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APPENDIX A

Conodont Fauna From Locations On Long Island, Cutwell Group

CL~13-04: polimictic debris flow in North Beaumont; Upper Arenig - Upper Llanvirn.
Parapaltodus flexuosus (Barnes and Poplawski)
Walliserodus nakholmensis (Hamar)
Drepanoistodus sp.
Parapanderodus arcuatus Stouge
Periodon aculeatus Hadding
Protoprioniodus cf. P. simplissimus (McTavish)

Inarticulate brachiopods

C1-19-09g: Ienses/clasts of limestone in cherty shale - Lower Llanvirn graptolites found
by Henry Williams (1988, 19890); Upper Arenig-Llandeilo.

Periodon aculearus Hadding

C1~13-19: limestone breccia in the ditch, south of the Lushes Bight-Beaumont road, and
jet. to the picknic area; E.suecicus zone - Upper Llanvim.

Ansella jemilandica (Lofgren)

Histiodela kristinae Stouge

Periodon aculeatus Hadding

Protopanderodus costatus n. sp.

CL-13-22 (a, b): quarrics south of the Lushes Bight-Beaumont road; Upper Arenig -
Lower E Suecicus Zone (Llanvirn).

Ansella jemtlundica (Lofgren)

Ansella sinuosa Stouge

Bultoniodus? prevarabilis medius (Dzik)

Cordylodus? horridus Barnes and Poplawski




Drepanoistodus? cf. D. venustus (StaufTer)

Drepanoistodus tablepointensis Stouge

Histiodella holodentata Ethington and Clark

Histiodella kristinae Stouge

Periodon aculeatus Hadding

Protopanderodus cf. P.varicostatus (Sweet and Bergstrom)
Parapaltodus flexuosus (Barnes and Poplawski)

Polonodus n. sp.

Spinodus cf. S. spinatus (Hadding)

Walliserodus ethingtoni (F ahraeus)

Inarticulate brachiopods

CL-13-24: bioclastic limestone accross the road from the CL-13-22 (quarry);, Upper

Arenig-Llandeilo
Ansella nevadensis (Ethington and Schumacher)
Cahabagmathus friendsvillensis Bergstrom
Cordylodus? horridus Barnes and Poplawski
Drepanoistodus cf. D. bellburnensis Stouge
Periodon aculeatus Hadding
Protoprioniodus sp.
Protopanderodus costatus n. sp.
Protopar.derodus cutwellensis n. sp.
Ptiloncodon simplex Harris

Spinodus c€_S. spinatus (Hadding)

ClI-13-24a: Llanvirn - E. suecicus Zone., northern bed of the limestone breceia, in Lushes
Bight, near point CI-13-24d.

Ansella sinuosus Stouge

Baltoniodus? prevariabilis medius (Dzik)

?Coleodus sp. Barnes and Poplawski




Drepanoistodus tablepointensis Stouge
I.? tablepointensis Stouge

Periodon aculeatus Hadding
Polonodus? clivosus (Viira)

Protoprioniodus tablepointensis (Stouge)

CI.-13-24d: limestone clasts in reworked mafic, plagioclase-phyric tuff. Llanvim
Loplacognathus suecicus Bergstrom
Periodon aculeatus Hadding
Protopanderodus spp.

Protoprioniodus cf. P.simplissimus (McTavish)

CL-13-24g: Iens of crinoid-rich bioclastic limestone, east of Lushes Bight; Upper Llanvim
Ansella nevadensis (Ethington and Schumacher)
Periodon aculeatus Hadding
Protopanderodus costatus n. sp.
Protopanderodus cf. P.giganteus (Sweet and Bergstrom)
Protoprioniodus tablepointensis (Stouge)

Polonudus sp.

CL-13-25: road cut on the ferry road, just south of Lushes Bight, limestone breccia

overlying cherty shale and graptolite shale. Middle Arenig-Llanvirn

Ansella jemtlandica (Lofgren)

?Coleodus sp. Barnes and Poplawski

Cordylodus? horridus Barnes and Poplawski
Juanognathus serpaglii Stouge

F-ahracusodus marathonensis (Bradshaw) - Arenig
larapanderodus arcuatus Stouge

Polonodus? clivosus (Viira)

Protopanderodus cf. P. varicostatus (Sweet and Bergstrom)




Protoprioniodus simplissimus McTavish - Arenig

Priloncodus simplex Harris

Spinodus <f S. spinatus (Hadding)

Sample Locations:

Cl-13-04 5497075N  594950E
Cl-13-09g  5495975N 591975E
Cl-13-19 5494600N 594125E
Cl-13-22(a,b) 5494175N  593255E
Cl-13-24 5494350N 59317SE
Cl-13-24a  5494200N 592675E
Cl-13-24d  5494025N 592600E
Cl-13-24g  5493725N 593100E
Cl-13-25 5493400N 592800F
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Figure A-i. Location of faunal occurrences.




APPENDIX B - Geochronology

Table 1 - Argon Data

TEMP 36AR 37AR  38AR 39AR 40AR % Atmos APPARENT AGE 39AR
(°C) (x10-9 cc STP) 40Ar +/-2s (%)

88-PIG (202) (78.73 mg)(wt.% K20 = 0.081) AGE (total) = 4772 +/- 714 Ma

700 124 3.729 11 131 42.17 87.0 4609 484
800 061 3.136 .044 .067 22.05 82.2 6149 1884
1000 061 44829 2.086 .808 52.15 344 463.0 52
1030 010 21123 1.103 .258 14.06 209 4703 9.0
1060 .004 8.193 342 115 6.24 20.0 4732 12.2
1100 004 5.839 222 .091 512 204 486.7 203
1175 007  11.051 434 157 897 220 4838 18.0
1300 019 37476 1.342 .596 3227 17.0 43878 68
1550 .030  31.089 926 336 23.54 383 4717 118

otal 32 6.61 166.47 2.56 206.6 45.7 4772 7.1
(CC/g) 41 211439 8396 3249  2623.7

r 88.-LR-CLT (203) (90.4 mg)(wt.% K20 = 0.058) AGE (total) = 495 +/- 12 Ma

700 .043 4.021 .080 029 14.29 88.0 626.4 666.3
800 .014 2.896 .023 .016 5.02 83.4 556.3 3639
1000 .033 36.897 959 421 28.14 35.1 4796 71
1060 .013 49.278 1.445 .561 29.56 13.4 500.6 63
1080 .004 9.211 .259 13 592 179 474.0 23.1
1100 .013 4.882 136 .062 6.51 60.1 464.2 559
1175 .004 12.243 .340 156 7.78 13.4 476.2 191
1300 .005 33.788 987 392 20.32 7.7 521.1 54
1550 .009 31.857 929 3N 19.00 14.6 482.2 226

otal 14 5.16 185.07 2.12 136.5 30.0 495 0 1.7
CC/g) 1.5 204726 57.06 23.47 1510.2




85-AC-80-D223 (207) (92.32 mg){wt.% K20 = 0.161) AGE (total) = 502 +/- 7.6 Ma

760

800

1000
1060
1100
1175
1300
1550

041
015
013
ote
005
007
007
005

497

391
14.726
74.767
19515
18.076
43.720
14.734

140
.037
1.906
10.480
2.558
2.561
6.017
1.704

024
.013
.436
2.503
592
.623
1.449
416

2282
7.91

25.67
113.94
26.65
28.59
65.01
19.47

53.0
569
15.1
42
5.8
13
3.1
73

2541.8
1918 .4
540.9
480.5
469.1
468.1
479.3
478.1

405.2
912.0
82
1.0
4.0
123
13
132

4
2
12
41.3

9.8
10.3
239

69

Total
(CClg)

~

1.2

25.40
2019.36

186.43
275.16

6.06
65.60

310.1
33585

10.5

502.0

7.6

RAL-88-1 (202) (87.82 mg)(wt.% K20 = 0.840) AGE (total) =475 +/- 2.6 Ma

800

1000
1080
1100
1110
1120
1140
1210
1300
1550

110
026
015
012
010
.005
.004
011
007
018

2.379
10.30
22.928
28.500
29.545
23.620
21.632
24.237
12.107
14.380

127
109
1.267
1.647
1.676
1.309
1.155
1.289
.645
778

158

.303
3.710
4.949
5.150
4.108
3.629
3814
1.916
2310

38.13

20.13
164.90
215.61
22428
178.56
158.01
167.81

85.09
105.10

849
384
26
1.6
1.3
.9
.8
1.9
26
5.1

409.4
453.9
4774
4733
474.5
475.5
476.6
476.3
47173
476.3

79.2
6.5
1.2

.6
5

6
6

Total
(CClg)

22
25

10.00
215927

189.63
113.89

30.05

1357.6

342.17 15459.1

4.7

475.1

26

88-CL16-2b (210) (79.33 mg)(wt.% K20 = 0.215) AGE (total) = 507 +/- 3.5 Ma

700

800

1000
1030
1060
1030
1100
1130
1175
1300
1550

.084
048
042
002
.003
002
004
.035
011
042
.016

2.592
1.478
6.731
2747
3.800
5.107
5329
45.512
20.845
60.349
8.198

A75
102
272
.101
122
131
132
1.075
479
1.524
.205

154
A1
.588
135
.166
211
215
1.813
.827
2417
324

35.82
22.17
39.66
7.01
8.25
10.32
10.92
92.58
39.61
122.79
19.30

69.6
63.7
314

9.5
12.0

5.7
11.8
11.2

85
16.2
243

728.1
712.0
506.6
512.9
483.2
506.2
4929
4978
4834
500.4
4954

518
36.7
6.8
52.2
10.6
10.4
14.2
20
43
22
14.6

Total
CC/y)

.29
37

432
2050.80

162.69
54.45

6.97
87.81

408.4
5148,

21.0

506.9

35




88-LR-INT (211) (73.6 mg)(wt.% K20 = 0.059) AGE (total) = 535 +/- 23 Ma ]

.094 1.431 074 .031 29.51 93.7 6285 11331
025 747 .020 .022 9.33 78.2 8951 4937
045 22.261 .569 .268 27.97 478 578.9 17.6
012 22933 771 274 16.78 213 5219 10.0
.004 13.721 483 147 8.39 142 528.1 236
.005 11.14C 432 A21 7.44 204 5289 15.3
.005 10.616 372 427 7.21 18.6 503.4 199
.008 22,408 815 251 1437 159 520.3 184
022 45.371 1.654 510 30.78 213 515.0 83

22 5.19 150.63 1.75 151.8 427 5353 232
3.0 204657 70.51 23.78 20623

RAL-88-2 (55.57 mg)(wt. % K20 = 0.98) AGE (total) = 473 +/- 2.2 Ma

700 011 1.039 .057 077 4.70 69.4 772 522
800 .004 41 024 041 2.74 47.0 657.1 97.9
900 007 530 019 072 291 68.9 2621 113.9
950 .002 335 .006 047 2.55 46.7 3607 1715
1000 .002 .848 017 061 2.30 28.8 525.6 10
1020 .003 1.381 .050 196 5.44 14.0 469 .7 150
1030 .002 2.3%4 107 407 10.9 49 496 % 10.0
1040 .000 2.094 096 360 9.24 1.1 4962 88
1050 .001 1.792 .084 337 8.60 39 4819 126
1060 .000 2.004 093 364 9.06 0.0 488.7 15.1
1070 .003 2.249 .099 396 10.40 9.1 4713 6.6
1080 001 3.068 135 .550 13.49 24 4719 5.5
1090 002 4390 189 .796 19.44 33 466.5 43
1100 .001 8945 .386 1616 39.46 1.0 476.2 97
1110 .002 11.774 .499 2,128 51.63 1.2 4724 14
1120 .005 21010 .864 3816 9298 1.7 472.) 1.3
1130 .003 22.529 .903 4091 99.07 1.0 4724 10
1140 .005 30.156 1.186 5492 1327 1.1 471.0 8
1150 .004 20817 1038 4899 118.1 1.1 4705 R
1160 .000 12.480 479 2281 5514 N 475.8 38
1170 .002 6.730 .274 1225 29.86 2.5 4689 65
1210 .005 19.121 .786  3.460 84.39 1.7 4728 10
1250 .004 13.420 567 2439  59.28 1.8 470.7 14
1300 .002 7.145 .287 1.299 3199 1.5 477.2 46
1350 002 7.244 .295 1313 3229 2.1 4744 1.6
1450 014 7718 316 1394 3752 11.2 4714 3.0
1550 022 1.200 .050 223 12.50 52.8 515.7 188

otal N 890 218.83 3938 9777 34 47217 22
(CCl/g) 2.0 353790 160.24 70868 175932
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RAL-88-3 (51 99 mg)(wt. % K20 = 0.76) AGE (total) = 473 +/- 2.4 Ma

700 029 3 837 131 150 9.72 89.3 149.1 103.3 5
800 vl4 2.734 069 067 4.69 89.7 155.5 115.9 2
900) 006 2 895 030 047 225 820 131.9 80.5 2
1000 004 3464 065 123 406 276 468.2 45.2 4
1020 002 1.863 055 108 3.25 18.8 489.5 409 4
1040 003 2.639 132 286 843 115 505.2 144 1.0
1060 004 5536 309 667 17.54 6.9 478.3 119 2.3
1080 002 7 768 456 982 24 54 3.0 474.2 2.7 34
1100 001 17666 1092 2502 6141 5 477 .4 53 8.8
1110 001 10.699 681 1.702 41.70 6 476.0 82 6.0
1120 002 12.748 825 2117 5229 13 476.6 26 74
1130 001 13312 856 2264 55.19 6 4739 29 79
1140 002 16.065 1013 2731 66.35 10 470.9 20 96
1150 000 14 275 896 2423 5893 2 474 .8 29 8.5
1160 000 8 960 559 1475 3603 4 475.6 22 5.2
1170 001 5.453 340 859 21.04 1.1 473.7 36 30
1190 001 8.563 .538 1.340 329 1.1 475.8 11.1 47
1210 001 9256 587 1462  36.29 5 481.8 36 5.1
1250 003 15.464 998 2536 62.08 1.5 4721 14 8.9
1300 003 15263 971 2427 5954 15 472.7 1.6 85
1350 001 7.207 451 1.154 2841 5 478.1 34 4.1
1450 001 5245 334 865 20.92 13 468.1 3.0 30
1550 002 1.207 074 .207 5.88 82 505.4 240 ¥

lotal .09 11.46 192.13 2849 7135 6 472.6 24

(CClg) 16 3695 43 2205 54803 137238

89-ASWRB-1(272)(w1.% K20 = 0.388) AGE (total) =475 +/- 5 Ma

700 087 2325 122 556 48.7 5059 74 38
%00 042 933 106 752 253 507.4 23 9.0
900 014 1.495 039 1.294 6.5 470.1 2.2 17.9
1000 015 10.89 191 1427 6.8 4379 4.0 217
1040 010 976 242 671 895 451.6 36 323
1080 013 23 14 517 1.477 54 468.6 1.1 424
1080 003 077 003 005 93.98 468.6 2272 425
1100 006 1431 257 907 4.05 475.0 2.5 487
1120 006 18 14 298 1.168 3.4 4722 1.6 56.7
1140 004 8 83 190 554 4.63 474.5 23 60.5
1160 008 16 81 .365 1.054 4.46 482.2 2.0 678
1190 012 19.21 418 1.23 583 4798 1.5 76.2
1240 005 688 150 440 6.66 482.2 45 793
1300 016 2283 499 1.481 6.53 483.3 14 894
1550 029 2373 509 1.537 10.71  485.] 14 100.0

fotal 27 179.35 3.91 14.55 4749 45

g 2.76 1853 4035 15036




89-ASWB-2 (274) (w1.% K20 =0 395) AGE (total) = 497 +/- 6 Ma

700 083 2.578 220 215 58.59 178.2 238 15
800 070 1.629 227 A77 41.94 6113 92 47
900 020 2.234 .065 1.127 10.08 M1 1.2 124
1000 025 18.677 359 1.399 10.49 467.7 50 219
1040 .006 9.33%8 262 649 5.54 483.7 0 263
1080 o1 22.731 .601 1.730 KR 1 484.6 1.2 RLN|
1100 007  16.706 375 1.324 320 4848 17 471
1120 001 7.413 166 553 1.64 488 2 47 509
1140 004 6.295 158 434 5.04 490.7 47 539
1140 048 .089 001 .007 97.56 5336 7500 539
1160 005 5.216 131 374 1.53 4928 5§ 565
1190 002 3.609 .095 268 422 490§ 86 58.3
1240 003 5.592 158 423 4.57 489.6 57 612
1300 023 37.184 1028 2.865 4.78 492.5 7 807
1550 048  36.775 .986 2837 961 493.6 23 100
Total 36 176.07 433 14.68 966 57

(CC/g) 3N 1838.6 50.46 153.34

88-LR-INT (271) (wt.% K20 = 0.058) AGE (total) = 512 +/- 5 Ma

800 060 4.552 139 081 76.35 6753 75.6 30

1020 044  84.859 2632 978 21.33 506.0 2.1 386

1100 Ols 42591 1.596 445 17.22 5049 16 549

1300 .027  68.255 2.440 713 17.24 507.4 24 $3.0

1550 035 39.843 1437 465 3145 506.1 4.1 100.0
/ Total 18 240.1 824 2.74 5115 52

(CClg) 1.50 1980.7 68.01 22.62

88-CL-16-2b (273) (wt.% K20 = 0.207) AGE (total) = 504 +/- 5 Ma

700 047 2.547 214 132 51.05 9316 278 1.8

1000 038 9.224 412 644 2492 5435 80 104
1100 037 100.6 2.582 3.904 5.62 495 % 06 627
1115 005 15.45 326 623 498 4774 21 7117
1130 002 3.239 .080 126 8.75 4691 144 728
1175 004 9718 229 353 64] 488.1 5.6 77.5

1225 .003 10.91 256 426 440 4824 44 832

1275 .004 ¢18 215 359 6.07 4779 64 K80
1350 .004 11.82 273 448 4.96 484.7 57 94.0
1550 052 11.35 273 445 41.77 5013 16 100.0

[rotal 20 18323 486 7.46 504.4 4.6
(

CC/g) 2.10 1969.6 5224 80.20




Western llesd Fm. Nickey's Nose Tuff (wt.% K20 = 0.200) AGE (total) = 447 +/- 5§ Ma

800 059  4.018 198 1.442 23.67 436.0 2.5 242
1020 043 37557 730 2163 12.87 443.5 18 60.6
1100 012 36.107 624 949 881 451..2 6.5 76.5
1300 025 57396 1.105 1.267 1241 462.2 27 978
1550 068 8654 11 133 79.36 443.7 66.1 100.0

Total 21 143.53 2.77 595 446.9 45
HCClg) 2.86 19768 38.11 81.99

Western llead Fm. (WA-44) (tuff) (wt.% K20 = 0.299) AGE (total) = 453 +/-4 Ma

700 023 2.721 127 266 39.63 444.1 319 25

800 .024 1.786 .075 293 36.81 458.9 25.4 5.2

900 .008 7115 .430 763 7.71 4189 49 123
1000 0l4 54.20 3.837 2.542 3.88 4418 20 36.0
1050 015 15.31 1.055 .886 10.77 452.6 6.2 44.2
1100 .008 26.02 1.277 1.648 319 458.2 22 59.6
1300 023 78.02 4.160 4214 3.66 464.6 1.0 98.8
1550 092 1.909 124 127 83.66 464.2 106 100.0

Fotal 21 187.07 11.09 10.74 453.3 44
KCCrg) 2.34 21343 12647 122.52

(WA-45) DOLLAND HEAD DIORITE (wt.% K20 =0.159) AGE (total) = 48] +/-7 Ma

800 046 4753 148 .096 75.31 512.6 165.7 22
900 .004 2.759 132 .080 24.66 497.6 223 4.0
1000 010 25343 2951 .866 7.22 431.7 23 23.6
1100 014 60135 9.337 2.269 4.17 4774 43 75.1
1150 004 15341 1.983 .508 5.26 4723 58 86.7
1200 002 8.287 .820 215 6.93 474.7 21.0 91.5
1300 008 15897 983 256 12.79 474.0 12.6 97.4
1550 .097 6.816 431 117 82.34 568.0 119.] 100.0

lotal A8 137.33 16.78 441 480.9 11
(CClg) 271 202881 24796 6510




K TABLE 2 - U/Pb DATA

Brighton Intrusive Complex

Apperent Age (Ma)
Wt. (mg) U (ppm)IPb® (ppm) 206PH/2041"h 1D (pg) 2081b (%) 206Ph/238U 2071b/235U 207Pb/206Pb 200/238 207/206
Uraction o o o ¢ _ - e e . e - .
Zircon
Br7-la 0019 142 12 1826 7 175 007673 +/- 09% 05978 +/- .15% 005651 +/- 11% 4766 4723 4/ 4 8
Br7-2a oot so2 3 2588 20 187 007574 +/- 09% O0.5923 4/- .12% 00572 +/- 01% 4706 4806 +/ 33
x Br 7.3 0.053 Si4e 43 1749 70 221 0.07077 +/- 09% 05509 +/- 11% 00546 +/- 06% 440 8 4703 +/-2 4
4 0017 265 22 1326 16 SS9 007694 4/- 2% 0G4S +/- 40% 005698 +/- 35% 4778 4907 4/ 15 ¢
AA 0009 1) 28 1212 " 568 007640 +/- 23% 05971 +/- 27% 005668 +/- 13% 4746 4792 +/. 59
Yisanite
T 0117 47 7 1o 284 $59 00733 ~’- 58% 06012 +/- B3% 005712 +/- 2% 4742 4% 2 +/ 12
T 0.154 S0 8 o4 197 508 007461 +/-1.3% 05968 +/-13% Q05801 +/-12% 4639 SI03 4/ %0
T 0248 ol n 45 2686 594 007722 4/-23% 006224 +/-22% 005846 +/- 19% 4795  S469 +/ 83
4T 0 051 s6 9 44 $31 S50 007718 4/-21% 06073 +/-27% 005706 +/ 24% 4793 4940 4/ 10%

Catchers Pond Tuff 90-1-CTP

Zircon

A oo} 267 21 32s % 1.7 007680 +/- 15% 06021 +/- 49% 00586 +/ 40% 4770 486 1 +/ 12777

B 0042 281 2 2488 23 105 0.07632 +/- 13K 059064 +/- 19% 005668 +/- |4% 474 1 4790 +/ 62

C 0028 259 20 188> 18 107 007626 +/- 09% 05960 +/- 16% 005668 +/- 12% 473 8 4191 +/-%3

D 00ts 242 19 832 21 1t é 0.07624 +/- 10% 0.5953 +/- 30% 005663 +/- 25% 473 6 4712 +/- 11 )
Colchester-Coopers Cove Plutonics 90-2-C

Zircom

A 000i 1416 116 ss2 17 176 007447 4/ LI% 05789 +/ 40% 005038 +/- .J4% 4630 46793 47151

B 0006 o5} 54 ) 4 184 007387 +/- 14% OSTIS +/ 43% 005635 +/- 36% 4576 460 +/ 160

C 0 008 702 7 1263 21 16 2 007436 +/- 10% 05770 +/- 21%  OOSHIB +/- . [6% 462 4 463 3 «1 714 *

D 002 620 50 338 n 158 007420 +/- 09% 05764 +/- 12% 005634+/ 06% 461 4 wsg /28

, Ercors are ) atd error of meanin % except 2077206 age errors which are 2 sid errors 1n Me
’ ¢ = Radisgenic Pb
o = inlude samnle weight errar of + /. 0 001 mg in conventrstion unvertsinty
¢ = 1tal commaa Phoin analyas

A ¢
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APPENDIX C - ANALYTICAL TECHNIQUES

PART 1 - Geochemistry

Analytical Techniques

Major Elements
Analyses were performed at Memorial University of Newfoundland or at the

Department of Mines and Energy, Newfoundland. Majors were determined by atomic
absorption spectrometry. Details of the techniques can be found in Wagenbauer et al.
(1983) and Langmyhyr and Paus (1968). Precision and accuracy for these techniques is
the same as that reported in Swinden (1988), Rautenschlein (1987) and Kean et al.
(1994),
Trace Elements

A standard suite of trace elements (Cr, Ni, V, Sc, Rb, Sr, Y, Nb, Zr, Ba) were
determined at Memorial University of Newfoundland using X-ray fluorescence (XRF)
techniques. Details of the accuracy and precision of these methods is given in Swinden

(1988). 'The only elcment of real concern in this suite is that of Nb. Nb was determined

using the so-called "REPEAT" XRF method (along with Sr, Rb, Y and Zr), as described
in Swinden (1988) and as discussed fully in Kean et al. (1994). Some data was also

collected on the new ARL XRF at Memorial University using the techniques described

by Longerich (1992, 1994). Since there is no fundamental differences in the standard
values or detection limits between the "REPEAT" method and the new MUN ARL
methods, data from the two techniques are not distinguished.

Rare Earth Elements

Rare earth elements (REE) were determined by inductively coupled plasma - mass
spectrometry (ICP-MS) using the acid dissolution techniqu< described in Jenner et al.
(1990) and Longerich et al. (1990). Precision and accuracy for these elements are as
reported in those papers, and the more recent paper of Jochum and Jenner (1994).
ICP-MS and XRF - which one for which ¢lements

The routine ICP-MS acid - dissolution package also produces data for a number of

trace elements routinely analysed for by XRF, i.e. Rb, Sr, Y, Zr, Nb, Ba (sometimes V
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and Sc). In general, it is our policy to cross-check the XRF and ICP-MS results to verify
complete sample dissolution and/or solution stability in the ICP-MS analyses. Failure to
match data sets results in re-analysis of the sample (usually by both techniques). In
reporting the data (Appendix D), we have taken XRF data for all trace elements,
excluding Th, Nb and the REE. For Th, Nb and the REE, ICP-MS is the preferred
technique.

PART 2 - Geochronology

Analytical Techniques

“Ar/®Ar

Analyses were performed at the Geochronology Laboratory of the Geological
Survey of Canada. Amphibole (hornblende) mineral separates were obtained by standard
magnetic and heavy-liquid techniques followed by hand-picking to obtain near 100%
purity. Their K concentrations, determined from the “Ar/®Ar analyses, range fiom 0 07
to 0.99%. Analytical data for the hornblendes is given in Table 1. Spectra for the results
are illustrated in B - Figures i to xv. Figures are in the same order as the data in Table 1,
reflecting both sequence of analyses and ease of getting the Table organized.

The hornblendes were weighed (see table) and wrapped in aluminum foil packets
for neutron irradiation. The packets were loaded in an aluminum can, 40mm long by 19
mm in diameter, along with 9-12 packets of the MMHb-1 hornblende “Ar/*Ar flux
monitor with an assumed age of 518.9 Ma (Roddick, 1983). Samples were irradiated in
position S5C of the enriched uranium research reactor at McMaster University, Hamilton,
Ontario on three separate occassions. For samples RAL-88-2 and RAI.-88-3 irradiation
was for 1.25 days (equivalent to an approximate fast neutron fluence of 1 1 * 10"
neutrons//cm’). All other samples were irradiated for 2 days. Flux variation over the
irradiation can had a range of 2.0% along the axis of the can, in both irradiations. This
results in an uncertainty of J for individual samples of about 0.3% (1 sigma). The errors
quoted on the integrated ages take account of this J uncertairty, though the individual

step ages in the data table and spectra diagrams do not. Decay constants recommended

by Steiger and Jager (1977) have been used. Complete procedures for the “’Ar/”Ar
analyses are detailed in Roddick (1990).
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U/Pb

Zircon and titanite were concentrated from about 25 kg of each rock sample.
Invidiual zircon populations were separated initially on the basis of grain size and
magnetic susceptibility and subsequently by crystal habit, clarity, and absence of
inclusions and fractures (see below). Most zircon fractions were abraded to remove
potentially altered outer parts of the grains (Krogh, 1982). The very fine grained zircons
(fraction 3) in sample BR-2 were not abraded.

Procedures for dissolution, separation and purification of Pb and U employing a
2pb/P* U spike are detailed in Parrish et al. (1987). Total procedural blanks for Pb
ranged from 5 to 25 pg for zircon analyses and about 50 pg for titanites. U blanks
averaged 1 pg. Isotopic analyses were carried out on a Finnigan MAT 261 solid-source
mass spectrometer equipped with multiple collectors, secondary electron multiplier, and
operating software designed for simultaneous measurement of all five Pb isotopes
(Parrish et al,, 1987; Roddick et al., 1987). Error estimates of U/Pb and *’Pb/**Pb, and
corrclation cocfficients, are derived from numerical propogation of measured errors
(Roddick, 1987). Assumed common Pb compositions were derived from a Pb isotopic
evolution curve (Stacey and Kramers, 1975) at the *’"Pb/"*Pb age of each zircon
fraction, except for the Brighton Intrusive Complex for which compositions were
derived from the titanite analyses (B - Fig. xvi). Linear regressions of data on concordia
diagrams utilize a York (1969) error treatment (modified as suggested by Parrishet al.,
1987) with errors as indicated in Table 2 for the U-Pb ratios. Correlation coefficients
between the U-Pb ratios were calculated to be 0.6 to 0.95 (and >0.9 for titanite) using
error propagation calculations. Uncertainties in ages are stated at the 2 sigma level.
Constants used in U-Pb calculations are those recommended by Steiger and Jager
(1977).

Comparison of U/Pb zircon and “’Ar/”Ar hornblende ages
It can be difficult/impossible to obtain U/Pb zircon ages on high field strength

element depleted island arc volcanics/plutonics, and for this reason we choose, where

applicable, to apply the ®As/®Ar technique. To facilitate comparison between U/Pb and

“Ar/®Ar ages on "ophiolitic* samples we obtained a sample of hornblende from a
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pegmatitic trondjemite in the Annieopsquotch Complex, which had previously been
dated by Dunning and Krogh (1985). The amphibole obtained is low in K (0.14%) and
yielded an age of 477+/- 3 (92% of the gas) (B - Fig. iii). This result is in excellent
agreement with the published U/Pb agt. of 477.5 +2.6/-2.0 (see their Figure 8, Dunning
and Krogh, 1985).

Brief Sample Discussion
Brighton Intrusive Complex (Cl-BR-7)

Five zircon fractions (4 abraded, 1 unabraded) were analysed and the data are
presented in Figure B - xvii. Regression using all 5 fractions gives an age of 479 8
+9.9/-6.2 Ma with a lower intercept of 115 Ma +/- 100 and an MSWD of 4.5. This
result seems to be an overestimate of the error when consideration is given to the fact
that 2 fractions overlap concordia and the *’Pb/*Pb ages of the near concordant
fractions (AA & 2A) are 479-481 Ma. Our preferred age, 473.5 +/- 4.5 Ma, is based
on rejecting the most discordant fraction (3), which was not abraded, and forcing the
regression through the origin.

Several titanite fractions were picked and the result of these analyscs are illustrated
in Figure B - xvi. The titanites yielded a ®*U - **Pb isochron age of 474.3 +/- 6.4, and
(not illustrated) a **U - *’Pb age of 471 +/- 12 Ma. Note that the error on titanite
fraction 3T is too small to be represented by an error ellipse on Figure B - xvi.

Three hornblende fractions from two separate localities from within the Brighton
Intrusive Complex were used to determine “Ar/”Ar ages and these are presented in
Figures B - iv, vii, viii. Sample RAL-88-1 yielded a total fusion age of 475 +/- 3 Ma and
a preferred age of 475+/- 3 Ma based on 87% of the gas. Sample RAL-88-2 yielded a
total fusion age of 473 +/- 2 Ma and a preferred age of 472 +/- 3 Ma bascd on 87% of
the gas. A third hornblende sample - RAL-88-3, from a scparate locality, yiclded a total
fusion age of 473 +/- 3 Ma and a preferred age of 475 +/- 3 Ma based on 94% of the
gas.

There is excellent agreement between the titanite and hornblende ages which

indicates an age for the BIC of about 475 Ma. It is possible that the zircons indicate a

slightly older age, but the quality of the data in not ideal. Taking into account all 3
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systems, it scems reasonable to constrain the origin of the BIC to between 475 and 480
Ma
Catchers Pond Tuff (CP-28-15, Skeleton Pond Formation)

Three zircon fractions (A, B, D) and a duplicate zircon fraction (C=B), all abraded,

were analysed. The data are illustrated in Figure B - xviii as open ellipses. These data
yield an age of 479.2 +/- 3.6 Ma, based on a York regression through the origin. No
solution was found when we applied the regression method of Davis (1982). There was
no evidence of inheritance in any of the analysed fractions, and we interpret the data to
give the primary igneous age.

Colchester - Coopers Cove Plutonics (90-2CC, Coopers Cove Pluton)

Three abraded zircon fractions (A, B, C) and a duplicate zircon fraction (D=C)
were analysed. The data are illustrated in Figure B - xviii as hatched ellipses. The data
yicld an age of 465.6 +/- 2.5 Ma, based on a York regression through the origin. No
solution was found when we applied the regression method of Davis (1982), because of

their close proximity on the concordia diagram. We interpret this age to be the primary

igneous age of the intrusion. There was some evidence of inheritance and overgrowths

in this sample, but care was taken not to include any of these materials in the analysed
fractions.
Halls Bay Head Dyke (CL-16-02b)

The first hornblende separate from sample 88-CL 16-2b (Fig. B - v) yielded a total
fusion age of 507 +/- 4 Ma and an age of 498 +/- 3 Ma based on 98% of the gas. The

preferred age is 499 +/- 3 Ma based on 72% of the gas (i.e. the fraction between
~18-50% and ~60-100%). This sample was redone at a later date and the results are
illustrated in Figure B - xii. The preferred age is 496 +/- 3 Ma based on 55% of the gas.
League Rock Gabbro (CL-LR-13a)

Sample 88-LR-INT yielded a K-poor hormblende (0.05%), which resulted in a
rather noisy spectrum (Fig. B - vi). The total fusion age is 535 +/- 23 Ma, while the

preferred age is 519 +/- 7 Ma based on 82% of the gas. Since this result was somewhat

unsatisfactory, we repeated the analysis of this sample and obtained the result illustrated
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in Figure B - xi. We have significantly improved on the result and our preferred age is
506 +/- S Ma.
Pilleys Cove Gabbro (CL-06-05)

Sample 88-PIG yielded a K-poor hormblende (0.07%) and a complex spectrum (Fig
B -1i). The simplist interpretation of the spectrum would yicld an age of 474 +/- 4 Ma
with 92% of the gas. This age would coincide with that of the BIC, however neither the
chemistry nor mineralogy of the Pilleys Cove Gabbro suggest any relationship to the
BIC. Within the spectrum for 88-PIG there is some indication of two plateaus (1) from
approximately 8 to 54% (Fig. B - i) yielding an age of 466+/- § Ma; and (2) from 55 to
100%, yielding an age of 483 +/- 6 Ma. Both of these ages are reasonable in the context
of the regional geology, with the youngest age consistent with a collisional cvent (i ¢
resetting) and the older age representing a minimum age of intrusion.
Whalesback Dyke (WB-1 and WB-2)

Two samples from the vicinity of the Whalesback Mine were taken, these are

89-ASWB-1 (Fig. B - ix) and 89-ASWB-2 (Fig. B - x). WB-1 cuts the shear zone (D1),

but is modified (boudinaged) by subsequent deformational events. WRB-2 was taken
south of the shear zone, where it cuts apparently undeformed pillow lavas We interpret
the original age of intrusion of these dykes to be represcnted by our preferred age in
WB-2, i.e. 493 +/- 5§ Ma. This is consistent with the age of the dyke cutting Big Hill
Basalt at Halls Bay Head (CL-16-02b). The spectra from WB-1 is quite screwed up by
later deformation events.

Western Head Formation (WA-NN-1, WA-44)

Two samples were taken for analysis, these are: WA-NN-1 (from Nickey's Nose

area); and WA-44 (from Western Arm). Spectra for these samplcs are illustrated in
Figures B - xiii and xiv, respectively. Both spectra are very disturbed, probably during a
Silurian reheating event. We interpret the oldest ages (from the 2nd last step) ( -465

Ma), to represent the original age of formation of these tuffs. This makes these samples

essentially coeval with the Colchester - Coopers Cove Pluton.
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Dolland Head Diorite (WA-45)

One sample was taken from the diorite intrusion at Dolland Head (see Fig. B - xv),
a few hundred metres east of WA-44. This sample yielded a simple spectra, with a

preferred age of 480 +/- 6 Ma, based on 94% of the gas.

Description of fractions used in U/Pb analyses.

Brighton Intrusive Complex,

Zircony
1A -+ 105 microns, abraded 0.5 hours
- equant, cuhedral, multifaceted, sharp terminations
- light brown colour, nor cores or fractures
- clear, small number of inclusions, no Zoning
AA - 100 microns, abraded 4.5 hours
- cuhedral, equant, multifaceted
- ho cores, no zoning, minor fractures
- pale, pinkish brown, c'ear, minor inclusions
2A - +105 microns, abraded 1 hour
- dominantly equant, occasionaly grains 3:1
- cracked and fractured, few inclusions
- nO cores, no zoning
3 - 50 microns, no abrasion
- equant, some grains with minor elongation (3:1)
- generally clear

4 -50-100 microns, same as 1A

Tuanites
Clear to light yellow with minor inclusions. Euhedral to subhedral, sharp faceted. No

abrasion 1T - 105 to 125 microns; 2T 75 to 125 microns; 3T 100 to 200 microns; 4T <

105 microns




Catchers Pond Tuff
A - 64-105 microns,

- sharp terminations, multifaceted, euhedral, prismatic
- inclusions and bubbles present,
- NO cores or zoning present
- clear to very pale yellow
B and C - split fraction - ~100 microns
- broken tips only, well terminated
- inclusion and crack free
D - 64-105 microns
- euhedral, prismatic (3:1) longer than A but otherwise
similar
- some inclusions, bubbles and fractures
Colchester - Coopers Cove Pluton
A - 474 microns, 1 hour abrasion
- equant to subequant, multifaceted, zoned
- no fractures, colourless
B - +74 microns, 7 hours abrasion
- elongated, lenght to width ratio 3:11to 7:1
- zoned, trace inclustons/bubbles
- well faceted sharp terminations
- no cores or overgrowths
C and D - split fraction - +74 to 125 microns, 1 hour abrasion
- zoned, more cloudy or inclusion-rich but

otherwise the same as B.

C - i

There was some evidence of cores and overgrowths in this sample, however these were

not picked for chemistry.
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APPENDIX D - Tables of Analytical Data

The analytical data prescnted in the figures in this thesis is presented here in tables.
Tke data has been recalculated volatile-free and totalled to 100%. Majcr elements are in
weight percent oxide, with total iron as FeOQ (FeO*). Trace clements are in parts per
million (ppm).

To simplify presentation of the data, it has been divided into 7 groups: arc volcanics;
CL and CP (oddball samples); non-arc volcanics; transitional volcanics, arc intrusives;
transitional & non-arc intrusives; and felsic rocks. In essence, this is a simplification of the
scheme outlined in Figure 4.2 (page 4-53).

Combplete sets of raw data will be available upon request from the author.




APPENDIX D - TABLE 1 - ARC VOLCANICS

Sample CP-24-20  JLBO1 JLB-03 -92-11 CL0103  CL-SCI-1  CL-16-15a CP05.08  JLB-10 JB-SC!  CL-1504
si02 64.05 60.55 59.39 51.22 52.99 55.98 53.73 5558 52.95 58.14 58.34
Tio2 0.30 0.10 9.15 0.15 0.30 0.50 0.84 0.67 0.83 0.62 1.23

A1203 16.58 13.96 14.27 10.26 15.99 15.46 15.46 14.44 14.61 14.45 14.80
FeO* 6.88 8.23 8.12 10.00 8.40 7.90 9.79 8.03 10.72 8.54 11.39
MnO 0.14 0.15 017 0.19 0.14 0.13 0.18 0.14 0.18 0.3 0.16
Mgo 6.67 6.68 6.76 16.87 7.00 6.75 7.06 8.51 6.50 593 483
Ca0 0.32 8.05 8.61 9.62 11.70 9.02 8.90 8.00 11.28 9.79 4.45
Na20 4.41 2.25 2.46 0.90 2.41 4.04 3.80 4.29 282 2.36 4.66
K20 0.53 0.02 0.04 0.79 0.05 0.18 0.23 0.28 0.05 0.00 0.04
P205S o1 0.01 0.03 0.00 .03 0.04 0.04 0.06 0.06 0.03 0.10

Lol 49 4.2 2.0 3c a5 2.8 a3 1.9 7.5 45
Mg # 63.4 59.1 59.7 75.0 59.7 60.4 56.2 65.4 51.9 55.3 43.0
Cr 262 265 751 38 124 147 94 81 148
Ni 72 64 138 45 52 49 26 36 40
Sc 40 a5 46 a8 a9 37 44 46 as 47 44
v 353 309 251 298 244 297 266 324 372 432
Rb 12 3 4 12 1 2 3 1
Ba 40 4 32 79 a7 3 14
St a4 136 119 154 47 56 70 108 79 57 52
Nb 0.7 0.9 1.3 0.9 0.4 0.4 0.6 0.7 0.6 0.6 1.2
r 28 22 24 16 16 17 39 37 41 32 67
Y 3 4 4 4 12 12 23 17 22 22 29
Th 0.20 0.44 0.45 0.35 0.15 0.14 0.13 0.10 0.10 0.16 0.21
La 1.57 2.35 1.55 1.35 0.69 0.81 1.09 1.14 1.28 1.38 2.31
Ce 4.01 4.90 3.67 2.87 1.69 2.27 358 3.82 4.14 3.92 6.70
Pr 0.54 0.54 0.41 0.33 0.26 0.48 0.70 0.68 0.72 0.65 119
Nd 2.56 2.03 1.61 1.30 1.38 2.50 4.04 4.05 4.15 3.58 6.46
Sm 0.67 0.42 0.38 0.32 0.54 1.16 1.82 1.47 1.64 1.53 2.49
Eu 0.18 0.13 0.13 0.14 0.28 0.53 0.67 0.68 0.65 0.67 0.84
Gd 0.67 0.31 0.30 0.42 0.97 1.91 2.8t 2.16 2.09 2.16 334
Th 0.08 0.05 0.06 0.08 0.20 0.39 0.55 0.43 0.41 0.42 0.69
Oy 0.62 0.50 0.56 0.59 1.59 2.84 3.81 2.90 3.08 312 468
Ho 0.13 012 0.15 0.14 0.39 0.65 0.87 0.59 0.70 0.68 1.02
Er 0.38 0.48 0.49 0.46 1.25 2.04 2.49 1.87 2.06 2.02 3.09
Tm 0.06 0.08 0.09 0.00 0.19 0.30 0.35 0.25 0.30 Q.31 0.45
Yb 0.49 0.67 0.69 0.58 1.33 2.06 2.48 1.77 1.96 1.91 2.84
Lu 0.09 0.1 0.12 0.09 0.22 0.29 0.34 0.24 0.31 0.31 0.38

n-a




Sample CL-19-22 CL-19-23 WA-08 WA-15 cl-92-14 CL-02-03 CL-03-05a CL-09-02 CL-12-04 CP-24-10
Si02 56.63 53.57 54.10 53.25 47.94 51.06 55.06 64.96 53.82 57.54
Tio2 1.20 1.08 1.22 1.24 . 1.20 1.62 1.43 1.09 1.27 0.86

Al203 16.76 14.88 16.00 15.76 10.93 18.91 16.50 14,93 17.82 16.19
FeO* 9.75 10.62 11.01 11.41 13.92 11.18 12.09 mnm 1252 8.37
MnO 0.12 0.19 0.15 0.20 . 0.25 0.17 0.22 0.15 0.15 0.15
Mgo 4.60 5.32 6.02 6.71 . 10.61 5.98 3.90 1.81 6.54 4.72

Ce0 4.94 9.68 5.58 6.37 . 11.58 6.34 4.08 259 . 5.14

Na20 4.70 4.51 5.21 4.86 . 3.08 6.32 6.35 6.51 . 6.87
K20 1.25 0.06 0.55 0.14 . 0.41 0.28 0.29 0.1 . 0.03
P205 0.05 0.09 0.06 0.14 0.08 0.16

5 2.9 38 . 4.7 2.0 3.1
2 49.4 51.2 . 57.6 48.8 36.5 295

Lot an
Mg # 45.7 4

5.
7.

Cr 16 176
Ni S0 29
Sc 41 46
\4 351

Rb 2
Ba 58
Sr 71
Nb K . . . . 1.0
71
28

CwoONG -
NN OOm -0
VAR DO-Om




Sample WA-13 WA-14 WA-19 WA-22 WA-23 WA-24 0107 ws-30 wa-nn-1 was-d44 CP-03-03
$i02 55.77 54.386 49.55 56.40 55.37 54.60 48.38 52.28 49.09 54.21 54.41
Tio2 1.30 1.17 1.60 1.05 1.09 1.24 0.78 0.62 062 0.55 1.28

AI203 15.51 16.86 15.99 16.21 16.11 15.51 12.88 15.48 13.22 16.38 16.00
FeO* 11.29 10.83 15.94 10.05 10.85 12.00 12.36 10.85 10.17 9.02 12.11
MnO 0.20 0.18 0.25 0.20 0.23 0.23 0.43 0.20 0.20 0.14 0.23
MgO 4.72 5.18 6.04 4.91 5.01 4.86 11.79 9.09 1452 8.27 5.53
Ca0 5.14 7.00 6.23 446 5.37 6.02 10.36 7.39 8.01 8.26 7.32
Ne20 5.77 3.80 4.23 6.43 5.64 5.22 2.43 3.89 3.35 294 2.16
K20 0.16 0.45 0.04 0.1 017 0.12 0.55 0.48 0.79 0.74
P205 0.16 0.16 0.14 0.18 0.16 0.06 0.03 0.03 0.18

Lol 1.9 2.6 2.9 2.0 23 2.1 2.0

Mg # 427 46.0 40.3 46.6 45.1 41.9 63.0 . 7.8 44.9

Cr 303
Ni 37 171
Sc 44 43
v 335

Rb 7 17

Ba 131

Sr 158

Nb . . . . . . R . 1.9
Zr 41
Y

Th




Sample CP-12.03 CP-1€-04 CP-18-06a CP-29.06 CP-31-16 CP-32-11 CL-LR-2 cl-92-1% CL-14-06 CL-22-10 MM-01-01
Si02 53.13 49.67 63.64 50.60 59.57 51.91 53.06 50.28 45.62 50.15 51.62
Tio2 1.03 1.19 0.97 0.93 0.78 0.63 1.23 1.19 0.5% 0.69 0.81

Al1203 17.75 17.9 16.38 17.57 14.32 16.99 16.45 12.95 16.77 14.03 16.75
FeO* 11.95 13.27 6.19 10.96 9.28 10.64 12.77 15.30 7.63 11.53 9.66
MnO 0.19 0.17 0.16 0.16 0.14 0.18 0.16 0.42 0.18 0.17 0.18
MgO 3.86 6.13 2.34 6.65 3.47 6.85 6.07 8.13 4.75 9.73 5.98
Ca0 . 7.9 5.40 8.79 4.28 10.23 4.48 8.48 22.36 11.27 10.32
Na20 . 3.38 4.39 4.22 6.50 221 562 273 2.01 2.32 382
K20 . 0.18 0.30 0.03 1.05 0.25 0.07 0.47 0.05 0.07 0.70
P205 E 0.19 0.24 0.10 0.12 0.c8 0.05 0.09 0.04 0.16

LOI . 3.
Mg # . 45,

2 2.6
1

1 1.1 3.0 5 114 4.3
403 52. 9

7 4 4.
0 40.0 53.4 45. 48.6 52.6 60.1 52.5

Cr 21 86
Ni 19
Sc a4 34
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Rb
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Y
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Sample ¢I-22-10h CL-13-10 CL-19-14 CL-20-05 CL-20-08 CL-24-06/8 CL-24-10d CL-24-17a CL-19.05 CL-20-06 CL-21-01

Si02 45 .40 48.10 50.83 49.70 54 03 52.16 52.90 4998 51.47 53.46 5082
Ti02 0.67 0.76 0.86 0.36 1.00 0.76 0.69 0.83 1.18 0.71 0.86
Al203 13.45 20.39 21.36 19.3¢ 18.27 18.89 13.72 20.56 20.21 17.53 20.52
FeO* 13.12 8.99 8.49 10.21 10.47 9.13 7.64 9.94 11.21 8.72 950
MnO 0.23 017 0.14 0.17 0.14 0.17 0.13 0.14 0.17 0.15 0.17
MgO 9.45 3.55 n 510 3.24 3.69 2.98 419 3.12 492 3.'0
. Ca0 16.50 13.70 9.24 9.70 8.33 10.99 11.83 8.05 8.09 11.97 11.88
' Na20 110 3.31 3.35 2.95 362 2.38 2.72 4.76 3.22 2.26 251
K20 0.07 0.87 1.84 1.70 0.67 1.556 1.22 1.33 1.12 0.14 0.46
P205 0.01 0.16 0.18 0.25 0.23 0.18 017 0.22 0.21 0.13 0.18
Lot 5.5 2.3 5.2 6.2 9.7 6.9 7.9 34 6.6 +.7
Mg # 56.2 41.3 43.8 471 35.5 41.9 41.0 429 33.2 50.1 36.8

Cr 187 13 37 90 9 12 26 47

Ni 58 5 13 32 7
Sc 39 34 32 37 27 39 35 32
v 351 304 327 301 192 347 266 345 362 256 277
Rb 1 22 61 34 12 41 25 27 38 2 7

Ba 51

Sr 522 3z4 413 2N 335 256 269 320 528 343 an
Nb 0.7 1.0 1.1 1.2 1.6 1.0 08 1.2 3.2 1.7 1.4
2 19 56 65 65 72 55 46 61 104 91 381
Y M 17 28 24 22 19 15 19 32 22 23
Th 0.89 2.55 3N 3.69 3.76 2.87 2.46 3.43 6.20 2.93 3.92
La 4.11 9.25 11.00 12.85 12.31 7.92 8.47 11.31 21.48 10.78 14.33
Ce 853 17.88 22.65 27.14 25.96 16.42 17.41 23.99 43.93 21.38 28.99
Pr 1.16 2.46 2.88 344 3.36 2.16 2.29 3.01 5.81 2.85 3.79
Nd 5.39 10.38 12.73 14.60 14.33 9.23 259 12.77 24.18 1153 15.21
Sm 1.54 2.5% 3.1 3.64 3.62 2.45 251 3.28 5.67 3.06 3.90
Eu 053 0.70 0.94 0.87 1.16 0.78 0.75 1.18 1.34 0.76 1.09
Gd 1.81 3.30 3.64 4.34 4.32 3.03 2.68 3.99 4.67 3.02 4.02
Tb 0.27 0.51 0.50 0.62 0.61 0.49 0.40 0.56 0.77 052 0.61
Dy 2.07 3.07 3.27 3.77 3.87 3.17 2.61 3.48 4.84 3.30 3.80
Ho 045 0.66 0.67 0.88 0.87 0.70 0.54 0.74 1.00 0.71 0.78
Er 1.32 2.1 2.05 2.22 2.36 1.87 1.60 1.95 3.27 2.18 2.41
' Tm 0.00 0.27 0.29 0.31 0.33 0.28 0.22 0.31 0.443 0.31 0.34
Yb 1.16 1.86 2.03 2.04 2.34 2.01 1.44 1.96 2.89 2.1 2.26
Lu 0.18 0.30 0.31 0.31 0.32 0.28 0.22 028 0.44 0.30 0.33




Sample CL-21-06s CL-22-07 CL-24-06/1 CL-24-06/5 CL-24-13a CL-19-03 CL-20-06 CcL-21-0n CL-21-06a CL-2207 CL-24-06/1

S$i02 60.54 55.55 63.36 59.89 56.40 51.47 53.46 50.82 60.54 55.55 63.36
Ti02 0.88 0.94 0.95 0.97 0.94 1.18 0.7 0.86 0.88 0.94 0.95
AI203 15.97 19.88 15.41 14.03 18.45 20.21 17.53 20.52 15.97 19.88 15.41
FeO* 10.37 6.67 711 10.76 8.93 11.21 8.72 9.50 10.37 6.67 7.11
MnO 0.14 0.13 0.29 0.25 0.47 0.17 0.15 0.17 0.14 0.13 0.29
MgO 3.48 2.54 2.49 2.33 257 3.12 4.92 3.10 3.48 2.54 2.49
CaO 4.05 9.49 4.66 7.18 6.46 8.09 11.97 11.88 4.05 9.49 4.66
Na20 4.26 3.85 4.12 3.64 4.04 3.22 2.26 251 4.26 3.85 4.12
K20 0.08 0.75 1.22 0.53 1.48 1.12 0.14 0.46 0.08 0.75 1.22
P205 0.24 0.20 0.39 0.42 0.26 0.21 0.14 0.18 0.24 0.20 0.39
Lol 2.6 1.8 4.7 6.6 4.3 3.4 6.6 4.7 2.6 1.8 4.7
Mg # 37.4 40.4 38.4 27.8 33.9 33.2 50.1 36.8 37.4 40.4 384
Cr 47
Ni 7
Sc 37 28 39 35 32 37 28
\4 119 231 397 256 362 256 277 110 231 397
Rb 2 19 44 18 38 2 7 2 19 44
Ba
Sr 209 428 133 128 528 343 LY) 209 428 133
Nb 2.1 2.7 1.6 1.5 1.6 3.2 1.7 1.4 2.1 2.7 1%
Zr 91 97 88 99 52 104 91 81 91 97 86
\ 4 33 26 32 38 22 32 22 23 33 26 32
Th 4.77 4.12 5.14 5.03 3.77 6.20 2,93 3.92 4.77 4.12 5.14
La 15.02 15.83 15.26 16.98 17.63 21.48 10.78 14.33 15.02 15.83 15.26
Ce 3481 31.63 32.72 36.42 36.73 43.98 21.38 28.99 3481 31.63 32.72
Pr 461 4.20 4.24 4.67 4.51 5.81 2.85 3.79 4.61 4.20 4.24
Nd 18.57 16.82 18.59 20.18 17.69 24.18 11.53 15.21 18.57 16.82 18.59
Sm 4.82 4.1 4.62 5.26 4.28 5.67 3.06 3.90 482 4.1 4.62
Eu 1.49 0.81 1.35% 1.34 1.64 1.34 0.76 1.09 1.49 0.8 1.35
Gd 4.82 N 5.67 5.68 4.12 4.67 3.02 4.02 482 3N 5.87
Tb 0.79 0.61 0.90 0.94 0.64 0.77 052 0.61 0.79 0.61 0.80
Dy 5.3 3.76 5.33 6.08 408 4.84 3.30 3.80 5.34 3.76 5.33
. Ho 1.1% 0.77 1.16 1.33 0.91 1.00 0.7 0.78 1.15 0.77 1.16
Er 3.00 249 3.33 3.9 250 3.27 218 2.41 3.00 2.49 3.33
Tm 0.43 0.34 0.47 0.52 039 0.44 c.31 0.34 0 44 0.34 0.47
Yb 2.97 2.33 3.14 3.585 238 2.89 2.1 2.26 297 2.33 3.14
Ltu 0.41 0.35 0.49 0.50 0.36 0.44 0.30 0.33 041 0.3% 0.49

o
.




Sample CL-2406/5 CL-16-12 ¢l-06-08 CL-11-11a

Si02 59.89 51.13 49.55 50.42
Ti02 0.97 0.61 1.0} 0.91
AI203 14.03 15.54 16.81 12.86 .
FeO* 10.76 7.72 9.36 11.61
MnO 0.25 0.26 0.17 0.20
MgO 2.33 6.60 5.63 10.81
Ca0 7.18 14.67 11.79 10.26
Na20 3.64 3.14 3.50 1.48
K20 0.53 0.24 2.07 1.22
£205 0.42 0.09 0.1 0.25
Lol 6.6 7.4 10.0
Mg # 27.8 60.4 51.7 62.4
Cr 82 27 368
Ni 63 19 112
Sc 32 as 53
v 256 261 408 552
Rb 18 3 32 34
Ba 182
Sr 128 367 339 225
Nb 1.5 3.0 2.8 238
Zr 99 50 7 72
Y 3s 1" 15 19
Th 5.03 1.42 2.54 4.19
La 16.98 7.26 10.81 13.45
Ce 36.42 14.99 25.54 30.09
Pr 4.67 1.84 3.22 3.98
Nd 20.18 7.56 13.88 12.30
Sm 5.26 1.75 3.54 4.04
Eu 1.34 0.55 1.02 1.28
Gd 5.68 2.12 3.36 4.47
Tb 0.94 0.29 0.49 0.60
Dy 6.05 2.02 3.16 3.22
Ho 1.33 0.44 0.59 0.65
Er 3.91 1.28 1.66 1.65
Tm 0.52 0.16 0.00 0.23
Yb 3.56 1.19 1.60 1.60
Lu 0.50 0.18 0.22 0.22

ma-a




APPENDIX D - TABLE 2 - CL AND CP SAMPLES

Sample CL-01-14 CL-01-14a CL-16-01 CL-16-08a CL-0408a CL-LR-1a CL-19-20b/1CP-22.14 CP-30-07 CP-33-05

$i02 52.17 57.38 53.65 52.07 51.64 55.98 46.49 52.11 57.69 58.43
Ti02 2.29 1.25 1.59 1.79 1.63 0.21 1.16 1.38 0.62 0.83
AI1203 16.77 17.93 17.02 14.15 14.40 9.62 10.74 12.74 15.60 15.04
FaO* 11.64 6.40 10.78 11.67 12.70 8.38 9.06 11.89 10.73 11.48
MnQ 0.11 0.1 0.20 0.21 0.22 0.17 0.16 0.27 0.24 0.15
Mgo 3.85 3.69 4.50 5.29 6.24 12.31 14.02 8.10 11.14 4.61
Ca0 6.49 4.87 6.48 12.40 8.53 10.22 14.37 8.97 0.68 432
° Na20 5.91 7.61 5.58 2.13 3.46 2.84 0.19 3.60 3.18 4.97
X20 0.15 0.32 0.08 0.03 0.90 0.27 2.62 0.16 0.02 0.03
P205 0.62 0.45 0.12 0.26 0.29 0.01 1.19 0.17 0.10 0.14
Lot 5.6 4.3 2.4 1.9 1.8 7.6 1.9 5.4 5.7
/ Mg # a7.1 50.7 427 447 46.7 72.4 73.4 54.8 64.9 417
!
/ | Cr 14 2N 688
/ Ni 9 9 9 120 304
! Sc 45 13 42 a 58 70 26 as 36 33
: v 537 89 396 384 431 216 297 526 429
' Rb 3 3 2 18 1 38 1 1
8a 153 27 12 13
Sr 3N 435 76 364 319 53 440 149 22 92
Nb 15.3 145 18 10.0 4.7 0.4 8.4 4.0 5.2 3.2
2r 182 232 84 178 138 20 289 103 101 79

Y 49 16 34 37 35 6 34 38 13 16




APPENDIX D - TABLE 3 - NON-ARC VOLCANICS

Sample CL-19-20 CL-19-29 CL-19-30 CL-19-24 CL-01-14 CP-33-19 JLB-07 WA.3344 CL-04-15 CL-0806 CL-1004 CL-10-12b
$i02 54.98 4767 52.63 52.12 52.17 51.22 49.76 50.88 49.10 51.01 51.04 45 57
Ti02 1.22 0.79 1.1% 1.93 2.2%9 1.74 1.33 1.48 1.09 1.33 1.40 1.25

Al203 16.30 19.04 15.80 15.34 16.77 14.59 15.15 15.44 2019 15.90 15.88 15.51
FeO* 12.04 717 8.84 11.23 11.64 10.89 10.01 10.21 7.60 9.75 9.86 18.37
MnO 0.14 0.13 0.16 0.13 0.11 0.22 0.15 0.21 0.13 0.17 0.17 0.16
MgO 5652 6.14 6.60 4.3% 3.8% 6.62 6.35 662 6.54 1.27 6.98 7.54
Cal 4,82 14.73 10.21 9.77 6.49 10.86 12.41 11.28 11.98 11.72 10.99 7.49
Na20 4.61 3.77 4.21 4.04 5.91 3.54 2.31 359 2.88 2.55 343 3.66
K20 0.10 062 0.27 0.88 0.15 0.17 2.44 0.15 0.41 0.2} 0.12 0.35
P205S 0.27 0.10 0.14 0.20 0.62 0.16 0.08 0.14 G 068 0.10 0.13 0.10

LOt 6.4 71 4.3 1.9 5.6 1.7 3.4 34 2.8 2.0 30 44
Mg # 45.0 60.4 571 40.8 371 52.0 53.1 53.6 60.5 67.1 558 42.2
Cr 161 280 255 34 222 367 96 202 74 191 211
Ni 86 63 85 25 29 69 30 64 16 35 n
Sc¢ 49 25 34 44 45 56 a7 39 42 47 48
v 343 186 289 372 537 357 310 311 197 273 299 278
. Rb 2 10 7 25 3 2 ) 3 7 5 1 6
Ba 27 24
Sr 137 246 150 199 3n 256 175 232 344 265 244 311
Nb 7.2 43 7.0 7.3 16.3 29 2.0 3.2 1.6 3.1 23 1.9
44 81 55 70 177 182 114 87 114 85 104 102 103
Y 32 17 24 47 49 34 28 36 18 25 26 22
Th 0.57 0.33 0.46 0.45 3.12 0.19 0.14 0.35 0.16 0.23 0.26 0.17
La 7.00 4.34 5.31 6.05 28.46 4.09 2.90 4.22 3.43 4.61 4.51 3.68
Ce 15.00 9.26 12.63 16.62 60.20 12.96 8.43 12,52 9.58 12.32 12.47 10.85
Pr 2.28 1.42 1.75 2.75 7.43 2.14 1.55 2.08 1.65 2.14 2.15 1.74
Nd 10.87 6.14 8.34 13.56 32.06 11.84 8.03 10.82 8.04 10.42 10.76 8.40
Sm 3.28 1.86 2.54 453 7.49 3.93 2.77 3.72 2.48 3.19 3.58 2.58
Eu 1.1 0.68 0.89 1.78 2.32 1.57 1.09 1.44 0.98 1.13 1.31 1.10
Gd 3.82 2.23 3.31 6.42 7.84 5.28 3.13 4.78 2.78 3.95 4.03 3.36
Th 0.73 0.41 0.59 t.15 1.24 0.98 0.62 G.95% 0.54 0.74 0.77 0.62
Dy 4.68 2.77 4.03 7.64 7.99 6.28 4.31 6.18 357 452 493 3.90
Ho 1.00 0.57 0.90 1.69 1.65 1.22 0.93 1.38 0.74 0.95 1.03 0.80
Er 293 1.86 2.51 4.21 488 3.74 2.60 3.87 2.23 2.79 3.03 2.12
Tm 0.41 0.25 0.36 0.55 0.69 0.51 0.39 0.56 0.30 0.36 0.41 0.27
Yb 2.69 1.59 2.30 3.77 452 3.32 2.35 3.53 1.98 2.40 2.55 1.86

Lu 0.40 0.24 0.30 0.49 0.67 0.47 0.36 0.56 0.26 0.33 0.39 0.24




Sample WA-21 CL0106a CL01-10 CL-10-03 CL-16-05a/1CL-07-11 CL-09-06 CL-12-01 CP-01-08a WA-01 WA-16 CL-07-11
$i02 48.18 51.81 56.39 56.73 49.56 49.16 50.57 50.53 48.84 50.63 49,51 49.16

Tio2 1.43 219 2.18 2.49 1.74 1.70 2.12 1.98 1.74 2.26 1.55 1.70
AI203 16.41 14.53 12.79 13.63 14.86 17.56 15.05 14.21 15.41 13.86 16.33 17.56
FeO* 10.74 12.44 12.47 1253 11.27 10.42 11.37 11.95 10.22 13.53 10.23 10.42
MnO 0.19 0.23 0.22 0.19 0.20 0.7 0.19 0.21 0.18 0.21 0.19 0.17
Mgo 7.93 5.39 4.33 4.52 6.67 5.43 7.29 6.79 7.30 6.96 7.60 5.43
Ca0 i245 8.15 7.00 5.09 11.29 12.37 9.65 10.72 12.07 7.61 10.93 12.37
Na20 2.02 4.72 4.19 4.37 4.12 2.68 3.41 2.72 3.94 4.51 317 2.68
K20 0.49 0.16 0.18 0.12 0.11 0.32 0.07 0.69 0.10 0.07 0.36 0.32
P205 0.16 0.38 0.24 0.33 0.19 0.19 0.27 0.20 0.20 0.35 0.15 0.19
Loi 2.5 1.7 24 24 3.2 2. 3.6 2.7 298 28 2.3 2.0
Mg # 56.8 43.6 38.2 39.1 51.4 48.1 53.3 50.3 56.0 47.8 57.0 481
Cr 218 55 17 143 §5 214 182 117
Ni 84 10 33 35 23 36 7 50 a3
Sc 49 51 44 40 49 38 41 45 49 43 41 38
\J 320 372 490 454 334 322 393 405 326 427 309 322
Rb 12 2 6 1 10 1 6 6
Ba 51 48 20 155
Se 238 209 183 238 170 288 234 273 255 152 347 288
Nb 2.7 5.4 5.8 8.3 4.6 5.5 1.4 7.4 5.9 1.1 5.5 5.5
2r 98 167 174 222 130 116 141 141 119 158 104 116
Y 25 41 42 53 31 29 26 32 30 41 27 29
Th 0.28 0.41 0.68 092 043 0.48 1.03 0.60 0.49 1.27 0.56 0.48
Ls 4.61 7.47 8.85 11.51 6.7 7.94 12,22 8.90 7.01 13.15 6.99 7.94
Ce 13.25 2121 23.77 31.30 18.70 19.42 29.32 22.67 20.26 33.47 19.34 1942
Pr 2.1% 3.30 3.76 489 2.86 2.98 4.05 EI3 3.00 4.47 2.74 2.98
Nd 11.23 15.97 18.36 23.26 14.56 13.72 17.92 14.99 15.03 21.41 14.01 13.72
Sm 3.38 4.98 5.69 6.99 4.17 4.18 482 4.23 4.38 5.83 3.e8 4.18
" 1.33 2.00 1.80 203 1.74 1.48 1.56 1.78 1.69 212 1.48 1.48
Gd 4.14 6.83 £.88 7.83 5.67 4.51 4.46 5.42 5.05 679 4.51 4.51
Tb 0.77 1.13 1.14 1.10 0.95 0.82 0.74 0.92 0.89 1.16 0.78 082
Dy 4.81 7.18 7.31 9.28 5.88 5.05 453 5.52 5.77 7.50 5.02 $.05
Ho 1.07 1.57 1.52 1.91 1.29 1.03 0.89 1.15 1.18 1.61 1.09 1.03
Er 2.69 4.19 4.86 5.89 3.30 3.01 280 2.37 3.15 4,08 2.92 3.01
Tm 0.38 055 0.68 086 0.42 0.42 0.36 0.40 0.41 0.56 0.41 0.42
Yb 2.37 3.50 4.23 5.37 2.7 2.80 2.32 2.47 272 3.54 2.58 2.60
Lu 0.34 0.51 0.59 082 0.36 0.39 034 034 0.%7 0.50 0.38 0.39 C
]




APPENDIX D - TABLE 4 - TRANSITIONAL VOLCANICS

Sample CL-01.14 CL-16-01 CL-16-08a CL-10-11a CL-16-02 CP-09-01 WA-12 WA-10 CL-11.12a CL04.04a CPHDO1
S102 52.17 53.65 52.07 55.64 49.16 5225 43.60 £3.52 46.52 58 7C 53 43
Ti02 2.28 1.59 1.79 1.30 1.26 1.55 1.56 169 1.31 1.42 A
Al203 16.77 17.02 14.1% 14.62 17.48 13.61 15.62 1447 19.36 16.12 ‘602
FeO* 11.64 10.78 11.67 9.73 8.7 954 11.36 10.87 9.68 310 3 38 !
MnO o.n 0.20 0.23 0.16 0.20 0.20 0.20 0.*7 0.18 0.6 oid 1
MgO 3.85 4.50 5.29 6.58 10.46 6.75 7.10 582 9.27 3.76 S0
Ca0 6.49 6.48 12.40 8.96 9.12 1118 11.02 8.07 1047 815 7.64
Na20 5.91 5.58 2.12 2.63 3.24 4.46 3.25 4.82 2.95 2.58 6.2°
K20 0.15 0.08 0.03 0.25 0.24 0.25 0.12 0.3 0.13 G.84 0.23
P205 0.62 012 0.26 0.12 0.12 0.20 0.18 022 0.14 0.17 0.23
Lol 5.0 4.3 2.4 3.2 3.8 23 2.7 2.7 35 2.5 5.6
Mg # 371 42.7 44.7 54.7 68.2 55.8 52.7 48.8 631 483 433
Cr 22 46 128 199 16 340 42
N 9 13 24 41 47 " 174 12
Sc 45 42 41 46 37 52 49 44 43 39 3z
v 537 396 384 284 275 334 354 382 240 300 23%
Rb 3 2 3 26 2 1 3 2 13
Ba 145 50 45 46 15 249 51
Sr 37 76 364 226 267 141 200 159 264 287 149 :
Nb 15.3 1.5 10.0 3.1 3.5 4.3 4.6 5.8 2.1 7.3 66 ~
Zr 182 84 178 121 105 112 111 142 104 148 i28
Y 49 34 37 29 23 28 29 36 21 37 !
.- Th 3.12 0.20 1.39 0.47 0.67 G.79 0.64 1.09 0.36 1.97 2.07
Lla 28.46 2.56 13.63 5.89 6.03 €.74 7.26 10.23 3.88 11.87 12.29
Ce 60.20 8.08 32.18 16.14 16.68 17.70 19.81 26.32 11.97 29.05 30.96
Pr 7.43 1.35 438 2.60 2.54 2.65 2.93 3.78 1.92 3.90 .21
Nd 32.06 7.72 18.92 13.46 12.08 13.29 14.48 17. 1N 9.28 18.11 18.57
Sm 7.49 2.75 5.18 3.89 3.42 3.87 4.15 4.97 297 494 5.10
Eu 2.32 1.10 1.96 1.29 1.40 1.22 1.45 1.75 1.21 1.69 1.83
Gd 7.84 4.32 6.21 4.26 4.28 a.n 4.08 5.93 4.26 5.91 6.01
Tb 1.24 0.77 1.00 0.83 0.72 0.78 0.53 1.01 0.70 0.96 0.95
Oy 7.99 5.00 6.56 5.09 462 5.20 5.24 6.46 457 6.22 6.03
Ho 1.65 1.1% 1.39 1.04 0.91 1.08 1.12 1.34 0.96 1.37 1.23
Er 4.88 3.16 3.47 3.15 2.67 3.06 3.16 3.88 2.54 3 58 3.65
Tm 0.69 0.43 0.46 0.42 0.39 0.45 0.45 0.55 0.33 0.49 0.50 o
Yb 452 2.97 2.90 2.80 2.44 2.87 2.86 3.45 2.14 3.48 3.13 B
Lu 0.67 0.40 0.38 0.42 0.35 0.41 0.42 0.53 0.28 0.51 0.41 X,




Sample WA-03

Si02 57.02
Ti02 1.20
Ai203 15.16
FeO* 7.92
MnO 0.14
MgO 5.78
Ca0 9.14
- Na20 2.77
N K20 0.70
P205 0.17
Lol 1.9
Mg # 56.5
Cr 140
Ni 50
Sc 32
v 211
Rb 10
Ba 202
1 Sr 227 I
- Nb 6.8
" Zr 142
\ 33
Th 2.07
La 1.11
Ce 26.
Pr 3.66
Nd 17.¢3
Sm 159
Eu 142
Gd <96
Tb 0 86
Dy 872
Ho 1.27
Er 228
Tm Q.49 o
Yb 328 y
Lu Q.3 z.




APPENDIX D - TABLE 5 - ARC INTRUSIVES

Sampie JLB-02 JLB-04 JLB-02 JLB-04 CL-01-01a CL-06-06a CL-19-27 CL-06-05 CL-19-27a CL-07-03 CL-16-02b
Si02 47.42 €1.85 47.42 61.85 58.30 52 63 50.06 5353 58.22 57 3¢ 52 88
Tio2 0.11 017 0.11 0.17 0.77 0.61 0.25 024 077 * 00 146

AI203 11.55 11.09 11.55 11.09 14.79 16.52 14.08 16.79 1318 1548 18.03
FeO* 12.34 9.12 12.34 9.12 10.34 9.21 527 6.82 11.77 11.56 a 28
MnO 0.28 0.17 0.28 0.17 013 0.10 0.13 0.23 0.24 .09 017
Mg0O 19.51 8.07 19.51 8.07 4.35 7.75 13.62 9.81 482 1048 652
Ca0O 8.44 7.52 8.44 7.52 1.2 8.32 14.75 7.65 9.97 5.43 233
Na20 0.18 0.97 0.18 0.97 0.06 4.35 1.24 4.04 1.98 387 235
K20 0.17 1.03 0.17 1.03 0.0 0.44 1.21 054 0.04 1.03 1.33
P20S 0.01 0.01 0.01 0.01 0.04 0.06 0.00 0.04 0.0% 0.14 0.06

LOI 8.1 2.6 8.1 2.6 38 1.7 32 33 5.8 26 25
Mg # 73.8 61.2 73.8 61.2 42.9 60.0 815 71.8 42.2 35 4 55.6
Cr 1726 289 1726 289 52 205 176 4
Ni 516 74 516 74 6 6 108 84 24
Sc 57 46 57 46 28 55 55 41 43 45 36
v 297 286 297 286 361 338 177 253 37 361 272
Rb 1 1 1 4 17 7 2 23 26
Ba 8 8
Sr 6 103 6 103 100 216 164 177 113 250 265
Nb 0.7 1.2 0.7 1.2 0.7 0.3 0.1 0.3 0.9 2.€ 1.3
2r 14 3 14 23 41 32 12 30 61 80 34
Y 3 4 3 4 20 14 7 9 3¢ 20 12
Th 0.30 0.36 0.30 0.36 0.2 0.15 0.02 0.24 0.68 0.71 0.50
La 0.94 1.28 0.94 1.28 1.66 1.07 0.44 1.35 3.37 5.64 3.03
Ce 2.29 2.90 2.29 2.90 4.21 2.68 0.87 3.23 9.57 15.54 7.06
Pr 0.28 0.35 0.28 0.35 0.72 0.44 0.1 0.46 1.42 2.14 1.05
Nd 1.20 1.47 1.20 1.47 3.77 2.43 0.99 2.29 7.50 10.62 441
Sm 0.32 0.37 0.32 0.37 1.54 0.98 0.47 0.88 2.64 3.13 1.36
Eu 0.08 0.10 0.08 0.10 0.56 0.47 0.26 0.36 0.92 1.21 0.59
Gd 0.29 0.31 0.29 0.31 2.34 1.73 0.72 1.2 3.44 4.29 1.96
Tb 0.05 0.06 0.05 0.06 0.46 0.33 0.15 0.24 0.66 0.69 0.31
Dy 0.44 0.52 0.44 0.52 3.43 2.32 1.10 1.80 4.86 4.79 2.19
Ho 0.12 0.13 0.12 0.13 0.83 0.55 0.25 0.40 1.06 0.98 0.46
Er 0.39 0.45 0.39 0.4% 2.28 1.56 0.69 1.26 3.09 2.85 1.25
Tm 0.07 0.08 0.07 0.08 0.35 0.22 0.09 .20 0.45 0.33 0.19
Yb 0.50 0.60 0.50 0.60 2.50 1.56 0.62 1.32 2.83 2.54 1.23 o
Lu 0.08 0.10 0.09 0.10 0.36 0.24 0.09 0.19 0.37 0.34 0.18 é
<




Semple A112b BS-5 JLB-08 WB-1 CL-LR-1a CL-01-01a CL-06-06a CL-19-27 CL-06-05 CL-19-27a CL-24-16c/2

$i02 55 .64 52.21 61.48 57.91 55.98 58.30 52.63 50.06 53.54 56.23 62.71
Ti02 1.02 1.06 0.75 0.59 0.21 0.77 0.61 0.25 0.24 0.77 0.64
A1203 15.87 15.63 15.76 17.62 9.62 14,79 16.52 14.08 16.79 1414 16.43
feO* 7.01 6.78 5.65 6.82 8.38 10.34 9.21 5.27 6.92 11.77 4.60
MnO 012 0.17 c.11 0.10 0.17 0.13 0.10 0.13 0.23 0.24 0.09
MgO 8.18 8.85 5.88 5.61 12.31 4.35 7.75 13.02 9.91 4.82 4.55
Ce0 5.54 10.62 5.75 7.41 10.22 1.2 8.32 14.75 7.65 9.97 4.04
N~20 516 4.01 4.19 3.49 2.84 0.06 4.35 1.24 4.04 1.98 457
K20 1.26 0.32 0.11 0.38 0.27 0.0% 0.44 1.21 0.54 0.04 2.19
P205 0.22 0.35 0.32 0.06 0.01 0.04 0.06 0.00 0.04 0.05 0.18
" Lot 3.4 8.9 5.2 2.8 1.8 3.8 1.7 3.2 33 5.8 £.2
Mg # 67.5 69.9 65.0 59.4 72.4 42.9 60.0 815 718 422 628
Cr 495 317 170 271 52 205 176 181
Ni 179 160 89 120 6 6 108 g4 24
Sc 21 20 23 70 28 55 55 1 43 18
Vv 202 185 143 262 216 261 338 177 253 371 125
Rb 2 4 59 6 1 ’ 4 17 7 2 42
8a 323 270 487 122
Sr 391 1605 270 319 53 100 216 164 177 112 206
Nb 6.8 6.8 6.2 2.7 0.4 0.7 0.3 o1 032 03 20
Zr 114 127 139 77 20 41 32 12 20 61 124
Y 19 16 18 11 6 20 14 7 9 30 12
Th 280 456 499 1.89 0.10 c.21 0.1 0.02 24 0.€8 468
La 18.48 24.01 26.03 7 8% 0.85 166 1.07 0.44 1.25 3.27 12.51 .
. Ce 3983 53.42 57.09 17 55 2.87 321 2.68 0.87 222 9.57 23.46
Pr 4 83 651 6.63 228 0.41 G.72 0.44 o.21 C 45 1.42 2582
Nd 20.33 25.37 24.73 9 2¢ 2.03 377 2.43 033 229 7.50 ‘4.08 .
Sm 318 5.06 4482 215 0.70 1.54 038 ca n.88 2 64 z 90
Eu 117 1.51 1.07 c 6 0.22 CcE 0.47 0 25 oy ©.92 o84
Gd <06 4.93 258 223 0.7¢ P 1.72 6.72 * 28 244 2825
Tb 082 058 038 (olicle 0.'4 C 38 022 0.15 C 4 066 0325
Dy 3 B3 234 Z 85 .26 Q.97 a2 z2.22 SC T EC 4. 86 262
Ho 053 0 6% 057 N 0.:22 ce:z C .55 ¢ 23 245 1.06 T 2%
Er 28 + 7 152 - le 0.€5 ooz 38 .53 ©ZE .09 i
™™ 3 0.2s 222 c.-t 0.02 ¢ 2s C2z c.c3 e 045 58 -
Yb 202 182 18 T I8 C.63 p-s] © 26 CEz * 32 282 %93 -
Lu 232 023 oliale (oo 0.-z ¢ 38 o4 ook ] 23 027 L tE ',




Sample CL-LIP-1 B8S-01 CL-19-20c¢ CP-33-21a LBM- wg-3 CL-22-10b/2 MM-04-07 6 CL-24-13b CL-24-17b CL-24-13¢

Si02 6C.12 51.03 51.01 54 .96 49.79 48 63 54.34 52.41 57.19 54.99 60.73
Tio2 0.95 0.38 0.60 0.69 0.48 0.43 0.93 1.08 0.88 0.85 0.48
AlR203 16.70 13.51 14.14 18.43 17.93 8.23 20.34 20.54 19.24 18.76 16.9N
FeO* 5.50 10.19 9.23 14.00 9.03 9.39 8.50 8.20 8.41 9.92 6.80
MnO 0.10 0.18 0.16 0.20 0.16 0.17 0.10 0.26 0.21 0.21 032
MgO 433 2.64 10.97 7.04 8.06 1852 3 213 3.47 4.41 407
Ca0 6.85 12.10 11.06 0.35 11.32 14.21 555 8.30 3.64 6.05 5.25
Na20 4.13 1.81 2.49 4.00 2.9 0.18 6.19 1.62 566 2.44 258
K20 1.24 1.08 0.20 0.25 0.22 0.19 0.82 525 0.99 2.20 2.69
P205 0.08 0.07 0.13 0.09 0.09 Q.04 0.12 0.21 032 Q.17 Q.16
Lol 1.4 2.6 12.0 3.1 3.6 3.9 9.0 35 5.3 6.7
Mg # 58.4 62.8 67.9 47.2 61.4 77.8 395 316 42.4 44.2 51.6
Cr 78 609 1237 35
Ni 23 160 368
Sc 22 48 53 39 40 62 30 32 25
\4 164 318 307 289 279 3N 314 290 309 232
Rb 29 21 2 5 3 5 15 166 25 44 68
Ba 60 51 52
Sr 544 175 133 39 244 54 391 218 274 354 123
Nb 33 0.7 1.1 1.4 0.9 0.4 1.0 2.1 3.0 1.2 2.7
Zr 176 22 42 30 20 13 58 79 86 69 108
Y 17 9 14 12 12 8 16 22 26 22 22
Th 4.06 0.90 0.80 1.62 1.78 0.96 1.58 3.99 5.22 3.59 8.01
La 11.83 2.84 7.86 4.77 7.36 3.83 6.48 13.21 16.72 12.16 18.30
Ce 26.64 8.44 16.82 10.89 15.05 8.16 1411 28.06 37.88 25.56 39.19
Pr 3.36 1.10 2.14 1.45 1.79 1.14 1.85 3.63 4.99 K] 4.77
Nd 13.28 4.96 9.30 6.48 7.63 5.23 8.44 14.44 20.89 14.36 18.62
Sm 3.04 1.41 2.15 1.68 1.80 1.50 2.35 335 4.69 352 3.79
Eu 1.12 0.50 0.63 0.54 0.65 0.45 0.82 1.00 1.29 1.07 1.13
Gd 3.30 1.91 2.32 2.26 2.3 1.61 2.50 3.27 439 4.24 3.61
Tb 0.51 0.27 0.32 0.33 0.32 0.22 0.44 0.51 0.69 0.58 0.53
Dy 3.07 1.87 2.00 2.41 2.20 1.45 2.87 3.17 4.27 3.69 3.37
. Ho 0.62 0.40 0.39 0.51 0.43 0.31 0.60 0.67 0.93 0.79 0.73
Er 1.70 1.29 1.16 1.60 1.33 0.32 1.73 1.83 2.60 2.20 2.09
Tm 0.22 0.19 0.16 0.20 0.1 0.12 0.24 0.26 0.39 0.32 0.29
Yb 1.63 1.24 1.10 1.38 1.26 0.82 1.71% 1.89 2.46 2.18 2.01 o
Ltu 0.23 0.20 0.16 o.21 0.20 0.12 0.23 0.27 0.38 0.32 0.30 é




Sample CL-24-15b

Si02
Tio2

) Al203
/ FeO*
MnO
MgO
CaO
Na20
K20
P205

LO}
Mg #

Cr
Ni
Sc

\'

Rb
Ba
Sr
‘ Nb
5 Zr

61.67
0.86
16.58
7.38
0.17
2.62
3.85
4.00
2.81
0.36

4.8
38.7

83
70
143
4.2
149
9.05

28 37
61.25

30.30

an

347
0.%7
3.46
053

—
)
)
”
-




APPENDIX D - TABLE 6 - TRANSITIONAL AND NON-ARC (cp-92-53) INTRUSIVES

Sample CL-13-01a CL-19-19 wa-33 CL-24-18b/1 CP-23-19 CLO0408s CLO1-14a
$i02 50.88 49.56 51.03 53.34 56.30 51.64 57.38
Ti02 2.50 1.44 1.75 219 1.75 1.63 1.25

Al1203 15.22 16.73 14.77 15.54 15.09 14.40 17.93
FeO® 12.69 9.90 11.06 11.37 8.99 12.70 6.40
MnQ 0.20 0.17 0.17 .12 0.16 0.22 0.1
MgO 5.26 7.88 6.67 6.92 5.88 6.24 3.69
CeQ 8.68 12.63 9.89 6.11 €.81 8.53 4.87
Na20 3.33 2.04 3.70 2.49 3.33 3.46 7.6¢%
K20 0.83 0.53 0.77 1.67 1.30 0.90 0.32
P205 0.41 0.12 0.19 0.25 0.40 0.29 0.45

LOt 2.2 1.2 8.1 26 1.9
Mg # 425 58.6 51.8 52.0 53.8 46.7 50.7
Cr 20 145 58 189 14
Ni 8 11 47 29 86 9 9
Sc 31 37 46 26 58 13
v 307 301 323 494 229 431 89
Rb 12 85 1" 28 36 18 3
Ba 506 170 2N 153
Sr 358 299 313 170 32 319 435
Nb 10.9 5.2 7.8 53 7.0 4.7 145
Zr 222 7 120 138 152 138 232
Y 37 21 25 26 21 35 18
Th 1.81 0.82 1.43 1.96 456 0.76 5.39
La 15.40 8.25 10.71 13.63 16.42 8.50 26.10
Ce 39.21 19.91 25.40 31.18 36.48 22.07 59.18
Pr 5.38 2,78 3.48 4.17 4.69 3.40 7.23
Nd 23.77 13.01 15.78 18.39 19.81 15.38 28.90
Sm 5.97 3.55 4.18 4.75 4.79 4.66 5.48
Eu 2.22 1.25 1.35 1.64 1.75 1.97 1.69
Gd 6.64 4.13 4.70 5.41 4.75 6.20 4.48
Tb 1.10 0.66 0.68 0.89 0.73 1.04 0.60
Dy 6.88 3.98 4.7 5.36 4.38 6.89 3.24
Ho 1.44 0.79 0.93 1.15 0.89 1.44 0.59
Er 3.78 2.25 2.72 2,95 2.44 3.76 1.61
Tm 0.50 0.32 0.39 0.35 0.50 0.22
Yb 3.58 2.05 2.34 2.80 2.14 3.58 1.38
Lu 050 0.29 0.37 0.37 0.32 0.46 0.20

54.7

211
105

36
303

26
206
200

5.8
127

0.61

10.55
25.78
3.74
16.20
4.31
1.47
4.55
0.67
4.74
0.90
2.51

2.30
0.33

ax - g




APPENDIX D - TABLE 7 - FELSIC ROCKS

Sample CP-03-02b CP-05-05 CP-20-07j CP-2508 CP-28-15a JLB09 CP-28-15p CL-11-09 CP-09-06 CL-8R-?7 cL-18-00
§i02 75.58 77.96 76.€3 77.09 66.04 73.75 77.22 66.39 78.13 66.17 72.86
Tio2 0.21 0.08 0.25 0.04 0.33 0.08 0.16 0.59 0.08 0.29 0.29
Ai203 13.05 11.26 12.27 1.77 17.03 12.14 12.09 18.73 12.85 16.95 14.45
FeO?* 2.83 3.73 2.95 3.n 4.89 €.19 1.38 335 0.68 2.07 2.73
MnO 0.04 0.10 0.14 0.04 0.04 0.11 0.03 0.12 0.02 0.04 0.08
Mg0 1.25 2.13 0.73 2.74 2.46 1.37 0.38 0.85 1.5% 1.92 1.50
Ca0 1.00 0.25 1.38 0.06 0.19 1.08 1.33 1.49 0.21 3.00 1.84
Na20 2.61 4.14 4.00 3.75 6.50 5.20 5.46 5.99 6.03 6.17 3.78
. K20 3.64 0.22 1.60 0.73 2.48 0.04 1.94 4.34 0.35 3.32 243
P205 0.08 0.14 0.04 0.06 0.0% 0.04 0.01 0.15 0.09 0.08 0.05
Lot 2.7 2.0 3.8 2.1 1.9 2.4 1.3 3.0 1.1 0.8 2.2
Mg # 46.9 50.4 30.7 56.8 47.2 28.3 32.8 31 80.3 62.3 495
Cr 26
Sc 13 10 21 9 10 27 S 12 10 6 5
v 24 8 51 S0 43 25 7 41 15
Rb 38 4 27 13 36 1 19 95 7 47 78
Bs 441 63 58 349 265 53 399 76 688
Se 69 91 82 56 105 63 99 173 92 670 322
Nb 4.0 0.8 56 2.1 3.4 1.6 1.5 9.0 3.0 4.1 8.0
Zr 199 141 160 104 88 55 58 208 107 52 188
\J 37 10 23 12 14 1 10 40 14 3 23
Th 4.34 2.66 2.98 2.99 6.37 0.73 4.36 14.00 £.12 3.88 16.87
La 16.47 5.86 11.09 5.19 13.02 2.58 9.02 37.08 1852 17.02 24.11
Ce 35.34 14.16 26.59 9.88 25.74 5.92 18.41 82.57 29.43 35.63 48.41
Pr 4.28 1.81 3.33 113 2.76 0.73 2.04 10.45 3.74 4.41 5.88
Nd 17.39 8.4 15.77 3.96 10.63 3.17 7.69 41.14 13.62 17.63 20.83
Sm 4.11 2.00 4.04 0.91 2.32 0.86 1.44 8.09 2.68 3.3 3.868
Eu 0.75 0.50 1.07 0.20 0.60 0.26 0.38 2.18 0.46 0.77 0.23
Gd 4.08 1.9 3.52 1.04 2.52 0.92 1.74 7.55 2.56 2.22 3.62
Tb 0.68 0.26 0.60 o 0.37 0.16 0.26 1.07 0.41 0.18 0.45
Dy 4.66 1.54 3.87 1.44 2.47 1.27 1.62 6.37 2.60 0.76 2.89
Ho 0.96 0.40 0.30 0 34 0.56 0.29 0.42 1.29 0.57 on 0.61
Er 3.01 1.41 2.65 1.03 1.85 0.97 1.25 3.48 1.78 027 2.02
Tm 0.44 0.24 .42 0.15 0.31 0.16 0.22 0.51 0.29 0.03 0.33
Yb 3.1 1.96 3.1 1.1 2.03 1.1 1.83 an 1.98 0.21 2.32 v}
Lu 0.49 0.36 0.51 0.18 0.34 0.19 0.26 0.56 0.32 0.03 0.40 N
”
”<




Sample CL-19-11a CL-24.02 CL-24-03/2 CL-24-12¢ MM03.03b CL-19-06s CL-19-11b CL-2401b CL-SAP-1 90-2CC 1643324

8i02 77.06 72.32 70.84 68.56 73.13 70.28 69.84 69.25 68.74 69.66 77.38 .
Tio2 0.00 0.00 0.29 0.34 0.08 0.46 0.34 0.29 0.50 0.33 0.10 N
Aiz03 13.27 14 .83 17.79 15.63 14.22 16.27 16.02 15.84 15.94 15.13 12.14
FeO* 0.44 2.25 1.28 3.37 2.81 2.36 253 2.38 254 3.13 2.49
MnO 0.01 0.10 0.04 0.12 0.1 0.03 0.05 0.06 0.03 0.08 0.02
MgO 0.16 0.23 1.01 1.30 1.53 1.12 1.94 1.62 1.68 1.25 0.97 ‘
CaO 0.49 1.08 3.47 2.44 3.10 2.06 1.86 2.69 3.27 3.68 1.52
Na20 4.79 3.98 2.74 2.77 0.09 5.31 5.06 5.97 5.00 3.10 4.90
K20 3.79 5.22 248 5.36 4.9 2.03 2.27 1.79 2.22 3.54 0.44
P205 0.00 0.00 0.05 0.12 0.02 0.08 0.08 0.i0 0.09 0.10 0.04
LOI 0.8 1.2 3.7 4.3 5.2 3.0 28 3.6 2.7 1.7 1.2
Mg # 39.3 15.4 68.4 40.7 49.2 45.7 57.7 54.8 54.1 415 40.9
Cr 6 27 8 30
Sc 6 -] 4 8 4 6 7 8 10
v 4 38 48 1 52 57 52 55 22
Rb 48 181 61 124 144 51 87 64 Pl 108 3
Ba 936 424 229 1382 53
Sr 430 130 266 94 63 408 107 352 786 457 113
Nb 2.1 4.6 1.9 3.7 7.2 2.8 0.6 1.4 1.4 105 35
F 44 114 183 122 166 167 62 96 123 158 118 90
Y 7 28 13 21 25 6 6 9 9 16 8
Th 21.68 14.31 10.32 13.18 11.85 4.72 4.26 .91 5.22 14.50 4.14
La 32.42 36.99 22.99 25.91 34.15 13.11 9.53 13.65 16.69 35.15 8.63
Ce 52.87 76.32 36.55 50.31 70.59 27.83 21.55 28.63 34.08 66.75 17.42
Pr 5.13 8.90 3.22 5.67 8.19 3.30 2.44 3.26 3.99 7.08 1.94
Nd 15.39 30.60 9.75 18.98 29.00 12.96 9.83 12.29 14,54 24.06 7.14
Sm 2.39 5.60 1.68 3.60 4.9 2.48 1.85 2.22 2.83 4.04 1.83
Eu 1.05 0.43 0.87 1.01 0.67 0.66 0.67 0.87 o4 043
Gd 213 5.19 1.82 3.09 4.58 2.32 1.87 1.89 2.28 2.25 1.17
Th o1 0.71 0.27 0.45 0.62 0.22 0.25 0.24 0.32 0.34 0.20
Dy 1.26 4.27 1.88 2.86 3.69 1.43 1.23 1.31 1.78 2.61 1.40
Ho 0.26 0.90 0.43 0.61 0.76 0.25 0.26 0.25 0.32 0.51
Er 0.96 2.70 1.22 1.73 2.38 0.64 0.63 0.69 0.64 1.59 0.90
Tm 0.16 0.41 0.18 0.27 0.37 0.08 0.07 0.08 o.n 0.24
b 1.19 3.18 1.34 1.98 2.73 0.64 0.59 0.60 0.77 1.88 1.20 o
Lu 0.21 0.52 0.22 0.33 0.41 0.09 0.08 0.08 0.1 0.25 0.19 é




APPENDIX E
Structural Orientation Data

The data presented in this Appendix are referred to in Chapter 6 The
collected and compiled data are plotted on equal-area projection and lower hemisphere
stereo plots using a computer program Quickplot by 1) van Everdingen and J van Gool.
Orientations of planar and linear structural elements used in - this thesis are presented in
form of' dip->dip direction (azimuth) (¢ £.30-~180) - Both bedding and toliations data ae
plotted as poles to planes.

The structural observations for this study were carried out at mesascopic and
macroscopic scale. Structural data collected during the course of this study have heen
augmented by data from Macl ean (1947), Donohoe ( 1968), Sayeed (1970), Fleming
(1970). Marten (1971), DeGrace (1971), and Kean and Evans (1987)  Structural
orientation data are generally compiled for relatively large areas, that encompass many
geological structures that vary considerably in style and size  This has resulted m some
cases in poorly defined, locally nondescript clusters on some stercograms  The data sets
taken from the previous work mostly did not distinguish between different generations of
foliations, and are here presented as $2. For plotting, the dip angles of the orientation
data from the published sources , which are commonly rounded to multiphes of tive, were

increased or decreased by a random number between +2 and <2, i order o prevent

formation of biased maxima





























































