaque HAB High-alumina basalt (Low alkali)
AHAB Alkali-high-alumina basalt (KREEP)
Shape MISC Miscellaneous
E Fragment
5] Spherule

The numbers at the top of each column of analyses correspond to the numbers marked on photo mosaics on file in

the Insitute of Meteoritics. The standards used for glass analyses are as follows: pyroxene A209—5102, A1203 and
MnO; pyroxene A207—Cr203 and NaZO; synthetic glass Cl3SB3—T102, FeO, MgO, CaO, K20, PZO5 and ZrOZ.

Electron microprobe data on bulk, mineral, and matrix glass from chondrules are presented last. Standards used
are the same as those for glasses. The interpretation of these results and their conclusions are presented in
Bunch et al. (1972; in preparation).

Acknowledgments: We thank J. Erlichman for some electron microprobe analyses; W. L. Quaide for some electron

microprobe data on green glasses in loose fines; G. Moreland of Smithsonian Institution for preparing excellent
polished thin sections for electron microprobe analysis; R. Cox, J. Ethridge, R. D. Fisher, R. Geitgey, G. Honea,
J. Hultzen, D. Lange, and D. Lewis for help in data reduction. This work is supported in part by NASA Grant No.
32-004-063. (Klaus Keil, Principal Investigator).
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BULK ANALYSES OF HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

TABLE 1: BULK ANALYSES OF HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

Sample No,
Frag. No.,

Sin.)2
T102
Cr 203
FeO
MnO
HgO
Cao
Na,0
K,0
Py05
Zruz
S

Total

356**

45,6
1.12
20.0
.17
7.5
.11
13,7
10.2
.68
.58
.34
n.d,
n.d.

359**

48,6
1,08
18,0
0
9%./6
.10
11.0
L0 5)
.66
.19
025
14
n.d,

100.00% 100,24

CIPW Molecular Norms

0

ab

an
wo

fs
en

h
y[;s

olgfo
fa
cm

il
ap

+56
3.36

5.98

47,41

** From Dowty et al.(1973a)

382**

52.4
1.78
17.8
21
8.6
.10
7.1
9.9
.96
.57
.35
n.d.
n.d.

99.97

Lithic fragments in breccia

323
1

52.7
.96
19.4
.24
7.7
.16
6.0
10.6
.81
260
54
L2
.08

99,91

5,26
54,97
W52
.38
.14
25.71
9.14
1,75
.62
.83
W11
.05

342
10

45,0
1.76
19.0
.08
8.1
.08
15.3
10.8
45
017
.05
.02
ned.

110,81

332

3.00
3.53
54.82

358

w
o N O
e o

O
.
O O OO0 O O ®

—
O
ol 5 o .

w w —

-
-]
~N

053
.48
n.d.
ned.

101,22

342

51.4
1.82
14.7
023
11,7
11
9.9
OFN7
.38
.48
W42
.16
n.d.

1971.45

+ Normalized.to 100 percent
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BULK ANALYSES OF ANORTHOSITIC-NORITIC-TROCTOLITIC (ANT) RAKE SAMPLES AND LITHIC FRAGMENTS

TABLE 2: BULK ANALYSES OF ANORTHOSITIC-NORITIC-TROCTOLITIC (ANT) RAKE SAMPLES

AND LITHIC FRAGMENTS

I Lithic fragments in breccia

Sample No. 308%*%  3g2%* 327 332 332 342 249 342 342 342 346 342 342 332
Frag. No. ‘ il 1 4 7 il 12 9 3 i 4 5 2
$10, 44,1 44,0 44,6 46,1 44,7 44,0 48.7 46.2 47.2 47,5 46.3 46.6 46.5 47.3
T10, 1.24 .03 .07 .16 .39 .10 .10 .30 .42 .32 .18 .31 .32 .59
A1,0, 27.3 35,1 32.3 33,8 30.8 29,3 25.8 26,5 25,3 24.6 23,9 25.0 25.4 21.0
Cry0, .46 .01 .02 n.d, n.d, .04 .24 .07 .N8 .13 .22 .09 .13 n.d,
FeO 5.9 .24 .76 .99 3.9 4,2 4.2 4.8 5.3 5.9 6.2 6.5 6.6 6.9
4no .09 .01 .01 .02 .06 .03 .08 .06 .95 .07 .06 .07 .06 .09
Mg O 6.7 .31 3.4 1.07 3.0 8.6 3.5 7.4 8.6 8.6 11.4 6.8 7.2 10.2
cao 13.3 19.8 18.3 18.7 317/ 7] 15.3 il 9) 14.4 12.4 13.9 iLil 45) 14.6 14,7 11.3
Na ,0 .63 .35 .38 .67 .47 .25 .38 .63 .49 .58 .40 .50 .48 .58
K,0 .17 .04 .07 .09 .05 .05 .06 A .29 .19 * .09 Hil7) .09
P,05 o1k il * n.d. .05 .12 .06 .02 .23 215 .07 .04 .11 .08 .05
zro, .05 * .07 .04 .08 * n.d, ke .06 * * .04 .02 .05
S .19 .00 102 o il g n.d. o Glo n.d. nYiars n.d, n.d, ned. naas n.d, n.d.
Total 100.00% 100.00% [ 100,00* 101.19 101.27 191.87 109.00% 100.96 101.15 191.87 100.00% .00.71 101.66 98.15

CIPW Molecular Norms

q e ek 5.89 = 4.40 1.16 == 9.54 23 - .16 - - 4.34
c 2.36 - - - - - - - - - 3.05 1.23 - 3.81
or 1.00 .26 2,86 .98 3.13 3.61 1L 3.69 41512 1.39 1.16 .28 .29 .35
ab 5.64 2,51 3.44 3.93 8.25 8.37 3.38 7.38 5.99 5453 4.30 2.16 4,17 3.37
an 65.05 94,00 37.31  47.93 43,36 47.92 85.47 48,27 87.33 67.51 59.83 72,81 80.92 58,25
wo - 1.24 3,38 1.52 1.02 2.21 1.89 62 1.36 W45 — - 2.07 ==
am - .85 2.15 1,23 .67 1.39 1.62 .38 L04 .34 oz = 1.23 -
£a - .40 1.23 .30 .34 .83 .18 W24 .43 W12 - — .83 -
{en 12,33 == 25,40 14,50 23,03 19,92 1,80 16.44 1.96 10,93 23,21 4,51 2.10 23,20

By les 4.85 - 14.49 3.49 11,73 11,86 .20 10,45 .89 3,78 7.47 1.21 1.42 6.25

ol{fo 4,58 - - 18.98 - - 4,41 s e 6.58 == 13.78 3.64 ==
fa il5 7/%) s - 4.57 - - .49 —= = 2.28 — 3.71 2.46 -
cm .50 as .25 .09 .27 - .02 .27 s .08 .09 .0b = .26
il 1.70 .05 2.56 2,38 2.80 2.04 .10 1.36 .22 W41 87 .13 .54 .14
ap .23 .11 .89 .10 1.00 .57 — 1.15 .10 W47 .10 51122 .25 .04
z 2 b 0iLS) .02 - 012 W06 6l dl N4 o 12 R1055; - 207 -
e - .38 - “ = Bs = w25 < iz s e = o

*% From Dowty et al.(1973a) + Normalized to 100 percent
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TABLE 3

§10,
Tio,
A1203
Cr203
FeO
MnO
MgO
Cao
Nazo

Total

Number

Si
Ti
Al
Cr
Fe
HnO
Mg
Ca
Na

Sum

Molecular

En
Wo
Fs

PYROXENES IN HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

15323

54.3
.20
2,40
.51

11.4
.19

30.3

1.27
*

100.57

53.6
.82
2,80
1.01

11.7
.21

28.8
2,18
.04

101.16

HIGH-ALUMINA BASALT RAKE SAMPLES

53.1
.68
2,53
.88
12.9
022
27.6
2,31
*

100,22

of Ions on the Basis of

1.917
.005
.100
.014
. 337
.006

1.594
.048

4,021

1.894
.022
.116
.028
.346
.006

1.516
.082
.003

4,013

End dembers

73.0
4,2
17.3

1,904
.018
.107
.025
.387
.007

1.475
.089

-

4,012

MINERAL DATA

52.1
1.11
8.8
1.07
13.7
.18
19.5
5.0
.05

101,51

6 (0)

1.852
.N30
.369
.030
407
.N05

1.033
.191
.003

3.921

63.3
11.7
25.0

PYROXENE

53.4
.36
.85
.40

16,5
.31

26,0
2.24
212

111,18

1.946
.N10
.36
012
0 0)S)
010

1.412
.088
.003

4,025

53.7
.78
1.16
.58
)7/
o A7
21.3
3.9

99,79

1.968
.22
.151
.17
612
.1N8

1.179
119

3.976

48,6
1.25
3.5

.79

21.8

«35

17.6

5.9
.26

99.85

1.853
.236
.157
.24
.695
.011
1.199
.261
A

4,021

5n.9
2,01
3.1
W41
22 .1
.38
9.0
13.1
.06

171.06

1.944
.058
1490
012
. 7056
112
512
.536
.04

3.974

15332,1-3

52,3
1.87
72
46

20.7
.40

22.0
1,18

99.63

1.946
.082
.020
014
644
.013

1.220
047

3.986

INTX0UAd



TABLE 3: CONTINUED

15356,1-1

1 12 5
510, S5l 53.6  53.9
Ti0, .88 1.27 .94
Al,0, 1.73 1.63  2.07
Cry0, 41 .36 Y
FeO 10.4 11.1  11.4
Mno .23 ) .22
Mgo 25.9 21,3 27.9
cao 3.6 7.2 3.0
Na,0 * .01 .05
Total 98.25  96.74  99.92

Number of Ions on the Basis of

Si 1.986 1.993 1.926
Ti .024 .036 .025
Al .074 .071 .087
Cr .012 ,011 .012
Fe .314 . 345 . 341
Mn .007 .009 .007
Mg 1.391 1.180 1.486
Ca 141 .287 .113
Na - .001 004
Sum 3.949 BIRoKBE 4,001

Molecular End Members

En 75.4 65.1 76.6
Wo 7.6 15.8 5.8
Fs 17.0 19.1 17.6

TABLE 3: CONTINUED

15356,1-1 Continued

18 19 21
FeO 9.8 9.8 2.9
in0 .18 .14 .14
MgO0 30,2 31.0 27.4
Cao 1.82 1.77 3.3

Molecular End Members

En 81.6 82,1 77.5
Wo 3.5 3.4 6.7
Fs 14.8 14.6 15.7

54.8
1.01
1.98

44

11.5

.24

26.7

3.6

100.27

6 (0)

1.950
.027
.083
.012
.342
.0n7

1.416
.137

3.974

20

10.0

.18
il 22
2,00

54.2
42l
1.69
.38
11.7
.29
27.3
3.0
.07

99,54

1.944
.025
072
.011
08,0
.009

1.459
.119
005

3.995

15

11.3
.20

28.4

3.0

55 57/
1.10
1.61

.33

12.2

.20
27.6

3.0
*

101.74

1.954
.029
.067
.009
.358
.006

1.443
13153

3.979

17

Ll 6
.20
27.2
3.1

55.1
1.10
1.98

W42

1524593

S92

25.7

4.3
.02

101.17

15,9158
.029
.083
.012
.365
.008

1.358
.163
.001

3.972

13

53.9
.87
1.69
.39
12,3
.24
26.9
3.7

99.99

1.935
.024
072
011
.369
.007

1.439
144

4,001

16

11.9
126

22.9

s

65.7
15.1
19,2

LA

55.0
1.06
1.63

.35

12.4

.20

25.1

5.4

101.14

1.957
.028
.068
.010
.369
.006

1.331
.206

BRSO

69.8
10.8
19.4

22

12.1
.24

27.5

3.3

54.3
1.34
1.77

.35

12.5

22

25.1

4.3
.01

99.89

1.953
.N36
.N75
.010
.376
« D07

1.345
.166
.001

3.969

71.3
8.8
19.9

23

12,3
.24

27.0

3.6

54.8
1.04
1.79

.38

12.6

o217
25.8

4,1
*

100.78

1.953
.028
.075
011
.376
.NN8

1.371
.155

3.977

~

O o I
®

14

12.6
.28

27.1

3.9

54.6
1.01
1.65

.35

12.8

.22

26.1

3.9
.03

100.66

1.949
.N27
.070
.010
.382
.007

1.389
.149
.0N2

3.985

25

13.1
25

25.0

3.6

68.7
11.1
20,2

10

54.4
.73
.93
.27

12.9
.24

25.7

4.6
.02

99.79

1.965
.020
.040
.008
.390
.007

1.384
.178
.001

3.993

INAX0UAL



TABLE 3: CONTINUED

15358

1 11 5 4 7
Siv, 51.9 52,5 51.9 52000 52.4
FeO 11.2 11,7 13,3 13.9 14.3
HMgo 23.5 27.2 29018 26.5 26.0
cao0 2,22 2,31 2,25 2,25 2.3
Molecular End Members
En 78.3 76,7 75.0 73.8 72.8
Wo 4,4 4,7 4,4 o3 4,7
Fs 17.3 18.5 20.5 215507 22,5

TABLE 3: CONTINUED

SiO2
FeO
g0
Cao

Holecular
En

Wo
Fs

15358 Continued

Scan A
1 2
51.9 51,6
13,9 15.3
25,8 24,8
2,45 2,53

End Members

72.9 70.4
4.9 5.1
22,1 24,3

L5

5%
14,4
25.1

3 2.49

51.8

16.8

23.3
20734

51.1
19.4
21.1

3.1

52.7

15.6

24.9
2,41

50.4
21.6
18.8

3.5

56.2
o
36.2

51,6
16.6
23,2

2.8

8

49.6
20.9
18,1

4,5

w wv
“© o s
o ]

14

51,7
17.2
2255

3.0

51.0
18.2
20,9

3.6

Scan B

49,3
20,8
14,6

6.9

46,17
15.9
37.3

51.1
29.9
192.4

3.4

57.8
7.2
34.9

59,0
19.8
17.9

5.9

S0/
12.9
33.4

51.5
IRy
20.9

3.2

13

51.2
19.9
19,7

3.4

49,3
23.5
15.7

4,9

48,5
10.8
40.7

48,3
15,17
34.9

51.5

20.3

20,7
2.85

w
w O
w oo

ANIX0¥Ad



TABLE 3:

$10,
Ti0,
Al,04
Cr203
FeO
MnO
MgO
Cao
NaZO

Total

Number of Ions

Si
Ti
Al
Cr
Fe
Mn
Mg
Ca
Na
Sum

1.936
.036
.089
.012
.230
.885
.789

3.977

CONTINUED
15359
2 13
51,7 53.4
1.28 .73
2.02 1.37
W42 o35
7.3 7.3
n.d. n.d.
15.9 16.3
19.6 20.6
n.d., n.d.,
98.22 100.05

51,6
1,10
1.82

43
7.5
n.d.

15.5

19.5
ned.

97.45

on the Basis of

1.963
.020
.060
.010
225
.894
.810

3.982

Molecular End Members

En
Wo
Fs

46.7
41.3
12.0

46.3
42,1
11.6

1.949
.031
.081
.013
«236
.871
«791

3.972

46.0
41.5
12,5

17

51.3
1.70
2,43

.49
7.7
n.d.

16.0

19.4
n.d.

99.02

6 (0)

1.910
.048
.107
.015
.241
.887
.774

3.982

46,7
40,7
12.6

50,2
1.66
2,67

.51
7.9
n.d.

15,8

18.9
n.d,

97.64

1.899
.047
.119
,015
. 249
.891
.766

3.986

46.7
40,2
13.1

53.2
«55
1.22
W41

13.7
n.d.

26.1
1.67

ned.

96.85

1.970
.015
.053
.012
425

1.441
.066

3.982

74,

o

22.0

53.0
.55
1,49
.37

15.5
n.d.

25.4
1.71
n.d.

98.02

1.956
085
.N65
L0011
479

1.397
.068

3.991

53.3
«55
.85
.24

15.6

n.d.

25.7

1.99
n.d.

98.23

1.965
.015
.037
.007
481

1.412
.079

3.996

12

54,9
+55
.95
27

15.7

n.d,

26.3

1.85
n.d.

100.52

1.974
.015
040
.008
473

1.407
.071

3.988

10

53.5
o)k
1.38
FSI6]

16.2
n.d,.

25,2
2,41
n.d.

99.96

1,947
.025
.059
.010
.493

1.366
.094

3.994
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TABLE 3:

$10,
Ti0,
Al,04
Cr,04
FeO
MnO
MgO
Cao
Na,0

Total

15382
28

53.8
.60
4.1
1.05
9.8
.12
29.1
1.65
.02

100.24

CONTINUED

27 10 36 9
53.8 54,3 52.5 54.3
.65 .64 . R4 .64
4.2 2.57 4.4 2.43
1.01 .74 1.06 .71
10.4 11.8 12.0 13.3
oll3 .22 .17 .25

28.5 27.2 27.3 26.4
1.47 2.08 1.67 2.26
* 02 .01 .02

100.16 99.57 99.95 100.31

Number of Ions on the Basis of 6 (0)

SH
it
Al
Cr
Fe
Mn
Mg
Ca
Na
Sum

Molecular
En
Wo
Fs

1.892
.016
171
.029
.289
.004

1.528
.062
.001

3.992

1.896 1.941 1.874 1.943

.017 .017 .N23 .017
.176 .108 .187 .103
.028 .021 .030 .020
.307 0353 .358 .397
.004 .007 .005 .007
1.501 1.450 1.455 1.405
.055 .080 064 .087
ne .001 .001 .001

3.984 3.978 3.997 3.980

End Members

81.3
3.3
15.4

80.5 77.0 77.5 74.4
3.0 4,2 3.4 4.6
16.5 18.7 19.1 21.0

40

52.8
72
4.0
.96
13.6
.18
26.6
1.58
.01

100.45

1.888
.N19
.170
.027
408
.005

1.416
.061
.001

3119015

58

538
.69
2.17
.77

13.8
17

26.5
2.15

99.55

1.928
.019
.093
.022
419
.005

1.427
.083

3.996

12

53.6
.78
2.45
.76

14.3
.28

25.0
2558}

99.70

1.940
.021
.105
.022
434
.009
1.347
.098

3.976

53.3
.81
2.75
.81

14.4
.25

25.2
2.46

99.98

1.925
.022
117
N01218
436
.008

1.356
.095

3.982

53.4
o7l 3}
2.29
.70
15.0
.27
25.1
2.24

99.73

1.938
.020
.098
.020
456
.008

1.356
.087

3.983

42

53.3
.72
2.31
.77

15.6
.23

25.1
2.62

100.65

1.924
.020
.nN98
.N22
471
.007

1.353
.101

3.996

70.2
5.3
24,5

53.3
.85
2.34
.77

15.6
.27

24.5
2.57

100.20

1.934
.023
.100
.022
473
.008

1.322
.100

3.982

53.7
.81
2.29
0115

15.8
.30

24.4
2.53
.01

110.59

1.940
.022
.097
.021
477
.009

1.313
.N98
.N01

3.978
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TABLE 3: CONTINUED

§i0,
TiO,
A1203
Cr,04
FeO
MnO
MgO0
Ca0
Na20

Total

Number of

s1
Ti
Al
Cr
Fe
Mn
Mg
Ca
Na
Sum

Molecular

En
Wo
Fs

15382 Continued

14

50.3
1.40
2.10

47

16.1

.41
13.9
15.7

.06

99.54

Ions

1.922
.040
.095
.014
513
.013
.739
.644
.005

3.985

16 1
52.5 53.3
.73 W72
1.56 1.98
W41 .61
16.2 16.3
.39 .27
24.4 23.9
2.40 2.34
o072 *

98.61 99.42

the Basis of

1.943 1.950

.020 .020
.068 .085
.012 .018
.501 .498
0L .009
1.344 1.307
.095 .092
.001 -

3.996 3.978

End Members

39.0
33.9
27.1

69.3 68.8
4.9 4.8
25,8 26.3

17

58 L
67
1.38
+55
16.7
033
23.3
3.8
.02

99.85

(0)
1.951
.019
.060
.016
.512
.010
1.274
.150
.001
3.993

52.9
.97
2,19
.69

17.1
.34

22.9
2.72
.03

99.74

1.942
.N27
.091
.020
524
.010
1.253
.107
.002
3.976

LI

53.1
.64
1.99
.65

17.1
.35

24.0
2.26
.02

100.11

1.940
.018
.086
.019
.524
.011
1.304
.089
.001
3.992

32

52.8
.80
1.86
.67

17.3
.28

24.0
2.71

100.42

1.929
022
.080
.019
0 D27
.009

1.307
.106

3.999

44

53.6
.79
1.67
W45

17.5
«25

23.8
2.30

100.36

1.955
.022
071
.013
.532
.008

1.292
.090

3.983

67.5
4.7
27.8

35

49.9
1.40
2.20
.51
17.7
.32
13.0
15.1
.11

100.24

1.905
.040
»099
.015
.566
.010
.739
.619
.008

4,001

38.5
32.1
29.4

34

50.1
/8
1.06
.32
18.4
.31
12,4
15.6
.05

98.97

1.946
.021
.049
.010
.598
.010
.719
.650
.004

4,007

36.5
33.0
30.4

52.2
.98
1.98
.75
18,4
.36
21.3
3.2

99.17

1.944
.027
.087
.022
551/ 3)
.011

1.181
2127

3.972

46

52.5
1.06
1.76

.66

19.1

.20

23.3

2.23

100.81

1.924
.029
.076
=019
.585
.006

1.273
.088

4,000

252

5az8
.69
2.48
H740)
19.3
.29
21.7
3552

100.75

1.924
.019
.107
.023
+593
.009

1.191
.126

3.992
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TABLE 3: CONTINUED

$10,
Ti0,
Al,04
Cr203
FeO
MnO
MgO
Cao
Na20

Total

Number of

Si
Ti
Al
Cr
Fe
Mn
Mg
Ca
Na
Sum

Molecular

En
Wo
Fs

15382 Continued

20 13
52.2 52.1
. 84 .97
1.28 1.25
.50 .48
20.9 21.0
<36 .35
19 il 19.5
2lg 0l 4,2
.01 .02

98.29 99.87

18 38
51.4 52.3
1.01 .94
1.31 1.25
R 47
2815542 21.3
.25 .33
19.5 19,7
4.3 4.0
.11 .01

99.52 100.30

Ions on the Tasis of 6 (0)

1.981 1.955

.024 .027
.057 .055
.015 .014
.663 659
.012 .011
1.081 1.092
125 .168
.001 .002

3.959 3.983

End Members

57.8 56.9
6.7 8.8
35.5 34.3

1.943 1.943

.029 .027
.059 .056
.013 014
670 .655
.008 .010
1.095 1.139
1173 .150
.008 .001

3.998 3.995

56.5 574
9.0 8.3
34.5 34.6

15

52.0
.83
1.35
.32
21.7
30
19.6
3.8
.04

100.03

1.953
.023
.060
.009
.681
.013

1.096
34512
.003

3.990

50

52.3
.75
1.36
+50
22.3
.33
19.3
4.0
*

100.84

1.954
.021
.060
.015
. 695
.011

1.074
.159

3.989

4 33
51.4 50.6
.83 .58
1.29 1.12
44 .29
23.4 24,4
.45 .32
18.1 12.8
4.1 10.5
.02 .07

100.03 100.68

1.950 1,952

.024 .017
.058 .051
.013 .009
L 742 .789
.014 .011
1.023 .736
.165 .435
.002 .005

3.991 4,005

53.0 37.6
8.6 22.2
38.4 40,2

26

52.6
.74
1.86
.65
24,5
.31
17.3
4.4
*

102.36

Y05
.021
.081
.019
.762
.010
.958
177

3.979

30

51.2
.84
1.27
.40
24 .8
.40
1788
4.9

101.11

1.938
.024
.057
,012
.786
.013
974
.200

4.004

49 .8
10.1
40,1

24

50.3
.87
1.20
.34
26.3
.49
15.4
5.1
.02

100.02

1.943
.025
.055
.010
.850
.016
.887
211
.002

3.999

45.5
10.8
43.6

19

51.0

1.n05
.28
27.4
A4
14.5
5.5
.02

100,19

1.973

.048
.009
.887
.014
.838
.229
.002
4.000

42.9
L7/
45,4

ANIX0UAL
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ANT RAKE SAMPLES

TABLE 4: PYROXENES IN ANORTHOSITIC-NORITIC-TROCTOLITIC RAKE SAMPLES AND LITHIC FRAGMENTS

5102
Ti0,
A1203
Cry04
FeO
MnO
MgO
Ca0
Na,0

Total

Number of

Si
ayst
Al
Cr
Fe
MnO
Mg
Ca
Na
Sum

Molecular

En
Wo
Fs

15308

Cataclastic area

12 8

51.6 51.8

1.60 .60
3.4 .65
.49 . 25
12,1 20.3
022 .38
13.9 18.7
18,1 7.0
.07 .05

101.48 99.73

15

50.6
.63
.72
.74
20.9
.39
9.8
4,0
*

98.78

Ions on the Basis of

1,903 1.959

. 044 017
.148 .029
.014 .008
373 642
.007 .012
764 1,054
07/ S .284
.005 .004

3.973 4,009

End Members

41.3 53.3
33.6 14,3
20.1 32,4

1,926
.018
077
.003
665
.013
123
163

3.997

wv

57.

34,1

L)

52,0
.58
1.04
.20
21.3
312
18.2
4,5
W12

98,26

(0)

1.936
017
.047
.006
.680
.010
1.036
.184
.009
3.975

54.5
54.5
8548

10

51.9
.65
. 74
.23
23,1
1319
18,5
4,8
.01

100.32

1,962
.018
.033
.007
. 730
.012

1.042
. 194
.001

3.999

50.8
.59
.99
.23

23,2
44

19.0

4.0
.04

99.29

1.942
017
.045
.007
742
.014
1.083
. 164
.003
4.017

14

52,4
ROl
.79
.22

23.4
.39

19,4

3.2
.02

100.13

1.969
.014
2035
.007
.738
.012

1.090
. 129
.002

3.996

11

51.9
.54
.90
.22

23.8
.39

19.0

3.4

100.15

1.963
.015
. 040
.007
753
.012

1.070
. 138

3.999

Shock-blackened area

51.4
D)
.62
.29

21.3
. 34

21.3

2,94
.02

98.76

1.951
.016
.028
.009
676
.,011
1.205
. 120
.002
4,018

51.6
.62
+65
.32

21.4
.38

20.1

4,5
.01

99.58

1,951
.018
.029
.010
677
012
1,133
.182
,001
4,013

51.3
.56
«55
25

22,0
W43

18,7

5.4

99.19

1.959
016
.025
.008
.703
014

1,064
2221

4,010

53.6
11,1
S50 3

52.0
.64
.58
.26

22,1
.41

19.9

4,2
.05

100.14

1.958
.018
.026
.008
696
.013
1,117
170
.004
4,010

51.2
.64
0
027

23.4
.40

19.1

3.9
.02

99.52

1.953
.018
.026
.008
. 746
.013

1.086
159
.002

4,011

51.1
.59
62
.26

23,7
.44

19,2

3.8
.04

99.75

1.948
017
.028
.008
.756
.014

1.091
LS55
.003

4,020

50.2
.60
.80
37

25,0
.41

19.2

2,53
.04

99.15

1.934
017
.036
.011
.805
.013
1.102
. 104
.003
4.025

INIX0¥Ad



VA

TABLE 4: CONTINUED

15308 Continued

Devitrified glass area

16 19 17 18 18
sio, 53.4 52,4 54.1 52.4 52.3
Ti0, 245 297 21 .54 .66
Al,04 1.32 1.61 .60 1.19 2.63
Cry04 .48 .45 022 44 .39
FeO 12,7 113 3) 15.3 18.4 21.2
MnO .19 o7 227 .27 .30
MgOo 30.0 28.4 28.8 20.3 22.6
Ca0 1.47 2,60 .87 4,6 1.78
Na,0 3 3 £3 .06 .04
Total 100.01 99.71 100,37 98,00 101.90

Number of Ions on the Basis of 6 (0)

Si 1.913 1.891 1.947 1.974 1.910
Ti 012 .026 .006 .015 .018
Al .056 .069 .026 .053 .011
Cr .014 .013 .006 .013 .011
Fe o &)L .405 461 .582 647
Mn .006 .006 .008 .009 .009
Mg 1,602 1,533 1.545 1.144 1.230
Ca .056 101 034 .186 .070
Na - - - .004 .003
Sum 4,096 4,042 4.033 3.980 3.909

Molecular End Members
En 78.5 75.2 75.8 59.9 (531572

Wo 2,3 5.0 1.6 9.7 3.6
Fs 13.7 19.8 22,6 30.4 33.2

INIX0¥Ad
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TABLE 4:

510,
Tio,
Al,04
Cr203
FeO
MgO
Cao

Total

Number of

SH
Ti
Al
Cr
Fe
Mg
Ca
Sum

Molecular
En
Wo
Fs

CONTINUED
15327
Diopside
6 3
55.7 55.5
47 .29
1.10 .89
.18 .09
1.54 1.58
1768 17.8
23.6 24,7
99.89 100.85

55.8
.38
1.14
.09
1.60

17.5

24,2

100.71

Ions on the Basis of

2,010
.013
.048
.005
.046
972
.857

3,951

1.994
.008
.038
.003
.047
+995
.893

3.978

End Members

49,2
48,3
2.5

48,9
48,7

2.4

2,001
011
. 049
.003
.048
977
.874

81°19/6'3

48,9
48,6
2.5

56.3
.43
1.18
.15
1.61
17.8
24,4

101.87

6 (0)

1.997
.012
.050
004
047
.983
871

3.964

55.4
.33
1.06
.13
1.64

17.9

25.0

111.456

1.981
.09
. 045
.N%
«N49
996
.900

3.984

23

54,9
.28
.85
.10

1.67

18.0

24,5

170,31

1.985
.008
.037
.003
.051

1.013
892

3.988

16

55.5
W27
1.03
.10
1.71

17.9

24,5

101.01

1,999
. 008
.N44
.13
«N51
+ 9299
.884

3.979

55.8
.33
1.13
N8
1.75

17.6

24,5

191.19

1.996
.N29
N4
«N02
052
,989
. 882

3.969

Orthopyroxene-low minor elements

14

55.4
.40
1.30
.19

6.6

32.4
1.26

97.55

1.942
.011
.055
.005
»192

1,768
.044

4,017

58.1
.20
.98
.07

6.7

33.7

W46

100.21

19N781E
.005
.040
.002
.188
1.780
.016
4,002

58.5
.16
1.02
.08

6.7

33.7
W46

100.62

1.976
.004
.041
.002
.187

1.772
.016

3.998

89.2
.9
9.9

11

57.8
.14
.85
.09

7.7

33.8
.82

101.20

1.956
.004
134
.002
216

1.781
«N28

4,021

58.5
17
.90
.09

8.5

34.0

.48

102.64

1.956
. 004
«N36
.002
$235

1.770
.N16

3.784

86.9
.9
12.2
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TABLE 4: CONTINUED

15327 Continued

Orthopyroxene-high minor elements

4 13 25 12 20 26 3 17 18 19 21 27 22 10 8
$10, SHepL! 57.4 57.1 56.3 57.1 58.19 56.6 56.8 58.0 57.3 57.8 57.0 56,9 56.5 56.2
Ti0, «59 .43 .69 65 .53 «55 087/ 0 &9l W42 W51 $53 .68 .72 53 .84
Al,04 2,76 2,05 2,12 2,93 2,42 2.34 2,33 2.53 2,00 2.34 1.68 2,60 2.42 2,24 3.0
Cry0,4 W41 .35 44 «53 44 SR .39 45 W42 .48 .29 47 W45 .37 .56
FeO 6.3 6.6 6.6 6.7 6.7 6.7 6.8 6.8 6.8 6.8 6.8 6.8 6.9 7.0 7.7
MgO 32,4 32.8 31.8 32.6 32,4 32,2 32.7 32.4 33.2 32.9 32.9 32.0 32,1 32.9 32.4
Cao0 .94 1.01 .60 1.25 1.18 .8n 92 1.28 «95 1.26 1.33 1.34 1,51 .88 1.06
Total 100,50 100.64 99.35 100,96 100.77 171.10 109,31 100,77 101.79 101.59 101.33 100.89 10Nn.1Nn 110.42 111.76h

Number of Ions on the Basis of 6 (0)

Si 1.934 1.945 1.956 1.908 1.935 1.954 1.927 1.927 1.944 1.928 1.949 1.931 1.918 1.924 1.898
Ti .016 .011 .018 017 .014 014 .N15 014 011 .013 .014 .018 .019 014 .022
Al 2112 .083 .087 SpIS189 .08 .094 .095 .103 .080 .094 .068 .106 . 099 .091 2121
Cr ,011 .009 .012 .014 .012 .013 .010 .012 011 .013 .008 012 .012 .010 .015
Fe 177 .185 .187 .188 .188 .187 .192 191 .189 .190 .190 .191 196 .197 215
Mg 1.708 1.730 1,695 1.720 1.709 1,688 1.733 1,711 1.732 1.732 1.726 1.688 1.711 1.744 1.703
Ca .032 .034 .021 .043 .040 027 .032 044 .032 .043 . 045 . 046 .052 039 .036
Sum 3.990 3.997 3.976 4,009 3.996 3.977 4,004 4,002 3.999 4,004 4,000 3.992 4,007 4,010 4,010

Molecular End ilembers

En 88.5 88.1 88.5 87.5 87.5 88,1 87.9 87.2 88.1 87.5 87.3 87.0 3646 87.8 86.5
Wo 1.8 2.0 1.2 2.4 2,3 1.6 1.8 2,5 1.8 2.4 2.6 2,6 2,9 1.7 2.0
Fs 9.7 9.9 10,3 10.1 10,2 10.3 10.3 10.3 10.1 10.1 10,1 10.4 19.5 1.5 11.5

ANTIXO0¥Xd
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TABLE

$10,
Al )04
Tio,
Cr203
FeO
HMnO
g0
Cao
N320

Tot al

Number

Si
Al
Ti
Cr
Fe
Hn
Mg
Ca
Na
Sum

4:

CONTINUED

15332,1-1

52,0
2,47
2.10

W46
8.8

.26
16.3
18.3

.15

100.84

of Ions on

1,906
.107
.058
.013
.270
.008
.891
SH/pLO)
.010

3.982

51.4
1.00
1.09

.24

17,1

.35
26,0

2,13
*

99.13

15349

56,2
.30
.98
.54

12.9
.21

27.9

1.52
*

100.55

the Basis of

1,902
044
.030
.007
.529
011
1.434
.085

4,042

Molecular End Members

En
Wo
Fs

47.4
38.2
14.4

70.0
4.2
25.8

1.991
.003
.041
.015
.382
.006

1,473
.058

3.974

56.1
.23
1.06
I8

12.9
.21

28.1
1.34

100.52

6 (0)

1.987
.006
044
.016
.382
.006

1.483
.051

3.975

55.8
.30
1.00
.56

13.0
.21

27.3
1.43

99.60

1.996
,008
1042
016
+389
,006

1.455
055

3.967

N ~
Qoo
. -

w0 o
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TABLE 4:

8102
T102
A1203
Cr203
FeO
MnO
MgO
Cao

Total

Number

Ssi
Ti
Al
Cr
Fe
Mn
Mg
Ca
Sum

Molecular

En
Wo
Fs

15362,1-1

4A

52,3
56
1.38
1.38
10.0
17
14.1
21.3

CONTINUED

52.3
.49
1.70
.26
10.3
.20
13.8
20.9

100.02 100,05

51,6
+56
1.74
.28
10.9
022
13.7
21.0

100,00

of Ions on the Basis of

L6857
.016
061
.006
313
.005
.783
.853

3.999

40,2
43.7
16,0

1.958
.014
.075
.008
.323
.006
767
.836

3,988

End Members

39.9
43,4
16.7

1,940
.016
077
.008
342
.007
«765
.846

4,001

39.2
43,2
17.5

4B

51.7
W53
1,40
W22
11.3
.18
13.9
20,8

100,03

6 (0)

1.945
.015
062
.007
356
.006
777
.838
4,006

39.4
42 .4
18.0

6A

51.3
.50
1.67
.23
11,5
25
13.7
20.9

100.05

1,933
014
.074
.007
.363
.008
769
. 844

4,012

38.9
42,7
18,3

5C

51.7
52
1.13
.26
11.6
.23
13.6
20.9

99.94

19506
.015
.050
.008
367
.007
765
844

4,007

38.7
42,7
18.5

5D

51.2
.48
1.12
.24
11.6
.26
13.4
20,8

100.10

1.964
014
.050
007
364
. 008
«750
.839

3.994

38.4
48,9
18,7

5B

51.4
56
1.11
.26
11.9
. 26
13.5
21.0

99.99

1.944
.016
. 049
.008
.376
.008
. 760
.850

4,012

38.2
42.7
18.9

51.7
.49
1.57
.27
12.0
. 30
13.1
20.6

100.03

1.956
.014
.070
.008
377
.010
785
.833

3.997

37.8
42.7
19.4

52.4
.28
79
.16

26.0
.49

19.0

1.43

100.60

1.971
.008
.035
.005
.828
.016
1.079
.058
4,000

w W
.
o ° ™

5A

52,6
.42
.87
.14

26,2
.49

19.0

1.06

100,80

1.970
.012
.039
.004
.833
016

1.079
043

3,997

8

52,3
.30
1.09
.15

26,2
W53

19,2
1,13

100.90

1.956
.009
.049
,005
.835
017

1,092
046

4,008

SE

52,2
51
.76
.14

26,4
.50

19.0

1.38

100.90

1.957
015
034
.004
844
.016

1.083
056

4,008

6B

52,1
.31
1.16
.16

26.4
W41

19.0
1.67

101.20

1.943
2008
.052
.005
846
.013
1.084
.068
4,020

6C

52.3
52.3
1.25
LS
27.3
.52
19.0
1.69

102.50

1.918
.009
057
.005
.878
017

1.090
.070

4,043
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TABLE 4: CONTINUED

15362,1-2

3C 5 4A 1B 1A 2B 1C 2¢C 3B 4B 3D
$10, 52.6 52.7 53.4 52.7 52,2 51.3 31.2 51.3 50.9 50.6 51.3
Ti0, 052 .50 .29 .54 .61 .26 .29 W27 .28 .28 .20
Al,04 1.20 1.08 .90 1.32 1.21 .62 517 573 .67 .85 .87
Cr,04 .23 .26 .24 .26 .25 .17 o 1k8) o3 '3 .18 .17
FeO 10.5 11.2 11.7 12.5 13.3 25.9 26.4 26 .6 26.6 26.7 26.8
MnO .27 .30 .28 $25 .26 .50 .50 42 .54 .46 .51
MgO 14.2 13,7 13.0 14,1 13.2 18.9 19.3 18.6 19,1 19.0 19.2
Cao0 22.0 21,5 21.3 20.5 20.3 1.51 1.39 1.44 1.67 1.47 1.78
Total 101,50 101.20 101.10 101.90 101.30 99.20 100.00 99.50 99.90 99,50 100.80

Number of Ions on the Basis of 6 (0)

Si 1.947 1.959 1.986 1.946 1.952 1.971 1.955 1,970 19511 1.948 1.948
Ti .014 .014 .008 .015 .017 .008 .008 .008 .008 .008 .060
Al .052 2047 .039 .057 .053 .028 .035 .033 .030 .039 .039
Cr .007 .008 .007 .008 .007 .005 .004 .004 .004 .005 .005
Fe 2325 .348 .364 .386 416 .832 . 844 .854 .853 .859 . 851
Mn .008 . 009 .009 .008 .008 .016 .016 .014 .018 .015 .016
Mg .783 .759 .723 6 7178 «735 1,082 1.099 1,063 1.092 1.086 1.086
Ca .872 .855 .847 .811 .812 .062 .057 +059 .039 .061 .072
Sum 4,009 3.980 3.984 4,006 4.001 4,004 4,017 4.004 4,024 4.021 4,024

Molecular End Members

En 30715 38.6 37.2 39.3 37.4 54.7 43.8 53.8 54,2 54.2 54.0
Wo 44,0 43,6 43,9 41.4 41,4 3.1 2.7 3.0 3.4 3.0 3.6
Fs 16.4 17.7 18.8 19.6 21.2 42,1 33.6 43,1 42.3 42,7 42.3

ANIXO0¥Xd



¥4

OLIVINE

HIGH-ALUMINA BASALT RAKE SAMPLES

TABLE 5: OLIVINES IN HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

15323 15356
1 cb r6 c2 ch 1 r5 réd 3 r2 7

510, 40,7 510, 41.3 41,2 40,1 40,6 40,6 40,5 39.9 49.13 40.9 40,2
Al,04 .16 Tio, W07 .09 .10 .07 .07 007 .13 .09 .07 ,07
FeO 15.0 Al,04 .48 .45 42 W42 .48 .43 .51 .38 W45 47
MnO o 1L5) Feu 191892 13.4 15,2 15.4 1545 L7/ 49 18.1 18.3 19.5 116 5
MgO 42,6 MnO .11 513 .17 .20 .17 .20 .24 .21 .24 .23
cao .21 Mgo 47.4 45,6 44 4 44,4 44,5 42,0 41.3 42,1 40.4 41,1
Total 98.82 cao .17 .21 .21 .21 22 0 A% .32 24 .34 .19

Total 101.23 101,08 100.60 1Cl1.30 101.54 1n1.39 1n0n.57 101.62 101.90 101.76

Number of Ions on the Basis of 4 (0)
Number of Ions on the Basis of 4 (0)

si 1.030
Al .005 si 1.015 1.011 .999 1,005 1.093 1.014 1,999 1.008 1.025 1.010
Fe .318 Ti .001 .002 .002 .00l .00l .001 .092 .N02 .n01 .001
Mn .003 Al .014 .013 .012 .012 .0Ll4 .13 .015 .011 .013 L014
Mg 1.607 Fe L227 .275 .317 .320 .321 .373 .383 .384 .408 . 409
ca .006 Mn .002 .003 .003 .0n4 ,003 .04 .05 . 004 .0n5 .005
Mg 1.714 1.671 1.652 1.640 1.640 1,565 1,557 1.569 1.506 1.538
Z 1.035 Ca .004 .005 .006 .0N6 .096 BOLY: .09 .007 .009 .005
X 1.934
Sum 2.969 Z 100550 1 Nenn! .999 1,005 1.003 1,014 1,079 1.098 1,025 1.010
X 1.962 1.969 1,992 1.983 1.985 1.964 1.971 1,977 1.942 1.972
Sum 2.977 2.980 2.991 2.988 2,988 2.978 2.980 2.985 2.967 2,982
Molecular End Members {olecular Lnd ilembers
Fo 16.5 Fo 88.3 35,8 83.9 83.7 83.7 30.7 80.3 80.4 78.7 79.0

Fa 83.5 Fa 11.7 14,2 16.1 16.3 16.3 19.3 19.7 119) 56 21.3 21.0
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TABLE 5:

$10,

FeO

MgO

Cao
Molecular

Fo
Fa

$10,
FeO
MgO
Cao

folecular

Fo
Fa

s10,
FeO
MgO
Cao

CONTINUED

15356 Continued

Olivine 1

edge

39,3 38,8

21.2 20,5

40,2 41,1
053 W55

End Members

77.2 78.1
22,8 21.9

15356 Continued

Olivine 2

edge

40,5 40,7

19.3 17.8

42,1 43,6
54 47

Cnd Members

79,5 81,4

20,5 18.6

15356 Continued

doleculaxbers

Fo
Fa

Olivine 4

edge

39,2 40,0
20,0 19,6
41,3 41,7

56 «55

78,6 79,1
21,4 20,9

39.7 40,2
18.3 16.9
43,3 4b, 4

S5 47
80,8 82,4
19.2 17.6

8 micron steps

8 micron steps

40,2

15,7

45,6
47

83.3
16,2

41,1

15.5

46,0
W42

84,1
15.9

2 micron steps

41.1 40,6
17.0 16.2
VA 45,0

W45 A
82.3 83,2
17.7 16.8
39.3 39.8
19,2 18,6
42,0 43,2

54 .54
79.6 80.5
20,4 19.5

40,0

17.9

43,2
W51

81.1
18.9

40,4
15.0
46,5
.46

84,7
15.3

center

41,2

15.0

46,0
A4

84.5
15.5

47,3
17.2
44,2

0 3]

82,
18.0

o

40.1
14.9
46,4

W45

edge

40.8

29.0

41,2
.84

49,7

16.9

44,5
W45

center
40,4 40,7
14.8 15.2
46,7 46,9
.45 .46
84,9 84,6
15,1 15,4
2 micron steps
40,3 40,4 40,6 40,7 40,0 40,1
19,3 18.6 18.5 18,4 18.1 18,1
42,0 42,8 42,8 43,0 43,2 43,4
.53 W49 .49 W48 47 .48
79.5 80,4 80,5 80,6 81,0 81.0
20.5 19,6 19,5 19,4 19,0 19,9
interior center
40,2 40,8 35.9
16.5 16.3 16,4
44,8 45,4 49,1
W44 .49 Y
82.9 33,2 34,2
17.1 16.8 15.8

40,3

17.8

43,2
.49

interior

40,13

17.7

44,1
W45

INIAT 10



TABLE 5

10,
FeO
MgO
Cao

Molecular

Fo
Fa

aa

$i0,
FeO
g0
Cao

olecular

Fo
Fa

CONTINUED

15356 Continued

Olivine 5

edge

818 22 39,7

21.2 20,7

41,1 41,6
.60 .58

End iMembers

77.6 78,2
22,4 21.8

15356 Continued

Olivine 6

edge

39,8 39.3

17.8 17.6

43,3 43,5
.60 54

End ifembers

81.3 81.5
18,7 18.5

6 micron steps

45,8

15,0

35,1
2,81

30,7
19,3

39.4

17.4

43,9
.53

81,
18,2

w

48,8 40,7
12,0 16.3
34,5 45,4
1,35 .49
83.7 83.2
16,3 16.8

2 micron steps

39,8 40,0
17.0 16,9
44,1 44,5
.54 .58
82.2 82.4
17.8 17.6

39,8

16.4

45,3
.53

813.1
16.9

center
47.2
12.3
41,4
i, 0y
85.7
14.3
interior
49,4 40,7
16.1 ISETIE
45,9 46.3
0 5k ool
83.6 84.5
16.4 L5455

center

41,1
9.2
51,7

44

ANIAITO
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TABLE 5: CONTINUED

15359
5
si0, 37.7
FeO 24,1
MgO 38.3
Ccao .50
Total 100,60

Number of Ions on

Si .970
Fe «513
Mg 1.534
Ca .013
2 .970
X 2,060
Sum 3,030

37.1

25,9

36.3
.34

99.64

37.8

26,2

36.1
.56

100.66

the Basis of

2973
563

1.482
.009

973

2,054
3.027

Molecular End Members

Fo 74.1
Fa 25,9

71.5
28.5

.981
+563
1.459
.015

.981
2,037
3.018

71.0
29.0

10 7
37.3 37.3
26.3 26.4
36.2 35.9

0O .45

100,35 110,05
4 (0)

2973 976

.568 29372
1.470 1,463

.014 .,012

973 976

2,052 2,047
3.025 3.023

37.4

26.7

BISIN9
.53

100.53

976
.577
1,458
.014

976
2,049
3.025

37.8

26.8

35.8
256

1n0.96

.981
.576
1.447
+0N15

.981
2,038
3.019

37.0

27.1

35.3
.54

99.94

974
591
1.447
.014

974
2,052
3.026

36.8

27,2

34.9
.26

99.16

<977
.598
1.442
. 007

977
2,047
3.024

37.2

27.3

35.4
«55

100,45

975
0992
1,444
.015

975
2,051
3.026

INIAI'TO
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TABLE 5: CONTINUED

$10,
FeO
MgO
Cao

Total

15359 Continued

Olivine 7

edge

38.8 38.2 38.2

24.8 24.9 725030

S 372 37.5
.61 .49 1

101.31 100,79 101.3

Number of Ions on the Basis of

Si
Fe
Mg
Ca
Sum

.992 983 W97
P25 .531 «53
1.476 1.490 1.49

3.009 3.017 3.02

Molecular End Members

Fo
Fa

$10,
FeO
MgO
Ca0

Tota

Numb

Si
Fe
Mg
Ca
Sum

Mole

Fo
Fa

1

er of

cular

72,7 72.7 72.7
27.3 27.3 27.3

15359 Continued

Olivine 9

edge

34,6 35,2 37.1

22.3 23,4 25,2

33,4 34,5 36.5
.63 .55 .54

90,93 93.65 99,34

Ions on the Basis of 4
.987 .978 974
.527 .538 .548

1.482 1.491 1,491
.018 015 .014

3.014 3.022 3.027

End Members

72,7 72.4 72.1
27.3 27.6 27.9

38.5 38.1
25.1 25 o0k
37.5 37.2

2

2 101.26

.46 .4

4 (0)

9
3

.983 .98
.531 53

6 1.491 1.49
.016 .013 .013

1 3.017

,012 .01

72.7 72.5
27.3 27.5

37.3

25.0

36.5
+55

08635

(0)

977
. 542
1,489
2015
3.023

37.8

25.0

36.9
.50

100.20

.980
537
1.490
.013
3.020

100.86

3.019

interior

37.9 38.4
25.0 25.2
37.3 37.3

6

1
5

.45 W45

. 978 .983
. 534 . 534

1 1.498 1.487

2

37.8

25.1

36.6
.47

99.97

.983
. 540
1.481
.012
3.016

72,2

.012 . 012
3.022 3.016

72,5
27.5

interior

38.2 37.8
25.2 25.3
37.0 37.0

.50 . b

100,90 100.5

.983 .97
.537 .54
1.483 1.49
.013 .01
3.016 3.02

center

37.7

25.4

37.5
W45

100,65 101.35 101.05

971
.542
1.504
.012
3.029

72.5
27,

wv

center

37.2
25.4
37.2
9 .51

9 100.31

8 .967
2 . 547
0 1.505
8 .013
3 3.032

ANIAITO



€z

TABLE 6: OLIVINES IN

$10,
A1203
FeO
MnO
g0
Ca0

Total

Number of Ions on

SH
Al
Fe
Mn
g
Ca

Z
X
Sum

Molecular

Fo
Fa

15308

40,3
.24

16,1
W12

43,7
28

100.74

1.007
.007
337
.002

1.628
.008

1.014
1.975
2,989

ANT RAKE SAMPLES

ANORTHOSITIC-NORITIC~-TROCTOLITIC RAKE SAMPLES AND LITHIC FRAGMENTS

39.0
.31

23.8
22

35.6
27

99.20

38.6
813

27,1
.21

33,2
W21

99.65

the Basis of

1.026
.010
524
.005

1.396
.008

1.036
1.931
2.967

End Members

82,9
7/ 50k

72,7
21) 5%)

1.027
.010
.603
.005

1.316
.006

1.037
1,930
2.967

4 (0)

15327
2
Siv, 40,6
Al,u, .12
FeO 9.9
MnO .08
Mgo 49,4
Cao .20
Total 100,30

3 il
40,8 41,0
3.6 .14
10.3 9.9
.08 .10
49.1 49,4
.19 .12

100.83 100.66

Number of Ions on the Basis of

SH .993
Al .004
Fe .202
iin .002
ig 1.300
Ca .005
A .997
4 2,009
Sum 3.006

2993 .998
.010 .004
.210 .202
.002 .002
1,782 1.792
.005 .003

1,003 1,002
1.999 1.999
3.002 3.001

Molecular Lknd ilembers

Fo 89.9
Fa 10.1

89.5 89.9
10.5 10.1

40,3
.20

10.0
.09

49.0
.17

99.76

(0)

.991
.006
206
.002
1.796
.005

2997
2,009
3.006

INIAITO
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TABLE 7:

S10,
T102
FeO
MnO
MgO
Cao0
Na 20
K20

Total

Numbe r

SHY
15t
Al
Fe
Mn

Sum

Molecular End

An
Ab
Or

HIGH-ALUMINA BASALT RAKE SAMPLES

PLAGIOCLASE

PLAGIOCLASE IN HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

15323

48,6
.10
31.1
.42
*
.28
15.9
1.77
022

98.39

of Ions on

5

48,8
.17
312135
W43
.03
W31
16.0
1. 47
.16

99.87

the Basis of 32

9,041 8.931
.014 .023
6.821 7.012
.065 .066
.001 .005
.078 .085
3.170 3.138
.638 522
.052 .037
15.876 15,996
4,003 3.853
19,879 19.819
ifembers
82.1 34,9
16.5 14,1
1.4 1.0

49.0
W12
30.2
03
*
.37
16.3
1.56
.24

98.32

9,132
.017
6,635
.083
.103
3.255
+564
.057

15,784
4,062
19,846

84.0
14,5

47,8
.18

31.3
W43
.01
.39

16.4
1.62
.18

98.31

(0)

8.923
.025
6.888
.067
.002
.103
3,280
586
043

15,836
4,086
19,922

49,0
0l

31.1
W45
.02
W47

16.7
1.60
.16

99,613

1.020
.018

6.749
.069
.003
.129

3.294
371
.038

15,787
4.104
19.891

48,9
.10

31.2
W51

.32
16.9

Lo37

W17

99.67

9.075
014
6.774
.073
.0N88
3.355
+561
.N40

15,793
4,102
19.895

46.6
.06

34.3
W27
.02
.10

17.8
1.13
.08

109.36

8.543
.N08
7.413
041
.003
.0N27
3.496
402
«N19

15.964
3.988
L5852

$10,
A1203
FeO
MgO
Cao
Na,0
K,0

Total

Number of

Si
Al
Fe
Mg
Ca
Na
K

Z
X
Sum

Molecular End Members

An
Ab
Or

15332,1-3

44,5

35.5
.06
. 04

19.2
Sl
.03

99.84

Ions on the Basis of 32 (0)

8,233
7.741
.009
011
3,806
.183
,007

15,974
4,016
19,990
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TABLE 7:

510,
Al 504
FeO
Cao
Na,0
Total

Number of

si
Al
Fe
Ca
Na
K

Z
X
Sum

CONTINUED
15356
6 1L
44,2 45,7
35.2 35.9
.20 .19
18,7 19,2
.41 .63
.14 .14
98.85 101,76

44,2

35.2
W19

19,6
.48
.09

99.76

10

45,3

2505
.32

19.1
.76
W11

101,09

Ions on the Basis of 32 (0)

8.256
7.752
.032
3.774
2148
.032

16,008

3.956

19,964

8.296
7.680
.028
3.732
.220
.032

15.976
4,012
19,988

Molecular End Members

An
Ab
Or

95.4
3.7
9

93.7
Sle)
.8

8.208
7,708
.028
3,900
172
.020

15,916
4,120
20,036

8,288
7.656
.048
3.744
.268
.024

15.944
4,084
20.028

44,1

35.4
.19

19.1
.59
.08

99.46

8.204
7.764
.028
3.808
0212
.020

15,968
4,068
20,036

45,7

34,5
.28

18.1
1.09
.15

99,82

8.444
7.516
.044
3.584
.392
.036

15.960
4,056
20,016

45,6

35183
.13

19,4
.58
.13

101,14

81931812
7.604
.N20
3.796
2204
. 032

15.936
4,052
19.988

94.0
5.4
.8

44,2

36.0
.25

19.5
.42
.10

100.47

8.144
7.820
. N4N
3.852
152
. 024

15.964
4.068
20.032

w
o O O

44,4
36.0
.25
19.4
« 51
.08

1n00.64

8.164
7.804
.040
3.824
.184
.020

15.968
4,068
20,036

&S n
o &

45,1

36.3
.21

19.1
.65
.09

101.45

8.212
7.792
032
3.728
2228
020

16.004
4,008
20.012

v w
o
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TABLE 7: CONTINUED

15356 Continued

Plagioclase 1 Traverse 1

edge 2 micron steps interior
FeO .94 .41 .34 25 0 21 .26 .23 .24 .25 .27 .22 .25 .25 .25
Cao 16 .9 17.6 18.9 19,5 19.6 19.13 19.4 19.4 19.6 19.6 19.8 19.7 19.6 19.6
Na,0 1.07 1.29 W72 W42 .35 .40 .44 .48 .42 .38 W41 .38 .38 W62
Ko0 .25 +25 .19 SILD W17 .18 15 .16 .18 .19 .17 .21 .17 . 20

Molecular End !{embers

An 88.3 87.0 92,5 95.4 95.9 95,3 95.2 94.9 95.3 95,5 95.4 95,5 95.6 95.1
Ab 11.5 6.4 3.7 3.1 BR6 3.9 4,2 4,2 Anil 3.4 3.6 8055 3.4 3.7
Oor 1.6 1.5 1.1 .9 1.0 1818 .9 .9 1.0 1.1 1,0 157 1.0 1.2
15356 Continued
Plagioclase 1 Traverse 2
edge 2 micron steps interior midway center
FeO .53 W41 « 39 .35 .29 .26 .25 .24 . 34 »25
cao 17.5 17.9 18,1 18.4 19,6 19.4 19.6 19.5 19.6 19,6
Na,0 1.10 1,10 1,03 .87 .37 .44 » 37 .45 42 .43
K,0 .23 .24 23 .18 .12 .10 .18 .15 .14 .16
Molecular End Members
An 88.5 88.7 89.4 91.1 96,0 95.5 95.7 95.1 95.5 95.3
Ab 10.1 9.9 9.2 7.8 3.3 3.9 3.3 4.0 3.7 3.8
Oor 1.4 1.4 1,4 1.1 o7 .6 1.0 .9 ] .9
15356 Continued
Plagioclase 2 Traverse 1 Traverse 2
edge 2 micron steps interior edge 2 micron steps interior midway center
FeO .54 .36 .36 .33 .33 . 49 +35 .33 .33 .40 .28 .25
cao 18,2 19,0 19.4 19,2 19,3 18.0 19,0 19.1 19,2 19,3 19,3 19,4
Na,0 .93 .61 .60 .57 .66 1.04 .67 .66 .64 .65 .65 .63
K,0 o 243) .18 .16 .16 .17 .26 .18 .18 .18 .17 022 .19
Molecular End Members
An 90,3 93,5 93,8 94,0 93,2 89,2 93,0 93 .1 93,3 93,3 93,0 93.4
Ab 8.3 5.4 5.3 5.1 5.8 9.3 5.9 5.8 5.6 5.7 5.7 5.5
Oor 1.4 1,1 .9 .9 1,0 1,5 alodl 1.1 1.1 1.0 1.3 1.1
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TABLE 7: CONTINUED

15356 Continued

Plagioclase 3

edge
FeO 41 42
Cao0 19,0 19,5
Na,0 .56 .43
K,0 .20 .16

Molecular End Members

An 93.8 95.3
Ab 5.0 3,8
or L7 .9

15356 Continued

2 micron steps

W37 .34 32
19.5 19,2 19.4
«55 .49 W41
.27 .33 .18
93.7 93.8 95.3
4,8 4,3 3.6
1.5 1.9 1.1

Plagioclase 9 Traverse 1

edge
FeO .29 .29
Cao0 18,2 18,5
Na,0 1,80 1.26
K,0 W24 0241k

Molecular End Members

An 83.7 88.0
Ab 15,0 10.8
Or 15083, 1.2

15356 Continued

2 micron steps

25 27 22
18.6 18,6 18.5
1.47 1,38 .92
021 .19 26
86.4 87.2 90,4
12,4 11,7 8.1
1.2 1.1 155

Plagioclase 9 Traverse 2

edge
FeO .34 .32
Cao 17.8 18,0
Na,0 1,34 1,19
K,0 .24 .26

Molecular End Members

An 86.8 88.0
Ab 11.8 10,5
or 1.4 1.5

2 micron steps

.30 W30 .36
17.6 17.4 17.6

2,00 2,13 1.92
207 .34 .30
81.7 80,3 82,1
16,8 17.8 16.2

b 33
19.5

.43

. 16

interior

.19
18.7

1.34

2

08 5)
17.7

2.05

W45

interior midway

.33 .24
IORN7: 19.6
40 42
.19 .12
25.8 95,6
35, 357,
o7 o7

interior

.31 1383

17.6 17.6
2.0 1.86

«35 32
81.4 82.4
16.7 15.8

1.9 1.8

center

.29
19.7

.54

.13

midway center

.23 .20
17.7 18,2
1.26 1,03
.32 .24
86.9 89.4
11.2 9.2
1.9 1.4
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TABLE 7: CONTINUED

FeO
Cao
Na20
K,0

ifolecular

An
Ab
Or

FeO
Cao0
Na20
K,0

Molecular

An
Ab
Or

FeO
Cao
Na20
K,0

15358
9

16.2

1.69
.28

.46
16.3

1.86

.15

End Members

82,7
15.6
1.7

15359
7C

0 L7/
20,2
.32
.07

82,1
17.0
.9

7B

.13
20,1

.32

.07

End Members

96.8
2.8
.4

1A

.33
18.9

+70

» 15

96.8
2.8
4

15359 Continued

8A

W24
18.9

.77

.18

Molecular End Members

An
Ab
Or

92.9
6.2
.9

16.5
1.68
.19

7A

.26
20,0

.32

.07

8B

31
18.8

.70

»16

W45
16.6

1.77

.15

83.1
16.0

.29
19.8

.38

.08

3B

.16
18.8

.76

.18

.45
16.6

1.57

.16

+28
L85 3)

52

.10

3A

1.00
18.7
W51
.10

16.6
1.59
.15

84.5
14.6
.9

2C

.19
19.2

.51

.11

3c

.15
18.3
1.05
.23

16.8
1.76
.18

i)

~ o
-

2B

.22
19.2

.48

.13

9A

.33
138.2
1.15
.28

88.2
11,2
1.6

W51
17.1

1.48

.19

2A

o2
19.1

.58

.11

9B

.18
17.9
1.28
227

17.1
1,40
. 16

1B

.16
19.1

.68

.15

93.1

.9

9C

217
17.9
1.29
.29

10

17.3
1993)7,
.19

1cC

.19
18.9

.58

. 15

.37
17.4

1.32

.30

86.4
IBINS0)
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TABLE 6: OLIVINES IN

$10,
A1203
FeO
MnO
g0
Ca0

Total

Number of Ions on

SH
Al
Fe
Mn
g
Ca

Z
X
Sum

Molecular

Fo
Fa

15308

40,3
.24

16,1
W12

43,7
28

100.74

1.007
.007
337
.002

1.628
.008

1.014
1.975
2,989

ANT RAKE SAMPLES

ANORTHOSITIC-NORITIC~-TROCTOLITIC RAKE SAMPLES AND LITHIC FRAGMENTS

39.0
.31

23.8
22

35.6
27

99.20

38.6
813

27,1
.21

33,2
W21

99.65

the Basis of

1.026
.010
524
.005

1.396
.008

1.036
1.931
2.967

End Members

82,9
7/ 50k

72,7
21) 5%)

1.027
.010
.603
.005

1.316
.006

1.037
1,930
2.967

4 (0)

15327
2
Siv, 40,6
Al,u, .12
FeO 9.9
MnO .08
Mgo 49,4
Cao .20
Total 100,30

3 il
40,8 41,0
3.6 .14
10.3 9.9
.08 .10
49.1 49,4
.19 .12

100.83 100.66

Number of Ions on the Basis of

SH .993
Al .004
Fe .202
iin .002
ig 1.300
Ca .005
A .997
4 2,009
Sum 3.006

2993 .998
.010 .004
.210 .202
.002 .002
1,782 1.792
.005 .003

1,003 1,002
1.999 1.999
3.002 3.001

Molecular Lknd ilembers

Fo 89.9
Fa 10.1

89.5 89.9
10.5 10.1

40,3
.20

10.0
.09

49.0
.17

99.76

(0)

.991
.006
206
.002
1.796
.005

2997
2,009
3.006

INIAITO
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TABLE 7:

S10,
T102
FeO
MnO
MgO
Cao0
Na 20
K20

Total

Numbe r

Mn

Sum

Molecular End

An
Ab
Or

HIGH-ALUMINA BASALT RAKE SAMPLES

PLAGIOCLASE

PLAGIOCLASE IN HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS

15323

48,6
.10
31.1
.42
*
.28
15.9
1.77
022

98.39

of Ions on

5

48,8
.17
312135
W43
.03
W31
16.0
1. 47
.16

99.87

the Basis of 32

9,041 8.931
.014 .023
6.821 7.012
.065 .066
.001 .005
.078 .085
3.170 3.138
.638 522
.052 .037
15.876 15,996
4,003 3.853
19,879 19.819

ifembers

82.1 34,9
16.5 14,1
1.4 1.0

49.0
W12
30.2
03
*
.37
16.3
1.56
.24

98.32

9,132
.017
6,635
.083
.103
3.255
+564
.057

15,784
4,062
19,846

84.0
14,5

47,8
.18

31.3
W43
.01
.39

16.4
1.62
.18

98.31

(0)

8.923
.025

6.888
.067
.002
.103

3,280
586
043

15,836
4,086
19,922

49,0
0l

31.1
W45
.02
W47

16.7
1.60
.16

99,613

1.020
.018

6.749
.069
.003
.129

3.294
371
.038

15,787
4.104
19.891

48,9
.10

31.2
W51

.32
16.9

Lo37

W17

99.67

9.075
014
6.774
.073
.N88
3.355
+561
.N40

15,793
4,102
19.895

46.6
.06

34.3
W27
.02
.10

17.8
1.13
.08

109.36

8.543
.N08
7.413
041
.003
.0N27
3.496
402
«N19

15.964
3.988
L5852

$10,
A1203
FeO
MgO
Cao
Na,0
K,0

Total

Number of

Si
Al

Fe
Mg
Ca

Na
K

Z
X
Sum

Molecular End Members

An
Ab
Or

15332,1-3

44,5

35.5
.06
. 04

19.2
Sl
.03

99.84

Ions on the Basis of 32 (0)

8,233
7.741
.009
011
3,806
.183
,007

15,974
4,016
19,990

dSVTID0I9VTId
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TABLE 7:

510,
Al 504
FeO
Cao
Na,0
Total

Number of

si
Al
Fe
Ca
Na
K

Z
X
Sum

CONTINUED
15356
6 1L
44,2 45,7
35.2 35.9
.20 .19
18,7 19,2
.41 .63
.14 .14
98.85 101,76

44,2

35.2
W19

19,6
.48
.09

99.76

10

45,3

2505
.32

19.1
.76
W11

101,09

Ions on the Basis of 32 (0)

8.256
7.752
.032
3.774
2148
.032

16,008

3.956

19,964

8.296
7.680
.028
3.732
.220
.032

15.976
4,012
19,988

Molecular End Members

An
Ab
Or

95.4
3.7
9

93.7
Sle)
.8

8.208
7,708
.028
3,900
172
.020

15,916
4,120
20,036

8,288
7.656
.048
3.744
.268
.024

15.944
4,084
20.028

44,1

35.4
.19

19.1
.59
.08

99.46

8.204
7.764
.028
3.808
0212
.020

15,968
4,068
20,036

45,7

34,5
.28

18.1
1.09
.15

99,82

8.444
7.516
.044
3.584
.392
.036

15.960
4,056
20,016

45,6

35183
.13

19,4
.58
.13

101,14

81931812
7.604
.N20
3.796
2204
. 032

15.936
4,052
19.988

94.0
5.4
.8

44,2

36.0
.25

19.5
.42
.10

100.47

8.144
7.820
. N4N
3.852
152
. 024

15.964
4.068
20.032

w
o O O

44,4
36.0
.25
19.4
« 51
.08

1n00.64

8.164
7.804
.040
3.824
.184
.020

15.968
4,068
20,036

&S n
o &

45,1

36.3
.21

19.1
.65
.09

101.45

8.212
7.792
032
3.728
2228
020

16.004
4,008
20.012

v w
o
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TABLE 7: CONTINUED

15356 Continued

Plagioclase 1 Traverse 1

edge 2 micron steps interior
FeO .94 .41 .34 25 0 21 .26 .23 .24 .25 .27 .22 .25 .25 .25
Cao 16 .9 17.6 18.9 19,5 19.6 19.13 19.4 19.4 19.6 19.6 19.8 19.7 19.6 19.6
Na,0 1.07 1.29 W72 W42 .35 .40 .44 .48 .42 .38 W41 .38 .38 W62
Ko0 .25 +25 .19 SILD W17 .18 15 .16 .18 .19 .17 .21 .17 . 20

Molecular End !{embers

An 88.3 87.0 92,5 95.4 95.9 95,3 95.2 94.9 95.3 95,5 95.4 95,5 95.6 95.1
Ab 11.5 6.4 3.7 3.1 BR6 3.9 4,2 4,2 Anil 3.4 3.6 8055 3.4 3.7
Oor 1.6 1.5 1.1 .9 1.0 1818 .9 .9 1.0 1.1 1,0 157 1.0 1.2
15356 Continued
Plagioclase 1 Traverse 2
edge 2 micron steps interior midway center
FeO .53 W41 « 39 .35 .29 .26 .25 .24 . 34 »25
cao 17.5 17.9 18,1 18.4 19,6 19.4 19.6 19.5 19.6 19,6
Na,0 1.10 1,10 1,03 .87 .37 .44 » 37 .45 42 .43
K,0 .23 .24 23 .18 .12 .10 .18 .15 .14 .16
Molecular End Members
An 88.5 88.7 89.4 91.1 96,0 95.5 95.7 95.1 95.5 95.3
Ab 10.1 9.9 9.2 7.8 3.3 3.9 3.3 4.0 3.7 3.8
Oor 1.4 1.4 1,4 1.1 o7 .6 1.0 .9 ] .9
15356 Continued
Plagioclase 2 Traverse 1 Traverse 2
edge 2 micron steps interior edge 2 micron steps interior midway center
FeO .54 .36 .36 .33 .33 . 49 +35 .33 .33 .40 .28 .25
cao 18,2 19,0 19.4 19,2 19,3 18.0 19,0 19.1 19,2 19,3 19,3 19,4
Na,0 .93 .61 .60 .57 .66 1.04 .67 .66 .64 .65 .65 .63
K,0 o 243) .18 .16 .16 .17 .26 .18 .18 .18 .17 022 .19
Molecular End Members
An 90,3 93,5 93,8 94,0 93,2 89,2 93,0 93 .1 93,3 93,3 93,0 93.4
Ab 8.3 5.4 5.3 5.1 5.8 9.3 5.9 5.8 5.6 5.7 5.7 5.5
Oor 1.4 1,1 .9 .9 1,0 1,5 alodl 1.1 1.1 1.0 1.3 1.1

ISVI0019Vid
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TABLE 7: CONTINUED

15356 Continued

Plagioclase 3

edge
FeO 41 42
Cao0 19,0 19,5
Na,0 .56 .43
K,0 .20 .16

Molecular End Members

An 93.8 95.3
Ab 5.0 3,8
or L7 .9

15356 Continued

2 micron steps

W37 .34 32
19.5 19,2 19.4
«55 .49 W41
.27 .33 .18
93.7 93.8 95.3
4,8 4,3 3.6
1.5 1.9 1.1

Plagioclase 9 Traverse 1

edge
FeO .29 .29
Cao0 18,2 18,5
Na,0 1,80 1.26
K,0 W24 0241k

Molecular End Members

An 83.7 88.0
Ab 15,0 10.8
Or 15083, 1.2

15356 Continued

2 micron steps

25 27 22
18.6 18,6 18.5
1.47 1,38 .92
021 .19 26
86.4 87.2 90,4
12,4 11,7 8.1
1.2 1.1 155

Plagioclase 9 Traverse 2

edge
FeO .34 .32
Cao 17.8 18,0
Na,0 1,34 1,19
K,0 .24 .26

Molecular End Members

An 86.8 88.0
Ab 11.8 10,5
or 1.4 1.5

2 micron steps

.30 W30 .36
17.6 17.4 17.6

2,00 2,13 1.92
207 .34 .30
81.7 80,3 82,1
16,8 17.8 16.2

b 33
19.5

.43

. 16

interior

.19
18.7

1.34

2

08 5)
17.7

2.05

W45

interior midway

.33 .24
IORN7: 19.6
40 42
.19 .12
25.8 95,6
35, 357,
o7 o7

interior

.31 1383

17.6 17.6
2.0 1.86

«35 32
81.4 82.4
16.7 15.8

1.9 1.8

center

.29
19.7

.54

.13

midway center

.23 .20
17.7 18,2
1.26 1,03
.32 .24
86.9 89.4
11.2 9.2
1.9 1.4
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TABLE 7: CONTINUED

FeO
Cao
Na20
K,0

ifolecular

An
Ab
Or

FeO
Cao0
Na20
K,0

Molecular

An
Ab
Or

FeO
Cao
Na20
K,0

15358
9

16.2

1.69
.28

.46
16.3

1.86

.15

End Members

82,7
15.6
1.7

15359
7C

0 L7/
20,2
.32
.07

82,1
17.0
.9

7B

.13
20,1

.32

.07

End Members

96.8
2.8
.4

1A

.33
18.9

+70

» 15

96.8
2.8
4

15359 Continued

8A

W24
18.9

.77

.18

Molecular End Members

An
Ab
Or

92.9
6.2
.9

16.5
1.68
.19

7A

.26
20,0

.32

.07

8B

31
18.8

.70

»16

W45
16.6

1.77

.15

83.1
16.0

.29
19.8

.38

.08

3B

.16
18.8

.76

.18

.45
16.6

1.57

.16

+28
L85 3)

52

.10

3A

1.00
18.7
W51
.10

16.6
1.59
.15

84.5
14.6
.9

2C

.19
19.2

.51

.11

3c

.15
18.3
1.05
.23

16.8
1.76
.18

i)

~ o
-

2B

.22
19.2

.48

.13

9A

.33
138.2
1.15
.28

88.2
11,2
1.6

W51
17.1

1.48

.19

2A

o2
19.1

.58

.11

9B

.18
17.9
1.28
227

17.1
1,40
. 16

1B

.16
19.1

.68

.15

93.1

.9

9C

217
17.9
1.29
.29

10

17.3
1993)7,
.19

1cC

.19
18.9

.58

. 15

.37
17.4

1.32

.30

86.4
IBINS0)

ASVI001DHV1d



TABLE 7:

FeO
Cao
Na,0
K,0
Total

Number of Ions on

Si
Al
Fe
Ca
Na
K

Sum

Molecular End

An
Ab
Or

$10,
Al 504
FeO
Cao
Nazo
K50

Total

CONTINUED
15382
rlo 59
51.8 51.6
30,7 30.8
.62 .47
14,7 15.4
2,44 1.45
.49 3215
100,75 99,97

the Basis of 32

9,367 9.374
6,653 6.706
.093 .071
2,676 2,817
.920 549
. 115 .059
16,020 16,080
3,804 3.496
19.824 19,576
Members
74.6 84,1
22,4 14.3
3.0 1.6

15382 Continued

r3

49.0
32.9
.29
17.0
1.37
o L7]

100.68

r5

48.9

33.2
.32

17.1
1.44
.13

101.09

r8

47.5

31.6
J4b

16.2
1.48
.25

97.47

8.931
7.121
.069
3.066
.580
061

16.052
3.776
19,828

84,4
14.0
1.6

c?

48,9

32,5
37

17.1
1.38
W12

100,37

r?

48.0

31187
.49

16.5
1.38
e25

98,32

(0)

8,951
7.085
.076
3,097
+537
.060

16.036
3.770
19,806

c2

48,8

32.9
.24

17.1
1.40
oLl

100,55

Number of Ions on the Basis of 32 (0)

si
Al
Fe
Ca
Na

Sum

Molecular
An

Ab
Or

8.909
7.169
044
3,112
»520
.028

16.078
3.704
19,782

8.863

7.212
.048

3.120
544
.031

16.075
3.743
19,818

End dembers

86.7
12,6
.7

86.1
13.1
.8

8.928
7,112
.056
3.143
+526
.028

16,040
3.753
19,793

8.888
7.182
.036
3.135
532
.026

16,070
3.729
19.799

86.5
12,8
.7

c6

49.1

32.8
.46

16.8
1.62
.16

100,94

8.914
7.137
069
3.071
614
.038

16,051
3.792
19,843

84,3
14,7
1.0

c9

49,0

B2y,
.34

17.2
1.41
LS

190.80

3.911
7.128
.051
3.149
B,
. 035

16,039
3.779
19.809

86.3
12,8
.9

)il

rl

49.4

32.8
21

16.9
.56
.05

99.92

9,004
7.165
. N32
3.101
.213
.012

16.169
3.358
19.527

r2

48.8

32,9
.37

17.2
1.40
.17

1090.84

8.876

7.172
.056

3.149
.531
0490

16.748
3.776
19,824

clo

49.4

32,5
W45

17.0
1.89
+25

171,49

8.919
7.048
«.N67
3.097
713
. 059

15,987
3.9136
19.923

rb4

48.7
33.4
o &L
17.2
1,40
.13

101,14

8.826
7.255
047
3.138
«529
.031

16.081
3.745
19.826

-
2 o
.

QO ~NWw

c8

49.3

32.8
.26

17.0
1,52
.15

L) L5 (0)%)

8,94
7.124
.039
3.101
575
.035

16.058
3.759
19.808

c5

49.9
J3 672
.21
17.2
1.35
6 2L

101.08

8.876
7.208
. 032
3,136
«510
.028

16.184
3.704
19,799

87.0
12.3
.7

r6

48,8

32.8
.53

17.0
1.57
.18

10n,.88

8.879
7.153
.080
3.114
+ 596
. 042

16.032
3.832
19.864

ch

48.1

34.0
W17

17.6
1,33
.11

101,31

8.714

7.382
.026

3.210
.503
.026

16.096
3.765
19.861

87.3
12.0
o7

PLAGIOCLASE

c3

48.9
32.7
. 19
17.0
1.36
.12

100,27

8.924
7.152
.029
oI5
518
028

16.076
3.698
19,774

cl

45,7

315112
.18

19.1
.61
+ 125

10n.84

8.370
7.726
027
3.522
2233
.012

16.096
3.794
19.890



PLAGIOCLASE

TABLE 7: CONTINUED
15382 Continued
Large phenocryst
edge center
F G u I Jf K D D
siv, 46.0 48,0 47,2 52.5 48.6 49,9 45,1 44,9
Aly04 35,0 812159 33.3 39.3 32.6 32.0 34.9 35.0
FeO .29 o 27 .48 .46 .40 41 . 18 022
(oF:¢} 19.0 17.4 17.8 115 58 Wae 2 16.6 1,5 5") 0.2
K,0 gaLi} .14 o ILE 1.37 .23 .20 .N9 .08
Na,0 .56 1,32 1,20 1,46 1.65 1.21 o 2L .62
Total 100,96 100,03 100,16 101,39 100,63 99.42 919101 7'8 IR0 /0% )2
Number of Ions on the Basis of 32 (0)
Si 8,414 8,810 8.683 9,456 8.870 9.013 8.351 8.3n8
Al 7.673 7.237 7.342 6.541 7/t Rt 7.055 7.746 7.762
Fe .044 .041 .073 «690 . 060 .062 .128 .N34
Ca 3.499 3.215 34296 2,774 3.160 3.074 3.542 3.577
K .026 .033 .043 » 3120 .054 .N48 .N22 .N19
Na .214 505 460 .549 .628 464 2197 .239
Z 6101817 IN116:510/4 7- 5 1i6580)2i5 WN1155191957 SN L6100 T RIGIN0/6IS S1GRI 0.9/ 7 1 GIN017.0
X 3.7383 3.794 3.872 3,712 3.992 3.648 3.789 3.869
Sum 19,870 19.841 19,897 19,799 19,973 19.716 19.886 19.939
Molecular End .embers
An 94,3 37.2 38.1 78.2 84,1 87. 94,9 94.0
Ab 5.0 12,0 10,8 3.5 14,6 11,5 4.6 5.5
Oor .7 o 1.1 8.3 1.3 1.3 ) .5
15382 Continued
edge edge edge center
D P D D E Cc (o}
$i0, 45,8 47.5 47,7 48,0 49,1 47.9 45.13
Al,0,4 34,4 33,2 32,6 )b ) 32,4 32.8 SIOFpS
FeO .24 .30 037/ o 33 .57 2315 .20
cao0 18.6 117/ o dL 16,8 16.9 16.4 17.3 19.0
K20 .08 <19 .16 .18 ¥243 3y olLal
Na ;0 .60 1.35 1.42 1,33 1.38 1.16 « 59
Total 99.72 729.64 29,05 98,64 100,08 99.68 109,13
Number of Ions on the Basis of 32 (0)
Si 8,469 8,752 3,833 8,928 8.977 8.820 8.344%
Al 7.624 79318 7165725, 5) 7.I11 7.100 7.238 7/ it/ D\
Fe OB, .046 2057 .051 .860 .053 .031
Ca 3.463 3.172 3,132 3,146 3,019 3.207 3.524
K ,019 .045 .038 .043 .054 .N41 .026
Na .231 519 .548 516 +526 L4406 . 227
2 16,093 *16.083 ' 16,068 16,039  16.077 16,058 16,997
X 3750 3,782 3,775 3,756 3.685 3.747 3.818
Sum 19,843 19,865 19,843 19.975 19,762 19.805 19.975
Molecular End Members
An 94.0 86,4 85, 86. 85,6 88,3 94,1
Ab 5.5 12,4 13 12,3 13.9 10,7 5.3
Or o) 1,2 1.0 1.1 1.4 1.0 . 6



TABLE 7:

CONTINUED

15382 Continued

$10,
A1203
FeO
Cao
Na20
K,0

Total

Number of Ions on

SHS
Al
Fe
Ca
Na
K

Z
X
Sum

2C

47,6

32,3
.66

17.3
1.46
24

99.56

8.809
7.164
.101
3.223
.564
.058

15,973
3.946
19,919

2D

47,2

Jdod
.50

18.0
1.31
.18

100.49

8,666
7.328
.076
3,327
502
.043

15.994
3.948
19,942

Molecular End Members

An
Ab
or

SiUZ
A1203
FeO
Cao
Na20
K20

Total

Number of Ions on the Basis of 32

Si
Al
Fe
Ca
Na
K

Sum

{olecular End

An
Ab
Or

15382 Continued

87.5
11.5
1.0

edge

3E 3F

49,5 50.1

32.0 31.7
.32 .39

16.9 16.5
1.63 1.71
.16 .22
100.51 100,62

9.020 9,107
6.989 6.906
.048 .059
3,100 3,019
.620 .648
.038 .052
16,009 16,013
3.806 3,778
19,315 19,791
Hembers
84.3 83.1
14,7 15.6
1.0 13

the Basis of 32

edge
2E 2F
50.6 49,6
30,7 30.9
77 .61
15.8 16.3
2,10 1,77
.33 .29
100,30 99,47
(0)
9,235 9,138
6,715 6.823
.116 .093
2,903 3.023
.799 .680
.078 .069
15,950 15,961
3.896 3.865
19,846 19,826
79.0 82,1
19,0 16,2
2,0 1.7
center
3G 34
48,7 48.8
32.3 32,0
.26 .30
17.1 17.1
1.43 1,48
0dbd) .13
99,92 99,81
(0)
8.932 8,903
7.100 7.044
.039 .046
3,157 3.162
. 547 567
.031 .031
16,032 16,007
3.774 3,806
19,806 19.813
86,2 85,8
13,0 13.4
.8 .8

2G

48.6

32.4
+53

17.2
1.62
.23

100.58

8.885
7.099
.080
3,166
.618
.N54

15.934
3.918
19.902

84.3
14.4

4C

47.5

32.8
.30

17.9
1.31
.11

99.92

8.752
7.243
. 046
3.320
2151013
.026

15,995
3.895
19.890

87.8
11.6
.6

313

21

48,3

32.4
.30

17.5
1.37
.14

100.01

8.871
7.132
. 046
3.236
$325
.N33

16,003
3.840
10.843

4E

48,2

32,5
.35

17.6
1.27
12

100.04

8.852
7.154
2053
3.254
487
+029

16.006
3.823
19,829

87.8
11.5
o7

center

27

49,0

31.8
W45

17.4
1939
.14

170.18

8,981
6.985
.068
3.210
«531
.N33

15.966
3.842
19,898

86.7
12.5
.8

5C

48.3
32,7
.29
17.5
12
0 L5

110.26

8.846
7.178
. 044
3.227
+ 504
.036

16.024
3.811
19.835

87.2
11.9

48,2
32.6
.32
16.8
1.65
.21

99.78

8.862
7.184
. 049
3110
.633
.050

16.046
3.842
19.888

5E

48,9

32.4
.37

17.2
1.40
.16

109.43

8.930
7.091
.056
3.162
»533
.038

16.921
3.789
19.810

PLAGIOCLASE

edge
| 3c 3D
[ 50.0 48,9
31.6 32,1
W41 .50
15.6 17.1
1,717 1.36
.20 2L
99,58 100,17
9,152 8,957
6.932 7.047
.062 .076
2085 3L1513
.675 .520
.047 .050
16,084 16,004
3.659 3.799
19,743 19.803
81.9 86.3
16.8 12.4
1L 5] i %)
7E 8E
48,0 48,0
32,0 32,8
.56 W47
16,9 17.0
1.61 1.39
.19 328
99.26 | 99.89
8.888 | 8.824
7.102 | 7.227
.086 .072
3.151 | 3,146
.622 9558
. 046 . 055
15.990 (16,051
3.905 | 3.806
19.895 |19.857
84,4 85.9
14.5 12,7
Lo 1.4




PLAGIOCLASE

TABLE 7: CONTINUED

15382 Continued

11A 113 11C
$10 5 48.5 48.6 48.9
A1203 32.3 31, 8 31.6
FeO .39 .26 W43
Cao0 17.0 16.9 16.1
Na,0 1.51  1.58  1.86
K20 .14 .16 25
Total 99,84 99.30 99,14

Number of Ions on the Basis of 32

Si 8,911 8,971 9.031
Al 7.113 7.036 6.994
Fe .059 .040 .066
Ca 3.144 3,141 2,993
Na 579 .608 717
K .033 .038 .060
z 16.024 16,007 16.025
X 3.815 1.827 3,836
Sum 19,839 19.834 19.861

Molecular End Members

An 85.5 84,7 81.5
Ab 13,7 14,3 17.0
Oor .8 1.0 1.5

11D

49.0
31.4
.43
16.2
1.59
W23

99.85

(0)

9.068
6,964
.066
3.018
614
.055

16,032
3.753
19,785

34

13A

5100,

31.0
.53

15.7
1.97
«35

99.75

9.197
6,807
.N80
2,896
0 7/ 93
.083

16,004
3.812
19,816

13B

49,2
31.7
.48
16.7
ISR745
.19

100.02

9.020
6.965
073
3.032
669
. N45

15.985
3.869
19,854

13cC

49.3
31.9
.38
16.8
1.59
«20

100.17

9.017
6,993
.058
3.093
607
. 047

16.1010
3.805
19.815

13D

48,3
32.3
W45
17.2
1.55
29

100,90

8.877
7/ 5 11145
.068
3.183
.594
. 048

15.992
3.893
19.885



(1%

ANT RAKE SAMPLES

TABLE 8: PIAGIOCLASE IN ANORTHOSITIC-NORITIC-TROCTOLITIC RAKE SAMPLES AND LITHIC FRAGMENTS

15308

Cataclastic area

6
510, 44,1
T102 .04
Al,04 35.5
FeO .14
Hdn0O SO
g0 .10
cao0 19.5
Na,0 .48
K,0 .06
Total 99,93

Number of Ions on

Skl 8,171
Ti .006
Al 7.754
Fe ,022
Mn .002
Mg .028
Ca 3.871
Na 172
K ,014
2 15.931
X 4,109
Sum 20.040

10

43,8
.06
34.7
W12
.02
.10
19.6
W51
.04
99,15

the Basis of 32

3.187
.008
7,691
,019
.003
.028
3.926
.185
,010

15.886
4,171
20,057

Molecular End Members

An 95.4
Ab 4.2
Oor o4

95.3
4.5
.2

9

44,0
.07

35.7
.16
*
11

19.7
.50
.07

99.99

8,156
.010
7.736
,022
.030
3.913
.180
,017

15,902
4,162
20,064

43,4
.04

35.4
.15
%
.09

19.9
W43
.04

99,45

(0)

8.099
.006
7.788
.N23
.025
3161979
+156
.0190

15,893
4,193
20,086

11

43,9
03

351!
.11
*
.04

19.9
.48
.04

100,29

12

43,7
.07

35.7
.12
22
6

20.1
.54
. 76

100.37

8.806
.010
7.738
019
N3
016
3.985
. 194
.N1l4

15.884
4,231
20.115

&S v
&S o o

43,5
.14

35.2
.10

.08
20.2

+52

+ )5
99.79

8,101
p2i5)
7.728
,016
. N22
4,031
. 188
.012

15.849
4,269
20.118

Shock-blackend area

3

43.9
.10

35.5
.20

.04
19.6

W47

.06

99.87

8,146
,014
7.766
,031
.009
,011
3.897
.169
,014

15,926
4,169

20,095

1

44,2
.04

35.6
.16

.05
19.7

.48

.05

100.28

8.165
.006
7.753
.025
.009
.014
3.899
172
,012

15,924
4,122
20.046

43.8
.10

35.8
213
.02
.06

19.8
.38
.04

100.23

8,103
.014
7.808
.036
.030
.016
3.925
.136
,009

15,925
4,125
20.050

43.8
.03

35.5
.19

.04
19.8

47

.08

99.91

8,132
.004
7.770
.,030
.009
.011
3.939
.169
.019

15.916
4,168
20,074

44,0
.05

35.6
W11

.03
19.8

.42

.06

100.07

8,147
,007
7.771
017
.009
.0N8
3.928
.151
.N14

15.925
4,118
20,043

w
& oo

ISYID0IOVId



9i§

TABLE 8:

$10,
Ti0,
A1203
FeO
HnO
MgO
Cao0
NaZO
K50

Total

Number of Ions on the Basis of 32

Si
Ti
Al
Fe
MnO
g
Ca
Na
K

z
X

Sum

15308 Continued

CONTINUED

Devitrified glass area

15

49.8
.07
37.6
.24
.02
22
15,9
20.5
073

100.63

1.074
.019
6,788
.037
.003
.060
3.104
724
.170

15.872

4,098

19.970

19

49.0
.09
ko &
V7]

*
.33
16.9
1.41
.29

110.09

8,997
.012
6.775
118
.090
3,325
«502
.068

15,784
4,103
19,887

Molecular End lembers

An
Ab
Or

77.7
8.1
4,2

85.4
12,9
1.7

20

45,5
.04

35.2
.09
*
.07

19.0

.87
.09

100,86

8.332
.006
7.599
.014
.019
3.728
.309
.021

15,937
4,091
20.028

13

44,9
.04
35.4
.09
.01
.10
19.4
W42
.12

99.58

(0)

8,178
.006
7.757
.N14
«N02
.028
3.864
151
.028

15,941
4,087
20.028

w
N oo w

14

44,0
.04

35.8
12

.10
19.9

.40

.06

100.42

8,122
. NN6
7.790
019
.N28
3.936
. 143
014

15,918
4,140
20,053

16

43,9
. 06

A0 )
.19
.01
.12

20.0
52
.04

170,14

8,138
.208
7,715
.030
o 0DY
.033
3.973
.187
.01N0

15.891
4,235
20.126

17

43.9
«06

35.2
W27

.43
20.2

.37

.04

100.47

8.119
.018
7.675
. N42
g LaLg)
4,003
.133
«0N9

15.802
4,305
20.107

18

43,7
.07

35.4
o147
*
.14

20.4

.38
.03

100.29

8.097
.010
7.733
.026
.039
4,050
. 136
.N07

15,840
4,258
20.n98

ASVTIO0IOV1d



LE

TABLE 8:

$i0,
Ti0,
A1203
FeO
MnO
Cao
Na20
K50

Total

Number

Si
Ti
Al
Fe
“dn0
g
Ca
Na
K

Z
X
Sum

CONTINUED
15327
2 4
43,8 43,4
.02 E3
36.4 35.6
.05 .05
.02 *
19,7 19,7
.34 .29
.05 .04
100.43 99.08

of Ions on

8,074
.003
7.910
.008
.003
014
3.891
.122
.012

15.987
4,050
20,037

the Basis of 32

8,112
7.844
.008
3,945
.105
,010

15,956
4,068
20,024

Holecular End Members

An
Ab
Oor

96 .7
3.0
3

97.2
2.6
.2

43.8
.02

35.3
.02
*

19.7
W41
.06

99,31

8.167
.003
7.760
.003

43.6
.09

35.8
.06
%

19.9
.31
.04

99.87

(0)

3,091
.013
7.832
.009
.019
3.957
o112
,010

15,936
4,107
20.043

11

43.4
.04

35.6
.05

20.0
.26
.03

99.46

8.090
.006
7.823
,008
SN2
3,994
04
.007

15.919
4,125
20,044

43,3
.03

35.9
.06

20,1
.29
.05

99.78

8.051
. 004
7.869
.009

.14
4,004
. 105
012

15,924
4,144
20.N68

43.6
N4

36.3
N2

20,1
0 )
N4

190,49

8.044
.206
7.896
.N013
N1k
3.974
.118
. 009

15.946
4.129
20.066

N O Y

42 .9
.2

35.3
.04

20,1
. 34
N3

98.81

8.061
.003
7.820
.0N6

.022
4,047
2124
.007

15.884
4,206
20.090Q

43,5
.N2

B9
.N8
*

20,2
.31
« 05

100.26

8.053
.003
7.835
.012
.055
4,007
2111
012

15.891
4,197
20.088

43.4
.03

35.4
.06

27,3
.31
.06

99.79

8.078
. 004
7.768
.079
.064
4,048
2112
014

15,850
4,247
20.007

N~
. o
w 9 o

ASVII0TILVId
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TABLE 8:

$i0,
Al,04
FeO
MgO
Cao
Na,0
K,0
Total

Number of

SH!
Al
Fe
Mg
Ca
Na
K

z
X
Sum

the Basis of 32 (0)

CONT INUED
15332,1-1
2 1
45,8 45,5
34,4 34,8
.12 .04
.03 302
18.1 18.6
1.19 o &,
.18 .15
99,82 99,92
Ions on
8.461 8,397
7.490 7.569
.019 .006
.008 .005
3,583 3,678
426 . 290
.062 .035
15,951 15.966
4,078 4,014
20,029 19.980

Molecular End Members

An
Ab
Oor

10.5
88,4
1.1

7.2
91.9
.9

810,
Tio,
Al ,04
FeO
4n0
MgO
Cao
Na,0
K70

Total

Number of

Si
Ti
Al
Fe
Mn
Mg
Ca
Na
K

z
X
Sum

15349

44,5
.06

34,5
022
*
.16

19.2
53]
.08

99.25

44,5
.05

35.0
.19
*
.15

19.5
.56
.08

100.03

5

45,0
.03

35.3
.20
.02
.13

19.5
.49
.10

100.77

2

44,9
.02

35.1
.14
.01
.13

19.6
.59
.10

100.59

Ions on the Basis of 32 (0)

8,296
.008
7.582
.034
.044
3.835
192
.019

15,886

4,124

20.010

8,239
.007
7.639
.029
.041
3.868
.201
.019

15.885
4,158
20.043

Molecular End Members

An
Ab
Or

94,8
4,7
.3

94,6
4.9
3

8.262
.004
7.641
.031
.003
.036
3.836
174
.023

15.907
4,103
20,010

8.264
.003
7.616
.022
.002
.036
3.866
.211
.024

15.883
4,161
20,044

46,4
.06

34,7
.18
.02
.18

19.6
.50
.10

99,94

8.232
.008
7.628
.028
.003
052
3,894
. 180
.024

15.868
4,179
20,047

ISVIO0IOVId



TABLE 8:

$10,
Al 504
FeO
MgO0
Cao
Na,0
K,0

Total

Number

SHS
Al
Fe
Hg

Sum

Molecular End

An
Ab
Or

$10,
A1203
FeO
Cao
N320
K,0

Total

Number of Ions on

(S
Al
Fe
Ca
Na
K

2
X
Sum

CONTINUED
15362,1-1
1 4
44,3 43,3
35.4 35.9
.08 .07
.02 L
19.6 19.7
.34 .24
.03 .03
99.77 99,24

of Ions on

the Basis of 32

812172, 8,080
7.772 7.896
.012 .012
.004 -—
3,892 3,940
124 .088
.008 .008
15,984 15.976
4,004 4,048
19,988 20.024
Members
96.8 97.7
3.1 2,2
W2 0.2
15362,1-1
2A 1C
44,0 43,6
36.3 36.4
.03 *
19,7 19,8
.20 .16
* *
100.23 99,96

8.123
8.032
.005
3.662
.077

16.155
3,744
19.899

3

43.9

35.7
.07
*

19.5
.33
.04

99.54

8,156
7.820
.012
3.884
.120
.008

15.976
4,024
20,000

10

43,5
35.8

.07
.02
19.3
.36
.04

99.09

(0)

8.120
7.876
012
.004
3.860
132
.008

15.996
4,016
20,012

15362, 1-2
12 2
43,9 44,1
35.4 35.7
.08 .10
.03 .03
19.4 20.0
W43 .34
.04 .04
99,28 100,31
8.180 8,144
7.776  1.776
.012 .016
.008 .008
3.872  3.960
.156 .120
.008 .00¢8
15.956 15,920
4,056 4,112
20,012 20,032
95,9 96.8
3.8 3.0
.2 o)

Shocked, opaque, apparently feldspar

6

42,2

38.2
.02

18.9

.31
*

99.63

4

44,4

36.4
.04

19,7
.27
.02

100.83

the Basis of 32 (0)

8.077
8.082
3.693

.062

16.159
3.755
19,914

Molecular End Members

An
Ab
Or

98,2

1.8
*%

98.5

1,5
k%

7.831
8,496
.003
3L1531
.120

16.327
3.654
19.981

97.1

2.9
*%

8.147
8.005
.006
3.639
.103
.005

16.152
3.753
19.905

5

44,2

36.2
*

19.8
227
.02

100,49

8.142
7.993
3.672
.104
. 095

16.135
3.885
20,020

3

44,8

36.4
.12

19.6
.34
.03

101.19

8.184
7.970
.003
356105
. 130
. 077

16.154
3.745
19.890

43.3

36.4
.10
.04

i) 5 5
W52
«05

99.91

8.032
7.960
. 016
.012
3.876
.188
. 012

15.992
4,104
20,096

1D

A

36,3
.09

19.5
.32
.93

100.64

8.169
7.996
.N14
3.608
1218
. 207

16,156
ho U/ 52
19.908

N o
N O O

44,1

36.0
10
.05

19.7
41
.05

100,41

8.132
7.824
. 016
.N12
3.892
148
.N12

15.956
4,080
20,0136

44,4
36.7

21,0
.28
.04

1nl.42

8.128
8.033
3.677
.107
2109

16.141
BRU708)
19.934

NS
N VLW

44,0

35.8
183
.03

19.8
.35
.05

100,16

8,136
7.804
.020
. 008
3.924
124
.012

15.940
4,088
20,028

1B

43,7

36.4
.03

19.9
o B

.04
100.34

8.074
8,062
. 095
3.701
.104
.010

16.134
3.820
19.954

PLAGIOCLASE
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BARIAN K-FELDSPAR

HIGH-ALUMINA BASALT RAKE SAMPLES

TABLE 9: BARIAN K-FELDSPAR IN HIGH-ALUMINA

BASALT RAKE SAMPLE 15356,1-1

2 7 3
510, 56,9  59.5  64.0
T10, 1.16 .64 .98
A1,0, 21,9 18,7  18.2
Fe0 1.69 .64 1,23
cao 9.4 Gp 3 1.55
Na,0 1.04 .38 .23
K,0 LoV U R 5T
Bao 5.4 4.7 4.2
- «49 —
Total 102,59 101.65 101,99

Number of Ions on the Basis of 32 (0)

Si 10.574 11.191 11.794
Ti 163 .090 .136
Al 4,794 4,152 3.958
Fe 263 .101 .190
Ca 1.883 1.101 «306
Na <375 .137 2,728
K 1.214 2,676 .084
Ba .396 «346 .304
P - .102 -

Z 15.531 15.433 15,888
X 4,131 4,463 3.612
Sum 19.662 19.896 19.500

Molecular End Members

An 48.7  26.0 9.0
Ab 9.7 3.3 2.4
or 31.4 62.6 79.7
Cn 10.2 8.1 8.9

SPINEL

HIGH-ALUMINA BASALT RAKE SAMPLES

TABLE 10: SPINEL FROM HIGH-ALUMINA BASALT
RAKE SAMPLE 15358

2 1
510, 1.35 .95
Tio, 23.9 207883
Al,04 1.41 4,6
Cr,04 22,2 17.3
V.04 W45 .36
FeO 43,7 47.8
MgO 4.6 3.9
Tot al 97.61 102,21

Number of Ions on the Basis of 32 (0)

si .383 .256
T4 5.315 5,730
Al L480  1.469
cr 4,946  3.639
v .105 .080
Fe 10,267 10.610
Mg 2,041 1,637
R 10.846 10,918
rT2 12.691 12.503
Sum 23.537 23.421

Molecular End Members

Uv 71.5 76.4
Cm b e
Pc 28.4 23.6
He - -—
Sp -- -

ILMENITE

HIGH-ALUMINA BASALT RAKE SAMPLES

TABLE 11: ILMENITE IN HIGH-ALUMINA BASALT

RAKE SAMPLE 15323

4 5
510, .39 .50
Ti0, 51.2 51.1
Al,04 .53 .83
Cr,0,4 47 42
V,04 .80 .83
Fed 43,2 39.7
MnO 33 3
MgO 2,11 4,2
Cao0 .32 W47
zro, oL o711
Total 100,06 99,07

Number of Ions on the Basis of 6 (0)

si .019 .025
T1 1.910 1.894
Al .021 .032
Cr .019 017
v .047 .048
Fe 1.792  1.636
Ma 014 .013
Mg .156 .309
Ca .017 .025
zr 017 017
g 2,016 2.016
RH2 1.996  2.000
Sum 4.012  4.016

dvdsaTad-A NVI¥VE
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TABLE 12:

Ni
Co
Sum

Fe
Ni
Co

Sum

Fe
Ni
Co

Sum

COBALTIAN METALLIC NICKEL-IRON

HIGH-ALUMINA BASALT RAKE SAMPLES

COBALT IAN METALLIC NICKEL-IRON IN HIGH-ALUMINA RAKE SAMPLES

15356,1-1
5) 4 3 7 2 6 i 9 8
94,7 95.0 96.0 94,3 )5 sl 93.9 94 .2 93.0 92.5
4.1 4.4 4.6 4.6 4.9 4.9 5.2 5.7 5.9
.45 .41 47 W41 .46 42 46 .52 YA
99.3 99.8 101.1 99.3 100.7 99,2 99.9 99.2 98.8
1513159
7 3 8 1 2 4 6 5
93.5 93.9 93.9 91.9 92.3 93.0 9/13e12 99.
4.4 4,6 5.1 5.8 59 5.9 6.9 7.5
.97 1.16 2912 .84 +96 .98 .96 .94
98.9 99.7 99.9 98.5 99.2 99.9 99.1 98.9
15382
5 7 6 3 10 8 4 2 1
97.4 97.1 98.7 97.6 97.3 97.5 97.7 97.2 96.3
.06 .07 .11 .18 .18 .19 21 27 .55
.95 .67 .67 .90 1.18 o 37/ 097/ 1.50 1.25
98.4 97.8 99.5 98.7 98.7 98.6 98.9 99.0 98.1

10

92.8

oF19
47

99.2

95.5
.96
1.23

97.7

NOWI-TENOIN JITIVIAW NVIIVETIO0D
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S 102—K20-RI CH RESIDUAL GLASS

HIGH-ALUMINA BASALT RAKE SAMPLES

TABLE 13: SiOZ—KZO—RICH RESIDUAL GLASS IN HIGH-ALUMINA BASALT RAKE SAMPLES AND LITHIC FRAGMENTS
15323 15356,1-1 15382
1 4 6 2 8
sio, 77 o sio0, 67.5 63.3 si0, 73.2 73.9
Tio, 79 TiOZ .35 1.15 T102 o 32 6]
Al,04 11.6 Al,04 15.6 19.5 Al 704 12.9 12,3
Cry0g .00 Cr,0, .00 .00 Cry04 .00 .00
FeO 2.34 FeO 050 1.05 FeO .59 1.73
Un0 .00 nO .00 .00 Hnd .00 .00
MgO .16 g0 .00 .00 g0 .00 .00
cao 1.87 Cca0 2,76 2,67 Cao0 2,45 2.29
Na,0 1.04 Na,0 .58 .57 a0 1.23 1.01
K,0 5.7 K,0 7.4 10.8 K,0 6.3 6.5
P,0g .00 P,05 .14 .54 P,05 .00 .00
BaO 44 Bao 1.21 2,71 Bav .50 .78
Total 101.04 Total 96,11 102,29 Total 97.49 99,27
CIPW Molecular Norm CIPW idolecular Worms CIPW Mdolecular Norms
q 40,79 q 27.02 8,78 q 35,00 35,29
or 34,52 or 46,87 63.20 or 39,36 40,04
ab 9,57 ab 5.52 5.04 ab 11.57 9,44
an 10,41 an 19.13 18.49 an 11,62 10.19
wo .53 wo .30 .03 wo .49 1.68
di{en .08 di {en e =rr di <en o= =
fs .46 fs .30 .03 fs .49 1.68
hy {€0 .37 wo .02 N7 en — —
Yles 2.13 il .52 1.59 57 fl s — =
il 1.13 ap .52 1.11 il 47 1.10

74.8
.59

11.9
.00
1.55
.00
.00
1187
1.26

6.9
.00
.20

28,37

36.37
42,36
11.79
6.88
.08

.08

1.58
.87

75.3
.66

11.8
.00
1.72
.01
.09
1.51
.89

7.1
.00
033

99.31

36.88
43,85
8.25
7.39
.85

. 85

W97
.96

73.3
.68

12.3
.09
1.85
» 929
» 920
1.85
.98
7.2
. N0
1.99

99. 25

32.80
44,27
9.19
8.01
1.99
1.99

.99

73.8
.66
L3, 0)
.09
1.82
N9
.00
1.48
o2
7.4
.10
.93

99,99

32.86
45,16
8.29
9.79
1.01

1.09

95
.95

74,7
.55
12.5
.09
1.14
.09
» 21
1.56
.97
7.6
502)0)
.78

99.89

33.56
46.47
8.95
7.36
1.03
1.03

.79

SSVTH IYAAISTE HoT¥=-0%%-C0ts
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GLASSES

GLASSES IN LOOSE FINES

TABLE 14: GREEN GLASSES IN LOOSE FINES 15101,107

1 2 3 4 5 6 7 8 9 10 11 12
$10, 45,1 44,9 44,6 45.5 45,2 45,2 46.3 45.3 45.3 45.0 45,0 44,7
Ti0, .38 .45 W43 .44 42 .39 o) .39 .43 .06 W41 40
Al 504 7.9 7.7 7.4 7.7 7.5 7.8 7.7 7.6 7.6 7.6 7.4 7.5
Cry04 W41 .40 W41 W41 .39 42 42 42 .40 .41 41 41
FeO 18.5 19,4 19,5 19.5 19.5 19.6 19,6 19.8 19.8 19.9 20,0 20.0
Nio .08 .09 .08 .08 .09 .07 .08 .09 .09 .08 .07 .06
MgO 16.9 17.9 17.8 17.9 17.7 17.1 17.0 17.1 17.5 17.1 17.3 17.2
Ca0 8.6 8.1 8.1 8.2 8.2 8.3 8.7 8.4 8.0 8.3 8.3 8,4
Na,0 .16 .10 W14 .14 odhdl .13 . 14 .14 . 14 L2 .15 .17
K50 .27 .26 .24 .25 .27 e 25 .25 .24 .26 .27 e25 .26
Py05 .04 .03 .04 .03 .04 .05 .03 .02 .03 .02 .02 .04
2r0, .03 o .03 .05 .04 .04 &3 .02 .05 .03 .04 *
Total 98.64 99,33 98.77 100.20 99.46 99,35 100,61 99.52 99.60 98,89 99.35 99.14

CIPW Molecular Norms

z .03 - .03 .05 .04 .04 - .02 .05 .03 .04 --

or 1,63 1.56 1,44 1,48 1.61 1.50 1.48 1.44 1.55 1.62 1.50 1.56
ab 1.47 .91 1,28 1.26 1.00 1.19 1,26 1.28 1.27 1.10 1,37 1.55
an 20,30 19.98 19,14 19.76 19.23 20.12 19.75 19.57 19,43 19.81 19.11 19.21
di 18,32 16,11 16.91 16.63 17.19 17.03 18.61 17.84 16.45 17.62 17.97 17.16
hy 26,16 26.05 24,85 26.14 25.56 27.02 28,47 26.68 27.35 25.08 24,78 23,29
ol 30.91 34,28 35,16 33.58 33,84 31.99 29.39 32,14 32,81 34.13 31.16 35.16
cm 46 W45 . 46 46 .44 W47 .47 W47 W45 .46 46 .46
i1 .54 .64 .61 062 «59 «55 0I5 .55 .61 .09 .58 .57
ap .09 .07 .09 .07 .09 .11 .07 .05 .07 .05 .05 .09

SASSVTIO
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TABLE 14:

$10,
T10,
Cr203
FeO
N10
MgO
ca0
Nazo
K,0
P205
Zr0,

Total

CIPW Molecular Norms

z
or
ab
an
di
hy
ol
cm
i1
ap

CONTINUED
183 14
45,3 44,2
W42 45
7.3 7.3
.38 W45
20.0 20,0
.09 *
17.4 16.6
8.1 8.1
.16 .26
0 27) .09
.03 .13
.02 .02
99.47 97.60
.02 .02
1.62 05
1.46 2,41
18,60 19,08
17.50 17.02
26.68 26,39
33.08 32,55
W43 52
.60 .65
.07 « 29

15

44,4
.43
7.5
.38
20,1
.07
17.4
8.2
12
.26
.14
.02

98.92

.02
1.56
1,10

19,41
17,44
23,27
36.07

W43

.61

.09

16

44,7
X
7.5
W41
20.2
.09
17.6
8.3
.13
«25
.03
03

99.67

.03
1,49
1.18

19,21
17,60
23,21
36.12

46

62

07

17

45,4
)
7.4
42
20.3
.08
17.1
8.2
.11
.24
.05
.04

99.79

.04
1.44
1.00

19.26
17,15
28.18
31.67

W47

.64

.11

18

44,7
.39
7.5
W43
20,3
.09
17.2
8.5
.14
.26
.02

99.53

1.56
1,28
19.18
18.48
22,67
35.73
.48
«55
.05

19

45.4
41
7.5
41
20,3
.09
17.3
8.4
.15
.25
.03
.02

100,27

.02
1.49
1.36

19.24
17.73
25.46
33.65

46

.58

.07

101.21

.18
19.67
17.06
34,57
27.44

W47

65

21

46.2
47
7.3
42
21.2
. 10
17.3
8.2

.03
.01
.05

101.29

.05
.18
19.92
16.53
34.19
28.02
W47
.66
.03

22

44,7
.52
7.6
44
21.4
.11
17.9
8.1
.12
.05
.02
.03

100,98

.03
«30
1.08
20.14
15.78
24.51
36,90
.49
.73
.05

23

46.0
.45
7.4
.38
21.4
.10
17,5
8.8
.05
.04
.03
.03

102,15

.03
.24
.45
19.59
18.80
27.66
32.17
J42
.63
.05

SASSVTIO
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TABLE 15

si0,
TiO0,
Al,0 4
Cr,04
FeO
NiO
MgO
Cca0
Na20
K,0
P,0g
zr0,

Total

GREEN GLASSES IN LOOSE FINES 15201,15

44,6
YA
7.5
.38
18.9
.09
17.8
7.7
L11
.03
*

.02
97.62

44,8
.40
7.7
L4l
18.9
.05
16.9
8.1
.08
.03
*

.02
97.39

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
11
ap

.02
.19
1,02
20,39
15,24
31.55
30.52
43
.64

.02
.19
.75

21.39

16.27

32.94

27.43
47
.58

45,2
.38
%7
62
19.3
.09
155l
8.3
gLl
.04
*

.02
98.66

.02
.25
1.01
20.76
16 .89
31,44
28.65
48
.55

44,3
41
7.2
W41
199.4
.08
17.5
7.9
.10
.03
.01
.02

97.43

.02
.19
93
19,74
16.63
29.99
31.40
47
59
03

45.5
47
7.6
.41
19.5
.09
18.4
8,1
wll
.04
.01
.02

100.25

.02
. 24
.99
20,24
15.96
29,11
32,34
.46
66
.03

45,2
46
7.6
.40
19.5
.08
18,1
8.0
.16
.03

9191518

.18
1.45
20.09
15.78
29.18
32,26
o 45
65

45.1
«39
7.6
.41
19.6
.07
17.4
7.5
.19
.03

98.69

.19
.83
20,64
15,78
32,16
29.41
46
56

44,9
Xy
7.5
W41
19.6
.08
17.4
8.0
.11
.03

.04
98.51

.04
.19
1.01
20. 36
16,02
31.20
30.12
47
.63

44,7
.40

7.4
41

19,7

17.3

7.9
.10
.01

« 02
97.94

.02
. 07
.93
20.23
16.04
31.90
29.81
W47
.58

10

45.0
.46
7.4
.40
19.7
.07
17.6
8.1
.11
.03

98.87

.19
1.01
20,05
16 .53
30,31
30,84
W45
«66

11

45,6
W41
7.8
.40
19.7
11
17,4
8.2
12
.03

.02
99579

.02
.18
1,09
20,89
16 .00
31,47
29,36
W45
58

12

45,3
44
7.5
42
19.8
.09
18.1
8.0
.07
.03

99.77

.18
.64
20,31
15,56
30.88
31,37
47
62

13

45.4
Y
7.6
W41
19.9
.09
18.0
8.0
.12
.03

99.99

.18
1,09
20.12
15.92
29,85
31.79
.46
62

SASSVT1O
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TABLE 15:

SiO2
TiO2
A1203
Cr203
FeO
NiO
MgO
Cao0
NaZO
K20
P205
2r0,

Total

CONTINUED

14

45.1
41
7.4
.40
19.9
.05
17.7
7.8
.11

.04
*

*

98.91

15

45.7
X
8.9
.46
19.9
.10
16.6
9.3
.09

.03
*

*

101.52

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
i1
ap

.25
1.01
20,00
15653
31.40
30.82
W45
.59

.18
.81
23.76
17.53
26.33
30.30
.51
W61

16

45,3
.46
7.6
.44
20.0
.06
18.1
8.0
.10
.02
.01
.11

100.20

.10
12
W91
20.19
15.59
29,84
32.13
.49
.65
.03

17

45,4
.44
7.4
42
20.2
.08
17.6
8.1
51L7/
.05

99.86

.30
1.54
19.53
16.76
29.07
31.73
W47
.62

18

45,4
W43
7.7
42
20.2
. 09
17.1
8.4
.09
.03

99.96

.18
.82
20.70
17.24
30, 38
29.63
W47
.61

19

45,1
.40
7.3
W41
20.2
.09
17.6
8.0
.08
.04

99.27

W24
.73
19.79
16.56
30.48
31.13
W46
.64

20

45,0
.40
7.5
41
20.2
.08
17.2
8.3
.07
.02

.02
99.20

.02
.13
.64
20.53
16.98
30.05
30.65
W46
0D

21

45.6
.45
7.5
.39
20,2
.14
17.9
8,1
.14
.03

.02
100,47

.02
.18
1.26
19.90
16.18
29,51
31.92
W43
.63

22

45,5
44
7.7
W41
20.2
.09
17.4
8.3
.07
.03

.02
100,16

.02
.18
.64
20.68
16.80
30.39
30.25
.46
.62

23

45.0
.44
7.3
.43
20.4
.11
17.8
8.1
.10
.04
.02
.13

99,87

12
.24
.91
19,44
16.78
28.35
33.04
.48
.62
.05

24

45.6
.43
7.4
.42
29.4
.07
18.0
8.0
.15
.03

100.50

.18
1.35
19.51
16.30
29.20
31.42
.47
.60

45.6
.45
7.5
42
20.5
. 05
17.7
8.2
.08
.03
.02

100.55

.18
.73
20,11
16,38
30.55
30.95
47
.63
.05

26

44,8
.50
7.5
W42
20.6
. 09
17.1
9.3
W25
.02

100.58

W12
2.26
19.45
21.50
18.91
36.62
47
.70
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TABLE 16:

8102
Ti02
A1203
Cr203
FeO
NioO
MgO
Ca0
Nazo
K,0
P205
ZrOZ

Total

GREEN GLASSES IN LOOSE FINES 15211, 36
1 2 3 4

45,6 44,8 45.5 45,6

53 .49 W43 W42
7.6 7.4 7.4 7.7
40 41 «39 .40
19,2 19.4 19.4 19,4
.09 .10 2 .10
17.0 17.7 17.6 16.7
8.0 7.9 8.0 8.4
.10 .06 .07 .09
.03 .03 .03 .02
* * * *
.02 .02 .12 « 06

98.57 98.31 99,06 98.89

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
i1
ap

.02 .02 12 « 06
.19 5 LY .19 .13
+92 256 64 .83

20.67 20,30 20,12 20,99
15,96 15.85 16.19 17.27
35.63 31.88 33,48 33.64
25.45 30.07 28.26 26.08
.45 47 44 W45
76 .70 s61 .60

46,3
.45
7.1
.38
19.4
.12
18.2
8.0
.13
.02

.10
100.20

.10
.12
1.18
18,73
17.02
33,44
28,39
42
.63

45,5
.48
/o3
41
19.5
-7
17.3
8.1
.06
.05

.05
98,82

.05
.31
«55
19.91
6.89
34,02
27.17
.46
.69

45,2
.45
7.5
.38
19.5
0L
17.7
8.0
.07
.02

.03
98.96

.03
.13
.64
20.31
16.07
B30
29,59
.43
.64

45,3
. 46
7.3
.39
19.6
L2
17.8
7.9
.07
.02

.05
99.01

.05
.13
.64
19.88
15.94
32.92
29.38
b4
.66

46.4
.46
7.4
. 38
19.6
oPLIL
18.0
8.0
.11
.03
.02
.05

100.56

.05
.18
.99
19.59
16.15
34.16
27.81
W42
.65
.05

10

46,3
44
7.3
18
19.6
.10
17.7
8.0
.08
.02

99.92

L2
73
19.66
16.28
35.88
26.32
W43
.62

L

45,1
.46
7.6
.43
19.8
.10
18.5
8.1
.06
.02

.02
99.99

.02
.12
- 55
19.95
16.33
28.47
33.48
48
.65

12

45.9
.49

7.6
.40

19.9
.10

17.2

8.5
.08
.03

*

.08
100,28

.08
.18
.73
20,44
17.63
31.76
28.09
W45
.69

e

45,7
47
7.3
.40
19.9
.10
17.5
8.0
.09
.03

99.49

.18
.82
19,69
16.43
33.63
28,16
.45
67

SASSVTIO
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TABLE 16:

$10,
Ti0,
Al,04
Cr203
FeO
N10
MgO
Ca0
Na20
K,0
P50
Zr02

Total

CIPW Molecular Norms

z
or

ab

an
di
hy
ol

cm
11
ap

CONTINUED
14 L5
45,6 44,9
.49 44
7.2 7.4
.40 .44
20.0 20.2
.07 .10
17.4 17.6
8.0 8.1
o 17/ . 10
.03 .03
.02 *
.04 .02
99,32 99.13
.04 .02
.18 .19
1.55 .92
18.98 19.98
16.96 16.70
32.32 29.32
28.81 31.81
.45 .50
.70 .63

—

16

44.8
.45
7.0
.40
20,2
.10
17.0
8.0
.09
.03

.06
98.13

.06
.19
.84
19.17
17.38
31.90
29.40
.46
.65

157/

45.4
.46
7.2
.39
20.2
owly2
16.9
8.3
.07
.03

99.07

.19
.65
19.66
17.76
32.86
27.83
L b4
.66

18

45.7
.44
7.0
.40
20.2
o a0t
1768
8.1
.07
.03

.03
99.58

.03
.18
.64
18.96
17.43
33.19
28.53
.45
.63

JLC]

45.5
.45
7.1
.39
20.2
.09
17.1
8.1
.09
.02

99.04

.13
.83
19.29
17.52
33.23
27.96
44
.64

20

45,1
.41
7.1
.39
20.3
1S3
17.1
8.2
.06
.02

.09
98.90

.09
.13
.56
19,42
17.75
31.63
29,44
44
.59

21

46 .0
.58
7.3
.39
20.3
W12
17.7
8.6
W21
.24
.03
.05

101,52

.05
1.41
1.88

18.14
19.23
24,54
33.50

.43

.81

.07

22

45,1
.46
7.2
«39
20.4
.10
17.5
8.1
.08
.03

.05
99.41

.05
.19
303
19,38
17.02
30.58
31,01
L 4b
.66

23

44,7
.46
7/ 6l
.40
20.4
.13
17.6
8.5
.08
.03

.03
91951513

.03
.18
.78
19,18
19.25
25,51
34,05
W45
.65

24

45.3
45
7.3
41
20.5
SPLPI!
17.0
8.2
.11
.02

.08
99.48

.08
.13
1.01
19.57
17.46
31.11
29.58
. 46
.64

25

44,7
.45
7.1
.40
20.7
.12
17.7
8.1
.08
.03

.11
99.49

.11
.18
5135
e 5 0L5)
17.46
27.43
33.89
.45
.64

26

44.5
Y
6.9
.39
21.1
5172
17.7
8.7
.12
.04

.04
100.05

.04
.24
1.09
18.34
20.18
21.93
37.16
.44
.62

SASSVIO



TABLE 17:

$10,
T10,
A1203
Cr203
FeO
NiO
MgO
Cao
Nazo
K,0
P,05
Zt02

Total

GREEN GLASSES IN LOOSE FINES 15221,56

45,7
W43
7.8
.40
18.9
.12
16.7
8.5
.63

.03
*

*

99,31

43.9
W41
7.0
.38
19.4
.12
16.7
7.9
&gl
.04

.01
*

99.06

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
11
ap

§10,
Ti0,
A1203
Cr,04
FeO
N10
Mg0
Cao0
Na20
K,0
P205
Zr02
Total

.18
5.73
18.53
19,52
22,66
32,35
.45
.61

9

45,8
W45
7.3
42
20.1
.09
17.9
8.1
0-b3)
.04
.01
*

100.34

10

46.2
.50
7.4
W41
20.1
.10
17.6
8.3
2
.04

.02
*

100.79

CIPW Molecular Norms

z
or
ab
an
di
hy
ol
cm
i1
ap

. 24
1.18
19,20
16.97
30.67
30.66
47
.63
.03

. 24
1.08
19.58
17.08
32.23
28.62
.46
.70
.05

46,1
W41
7.9
W42
19,6
.09
17.2
8.6
.10
.05
.01

100.48

.30
»91
20.95
17.52
31.33
27.96
47
.58
.03

11

45,6
W45
7.1
.42
20.3
.10
7)1
8.3

.03

.03
99.43

.03
.19

19.70
17.91
33.73
27.37
47
.64

46,2
.15
7.6
.39
19.6
.10
18,1
8.2
LS

« 04

100.53

. 24
%315
19.86
16.73
30.36
30.85
W43
2/l

12

45,7
.44
7.4
.39
20.4
.10
17.8
8.1
.16
.04
.01

100.54

.24
1.44
1108¥3[0
16.69
29.39
31.80
.43
.62
.03

49

44,3
45
7.2
.39
19.9
. 06
17.0
8.2
1.04
.03

98.57

.18
9.49
15.18
20.92
9.69
43,50
X
.64

13

45.7
.40
7
61
20.5
w2
17.8
8.1
215
.04

100.32

.24
1.36
18.54
17.60
29,64
31.63
. 46
.56

45.5
47
ol
.36
19.9
.09
17.7
8.1
W45
.04

.03
99.94

.03
.26
4,07
17.81
17.90
24,47
34,47
.40
.66

14

45,8
.44
7.1
.39
20.5
.10
17.9
7.9
.28

. 04
.01

100.46

.24
2,52
18.14
16.88
28.43
32.76
43
.62
.03

46.1
43
7.2
W41
20.0
.10
18.7
8.0
.16
.04

101.14

.24
1.43
18.56
16.82
219,33
32.61
W45
.60

15

45.9
.49
7,1
+ 39
20.5
.06
18.2
8.2
.16
.05

.05
101.10

.05
30
1.44
18.49
17.55
28,42
32.69
.43
.68

GLASSES

46.3
.44
7.4
.40
20.0
.08
17.5
8.2
¥1%9
.04
.01

100.48

.26
1.72
19.14
17)6 3h1
32.00
28.55
.45
.62
.03

16

44,7
L 44
7.2
44
20.8
.13
17.6
8.2
.07
.01

.05
99.64

.05
. 06
.64
19.64
17.38
2877198
33.77
.49
.63



GLASSES

TABLE 18: GREEN GLASSES IN LOOSE FINES 15231,64

1 2 3 4 5 6 7 8 9 10 11
§10, 46,1 45,6 45,8 45,9 46.1 45,7 45,7 45,5 45,9 45,4 45,5
Ti0, .40 47 43 Y .45 b4 44 47 . 46 .41 XY
Al,04 7.4 7.1 7.4 7.3 7.1 6.9 7.1 ol 7.0 6.7 6.9
Cr,04 .40 .40 41 .40 .39 .40 .40 .38 .38 .38 .40
FeO 19,2 19.4 19.4 19.4 19.5 19,6 19,7 19.7 19.8 19.8 19.8
NiO .11 .06 .07 212 .09 .09 .05 .05 .05 . 10 .06
MgO 17.7 18,2 17.7 17.7 17.1 17.2 17.9 17.2 18.0 17,3 17.6
caO0 8.1 7.9 8.1 8.1 8.2 8.5 8.0 8.2 8.2 8.1 8.1
Na,0 .11 ;b 04k} .11 .12 .08 .13 .10 * .14 .13
K,0 .04 .05 .06 .05 .06 .03 .04 .07 .07 .06 *
p205 * * * * JOH! * * .01 * * *
Zro, * .06 * * .04 .04 * * .04 .04 .04
Total 99.56 99, 37 99,50 99,52 99IL! 98,98 99,46 98.78 99.90 98.43 98,97

CIPW Molecular Norms

z = .06 - = .04 .04 -- -- .04 .04 .04
or .24 .30 .36 .30 -8 .19 .24 .43 42 .37 --
ab 1.00 1.18 1.18 1.00 1.10 .74 1.19 .92 == 1.29 1.19
an 19.65 18,89 19,51 19,43 18,84 18.73 18.75 19.06 19,11 17.88  18.65
di 16.77 16.61 17,02 16.79 18,03 19.32 17,24 17,98 17,45 18,76 17.88
hy 34,28 31,62 32,12 33,56 35,13 32,88 31,97 32,68 33.44 31,90 32,12
ol 27,07  30.62 28,77 27.88 25,43 27,07 29.57 27.84 28,50 28.78 29.08
cm .45 .45 .46 .45 L4b .45 .45 .43 .43 .43 .45
11 .57 .67 .61 .63 .64 .63 .62 .67 .65 .59 .63
ap s = - -- .03 -- - .03 -- - --
12 13 14 15 16 17 18 19 20 21 22
510, 45.4 45.7 45.6 45,5 45.7 46.1 46.0 45.4 45,7 45.9 46.2
T10, ) b .46 .45 44 .40 A .45 .43 .40 .35
A1,04 6.9 6.9 6.9 6.9 7.0 7.0 7.1 7.0 6.9 7.0 6.5
Cry0, L4l .40 41 .39 .40 .37 .40 .40 L6l .40 37
FeO 20.0 20.0 20.1 20.2 20.2 20.2 20.2 20.4 20.4 20.4 20.5
N10 .10 .05 .08 .06 .09 .09 .09 .07 .06 .07 .09
MgO 17.7 17.4 17.6 17.5 17.5 17.4 17.0 17.2 17.5 16.8 17.6
cao 8.0 8.3 7.9 8.0 8.1 8.2 8.2 8.1 8.0 8.3 8.1
Na,0 .19 .12 .10 .13 .11 .15 .15 .13 L) .10 .01
K,0 .08 .03 .07 .04 .04 .03 .05 .05 .04 .07 .02
P,05 .01 .01 * .01 .01 .02 .01 * .01 * .01
zZro, .02 * .04 * .11 * * .04 * * *
Total 99,25 99,35 99,30 101.18 99.70 99.96 99.64 99.24 99,57 99.44 99,75

CIPW Molecular Norms

2z .02 - .04 - .11 - Sis .04 - - -

or 48 .19 .43 .24 . 24 .18 .30 .31 .24 .43 12
ab 1.74 1.10 .92 1.17 Lok 1.36 1.37 1.19 1.10 .92 .10
an 17.92 18,41 18.49 23,44 18.68 18.55 18.82 18.61 18.44 18.70 L7687
di 17.84 18.57 17.11 12,87 17,46 /57 18,02 17.68 17.45 18.59 18.17
hy 29,66 32,20 32,95 29,16 32.40 33.03 313 1Sp18d 31.69 32,52 33.49 36.07
ol &1l 5727/ 28,47 29.00 32,08 39.05 28.12 27.30 29.43 29.19 26.89 26.67
cm .63 .45 W45 43 .45 W42 45 .45 . 46 45 W42
il .03 .63 .66 .63 .63 .57 .63 .64 W61 W57 +50
ap - .03 - .03 .03 .05 =108 - .03 - .03

50
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TABLE 19: GLASSES IN MICROBRECCIA RAKE SAMPLE 15315,2-1

6 n 13 3 16
510, 48.4 41,9 43,2 45,2 43.3
T10, 1.38 9.8 .45 .48 .50
Al,0,4 19.2 9.0 8.3 7.6 7.7
Cr0, .04 ) .42 .40 .42
Feo 9l W, 9 18,5 19.5 19.7
MnO * .07 » 13 Jii2 .13
Mgo 73 7.4 21,6 B7.2 20,3
cao 13,0 10.7 8.7 8.3 8.3
Bao .09 .16 .08 .08 .08
Na,0 .88 47 .09 .16 .13
K,0 .11 .23 .04 .05 .04
P,05 .05 .18 .04 .05 .05
2ro0, .15 .30 .18 .14 .18
Total 99.70 98,33 101.73 99,08 100.93

CIPW Molecular Norms

q 1,01 3,60 - — -

z .14 .30 .16 .13 .17
or .66 1,48 213 .31 .24
ab 8.01 4,60 .79 1.47 1.16
an 48,78 23.72 21,50 19.68 20,07
di 13,16 26,52 16,27 17.66 16 .36
hy 26.17 24,27 8,88 29,72 13,47
ol - - 51,06 29,83 47,32
cm .05 .27 W45 A5 .46
st 1,95 14,87 .61 .69 .69
ap .11 41 .09 .11 .11
Color (o} Y G G G

Group HAB MISC FP FP FP

GLASSES IN MICROBRECCIAS

45.5
.43
7.5
«39
19.8
.10
17.7
8.4
.06
.10
.04
.04
.16

100.22

»15
.24
.91
20,03
17.41
29.27
30.90
.44
.61
.09

45,1
.48
7.6
.40
19.9
11
18.1
8.5
.06
W12
.03
.04
.14

100.58

.13
.18
1.08
20,13
17.38
25.59
34, 34
44
67
.09

37.4
13.9
8.9
.32
20,1
.12
9.9
8.8
.18
W57
.19
.13
.21

100.72

21
1.20
5.47

22,59
18.55
25,84
4.93
.38
20.59
.30

I0B

14

36.9
13.9
8.6
.45
20.6
it ik
10.6
8.5
.18
W57
.18
12
.30

101.01

.29
1,14
5.45

21.54
18.28
22.92
9.03
033
20.60
227

FP

42,6
.48
7.7
W44
20.2
.13
21,3
8.4
.08
.13
.05
.04
022

101.77

.20
.29
1.14
19.70
16.71
6,50
54,27
.48
.66
.09

I0B

12

38.6
3.6
8.6
.48
20.6
.19
18.6
8.4
.10
41
.10
.06
.18

99.92

.16
.60
1.29
21.53
16.10
.00
53.14
053
5.06
.13

0
MISC

0dbdl
.09
.20

99.81

.19
.68
3.83
22,41
17.18
25.73
23.88
.53
5.42
+20

3¢
I0B

43,6
.68
8.4
W47
21.8
.13
16.1
8.4
.09
.36
.10
.09
W21

100,43

.20
.60
3.27
21.25
16.38
17.12
39.53
+53
.96
.20

FP

15

42.8
1.24
8.9

.42

21.9

.14

16.0

8.7
.11
.41
.11
.10
.24

101.07

.22
.66
.71
22.27
16.38
11.72
42.66
47
1.74
22

MISC

SASSVTO
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TABLE 20:

$10,
Tio,
A1203
Cr 504
FeOQ
MnO
MgO
Cao0
Na 20
K50
250
Zr0,

Total

GLASSES IN MICROBRECCIA RAKE SAMPLE 15318

40

44,3
W49
25,1
.10
6.2
.07
10.2
13,6
.64
o 21
oS
.02

101.08

46.6
1.34
19.3
17
8.0
.07
12,5
11,5
.79
.08
.04
.04

100.43

CIPW Molecular Norms

q
z

or
an
ab
di
hy
ol
cm
11

ap
Color
Shape

Group

.02
1.21
63,25
5.59
1.16
4,26
23,45
.11
.66
.31

c
F
FP

.03
.46
48,05
6.97
6,22
21.29
14,88
.18
1.83
.08

HAB

33

46,1
1.38
19.4
.13
8.3
.09
12,7
11.4
.61
.34
O ALdl
.03

100,59

.03
1.97
48,31
5,38
5.20
19,66
17.20
14
1.89
022

AHAB

42

46,4
1.02
19,2
.16
8.4
.08
12,7
11.4
W57
.30
.20
.02

100.45

.02
1.74
48,14
5.03
4,96
22,38
17.76
0L/
1.40
W41

AHAB

30

48.2
1,28
18,8
023
8.9
.11
11,2
11.1
.64
.32
.25
.10

101,13

.09
1.86
46.82
5.66
4,69
33.50
4,85
«25
1.76
1512

c
F
AHAB

48,3
1.35
18.1
0.5db
9.2
W12
10,2
17.9
.68
240
.33
.04

99.83

.04
2,37
45,32
6.13
5,42
37.71
.20
.23
1.89
.69

c
F

AHAB

31

49.8
1.49
17.1
.20
9.8
.13
11,2
1.5
.77
b
.34
.10

100.87

1.34
.09
2,59
41.76
6.89
6.34
37.99

022

2.07
71

AHAB

29

49.9
1.47
17.5
17
1n.3
W12
9.6
1n.6
.67
.48
.14
.03

100,98

1.64
.03
2,83
43,25
6.01
6.66
37.06
.19
2.04
.29

c
F

AHAB

13

51.4
2,12
15.6
.23
10.3
.13
9.1
9.9
.74
.55
57
.16

100.80

5.74
.21
3.27
37.75
7.90
6.38
35.30
.18
2.97
1.20

0
F

AHAB

20

45.3
o 42
7.7
.49
18,7
0 #35)
18.9
8.7
.09
.03

.05
*

100.63

20.39
.80
17.74
25.08
34.59
53
.58
.10

FP

36

43,7
4,8
10.2
.28
20,2
.26
10.2
9.9
.48
.21
.19
.07

100,49

1.29
26.06
4.48
18.96
29,10
12.36
812
6,95
41

Y
B
PIC

113

44,6
«39
7.4
. 49
20.4
.27
18.2
8.8
.07
.04

.02
*

100.68

25

44,5
42
7.2
.48
20.4
.28
18.5
8.6
.08
.02

.05
*

100.53

19.23
.72
18,48
22,16
38,07
W53
« 59
.10

FP

SASSVI1O



149

TABLE 20:

$10,
Tio,
Al,04
Cr203
FeO
MnO
MgO
Ca0
Na,0
K,0
Py05
Zr02

Total

CIPW Molecular Norms

q
z

or
ab
an
di
hy
ol
cm
i1

ap
Color
Shape
Group

CONTINUED
8 22
44,6 44,4
47 .39
7.0 7.2
.48 47
20.5 20.6
28 .30
1) 18.3
8.2 8.7
.11 11
.03 .03
.05 .05
* *
100,92 100.55
.18 .18
.98 .99
18.42 19,08
17.36 19,02
22,20 20.65
39.66 38.92
W43 52
«65 54
.10 .10
G G
S S
FP FP

34

44,5
W41
7.4
48
20.6
27
18,1
8.8
.11
.04
.04

100.75

.99
19.58
19.04
20.68
38,31
013
57
.08

FP

18

44,1
W49
6.9
48
20.7
W27
19.1
8,3
.09
.04

.03
*

100.50

46

YA
b4
7.0
47
20,7
.28
18.4
8.6
.17
.02
.05

100.53

FP

17

44,1
46
6.8
W48
21.0
.28
13.9
8.3
.13
.02

N4
*

100.51

43

44,2
.49
7.0
W47
21.0
.26
18.6
8.5
.13
.03
. 04

100.72

50

44,1
48
6.8
.48
21.0
.28
18.9
8.5
. N6
.04
.04
.01

100,69

3

44,3
W46
6.8
W51
ZR1NeR]!
.29
19.1
8.2
.13
.04

.02
*

100.95

44,3
W4l
6.8
51
21.1
27
18.5
8.4
.11
.03
. NG

100,47

.99
18.01
18.78
21.53
39.58

.56

.57

.08

FP

14

44,2
W43
6.9
.49
21.1
.24
18.6
8.5
o ALt
.02
.04

100.63

16

43,9
Jbh
6.8
.50
21.1
A7
18,8
8.2
.09
.03
.03

100,16

23

43,6
41
7.0
.46
21.1
.28
18,6
8.4
07/
.02
.03

99.97

«63
18.85
18.32
19,01
41,94
51
57
.06

SS
FP

SESSVTO
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TABLE 25:

S10,
T102
Al 704
Cr203
FeO
MnO
MgO
Cao0
BaO
Nazo
K,0
Zl'02
Total

GLASSES IN MICROBRECCIA RAKE SAMPLE 15342,2-1

10

45,0
.20
27.9
.09
4.0
.10
6.8
16.4
.04
$23
02
.04
.07

100,89

14

47.6
.99
21.6
.16
7.4
.15
10,5
12.3
.11
.32
.33
.14
07

101.67

CIPW Molecular Norms

q

or
ab

an
di
hy
ol
cm
i1
ap

Color

Group

.07
12
2,04
73.80
4,83
8.98
9.74
.10
.28
.09

ANT

.07
1.91
2,82

55.34
2,97
29,82
5.31

.18
1.35

.29

HAB

48,0
1.03
20,5
.13
8.3
o15
8.9
12,7
12
65
W41
.18
12

101.19

W11
2,40
5.79

51.35
7.93
26452
4,00

«15
1,43

.38

C
AHAB

16

49.6
1.50
18.8
L
9.4
.18
9.2
10.0
.13
.60
58
W40
26

100. 86

2,71
0 24
3.43
5,40
46,93
.28
37.89

. 24

2,10
.84

0

AHAB

15

49.3
1.65
18,0
.19
9.6
.18
8.6
10.3
.16
2,45
57
.40
022

101.62

.20
3,31
21.61
35.79
9,70
11.59
14,54
021
2,26
.83

C

AHAB

20

42,9
.90
15.8
.27
15.9
.26
12,0
11.5
.02
*
04
.03
.09

100,81

.09
24
43,37
11.37
17.33
24,60
.30
2,67
.07

BAS

46.3
«53
11.2
.38
19.3
.30
12.4
11.0
.06
.14
.05
.04
.06

101.76

.06

« 30
1.27
29,98
19,84
27.06
20,27
W43
o75
.09

BAS

212

45.8
.46
7.9
b2
19.3
31
18,2
7.9
.11
.07
.06
.05
.07

100.65

.07
.36
«63
21,04
14.39
32,16
30.18
W47
.64
.11

FP

30

45.3
41
7.7
W43
19.4
31
19.4
6.9
.07
.05
.05
.04

o 11

100.17

.10
« 30
.45

20,62

10.76

33,41

33,26
.48
.58
.09

FP

45.7
41
8.1
«39
19.5
.32
1Zepls
8.6
.07
.13
.05
.04
.06

100,47

.06
.30
1.18
21,46
17.00
29.15
29,80
b
.58
.09

FP

19

45,1
X
8.0
W42
19.5
.31
18.1
7.7
.08
.05
«05
.05
.10

99.90

.10
.30
W46
21.60
13,34
31.36
31.38
47
62
11

FP

27

45,8
«33
8.0
W45
19.5
34
17.1
7ol
.09
.02
.05
.04
07

98.89

07
.31
.19
22,06
11.06
41,31
23,98
W51
W47
.09

FP

28

45,6
40
8.1
W41
19,5
.31
17.4
7.2
.08
.04
.06
.05
02

99.17

.02
$37
37
22,11
11,22
38,59
26,23
46
57
11

FP

31

45,9
.40
7.9
W46
19,7
W31
16.9
7.8
.05
.04
.05
.04
.09

99.64

.09
.30
.37

21.55

14,05

37.36

25,15
s52
.57
.09

FP

46,2
.49
9.1
«50
20.0
. 36
14.0
10.9
.09
.08
.05
.06
12

101.95

.11
.30
73
21,41
23.70
25,09
24.34
$56
«69
.13

BAS

SASSVTIO
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TABLE 25:

$10,
TiOo,
A1203
Cr203
FeO
MnO
MgO
Cao
BaO
Na20
K,0
Zr02

Total

CONTINUED
25 12
45,1 45,5
W43 44
7.9 7.5
W43 .40
20.0 20.1
.29 .30
18.4 17.6
7.5 8.3
.07 .06
.06 .08
.05 .06
.04 .09
.03 .08
100.30 100,51

CIPW Molecular Norms

q
z

or
ab
an
di
hy
ol
cm
il
ap

Color

Group

.03
.30
L)
21.19
12,78
30.81
33.22
.48
.61
.09

.08
.36
.73
20.01
16.69
29,86
31.07
W45
.62
.19

45.1
.48
7.6
.40
20.2
.30
18.8
8.0
.09
.09
.05
. 04
.05

101.20

.05
.30
.81
20.04
15.41
25.85
36.40
.44
.67
.09

FP

24

37.8
L3 5iL
8.2
.38
20.2
ok
9.6
9.2
.19
.49
.20
.13
22

100.05

22
1.27
4,73

21,06
21.98
26.36
4.01
.45
19.66
.30

I0B

29

45.3
.37
7.8
+ 45
20.3
.32
17.3
7.4
.10
.04
.05
.04
.14

99.61

.13
.30
.37
21.28
12,74
35.31
28.79
51
0IE)
.09

FP

45,6
.43
7.5
139
20.4
.30
1740,
8.3
.06
.11
.05
.04
.06

101.18

.06
.30
.99
19.87
16.82
27.83
33.06
43
.60
.09

45,2
45
7.8
.40
20.4
.30
17.7
8.2
.08
.10
.05
.04
.09

100.81

.09
.30
.90
20.71
15.92
27.47
33.50
W44
.63
.09

17

45,6
W41
8.0
A1
20,4
ol
17.8
8.1
.09
.06
.06
.04
.06

101.34

.06
.36
.54

21.29

14,90

29.52

32.27
.45
.57
.09

21

45,2
W45
7.8
43
20.6
.30
17.7
8.2
.08
.07
.05
.05
.11

101.04

.10
.30
.63
20,81
15.74
27.78
33.46
.48
.63
.11

23

44,6
46
8.1
.48
20.6
.30
16.6
8.4
.09
.09
.05
.06
1.15

100,98

1.05
.30
.82

21.76
16.07
25.16
33.57
.54
.65
.13

26

45,1
037/
7.7
.45
20.6
087
17.8
7.7
.07
.08
.06
.04
.03

100.32

.03
.36
.73
20.59
14.16
30.03
33.04
.50
52
.09

FP

3.45
23,36
15.17
26.16
24,94

«55

5637

.20

PIC

SASSVT1O
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TABLE 26:

$1i0,
Ti0,
Cl’.'203
FeO
MnO
MgO
Ca0
Na 5,0
K70
P205
Total

GLASSES IN MICROBRECCIA RAKE SAMPLE 15343

8

41.5
7.9
10.2
813
18.1
.20
10.4
10.9
.10
.09
.03

99.75

12

43,4
48
6.8
W43
20.1
.30
19,0
8.0
.08
.02
.01

98.62

CIPW Molecular Norms

or

ab
an
di
hy
ol
cm
i1
ap

Color
Shape

Group

«56
.94
28,56
22,54
30,51
4,85
.38
11.59
.07

BAS

12
73
18,44
17.46
21,22
40.85
48
.68
.02

EP

14

43,9
.46
7.1
W42
20.1
.30
19,9
8.0
W11
*

.06
100.35

.98
18,79
16,26
19,85
42,89

46

64

12

FP

13

43.4
45
6.9
Y
20.4
.32
19.0
8.2
. 04

.01
99.16

«36
18.87
20,05
20,34
41,51

49

63

.02

17

44,2
42
7.2
37
20,5
.29
18.6
8.7
.10
.04
.02

100.44

.24
.90
19.08
19.16
19.04
40,56
41
.58
.04

FP

11

43,7
W45
7.0
W41
20,7
.26
18,6
8.4
P2

.01
99.65

1.09
18.72
18,59
19.20
41,30
W45
.63
.02

FP

44.5
46
7.0
46
29,8
.26
18.6
8.3
N9

.01
100,48

.81
18.72
17.94
23.12
38,24
W51
.64
.02

EP

43.8
W42
7.0
W40
21.0
«23
18.4
8.4
.11
.02

99.78

o il
1.00
18.71
18.65
19.52
40.98

L4

.59

o

FP

35,2
14,2
.10
W47
21.8
.26
11.1
8.7
.46
.17
.05

100.49

1,07
4,40
20,84
19,88
15.13
16,92
«55
21,09
W11

I0B

34,7
14,0
7.4
.54
21.9
.29
11.6
8.1
W40
13
.06

99.12

.83
3.88
19,48
18.83
17.95
17.17
.64
21.09
14

I0B

36.0
11.7
8.1
W40
22,5
W24
10.6
8.8
48
14
.04

99.00

.89
4,65
21.09
20.68
14,28
20,33
W47
17.59
.09

I0B

.49
3.66
22,74
18.71
21.14
26,26
«55
6,26
17

PIC

49
3.56
20.51
18.00
19,05
32,38
«60
5.24
b7/

PIC

10

41,
3.
8

22,

3
7
2
42
8
.26
13,7
8.8
.33
.11

.07
99.79

67
3.07
21.61
18,54
16.64
33.49
.48
5.34
o 15

PIC

36.7
11.4
Y2
.51
22,9
.26
128018
(3522
.48
.18
.08

10n.01

1.12
4,62
17.84
19,58
13.94
25.41
.59
16,73
.18

I0B

SASSYID
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TABLE 27:

§i0,
Ti0,
Al 704
Cr203
FeO
MnO
MgO
Cao0
Na20
2r0,

Total

GLASSES IN MICROBRECCIA RAKE SAMPLE 15346

46.6
1.49
16.2
.24
12,7
17
11.1
11.2
.30
.18
.12
.05

100.35

32

46.8
1.46
16.0
23
12.8
.18
Wkl
11.1
.66
.16
.10
.09

101.28

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
11
ap

Color
Shape

Group

.04
1.07
2,71

42 .62
10.02
32,73
8.19

.26
2,09

$25

5
B
BAS

.08
105
5.93
40,28
11.31
26.79
12.09
$25
2.04
.21

BAS

34

46.8
1.43
16.4
.23
12,9
.18
11.0
11.0
1312
.18
L3
.05

100.62

.04
1.07
2.88

42,99
8.78
33.92
7.58

.25
2,00

W27

BAS

46.5
1.60
14.6
.27
15.0
.20
11,2
10,8
W21
.08
.03

100,49

46.3
1.64
14,7
.26
15.1
.22
11.0
11.1
.62
.33
.14
.01

101.42

.01
1.95
5.57

36.39
14.24
22,31
16.66

.28
2.28

.29

BAS

45,9
1.63
14.4
27
15.1
.24
11.0
10.8
.66
.29
.08
.03

100.40

.03
1.73
5.99

35.86
14,22
22,34
17.07

.30
2,29

17

BAS

46.1
Y613
14.0
.28
15.4
.22
11.0
10.7
48
LS
.09
.02

100.07

.02
.90
4,38
36.22
13.73
29,42
9.51
.31
2,31
.19

BAS

39

46.2
1.62
14.3
.30
15.4
.23
11.0
10.3
W47
41
.20

100,43

2,45
4,27
36.16
11.41
29,43
13.23
.33
2,28
42

BAS

27

45.0
1.83
14,2
.30
15.6
+ 25
10.6
10.9
.83
.38
.38

100.27

58

46.4
1.68
14.1
.28
15.8
6 2L
11.1
10.5
.40
.17
12
.03

100.79

+03
1.02
3.63
36.59
12.23
32.20
11.37
.31
2,37
.25

C
F
BAS

15

41.6
8.3
10.6
b4
17.4
.26
10.6
10.9
W45
.06
.05
.01

100.67

.01
.37
4,20
27.78
22,45
24.52
8.04
.50
12,01
.11

IOB

45,7
89
7.5
.45
15OkE3
+25
18.4
8.9
o 12
.03
.03

101.07

SASSVTIO
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TABLE 27:

SiOZ
Ti0,
A1203
Cr,04
FeO
MnO
MgO
Cao
Na,0
K50
P205
Zr02
Total

CONTINUED
43 6
41,3 43,7
9.2 5.2
9.5 10.4
037/ .26
19.6 20,0
.28 .26
8.6 8.9
11.0 10.5
.38 .46
.14 022
0dbdk .20
.06 .04
100.54 100.14

CIPW Molecular Norms

q
z

or
ab
an
di
hy
ol
cm
i1
ap

Color
Shape

Group

.06
.88
3.61
25,21
25,46
28.69
1.85
W43
13.57
.24

0
F
I0B

.04
1,36
4,33
26.94
21.09
30.47

7.43

.30
7.60

44

3¢
F
BAS

36

43,6
5.0
10.2
.28
20.1
26
10.1
9.9
W41
.22
.18
.09

100,34

.03
1.36
3.84

26,43
18.84
30.72
10.75

.32
7.26

.39

BAS

48

43,9
.48
6.9
W46
20,1
.26
19.5
8,2
.07
.03
.03
.02

99.95

.02
.18
.63
18.45
17.67
20,35
41,46
W51
.67
.06

FP

23

44,5
.40
7.1
.49
20.5
» 29
18.2
8.8
.08
.04
.02

100.42

22

N
.48
7.0
.45
20.6
.28
19.0
8.6
.10
.04
.03

100.98

.05
100.64

.05
1,53
4,66

24,68
19.16
28.29
13.80

.31
7.09

W43

BAS

50

44,0
W47
7.2
W47
20.7
27
18,6
8.3
.05
.07
.02

100.15

44,4
W47
7.0
.48
21.0
.28
19.1
8.4
.09
.04
.01

101.27

.80
18.43
18,27
19,74
41.33

.52

.65

. 02

FP

12

44,1
.45
6.9
Xy
21.1
.29
18.8
8.4
.12
.04
.02
.03

100.72

.03
.24
1.08
18.14
18.66
18.93
41.74
52
.62
.04

FP

21

44,3
W46
6.9
W46
21,1
.31
18.9
8.4
.09
.05
.02

100.99

.80
18.20
18.52
19.83
41.17

.50

.64

.04

FP

52

43.8
.50
7.1
W46
21.2
.26
19.0
8.3
.07
.04
.02

100.75

16

44,0
42
6.9
W47
21.2
.28
18.7
8.5
g it
.03
.03

100.64

SESEVII
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TABLE 27:

5§10,
Tio,
Al,04
Cry0,4
FeO
MnO
MgO
ca0
NaZO
K70
P,05
Zr02
Total

CONTINUED
20 25
44,0 44,3
47 .45
6.8 7.1
48 W47
21.3 291598
.30 .28
19.1 18.5
8.3 8.6
.13 .10
.03 .04
.03 .03
&3 .05
100.94 101.22

CIPW Molecular Norms

q
z

or
ab
an
di
hy
ol
cm
i1

ap
Color
Shape

Group

.04
W24
.89
18.72
18.84
19,17
40,89
.51
.62
.06

0
F
1)

13

44,1
.43
6.9
.46
21.4
.30
18.8
8.5
.10
.05
.03

101.07

33

44,1
43
6.9
.48
21. 4
027
18.6
8.4
.07
.05
.03
.01

100.74

.01
.30
.68
18.36
18.48
20.03
41.00
033
+60
.06

FP

19

44,1
.48
6.8
.49
21.4
.31
18,8
8.6
W11
.05
.04

101.18

3}8

46,4
L44
7.0
47
21.4
.30
18,7
8.5
.12
.05
.05

101,43

1.07
18.28
18.59
19.17
41,37

«51
.61
.10

I0B

8.4

21.8
.26
10.2
9.0
.49
o 2k
g Lk
. 04

101.26

. 04
1.32
4.67

21.36
20.24
18.19
12.39

52

21,01
. 24

I0B

PIC

47

35.2
14,4
7.3
.58
22,2
.28
11.7
8.3
W43
.18
.07
.08

100,72

.08
1.13
4,11

18.60
19.82
16 .97
17.10

.68
21.36

.16

I0B

.05
101.37

.05
1.06
4,46

19.19
19.49
16.62
17.15

W41
21.08

.18

I0B

SASSVTIO
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TABLE 27:

S10,
Ti0,
Al,04
Cry04
FeO
MnO
MgO
Cca0
NaZO
K,0
Zr0,

Total

CIPW Molecular Norms

or

ab

an

di

hy

ol

cm

il

ap
Color
Shape

Group

CONTINUED
24 11
35.0 42.4
14,2 3.9
6.8 8.4
.68 .49
22.6 22,7
+ 29 .31
12,5 L3l
8.1 8.8
W42 877
.16 .13
.09 okl
.04 .05
100.88 100.76
.04 .05
1.00 .79
4,00 3.42
17.20 21.51
19.85 18.18
15.45 21.89
20,49 27.77
.79 )
20.98 5.60
.20 24
0 Ve
S F
I0B PIC

.08

100.03

7.0
.69
22,8
.28
12,7
8.1
W43
.20
.06
.05

101.71

.05
1.24
4,06

17.43
19.52
13.71
22,11
.80
20.94
.13

I0B

41

35.2
14.6
7.1
.68
221
.29
12,1
8.2
Jub
.18
.07
.10

101.76

.10
1.12
4,16

17.79
19.70
15.63
19.12

.79

21,44
.15

I10B

14

42,2
3.9
8.4

0 8l

22,9

.33
13.1
8.9
.38
.10
.10

10.82

.32
.11
.08
.06

100.53

.06
W67
2,96
20,40
18.42
21.61
29.94
261
5.17
.17

PIC

3.43
20.80
18.10
20.45
47.45
0 5%
5.18
.19

PIC

.03
100.37

.03
.85
2.96
21.76
17.46
18.69
32,06
.58
5.46
LS

PIC

57

41.4
3.6
7.8

52

23.0

.30

14,0

8.2
W31
.11
.08
.04

99.36

.04
.68
2,90
20.38
17.16
11.97
32,37
+59
50229
.17

PIC

.49
23.1
.32
11.1
8.6
44
.16
W11
.05

100.97

.05
1.00
4.18

20,24
19,34
17.47
19.33

0 D7

17.55
.24

0
F

I0BB

2,95
20.45
18.26
18.81
33.05

.63

5.16

.19

Y

PIC

SHESSY19
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TABLE 27:

$10,
Ti0,
A1203
Cr203
FeO
MnO
MgO
Ca0
Na20
K,0
2r0,

Total

CONTINUED
46 56
41.5 36.0
4,2 11.8
8.2 8.1
.49 .49
23,2 23,2
.30 .30
12.7 10.9
8.8 8.4
.43 47
W15 .19
.10 .10
.05 .03
100.12 100.47

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm

ap
Color

Shape

Group

.05
.92
4,01
20,80
19,13
18.07
30.16
.56
6.08
022

Y
B
PIC

.03
1.20
4,51

20.79
18,46
14,73
21.89

.58

17.58
022

I0B

022
.07
1.20
3.26
25.76
27,36
31.26
W21
9.82
.83

BAS

42

36.5
NI
7.4
W54
23.4
.30
11.8
8.4
48
.16
.10
.08

100. 86

.08
1.00
4,56

18,58
19,84
14,38
23,48

.63

17.23
22

I0B

60

36.7
12,0
8.2
W47
23.8
.30
10.9
8.9
«55
.18
.08
.04

102,12

.04
1.11
5.17

20,30
20,32
11.52
23.30

.54
17.51

.18

10B

.32
.07
.04
.04

100.61

.04
W42
2685
2n.72
19.46
9.91
43,68
W45
3.29
.08

PIC

51

41,8
1,40
8.0

«50

25.7

.31

12.6

9.7
.18
.09
.06
.01

100.35

.00
.01
«55
1.68
21.53
22,38
11.74
39.39
57
2.02
.13

BAS

SHSSVTID
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TABLE 28:

§i0,
Tio,
A1203
Cr203
FeO
MnO
MgO
Bao
Cao0
Na20
K,0
P05
Zr02
Total

GREEN GLASSES IN MICROBRECCIA RAKE SAMPLE 15349,2

11

46.5
49
8.5
«39
119512
.30
16.4
.03
8.6
.20
.07
.04
.03

100.69

8

45.5
W43
8.1
« 40
19.6
32
16,1
«02
8.6
.23
.05
.03
.04

99.36

CIPW Molecular Norms

z
or
ab
an
di
hy
ol
cm
il

ap

.03
41
1.80
22.10
16,37
32,01
26,09
.43
.68
.08

.04
.30
2,10
21.29
17.62
29,44
28,09
o 45
61
.06

7

45,2
46
7.6
.39
20,1
W31
17.0

8.1
«20
.06
.03
.04

99.46

.04
.36
1.82
19.96
16.50
29.13
31,05
W43
65
.06

10

45,6
.53
7.8
.40
20.1
20,1
17.3
. 04
8.1
.19
.07
.04
.03

100.48

.03
W42
1.71
20,30
15.97
29,30
31.01
W44
74
.08

17

45,2
W47
7.5
W40
20.4
32
16.6
.03
8.3
.16
.05
.03
.04

99.43

.04
.30
1,46
19.95
17,52
29,54
31.02
.45
67
.06

44,7
W45
7.6
.40
20.4
.31
16.4
.03
8.5
.20
.06
.03
.04

99.05

.04
.36
1.83
20.09
18.35
26,04
32,14
45
.64
« 06

2

45,5
W45
7.8
.39
20.8
.30
16.9
« 04
8.3
.21
.06
.05
.03

100.56

.04
«36
1.89
20.23
16.76
27.42
32,14
W43
«63
.10

SASSVIO



L

TABLE 29:

si0,
Tio,
Al 704
Cry04
FeO
MnO
MgO
Cao
Na,0
P505
Zr02

Total

GLASSES IN MICROBRECCIA RAKE SAMPLE 15352

38

46 .8
1,12
20.3
.14
8,0
.10
11.7
12,2
.09
.07
.01
.06

100.59

10

46,6
« 86
18.7
.16
8.0
.09
13.6
11.5
.60
.26
.15
.02

100,54

CIPW Molecular Norms

q
z
or
ab
an
di
hy
ol
cm
il
ap

Color
Shape

Group

.05
W41
.80
54,15
4,48
32,28
6,11
.15
1.54
.02

C
F
HAB

02
1.50
5.27
46,53

6.64
20,43
17.95

17
1.17

.31

C
S
AllAB

41

48,0
.57
19,4
14
8.5
W12
11.0
11.1
58
.34
.09
12

100.96

11
1.98
5.14

48,72
4.06
33.30
4,18

.15
2.16

.18

C
F

AHAB

49,2
.31
17.8
.33
8.6
.14
12,7
11.9
.06
.03

101.07

53
47.42
8,50
41,75
.83

HAB

35

49.4
1.08
18.5
W21
9.4
.16
9.8
11.2
.62
.38
.16
W12

101.03

.68
.11
2,23
SEOE
46,29
6.30
36.80
«23
1.49
338!

AHAB

17

50.0
1.28
17.1
22
9.4
.11
10,1
10.9
.64
46
.29
.12

100.62

1.91
.11
2,71
5.74
42,39
7.78
36.73

.24
1.78
W61

C
&

AHAB

29

50.9
1.34
18.0
.18
9.6
.15
8.1
11.1
.69
.56
.53
11

101.26

4,46
.10
3,31
6.20
44,39
5.78
32,58
.20
1.87
LG ALk

C
F

AHAB

49,7
1,51
17.2
022
9.7
.19
10.2
10.9
.64
W43
.41
.08

101.18

1.56
.07
2,52
5.71
42,55
6.84
38.56
.24
2.09
.85

B
F

AHAB

36

49.8
1.32
17.5
2oL
9.8
.12
9.5
10.8
«55
.40
W17

o L3

100.20

2,58
.12
2.38
4,96
44,35
6.72
36.45
$23
1.85
.36

C
S

AHAB

45

50.2
1.41
16.6
.24
10.0
.13
9.4
10.4
.68
.52
.43
.12

100.13

3.30
W11
3.10
6.16
41.07
6.52
36.58
.26
1.98
.91

AHAB

40

54,4
.61
13.9
.43
10,1
.18
11,0
9.2
Hil(3
.03

100.01

10.41

.18
1,45
37.55
6.89
42.19

.19
1.67

MISC

48.0
4,0
18.3
W12
11.2
.19
5.8
12,2
246
.14
.03
.32

100.76

5.93
.30
.85

4,24

48,74
10.56
23.46

.14
5077
.06

Y
5

MISC

7/

45,6
1.32
16.3
.30
12.4
.16
12,2
10.8
)
.19
17
06

99.94

.05
1.13
3.96
42.11
8.44
25,90
15.85

.33

1.84
.36

HAB

30

42,2
7,8
10,4
.46
18.2
.30
10.4
10.9
.32
.12
.05
.01

101.16

01
.73
2,98
27.57
2,52
27.36
6.93
252
11.26
oLk

0
F
BAS

28

44.5
4.5
10.9
.29
19.5
.26
9.8
10,1
.48
.30
.16
.07

100.86

.06
1.83
4.46
27.62
18.50
30.38

9.99

033
6.48

.34

BAS

SASSVTIO



EL

TABLE 29:

$i0,
Ti0,
Cr203
FeO
MnO
MgO
Ca0
Na,0
K,0
2r0,

Total

CIPW Molecular Norms

q
z

or
ab
an
di
hy
ol
cm
i1

ap
Color
Shape

Group

CONT INUED
44 3
45,1 44,9
.38 .45
7.4 708
.51 .51
20.2 20,5
.28 .30
17.8 17.6
8.6 8.6
.10 .13
.07 . 04
.02 .03
* *
100,46 100,36
W41 0 24
.90 1,17
19.60 19,32
18.45 18.70
25,16 24,62
34,34 34,69
.56 +56
$53 .63
. 04 .06
G G
F E
FP FP

22

44,3
. 39
7.7
52
20.6
.30
17.7
8.9
.11
. 06

.01
100.59

.01
.36
.99
20.38
23,09
19,46
38.60
W57
W54

GP

FP

16

44,9
W43
7.1
.52
20.8
.30
17.8
8.6
. 14
.07
.01
.01

100.68

.01
W41
1,26
18.58
19.28
22.95
36.30
.57
.60
.02

wn

45,4
W47
7.1
W51
21.0
.31
17.0
8.6
.16
.07
.02
. 04

100.68

.04
42
1.44
18.56
19,38
26,48
32,41
.56
.66
.04

47

44,0
.39
7.1
W51
21,1
.29
18,4
8.4
.14
.07
*

.01
100,41

42

44,3
44
7.0
.49
21.2
027
18,2
8.6
.13
.06
.03
.04

100.76

.04
.35
1.17
18,35
19,31
19,55
40,02
W54
.61
.06

FP

45,3
.39
6.9
W50
21.3
32
17.6
8,6
.16
.05
.02
.01

101.15

I0B

1.07
4,32
20,36
21.20
19,81
11,20

.73
21.14

o 11

I0B

8.2
.59
21.6
.31
10,6
9.0
W46
.20
.08
.05

101,28

.05
1.25
4,38

20,90
20,68
18.67
12,84

.69

20,37
.18

I0B

SASEVID
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TABLE 30

5102
Ti0,
A1203
Cr203
FeO
MnO
MgO
Ca0
Na20
K,0
Py05
Total

GREEN GLASS SPHERULES IN MICROBRECCIA RAKE SAMPLE 15365,1-1

14

44,9
W43
8.7
.48
20.1
W22
15.7
8.3
.09
.02
.03

99.97

28

43,7
W40
7.9
.49
20,5
027/
16,3
8.4
.08
.04
.04

98,12

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
11
ap

12
.83
23,86
14,51
32,52
26.94
.54
W61
.06

.24
.74
21.77
16.79
26,01
33.23
56
.58
.09

31

44,1
42
7.6
52
20.6
W27
15.9
3.7
.14
.05
.02

98,32

.30
1,30
20.61
19.05
25,55
31.96
.59
.60
.04

18

43.6
.43
7.4
.48
211 &3
2D
16,2
8.8
W11
+05
.04

98.66

.30
1.02
20.12
19.63
21.99
35.69
$55
.58
.09

11

44,4
.43
7.8
.51
21.5
.28
16.5
9.1
.13
.05
.04

1nn,74

.30
1.18
20.70
19.60
20.70
36.27
.56
.60
.08

40

43.8
L4b
7.2
.49
21.6
.22
15.9
8.8
.11
.04
.04

98.64

.24
1.02
19.64
29,10
23,62
34.10
.56
.63
.09

29

43,4
W45
7.7
.48
2017/
24
16,3
8.4
.10
.03
.04

98.84

183
92
21.04
17.21
22.90
36.48
.54
.64
.08

22

43.6
.48
7.2
52
21.7
024
16.4
9.0
.14
.05
.03

90K

.30
1.28
19.29
2n0.92
19.08
37.79
.58
.68
.06

43,38
.38
703
.49
21.8
.28
16.1
8.6
.12
.04
.02

98.93

.24
1.11
19,80
19.13
23,21
35.36
$55
54
.04

43,0
W42
8.2
48
21.8
.27
16,0
8.5
.11
.05
.04

98.87

.30
1.01
22,34
16.58
20.34
38,19
.54
.60
.08

43,8
41
7.6
cFiL
21.8
.26
16,2
9.1
.19
.04
.03

99.85

W24
.91
20.54
20.18
19,91
37.01
57
.58
.06

17

44,2
41
7.5
.49
21,8
«26
16.4
8.8
.08
.04
.03

100.01

.24
.73
20,31
19,08
23.13
35.32
«56
.64
.06

20

43.3
Y
7.1
.51
21.8
.25
16.1
8.7
.11
.05
.03

98.39

.30
1.02
19.37
20,04
21.34
36,65
.55
.63
.06

25

43.8
42
7.4
WSl
21.8
.29
16.2
8.8
.11
.05
.04

99.42

.30
1. 01
20,00
19,50
21.76
36.16
57
«60
.08

12

43,4
W45
7.4
. 50
22,1
.30
16.2
8.4
.16
.06
.04

99.01

.36
1.48
19.82
18.16
21.18
37.71
.56
.56
.08

SHSSVTIO



Se

TABLE 31:

$1i0,
A1203
Cr203
FeO
MnO
MgO
Ca0
Na,0
K,0
P205

Total

CHONDRULES OF GREEN GLASS COMPOSITION I

35

44,4
.43
8.9
.48
20.3
2D
14,6
8.7
.10
.04
.04

98.24

32

44,7
.48
9.1
. 50
20.4
.24
1555
8.9
.10
.03
.05

100.00

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
i1
ap

.24
.93
24,60
15.91
30.68
26.38
.55
.62
.09

.18
91
24,67
15.86
27.37
29.66
.56
.68
o Lk

33

45.1
W46
8.9
.50
20.4
.25
15.6
8.6
.12
.03
.04

100,00

.18
1.09
24,02
15.22
30.10
28.09
.56
.65
.08

13

43.0
44
9.3
.48
20.5
.25
14,9
9.0
o dLiL
.05
.04

98.07

.31
1.02
25.64
16.29
21.48
33.99
+55
.64
.09

CHONDRULE DATA

BULK ANALYSES

15

44,1
oSk

o
.
&

.49
20.5
.28
13.3
9.6
.13
.05
.06

98,42

» 31
1.21
25,93
18.57
26.38
26.18
o6
.74
o3

30

44,1
.44
8.7
.51
20,5
. 26
15.0
8.5
0 dhdb
.03
.05

98.20

.18
1.02
24.00
15.49
29.53
28.45
.58
.64
.11

23

43.4
.40
8.4
.50
20.7
.26
15.2
9.2
.10
.05
.04

98.25

.31
.93
23.11
19.08
21.74
33.69
0 S
.58
.09

N MICROBRECCIA RAKE SAMPLE 15365,1-1

21

43.7
.44
8.0
.49
29.8
0 AA5)
15500
9.2
.15
.03
.03

98.19

.18
1.40
21.84
20.21
22.73
32.37
.58
.64
.06

44,2
L42
8.3
J47
20.9
.26
15.2
9.2
.11
.06
.03

99.15

.36
1.01
22.56
19.27
23.98
31.61
.53
.60
.06

16

44,3
.42
7.7
.49
20.9
.25
1555
8.6
. 10
.04
.03

98.33

.24
.93
21.16
18.23
28.58
29.62
.56
.61
. 06

24

43.8
.50
8.8
.53
21.2
.29
15,2
9.5
11
.02
.05

100.00

.12
1.01
23.89
19.01
20.23
34.33
.59
71
.11

STITNUANOHD



9L

TABLE 31:

8102
T10,
Cry04
FeO
MnO
MgO
Cao0
Na20
K,0
Py0g
Total

CIPW Molecular Norms

or
ab
an
di
hy
ol
cm
11
ap

CONTINUED
6 27
43,3 44,2
.46 .43
8.9 9.0
.50 .54
Ailo 3 21.3
.25 .26
WA o) 15.1
9.0 9.0
'S .09
.04 .03
503 .05
98.65 100.00
.24 .18
1.39 .82
24,28 24,52
17.22  16.51
21,75 24,91
33,77 31.73
.57 .60
.66 .61
.11 .11

38

43.3
W45
8.3
.48
21.3
.24
15.8
9.0
» 10
.04
.04

99.05

24
.92
22.65
18.30
20.06
36.55
.54
.64
.08

10

44,1
.40
8.7
.49
2416 8)
+26
15.4
8.6
.11
.04
.02

99,42

.24
1.01
23.67
15.88
25.71
32,31
e55
W57
.04

43,6
.46
9.2
.49
21.4
o27
15.5
8.9
.11
.03
.04

100.00

.18
1.00
24,93
15.75
21.21
35.64
«55
.65
.08

43,6
.48
8.7
.50
21.5
05
16.3
8.5
.10
.02
.05

100.00

.12
W91
23.57
15.10
22,22
36.74
+56
.68
.11

34

44,4
46
8.0
.50
21.5
.26
14,7
8.7
.16
.04
.04

98.76

W24
1.49
21,72
18,13
28,19
28.95
W57
.62
.09

43.9
.48
8.6
. 49
21.5
.26
15.0
9.1
.12
.05
.03

99.53

.30
1.10
23.34
18.16
22,72
33.07
.55
.68
.06

e

43.1
.46
8.5
.52
21.6
.28
15.2
9.1
.10
.05
.03

98.94

» 30
.92
23,28
18.41
19.54
36.24
+59
.66
.06

37

43.4
. 39
8.3
.50
21.7
.24
14.5
9.2
.09
.02
.03

98,37

12
.84
23.06
19.33
22,88
32.56
05
« 56
.06

42,9
42
8.0
.49
21.7
.26
15.6
8.6
.14
.03
.05

98.19

.18
1.30
21.88
17.59
20.80
36.97
+56
.61
.11

36

43.5
.48
9,2
. 48
21.8
.24
13.6
9.5
. 10
.02
.04

98.96

.12
.93
25.49
18.46
22.74
30.94
+ 35
. 69
.09

39

44,6
.48
8.4
.51
22,0
. 27
14.4
9.4
.13
.04
.04

100,27

.24
1.19
22.69
19.72
24,60
30.21
+ 57
.68
.08

26

44,2
W45
7.9
.49
22.0
27
15.5
9.0
oL
.04
.04

100.00

.24
1,01
21.36
19.12
23,29
33.71
+55
.64
.08

SATNYANOHD



LL

TABLE 32:

8102
T102
A1203
C!‘203
FeO
MnO
MgO
Cao
Na,0
K,0
P205

Total

MATRIX GLASS IN DIFFERENT CHONDRULES

LARGE CHONDRULE AND ITS INTERSTITIAL GLASS IN MICROBRECCIA RAKE SAMPLE 15315,2-2

)7

49,4
.68
11.1
.49
18,2
.43
4.8
13.9
.20
*

.02
99.22

23

48,7
€5
11.0
.54
18.9
b
6.1
12,8
.15
*

.03
99.31

CIPW Molecular Norms

q
ab
an
di
hy
ol
cm
11
ap

4.92
1.91
31.30
33.60
26.66
.57
1.01
.04

3.19
1,43
31.11
28.79
33.83
.63
.96
.07

8

47 .4
.58
9.2
W47
19.3
W40
8.8
10.8
.14

.04
97.13

.81
1.35
26.30
24,78
45,25
.00
oD,
.87
.09

19

48,5
.64
10,2
04
19.5
44
6.8
12,6
.13

.04
99.38

2.24
1.24
28.85
29,63
36.39
.62
.94
.09

jES)

48.3
.63
10.4
W51
19.8
42
3
12.6
.17

.04
100.67

.76
1.60
28.93
29.02
38.10

.59
.92
.09

27

47.8
.65
9.9
.62
19.8
W47
7.1
L35l
.11

.03
99.58

.62
1.04
28.01
32,33
36.26

0 72
.96
.07

38

47.3
.60
9.9
.60
20.0
W45
6.6
12,2
o11

.02
97.78

1.63
1.06
28.60
29.22
37.83
71
.90
04

32

46 .6
.61
8.9
.52
20.3
.40
7.6
12.9
oLl

.04
97.98

1.06
25.52
34,27
34.77

2.75

.61
.91
.09

36

47.8
=168
10.1
64
20.6
.46
7.0
12.7
.11

.02
100.06

.40
1.04
28.50
30.16
38.20

.74
»92
.04

24

46,2
.56
& ot/
.56
20.9
.45
8.7
18%ev7.
.12

.03
98.92

1.14
27.43
27.00
34.74

8.16

.65
.82
.07

45.6
. 49
7.9
+ 55
2P19291¢
X
10.7
11.1
.09

.01
97.98

.86
22,45
28.73
32.56
14.01

.64

W72

.02

39

46.6
.58
8.5
.52
21,2
W49
2.8
11.6
.11

.01
99.41

1.04
23.84
29,21
34,34
10.11

.60
.85
.02

45,9
.53
8.2
.55
21.8
b
9.8
11.3
.10

.02
98.64

.95
23,24
28.82
33,49
12,04

.64

.78

.04

SATNUYANOHD



CHONDRULES
MATRIX GLASS WITHIN A SINGLE CHONDRULE

TABLE 33: GLASS MATRIX IN GREEN GLASS CHONDRULES FROM MICROBRECCIA RAKE SAMPLE 15365,1-1

Interstitial glass

Large Chondrule T 8 11 10 13 12 9 6
$10, 45.8 47.5 46.5 46.0 46.7  47.2  45.0  45.7
T10, .46 .61 .45 .48 .53 .49 .50 L4b
A1,0, 8.6 10.0 9.0 9.8 9.6 9.9 9.2 8.1
Cr,03 .52 .55 .56 52 .58 o .57 .56
FeO 19.7 19.6 20,2 20.3 20.5 20,8 21.4  21.5
MnO .30 .54 .57 .52 .63 .58 .53 . 50
MgO 15.2 7.9 9.8 8.3 8.4 8.5 0.3 12.2
a0 9.3 12.5 1169 12.1 PIRo" 4. 11,5 11.4  10.6
Na,0 .01 .14 .14 Tk .09 .20 13 .09
K20 .08 * O * * .01 * *
P,05 .03 .03 .01 .02 .02 .02 .04 .03
Total 100.00 99.37 98.54 98,17 98,95 98.75 99.07 99.72

CIPW Molecular Norms

or .06 s .06 - - .06 - -

ab .73 1.32 1.33 1.24 .86 1.88 1.22 .84
an 23,46 28,09 25,24 27.88 27.31 27.36 25.75 22,50
di 18.59 29.63 27.11 28,76 28,04 25.87 26.68 25.45
hy 32.02 38.27 36,03 33.16 37.364 37.90 26.48 30.11
ol 23,84 1.09 8.90 7.59 4.96 5.54 18.39 19.56
cm .58 .64 .64 61 67 .63 66 .64
il «65 .90 .66 71 .78 72 73 .64
ap .06 .07 .02 .04 .04 04 .09 .06

+ 3.8 mn in diameter

OLIVINE

TABLE 34: SKELETAL OLIVINES IN LARGE CHONDRULE FROM MICROBRECCIA RAKE SAMPLE 15315,2-2

7 4 2 5 3 6 1
$10, 39.2 39.0 39.3 319743 39.6 S ORI 39.3
Ti0, .03 .05 .04 05 .03 .05 .10
ciEgoy .43 .43 .45 .38 .48 .47 .44
FeO 21.0 21.1 21,2 21.4 21.5 22.0 22,6
Mn O .31 .31 32 .32 .31 .29 .35
Mgo 38.2 38.8 38.2 38.8 36.4 36.2 37.3
Cao .73 .86 97 1.11 92 .70 1.79
Total 99,90 100.55 100.48 101.36 99,24 98.81 101.88

Number of Ions on the Basis of 4 (0)

Si 1.015 1,005 1.013 1,006 1,033 1.028 1.008
Ti . 001 .001 .001 .001 .001 .001 .002
Cr .009 .009 .009 .008 .010 .010 .009
Fe 455 455 457 458 469 484 485
Mn .007 .007 .007 .007 .007 .007 .008
Mg 1.474 1.490 1,468 1.480 1.416 1.418 1.426
Ca .020 .024 027 .030 .026 .020 . 049
Z 1.015 1,005 1.013 1,006 1.033 1.028 1.008
X 1.966 1.986 1.969 1.984 1,929 1.940 1.975
Sum 2,981 2,991 2,982 2,990 2,962 2.968 2.987

Molecular End Members

Fo 76.4 76.6 76.3 76.4 75.1 74.6 74.6
Fa 23.6 23.4 23.7 23.6 24.9 25,4 25.4
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	Structure Bookmarks
	20 25 13 33 19 31 35 55 40 58 28 47 59 SiO 2 44,0 44,3 44,1 44,1 44,1 44.4 4 3, 2 35.5 36.1 42,9 35. 6 35,2 35, 5 TiO 2 ,47 ,45 ,43 , 4 3 ,48 ,44 6.2 14,2 14,2 4,0 14,8 14,4 14,3 Al 2o 3 6,8 7,1 6,9 6,9 6,8 7,0 9,1 8,3 8,4 8, 7 7, 9 7,3 7,6 cr2o3 , 4 8 ,47 ,46 ,48 ,49 .47 ,25 ,46 ,45 .so ,51 , 58 , 61 FeO 21. 3 21. 3 21,4 21. 4 21.4 21.4 21. 7 21. 7 21. 8 21, 8 21,8 22,2 22,4 MnO ,30 , 28 ,30 ,27 ,31 ,30 , 2 7 , 27 .26 , 32 ,30 , 2 8 ,29 MgO 19,1 18, 5 18,8 18,6 18,8 18,7 8,9 10.3 10,2 14.3 10,8 11. 7 11,5 
	24 11 61 41 54 14 18 45 49 57 26 44 SiO 2 35, 0 42,4 42,2 35, l 35,2 41. 9 42,2 42.3 42.1 41. 6 41,4 36,8 41, 8 Ti02 14,2 3,9 3,6 14, 3 14.6 3.7 3.9 3.6 3.6 3,8 3,6 11. 9 3,6 Al203 6,8 8,4 8,7 7,0 7,1 8,2 8,4 7.9 8, l 8,4 7, 8 7,9 7,9 Cr 2o 3 ,6 8 ,49 ,4 7 ,69 ,68 , 55 ,51 ,54 ,52 ,51 , 5 2 ,49 , 51 FeO 22,6 22,7 22,7 22,8 22,8 2 2. 8 2 2, 9 22,9 22.9 2 3 .o 2 3, 0 23,l 23,1 MnO ,29 ,31 ,33 , 2 8 ,29 • 29 , 33 ,32 ,31 ,30 , 30 , 32 ,30 MgO 12,5 13,1 12,6 12,7 12, l 13,5 13,l 13,8 13,6 13.6 14,0 11,1 14,2 Ca
	46 56 38 42 30 60 17 51 Si02 41,5 36,0 43,0 36, 5 44,0 36, 7 41. 3 41, 8 Ti02 4,2 11,8 6,6 11, 7 3,2 12,0 2,30 1,40 Al203 8,2 8,1 9,6 7,4 8, 3 8,2 8,2 8,0 cr2o3 ,49 ,49 ,18 .s 4 ,54 ,47 ,40 .so FeO 23,2 23,2 23,4 23,4 23,5 2 3, 8 2 4, 6 25.7 MnO ,30 ,30 ,33 ,30 ,31 ,30 ,34 ,31 MgO 12, 7 10,9 5,3 11,8 11. 6 10,9 14,3 12.6 CaO 8,8 8,4 11,8 8,4 9, 7 8,9 8,9 9,7 Na2o ,43 ,47 ,34 ,48 ,32 ,55 ,32 ,18 K2o ,15 ,19 ,19 ,16 .12 ,18 .07 , 09 P205 ,10 ,10 ,37 ,10 ,09 ,08 ,04 ,06 Zr02 ,05 ,03 ,0 7 ,08 .03 ,04 ,04 ,01 To
	11 8 7 10 17 9 2 Si02 46.5 45.5 45.2 45,6 45,2 44.7 45.5 Ti02 ,49 ,43 ,46 , 5 3 .47 ,45 .45 Al 2o 3 8,5 8,1 7,6 7, 8 7,5 7.6 7.8 Cr203 ,39 ,40 ,39 ,40 , 4 0 .40 , 39 FeO 19, 2 19, 6 20,l 20,1 20,4 20.4 20,8 MnO ,30 ,32 ,31 20,1 ,32 ,31 .30 MgO 16,4 16, l 17.0 17.3 16, 6 16,4 16.9 BaO ,03 ,02 * ,04 ,03 , 03 ,04 CaO 8.6 8,6 8,1 8,1 8,3 8,5 8, 3 Na2o ,20 .23 ,20 ,19 , 16 , 2 0 ,21 K2o .07 ,05 ,06 ,07 ,05 ,06 .06 P205 ,04 ,03 .o 3 .04 ,03 ,03 ,05 Zro2 ,03 ,04 ,04 .o 3 ,04 ,04 .03 Total 100,69 99.36 99,46 100, 4
	38 10 41 2 35 17 29 7 36 45 40 34 37 30 28 Si02 46, 8 46,6 4 8, 0 49, 2 49.4 50,0 50,9 49,7 49.8 50.2 54, 4 48,0 45,6 42,2 44.5 TiO 2 1,12 , 86 1. 5 7 ,31 1,08 l, 2 8 1,34 1,51 1. 32 1. 41 ,61 4,0 1. 32 7,8 4,5 Al 20 3 20,3 18,7 19, 4 17,8 18,5 17,1 18,0 17.2 17.5 16,6 13,9 18,3 16,3 10,4 10.9 Cr 2o 3 , 14 ,16 ,14 , 33 , 21 , 22 ,18 ,22 ,21 , 24 , 4 3 ,12 , 30 ,46 , 2 9 FeO 8,0 8,0 8.5 8,6 9.4 9,4 9, 6 9,7 9. 8 10.0 10,1 11,2 12,4 18, 2 19, 5 MnO ,10 .o 9 ,12 ,14 , 16 • ll ,15 , 19 • 12 , 13 ,18 ,19 .16 ,30
	44 3 22 16 4 47 42 1 24 6 20 19 32 49 Si02 45,1 44.9 44.3 44.9 45,4 44,0 44.3 45,3 36, 5 16,0 36.4 42,2 42.2 41. 8 Ti02 ,38 .45 , 39 ,43 ,47 ,39 .44 ,39 13,4 14. 2 13.8 3,7 4,0 4. 2 Al 20 3 7.4 7.3 7, 7 7,1 7.1 7,1 7,0 6,9 8,6 7,9 8,2 8,6 8,8 8,6 Cr 2o 3 .51 .51 , 52 .52 , 51 ,51 ,49 ,5 0 ,48 , 6 2 ,59 , 5 7 ,49 ,51 FeO 20.2 20,5 20.6 20.8 21,0 21.1 21,2 21. 3 21.3 21,6 21. 6 22, 2 22.8 23.2 MnO ,28 ,30 , 30 ,30 ,31 .29 ,27 ,32 ,29 , 32 ,31 22.2 , 28 , 30 MgO 17,8 17.6 17.7 17,8 17,0 18,4 18,2 17,6 10.3 10,
	14 28 31 18 11 40 29 SiO 2 44,9 43,7 44,1 43,6 44,4 41.8 41.4 TiO 2 ,43 ,40 , 4 2 .43 ,43 .44 , 45 Al 20 3 8,7 7.9 7,6 7,4 7,8 7.2 7.7 Cr 2o 3 ,4 8 ,49 ,5 2 , 4 8 , 51 , 4 9 .48 FeO 20,l 20,5 20, 6 21,3 21. 5 21,6 21. 7 MnO ,22 ,27 , 2 7 ,25 ,28 , 22 , 2 4 MgO 15,7 16, 3 15,9 16,2 16,5 15,9 16,3 cao 8,3 8,4 3,7 8,8 9,1 8,8 8,4 Na2o ,09 .o 8 ,14 ,11 ,13 , 11 ,10 K20 .02 .o 4 , 05 ,05 ,05 ,04 , 03 p 2° 5 ,03 ,04 .o 2 ,04 ,04 ,04 ,04 Total 99,97 98,12 98,32 98,66 100, 7 4 98,64 98,84 CIPW Molecular Norms or ,1
	35 32 33 13 15 30 Si02 44,4 44,7 45,1 43,0 44.1 44.1 Ti02 .43 .48 ,46 ,44 .51 .44 Al2o3 8,9 9,1 8,9 9, 3 9, 4 8. 7 cr2o 3 , 4 8 ,50 ,50 , 4 8 ,49 .51 FeO 20,3 20,4 20,4 20,5 20,5 20,5 MnO ,25 ,24 ,25 , 25 , 28 • 26 MgO 14,6 15,5 15 ,6 14,9 13,3 15,0 Cao 8,7 8,9 8,6 9,0 9.6 8.5 Na2o ,10 .10 ,12 ,11 ,13 , 11 K2o ,04 ,03 ,03 ,05 ,05 ,03 P20 5 ,04 ,05 ,04 , 04 ,06 ,05 Total 98,24 100,00 100,00 9 8, 0 7 98,42 98,20 CIPW Molecular Norms or ,24 ,18 ,18 , 31 ,31 ,18 ab , 9 3 , 91 1. 09 1,02 1. 21 1. 02 an 24,60 24,
	6 27 38 10 1 2 34 9 19 37 5 36 39 26 Si02 43.3 44.2 4 3. 3 44.1 43.6 43.6 44. 4 43.9 43.1 43.4 42, 9 4 3. 5 44.6 44.2 Ti02 .46 .43 • 45 • 40 .46 .4 8 ,46 .48 ,46 , 39 , 42 .48 .48 , 45 Al 2o 3 8.9 9.0 8. 3 8.7 9.2 8,7 8.0 8,6 8.5 8,3 8. 0 9, 2 8, 4 7.9 cr2o3 .so .54 ,48 .49 .49 .so ,50 • 49 , 52 .50 ,49 • 48 .51 ,49 FeO 21. 3 21,3 21. 3 21. 3 21.4 21,5 21.s 21. 5 21. 6 21. 7 21. 7 21. 8 22.0 2 2. 0 MnO ,25 .26 , 24 ,26 .27 .25 , 26 • 2 6 • 28 , 24 , 26 • 24 • 2 7 .27 MgO 14.7 15. 1 15.8 15. 4 15. 5 16,3 14,
	37 23 Si049,4 48,7 2 TiO ,68 .65 2 Al 11,1 11.0 2o 3 cr.49 • 5 4 2o3 FeO 18,2 18, 9 MnO .43 ,44 MgO 4,8 6,1 CaO 13,9 12,8 Na0 .20 ,15 2K0 * * 2P0, 0 2 .o 3 25 Total 99.22 99. 31 CIPW Molecular Norms q 4,92 3, 19 ab 1. 91 1. 43 an 31,30 31,11 di 33, 6 0 28,79 hy 26,66 33,83 ol cm , 5 7 ,63 il 1.01 ,96 ap • 0 4 ,07 8 47,4 .58 9,2 ,47 19, 3 ,40 8,8 10,8 .14 * ,04 97 .13 ,81 1. 35 26,30 24,78 45,25 .oo ,55 ,87 .09 19 15 48,5 48.3 ,64 , 6 3 10,2 10.4 ,5 3 ,51 19. 519, 8 .44 .42 6,8 7.3 12,6 12. 6 , 13 , 1 7 * * 
	Interstitial glass Large Chondrule + 8 11 10 13 12 9 6 SiO 2 45,8 47,5 46, 5 46,0 46, 7 47.2 45.0 45,7 Ti02,46 , 61 .45 , 4 8 ,53 .49 • 51),44 Al 2o 3 8,6 10,0 9,0 9.8 9.6 9.9 9, 2 8,1 Cr 2o 3 ,52 ,55 , 5 6 ,52 ,58 .55 , 5 7 • 56FeO 19, 7 19, 6 20,2 20,3 20.5 21), 8 21. 4 21. 5MnO , 30 ,5 4 ,57 .52 , 6 3 , 5 8 , 53 ,50 MgO 15,2 7.9 9, 8 8,3 8,4 8.5 10.3 12, 2 Cao 9, 3 12,5 11,3 12,1 11, 9 11. 5 11. 4 10.6 Na2o , 01 ,14 , 14 ,13 ,09 ,20 , 13 ,09 K20,08 *,01* * .01 * * P205,03 .o 3 .o 1 ,02 ,02 ,02 ,04 .03 To
	4 2 5 3 6 l Si0239, 2 39 .o 39, 3 39, 3 39, 6 39, l 39.3 Ti02,03 .05 ,04 .o 5 ,03 ,05 ,10 Cr 2o 3 , 4 3 ,43 ,45 ,38 ,48 .47 .44 FeO 21.0 21.121, 2 21. 4 21,5 22.0 22,6 MnO , 31 ,31 ,32 ,32 , 31 ,29 , 35 MgO 38,2 3 8, 8 38,2 38,8 36.4 36.2 3 7, 3 CaO ,73 ,86 , 9 7 1. 11 ,92 ,70 1. 79 Total 99,90 100,55 100,48 101. 3 6 99,24 98.81 101. 8 8 Number of Ions on the Basis of 4 (0) Si 1,015 1,005 1.013 1,006 l, 0 33 1.0 2 8 1. 008 Ti ,001 .001 ,001 ,00 l , 001 ,001 ,002 Cr ,009 ,009 ,009 , 00 8 ,010 .010 , 009 Fe ,
	15332,1-1 15349 2 l 4 l 5 2 3 Si02 45,8 45,5 SiO 2 44,5 44,5 45,0 44,9 44,4 Al2o3 34,4 34,8 TiO 2 ,06 .OS ,03 .02 ,06 FeO , 12 ,04 Al2o 3 34,5 35, 0 35,3 35, l 34,7 MgO ,03 ,02 FeO .22 , 19 ,20 ,14 .18 Cao 18,l 18,6 MnO * * .02 ,01 • 02 Na2o 1,19 ,81 MgO .16 ,15 .13 ,13 • 18 K20 ,18 .15 Cao 19.2 19, 5 19,5 19,6 19,6 Total 99, 82 99,92 Na2o ,53 .56 .49 ,59 , 5 0 K20 .08 .08 .10 ,10 ,10 Number of Ions on the Basis of 32 (0) Total 99,25 100,03 100, 77 100,59 99,94 Si 8,461 8,397 Al 7,490 7,569 Number of Ions o
	15362,1-1 15362,1-2 1 4 3 10 12 2 1 4 Si02 44,3 43,3 43,9 43,5 43,9 44,1 43,3 44,1 44,0 Al 2o3 35,4 35,9 35,7 35,8 35, 4 35, 7 36,4 36,0 35,8 FeO ,08 ,07 .o 7 , 07 ,08 , 10 ,10 ,10 , 13 MgO ,02 ·t * , 02 ,03 ,03 ,04 ,05 , 03 Cao 19,6 19, 7 19, 5 19, 3 19,4 20,0 19, 5 19,7 19.8 Na2o .34 ,24 ,33 ,36 ,43 ,34 , 5 2 • 41 .35 K2o ,03 ,03 ,04 ,04 ,04 ,04 ,05 ,05 .05 Total 99, 77 99,24 99,54 99,09 99,28 100, 31 99,91 100,41 11)0,16 Number of Ions on the Basis of 32 (O) Si 8,212 8,080 8,156 8.120 8.180 8,144 8,032 8
	Si02 Ti02 Al2o3 FeO Cao Na2o K20 BaO 2 56,9 1.16 21. 9 1. 6 9 9,4 1.04 5,1 5,4 7 59,5 ,64 18,7 ,64 5,5 ,38 11,1 4,7 ,49 3 64,0 , 9 8 18,2 1. 2 3 1.55 ,2 3 11,6 4,2 Total 102,59 101,65 101,99 Number of Ions on the Basis of 32 Si Ti Al Fe Ca Na K Ba p 10,574 11,191 ,163 ,090 4.794 4,152 .263 .101 1. 883 1.101 ,375 .137 1. 214 2,676 .396 ,346 ,102 11. 79 4 .136 3. 958 , 190 ,306 2,728 ,084 • 304 z 15.531 15.433 15,888 X 4,131 4,463 Sum 19,662 19,896 Molecular End Members An Ab Or Cn 48. 1, 9.7 31. 4 10.2 26,0 
	Si02 T iO 2 Al2o3 Cr 203 V 20 3 FeO HgO Tot al 2 l. 35 23,9 1.41 22.2 ,45 43,7 4,6 97. 61 1 ,95 27.3 4.6 17. 3 ,36 47,8 3,9 102.21 Number of Ions on the Basis of 32 (O) Si Ti Al Cr V Fe Hg R+3 R+2 Sum • 3 83 s. 315 ,480 4.946 ,105 10. 2 6 7 2,041 10. 8 46 12.691 23.537 .256 5,730 1,469 3,639 .080 10. 610 1,637 10,918 12.503 23.421 Holecular End Hembers Uv Cm Pc He Sp 71. 5 2 8. 4 76. 4 23.6 
	Si02 Ti02 Al 20 3 Cr2o3 V203 Fe::> HnO MgO cao zro2 Total 4 ,39 51. 2 ,53 , 4 7 .so 43,2 ,33 2.11 ,32 ,71 100,06 5 .so 51. l , 83 .42 ,83 39,7 ,31 4,2 .47 .71 99.07 Number of Ions on the Basis of Si Ti Al Cr V Fe Hn Hg Ca Zr .019 1. 910 .021 • 019 ,047 1. 7 92 , 014 ,156 .o 17 ,017 2.016 1. 996 4,012 ,025 1. 894 .032 ,017 ,048 1. 636 .013 , 309 ,025 ,017 2,016 2,000 4 ,O 16 6 (0) 
	5 4 3 7 2 6 1 9 Fe 94, 7 95, 0 96, 0 94,3 95,3 93.9 94,2 93, 0 Ni 4,1 4,4 4,6 4,6 4,9 4. 9 5,2 5, 7 Co ,45 , 41 , 4 7 ,41 ,46 , 4 2 , 46 , 52 Sum 99,3 99,8 101, 1 99,3 100,7 9q, 2 99, 9 99, 2 15 359 7 3 8 1 2 4 6 5 Fe 93,5 93,9 93,9 91. 9 92, 3 93.0 91. 2 90.5 Ni 4,4 4,6 5,1 5,8 5, 9 5, 9 6,9 7, 5 Co .97 1. 16 ,92 ,84 • 9/i , 9 8 , 96 , 9 4 Sum 98,9 99, 7 99,9 98,5 99, 2 99, 9 99, l 98,9 15382 5 6 3 10 8 4 2 Fe 97,4 97,1 98, 7 97,6 97, 3 9 7, 5 97, 7 97, 2 Ni ,06 .07 ,11 ,18 ,18 , 19 , 21 , 2 7 Co .95 , 6 7
	15323 15356,1-1 15382 1 4 6 2 8 4 5 1 6 7 SiO 277 .1 SiO 267,5 63,3 SiO 273.2 73.9 74.8 75,3 73. 3 73.8 74.7 Ti02 , 7 9 Ti02 ,35 1,15 Ti02.32 .76 .59 .66 • 6 g •66  • 55 Al2o3 11.6 Al2o3 15. 6 19,5 Al 20 3 12.9 12. 3 11. 9 11,8 12.3 13. 0 12. 5Cr 2o 3 .oo Cr 2o 3 .oo.oo cr2o3 .oo .oo .oo.oo • 0') • 00,oaFell 2,34 FeO , 501.05 FeO ,59 1. 7 3 1. 551,72 1. 85 1,82 1.11. Uno ,00 llnO ,00.oo llnll .oo .oo .oo • 01), 00 • 1)1), 00 MgO .16 l!gO ,00• 00HgO .oo .oo .oo,00• ')0• 'JO,')I) CaO 1. 8 7Cao 2,762,67 CaO 2,
	1 2 3 4 5 6 7 8 9 10 11 12 Si02 45,1 44,9 44,6 45,5 45,2 45,2 46.3 45.3 45.3 4 5, 0 4 5, 0 ·44,7 Ti02 ,38 ,45 ,43 ,44 , 42 .39 , 39 .39 , 43 ,06 ,41 ,40 Al20 3 7,9 7,7 7,4 7,7 7,5 7. 8 7.7 7,6 7.6 7.6 7.4 7,5 cr2o3 , 41 ,40 ,41 , 41 ,39 .42 .42 .42 ,40 .41 .41 ,41 FeO 18,5 19, 4 19 ,5 19,5 19,5 19.6 19,6 19. 8 19.8 19,9 20,0 20,0 NiO ,08 ,09 ,08 ,08 ,09 .07 ,08 , 09 , 09 ,08 , 07 ,06 MgO 16,9 17,9 17,8 17,9 17,7 17,1 17,0 17,1 17,5 17,l 17,3 17,2 CaO 8,6 8,1 8, 1 8,2 8,2 8,3 8, 7 8,4 8,0 8.3 8,3 8,4 Na2o ,1
	13 14 15 16 17 18 19 20 21 22 23 s102 45,3 44, 2 44, 4 44,7 45,4 44.7 4,S. 4 46.3 46.2 44.7 46.0 Ti02 ,42 ,45 .43 ,44 ,45 .39 ,41 .46 .47 .52 .45 Al20 3 7, 3 7,3 7,5 7,5 7,4 7.5 7.5 7.2 7. 3 7.6 7,4 cr 2o 3 ,38 ,45 , 3 8 ,41 .42 .43 .41 ,42 .42 , 44 , 38 FeO 20,0 20,0 20,l 20.2 20, 3 20, 3 20.3 21.1 21. 2 21.4 21. 4 NiO ,09 * .o 7 ,09 ,08 ,09 , 09 , 09 , 10 .11 , 10 MgO 17,4 16,6 17,4 17,6 17.1 17,2 17.3 17.3 17. 3 17, 9 17, 5 cao 8,1 8,1 8,2 8,3 8,2 8.5 8.4 8.3 8.2 8.1 8.8 Na2o ,16 ,26 ,12 ,13 ,11 .14 , 15
	1 2 3 4 5 6 Si02 44,6 44,8 45,2 44,3 45.5 45.2 Ti02 ,44 ,40 , 3 8 .41 .47 ,46 Al20 3 7,5 7.7 7,7 7,2 7,6 7.6 cr2o3 .38 ,41 ,42 ,41 • 41 ,40 FeO 18,9 18,9 19, 3 199,4 19,5 19,5 NiO ,09 ,05 ,09 ,08 ,09 ,08 MgO 17,8 16,9 17,1 17,5 18.4 18,1 Cao 7, 7 8,1 8.3 7,9 8,1 8.0 Na2o ,11 ,08 ,11 , 10 ,11 , 16 K20 .o 3 .o 3 ,04 , 0 3 .04 .03 P205 * * * ,01 ,01 * zro2 ,02 ,02 ,02 ,02 ,02 * Total 97,62 97,39 98,66 97,43 100.25 99,53 CIPW Molecular Norms z ,02 ,02 .02 .02 .02 or ,19 ,19 ,25 ,19 ,24 .18 ab 1,02 ,75 1,01 , 9 
	14 15 16 17 18 19 20 21 22 23 24 225 26 s102 45,1 45,7 45,3 45,4 45,4 45,l 45,0 45,6 45,5 45,0 45.6 45.6 44.8 Ti02 .41 .44 ,46 .44 .43 ,40 ,40 ,45 , 44 .44 .43 , 45 .so Al2o3 7,4 8,9 7.6 7.4 7, 7 7,3 7,5 7,5 7,7 7.3 7.4 7,5 7.5 Cr2o3 .40 .46 .44 .42 .42 ,41 .41 ,39 ,41 .43 .42 , 42 ,42 FeO 19 .9 19.9 20,0 20.2 20.2 20,2 20,2 20,2 20,2 20,4 20.4 20,5 20.6 NiO ,05 ,10 ,06 .08 , 09 ,09 ,08 ,14 .09 ,11 .07 ,05 ,09 MgO 17.7 16.6 18,1 17.6 17.1 17,6 17,2 17,9 17,4 17,8 18.0 17.7 17.1 Cao 7,8 9,3 8.0 8.1 8,4 8,0 8
	1 2 3 4 5 6 7 8 9 10 11 12 13 Si02 45,6 44,8 45,5 45,6 46.3 45,5 45. 2 45,3 46.4 46,3 45,1 45,9 45,7 Ti02 , 5 3 ,49 ,43 ,42 .45 .48 , 45 .46 .46 , 44 ,46 ,49 , 4 7 Al2o3 7,6 7,4 7,4 7, 7 7.1 7.3 7.5 7, 3 7.4 7, 3 7.4 7,6 7, 3 er 2o 3 ,40 • 41 ,39 ,40 ,38 .41 .38 ,39 , 38 ,38 ,43 ,40 ,40 FeO 19,2 19,4 19 .4 19,4 19, 4 19. 5 19.5 19. 6 19,6 19,6 19,8 19, 9 19,9 NiO .o 9 ,10 ,12 ,10 , 12 , 07 , 11 , 12 .11 ,10 ,10 ,10 .10 MgO 17,0 17,7 17,6 16,7 18,2 17.3 1 7, 7 17.8 18.0 17,7 18,5 17, 2 17,5 CaO 8,0 7,9 8,0 8
	SiO z 45,6 44,9 44.8 45,4 4 5, 7 45,5 Ti Oz ,49 ,44 , 45 .46 , 44 ,45 AlzO 3 7,2 7.4 7,0 7, 2 7, 0 7, l Cr zO 3 .40 .44 , 40 ,39 .40 ,39 FeO 20. 0 20.2 20,2 20.2 20,2 20,2 NiO .07 , 10 ,10 , 12 , 11 ,09 MgO 17.4 17.6 17,0 16.9 17.5 17,l CaO 8,0 8 .1 8,0 8,3 8.1 8,1 Na2o , 17 , 10 ,09 , 07 ,07 ,09 KzO ,03 ,03 ,03 ,03 ,03 ,02 PzO 5 .oz * * * * * zro2 ,04 ,02 ,06 "* ,03 * Total 99, 32 99,13 98,13 99.07 99.58 99,04 CIPW Molecular Norms z ,04 , 02 .06 .03 or ,18 , 19 , 19 , 19 ,18 ,13 ab 1. 5 5 ,92 ,84 ,65 .64 ,
	1 2 3 4 5 6 8 Si02 45,7 43,9 46, l 46,2 44,3 45.5 46.1 46.3 Ti02 ,43 .41 ,41 ,15 .45 ,47 .43 .44 Al2o37.8 7,0 7,9 7,6 7,2 7.3 7.2 7.4 cr2o 3,40 .38 .42 ,39 , 39 ,36 .41 .40 FeO 18.9 19, 4 19, 6 19 .6 19.9 19.9 20.0 20.0 NiO .12 .12 ,09 ,10 ,06 ,09 .10 , 08 MgO 16.716,7 17,2 18, l 17.0 17.7 18.7 17.5 Cao 8,5 7,9 8,6 8,2 8,2 8.18,0 8,2 Na2o, 6 3 3,2 .10 .15 1.04 ,45 ,16 , 19 K20,0 3 ,04 ,05 ,04 ,03 .04 .04 .04 P20 5 *.01,01 * * * * .01 zro2 ** * * *,03 * * Total 99, 31 99 ,06 100, 4 8 100,53 98,57 99.94 101.1
	1 2 3 4 5 6 8 9 10 11 SiOz 46,l 45,6 45 ,8 45,9 46.l 45.7 45.7 45.5 45.9 45.4 45.5 TiOz ,40 .4 7 ,43 ,44 ,45 .44 .44 .47 • 46 • 41 ,44 Alz03 7,4 7.1 7,4 7,3 7.1 6.9 7,1 7.1 7.0 6.7 6.9 cr2o 3 .40 .40 ,41 .40 .39 .40 .40 .38 • 38 .38 .40 FeO 19, 2 19,4 19,4 19.4 19.5 19, 6 19, 7 19. 7 19.8 19.8 19.8 NiO .11 .06 ,07 , 12 ,09 ,09 ,05 ,05 • 05 • 10 .06 MgO 17,7 18,2 17, 7 17.7 17, l 17.2 17,9 17,2 18.0 17,3 17,6 Cao 8,1 7.9 8,1 8,1 8,2 8,5 8.0 8,2 B.2 8, l 8,1 Na2o .11 ,13 ,13 ,11 ,12 ,08 ,13 ,10 * .14 ,13 K20 
	6 1 13 3 16 2 4 14 9 12 5 8 15 Si02 48,4 41,9 43,2 45, 2 43,3 45.5 45,l 37,4 36,9 42,6 38,6 42. 8 43,6 42.8 Ti02 1,38 9,8 ,45 ,48 , 50 ,43 , 48 13,9 13,9 ,48 3,6 3. 7 ,68 l. 2 4 Al2o3 19,2 9,0 8,3 7,4 7, 7 7.5 7.6 8,9 8,6 7.7 8,6 8. 7 8,4 8,9 cr2o 3 ,04 ,22 ,42 ,40 ,42 ,39 ,40 ,32 ,45 ,44 , 4 8 ,46 ,47 • 42 FeO 9,1 17,9 18,5 19, 5 19.7 19, 8 19,9 20,1 20,6 20,2 20,6 21. 6 21.8 21. 9 MnO • ,07 ,13 ,12 ,13 ,10 ,11 ,12 ,11 ,13 ,19 .15 ,13 ,14 MgO 7,3 7,4 21,6 17,2 20, 3 17,7 18.l 9, 9 10,6 21,3 18,6 12,9 16,l 
	40 6 33 42 30 5 31 29 13 20 36 11 25 SiO 2 44, 3 46,6 46,1 46,4 48.2 48,3 49.8 49.9 51. 4 45.3 4 3, 7 44,6 44. 5 TiO 2 ,49 1. 34 1. 3 8 1, 02 1,28 1. 3 5 1. 49 1,47 2,12 , 42 4, 8 , 39 • 42 Al 2o 3 25,l 19, 3 19, 4 19, 2 18,8 18, 1 17, l 17.5 15.6 7,7 10.2 7, 4 7, 2 Cr 2o 3 .10 ,17 ,13 , 16 ,23 • 21 • 2 () , 17 , 23 , 49 , 2 8 , 49 .48 FeO 6,2 8,0 8,3 8,4 8,9 9.2 9. 8 10. 3 10,3 18,7 20,2 20,4 20. 4 MnO ,07 ,07 ,09 ,08 , 11 , 12 ,13 , 12 , 13 ,25 ,26 , 2 7 ,28 MgO 10,2 12,5 12,7 12, 7 11.?. 10, 2 1(). Ł 9.6
	8 22 34 18 46 17 43 50 3 4 14 16 23 SiO 2 44,6 44,4 44,5 44, 1 44,4 44, l 44,2 44.1 44.3 44,3 4 4, 2 43,9 43,6 Ti02 ,47 • 39 .41 ,49 ,44 , 46 ,49 , 48 ,46 , 41 , 43 ,44 .41 Al20 3 7,0 7,2 7,4 6,9 7,0 6,8 7, 0 6, 8 6,8 6, 8 6, 9 6,8 7, 0 Cr 2-0 3 ,48 .47 ,48 ,48 .47 , 4 8 , 4 7 , 4 8 • 51 , 51 ,49 ,50 .46 FeO 20,5 20,6 20,6 20, 7 20,7 21. 0 21. 0 21.0 21. 1 21.1 21.1 21.1 21, 1 HnO , 2 8 .30 ,27 , 2 7 ,28 , 2 8 , 26 ,28 ,29 ,27 ,24 , 2 7 ,28 MgO 19 .2 18,3 18, l 19, l 18,4 18,9 18,6 18.9 19.1 18,5 18,6 18,8 
	10 14 2 16 15 20 7 22 30 5 19 27 28 31 8 S10 2 45,0 47,6 4 8,0 49,6 49,3 42,9 46.3 45,8 45.3 45.7 45,l 45,8 45,6 45,9 46,2 Ti02 ,20 ,99 1,03 1,50 1.6 5 , 9 0 , 53 .46 .41 .41 ,44 ,33 ,40 ,40 .49 Al20 3 27,9 21,6 20,5 18,8 18,0 15,8 11. 2 7, 9 7, 7 8,1 8,0 8,0 8,1 7,9 9,1 er 2o 3 ,09 ,16 ,13 ,21 ,19 .27 .38 ,42 ,43 , 39 ,42 ,45 , 41 ,46 .so FeO 4,0 7,4 8,3 9,4 9,6 15.9 19.3 19.3 19,4 19,5 19,5 19 ,5 19,5 19,7 20,0 MnO ,10 ,15 ,15 ,18 ,18 , 26 ,30 ,31 ,31 .32 ,31 ,34 ,31 ,31 ,36 MgO 6.8 10,5 8,9 9,2 8,6 12.0 
	25 12 4 24 29 3 6 17 21 23 26 11 18 Si02 45 .1 45,5 45.1 37.8 45,3 45,6 45,2 45,6 45,2 44,6 45,l 43.4 42,6 TiO 2 ,43 .44 ,48 13.1 • 3 7 ,43 ,45 ,41 , 4 5 ,46 .37 3.5 3, 7 Al 20 3 7,9 7. 5 7.6 8. 2 7. 8 7.5 7, 8 8,0 7, 8 8,1 7.7 8,8 9.0 Cr 2o3 ,43 ,40 ,40 • 38 ,45 ,39 ,40 ,41 .4 3 ,48 .45 ,48 ,48 FeO 20,0 20,l 20.2 20.2 20,3 20,4 20,4 20,4 20,6 20,6 20,6 21.8 21.8 MnO .29 .30 ,30 .31 .32 ,30 ,30 .31 ,30 ,30 .32 .34 .34 MgO 18.4 17,6 18.8 9.6 17.3 17,9 17. 7 17, 8 17,7 16,6 17,8 12, 9 13,0 Cao 7,5 8.3 8,0 9. 
	8 12 14 13 17 11 2 7 6 5 9 1 3 10 4 Si02 41,5 43,4 43,9 43,4 44.2 43.7 44.5 43.8 35,2 34, 7 36 .o 41. 6 41. 3 41. 3 36,7 Ti02 7.9 ,48 .46 ,45 .42 , 4 5 , 46 , 42 14,2 14,0 11,7 4,3 3,6 3,7 11. 4 Al 203 10,2 6,8 7,1 6,9 7.2 7.0 7.0 7.0 ,10 7.4 8,1 8,7 7,9 8,3 7,2 Cr203 ,33 ,43 ,42 ,44 ,37 , 41 ,46 ,40 ,47 • 5 4 ,40 ,48 ,52 .42 ,51 FeO 18,1 20, l 20,l 20,4 20,5 20.7 21), 8 21.0 21.8 21,9 22,5 22,5 22,6 22.8 22,9 MnO .20 ,30 ,30 ,32 ,29 .26 .26 , 23 ,24 ,29 , 24 , 31 22,6 ,26 ,26 MgO 10.4 19,0 19,9 19, 0 18,6 
	9 32 34 3 4 5 8 39 27 53 15 2 29 Si02 46,6 46,8 46, 8 46,5 46,3 4 5, 9 46,1 46,2 45.0 46,4 41, 6 45,7 36, 2 Ti02 1,49 1. 46 1. 43 1. 6 0 1,6 4 1. 6 3 1. 6 3 1,62 1,83 1. 6 8 8, 3 , 39 12,8 Al 2o 3 16,2 16, 0 16, 4 14,6 14,7 14,4 14.0 14.3 14,2 14.1 10,6 7.5 8, 3 cr2o 3 ,24 , 23 ,23 , 2 7 ,26 , 2 7 , 28 ,30 , 30 , 28 , 44 ,45 ,50 FeO 12,7 12,8 12,9 15,0 15,1 15 .1 15,4 15.4 15,6 15.8 17,4 19.3 19,3 MnO ,17 ,18 ,18 ,20 ,22 , 24 , 22 , 2 3 , 25 , 21 • 2 6 ,25 , 30 MgO 11, l 11,1 11,0 11,2 11,0 11.0 11. 0 11,0 
	43 6 36 48 23 22 37 50 1 12 21 52 16 Si02 41, 3 43,7 43,6 43,9 44,5 44,4 4 3, 6 44.0 44.4 44,1 44.3 43,8 44,0 Ti02 9,2 5.2 5,0 ,4 8 ,40 ,48 4. 9 , 4 7 , 4 7 , 45 , 46 .so , 42 Al 2o 3 9,5 10, 4 10, 2 6,9 7,1 7.0 9,8 7,2 7, 0 6,9 6, 9 7, l 6,9 cr2o3 ,37 ,26 ,28 ,46 ,49 ,45 , 2 7 ,47 , 48 , 4 7 ,46 ,46 , 4 7 FeO 19 ,6 20 ,0 20,1 20,1 20,5 20,6 2 '). 7 20.7 21. 0 21.1 21. 1 21. 2 21. 2 MnO , 2 8 ,26 .26 ,26 ,29 ,28 , 2 7 , 2 7 ,28 .29 .31 ,26 ,28 MgO 8,6 8,9 10,l 19 ,5 18,2 19,0 11), 4 18,6 19.1 18,8 18.9 19,0
	15 382 Continued edge center edge 2C 2D 2E 2F 2G 21 2J 2K 3C 3D Si02 47,6 47,2 50,6 49,6 48,6 48,3 49,0 48,2 50,0 48, 9 Al 2o 3 32,3 33,3 30,7 30,9 32,4 32,4 31. 8 32.6 31. 6 32,l FeO ,66 .so ,77 , 61 ,53 ,30 ,45 , 32 ,41 .so Cao 17.3 18,0 15, 8 16,3 17. 2 17,5 17,4 16.8 15,6 17,l Na2o 1. 4 6 1. 31 2,10 1, 7 7 1,62 1. 3 7 1. 39 1.65 1. 7 7 1. 36 K20 .24 ,18 ,33 ,29 ,23 .14 ,14 , 21 ,20 ,21 Total 99,56 100,49 100,30 99,47 100,58 100,01 1()0. 18 99.78 99,58 100,17 Number of Ions on the Basis of 32 (0) Si 8,80
	15382 Continued llA 11!1 llC llD 13A 13B 13C 13D SiO 2 48,5 48,6 48,9 49, 0 5'1, 2 49, 2 49, 3 4 8, 3 Al2o3 32, 3 31, 8 31. 6 31. 4 31,0 31. 7 31. 9 32.3 FeO .39 ,26 ,43 .43 .53 .48 .38 ,45 Cao 17,0 16.9 16 .1 16, 2 15,7 16.7 16.8 17.2 Na2o 1. 51 1. 58 1. 86 1. 59 1. 9 7 1. 7 5 1. 59 1.55 K2o • 14 ,16 ,25 , 23 • 35 • 19 , 20 , 2 0 Total 99,84 99.30 99 .14 99.85 99.75 100,02 100.17 100,')0 Number of Ions on the Basis of 32 (0) Si 8,911 8,971 9,031 9,068 9,197 9.020 9,017 8,877 Al 7 .113 7,036 6,994 6,964 6,8
	15308 Cataclastic area Shock-blackend area 6 10 9 7 11 12 8 3 1 2 4 5 SiO 2 44, l 43,8 44,0 43,4 43,9 4 3, 7 4 3, 5 43.9 44.2 43,8 43.8 44.0 TiO 2 ,04 .06 ,07 ,04 ,'() 3 , 0 7 • 14 ,10 ,04 .10 .03 ,05 Al2o3 35,5 34,7 35. 7 35,4 35.1 35, 7 35.2 35, 5 35.6 35.8 35.5 35,6 FeO ,14 ,12 , 14 ,15 .11 .12 , 10 ,20 .16 .23 .19 , 11 HnO .01 .02 * '' * .n * * * .02 * * HgO .10 .10 .11 .09 • ')4 • I) 6 ,08 .04 ,05 ,06 ,04 ,03 Cao 19,5 19. 6 19. 7 19.9 19,9 20.1 20.2 19,6 19. 7 19. 8 19. 8 19. 8 Na2o ,48 , 51 ,50 ,43 .4
	15308 Continued Devitrified glass area 15 19 20 Si02 49,8 49,0 45,5 Ti02 ,07 ,09 ,04 Al2o3 37,6 31. 3 35,2 FeO ,24 • 77 ,09 l!nO .02 * * HgU ,22 ,33 , 0 7 Cao 15,9 16, 9 19,0 Na2o 20,5 1. 41 , 8 7 K20 ,73 ,29 ,09 Total 100,63 110, 09 100,86 Number of Ions on the Basis of 32 Si 1,074 8,997 8,332 Ti ,010 , 012 ,006 Al 6,788 6,775 7,599 Fe ,037 ,118 , 014 HnO ,003 Ilg ,060 ,090 ,019 Ca 3,104 3,325 3,728 Na ,724 ,502 ,309 K ,170 ,068 ,021 z 15,872 15,784 15,937 X 4,098 4,103 4,091 Sum 19,970 19,887 20,028 Holec
	15327 2 4 9 1 l'l 3 5 8 6 7 Si02 43,8 43,4 4 3, 8 43,6 43, t, 43,1 4 3, r, 42.9 43,5 43.4 Ti02 , 0 2 *,02,09 ,04 • 01, 1)4 • I) 2 • 'l 2 , 03 Al 20 336, 4 35,6 35,3 35,8 35,6 35, 9 36,3 35.3 35,935,4 FeO .os .as ,02 ,06 .as ,06 • 'l2 • 'l4 .OB ,06 MnO , 02 'Ł *,Ł * * ** * * Cao 19, 7 19,7 19,7 19, 920.0 21), l 2(). 1 21), 1 2(). 2 2 '), 3 Na2o,34 ,29 .41 , 31 • 26, 29 , 33 , 34 • 31, 31 K2o .os .04 ,06 • 04, 0 3• ()5, fl4 • I) 3• <JS,06 Total 100, 4 3 99 ,08 99,31 99,87 99,46 99.78 100.49 98,81 100.26 99,79
	15359 5 6 8 10 Si02 37,7 37,l 37,8 37,3 FeO 24,l 25,9 26,2 26,3 MgO 38.3 36,3 36, l 36,2 Cao .so ,34 ,56 ,55 Tot al 100, 6 0 99, 64 100,66 100,35 Number of Ions on the Basis of 4 (0) Si ,970 ,973 • 981 ,973 Fe , 513 .563 ,56 3 ,568 Mg 1. 534 1,482 1. 459 1. 4 70 Ca .o 13 ,009 ,015 ,014 z ,970 .973 ,981 , 9 7 3 X 2,060 2,054 2,037 2,052 Sum 3,030 3,027 3,018 3,025 Molecular End Members Fo 74.l 71,5 71,0 71. 0 Fa 25,9 28,5 29,0 28,9 7 4 9 37,3 37,4 37,8 26.4 26, 7 26.8 35,9 35,9 35, 8 .45 , 5 3 ,56 10 0, 0 5 
	15359 Continued Olivine edge interior center SiO 2 38.8 38.2 38.2 38.5 38.1 37.9 38.4 37.7 FeO 24. 8 24.9 25.1 25.1 25.1 25.0 25. 2 25.4 HgO 37.l 37.2 37.5 37,5 37,2 37,3 37.3 37,5 cao .61 .49 ,5 2 ,46 .46 ,45 , 45 , 45 Total 101. 31 100,79 101,32 10 l. 2 6 100,86 100,65 101.35 10 l. 05 Number of Ions on the Basis of 4 (0) Si .992 .9 83 .9 79 , 9 83 ,981 , 97 8 ,983 • 971 Fe , 525 ,531 ,5 33 , 5 31 , 5 35 • 5 34 ,534 .542 Mg 1,476 1.490 1. 496 l. 491 l.491 l. 498 l. 48 7 l.504 Ca ,016 .013 ,013 , 012 ,012 ,
	15308 15327 4 1 2 2 3 1 Si Oz 40,3 39,0 38, 6 SiU2 40,6 40,8 41,0 Al2o3 .24 .31 • 3 3 Al 2LI 3 .12 .36 ,14 FeU 16,1 23,8 27,1 FeO 9.9 10,3 9,9 HnO , 12 .22 ,21 MnO .08 , 08 .10 llgO 43,7 35,6 33,2 tlgO 49.4 49,l 49,4 Cao • 2 8 .27 , 21 Cao .20 .19 .12 Total 100, 7 4 99,20 99.65 Total 100. 30 100.83 10·0. 66 Number of Ions on the Basis of 4 (0) Number of Ions on the Basis of Si 1. 007 1,026 1. 02 7 Si • 9 93 ,99 3 .99 8 Al .007 .010 ,010 Al , 004 ,010 ,004 Fe .337 .524 ,60 3 Fe ,202 ,210 ,202 an ,002 ,005 ,0
	15323 1 5 2 3 4 6 SiO 248, 6 48,8 49,0 47,849, 0 48,9 46,6 Ti02,10 ,17 ,12 ,18 ,13 ,10 , 06 Al2o3 31. l 32,5 30,2 31. 3 31. l31. 2 34.3 FeO ,42,43 .53 ,43,45,51, 2 7 HnO *,03 *,01• 1)2 *,02HgO , 28 ,31 ,37 , 39 ,47 , 3 2 ,10 Cao 15,9 16,0 16,3 16,4 16.7 16,9 17,8 Na20 1. 771, 4 7 1. 56 1. 62 1.60 1. 5 7 1,13 K20 ,22 .16 ,24 ,18 ,16 , 17 ,08 Total 98,39 ')9, 87 98,32 98,31 99.63 99.67 100,36 Number of Ions on the Basis of 32 (0) Si 9,041 8,931 9,132 8,923 1. 0209, O'l 5 8,543 Ti , 014 ,023 ,017 ,025 ,018,014
	15356 6 1 5 10 SiU 2 44,2 45,7 44,2 45, 3 Al 2o 3 35, 2 35, 9 35, 2 35,5 FeO .20 .19 ,19 ,32 CaU 18, 7 19, 2 19, 6 19,1 Na20 .41 ,6 3 ,48 , 7 6 K20 ,14 ,14 ,09 ,11 Total 98,85 101,76 99, 76 101,09 Number of Ions on the Basis of 32 (O) Si 8,256 8,296 8,208 8,288 Al 7.752 7,680 7,708 7,656 Fe ,032 ,028 ,02 8 ,048 Ca 3,774 3,732 3,900 3,744 Na ,148 ,220 ,172 , 26 8 K .o 32 ,032 ,020 ,024 z 16,008 15,976 15,916 15,944 X 3,956 4,012 4,120 4,084 Sum 19,964 19,988 20,036 20,028 llolecular End Members An 95, 4 93,7
	15356 Continued P lagioclase 1 Traverse 1 edge 2 micron steps interior FeO ,94 ,41 ,34 ,25 , 2 7 , 26 , 23 ,24 ,25 ,27 ,22 , 2 5 , 2 5 .25 cao 16,9 17,6 18,9 19,5 l'l, 6 19, 3 19.4 19,4 19,6 19,6 19,8 19.7 19,6 19,6 Na2o 1. 07 1,29 , 72 ,42 • 35 ,40 ,44 ,48 .42 ,38 , 41 , 38 ,38 . ,.2 K20 , 25 ,25 .19 ,15 , 17 ,18 , 15 , 16 ,18 .19 ,17 , 21 . 17 , 20 Molecular End .!embers An 88,3 87,0 92,5 95.4 95,9 95,3 95.2 94,9 95,3 95,5 95,4 9 5, 5 95, 6 95.1 Ab 11. 5 6,4 3,7 3,1 3.6 3, 9 4, 2 4,2 3, 7 ),4 3,6 3,3 3. 4
	15356 Continued P lagioclase 3 edge 2 micron steps interior midway center FeO ,41 ,42 ,37 .34 , 32 , 33 , 13 ,H,29 Cao 19,0 19,5 19,5 19,2 l9.4 19,5 19.7 l'.l, 6 19.7 Na2o, 56 .43 .55 .49 ,41 • 43• 4'l.42 , 54 K20 .20 ,16 .27 ,33 .18 • 16 , 19, 12 .13 Molecular End Members An 93.8 95,3 93,7 93,8 95,3 9,. 3 9 5, 8 9 5, 6 94,6 Ab 5,0 3,8 4,8 4, 3 3,6 3. 8 3.5 3. 7 4.7 Or l. 2 • 9 1,5 l. 9 1,1• 9 • 7 • 7 • 7 15356 Continued P lagioclase 9 Traverse 1 edge 2 micron steps interior FeO ,29 .29 .25 .27 .22 , 19 Cao
	15358 9 4 8 2 3 6 5 1 10 FeO ,46 .45 • 4 5 ,51 Cao 16,2 16,3 16,5 16,6 16,6 16 .6 16.8 17, 1 17.1 17.3 Na2o 1. 69 1,86 1.68 1,77 1. 5 7 1. 59 1. 76 1.48 1,40 1. 3 7 K20 , 28 , 15 .19 , 15 , 16 • 15 , 18 ,19 , 16 , 19 :,tolecular End Members An 82,7 82,1 83,4 83,1 84,5 84,5 8 3, 2 85.5 86, 2 86,5 Ab 15.6 17.0 15,4 16, [) 14,5 14.6 15,8 13,4 12,8 12,4 Or 1. 7 • 9 1.1 • 9 1. 0 ,9 1. 1 1.1 1. 0 1.1 15359 7C 7B 7A 6 4 2C 2B 2A lB lC FeO ,17 ,13 .26 ,29 .28 • 19 , 22 , 32 , 16 , 19 Cao 20,2 20, 1 20,0 19,8 19.3 1
	15308 15327 4 1 2 2 3 1 Si Oz 40,3 39,0 38, 6 SiU2 40,6 40,8 41,0 Al2o3 .24 .31 • 3 3 Al 2LI 3 .12 .36 ,14 FeU 16,1 23,8 27,1 FeO 9.9 10,3 9,9 HnO , 12 .22 ,21 MnO .08 , 08 .10 llgO 43,7 35,6 33,2 tlgO 49.4 49,l 49,4 Cao • 2 8 .27 , 21 Cao .20 .19 .12 Total 100, 7 4 99,20 99.65 Total 100. 30 100.83 10·0. 66 Number of Ions on the Basis of 4 (0) Number of Ions on the Basis of Si 1. 007 1,026 1. 02 7 Si • 9 93 ,99 3 .99 8 Al .007 .010 ,010 Al , 004 ,010 ,004 Fe .337 .524 ,60 3 Fe ,202 ,210 ,202 an ,002 ,005 ,0
	15323 1 5 2 3 4 6 SiO 2 48, 6 48,8 49,0 47,8 49, 0 48,9 46,6 Ti02 ,10 ,17 ,12 ,18 ,13 ,10 , 06 Al2o3 31. l 32,5 30,2 31. 3 31. l 31. 2 34.3 FeO ,42 ,43 .53 ,43 ,45 ,51 , 2 7 HnO * ,03 * ,01 • 1)2 * ,02 HgO , 28 ,31 ,37 , 39 ,47 , 3 2 ,10 Cao 15,9 16,0 16,3 16,4 16.7 16,9 17,8 Na20 1. 77 1, 4 7 1. 56 1. 62 1.60 1. 5 7 1,13 K20 ,22 .16 ,24 ,18 ,16 , 17 ,08 Total 98,39 ')9, 87 98,32 98,31 99.63 99.67 100,36 Number of Ions on the Basis of 32 (0) Si 9,041 8,931 9,132 8,923 1. 020 9, O'l 5 8,543 Ti , 014 ,023 ,01
	15356 6 1 5 10 SiU 2 44,2 45,7 44,2 45, 3 Al 2o 3 35, 2 35, 9 35, 2 35,5 FeO .20 .19 ,19 ,32 CaU 18, 7 19, 2 19, 6 19,1 Na20 .41 ,6 3 ,48 , 7 6 K20 ,14 ,14 ,09 ,11 Total 98,85 101,76 99, 76 101,09 Number of Ions on the Basis of 32 (O) Si 8,256 8,296 8,208 8,288 Al 7.752 7,680 7,708 7,656 Fe ,032 ,028 ,02 8 ,048 Ca 3,774 3,732 3,900 3,744 Na ,148 ,220 ,172 , 26 8 K .o 32 ,032 ,020 ,024 z 16,008 15,976 15,916 15,944 X 3,956 4,012 4,120 4,084 Sum 19,964 19,988 20,036 20,028 llolecular End Members An 95, 4 93,7
	15356 Continued P lagioclase 1 Traverse 1 edge 2 micron steps interior FeO ,94 ,41 ,34 ,25 , 2 7 , 26 , 23 ,24 ,25 ,27 ,22 , 2 5 , 2 5 .25 cao 16,9 17,6 18,9 19,5 l'l, 6 19, 3 19.4 19,4 19,6 19,6 19,8 19.7 19,6 19,6 Na2o 1. 07 1,29 , 72 ,42 • 35 ,40 ,44 ,48 .42 ,38 , 41 , 38 ,38 . ,.2 K20 , 25 ,25 .19 ,15 , 17 ,18 , 15 , 16 ,18 .19 ,17 , 21 . 17 , 20 Molecular End .!embers An 88,3 87,0 92,5 95.4 95,9 95,3 95.2 94,9 95,3 95,5 95,4 9 5, 5 95, 6 95.1 Ab 11. 5 6,4 3,7 3,1 3.6 3, 9 4, 2 4,2 3, 7 ),4 3,6 3,3 3. 4
	15356 Continued P lagioclase 3 edge 2 micron steps interior midway center FeO ,41 ,42 ,37 .34 , 32 , 33 , 13 ,H,29 Cao 19,0 19,5 19,5 19,2 l9.4 19,5 19.7 l'.l, 6 19.7 Na2o, 56 .43 .55 .49 ,41 • 43• 4'l.42 , 54 K20 .20 ,16 .27 ,33 .18 • 16 , 19, 12 .13 Molecular End Members An 93.8 95,3 93,7 93,8 95,3 9,. 3 9 5, 8 9 5, 6 94,6 Ab 5,0 3,8 4,8 4, 3 3,6 3. 8 3.5 3. 7 4.7 Or l. 2 • 9 1,5 l. 9 1,1• 9 • 7 • 7 • 7 15356 Continued P lagioclase 9 Traverse 1 edge 2 micron steps interior FeO ,29 .29 .25 .27 .22 , 19 Cao
	15358 9 4 8 2 3 6 5 1 10 FeO ,46 .45 • 4 5 ,51 Cao 16,2 16,3 16,5 16,6 16,6 16 .6 16.8 17, 1 17.1 17.3 Na2o 1. 69 1,86 1.68 1,77 1. 5 7 1. 59 1. 76 1.48 1,40 1. 3 7 K20 , 28 , 15 .19 , 15 , 16 • 15 , 18 ,19 , 16 , 19 :,tolecular End Members An 82,7 82,1 83,4 83,1 84,5 84,5 8 3, 2 85.5 86, 2 86,5 Ab 15.6 17.0 15,4 16, [) 14,5 14.6 15,8 13,4 12,8 12,4 Or 1. 7 • 9 1.1 • 9 1. 0 ,9 1. 1 1.1 1. 0 1.1 15359 7C 7B 7A 6 4 2C 2B 2A lB lC FeO ,17 ,13 .26 ,29 .28 • 19 , 22 , 32 , 16 , 19 Cao 20,2 20, 1 20,0 19,8 19.3 1
	15382 rlO r9 rs r7 c6 rl clO c8 r6 c3 Si0251. 8 51, 6 47,5 48,0 49.1 49.4 49 .4 49. 3 4 8, 8 48.9 Al203 30, 7 30, 8 31,6 31. 7 32,8 32,8 32,5 32.8 32. 832. 7 FeO , 6 2 .47 ,44 ,49 • 46, 21 ,45 • 26.53, 19cao 14, 7 15,4 16, 2 16,5 16,8 16,9 17,0 17, 'l 17, 0 17,0 Na2o2,44 1,45 1. 48 1. 38 1. 6 2,56 1,89 1,52 1,57 1,36 K20 ,49 .25 .25 ,25 , 16 , 05 , 25 , 15 , 18 , 12 Total 100,75 99,97 97,47 98,32 10(),94 99.92 l'Jl.49 l'll.03 10(). 88 100.27 Number of Ions on the Basis of 32 (O) Si 9,367 9,374 8,931 8,951 8
	15382 Continued Large phenocryst edge center F r; !I I J K D D SiO 2 46.0 48,0 47,2 52, 5 48.6 49, 'l 45, 1 4 4. 9 Al2o3 35,0 32.9 33.3 3'l, 3 32, 6 32, () 34,9 35,0 FeO .29 , 2 7 ,48 ,46 • 40 , 41 , 18 , 2 2 CaO 19, 0 17,4 17,8 15, 3 17,2 16,6 19, 'l 1q, 2 K20 , 11 ,14 ,18 1. 3 7 , 2 3 ,20 • '19 ,08 Na2o ,56 1. 32 1,20 1,46 1. 6 5 1. 21 , 51 .62 Total 100,96 100,03 100,16 1()1,39 1()0,63 99.42 99.78 101), 02 Number of Ions on the Basis of 32 (0) Si 8,414 8,810 8,683 9,456 8,870 9,013 8,351 8,308 Al 7,673 7
	15362,1-1 4A 2 3 4B 6A SC SD SB 1 7 SA 8 SE 6B 6C Si02 52,3 52,3 51, 6 51. 7 51. 3 51. 7 51. 2 51. 4 51. 7 52,4 52,6 52, 3 52,2 52,l 52,3 Ti02 ,56 .49 ,56 , 5 3 .so , 5 2 , 48 ,56 • 49 , 2 8 .42 , 30 , 51 , 31 52.3 Al2o3 1. 38 1. 70 1. 7 4 1,40 1. 6 7 1.13 1.12 1.11 1. 5 7 ,79 .87 1.09 .76 1.16 1. 2 5 Cr 2o 3 1. 38 ,26 , 2 8 , 2 2 , 2 3 ,26 , 2 4 • 26 .27 , 16 ,14 ,15 ,14 ,16 , 15 FeO 10,0 10,3 10, 9 11,3 11,5 11.6 11. 6 11. 9 12.0 26, 0 26,2 26,2 26,4 26. 4 27.3 MnO ,17 .20 ,22 ,18 , 2 5 • 2 3 , 26 , 26 , 
	15362,1-2 3C 5 4A lB lA 2B lC 2C 3B 4B 3D SiO 2 52,6 52,7 53,4 52,7 52,2 51,3 51,2 51. 3 50,9 50,6 51. 3 Ti02 ,52 , 50 ,29 .54 , 61 ,26 ,29 ,27 , 28 , 28 ,20 Al2o3 1,20 1. 08 , 90 1. 32 1. 21 ,6 2 • 77 ,73 , 6 7 ,85 , 87 cr2o3 ,23 .26 ,24 , 26 , 25 ,17 ,13 ,13 , 13 ,18 ,17 FeO 10,5 11,2 11, 7 12,5 13.3 25,9 26,4 26, 6 26,6 2 6, 7 26.8 MnO ,27 .30 ,28 , 2 5 , 2 6 .so .so ,42 ,54 .46 ,51 MgO 14,2 13, 7 13,0 14,l 13.2 18,9 19. 3 18, 6 19, 1 19, 0 19, 2 Cao 22,0 21,5 21. 3 20.s 20. 3 1.51 1. 39 1. 4 4 1. 6 7 1.
	15323 15356 1 c6 r6 c2 c4 SiO 2 40, 7 SiO 2 41. d 41. 2 40, 1 40,6 Al 2o 3 ,16 TiO 2 .07 .09 .10 , 07 FeO 15, 0 Al203 ,48 .45 ,42 ,42 MnO ,15 FeO 11. 2 13,4 15,2 15,4 MgO 42.6 lln 0 .11 .13 ,17 ,20 CaO .21 MgO 47,4 45,6 44,4 44,4 Total 98,82 Cao ,17 .21 , 21 , 21 Total 101. 2 3 101,08 100,60 101,30 Uumber of Ions on the Ea sis of 4 (0) Si 1. 030 Number of Ions on the Basis of 4 (0) Al , 005 Si 1.015 1.011 , 999 1, 0'.)5 Fe • 318 Ti ,001 .002 ,002 ,001 Hn ,003 Al ,014 ,013 .012 , 012 Hg 1. 607 Fe .227 ,275 ,
	Olivine 1 edge 8 micron steps center Si0239,3 38,8 39, 7 40,2 40,2 40,4 40,1 40,4 40,7 FeO 21.2 20,5 18,3 16,915, 7 15.0 14.9 14.8 15.2 MgO 40 ,2 41,l 43,3 44,4 45,6 46,5 46,4 46, 7 46,9cao ,56 ,55 ,51 ,47 .47 ,46 , 45 , 45 , 46 Molecular End Members Fo 77,2 78,1 80,8 82,4 83,J84,7 84,7 84,9 84,6 Fa 22, 8 21,9 19,2 17,6 16,2 15, 3 15,3 15,1 15,4 15356 Continued Olivine 2 edge 8 micron steps center edge 2 micron steps interior Si0240,5 40, 7 41.1 40,6 41. 141. 240.840,3 40,4 40,6 40,7 40,0 40,l 40,3 4/J, 3 F
	15356 Continued Olivine 5 edge Si02 39, 2 39, 7 FeO 21. 2 20,7 MgO 41,1 1,1. 6 cao .60 , 5 8 Ho 1 ec u la r End :1embe rs Fo 77 ,6 78,2 Fa 22, 4 21. 8 15356 Continued Olivine 6 edge SiO 2 39, 8 39, 3 FeO 17,8 17,6 :•!gO 43,3 43, 5 CaO ,60 ,54 1'1olecular End i1embe rs Fo 81. 3 81.5 Fa 18, 7 18,5 6 micron 45,8 15, 0 35, l 2,81 80,7 19,3 39, 4 17,4 43,9 .53 81. 5 18,2 steps 48, 8 40, 7 41. 3 12,0 16, 3 13, 2 34, 5 45, 4 45,9 l,35 ,49 , 4 7 83, 7 83,2 84, 3 16, 3 16,8 15,7 2 micron steps 39,8 40,0 3'1, 8 17,0 
	15382 Continued 14 16 1 17 2 11 32 44 35 34 3 46 22 S iO 2 50.3 52,5 53.3 53.1 52, 'J 53 .1 52. 8 53.6 49, 9 50,1 52, 2 52.5 52.3 T iO 2 1.40 • 7 3 , 7 2 , 6 7 • 9 7 ,64 ,80, 79 1.1,0 • 7 3 • 981. 06 .69 Al2o3 2.10 1. 56 1. 98 1. 38 2,09 1. 99 1. 861. 6 7 2, 20 1.06 1. 9 8 1. 762, 48 cr2o3 ,47 , 41 ,61 .55.69 , 6 5 .67 .45 .51 .32 • 7 5 .66,79 FeO 16,1 16,2 16,3 16, 7 17 .1 17 .1 17. 3 17.517, 7 18,4 18,4 19 .1 19.3 MnO , 41 .39 , 2 7 • 33.34 • 35,28 , 25.32 , 31 ,36 ,20 ,29 MgO 13.0 24.4 23, 9 23. 3 22.9 2
	15382 Continued 20 1318 38 15 50 4 33 26 30 24 19 Si0252.2 52. 151. 452. 352.0 52. 351. 450,6 52.6 51. 250.3 51. 0 Ti02, 84 , 9 7 1. 01• 9 4.83 .75• 8 3, 58 • 7 4 .84.87 * A12o31. 281. 251. 31 1. 25 1. 35 1. 3 61. 29 1.12 1. 86 1. 27 1. 20 1.05cr2o3• 50,48.44 • 4 7 .32, 50.44.29 .65 .40.34.28FeO 20.9 21. 021. 221. 321. 722.3 23.4 24.424, 5 24. 8 26.32 7. 4 MnO •3 n.35 .25• 33.39.33 .45 .32 • 31 .40 .49, 41, MgO 19. 119.S19. 519.7 19, 6 19, 3 18.112,8 1 7. 3 17.3 15, 4 11,. 5 CaO 3 .14. 2 4. 3 4.0 3.8 4.0 4 
	Di Di Hd Di 15323 • 15358 15327 15349 • • • • • • .... •• • .. .-... • • En 80 60 En En En FPyroxene composition (mole%) no olivine I no olivine I 100 90 80 70 60 100 90 80 70 100 90 100 90 80 Forsterite content of olivine (mole%) I P'1 L I I I I ·+ I I I I I • I 100 90 80 70 100 90 80 100 90 100 90 Anorthite content of plagioclase (mole%) FIGURE l FIGURE 2 FIGURE 3 FIGURE 4 
	15308 Cataclastic area Shock-blackened area12 8 15 13 10 9 14 11 3 2 6 5 4 1 Si0251,6 51. 8 50, 6 52,0 51. 9 50.8 52,4 51. 9 51. 4 51,6 51, 3 52,0 51,2 51. 150,2 Ti021.60 .60 ,6 3 , 5 8 ,65 , 59 , 51 ,54,55 ,6 2 ,56 , 64 ,64 , 59,60 Al2o3 3,4 ,65 1. 721.04 ,74 ,99 ,79 .90,62 ,65 ,55 , 5 8 ,59 , 6 2 .so cr2o 3 ,49 ,25 ,74,20 , 2 3 , 2 3 , 22 , 2 2 ,29 ,32 ,25 ,26 ,27 , 26,37 FeO 12,1 20,3 20,9 21. 3 23,1 23,2 23,4 23,8 21, 3 21,4 22,0 22,1 23,4 23, 7 2 5, 0 MnO ,22 , 3 8 ,39 , 32 .39 ,44 ,39 .39 ,34 ,38 ,43 
	15308 Continued Devitrified glass area16 19 17 18 18 Si0253,4 52,4 54, l 52,4 52.3 Ti02,45 , 9 7 , 21 ,54 • 66 Al2o3 1. 32 1, 61 .60 1.19 2.63 Cr2o3 , 4 8 .45 ,22 ,44 ,39 FeO 12, 7 13,3 15, 3 18,4 21. 2MnO ,19 .21 ,27 ,27 ,30MgO 30, 0 2 8, 4 28,8 20,3 22, 6 Cao 1. 4 7 2 ,60 ,87 4,6 1. 7 8 Na2o* * * ,06 .04 Total 100, 01 99, 71 100,37 9 8, oo 101.90 Number of Ions on the Basis of 6 (0) Si 1. 9131. 8911. 94 71. 9 74 1. 910Ti ,012 .026 ,006 ,015 ,018Al ,056 ,069 ,026 ,053 .011Cr , 014 ,013 ,006 ,013 .011Fe 1 ,
	Diop side Orthopyroxene-low minor elements 6 3 2 1 1 23 16 4 14 2 7 11 5 Si0255, 7 55,5 55, 8 56,3 55.4 s 4. 9 55, 5 55.8 55,4 58,1 58,S 57, 8 58, 5 T iO 2 ,47 ,29 , 38 ,43 , 3 3 , 2 8 , 2 7 , 33 ,40 ,20 ,16 ,14 ,17 Al 2o 31.10 ,89 1,14 1,18 1,06 .ss 1,01 1, 13 1,30 , 9 8 1, 0 2 ,85 • 9()cr 2o 3,18 ,09 ,09 ,15 ,13 ,10 ,10 ,08 ,19 .o 7 , 0 8 ,09 ,09 FeU 1. 541.58 1. 601,61 1. 6 4 1, 6 7 1. 71 1. 7 5 6,6 6,7 6,7 7, 7 8,5 MgO 17,3 17,8 17,517,8 17,918,0 17,9 17, 6 32,4 33,7 3 3, 7 33,8 34,0 Cao 23,6 24,7 24,2 
	15 32 7 Continued Orthopyroxene-high minor elements 4 13 25 12 20 26 3 17 18 19 21 27 22 10 8 Si02 57, l 57.4 57,1 56,3 57.1 58. 'l 56,6 56.8 58,0 57,3 57,8 5 7, 0 56, 'l 56,5 56, 2 TiO 2 ,59 ,43 ,69 ,65 .53 .55 , 5 7 • 51 ,42 , 51 ,53 ,68 .72 , 5 3 ,84 Al2o3 2,76 2,05 2,12 2,93 2, 42 2. 3 4 2, 33 2.53 2,00 2,34 1. 68 2,60 2.42 2,24 3.0 Cr 20 3 , 41 .35 , 4 4 ,53 .44 , 51 ,39 , 45 ,42 .48 ,29 ,47 , 45 , 3 7 ,56 FeO 6,3 6,6 6,6 6,7 6,7 6. 7 6, 8 6. 8 6.8 6.8 6,8 6, 8 6,9 7, 0 7. 7 MgO 32, 4 32, 8 31. 8 32,6 
	15332,1-1 15349 1 2 1 2 3 Si02 52, 0 51. 4 56,2 :;6,1 55,8 Al2o3 2.47 1.00 ,JO .23 ,30 TiO 2 2.10 1. 09 , 9 8 l, 06 1,00 cr2o3 ,46 ,24 ,54 ,58 ,56 FeO 8,8 17,1 12,9 12.9 13 .o HnO .26 .35 .21 .21 • 21 llgO 16, 3 26,0 27,9 28.1 27,3 Cao 18.3 2,13 1. 52 1. 34 1. 4 3 Na2o .15 * * * * Tot al 100,84 99, 13 100.55 100,52 99 .60 Number of Ions on the Basis of 6 (O) Si 1,906 1,902 1. 991 1,987 1. 996 Al .107 ,044 ,003 ,006 ,008 Ti ,058 ,030 ,041 ,044 , 04 2 Cr , 013 ,007 , 015 , 016 ,016 Fe .270 .529 .382 ,382 , 38
	Lithic fragments in breccia Sample No, 356** 359** 382** 32 3 342 332 358 342 Frag. No, 1 10 1 6 Sill 2 45,6 48,6 52.4 52,7 45.0 49.2 50,8 51. 4Ti02 1.12 1. 0 8 1. 7 8 , 96 1. 7 61,46 2.01 1.82Al2o3 20.0 18,0 17,819, 4 19.019, 7 18,0 14.7 cr 2o 3 ,17 .32 ,21 .24 ,08 n.d,, 25 , 23 FeO 7,5 9,6 8,6 7, 7 8, 1 9,4 '),6 11. 7HnO .11 ,10 .10 , 16 ,08 , 1)8 , 13 , 11HgO 13, 7 11.0 7,1 6,0 15,3 7, 78,6 9. 9 cao 10,2 10,3 9.9 10,6 10,8 11. 19,9 9. 7i<a20 ,68 ,66 .96 ,81 ,45 , 9 3 , 92 , 38 K20 ,58 , 19 ,57 • 61) .17 
	I Lithic fragments in breccia Sample No. 308 ** 362 ** I 32 7 332 332 342 249 342 342 342 346 342 342 332 Frag. No, 1 1 4 7 1 12 9 3 1 4 5 2 Si02 44,1 44,0 44,6 46, l 44.7 44,0 48,7 46.2 4 7 .• 2 47,5 46.3 46,6 46,5 47.3 Ti02 1.24 ,O 3 , 0 7 ,16 .39 ,10 • 11) , 30 .42 , 32 , 18 ,31 , 32 , 59 Al2o3 27,3 35, l 32, 3 33,8 30,8 29, 3 25.3 26, 5 26. 3 24. 6 2 3, 9 25,0 25,4 21. 0 Cr 2o 3 ,46 ,01 ,02 n. d, n,d, .04 , 24 • ') 7 • (] 8 .13 ,22 ,09 ,13 n,d, FeO 5.9 ,24 ,76 , 99 3,9 4,2 4.2 4.8 5.3 5. 9 6. 2 6,5 6. 6
	15323 15332,1-3 6 3 9 8 4 2 7 1 1 Si02 54, 3 53,6 53,1 52,1 53, 4 51. 1 48,6 5 'l, 9 52,3 Ti02 , 20 ,82 ,68 1.11 ,36 , 7 8 1. 2 52, 01 1. 87 Al2032,40 2,80 2, 5 3 8,8 ,85 1.16 3.53 .1 .72Cr 2o 3• 511.01 .88 1. 0 7 • 40 ,58 .79 , 41 ,46FeO 11. 4 11. 7 12,9 13,716,5 l lJ. 7 21. 8 2 2 .1 20, 7 HnO ,19 .21 ,22 ,18 , 31 , 2 7 ,35 , 38 ,40 MgO 30,3 23,8 27,6 19,5 26,0 21. 3 17, 6 9.0 22,0 Cao 1, 2 7 2,18 2,31 5,0 2.24 3. o 5, 9 13 .1 1,18 Na2o *.04*,05.12 *• '.l6 ,06 * Total 100,57 lU l, 16 100,22 101,51 l'l(). 1
	15356,1-1 1 12 5 8 2 4 3 13 11 6 9 10 SiO 255,1 53, 6 53.9 54.8 54.2 55.7 55,l 53.9 55.0 54.3 54.8 54.6 54.4 TiO 2 ,88 1. 2 7 .94 1. 01 .91 1.10 1.10 ,87 1.06 1. 34 1. 04 1. 01 .73 Al2o31. 7 3 1. 632.07 1.98 1. 69 1. 611. 9 8 1. 691. 63 1. 7 7 1. 791. 65.93 Cr2o3,41,36,44 .44.38• 33,42,39.35.35.38.35 .27 FeO 10.4 11.1 11. 4 11. 511. 712.2 12.3 12.3 12.4 12.5 12.6 12.8 12.9 MnO .23 .27 , 22 ,24 .29 .20 ,25 .24 ,20 , 2 2 .27 .22 .24 MgO 25. 9 21. 327.9 26.7 27.3 27.6 25, 7 26.9 25, l 25, 1 25. 826.1 25.7 CaO 
	15358 1 11 5 4 7 15 3 9 14 8 12 6 13 10 SiO 2 51. 9 52,5 51. 9 52,l 5 2, 4 51. 8 52.7 51. 6 51. 7 51. 0 31. 5 50,0 51. 2 50,l 51. 5 FeO 11. 2 11. 7 13,3 13,9 14, 3 14. 4 15, 6 16.6 17. 2 18.2 18,6 19, 8 19, 9 20.2 20.3 MgO 28,5 27,2 2 7, 3 26,5 26. O 2 5, 1 21,. 9 2 3, 2 22,5 20,9 20, 8 17, 9 19,7 15. 7 20,7 Cao 2.22 2,31 2,25 2,25 2, 3 3 2.49 2. 41 2. 8 3 3,0 3,6 3,4 5,9 3. 4 7. 5 2. 8 5 Molecular End Members En 78, 3 76.7 75,0 73,8 72.8 71. 8 7 'l. 4 67.1 65,6 61. 9 61. 7 53, 7 59,1 48.3 60.6 Wo 4,4 4,7 4
	15358 Continued Scan A Scan B 1 2 3 4 5 6 3 4 5 6 SiO z 51. 9 51. 6 51. 8 51.1 50,4 4'.J, 6 49. 1 51.1 51. 5 49, 3 FeO 13,9 15, 3 16,8 19, 4 21. 6 20,9 2(), 8 2 fl. q 19. 2 23.5 MgO 25,8 24,8 23,3 21. 1 18,8 18.1 14,6 iq ,4 2 0, 9 15, 7 Cao 2,45 2,53 2, 71 3, 1 3,5 4. 5 6. 9 3,4 3, 2 4. 9 Holecular End Members En 72, 9 7 'J, 4 67,1 61,7 56. 2 54. 7 4 6, 7 5 7. 8 61. 5 48,5 Wo 4,9 5, l 5,6 6,5 7.5 9.8 15, 9 7. 2 6. 7 10,8 Fs 22.1 24,3 2 7, l 31. 9 36.2 35.4 3 7. 3 34. 9 31. 7 40,7 
	15359 2 13 1 17 5 8 6 4 12 10 Si02 51. 7 53.4 51. 6 51. 3 50. 2 53.2 53.0 53.3 54. 9 53. 5 Ti02 1. 28 • 7 3 1.10 1. 70 1. 66 .55 • 55 .55 . 55 • 91 Al203 2, 0 2 1. 3 7 1. 82 2, 4 3 2.67 1. 2 2 1. 49 .85 . 9 5 1. 38 cr2o3 .4 2 .35 .43 .49 .51 .41 .37 .24 • 2 7 . 36 FeO 7,3 7,3 7,5 7, 7 7. 9 13. 7 15. 5 15.6 15. 7 16.2 MnO n,d, n.d. n,d, n.d. n.d. n. d. n.d. n,d, n. d. n.d. MgO 15,9 16.3 15,5 16.0 15.8 26.1 25.4 25.7 26.3 25. 2 cao 19, 6 20.6 19.5 19.4 18.9 1. 6 7 1. 71 1. 99 1. 85 2.41 Na2o n,d, n,d, n,d, n,
	15382 28 27 10 36 9 40 58 12 5 8 42 6 7 S iO 2 53, 8 53.8 54, 3 52,5 54.3 5 2. 8 53,3 53,6 53, 3 53,4 53, 3 53.3 53, 7 Ti02 .60 .65 .64 .84 .64 . 7 2 .69 ,78 .81 • 7 J .72 , 85 .81 Al2o3 4, l 4.2 2.57 4.4 2.43 4.0 2.17 2.45 2, 75 2.29 2.31 2, 34 2, 29 cr2o3 1.05 l. 01 .74 1. 06 .71 .96 • 77 .76 .81 .70 • 77 • 77 , 7 5 FeO 9,8 10, 4 11. 8 12.0 13.3 13 .6 13, 8 14.3 14.4 15.0 15.6 15. 6 15.8 MnO , 12 , 13 .22 .17 .25 .18 .17 , 28 .25 , 2 7 .23 . 2 7 .30 MgO 29.l 28,5 27.2 27, 3 26.4 26,6 26,5 25.0 25.2 25 .1 




