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(06/01/1993 through 01/30/1 996)




The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they're bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing

surface and erasability. If, at any time during normatl use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services

CNWRA
CONTROLLED
COPY 0

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease™ Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.



&( AN




s

|

[ SRSR——
[ROS—

r\vﬂ\\\\\\%\\\»\nu\»
'r.ww\“wwwm

RN

1
i
i

- 0
No -
c - o

vel
ect

5133
[
Lot
(=]

S8t
€52
FA49
LE1
69}
gel
eve
Lie
[44

oct
8st
244
Sve
SvZ
oLt
00e
891

er

349
62
822

S8l
zie
see
Lie
905
gst
ege
908
6
8ol
0'se
S0t
267
LiE

[§=1513
o051
Sse
gerl
FA44
ole
Lee
ovi
2348
oee
66

. L68h

3]
Lt

8c
sgl

(572
8

12133

e

o

0665
2665
0865
L86S
2568
€465
L16S
€965
ce6s
7165
<009

8665
0L6S
008
S66S
826s
cees
S2es
8165
026s
PEBS
1265

© LE26S

£E6S
LE6S

L1165
LE6S
€168

S¥6S

€P6S

9165

8¥6sS

(A3
Yy6s

[

GGt
764
€164
(4313
Li6E
oi6t
6061}
806+
L0614
o061
S064
#0861
€06+
206t
L0BE
Sepl
vevi
5444
cevl
levh
ocyt

51348

givi
Livt
<1348
Sivi
vivi
51347
134"
Livl
01548
60vl
80V
L0V}
jelo; 48
Sovi
vovi
€0yt
covi
LoPL

a|dwes

/53!

Mw
H

/
W
‘

A

|
—
Z

1

e

AAA Q4

Y

Ba

Sr

Si02 TiO2 Al203 Fe20 MnO MgO CaO Na20 K20.P205 LOI TOTAL

Sampl #

255° 320

473

i3
39
97

104

43
119

342 99.60

241
198 003 429 96.02

014 018 283 001

9.19 1052 001 0.01

7311 0.19

1401 5339

250% 34.3

67
382
818

99.28

1287 059 000 003 010 054 606% 001

76.42  0.25

5345
1403 5349

1404 5352

1402

217 257
247% 407

208

291% 7338
224

118
147
380
384

1.07 9990

120 404 410 004
003 009 030 480% 002 292 99.53

001 044 0.09

0.01

1.87 0.04 028

927 442 001

13.62

7529 021

73.39 026

7748 024 13.03 061

1405 5351

106

167 0.02_ 6.56 100.38

168 505 5147 182 0727 130 10019
152 414 5197 209 024 052 9912

009 011

1537 333 000 001
1595 594 0.16

73.00 023

1406 5344

35.1

184
167
267

3

62.63 0.380
63.21

1407 5335

30.8

225 543

160

470
131

173 0.89% 6.87 10025

277

3.

0.16

.

056 0.31

-

v
>

167 281

206 235

68 235% 384

356
413
243

0.33 100.51
322 9872

0.77 1568 35.61

+ 0.69

1408 5340

1409 5343

1484 538 013 252

59.18-

4890 297% 1363 1244 0.8 727 1151% 241

7746 022

1410 5338
1411 5347
1413 5353
1414 5356
1415 5330
1416 5329
1418 5360
1419 5336
1420 5359
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32

56
31

425 001
235

012 013 053 6367 002 249 9978

1237 071 000 002 013 031

1279 072 001

7638 0.24
56.31

135 313

161

1.94 99.03

174 064% 612 9963

1.52 012
0.14 006 097 001

1659 7.68 016 315 724 348

0.84

333

527 525
307* 761
226

85

220
57
o35

4.72 100.60

043 5777 002 2.83 10028

0.11
002 010 0.23

0.01

1425 575 014 259 515 294

8356 26.01* 0.01

59.59 072

5995 015
77.01

13.28 057 000 001
1097 409 0.01

0.25

16.5

127

0.00 342 9925 63

361

76.57 022
7102 026

!

66 % 37.4

79
120

326 9980 53

463 0.01

1373 044 000 003 0.10 031

6% 334

"

32

477 002 312 100.02

1265 057 000 002 007 031

7825 023

5357

1421

214 18

67

3

32

327 9878

002 009 030 459 001

1172 163 001

7692 022

1906 5348
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Sampl #
1401 5425
1402 5431
1403 5428
1404 5436
1405 5435
1406 5430
1407 5421
1408 5426
1409 5429
1410 5420
1411 5433
1412 5414
1413 5438
1414 5439
1415 5418
1416 5417
1417 5413
1418 5443
1419 5423 24 92 2

1420 5442 35 44 8

1421 5440 26 64 7

1422 5411 16 171 6

1423 5416 24 93 4 |

1424 5410 03 1 9

1425 5400 7.8 332 6

1901 5407 3.0 73 5 1

1902 538 14 36 8 1

1903 5402 96 175 5 2

1904 5408 34 34 10 6 10
1905 5405 34 114 12 24

1906 5434 20 28 10 6

1907 5383 23 46 5 6

1908 5385 24 52 16 26

1909 5390 123 171 4 4

1910 5388 30 79 42 70

1911 5382 89 149 4 7

1912 5394 04 0 3 1

1913 5392 129 173 4 3

1914 5398 100 128 7 5

1915 5396 26 51 6 3

N "

Sc A% Cr Ni Cu Zn Nb Y Zr Ba Sr

25 87 10 312 206 19 314 257 492 49

31 19 4 7 4

87 30 3697 256 69 38

44 184 40 13 45 870% -26% 77.4% 291 397 100

43 12 9 7 14

33 10 265 225 810 106

1.6 169 7 8 18 312% 33 4177 249 119 43

94 60 36 6 9
173 58 9 6 20
172 0 6 2 10
148 98 41 18 44
323 294* 278 68 90T

30 32 119 213 144 118
79 12 519 91 362 183
61 10 5317 220 377 1M1
779 304 47 465 264
92 18 283 158 125 390

1.7 29 12 16 7 182% 27 254 215 8 57

3.1 15 6 3 0

30 31 359% 239 163 65

33 20 8 23 2 113 36 389%241 72 31

258 199 10 18 16
16.4 96 45 16 41

7410 311 138 347 226
80 9 350°1S6 415 222

77 317 14 53 31 -1000% 24 5657539 241 54

32 32 12 10 11
4.4 56 5 9 5

5 oo o ranqe J- standards
e
2 edipreion was way & cavimg a cencave /\ cruve thus Vhe ‘"“7“,)«0‘

8 15 1052F 326 1773% 477
88 36 7747 305 85 33

0 10 212* 36 157 219 126 62

4 4 132® 36 376728 & 51
18 s 140% 35 333 243 128 52 ¢
11 19 2137 35  413% 231 s 4~
511 232% 34 173 219 126 61 -
11 6 172% 328%F s538%1206% 552 703 v
3 28 -10007 24

544% 508 251 S5

11 232 35 377% 257 18 T/
0 159 20 205 222 616 42
40 -1000% 33 1583% 491 331_ 93 7
80 15 106 339 1787 494 «
19 234 41 520% 293 208 94 ¢
0 161% 24 191 213 358 52 -
10 185F 39 388%¥ 258 75 66
4 26T 31 159 248 145 63 v
43 -2804F 32 43407 554 310 82 v
9 152 30 210 275 137 62 v
37 -82% 33 14507 458 300 84 ~
-9 196* 338% s45%1201% 569 707
38 -6000% 30 1140*% 515 265 69 '/
16 30" 35 /
3 236% 31 159 248 153 68 v

949% 511 410 219
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Fel Sr
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H
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i
H
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i
i

;
H
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H
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:
H

!
1
i

Lol

p205

K20

AV\a \j

Na20

Cal

Mgl

E eﬂ\eéﬁ'

Mn0

'O ¢

A

M.

£l203 Fe203

1102

NMQ T.D\o

R

sfFoOA/rmLaay

5102

M\fmﬁLQ’

mple &

0.27

2.25 99.62
2.38 99.84
2.48. 99,69
2.51 99.84
2.38 99.85
3.43 100.07
3.71 100.05
7.08 99.88
3.53 99.81

43 0.03
0.02

6.

My

0.1%
0.17

0.07
0.06

0.01
0.01

0.93
0.60

32
11.93
12,37
13,03
13.08

12.

0.23
0.28
0.24

0.

76.57
77.98

6913

41001
41003

254 31.8

63

1.19
0.24
0.08
0.07
0.16

0.09

5.88
6.05

0.57
0.53
0.54
0.62

4927

04
0.03
0.06
0.04
0.03
0.07
0.02

0.

0.0t
0.00
.01

0.48

.28
6.3
76.00
79.43
74.66

56.17

(o]

r~
[

41004 6918

41005

2
o~

o4

1

0.06
0.06

0.05

0.54
0.57

2.3

uy
(9]

™~

7

6916

33.9
17.5
16.2

244
2556
249
561
244

63
124
105
297

64
64

§.64
1,21

0.15

0.05
0.05
0.05

0.01
0.01

6.5¢6

0.25 10.8!
10.97

0.24
0.22
0.29
0.24

41006 6921
41008 6924
41009 6923
41010

41.1

1.55
314

0.14
0.25

—

o>

0.01
0.0l

8.25

2

O

—

£919

17.0
L
1779

123
Ba

63
Sr

Feld

0.16
Total

L0I

Na20 K20  P203

0.15
Cal

#n0 Ma0

.38

10.57
41203 Fe203

1102

79.49
§i02

41023 6924
anple #

A
IS
vl

348
268

463

56
1.19
g.61
0.16
0.09
0.13
2.15
0.13
0.18

I
0.17

0.57 99.65
2.38 99.75
0.23 99.23
3.43 99.16
3.71 100.38
4,22 99.93
1.63 99.14
g.21 99.60
7.42 99.13

0.01 10.74 100.28

0.15
0.01
0.11
0.05
0.03

4,38

§.03
0.53

2.16

-t

0.75
0.05
6.24
0.04
0.04
0.03

0.04
.01
0.16
0.01
0.01
0.00
0.10
0.00
0.00
0.00
0.00
0.07
0.01
0.00
0.00
0.00
0.01
0.01
0.00

15.19  2.68
0.00

0.48
0.25
1.05

9.48

6893
6889

41002
41003
41007
41008
41009
41011
41012
41013
41014

32.9
23.7
17.3

245
245
s

62
159
123
102

33
179
64

0.57
3.14

0.11
10.96
0.09
0.12
0.10
.1
0.06
0.04
0.05
0.07
0.38
0.06
0.07
0.06
0.06
0.13
0.07
0.06
0.06

0.68

10.76
2.

03
10.85
11.10
11.24

g
1.03 17.09

0.24
0.22
0.21

77.68
51.96
78.78
74.95
74.95
53.85
.77
71.68
72.12
14.47
74.54
78.20

74.18

6886
6896
6997

16.7

59
1
!

3.40

4

6.55
6.90
5.3
3.25

6.16

11.5

12.4
20.0
11.3
10.9
11.2
33.0
12.4
12.2
10.6
13.9
34.4
17.6
1.1
13.7

221
297
266
221
228
398
283
224
256
240
323
230

122
1124
225
508
448
237
159
428
349
168
64
124
536
163

146
282
349
189

63
186
291
196
143

65

63
289
141

0.15
0.19
0.23
0.23
0.16
0.14
0.05
0.16

0.2
0.13

.33 99.33
2.50 99.00
8.16 99.67
9.31 99.08
.22 100.13
6.08 99.90
2.41 100.56
3.53 99.21
7.49 100.21
6.12 99.42

.02
0.50
0.01
0.01
0.02
0.07
0.02
0.01

03
04

2
0.04
01
0.03

0.
0.
0.0
0.

82
0.55
0.64
1.58
0.89
6.36
1.07
1.32
1.48
2.82
6.58
.17
0.65
2.72

2.143
2.

0.14
4.15
0.06
0.04
0.06
0.07
1.06
0.11
0.06
0.08
0.20
0.23
0.06
0.19

1.47
0.04
0.01
.02
0.02
0.12
0.07
0.08
0.04
0.04
0.05
0.04
0.04

40
1.37
1.54
0.56
0.65
2.38
6.52
0.536

0.77
0.64
i

0.94

7
R

12.29

12.94
13

14.11
14.61
12.28
10.83
12.45
14.13
12.25

15.45

0.20
0.19
0.21
0.22
.21
0.23

0.24
0.24 10.60

0.20 13.19

0.24
0.22
0.28
0.25

74.32

77.55
76.54

78.91
77.20

72.02

6888
6894
6885
6880
6882
6883
6879
6857
68717
€874
6848
6376
6850
6871
6852

41015
41016
41017
41018
41019
41020
41021
41022
41023
41024
41025
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major duplicates

qa
TTID | D 5102 | Ti02 | AI203 |TFe203] FeO | Fe203 | MnO | MgO | CaO_| Na20 | K20 | P205
1903 | 1178 | 7686 | 021 | 1022 | 469 | 029 | 425 | 001 | 002 | 011 | 015 | 299 | 006
1911 | 1178 | 7747 | 021 | 992 | 46l | 023 | 423 | 001 | 002 | 040 | 015 | 289 | 0.06
% difference 079 | 000 | -294 | -171 | 2069| 033 | 000 | 0.00 | 909 | 000 | -334 | 0.00
1908 | 1265 | 7908 | 024 | 1088 | 162 | 042 | 145 | 001 | 003 | 013 | 023 | 402 | 005
1915 | 1265 | 7857 | 024 | 1123 | 71 | 011 | 154 | 001 | 0.03 | 014 | 024 | 416 | 0.02
% difference 064 | 000 | 322 | 556 | 833 | 678 | 0.00 | 000 | 769 | 435 | 348 | -60.00
1405 | 1155 | 7748 | 024 | 1303 | 06l | 009 | 050 | 001 | 003 | 009 | 030 | 480 | 0.02
1422|1155 | 7718 | 024 | 1271 | 060 | 008 | 050 | 00 | 003 | 010 | 032 | 504 | 004
% difference 039 | 000 | 246 | -l64 | -IL11] 048 | 000 | 000 | 1111 | 667 | 500 | 10000
@ |35 | 7657 | 02z | 1087 | 409 | 009 | 388 | 001 | 002 | 0av | 023 | 58 { 400 |
45 | 35 | 7652 | 022 | 1120 | 433 | 0.1z 1 388 | 001 | 000 | 0.1 | 624 | 360 | 002
% 007 | 000 | 210 | 095 : 3333 | 018 | 000 | 50.00 | 1000 | 435 | 222 |-100.00
1416 | 1395 | 5995 | 015 | 856 | 2601 | 031 | 2492 | 001 | 00L | 0.14 | 006 | 097 | 001
1425 | 1395 | 6022 | 015 | 847 | 2472 023 | 2376 | 0.01 | 002 | 015 | 007 | 099 | 002
% ditference 045 | 000 | -105 | 496 | 2581 469 | 000 | 10000] 714 | 1667 | 206 | 10000
41106 | 845 | 7600 | 024 | 1308 | 057 | 007 | 048 | 00l | 006 | 017 | 062 | 664 | €06
41022 | 815 | 7654 | 025 | 1333 | 0.65 | 005 | 058 | 00l | 005 | 013 | 058 | 658 | 042
% difference 071 | 417 | 191 | 1404 | 2857| 20.62 | 0.00 | -1667 | -23.53 | 645 | 090 | 6667
1008 | 1445 | 7943 | 025 | 1081 | 239 | 016 | 245 | 001 | 005 | 015 | 025 | 327 | 004
41023 | 1445 | 7891 | 024 | 1060 | 238 | 0.6 | 204 - | 001 | 004 | 007 | 023 | 317 | 004
% difference 065 | 400 | -194 | 042 | 000 | -045 | 0.00 | -2000 | -5333 | -800 | -306 | 000
41014 | 1805 | 7168 | 019 | 1204 | 616 | 018 | 579 | 000 | 0.0l | 004 | 004 | 064 | 001
41024 | 1805 | 7202 | 020 | 1319 | 652 | 020 | 612 | 0.00 | 003 | 006 | 006 | 065 | 001
. |% difference 047 | 526 | 193 | 584 | 1111 | 567 | 0.00 [200.00] 5000 | 50.00 | 136, | 0.00
41021 | 2065 | 7755 | 024 | 1229 | 056 | 014 | 040 | 000 | 004 | 006 | 020 | 28 | 004
41025 | 2065 | 7720 | 025 | 1225 | 056 | 013 | 041 | 000 | 004 | 006 | 019 | 272 | 003
% difference 045 | 417 | 033 | 000 | 714 | 268 | 0.00 | 0.00 | 000 | 500 | -355 ] 2500

6/20/93

MY

CLJOtP)




trace ga standards

TTID ID St)m | Ba)m | Zr)m | Y)m Sc A Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
G-2 Standard 479 | 1870 | 300 | 12.0 3.7 35 7 5 12 85 14 | 12.0 | 300 1870 | 479 | 168
1904 G2 475 | 1838 | 319 | 101 3.4 34 10 6 10 80 15 106 | 339 1787 | 494 | 169
1417 G2 489 | 1855 319 | 107 3.2 32 12 10 11 91 15 105 | 326 1773 | 477 | 168
41002 G2 463 | 1779 | 348 | 106 | 4.0 34 i 15 102 13 11.3 1859 | 478 | 168
% difference 1904 084] -1.711 633 | -15.83] -8.11 286 | 42.86 | 20.00 |-16.67| -5.88 | 7.14 | -11.67| 1300} 444 | 3.13 | 060
% difference 1417 200 1 -080 | 633 | -10.83| -1351 | -857 | 7143 |100.00| -833 | 7.06 | 7.14 -1250) 867 | -5.19 | -042| 0.00
% difference 41002 334| -487 | 16.00]-11.67| 8.11 -2.86 25.00| 20.00 | -7.14| -5.83 059 [ -021] 0.00
Average % difference | -0.70| -246 | 9.56 | -12.78| 450 | -4.76 57.14 | 60.00 | 0.00 | 7.06 | 2.38 | -1000| 10.83 | -340 | 0.84 | 020
STM-1 Standard 730 | 590 | 1260 | 53.0 0.7 2 3 2 4 230 | 270 53 1260 590 730 120
1912 STM-1 | 713 | 583 | 1023 | 54.5 04 0 3 1 9 247 | 338 | S51.1 | 1201 569 707 119
1424 STM-1 | 700 | 580 | 1023 | 54.8 0.3 1 9 11 6 247 | 328 | 50.6 | 1206 552 703 120
% difference 1912 233| -1.19 | -18.81| 2.83 | 42.86 | -100.00 | 0.00 | -50.00{125.00| 7.39 |25.19| -3.58 468 | -356 |-3.15] -0.83
% difference 1424 11| <160 |-18.81| 3.40 | 57.14 | -50.00 |200.00( 450.00| 50.00 | 7.39 |2148} -4.53 429 | -644 | 370 0.00
Average % difference | -3.22| -144 | -1881} 3.11 | -50.00 7500 1 100.00] 200.00] 87.50 | 7.39 |23.33| -4.06 | 448 | -500 |-342| -042
RGM-1 Standard 114 | 820 | 210 | 27.0 5.0 14 3 7 11 32 9 27.0 | 210 820 114 | 156
1404 [ RGM-1 | 104 | 818 | 217 | 257 43 12 9 7 14 33 10 | 265 | 225 810 106 | 150
% difference 1?04 8771 024 | 333 | -481 | -14.00.| -1429 1260.00] 0.00 |30.84 | 3.13 | 1111} -185 714 | -122 | -7.02| -3.85
BHVO-1Standard | 440 | 142 | 180 | 28.0 | 302 314 300 117 | 137 102 19 | 28.0 180 142 440 10
1410 [BHVO-1] 392 | 131 | 167 | 281 | 323 294 278 68 90 92 18 | 283 158 125 390 11
% difference 1410 -1091} 775 -722 | 036 | 6.95 637 | -733 | 4188 |-3431] 9.80 | -526] 1.07 |-1222] -11.97 |-11.36{ 10.00
W-2 Standard 192 | 174 | 100 | 23.0 | 357 259 92 70 106 80 7 230 | 100 174 192 21
41007 | W2 1179 | 159 | 8 | 237 | 353 228 91 86 8 23.7 164 188 19
% difference 4I1007 -677] -8.41(-18.00f 3.04 | -1.12 | -11.97 -14.15] 750 11429 3.04 553 | 208} -9.09
AGV-1 Standard 657 | 1208 | 225 | 213 [ 134 125 12 19 60 84 15 | 213 | 225 1208 | 657 67
41012 | AGV-1 | 641 | 1124 | 221 | 200 | 117 118 55 94 11 | 210 1168 | 670 67
% difference 41012 244| 6951 -178 | -6.10 | -12.69 | -5.60 -833 | 11.90 |-26.67 -141 331 | 1981 0.00
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trace ga duplicates

01

TTID [ 1D | Som [Bam [ Zom | Ym [ er Ni Cu Zn Nb Y Zr Ba Sr Rb
1903 | 11.78 | 89 5 2 40 | 1351 33 | 185 491 331 93 133

1911 1178 | 85 | 89 | 4 7 37 1155 33 119.8 458 300 4 132
% difference -337] 166 253 | 129 | 73 -5 120 250 -8 -15 0 1.1 T -9 -10 -1

1908 | 1265 | 61 | 138 | 246 160 | 24 | 32 16 26 4 364 31 15.8 248 145 63 185
1915 | 12.65. |65 | 141 | 233 | i56 [ 26 | 1 6 3 3 |.375 31 157 | 248 153 68 184
% difference 1656 | 217 |:528 | 250 | 83 2 <3 | -88 | 25 | 13 0 0.6 0 6 8 -1

1405 11.55 {..45 | 118 7‘,‘247 40.7 1.6 169 7 8 18 313 33 38.9 249 119 43 245
1422 1155 | 44 | 118 | 226 39.2 1.6 171 6 11 19 321 35 383 231 115 41 242
% difference 2.22| 0.00 | -850 -369 | 0.0 1 -14 38 6 3 6 -1.5 -7 -3 -5 -1

1419 | 135 .63 | 127 | 226 165 ] 24 | 92 2 0 10 | 330 36 | 168 | 219 126 | &2 170
L1423 | 135 | 63 |15} 212 | 164 | 24 ] 03 4 5 11 316 34 ) 158 | 219 | 126 | 1 168
%difl‘erejnce 7000 | -1.57} 619 | -0.61 | 00 |1 100 | <100 | 10 -4 6 | -60 0 0 2 -1
| :

1416 | 1395 . 7.1 243 | 527 | 525 |
1425 | 1395 | 55 [ 248 | 474 | 544 |

|

|

7.7 |™8317 14 53 31 1297 24 49.2 539 241 54 41
7.8 332 6 3 28 1423 | 24 51.1 508 251 55 42
1.3 5 -57 -94 -10 10 0 3.9 -6 4 2 2

41006 815 | 64 63 244 | 33.9 3.0 27 1 125 41 35.5 66 64 368
41022 8.15 65 64 256 | 344 3.1 26 4 112 41 34.7 ) 68 64 347
0

% difference 156 | 159 | 492 [ 147 3.3 -4 300 -10 0 2.3 3

% difference [-3.51] 2.06 |-10.06] 3.62

41008 | 1445 | 64 | 124 | 256 17.5 3.0 74 6 190 52 16.9 125 62 144
41023 | 1445 | 63 | 124 | 240 176 | 24 77 189 42 17.4 129 66 136
% difference -1.561 0.00 | 625 0.57 | 200 4 0 -1 -19 3.0 3 6 -6

[}

41014 | 18.05 | 282 | 508 297 | 10.9 15.8 116 6 37 30 11.1 519 292 10
41024 | 18.05 | 289 | 536 323 | 11.1 15.6 114 6 26 31 10.8 530 297 9
% difference 1 248) 551 | 875 | 1.83 -1.3 -2 . 0 -30 3 2.7 2 2 -10

o3 (oplL)souy

41021 | 20.65 | 143 | 168 237 | 139 15.3 104 5 29 40 13.8 170 | 146 103
41025 | 20.65 | 141 | 163 230 | 13.7 | 157 105 5 22 38 13.7 159 148 105
% difference -140. 298| 295 -144 2.6 1 0 -24 -5 -0.7 -6 1 2
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TTID 1D Sr)m |Ba)m| Zr)m [ Y)m Sc \4 Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
5909 [NOP-ECP 3.1 16 4 3 0 32 30 32 222 183 63 303
5912 -WR1/2 32 16 3 2 0 30 27 32.5 207 180 72 291
3105 5912 X 3.1 17 0 0 3 29 32 36.6 230 164 70 203
1412 5912 70 | 159 227 34.1 3.1 15 6 3 0 28 31 31.2 239 163 65 294
41017 1 5909 63 | 159 | 228 33 32 14 2 33 34 32.1 168 62 304
Average 3.1 156 3.3 2.0 1.0 304 30.8 32.9 2245 171.6 | 66.4 297.0
| STD 0.1 1.1 2.5 14 14 2.1 2.6 2.1 13.6 9.3 44 6.0
5909 % diff 0.00 | 2.56 | 21.21 50 100 5.26 2.60 2.74 1.11 6.64 | 5.12 2.02
5912 % diff 323 {256 9.09 0 100 1.32 1234 | 1.22 7.80 490 | 8.43 2.02
3105 % diff 0.00 | 8.97 | 100.00] 100 200 4.61 390 | 11.25 2.45 443 {542 1:35
1412 % diff 0.00 | 3.85 | 81.82 50 100 7.89 0.65 5.17 6.46 501 | 2.11 1.01
41017 % diff 3.23 | 10.26]100.00| 100 100 8.55 10.39 | 243 2.10 | 6.63 2.36
|
Average % diff 1.3 56 | 624 60.0 | 120.0 5.5 6.0 4.6 4.5 4.6 5.5 1.8
TTID ID Si02 | TiO2| A1203|TFe203] FeO |Fe203] MnO | MgO | CaO | Na20 | K20 | P205 LOI Total
5909 [NOP-ECP| 75.73 {025} 1274 | 148 | 023 | 1.23 ] 0.07 0.14 0.34 1.1 6.53 0.07 245 100.89
5912 .,-WRI1/2/ 7475|0261 1275 | 1.64 { 032 | 1.29{ 005 0.16 0.48 1.04 6.43 0.07 2.74 100.35
3105 5912 |1 7422(0.24| 1254 | 1.52 0.05 0.14 | 049 1.11 6.29 0.07 2.82 99.49
1412 5912 i 74.89 [0.24 1_2.80 1.54 | 015 1.34 | 0.04 0.13 0.54 1.09 6.67 0.09 2.81 100.84
41017 | 5909 74.54 024] 1228 { 140 | 019 | 1.16 | 0.07 0.12 0.38 1.06 6.36 0.07 2.50 99.00
Avel:age _ 7'4.83 0.25( 12621 1.52 0:22 1.25 | 0.06 0.14 0.45 1.08 6.46 0.07 2.66 100.11
STD 0.56 | 0.01| 0.22 009 [ 0.07 | 0.08] 0.01 0.01 0.08 0.03 0.15 0.01 0.18 0.84
5909 % diff - 1.20 [0.00] 0.95 263 | 455 | 1.60 | 16.67 | 0.00 | 2444 1.85 1.08 0.00 7.89 0.78
5912 % dift* 1011 1400 1.03 7.89 |.4545] 320 [ 16.67 | 1429 | 6.67 3.70 0.46 0.00 3.01 0.24
3105 % diff 0.82 [ 4.00( 0.63 0.00 16.67 { 0.00 8.89 2.78 2.63 0.00 6.02 0.62
1412 % @ity 0.08 14.00| 143 132 [ 3182691 3333¢{ 7.14 |2000| 093 325 | 2857 5.64 0.73
41017 % diff 0.39 | 4.00| 2.69 7.89 | 13.64) 735( 16.67 | 1429 | 1556 | 1.85 1.55 0.00 6.02 1.11
l
Average % diff 05 | 32 1.3 39 239 | 48 | 20.0 7.1 15.1 2.2 1.8 5.7 7.1 0.7
6/20/93
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Sample ID | SiO2 | TiO2 | Al203|TFe203| FeO | Fe203| MO | MgO | Ca0 |Na20| K20 {P205| LOI | Total -
1407 SAN-WMM-007 [ 62.63)| 0.80|15.95| 5.94 | 1.65]| 4.02 | 0.16|1.68|5.05|5.14]1.82]0.72(1.30[101.19 ;
1408 SAN-WMM-008 | 63.21]|0.77 | 15.68| 5.61 | 1.74| 3.61 | 0.16|1.52|4.14|5.19|2.09|0.24|0.52| 99.12
1409 SAN-WMM-009 | 59.18| 0.69|14.84| 5.38 |1.87| 3.24 | 0.13|2.52|5.25|2.77{1.730.89(6.87{100.25
1414 SAN-WMM-004 |56.31|0.84 | 16.59 | 7.68 |3.17| 4.10 | 0.16 | 3.15| 7.24 | 3.48|1.52]| 0.12] 1.94{ 99.03
1415 SAN-WMM-005 | 59.59|0.72 | 14.25| 575 [1.99| 3.48 | 0.14 | 2.59|5.15(|2.94]|1.74{ 0.64 | 6.12]| 99.63
Trace santorini
Awe /033 v
Sample |DDmsterce—West~{tmr Sc Vv Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
-] 1407 SAN-WMM-007 | 17.3 | 58 9 6 20 84 12 |49.0| 91 | 362|183 58
- 1408 SAN-WMM-008 | 17.2 | 50 6 2 10 79 10 |50.6{220| 377|171 63
1409 SAN-WMM-009 | 14.8 | 98 41 18 44 77 9 30.4| 47 | 465 | 264 61
1414 SAN-WMM-004 | 25.8 | 199 10 18 16 74 10 |31.1] 138 347 | 226 48
1415 SAN-WMM-005 | 16.4 | 96 45 16 41 81 9 31.7| 156 | 4156 [ 222 62
Ccywxﬁlcm.a ‘tﬂ\QAUw.uQ:to 17 e(f ﬁm&mﬁ Ai}u.&\d +r
dTeumans. | to oA {mmwm«ﬂ? o M/\.fwzi thaas. sty
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Sample ID | Distance West (m) | SiO2 | TiO2 | AI203| TFe203| Feo | Fe203 | MuO | MgO | CaO[Na20| K20 | P205 | LOI | Tota! |
1413 2.55 7638 | 024 | 1279 | 072 | 016 | 053 | 001 | 012 |013] 053 | 636 | 002 | 249 | 99.78 |
41001 4.00 7657 | 023 | 1232 093 | 027 | 062 | 001 ] 007 |019] 059 | 643 | 003 225 | 99.62
41003 5.20 7798 | 025 | 1193 | 060 | 119 | -068 | 0.01 | 006 [0.17] 057 | 588 | 002 238 | 99.84
41004 6.20 7728 | 024 | 1237 048 | 024 | 021 | 001 | 006 [0.16] 053 | 605 | 0.04 248 | 99.69
41005 745 7633 | 025 | 13.03| 054 | 008 | 044 | 000 | 006 |0.17] 054 | 638 | 0.03 251 | 99.84
41106 8.15 7600 | 024 | 13.08] 057 | 007 | 048 | 001 | 006 | 017] 062 | 664 | 006 238 | 99.85
41022 8.15 7654 | 025 | 1333] 065 | 005 | 058 | 0.01 | 005 |[0.13] 058 | 658 | 002 241 | 10056
AVG 8.15 7627 | 025 | 1321] o061 | 006 | 053 | 0.01 | 0.06 |0.15] 060 | 661 | 0.04 2.40 | 10021
1418 9.00 7701 | 025 | 1328 ] 057 | 018 | 036 | 0.00 | 001 [011] 043 | 577 | 002 2.83 | 100.28
1402 9.70 7642 | 025 | 12.87] 059 | 010 | 047 | 000 | 003 |0.10] 054 | 606 | 001 241 | 9928
1421 10.30 7825 | 023 | 1265| 057 | 008 | 047 | 000 | 002 [0.07] 031 | 477 | 0.02 3.12 | 100.02
1420 10.80 7702 { 026 | 1373 | 044 | 010 | 032 | 000 | 0.03 [0.10]| 031 | 463 | 001 326 | 99.80
1405 11.55 7748 | 024 | 13.03] o061 | 009 | 050 | 001 | 003 [0.09] 030 | 480 | 002 292 | 99.53
1422 11.55 7718 | 024 | 1271] 060 | 008 | 050 | 001 | 003 |0.10] 032 | 504 | 0.04 295 | 9919
AVG 1L.55 7733 | 024 | 1287 061 | 009 | 050 | 001 | 0.03 jo10] 031 | 492 [ o0.03 2.94 | 99.36 ﬁ-
1403 11.90 7529 | 021 | 927 | 442 | 051 | 375 | 001! 001 [044] 009 | 1.98 | 0.03 429 | 96.02
1411 12.50 7746 | 022 | 1237 071 | 001 | 068 | 000 ] 0.02 [013] 031 | 425 | 0.01 322 | 987z Yil
1401 12.95 7311 | 019 | 919 | 1052 | 006 | 1015 | 001 | 001 [0.14] 0.18 | 283 | 001 342 | 99.60 ‘
1419 13.50 76.57 | 022 | 1097] 409 | 009 | 3.88 | 001 | 002 | 0.10] 023 | 3.61 | 0.00 342 | 99.25 r
1423 13.50 7652 | 022 | 1120] 413 | 012 | 3.8 | 001 | 003 | 0.11[ 024 | 3.69 | 002 341 | 9956 —
AVG 13.50 7655 | 022 | 11.09| 411 | 011 | 388 | 001 | 003 [0.11] 024 | 3.65| 0.01 342 | 9943
1416 13.95 5995 | 0.15 | 856 | 2601 | 031 | 2492 | 0.01 | 001 |0.14] 006 | 097 | 001 472 ] 106.60 )
1425 13.95 6022 | 015 | 847 | 2472 | 023 | 2376 | 001 | 002 [0.15] 007 | 099 | 0.02 472 | 99.54 ?
AVG 13.95 60.00 | 015 | 852 | 2537 | 027 | 2434 | 001 | 0.02 [0.15] 007 | 098 | 0.02 472 | 10007
41008 14.45 7943 | 025 | 1081 239 | 016 | 215 | 001 | 005 [0.15] 025 | 327 | 004 343 | 16007
41023 14.45 7891 | 024 | 1060] 238 | 016 | 214 | 0.01 | 004 |007] 023 | 317 ]| 004 353 | 9921
AVG 14.45 79017 | 025 [1071] 239 | 016 | 215 | 001 | 005 [011] 024 | 3.22 | 0.04 3.48 | 99.54 PR e‘_
41009 15.00 7466 | 022 | 10971 656 .| 009 | 627 | 001 | 005 [0.19] 026 | 338 ] 0.03 371 | 106605
= 41010 15.60 6617 | 029 | 1609| 825 [ 016 | 784 | 001 | 005 | 0.19] 0.14 | 155 | 007 708 | 9%.38 -~
- 41011 16.40 7495 | 021 | 1124 690 | 013 | 656 | 000 | 0.03 [0.10] 0.14 | 213 | 0.02 422 | 9993 @ O
1406 17.00 7300 | 023 | 1537] 333 | 012 | 311 | 000 | 001 [0.09] 011 | 167 | 0.02 6.56 | 100.38 5o 3
2 41013 17.40 7177 1 020 | 15450 325 | 013 | 3.02 | 0.00 | 004 | 0.06] 006 | 055 | 001 821 | 99.60 - =
Sample ID | Distance West (m) | SiO2 | TiO2 | A203| TFe203| Feo | Fe203 | MnO | MgO | CaO | Na20| K20 | P205 | LOI | Total Q;
' | 41014 18.05 7168 | 019 | 1294 616 | 018 | 579 | 0.00 | 001 | 004 0.04 | 064 | 001 742 | 99.13 % g_
’ 41024 18.05 7202 { 020 [ 1319 652 | 020 | 612 | 0.00 | 0.03 [ 0.06] 006 | 0.65 [ 0.01 749 | 100.21 -
‘ AVG 18.05 71.85 | 020 | 13.07] 634 | 019 | 595 | 0.00 | 0.02 | 0.05| 0.05 | 0.65 | 0.01 746 | 99.67
41015 18.35 7272 | 021 [1411] 077 | 017 | 057 | 000 | 002 [005] 0.06 | 158 | 0.01 10.74 | 100.28 . 3
41016 18.60 7447 | 022 | 1461 064 | 015 | 046 | 000 | 002 ]007] 007 | 080 | 002 833 | 9933 o 4-
: 41018 19.00 7820 | 022 | 1083 094 | 023 | 067 | 001 | 007 006} 011 | 1.07 | 0.02 8.16 | 99.67 S
41019 19.65 7418 | 021 | 1245 137 | 023 | 1.09 | 000 | 0.08 [ 007] 006 | 132 | 001 931 | 99.08 e §
41020 20.10 7432 | 023 | 1413 154 | 016 | 133 | 000 | 004 [ 0.06]| 0.08 | 148 | 0.03 822 {10013 | |
41021 20.65 7755 | 024 | 1220 056 | 014 | 040 [ 000 | 0.04 [ 006| 020 | 282 | 0.04 6.08 | 99.90 | =" 3
) 41025 20.65 7720 | 025 {1225] 056 | 013 | 041 | 000 | 0.04 [006]| 0.19 [ 272 | 0.03 612 | 9942 | L.
d _AVG 20.65 7738 | 025 | 1227 | 056 | 0.14 | 040 | 0.00 | 0.04 [0.06] 020 | 277 [ 0.04 610 | 9966 | + < QN




E-W Transect summary Trace
Sample ID | Distance West (m) Sc A\ Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
1413 2.55 33 20 8 23 2 113 36 389 | 241 72 31 341
41001 4.00 3.8 24 3 130 35 353 74 22 360
41003 5.20 3.6 18 2 117 32 33.9 68 33 324
41004 6.20 4.0 25 2 101 35 343 70 41 318
41005 745 4.8 31 1 105 35 404 75 32 357
41106 8.15 3.0 27 1 125 41 35.5 66 64 368
41022 8.15 3.1 26 4 112 41 34.7 68 64 347
AVG 8.15 3.1 27 3 113 41 35.1 0 67 64 358
1418 9.00 4.4 56 5 9 5 88 36 774 | 305 85 33 300
1402 9.70 3.1 19 4 7 4 87 30 369 | 256 | 69 38 338
1421 10.30 2.6 64 7 18 5 140 35 333 | 243 | 128 52 245
1420 10.80 35 ° 44 8 14 4 132 36 37.6 | 258 | 82 51 245
1405 11.55 1.6 169 7 8 18 312 33 417 | 249 | 119 43 245
1422 11.55 1.6 171 6 11 19 213 35 413 | 2311 115 41 242
AVG 11.55 1.6 170 7 10 19 213 34 415 | 240 | 117 42 244
1403 11.90 4.4 184 40 13 45 870 50 774 | 291 | 397 | 100 81
1411 12.50 1.7 29 12 16 7 182 27 254 | 215 85 57 228
1401 12.95 2.5 87 10 3 12 206 19 314 | 257 | 492 49 137
1419 13.50 24 92 2 0 10 212 36 157 | 219 | 126 62 170
1423 13.50 24 93 4 5 11 232 34 17.3 | 219 | 126 61 168
AVG ) 13.50 24 93 3 3 11 222 35 16.5 | 219 | 126 62 169
1416 13.95 7.7 317 14 53 31 1000 24 56.5 | 539 | 241 54 41
1425 13.95 7.8 332 6 3 28 1000 24 544 | 508 | 251 55 42
AVG 13.95 7.8 325 10 28 30 1000 24 55.5 | 524 | 246 55 42
41008 14.45 3.0 74 6 190 52 16.9 125 62 144
41023 14.45 24 77 6 189 42 17.4 129 66 136
AVG 14.45 2.7 76 6 -6 47 17.2 0 127 64 140
41009 15.00 2.6 127 9 285 41 16.3 105 57 156
41010 15.60 13.2 332 22 374 37 43.0 294 | 231 67
41011 16.40 3.6 75 6 64 30 12.4 130 62 96
1406 17.00 24 60 36 69 9 30 32 119 [ 213 | 144 | 118 59
41013 17.40 12.2 138 8 98 31 11.9 227 158 10
41014 18.05 15.8 116 6 37 30 11.1 519 [ 292 10
41024 18.05 15.6 114 6 26 31 10.8 530 | 297 9
AVG 18.05 15.7 115 6 A 31 11.0 0 525 | 295 10
Sample ID | Distance West (m) Sc \ Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
41015 ) 18.35 : 36.8 124 4 37 38 12.1 451 | 362 12
41016 18.60 28.7 133 4 36 35 10.9 233 | 190 12
41018 19.00 26.7 112 6 42 36 11.9 409 | 177 14
41019 19.65 24.9 142 11 57" | 34 124 345 | 287 16
41020 20.10 18.6 191 8 56 35 11.0 292 [ 194 39
41021 20.65 15.3 104 5 29 40 13.8 170 | 146 103
41025 20.65 15.7 105 5 22 38 13.7 159 | 148 105
AVG 20.65 15.5 105 5 26 39 13.8 0 165 | 147 104
' A A N AN AN A NN S (N NN SN S SN N NN AN S R N N N N N I
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Majors 2m E-W at 9.1 m N
S . . . ot
ample ID | Distance West (m)| SiO2 | TiO2 | AI203 | TFe203| FeO | Fe203 | MnO | MgO | CaO | Na20| K20 | P205 | LOI | Total | e Decw
1901 1 7659 | 024 | 1202 | 134 | 016 | 1.13 | 0.01 | 004 | 0.09 | 028 | 450 | 0.06 | 3.50 | 98.66 —
1905 11.22 7631 | 027 | 13.04 | 245 | 0.5 | 222 | 0.01 | 0.06 | 0.09 | 0.16 | 3.19 | 0.04 | 4.53 | 100.14 D
1907 114 7399 | 026 | 14.10 | 1.14 | 0.11 | 099 | 0.01 | 0.04 | 008 | 030 | 518 | 0.05 | 4.03 | 99.17 3
1909 116 7797 | 020 | 897 | 566 | 015 | 534 | 001 | 001 | 0.11 | 0.13 | 2.27 | 0.06 | 4.00 | 99.38
1903 11.78 76.86 | 0.21 | 1022 | 469 | 029 | 425 | 0.01 | 002 [ 0.11 | 0.15 [ 2.99 | 0.06 | 3.82 | 99.14 <
1911 1178 7747 | 021 | 992 | 461 | 023 | 423 [ 001 [ 002 ] 010 [ 015 ] 2.89 | 0.06 | 3.79 | 99.24 ‘
AVG 11.78 7717 | 021 | 1007 | 465 | 0.26 | 424 | 001 | 002 | 011 | 0.15 | 2.94 | 0.06 | 3.81 | 99.19
1913 12 7194 | 018 | 1278 | 619 | 021 | 579 | 001 | 005 | 0.17 | 0.11 | 1.98 [ 0.04 | 5.84 | 99.29
1914 12.18 7727 | 022 | 1007 | 395 | 030 | 3.52 | 001 | 002 | 012 | 0.15 | 2.83 [ 0.11 | 4.64 | 99.39
1910 1242 7746 | 024 | 1117 | 253 | 0.15 | 230 | 001 [ 002 | 0.12 | 021 | 3.47 [ 0.03 | 402 [ 99.27
1908 12.65 79.08 | 0.24 | 1088 | 162 | 012 | 145 | 0.01 | 0.03 | 0.13 | 023 | 4.02 | 0.05 | 3.49 | 99.77
1915 12.65 7857 | 024 | 1123 | 171 | 011 | 154 | 0.01 | 003 | 0.14 | 024 | 4.16 [ 0.02 | 349 | 99.82
AVG 12.65 78.83 | 024 | 11.06 | 1.67 | 012 | 1.49 | 0.01 | 0.03 | 0.14 | 024 | 4.09 | 0.04 | 3.49 | 99.80
1906 12.87 7692 | 022 | 1172 | 163 | 012 | 146 | 001 | 0.02 | 0.09 | 0.30 | 4.59 | 0.01 | 327 | 98.78
1902 13 74.93 | 022 | 1145 | 391 | 008 | 371 | 0.01 [ 0.02 ] 0.10 | 032 | 4.84 | 0.04 [ 3.29 | 99.12
Trace 2m E-W at 9.1 m N
-
Sample ID | Distance West (m) Sc v Cr Ni Cu Zn Nb Y Zr Ba Sr Rb
1901 11 30 | 73 5 1 11 | 355 | 35 [ 335 257 | 188 | 7 217
1905 11.22 34 | 14 | 12 24 | 19 | 435 | 41 [454 ] 293 | 208 | 94 137
1907 114 23 | 46 5 6 10 | 239 | 30 [ 374 258 | 75 | 66 | 253 ,..K ,
1909 116 123 | 171 | 4 4 | 43 | 1900 | 32 |2751] 554 | 310 | 8 | 9 i~
1903 11.78 96 | 175 5 2 40 | 1351 33 [1185] 491 | 331 | 93 133 E ?
1911 1178 89 | 149 4 7 37 | 1155 | 33 | 119.8] 458 | 300 | 84 132 S
AVG 11.78 93 | 162 5 5 39 | 1253 | 33 |1192] 475 | 316 | 89 | 133 \% 3
1913 12 129 | 173 4 3 38 | 2335 | 30 | 100.6] 515 | 265 | 69 87 S
1914 12.18 100 | 128 7 5 16 | 807 | 35 | 814 | 511 | 410 | 219 | 123 C L
1910 12.42 30 | 719 42 70 9 | 645 | 30 | 220275 | 137 | 62 161 - -;*
1908 12.65 24 | 52 16 26 4 | 364 | 31 | 158 248 | 145 | 63 185 {—‘ )
1915 12.65 26 | 5t 6 3 3 | 375 | 31 | 157 | 248 | 153 | 68 184 h
AVG 12.65 25 | 52 u 15 4 | 370 | 31 | 158 248 | 149 | 66 | 185 - o
1906 12.87 20 | 28 10 6 0 | 162 | 24 | 189 | 213 | 586 | 52 | 247 L I
1902 13 14 [ 36 3 1 0 | 196 | 20 | 212 ] 222 | 616 | 42 | 243
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2y oF 1O N _HWNO,  whaS  MaADE  BY  MEASURING

our_ 2% b or N WNO, (Lot s av3as)

i & CLEANED 100 L AnD 50 WL GRADUATED

CMUNDERD | Aeo POORED invte . WABELED  AND

” CLEPNED - AC\D BOTTLE WHERE VA -~ oF

NARNOPORE . WO wWAS  KDLED. SecutdnN WAS

MIXED  AND  LABELED .

1.0 N _HNO, |
Lot # <uza4l | .

] 21]93 o<«

L—""

10O ol e 1O TBP | AWL  AcEThTe

[} ;
WAS PREPARED By MEASURING  OUT 1O b

( 1LOT R

oV Teu - a=-wuil n\no'sohov\'ﬁ, T o c\eone d

> a1123%)

AC el GRAPUATED. CANPER  AND  POURING INTD

il OMBER BgenN AL gottLe . QGO el oF

PN NCETIRTE CLOT ¥ 90215D) MEASURED N

N CEPRNED 100 L GRUCDUATED (NULNDER

15 THEN POLRED N MR BT i WABELED

NOTE :  SAMPLES 122791  ambD

|z g ool splionsallh Gt ool sl

i2. 41) 9.14  WERE

MIXED  DURPING  FINAL \—\qﬁou

EXTRACTON., 5 25 b ExreacTIONS

L1 vewc spaaple \2.‘?)1("\,1] WS PODED

8 i Gt o 1 e, s WS

™ V2. AL 408 A \2.37|aA
WENT THROUGW D EXRACTIONS  OF
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N BE MEA%URED. T\—*E FOULOWING.  TRANERSES

pm T _BE [®E PANPLE AREAS PESIGNATED ©

- E!w TRANERSE a7 IO N + \O m Leve

= 2 enerer E[W teaneERse mwensect AT

AN rekers N * 10 =~ \ovel

— Feronwe  ax 135 0 Noety » O m lecer |

EXpERMENTAL  PROCESS  CHMOSEN T©  BE USED  FOR 1

THS  STuDY 'S cunleED W Tye METHD BY

M. Gascoxnze Ao J.P. A, | pecaue  ENTITLSD

A _RAPID METHOD OF EXTRACTION OF

URPANVWIM  AND  THORWUM  FROM, GRANITE

FOR__ALPHA SPECTROMETRY ,

Information potentially subject to copyright protection was
redacted from this location. The redacted material (an article)
is from the following reference:

Gascoyne, M. and J.P.A. Larocque. “A Rapid Method of Extraction
of Uranium and Thorium from Granite for Alpha Spectrometry.”
Amsterdam: North-Holland: Nuclear Instruments and Methods in
Physics Research. Vol. 223. pp. 250-252. 1984.
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Information potentially subject to copyright protection was
redacted from this location. The redacted material (an article)
is from the following reference:

Gascoyne, M. and J.P.A. Larocque. “A Rapid Method of Extraction
of Uranium and Thorium from Granite for Alpha Spectrometry.”
Amsterdam: North-Holland: Nuclear Instruments and Methods in
Physics Research. Vol. 223. pp. 250-252. 1984.

EACK  SAMPLE WL BE POWDERED AND  DRIED

25

PND  THE  SEPS OJILNED N

PART 4 = METHOD

ofF  GASCOINE  AND

IAROQUE Wil BE VOUOWED,

Ercit SIEP OF Twis  METAOD

WL BE  RECORDED

ON N DT SWEET  MNREADY  DRSDARED,

P ——————

- B U/Th FUSION SAMPLE SHEET
o Sample
ILD. #
e Date:
- e Analyst:
i
" ERERRREEEESELL FUSI ON: ‘U_232 /'I'h-zzs SPIKE #:
Weights: SPEX LiBO2 (Lot # ) gReference Date
1
A Sample Powder gReference Activty pCi/g
e —— !
- — m ESpike Weight: grams
e Start Dry !
Finish Dry 1U spec. Activity dpm/g
e — !
| .
e ——————— Melting in Muffle Furnace 1 Th/U ratio
Start Time !
. Finish Time \
Temp. oC i
]
Quenching Sample in 1 N HNO3, '
Volume 1.0 N HNO3 (Lot# ) ml
- Transfer 100 ml of glass solution into labeled Nalgene bottle and proceed with solvent extraction.
SOLVENT EXTRACTION:
Weight:  AINO3)-9H20 (Lot#_____ ) -z
10% TBP/Amyi Acetate : ml
(Lot # ) (Lot# )
Shaken in Erlenmeyer Flask
Start Time Finish Time
Pour into Separatory Funnel, drain inorganic to waste, and organic to new Erlenmeyer flask
Add 25 ml H2S04 (Lot # )
Extract, Pour into Separatory Funnel and save H2S04
Extraction 1 Start Time Finish Time
- Extraction 2 Start Time Finish Time
Extraction 2 Start Time Finish Time
- Extraction 4 Start Time Finish Time
1
S ] S SRR -

N ———————
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26 U/Th FUSION SAMPLE SHEET i .
' ARE TFIWUED OUT

ONSE ML SMWE  SHEETDS U
. . ———— [ R C - .
S ?;ATING (S;rtl;mued. —_— e ALPHA  SPEIROMETRY ~ MEASURESHMENT § QM?\E;E
—_—_— P e
SN ) AE. DATA WL
Wash residue with < 5 m! 0.1N HNO3 (Lot # ) ml used N RE N s N AL\YZ@ 1 PRRATE 2DIN G
Transfer wash with pasteur pipet to centrifuge tube I T . . ()L\-@JTED PN DALCED TN A B\NDE;& PCCO
Adjust pH to 1.0 with NaOH soluti Lot # 5 v
20Hsolutions — (Lot#___ - L WHOH  pRER THE ROOC SAMPUE o) G ATED
Add 1- 2 ml 0.4 M TTA in benzene ml used : v
————— (Lot # ) (Lot # ) e
Date and time started counting Initials _—
Date and time finish counting Total 60 minmes J—

[ \

U/Th FUSION SAMPLE SHEET

— \

Gently boil H2S0O4 to dryness

Start Time Finish Time I \
Heat more strongly to drive off SO3

Start Time Finish Time ~ ___ \

. LUMN SEPARATION: \
Column Preparation: \
BIO-RAD Anion Exchange Resin (Lot # ) e \
AG 1-X8 100-200 mesh Chloride form \
Prewash 4 cm x [ ¢m column of resin with 0.INHCl (Lot# )
45 ml 0.1 N HClI and conditioned with ml + mi + ml \
60 ml 9 N HCL 9NHCl (Lot#___ ) \
ml + ml + ml+ ml \
Elution: \

Dissolve dried residue in 9 N HClL ml  and load on column and allow to drain \
Elute Th fraction with 9 N HCl (45-60 ml) ml + ml + ml \
Elute U fraction with 0.1 N HCl (45-60ml ) ml + ml + ml \
Drying of Th eluate

Start Time Finish Time \
Drying of U eluate \

Start Time Finish Time \
PLATING: 5
U Date Initials B
Wash residue with < 5 ml 0.1N HNO3 (Lot # ) ml used B \
Transfer wash with pasteur pipet to centrifuge tube i

Adjust pH to 3- 3.5 with NaOH solutions (Lot # )
Add 1- 2 ml 0.4 M TTA in benzene
(Lot # ) (Lot# )
FILE NAME
Date and time started counting

Date and time finish counting

Initials
Total time minutes

ml used




98 7% 7 s 99
1874 | FOLLOWING SAMPLES HANE  BEEN  PREDARED
OCL FOR _ALPHA  SPECTROMETRY AND ARE - S
Now  MERSURING : | “"““[7;[1 4 N NEW TRAMERSE WiILL BEGIN ALPHA. s?E:chOHETRY
- NOPI-ECP- 13.0/9.2 - wr_Thorum, OcL | pnhisiS, TAKEN FROM THE FARCRE AT 13.5 =~ N
- Nopl-gcP ~ WO[ 9.15 - wR U )remicm — . | 4 \Om \evel yHE. FOUOWING _SAMPES wul BE
- Nopi-BcP~ IL78[917-wr_\} ¢ Th L ;\N&ep\suaev e
- NOPI-BcP~ 11.22]/ 9.07-WR J¢ TH - ,
o NOW-BCY- AH (1317 - GAM-O
® NoP\-EcP- A5[1377 ~ GAM-1
RECONFILURATION OF CHANNELS HAS ® Nori-Ecp- A5[1377- GM-2
CHANGED WABELS ON  CHANNEL NUMBERING @ Novi-EcP- 4.5]13.77 -~ GAM -3
FOLLOWING DIAGRAM  REVEALS THE NEW @ NoPi- ECp -~ 4,5]\3‘77— GAM - 4
CONFIGURATION  onN_ THE (£ SPECTROMETER ® novl -Ecp— 4.5 [13.7 - GM - 5
j @ NOP| - Ecp -~ 459\’5,‘17~GAM-6
PN N oy 3 [~ ¢ @ NOPI - ECP - AS V3T - GAM 7
oNEe [ ® nopi -Ecv- 451377 ~ G~ O
©| \8 e\ B @\ 1 ® nopi-ece - 4.5/13.77 ~ WR- GAM
' 4 @ NOpI-Ecp- 4.5(13.73 :
7Zu7) E e Nopl— gcP - 4.5/ 13.06C
\5\ Lo\ VA 70 E @ novl — ECP ~ 115/ 13.62.
\ - ® Nopl - ECP - 4,5/ 13.90
\ A ] H e novt - BCR = 4.5 /1.8
IRIRR R ZEEnn o nopl - Bl ~ U5/ 1296
\\1 A N/ \\ 7 o wnovl —Ece ~ 45/ 1350
\
- \
\
a
\\
|
\ \
\ \
\ \
\
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728 | SAMPLES ]

ocL NOPI-EcP- 4.5/3.¢2 } _ALL_PREPARED |
NoPI- EcP - 4,5/13.83 FoR O SpEC " |

NoPl -~ EcP - 4.5/ 13.86

\Usine Gascoyne B

X SaRe NIPLECP- 4.5]13 90

31

CONTAINED

ARGE  AHMOUNTS  OF  WHITISH - GREY  PRECIQITYIE

NOPL-ECP - 4.5/12.90 Y and Iaroaue  Proeamy soME  Suleare  comMpounp,  THIS
METHD gD HAS  CAUSED THE  SON, NOT TO SEPARNE
wr e TBP[pmyL ACETME . | v TEcwep
NOTE : AFTER QUENCHING AL SOLOTIONS o NBMO  OHS SARE  KND STIoR€ 1T unmLt | can
HD TROUBLE Fully. DISSOLUING, NERY SREAK _WITH Brer Lesue. Smees 45 13.62
CLudy  WITH CLEAR PARTICES Repards KEMAININ G AS|13.83 . a0 ABIR.BL D ronTeR TME
AT BoTTOM . 5 wec. | FonP 4.5[1390 , pur A ocuer
| | XEAMTN  ip occuR. AmD  WNORGRAMC WA BLUTED
SONS, HEMED ¢ MIXED Wl UTRE ?%BLE\-\
// foR OL minutes .,
/ i \
/ SKMILE  POWDERS  MAY \
/e BEEN T URCE PARTICLES \
{ 4L VNGV B \
CAUSING  BAD HETERCENMUNG \
OF  LiBO, + powoer. | weL \
\ET POWDERS FRodl NON ON \
\\ BEFORE | PEGIN SAMPLE pREPARMION, \\
\ |
AN \
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WT. CRUC. + SAMPLE AFTER _ASHING 34 3018 ‘ (calcite/caliche)
MASS  CUANGE 4 60 : I A. Sample preparation:
1. Obt le b fully ch hich latively f
‘ I of detrital contasmination. Tris 5 dane by fest choosing an
FR-®-2 WI._SRUC. rSAME BEFoRs ASMG SN | ik Soeked o ok e et
WT. CRUC. ¢  SAMP (E __AFTER ASHING N§ relatilvely soft and should be gently crushed and picked up using
2 metal tweezers,
MASS C HANG& i 0 . ﬂi " 2. Sample custody log forms will be completed both for the calcite
mineral particles and the unwanted particles, which will be placed
- into a labeled glass vial.
- - A - (3 & - . : ..
FR B 3 WT. CRUC, SRMPIE' BE FORE ASHING 3(0 = 3. Once an adequate amount of calcite is obtained (> 1 gram), the
WT. CRUC + &Mp‘.ﬁ A ETER ASH)N(: 30 ‘ calcite is rinsed with nanopure water and transferred into a larger
) glass beaker, and placed into the ultrasonicator. Any unwanted
NA 33 CH ANGE (D 0 J | particles, such as silicates, will float to the top and be decanted out
; into the sink. This is continued until the sample is free of residue
v“? i ticles ( i ). Th le is then placed into th
o ‘ _ I Thermolyne oven for twenty-four hours at 100 degrees Celetus. The
B- 4 WT. CRUC. + SAMPLE BEFO RE ASHING 3 1 §ampl>lele) iis gnallly crgslhed in an agate mortar and pestle, and stored
o N . . . 'ﬂ i in a labeled glass vial.
WI. CBUC . ¢ SAM pLE A ASH‘NG 2‘1 4.. Place and weigh 1- 10 grams (total dpm >5) into porcelain or
MA3SS  CHANGE glatir/\um crucible. Assume that the activity of each sample is 8
- pm/g.
PMRE, GRoR A WMASS  AFTER DRY iNG { ?)6 . \ \ S 6. Place crucible into mufﬂe furnace and heat at 850 OC for at least 4.
hours.
t/\CH SP\MOLE \N AS CRUS HfD iN A ‘ MORmR 7. Allow to cool to about 100 OC in furnace and then place in dessicator
PND DFQQYL(‘ THEN COMPACTED INTO I BE(ED to finish cooling.
GAMMA SDECTPDM\:T\?\\{ UALS . Fouwcowine DAt 8. Reweigh sample.
B. Sample dissolution
AU ———— 3 HON N'§§§;ES oF SP(MDLE : _\] ‘AL‘..M, N ‘NJ é SWPLE ] 1. "ll?ransfer the sample with a minimum amount of ultrapure water
MASS VIAL & SAN PLE M P\S‘b N AL o MAss savpE (squirt bottle) to a labeled (magic marker) 250.teflon beaker. )
W\DE ON . FR"‘B”1 2114 20[\’5 . '731 o( § 2. Add75mlb.1NPH\103tothebeaker.
[y " B
L -3 2.930 2,08 922 m
) P S - SR S—
OCLa -4 3.2072 1.99¢ [.204




™ ) 2 : » that once you have completed step C7 you can immediately proceed

3. Concentrated HNO3 is added to the sample until the pH = 1-2. The m— T T S with step D3. Bring the pH up to 7 with the addition of
approximate amount needed is determined by calculation from the i ’ concentrated NH4OH from the reagent bottle. This is strongly

weight of the CaO present. e ———— exothermic and the solution should be gently swirled or stirred
with a glass stirring rod during the addition of the base. If a glass

———— rod is used, after stirring, rinse the rod into the beaker with
ultrapure water and set the rod aside

4. If all the sample is solubilized (pure carbonates) skip to section C,
otherwise proceed with the following steps.

© 5. Take sample to near dryness on the hot plate (setting 5-6). 6. The solution can then be centrifuged (labeled 50 ml centrifuge tubes)

A and the supernate is discarded.
6. Remove sample from hot plate.

s 7. The Fe(OH)3 precipitates are washed with ultrapure water and

6. Add 50 mls HF, using a plastic beaker, and 5 ml HCIO4. agitated using the hand homogenizer, centrifuged and washings

discarded. This step is repeated once. This is necessary to get rid of

7. Cover beaker with teflon and put on hot plate and evaporate until the excess NHg.

HClO4 fumes.

8. Repeat steps 6 and 7 if residue remains. D. Uranium-thorium separation

1. Prepare a labeled (Sample ID) anion ion exchange column (8-10 cm
high, 1 cm diameter) by placing a glass wool plug in the bottom of

9. After dissolution add 50 ml aqua regia (3 conc. HCL: 1 conc. HNO3).

the column and adding a slurry (in ultrapure water) of Dowex 1 x 8
100-200 mesh chloride form ion exchange resin. Use the tefion
column holders and collect the waste liquid in a plastic beaker ( 100
ml of greater).

10. Gently heat solution (2 or 3 on hot plate) for 1 hour and then raise
hot plate setting (5 or 6) and take solution to near dryness (< 10 ml).

11. Carefully add 25-50 ml ultrapure water.
2. Add 30-40 mL of 8N Ammonium Nitrate - 0.1 N Nitric acid into

anion exchange column and elute into plastic waste beaker.

C. Spiking and coprecipitation
1. Add 1 ml (25 mg) of clean Fe carrier using Eppendorf fixed volume
pipet and disposable tips. This is unnecessary for samples with large
detrital silicate fractions (Fe- containing). Homogenize sample after
addition of carrier by replacing lid and swirling the centrifuge tube.

3. The samples will be lowered to pH =1 using 250 ml of 1.0 N HNO3
and diluting to 5.0 ml with 0.1 N HNO; using squirt bottle (for each
each 2.5 ml of ppt). Make sure Fe(OH)3 is entirely dissolved (agitate)
prior to adding the ammonium nitrate. Next, saturate the solution
with 5.9 g of ammonium nitrate (for each each 2.5 ml of ppt) and
shake until all is dissolved. This reaction is highly endothermic.

2. Add an amount of the 232U /228Th spike (17A-1A) which is
comparable to the expected U activity of the sample. Record the
total amount of spike used in the Radioactive Log Book.

4. Add the sample into the column and elute Fe into a plastic beaker (
250 ml) using 80 mi, added in 20 ml increments using squirt bottle,
of 8 N NH4NO3 - 0.1 N HNO3. Rinse the centrifuge tube with the
20 ml aliquot and pour onto column and mark the level of the
fluid. Test for the presence of Fe after 70 and 80 ml have eluted by
placing a drop of NH4CSN on the convex side of watch glass and
allowing a drop of the eluate to come in contact with ammonium
cyanide. If Fe is present then the solution will turn red. Continue
to eluate the Fe until there is no red upon testing for Fe. Empty the
contents of the 100 ml plastic beaker into a waste beaker.

3. The spike is added by mass, utilizing a clean pasteur pipet and a
tared weighing boat (spike mass recorded) and is transfered
quantitatively to the sample beaker using 0.1 N HNO;3 from a squirt
bottle. The used pipet is discarded in the radioactive waste
container. -

4. Allow the spike sample solution to equilibrate by gently heating on
the hot plate until about 10 ml of the solution has evaporated.

" 5. Allow the solution to cool. Start step D1 now and continue with
step D2 simultaneously with the following steps of C (C5 - C7) so
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5. Next add 100 ml, in 20 ml aliquots, of 8 N HCL acid and elute the
thorium into a labeled and acid washed cleaned 100 mL glass

beakers. Put solution on hot plate to reach near dryness.

6. Add no more than 5 mL of 0.1 N Nitric acid and drain into waste
beaker. Next, add 50 mL of 0.1 N Nitric acid in 25 ml increments

and drain the Uranium into a labeled and acid washed cleaned 100
mL glass beaker. The solution is then placed on a hot plate to reach

near dryness.

E. Solvent extraction and plating

1. A total of 4 pasteur pipets are used in the following steps and it is
imperative to keep them separate by labeling the rubber bulbs used

with them. The dried U eluate is taken up with two ml of 0.001 N

(W on bulb) carefully and completely wash the beaker with the acid.
Transfer the acid solution to a labeled glass 12 ml centrifuge tube.

Repeat this step twice more with 0.5 - 1 ml of the acid.

2. Add two drops of Methyl Orange indicator solution using a pasteur
pipet (MO on bulb) to solution in centrifuge tube. Bring pH up to

3.0 with dilute 0.1 N NaOH solution using a pasteur pipet (NaO on
bulb) by adding a few drops at a time and homogenizing the

contents of the tube with pasteur pipet used to transfer the U eluate
(W on bulb). The color should change from pink to slightly orange.

The colors can be seen in test tube set which covers the pH range. If
steps in D were done properly the total volume should be 5-6 ml.

3. Add 1-2 ml of the 0.4 M TTA in benzene solution to the centrifuge

tube.

4. Homogenize and extract the U using the same pasteur pipet used in
step E1 (W on bulb). The TTA solution should be red or orange

(depending on U concentration) and this should be quickly evident
(within 30 seconds to 1 minute).

5. Solution is centrifuged for 1-2 minutes, making sure that the tube is

covered with Parafilm.

6. Carefully clean 2 stainless steel planchets and label them with a
sharp pointed object. The label should have sample ID, date, initials

of the person plating and U or Th. Label a glassine stamp envelope
with the same information. The mounting ring should be on the

hot plate and the hot plate should be set to red mark (~3). Place the

plate, labeled side down, on the mounting ring just prior to next
step.

HNO; (pH 3) issued from a squirt bottle. Using a new pasteur pipet .
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7. The TTA solution is carefully separated using a clean pasteur pipet
(P on bulb), taking care not to include any of the HNO3 solution.

This is most easily accomplished by slightly tilting the tube so that
the TTA bulges on top of the acid. A total of two aliquots using the

pasteur pipet (P on bulb) are used to retrieve all the TTA.

8. The TTA is evaporated drop-wise on heated steel plates that have
been placed on mounting ring, making sure that spattering is

avoided.

9. Remove the plate from the mounting ring and repeat the TTA
extraction (Steps 3 - 8).

10. Pass the plate through the flame of a propane flame inside the

fume hood to burn off the organic deposit. Allow the plate to cool
on the edge of the hot plate.

11. Place plate in labeled glassine stamp envelopes and count samples

ASAP after plating, recording the channel in which the sample is
counted on the envelope.

12. The dried Th eluate is taken up with three mls of 0.1 N HNO3
(pH1) issued from a squirt bottle. Using a new pasteur pipet
carefully and completely wash the beaker with the acid. Transfer
the acid solution to a glass centrifuge tube ( 7 or 12 mls). Repeat this
step twice more with 1 mi of the acid.

11. Repeat steps 3-9 twice, making sure that pH1 nitric is used during
the extraction.

12. Pass the plate through the flame of a propane flame inside the

fume hood to burn off the organic deposit. Allow the plate to ccol
on the edge of the hot plate.

13. Place plate in labeled glassine stamp envelopes and count samples

ASAP after plating, recording the channel in which the sample is
counted on the envelope. :

F. Cleaning up

1. The solution remaining in the centrifuge tube should be placed into
a glass waste beaker. The centrifuge tube should be rinsed with 0.1

N HNOj3 and the rinse should also be placed into the waste beaker.
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This beaker should remain inside the fumehood. The volume of
the solution should be reduced by gentle heating until dry.

2. The used anion exchange resin should be rinsed with water from a
squirt bottle into the used resin bottle (see instructions above).

3. All glassware should then be washed using alconox. The glassware
should be rinsed with the single pass water. The glassware is then
ready for the fuming nitric acid bath.

MINERAL  SEPARATES  NOPL - Pi- OB\A  AND

47
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Plant Sample Procedure

1. Transfer sample into a 250 mL Teflon beaker and wet the
sample with a few mL of Nanopure water. Add 50 mL of
concentrated nitric acid and heat solution to 10 mL.

2. Centrifuge and transfer supernate into a clean Teflon
beaker. Wash the residue into the original Teflon beaker.

3. Dissolve the residue in 50 mL of aqua regia solution and
heat to a volume of 25 mL.

4. Centrifuge solution checking for any residue and separate
supernate into clean Teflon beaker. Weigh Teflon beaker first.

5. Add 50 mL of concentrated HF to the remaining residue
and 3 mL of perchloric acid. Evaporate to dryness.

6. If residue still remains, begin at step 3.

7. If this doesn’t work, place residue into a steel encased
Teflon bomb adding 9.5 mL of HF and placing in 110 ¢ C oven.
Cool to room temperature before opening Teflon bomb.

8. Combine all dissolved solutions, heating solution slowly
to reach equilibrium.

9. Make three sub solution samples:
- spiked which will be measured
- unspiked which will be measured

- unspiked left for further chemistry

* for all three sub samples, weigh beaker before and after
adding aliquot.

i

5
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Omar C. Lagunas September 10, 1993

10. Add known aliquots of 208Po and 232U-228Th spike. Add
20 mg of Fe carrier and heat to equilibrate.

11. Add ammonium hydroxide to form precipitates.
Centrifuge precipitates separating supernate. Wash precipitate
twice with nanopure water.

12. Dissolve precipitate with equal volume of 2N HC], then
increase volume to 30 mL by adding 1IN HCl.

13. Dump solution into clean Teflon beaker. Using a small
stirring bar, heat to 80°¢ C slowly mixing solution.

14. Add ascorbic acid until the solution turns a cloudy
whitish-blue color.

15. Label a silver planchette and clean it with alconox solution.

16. Drop plate into solution with label side down. Maintain
temp. at 80 degrees C covering sample with teflon watch glass.

17. Remove plate after two-three hours and count sample.

18. Prepare sample for U/Th separation by following usual
procedure done on impure carbonates.
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Inttie) Wa{g) 0.00097 000172 O 00198 000599 Q. 00497 0.0074 0.00178 0.0087¢ 0.00317 0.00432
MDL(ug/ml)
m——— Ag 0.01 <208 <118 <102 <33 <40 <27 <112 <21 <683 <48
Al 0.08 <1031 <531 <810 176 <201 165 832 <@ <315 <231
R - As 0.05 <1031 <581 <510 <187 <201 <135 <559 <103 <315 <221
Ba 001 <206 <118 <102 <33 <40 <27 <112 <21 <B3 <48
Be 0.0 <208 <118 <102 <33 <40 <27 <112 <21 <83 <48
R M Bi 0.05 1047 1348 1188 g01 1258 970 1383 1223 1295 850
Cd 0.01 <206 <118 <102 <33 <40 <27 <112 <21 <63 <46
e ——— Co 001 <206 <118 <102 <33 <40 <27 <112 <21 <83 <48 Rl
Cr 001 <206 <116 <102 <33 <40 <27 <112 <21 <63 <46
Cu 001 1020418 1047784 995045 658138 976548 bl 1004637 saser 975137 753680
Fe 0.05 <1031 «<B8t <610 <167 <201 <135 685 1656 <315 <23 e
%} 0.0 <208 <116 <102 <R <40 <27 <112 <21 <8 <48
Mn 001 <208 <116 <102 <33 <40 <27 <12 28 <8 <45 SE
Mo 0.01 <208 <i16 <102 <33 <40 <27 <112 <21 <63 <46
Ni 0.01 <208 <116 <102 181 <40 <27 <112 <21 <83 <48
—— Pb 005 <1031 <581 <510 <167 <201 <135 <559 <103 <816 <231 .
Sb 0.05 <1031 <581 <510 <167 <201 <135 <559 <103 <318 <231
Se 0.05 <1031 <561 <510 <1867 <201 <135 <358 <103 <318 <231 A
Sn 0.05 <1031 <581 <510 80078 <201 75279 <558 <103 <315 70131
Tl 0.01 <208 <116 <102 <33 <40 <27 <112 <21 <63 <48 —
n 0.08 <1031 <58 <510 <1687 <201 <136 <558 <103 <315 <231
A 0.01 <208 <118 <102 <33 <40 <27 <112 <21 <83 <48
Zn 0.01 3082 2873 3003 2386 2723 2404 at08 2730 2738 2287 R
SUM 024548 1052006 0992327 721856.4 0805286 7881649 1010753 4142739 09701008 827028.9 —
% 102.45% 106.20% 8992% T7219% 98.05% 7.88% 101.08% 041%  97.91% B2.70%
Final volume was 20mi.

Sample concentraions are inug/g.

swaa Gy was ovar-mnge. Dueto limtted sample volume,
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a dilution was not possible.
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(% Soml o
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the beaker and ultrasonically clean for about 10 min to d1sperse T& ‘o°° md
sample. =
3. Pour about 45 ml of the solution into 4 centrifuge tubes (50 ml) —
and centrifuge at 1300 rpm for 2 minutes. -
4, Decant supernatant (<2pm). -
5. Sieve supernatant through a 0.45 membrane filter and transfer to a S— 1‘

glass slide. Make 4 separate samples (air dry, glycolate at 60°C for

1 hour, heat at 49996 for 30 minutes, and heat at 550°C for 30
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- Center for Nuclear Waste

- Regulatory Analyses

6220 CULEERA ROAD o P.O. DRAWER 28510 « SAN ANTONIO, TEXAS, U.S.A. 78228-0510
™ (210) 522-5183 ¢ FAX .210) 522-5184

March 14, 1994

Dr. Ray Guillemette

. Department of Geology
Texas A&M University
Halbouty Bldg.

College Station, Texas 77843

Dear Ray,

Enclosed are thin sections. the UO, standard. and photos for analyses of samples from the
Nopal I uranium deposit in Chihuahua. Mexico. The thin sections consist of fractures
which contain crystalline and amorphous Fe-oxides, Jarosite (an Fe, K sulfate), kaolinite.
and fragments of the host rock. Gamma spectrometry indicates that the fracture-filling

materials contain uranium (buik analyses range from 200-2000 ppm U) and suggests that
the fracture is a major pathway for transport of uranium away from the uranium orebody.

Autoradiographic analyses of thin sections shows that uranium also moves from the
{racture into the matrix of the tuff.

/”')ﬁoost o \Mow et 1o A

évo‘w //./\o.,a&/u,./ Wil (ne ,vaz:
) 0

As we discussed on the phone last week, English Pearcy and I would like to determine
within or on what mineral(s) or material(s) uranium is sited and how far and how much

uranium diffuses into the matrix of the host tuff.

Initially, we would like you to test whether the sensitivity of the microprobe is able to

detect uranium. If so, three types of analyses can be attempted:

1). Matrix diffusion (thin section NOPI-414-TS 1 ). Traverses starting with fracture
filling Fe-oxide material and moving into the host tuff. Density of analyses

should be greatest at contact between Fe-oxide and host tuff. We €xpect uranium
content to drop rapidly as it diffuses into the matrix (micron scale). Size of beam

as small as possible (1 um).

2. Siting of uranium within fractures (thin sections NOPI-294-TS1 and NOPI-301-
TS1). Analyses of phases within fracture to determine if U is associated with a

particular mineral or material.

3. Uranium mapping (same areas on thin sections as in 1 and 2). Show relative

abundance of U away from fractures into matrix and location and relative
abundance of U with respect to different phases within a fracture.
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Thin sections are accompanied by photos that define sites that are good candidates ror
anaivsis:

NOPI-414-TS1 (not carbon coated) - includes composite (10X) photo of the side
of the thin section with the fracture filling Fe-oxide and a composite (50X) photo
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Profiles ; | !
(Hole Il) R R | ; 5 [ U (R A _ R S _ S B
SAN-022 0.68 [ 0.47 ' 4.48( 1.06 | 0.37 | 2.68 | 11.67] 1.27 0.65)5.86| 1.94 | 1.38 0.00 | 18.48 1.43 0. 19 8.9110.635.92 61,80 125 71
SAN-028 1.0210.6614.19)| 2.88 | 0.27 ! 2.99' 5.62 ] 1.60 | 0.26 | 2.89 | 1.76 | 1.55 0.00 | 9.84 1 1.07 | 0.13]1.79/0.41]2.70 106.10: 25.04
SAN-037 0.72 | 0.18 | 3.22{ 1.98 | 0.34 7.4 419 [1.73[0.00 (2,62 | 1.74 | 1.83[ 6.34 | 5.81 | 0.65]0.001.1710.451.28 59.59 | 24.31
SAN-045 0.66 | 0.20|2.58( 0.83 | 0.05 5.15| 2.63 | 1.73 | 0.00 | 2.98 | 1.98 | 2.60 15.55) 7,68 | 0.63 | 0.02 [1.28} 0.40 | 2.12 67.04 | 22.83
(Hole 1) 0 I R I I U DR WA U R P U U N DO PN R S N
SAN-023 1.16 1 1.0112.75} 3.91 | 0.71 0841 964 )1.88|0.85| 3.22 | 5.05 [ 0.79 4.80 120.16} 2.47 | 0.51 {5.2214.12!5.30 . 39.06 | 117.94
S SAN-030 0.84 [0.85(4.13[ 2.11 | 0.58 1.96 | 2.48 | 1.87 |0.82[ 4.04 | 6.14 | 1.28 0.90 {10.43| 1,11 0.04 | 1.85] 7.63 | 2.20 101.68] 24.50
SAN-038 1.0110.7316.12/ 4.01 ] 0.32 | 115} 2.34 | 1.67 | 0.54 | 3.82 | 4.15 | 1.94 0.00 [10.98§ 0.88 | 0.13 | 1.32] 7.62[ 1.73 99.14 | 18.17
SAN-046 0.73:0.5815.55| 3.47 I 0.28 | 1.13 ! 3.55 | 1.50 | 0.35] 3.27 | 3.55 | 2.15 . 2.97 | 9.08 | 0.57 | 0.65 | 1. 19‘ 5.88 | 1.54 105.60] 17.74
———— i ! ; i :
(Hole 1) : . : : ; i
e |5AN-024 0.70/0.27:3.63] 4.36 | 0.09 , 2.95.20.49|1.76 [ 0.39 | 6.55 | 2.38 | 1.07 . 2.03 23.67|1.77(0.31:9.79 2.221 6.41 4650 | 83.42
SAN-031 0.54:0.2612.52] 1.38 | 0.16 ! 0.70 | 2.88 | 2.52 | 0.21] 6.67 | 1.86 | 0.77 14.90 11,441 1.89| 0.433.22} 1.54 | 4.08' 55.38 | 36.80
SAN-039 0.17[0.202.92| 2.77 | 0.15 : 1.78 159 | 2.1410.12 [ 2.46 | 2.33 | 1.66 ,11.30) 8.81 | 0.42| 0.69]0.53; 0.93] 1.67 98.92 | 12,83
— SAN-047 0.51:0.20{3.00| 2.38 | 0.05 _ 2.12  2.98 1.83 : 0.24| 0.81: 0.92 [1.75 0 6.25 . 6.25 [0.25 0.70 | 0. 53:1.44 ,1.56 82.03 86.80
(Hole Vi) o o . . o ‘ ] . N :
R SAN-027 0.79:0.70:2.91| 3.35 | 0.32 . 3.75,3.71 | 1.45,1.24 | 2.84 . 2.33 | 0.88 :2.31,15.13] 3.12 ] 0.36 | 6.27, 2.46 5.02; 398.09 101 79 A
SAN-033 0.62 ' 0.50:3.80] 3.57 i 0.52 5.88 1.26]1.83 0.57|2.68,; 3.10 | 2.31 :0.18 110.79] 1.39{ 0.00 | 1.08! 2.04 3.04; 120.36| 24.31
SAN-041 0.44 :0.41:3.25| 3.04 ; 0.39 ; 5.09: 2.19 ] 1.45)0.21| 2.22 | 3.21 {1.71 Lo 00| 8.54 | 0.63 | 0.000.95, 2.65 1.35; 100.87| 10.52
T—————— SAN-049 0.44,0.20i2.88)| 2.88 ! 0.67 429 1.2311.95]0.66[2.70: 3.13 [ 1.74 \ 0.53 | 8. 49 10.58| 0.0010.95' 1,69 ! 1.46 :99.15 | 11,64 ]
. : | i : | i i i ;
Base Chemistry Lo 1 \ L R UL T U P SR L TR B I A
- SAN-053 0.86 | 0.67 | 8.62| 2.00 10.76 ! 5.17 5.04 { 1.13 | 0.65| 6.26 | 1.87 | 2.64 {14.52] 9.42 | 0.84 | 0.55 2.49; 2.29 2.69; 174.29| 11.59
| : ' i | | b !
B i ) 4 h
! i i ! ]
. 1 .
White coating ; | e
in ractures RN N _ R o T S
- —— SAN-034 0.95 0.73:5.59]| 2.52: 0.16 1.32 3.61]2.3710.60| 8.45: 7.53 [ 1.65 25.44113.961 2.36 | 0.25 12.20 7.00:4.20 i211.89° 17.03 m"_____) P
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*\ 3\6\‘& remove any remaining organic and then counted.

NPT 332~ WA

NoPT -335 ~wi
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HNO; with rapid stirring. The LiBO,-silicate glass formed on cooling should dissolve in about 20 mins.
Filter solution to remove graphite particles and split sample into two parts (100 ml is saved in a PP bottie
and the other 100 ml is analyzed for U and Th isotopes.

Extraction: To the aqueous solution, 37.5 g of AI(NO3)3-9H,0 is added as a saiting agent, and U and Th
are extracted using 25 ml of 10% tnbutylphosphate (TBP) solution in amyl acetate. The mixture is shaken
for 30 min. to extract both U and Th into the organic phase (pour into separatory funnel, drain inorganic to
waste, and save organic).

Weight: AI(NO;);9H,0 (Lot # ) g

10% TBP/amyl acetate (Lot #s / ) ml

U and Th are then back extracted using 4 X 25 ml of 1 M H,50, (extract, pour into separatory funnel, and
save H,SOy).

The sulphuric acid solution is gently boiled to dryness and then heated more strongly to drive off SO;. The
dried residue is dissolved immediately in about 20-30 ml of 9 N HCI.

175 |

!;

U/Th Fusion (Nopal whole rock samples) h;‘

Sample L D. # -

Date e

Fusion: Mix about 1 g of sample powder with about 3 g of "SPEX" LiBO, and add a measured aliquot |
(0.1 to 1.0 ml) of 32U-228Th spike solution in dulite HNO;.

T Weights: SPEX LiBO; (Lot # ) g ;
[ Sample powder g k
 — 232(J-228Th spike # Reference Date ‘k

N Reference Activity pCi/g Spike Weight g I
Dry mixture under heat lamp for about 30 min, remix, and pack in graphite crucible. $
L Place crucible in muffle furnace at 950°C for 30 mins, then pour contents immediately into 200 mi of | M Il

Column Separation:
Preparation: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Prewash 4 cm X 1 cm column of resin with 45 ml 0.1 N HCI, then condition with 60 ml 9 N HCL.
Elution:

Load aqueous sample on column and allow to drain.

Elute Th fraction with 45-60 ml of 9 N HC1.

Elute U fraction with 45-60 ml of 0.1 N HCI

Evaporate both eluates to dryness.

Separation Date

Plating:
Dry residues are each dissolved in < 5 ml 0.1 N HNO; and separated from daughter nuclides and
trace elements carried over in TBP, by extraction into 0.4 M TTA in benzene, at pH 1 for Th and
pH 35 for U.

d-by-gentiybortmeg;-and the remaining solution volume is transferred to a
heated s!amless steel disc for evaporation to dryness. Discs are briefly flamed to red heat to

Counting Date

e
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SAMPLE NO. , iMgCI2 exchangeable . . Carbonate fraction R . iF&Mn oxides | : X 4 s '\:) a _)/ 37 6‘ lL) ﬁ"
Cu  Ag _ Co | Pb Zn Sa fe M Cu  Ag | Co Pb | Zn | Sa - _Fe Ml !l ag i Co b Zn  Sn Fe M "\{/M
poes e ; S e R R , 00 PT - 332-WR)
(Hole 1) . ; . ; ; : ! . / -
SAN-021 1.0510.94.4.87 5,91 057 550 5.67 | 1.49 1 1.50}56.30; 4.71 | 1.36 i 0.00 13.55]2.12]0.00|7.15 | 5. 52 4.13] 1 62.09 | 83.32 —
SAN-028 1.24: 0. 5.41 . 0.55 . _ 113 4.5 | 2.99 0,70 | 4.84 ; 4.75 | 1.17] 1 0.00;15.82| 1.86 | 0.00 2.45 ; 4. 523.27 127.45| 34.45 /\)()P [ ";% S - Q, {
SAN-036 1.11,0.83{6.19|6.47 | 0.58 | 152 3.75 | 183|084 4791388176 043 ,8.32|0.70]0.00] 1.9114.491 1. 621 121.81| 13.43 |
w— SAN-044 0741 0.97 ’ 4.76] 4.94 1 0.52 3.63 4,53 | 1.531082]5.03]4.691.78 9.86 | 7.28 | 0.65| 0.15 | 1.67 | 4.67] 1.51, | 74.87 | 10.85 ;
: ! i i 1 : [ _ . |
(Hole 1) | i : i ! ; 1 P 4"
saN-022 1 0.6810.47[4.48) 1.06, 0.37 | 2.6811.67]| 1.27 | 0.66 | 5.86 ; 1.94 | 1.38 0.00 118.48] 1.43]0.19{8.91{0.63:5.92 61.80 g >
SAN-029 ; ; f 1 ;
SAN-029 1.02°0.664.19] 2.88 | 0.27 : 2.99 5.62 | 1.60;0.262.89 | 1.76 { 1.5 {0.00 9.84]1.07]0.13]1.7910.4112.70; 106.10 - UsiAl AL AALR g; (i’VV\PM \I QQM
SAN-037 0.720.18:3.22| 1.98 | 0.34 | 714" 449173 0001 2521 1.74 | 1.83 :6.34 . 5.81]065[00011.17|0.45 ‘ 1.28 1 59.59 3 |
SAN-045 0.66  0.20;2.58| 0.83  0.05: 5.15 2.63 |1.73°0.00]|2.98 198|260 '16.55; 7.68 | 0.63 10.40]2.12 67.04 W , /
, : : i | . - /L(/.l, (S la I‘P V\A—I\)
(Hole 1) | i ! ; ; ! ! e S
|sAN-023 1.4611.0112.75]3.9110.71 0.84 9.64 | 1.88 | 0.85|3.22 | 5.05 | 0.79 2.80 ,20.16] 2.47 | 0.51 5.22|4.12|56.30 ! Py p R
SAN-030 0.84,0.854.13( 211 | 0.58 | 1.96 . 2.48 | 1.8710.82] 4.04  6.14 | 1,28 0.90 ,10.43] 1.11] 0.04] 1.85 | 7.53 | 2.20: —]— DAI/’DM &1 t‘a Lx c\ \‘f i—"'&
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SAN-046 0.7310.58|5.55| 3.47 ; 0.28 ; 1.13: 3,55 | 1,50 | 0.35 [ 3.27 | 3.55 | 2.15 :2.97:9.08)057)|0.65(1.19]5.88; 1.54! :
P ‘ i : : : j | s P
(Hole 1V) S ; ; : ! i : o :
SAN-024 0.700.27 3 63| 4.36 1 0.09 ! 2.95 | 20.49] 1.76 | 0.39 | 6.55 ; 2.38 | 1.07 i 2.03123.67|1.77]0.81 979 2.2216.41; . 46.50 | 83.42
SAN-031 0,54 1 0.26 | 2.52 | o.18 ! 0.70| 2.88 | 2.562: 0.21| 6.67 | 1.86 | 0.77 4.90 111.44]1.8910.4313.22 1 55.38 | 36.80 [——g
T SAN-039 0.17]0.20!2.92| 277 1 015 ! 1.78 1.59 | 2.14 1 0.12| 2.46 ; 2.33 | 1.66 11.30, 8.81 [ 0.42 | 0.69 | 0.53 198.92| 12,83
SAN-047 | o051 0.20 3.00|2.38: 0.05 2.12 2.06 | 1.83 1 0.24]0.81 0.92 [ 1.75 6.25 . 6.25 | 0.25 | 0.70; 0.53 . 82.03 0
1 H 7] 7 i H i rm———
e (Hole V) o ‘ i : ’ ; ; \
| i H H H : H i H
! SAN-025 1.06 | 0.86|6.11] 4.74 | 0.55 | 1.51:17.69] 1.26 | 0.62| 8.91 | 3.56 | 1,43 5.11:19.05] 1.5210.06 {10.13} 2.75; 6.69 | | 54.38 | 75.16
I SAN-032 0.92 1 0.68 4.76| 3.86 . 0.43 ' 2.02; 3.90 | 1. 1. 7.24 8.68 | 0.71|0.00] 0.85,2.70 1.69 ! ;1 88.631 7.10 I S
s— SAN-040 0,39 0.57°4.96] 5.06  0.41 ; 2.68  2.29 | 1. 1. 12.45] 5.66 | 0.59| 0.1310.5512.80 1.22° 192.84] 5.35
) - i : : :
SAN-048 0.791.02]5.31] 3.57 , 0.43 1.01; 4.00 1, 23.68, 6.70 | 0.41[0.02,0.63:2.361.07; 87.89| 6.20 N S
{Hole Vi) Lo i ! \
027 0.7910.7012.91 3.75 | .71 2.31 [ 15.13 §39.09 | 101.79 —
0.62 | 0.50|3.80 5.88 | 1.26 0.18 | 10.79 !
0.44 | 0.4113.25 5.09 | 2.19 0.00 |
0.44|0.20|2.88 4.28 | 1,23 0.53 | \
I
- i
i .
: |
, , L : |
] \
l i
! i \
s L

‘ i
e - o ; : : - I N\

Bedrock

SAN-035 1.51 1.18 7.54}7.88 , 1.22 4.58 ; 3.11 1.86 | 1.49 8.86  7.30 | 6.44 .39 22! 9.87 | 0.92 0.36 339 5.97:5.73 169.16| 11.27 -

SAN-043 1.61 0.91.8.04 6.71: 1.00 4.28 0 4.20 | 1.40 "'1.19]7.72 7.40 | 2.62 133.32! 6.07 | 0.57 - 88.79 8.88

1.02

51107,

SAN-052 1.35 ] 084 6.76 | 4.47 0.82 1.32. 2.50 | 2.06 6.50 ! 5.13 [ 1.95 ‘21 90 7.29 | 1.57
i

! .04 1212 | 4. '158.25| 6.76

| | i : ; ; : ;
laedrgck with | | I i ; . : % . \
i i i i | ! !

7.13|5.31! 1127.50

SAN-026 77311.12|6.85| 5,59 | 0.96 | 034 1.17 | 2.04 1.25 752 7.55 724 | i1.82[1.17 t
SAN-034 0.95 0.73|5.59| 2.62 | 0.16 | 132! 3.61 | 2,37 0.60 53 |1 25.44!13.96] 2.36 | 0 7.00}4.200  l211.89
139 1 0.84[6.23] 4.72 | 0.79 | 3.51 4.01 | 2.47 | 1.10| 8.41  5.76 |1 12.13] 8.69 | 1.82] 0 8714031378  179.35) 13.0

|saN-0s0 1.2710.81]6.50| 5.25 | 0.78 | 2.48 | 4.63 | 2.36 | 1.17| 4.89 | 5.23 | 1.98 i2a.62: 5.96 | 0.94]0.04] 131|447 1.55. 9553 | 6.81 \
SAN-051 1.43:1.14|5.33| 7.38 : 1.35 ¢ 1.74 . 4.67 | 2.66!1.62| 520! 6. . 6.62 8.24 12.90 0. . 6.9714.99 106.90 .

| : : ;
Base Ghemistry i ! | [ " \
SAN-053 0.86 | 0.67 | 8.62| 2.00 | 0.76 6.17 | 5.04 [ 1.13 ! 0.65 | 6.26 | 1.87 2.64 114.52} 9.42 | 0.84 | 0.55| 2.49  2.29 2,69 1174.28| 11.59
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| TO AN AMBER W& . S5O L OF PTR&-\?V?NLR&QSPM%
oCL T~ (TBP) w55 AobeED__wiTH  ASC or  anul
- e
0122|194 | THE FolLlowiNG REAGENTS WL BE ADDED/DREDAgEh \/ o foke | < mLumon. Witk BE 1 agEeDd. AS .1 TBP/
FOR \SCCHRON __ DANNG  TECHNIQUE (éAscovnc AND \/ el acolioko
LEROGUE) ABY AND  pROPERLY STORED e g
w23 T4
—
A?‘DROXlMA.TEL\} \Zb.lo . oF 15.8N HNO \KM ‘
WL BE APDED To 2\, auss  BOTRE|IUG /“ \
FOLLOWED bv \DT2. A AL oF NANOPURE, 1 \
N0, THE  RERGENT  wwi BE LABELED g \
AS 1M HNO. . 1 \
oo " \
\2._ml__or 15.8N HNO, ww BE ol \
POUDED TO A 2L aess \Wwe  Fouowed 1T \
Ly  198T.4 mlL of NanopuBE  H.0. T \
REAGENT WILL BE LABELED AS 0.1 M HNO. R !
S Em— \
1427.0 Wl or  12.0 N B wwe RE j: |
ADDED TO A 2L 6WSS e FOULOWED \
by 5124 L of NANB)FURE H, 0o T \
EAGENT  wul be lspewep  As  IN WQY \
i
Amnoxmmew 165 mL  or 124 N HU \§
‘N\LL BE ADDED To A 7L 4SS W6 \
FOLLOWED by \4983.5 w\ OF v |

{
H,0. TRERGENT Wil BE (AREED AS

NANO[))U'RG

AN K,

55.6 mL 4 36N H7804' witL BE
AVPED To A 2. GASS 6 FoLLoweDd
\?*{ 1944 4wl _of NANOpURE H.0.

REAGENT Wi BE (ABEED AS AN W,SO4
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FUSION  METHED TECHNLIQUE ( p- ’LB). SAMP(E SEPARMES

WILL %Zﬂ) UNDERGO A B smr UlTh cotoniad
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7”9.,1/ ) B, Fecoplew O silca
S EPARATION . HE PROCEDURE IS OLTUNED BELOW [ » g,m g‘,m < s ea
T A Serple pNOPI- 425 rw v
f’” o pal T
— (-} Pa,
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Main Column (prewash with about 45 ml of 9M HCl) — &({)_;Q{A/ A\ a._( e
1.  Load sample onto column and wash through with about 45 mi S modon < DéS’fZ‘C. 3 m
of 9M HCl. Save this fraction for Th. , I ’
2. Elute U and Fe with 45-60 ml of 0.1M HCL “«w«——w..\_‘k_,” — AN T8 ///M
Thorium Column (prewash with about 30 ml 8M HNO3) w\!}/‘— M sz ( Iek«\a W
L. Heat to evaporate HCl. IR
2. Add about 5 ml concentrated HNO3 to dissolve residue ‘iV

— *
3. Add equal volume (about 5 ml) of DI water to produce 8M

. o
HNO3 solution : m bae  OVRA A SO

4, Load Th onto column and wash with about 30 ml 8 M HNO3

5. Elute Th with about 40 mi 9M HCl o ;
0. If visible residue remains repeat, otherwise ready for source ;
preparation. k
3
Uranium Column (prewash with 30 mi 8M HNO3) ‘
1. Evaporate U fraction from main column to near dryness, pick
up in about 2 ml concentrated HNO3 and dilute with about 2 ml of DI
water to produce 8M HNO3 solution
2. Load onto column |
R s i P —
3. Elute Fe and other contaminants with about 20 ml of 8M HNO3 :
e S
4. Elute U with about 45 mi 0.1M HCl ; \““““““‘
—
T
P
. . M
MHis PROCEPUBE WL Fouow  EXTRACTION _ AND L
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DENSITY SEPARATION OF JAROSITE

Objective: prepare mineral separate of jarosite from rock samples
collected at Nopal I
Method: density separation using heavy liquids
Materials: Nikon binocular microscope
Steel pick or exacto-knife
Agate mortar and pestle
Beakers, erlenmeyer flasks, petri dish
Miilipore filter apparatus
Membrane (nylon) and paper filters
Drying oven
Methylene lodide (lot #_9.1/145 )
Tetrabromoethane (lot#.6z56261214%_ )
Separatory funnel

Procedure:

1. Handpick jarosite and accessory Fe-oxides and silicates
from fractures and surfaces of the sample using a pick or
exacto-knife. Save material in a petri dish or other
container.

2. Transfer material to a mortar and crush lightly to
disaggregate crystals and grains that are intergrown.

3. Transfer material to a 400 or 500 ml beaker, add about
200 ml of DI water, and ultrasonically clean for about 1
minute. Let stand for about 20-30 seconds and decant
supernatant. This will remove clay minerals in
suspension. Repeat the cleaning twice.

4.  Dry in oven at about 50C.

5. a. Pour about 70 ml of methylene iodide (s.p. 3.4) into
a 150 ml separatory funnel and add dried material.
b.  Shake solution and allow minerals with s.p. > 3.4
(e.g., hematite and goethite) to settle. Jarosite will
float at or near the top of the solution.
C. Place a flask under the separatory funnel along
with a paper filter.
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d.  Open the separatory funnel and allow most of the
liquid to drain into the flask and catch the heavy
minerals on the filter paper. The remaining liquid
should contain jarosite and lighter s.p. minerals.
Save the methylene iodide.

e. Place the millipore filter apparatus under the
separatory funnel with a membrane filter; open the
separatory funnel and catch the remaining solids
while vacuum filtering.

f. Wash separatory funnel while vacuum filtering.
After filtering place the filter and material in a
petri dish and dry in oven.

g. Repeat until all heavy minerals removed.

Pour about 70 ml of tetrabromoethane (s.p. 2.9)
into a 150 ml separatory funnel and add dried
material.

b.  Shake solution and allow jarosite to settle. Lighter
minerals will float at or near top of solution.

C. Place the millipore filter apparatus under the
funnel with a membrane filter.

d.  Open funnel and allow most of the
tetrabromoethane to drain and catch jarosite while
vacuum filtering. Save tetrabromoethane.

e. Transfer millipore apparatus to another erlenmeyer
flask and wash then place filter and material in a
petri dish and dry in oven.

f. Transfer tetrabromoethane to the separatory funnel

and repeat until all jarosite is removed.

Place jarosite recovered from the above process in a plastic vial

labeled "NOPI-XXX-Jar" where XXX is the number of the
sample.
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‘ — T Written byt . D. Prikeyl

5 {;Au ot . | w@uﬂg ‘3.0m Hoo! Date written: 09/20/94

Objective: Determine the distribution and concentration of U and Th series r———
isotopes in powdered whole rock specimens from Nopal I

O M HO0. — D—M g,) (. 32 I/V\‘ (oW 0 / LS54 39$@:;/; Equipment:  EG&G Alpha Spectrometry System

————— -576A dual spectrometers or 676A single spectrometers with ion-
6 S00 H@Mw vol.

implanted-silicon particle detectors
Iy W \* . s .
,( ] A (M M,QR = Q 7‘0 W\Oﬂer_/ [ g -ALPHAMAT analysis software for acquistion control

-Model 920-16 multichannel buffer .
-MAESTRO II multichannel analyz emulation software for analysis

”_ O / e g ) -}6 > L, c /o_h» W‘ of spectral data

b (o ¥ "6 M #0005 ' Ins Heattamp

I — Muffle furnace
B Hot plate

Propane burner

\ . S Supplies: Powdered whole rock samples from Nopal I T
Glassware as needed (beakers, volumetric flasks, funnels, etc)

"SPEX"Lithium metaborate (LiBO?2)

Tributylphosphate (TBP)

Amyl acetate
BIO-RAD anion exchange resin AG 1-X8 100-200 mesh chloride form

BIO-RAD glass columns 1.5 cm diameter
BIO-RAD glass columns 0.7 cm diameter

posss—

232(3/228Th spike solution prepared previously
Weighing paper

Graphite crucibles
Filter paper

125 ml PP bottles :
250 ml separatory funnels [S—

Stainless steel planchets

Solutions: 1 M HNO3

1 M H2504
9 N HCl

0.1 M HCl
Conc HNO3

Conc HF
8 M HNO3

—
\ — Aluminum nitrate (AI(NO3)3-9H0)
I gl
e
——
&
d
4
4
i
1
0.1 N HNO3
‘_JM

0.4 M TTA in benzene . ——

\ R T Procedure: The U/Th Fusion procedure shown below is used to process samples.
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U/Th Fusion (Nopal whole rock samples)

Sample L. D. #

Date

Fusion: Mix about 1 g of sample powder with about 3 g of "SPEX" LiBO, and add a measured aliquot
(0.1 to 1.0 mi) of 22U-228Th spike solution in dulite HNO,.

Weights: SPEX LiBO, (Lot # ) b4

Sample powder g

2321J.228Th spike # Reference Date

Reference Activity pCi/g Spike Weight g

Dry mixture under heat lamp for about 30 min, remix, and pack in graphite crucible.

Place crucible in muffle furnace at 950°C for 30 mins, then pour contents immediately into 200 ml of 1 M
HNO; with rapid stirring. The LiBO,-silicate glass formed on cooling should dissolve in about 20 mins.
Filter solution to remove graphite particles and split sample into two parts (100 ml is saved in a PP bottie
and the other 100 ml is analyzed for U and Th isotopes.

Extraction: To the aqueous solution, 37.5 g of AI(NO,);-9H,0 is added as a salting agent, and U and Th
are extracted using 25 ml of 10% tributylphosphate (TBP) solution in amyl acetate. The mixture is shaken
for 30 min. to extract both U and Th into the organic phase (pour into separatory funnel, drain inorganic to
waste, and save organic).

Weight: AIlNO;);-9H,0 (Lot # ) g

10% TBP/amyl acetate (Lot #s / ) mi

U and Th are then back extracted using 4 X 25 ml of 1 M H,SO, (extract, pour into separatory funnel, and
save H,SOy).

The sulphuric acid solution is gently boiled to dryness and then heated more strongly to drive off SO;. The
dried residue is dissolved immediately in about 2 ml conc HF and diluted to 20-30 ml with 9 N HCI.
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olumn Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#____ )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)
Load sample in 9M HCI and allow to drain -

Wash 3 volumes (~35 ml) 9M HC] --> Th o

Elute 4 volumes (~50 m1) 0.1M HCI --> U and Fe
Separation Date

*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO5)

Heat Th fraction to evaporate HC1 .
Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;
Load onto column in 8M HNO; .

Wash 3-4 column vols 8M HNO; . . _

Elute 4-5 column vols 9M HCl --> Th . _ _ _

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness .

Pick up in about 2 ml conc HNO, .

Dilute with about 2 ml DI water to approx 8M HNO, .

Load onto column in 8M HNO, I

Wash 2 vols (8-10 ml) 8M HNO; --> Fe . _

Elute 4-5 vols 0.IM HCl --> U _ o o .

Plating:
U and Th fractions are evaporated to near dryness; residues are each dissolvedin<5mi0.1 N
HNO; and separated from daughter nuclides and trace elements carried over in TBP, by extraction
into 0.4 M TTA in benzene, at pH 1 for Th and pH 3.5 for U.
The remaining solution volume is transferred to a_heated stainless steel disc for evaporation to
dryness. Discs are briefly flamed to red heat to remove any remaining organic and then counted.
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SELECTIVE LEACHING OF SANTORINI SAMPLES

Objective: determine partitioning of particulate trace metals in rock

samples collected at the Santorini analog site
Method: sequential leaching (see Tessier et al., 1979)
Equipment:

- Perkin-Elmer Model 3100 Atomic Absorption Spectrometer
- Fisher Marathon 21K centrifuge

- Burrell wrist shaker

- Thermolyne drying oven

- Ohaus analytical balance

- Hand homogenizer (SI Vortex Genie-2)

- Fisher Model 236 waterbath

Materials and Supplies:
- 50 mi polyporpylene (PP) centrifuge tubes
- glassware as needed (e.g., petri dishes, beakers, flasks, etc...)
- Oxford adjustable pipeters and 10 and 5 ml PP tips
- platicware as needed (e.g., beakers, PP bottles) L
- Dynagrad syringe filters and syringes
- Eppendorf pipets and tips

-1 M MgCli2

- 1 M NaOAc adjusted to pH = 5 with acetic acid (HOAc)
- 0.04 M NH20H-HC! in 25% (v/v) HOAc

- 100 ppm Cu standard solution

- 100 ppm Ag standard solution

- 100 ppm Co standard solution

- 100 ppm Zn standard solution

- 100 ppm Pb standard solution

- 100 ppm Fe standard solution

- 100 ppm Mn standard solution [N
- 1.5 ml HNO2/1 L H20 |

Reagents:

Leaching Procedure:

1. Place about 10 g of powdered whole rock sample (e.g. SAN94-038-

WR1) into petri dish and place in drying oven at 1000C for about
24 hrs.

2. Label {(e.g., SAN94-038-WR1A or Bor C etc...) and weight 4 50 ml
PP centrifuge tubes. Record weights.

3. Place about 1 g of sample powder into each of the 50 ml
centrifuge tubes and weight. Record weights. Difference
between weight of empty tube and weight of tube + powder is E—
weight of powder.
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10.

11.
12.

Add 8 ml of 1 M MgCl2 (pH = 7) to each centrifuge tube using an
Oxford pipeter and 10 ml PP tip. Place tubes on wrist shaker and
continuously agitate for 1 hour.

Centrifuge tubes at 10,000 rpm for 30 minutes.

Remove supernatant from each tube by pipeting (Oxford pipeter
and 5 ml PP tips) and place in PP beaker. Filter combined
supernatant (Dynagrad syringe filters) to remove any suspended
material. Place filtered supernatant in 60 ml PP bottle and label
(e.g., SAN94-038 MgCl2).

Wash residue in centrifuge tubes with DI water by adding 8 ml of
DI water to each tube, agitate on homogenizer, and centrifuge at
10,000 rpm for 30 minutes. Decant supernatant.

Add 8 ml of 1 M NaOAc adjusted to a pH of 5 with acetic acid (HOAc)
to each centrifuge tube using an Oxford pipeter and 10 ml PP tip.
Place tubes on wrist shaker and continuously agitate for 5 hours.

Repeat steps 5 thru 7. (Label bottles e.g., SAN94-038 NaOAc).

Add 10 ml of 0.04 M NH20OH-HCl in 25% (v/v) HOAc to each
centrifuge tube using an Oxford pipeter and 10 mi PP tip. Weigh
and record weight of each tube. Place tubes in water bath at 96°C
for 5 hrs. Samples should be agigated occasionally (once per
hour). Remove tubes, allow to cool, and then reweigh.

Difference in weights of tube before and after heating is amount
of solution lost during heating.

Repeat steps 5 thru 7. (Label bottles e.g., SAN94-038 NH2OH).

Remaining residue in tubes are saved.

Analysis Procedure:

1.

Cu, Ag, Co, Pb, Zn, Fe, and Mn in the leachates are analyzed by AA
using standard additions method to avoid matrix interferences.

All samples for AA analysis were made up in volumetric flasks.

Unless otherwise specifed in the scientific notebook the table

below shows for each element the volume leachate taken for

analysis and the volume additions of 100 ppm standards made to
each leachate. Dilution factors for Cu, Co, Ag, Zn, and Pb were 1/2
for all reagents. Dilution factors for Fe and Mn were 1/10 for 1M
MgCl2 and 1M NaOAc and 1/25 for 0.04 M NH20H-HCl. All leachates
were diluted using a 1.5 ml HNO3/1 L H20 solution.
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Element

Cu
Co

Mn

Samp.
vol.

S mi
Sml
S5ml
5 ml
Sml

1 ml
1 mi

Conditions for AA anal
run in flame mode.

Additions (ml added/ppm)

A B C

0/0 .1/71 272
0/0 .1/1 272
00 1/1 .2/72
0/0 .1/1 272
0/0 .05/.5.1/1

10 ml
(MgCl2 and NaOAc)
A B C

0/0  1/1 .2/2
070  .05/5 .1/1

Element nm () nm slit
Cu 324.8 0.7
Co 240.7 0.2
Ag 328.1 0.7
Pb 283.3 0.7
Zn 2139 0.7
Fe 248.3 0.2
Mn 279.5 0.2

Raw data, calculations, and resul
ring binders entitled

Total vol

10 ml
10 mi
10 ml
10 ml
10 ml

(NH20H-HCI)
A

B C
.25/1 .5/2 10o0r 25 ml

0/0 .125/.5.25/1 10 or 25 m}

ysis are shown below. All samples were

Lamp

Multi Cu, Zn, Mn, Fe
Single Co

Single Ag

Single Pb

Multi Cu, Zn, Mn, Fe
Multi Cu, Zn, Mn, Fe
Multi Cu, Zn, Mn, Fe

s ts of the analyses are kept in 3
Metals Leaching Data, Santorini, Greece".
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