
SAMLE 1TO. 

SiD2. 

TiO2 

A1203 

Po203 

Fen 

En0 

CaO 

Na20 

K20 

P205 

LoI 
H2m 

TOTAL 

Oxidation Ratio 

Fest/Po0t + Mg0 

CaO/A1203 

Na/K 

Qx 
Co 
Or 

P1 
Ab 
An 

Hy 

Mt 

AP 
Di 

LNB 6 LNB 7 LID 8 LNB 10 

MDTA-GREYWACKE 

LND 12 	LID 15. LNB 16 IND 17 LNB 19 LED 21 LNB 22 

69.45 60.19 61.15 67.57- 60.78 68.43 61.27 64.66 75.87 66.87 58.49 

0.65 0.71 0.62 0.60 0.91 0.43 0.63 0.56 0.13 0.46 0.63 

14.92 17.06 17.87 15.69 17.18 14.85 16.16 14.76 11.87 . 	16.27 19.53 

0.14 0.65 0.29 0.14 0.45 0.18 0.30' 0.27 0.05 ' 	0.04 0.28 

3.92 5.45 5.11 3.97 5.36 3.43 5.34 5.29 1.54 2.01 4.72 

0.10 0.17 0.09 0.05 0.12 0.05 0.08 0.09 0.04 0.03 0.06 

0.73 3.26 3.58 1.81 2.41 1.60 3.20 2.53 1.13 2.43 2,88 

3.46 4.24 3.76 3.84 • 4.76 4.17 4.30 5.31 1.34 6.65 4.26 

3.95 3.57 2.24 3.46 3.11 4.39 3.79 4.01 2.20 4.41 4.55 

0.90 2.35 3.65 1.74 2.63 1.01 1.79 1.00 4.31 0.22 2.68 

0.16 0.19 0.39 0.25 0.28 0.15 0.23 0.12 0.03 0.21 0.33 

0.41 1.84 1.80 0.62 1.60 0.87 2.06 0.68 0.98 0.31 0.89 

0.09 0.13 0.09 0.07 0.11 0.07 0.17 0.11 0.05 0.04 0.10- 

99.31 99.22 100.69 99.81 99.71 99.63 99.32 99.39 99.54 99.95 99.64 

3.11 9.67 4.84 3.07 7.01 4.50 4.80 4.38 3.00 1.76 5.05 

0.85 0.65 0.60 0.69 0.71 0.69 0.64 0.69 0.58 0.46 0.63 

0.23 0.25 0.21 0.24 0.28 0.28 0.27 0.36 0.11 0.41 0.22 

3.91 1.35  0.55 1.78 1.06 3.87 1.73 3.58 0.45 17.81 1.52 

CIPW 	NORMS 

32.16 4.53 18.09 27.71 15.89 26.02 15.09 20.17 40.90 23.41 5.86 

1.54 . 4.33 1.73 1.23 - 0.72 41■ 	. 1.22 - 2.19 

5.32 13.87 21.57 10.28 15.54 5.97 10.58 5.97 25.47 1.30 15.84 

49.54 60.15 35.06 46.69 48.10 54.98 51.90 53.25 25.07 61.27 57.48 

33.42 43.75 18.95 29.28 26.32 37.15 32.07 33.93 18.62 37.32 38.50 

16.12 16.40 16.11 17.42 21.79 17.85 19.83 19.32 6.45 23.95 18.98 

8.01 15.34 17.20 10.78 ' 	14.19 8.73 16.64 12.42 5.46 6.00  14.68 
0.20 0.94 0.42 0.21 0.65 - 0.26 0.43 0.39 0.07 0.06 0.41 
1.23 1.35 1.18 1.14 1.73 .'0,82 1.20 1.06 0.25 0.87 0.20 

'0.38 0.45 0.92 0.59' 0.66 0.36 0.54 0.28 0.07 0.50 0.78,  . 
- 2.81 - - - 1.57 - 5.22 6.21 - 



LNB 6 T LNB 8 ' LNB 10 

1MTA-43117ACICE 

LNB 12 	LNB 15 LNB 16 LNB 17 LNB 19 LNB 21 LNB 22 

5.90 86.60 104.30 -47.70 98.50 30.80 85.30 49.50 1.00 24.50 31.60 
5.80 47.90 45.70 40.00 60.90 _26.90 35.60 24.90 3.60 16.60 24.90 
14.30 37.50 85.70 34.10 49.10 10.80 24.20.  - 	8.40 48.60 3.20 35.40 

253.60 554.60 478.40 329.50 448.80 462.40 409.90 378.10 224.70 334.00 483.70 
54.70 6.70 14.90 18.40 29.30 7.40 14.90 13.30 18.40 15.10 9.00 
146.00 280.50 194.70 120.99 279.80 257.70 220.10 233.70 264.20 197.30 233.70 
198.30 963.80 1498.40 .865.50 415.80 862.10 534.40 1629.80 64.60 	

. 
1210.00 2971.70 

3.00 - 2.10 - 1.50 - 0.40 a 8.70 - 
38.80' 256.30 179.20 146.40 143.30 48.60 110.10 74.30 43.90 14.50 9°.33 
8.90 14.70 4.50 52.20 53.80 43.30 22.60 24.40 8.90 6.00 24.40 
30.20 110.00 131.80 78.20 142.90 58.50 100.40 95.20 4.10 20.40 35.10 

532;00 520.00 354.00 422.00 444.00 778.40 616.00 988.00 737.00 563.00 401.00 
30.00 35.16 • 63.34 47.30 48.57 18.17 36.35 21.95 159.32 15.39 45.90 
37.85 20.23 '20.22 • 26.64 25.45 20.20 17,28 15.53 21.48 27.36 16.35 
0.06 0.07 0.18 0.10 0,11 0.02 0.06 0.02 0.11 0.01 0.11 

13.87 25.70  17.48 25.38 17.44 38.50 35.62 63.62 33.53 20.19 21.34 
0.78 1.74 3.12 2.63 1.91 0.90 2.10 1.41 7.25 0.19 2.50 

452.3o 4552.24 1818.79 15500;00 1170.65 4054.05 2080.54 2872.18 521.74 3172.19 3411.11 

40.97 33.96 36.36 38.54 36.51 37.16 33.44 31.76 42.77 36.20 37.49 
21.23 33.95 34.20 25.70 29.95 23.06 33.46 30.94 18.61 20.23 27.70 
17.28 15.34 13.91 17.15. 17.94 18.97 16.18 1 0.77 8.78 26.90 14.57 
20.52 16.75  15.54 18.61 16.50 20.81 16.91 16.52  29.85 16.67 19.94 

323.64 ' 203.30 211.13 281.66 213.78 290.57 215.17 236.10 463.87 252.47 190.55 
0.13 . 	0.30 0.52 0.25 0.36 0.13 0.24 0.14 0.56 0.03 0.28 
0.24 0.48 0.54 0.44 0.42 0.44' 0.50 0.44 0.55  0.68 0.50 

+141.56 +36.29 +48.49 +107.23 +47.76 +101.35 +47.52 +70.00 +244.48 +85.78 +10.80 

Cr 

Vi 
Rb 

Sr 

Zr 
Ba 

Zm 

Co 

K/Rb 

K/3r 

X/Ba 

Rb/Sr 

Ba/Rb 

Ba/Sr 

Ca/Y 

al 

fm • 

o 

elk 

0i 
LK 

my 

co 



SAL nn no. , 

8102 
TiO2 
A1203 
Fo203 
Fat 
Mn0 
Vs0 
CaO 
Na2O 
K20 
P205 
LoT 
N2n 

TOTAL 
Oxidation Ratio 
Pelt/Font MgO 
CaO/A1203 
tea/Y. 

Qz 
Co 
Or 
11. 
AD 

An 

By 
Ut 
Il 
Ap 

Di 

LNB 24 LNB 25 LNB 26 LNB 33 'LNB 35 

META 

LNB 36 

GRZYVFACKE 

LNB 42 LNB 437  LNB 49 LNB 62 LNB 63 LNB 74 

70.55 74.99 66.28 61.70 61.95 61.15 78.11 76.41 76. 57 67.02 63.83 66.82 
0.47 0.16 0.36 0.66 0.65 ' 0.66 0.13 0.13 0.04 0.62 1.00 0.12.  

15.20 12.03 16.32 16.07 16.08 16.76 10.68 12.23 13.02 15.74 16.33 18.14 
0.12 ,  0.18 0.04 0.76 0.76 0.37 0.02 .'0.06 0.11 0.12 . 0.52 0.14 
1.80 1.90 3.60 5.48 5.48 6.08 1.46 1.54 J0.44 3.76 6.10 0.60 
0.03 0.04 0.07 0.08 0.08 0.09 0.03 0.05 0.01 0.05 0.12 0.11 
1.21 1.32 2.17 3.00 2.60 2.60 0.45 0.72 0.02 1.94 2.08 0.53 
2.79 2.90 4.05 5.50 4.95 4.96 0.85 2.63 0.08 2.34 4.57 1.97 
3,05 3.28 3.57 4.04 3.86 3.83 1.56 . 2.84 0.58 3.52 2.90 4.44 
2.79 1.09 1.61 0.92 1.01  1.04 5.29 2.12 , 	8.19 . 1.82 1.40 5,95 
0.08 0.09 0.17 0.23 0.22 0.24 0.04 0.04 0.04 0.10 0.21 0.06 
1.06. ' 	1.50 1.57. 0.88 1.65 1.70 0.42 • 0.72 0.71 0.79 ' 0.72 0.94 
0,10 0.90 0.11 • 0.11 0.10 0.12 0.03 0.08 0.02 0.10 0.07 0.03 

99.25 '99.55 99.92 99.33 99.39 99.60 99.21 99.75 99.80 98.92 ' 99.85 99.78 
5.65 7.84  1.00 11.57 7.57 5.18 1.22 3.39 18.37 2.78 7.11 • 17.36 
0.61 0.61 0.62 0.67 0.70 0.71 0.77 0.69 0.60 0.67 . 	0,76 0.58 
0.18 0.24 0.25 0.34 0.31 0.30 0.01 0.22 0.01 0.15 0.28 0.11 
0.97 2.73  1.97 4.04 3.40 3.28 0.26 0.77 0.06 1.11 1.85 0.67 

33.44 42.45 25.14 16.12 17.95 16.54 45.31 43.76 41.46 • 25.45 25.05 13.01 
 2.28 0442 1.74 - 0.16 0.89 0.95 0.56 3.15 2.88' 2.24 0.96 
16.49 ' 6.32 9.51 4.85 ' 5.97 6.15 31.20 12.53 48.40 16.66 8.27 35.16 
39.13 41.55 49.19 57.48 55,78 55.45 17.16 36.87 5.04 40.74 45.84 46.95 
25.81 27.55 30.21 34.19 ' 32.66 32.41 .13.20 24.03 4.91 29.79 24.54 37.57 
13.32 13.80 18.98 23.29 23,12 23,04 _ 3.96 12.84 0.14' 10.96 21.30 9.38 

5.50 6.44 11.52 14.94 14.99 16.41 ' 3.63 ' 4.45 0.73 10.71 14.52.  . 2.14' 
0.17 0.26 0.06 1.10 1.1.0 0.54 0.03 0.09 0.14 0.17 0.75 ; 0.20 
049 0.30 0.68 1.25 1.23 1.25 0.25 '0.25 0.08 1.18 1.90 0.21 
0.19 0.21 0.40 2.54 0.52 , 	0.57 . 	0.09, 0.09 0.09 0.24 0.50 0.14 
- . - 2.07 - - - -..... - 



METAGRZYWACKS 

IND 24 LMB 25 LNB 26 1.21B 33:  LNB 35 	/NB 36 • 	LMB 42 	LNB 43 
Traoe Moments in parts per million. 

IMB 49 LEE 62 LNB 63 LNB 74 

20.10 20.10 52.10 86.00 79.70 75.30 9.00 6.30 7.90 45.60 22.60 14.70 
11.40 8.20 10.30 27.90 41.50 35.60 5.50 7.20 4.30 30.30 11.80 7.20 
48.70 21.10 23.30 21.30 15.90 16.30 107.20 90.10 124.30 65.00 45.80 60.10 

432.50 444.10 425.30 546.00 419.00 468.10 39.00 110.60 110.00 393.50 761.30 631.40 
0.50 14.20 6.30 16.50 13.10 43.50 107.50 94.60 9.10 10.90 34.50 4.60 

279.40 277.60 238.30 241.50 202.60 229.40 282.00 217.80 132.50 242.10 380.20 154.40 
2971.70 609.90 463.30 508.00 401.40 437.90 793.40 393.70 1252.70 796.40  680.70 5454.50 

0.20 . - - 1.20 0.10 10.50 14.90 1.20 7.50 7.60 3.40 
49.50 58.30 106.50 98.10 84.30 84.90 84.10 29.90 13.50 67.00 132.50 14.40 
12.80 12.00 .4.60 33.90.  69.10 50.60 3.70 4.10 6.60 75.49  24.90 5.10 
44.20 33.50 0.70 100.10 	. 103.60 96.10 4.90 4.30 3.30 73.80 • 93.10 15.40 

476.00 422.00 575.00 319.00 • 528.00 528.00 ' 408.00 196.00 552.00 360.00 253.00 822.00 
53.64 20.04 31.51 12.45 20.05 18.37 1124.30 159.00 .623.00 59.47 15.24 78.28 
7.81 14.59 28.61 13.39 20.95 19.64 55.27 44.72 54.27 29.38 ' 17.04 9.05 
0.05 0.22 0.06 0.04 0.04 0.03 2.80 0.81 1.13 0.17 0.06.  0.10 

61.02 28.91 20.10 23.85 25.35 26.87 7.40 4.37 10.08 12,25 14.86 90.92 
1.31 1.37 11.39 0.93 0.96 ' 	0.94 20.34 3.56 1.10 2.02 0.89 8.65 

40000.00 1415.49 4636.92 2400.00 2717.56 2644.44 56.50 198.78 , 	62.86 1541.28 953.62 3062.00 
NIGGLY VALUES 

44.85 39.86' 38.81 32.11 33.53 34.20 44.90 43.44 54.67 40.05 35.75 48.01 
17.03 20.95 25.56 32.19 32.87 32.25 13.79 14.76 3.48 26.63 32.30 6.31 
14.83 17.47 17.51 19.98 18.76 18.40 6.50 17.05 0.61 10.82 18.19 9.48 
23.56 21.72 18.11 15.05 15.52 15.15 34.82 24.75 41.23 22.50 13.76 36.20 

350.07 421.66 267.40 209.18 219.19 211.73 557.27. 460.59 545.63 289.35 237.12 300.09 
0.38 0.18 0.23 0.12 0.15 . 	0.15 0.69 0.33 0.90 0.35 0.24 0.47 
0.53 0.53 0.51 0.46 0.43 0.42 0.35 0.44 0.06 0.47 0.36 ' 0.56 

+156.65  +234.00 +95.04 +48.97 +57.11 +51.12 .318.01 +261.60 +280.71 +99.36 +82.08 +55.29 

Cr 
Ni 
Rb 
Sr 

Zr 
Bs 
Th 
Zn 

Cu 
V 

K/Ilb 
Ft/Zr 
K/Ba 
Rb/Sr 
Ba/Rb 
Ba/32. 
Ce/Y 

al 
fm 

alk 
ei 

my 



LND 76 LND 81 IND 87 LNB 94. IND 95 

MEMA-ORRIVACKE 

LNB 99. 	LNS 101 LNS 108 LNS 110 INS 111 

73.47 66.09 67.65 75.48 69.45 • 63.14 67.50 70.14 68.38 78.28 
0.27 0.68 0.76 0.27 0.65 0.68 0.36 0.31 0.47 0.32 

13.61 16.25 15.97 9.21 14.92 • 16.42 16.63 14.94' 16.11 14.83 
0.07 0.20 0.09 0.27 0.14 0.65 0.06 0.04 0.22 0.01 
2.00 4.14 2.62 5.29 3.92 3.92 2.30 4.19 2.69 0.82 
0.03 0.07 0.05 0.12 0.10 0.08 0.04 0.12 0.07 0.02 
1.12 2.50 1.38 2.19 0.73 3.01 1.33 1.36 1.13 0.41 
1.23 2.79 3.50 1.48 3.46 3.28 3.37 2.00 1.97 1.76 
4.2G 3.48 2.99 1.48 3.95 3.60 4.53 2.95 3.04 5.07 
2.13 2.73 2.81 1.82 0.90.  2.87 1.29 2.85 5.43 1.37 
0.04 0.14 0.32 0.03. 0.16 0.13 0.12 0.04 0.04 0.04 
1.14 1.06 1.11 0.62 0.41 0.95 0.84 0.45 0.24 0.44 
0.19 0.05 0.05 0.05 0.09 0.10 0.09 0.07 0.34 0.04 

99.56 100.17 99.59 99.00 99.31 99.28 98.72 99.92.  100.40 99.50 
3.05 4.17 3.00 3.15 3.11 12.98 0.70 0.85 6.86 1.09 
0.50 0.63 0.06 0.72 • _0.85 0.60 0.64 0.76.  0.72 •0.67 
0.09 0.17 0.22 .0.16 0.23 0.20 0.20 0.13 0.07 0.12 
1.78 1.14 0.99 0.73 3.91 0.93 3.13 0.92 0.50 3.29 

34.88 23.16 29.22 49.30 ' 32.16 :17.49 25.68 32.52 22.25 34.82 

• 2.16 2.83 2.41 2.17 1.54 . 1.74 1.94 
136.4864 

1.75 ' 1.90 

12.59 

41.89 
36.05 

16.13 

42.37 
29.45 

16.61 

40.57 
25.30 

10.75 
19.72 
12.52 ' 

5.32 
49.54 
33.42 

16.96 

45.88 
30.46 

' 

7.62 

54.77 
38.33 

34.62.' 
24.96 	' 

32.09 
. 	35.24 

25.72 

8.10 
51.37 

4::91: 
5.84 12.93 15.27" 7.20.  16.12  15.42 ' 15.93 9.66 	' "9.51 

_ 	. . 
6.01 	, 12.67 7.01 14.72 8.01 . 	13.17 6.97 10.76 6.93 2.03 
0.10 0.29 0.13 0.39 0.20 0.94 0.09 0.06 0.32 0.01 
0.51. 1.29 1.44 0.51 1.23 1.31 0.68 0.59 0.89 0.61 
0.09 0.33 0.76 0.07 0.38 . 	0.31 0.28 0.09 0.09 0.09 

LNS 114 

61.89 
0.75 
17.15 
0.12 
6.88 
0.14 
3.21 
3.28 
3.53 
1.12 
0.07 
0.39 

. 0.06 
99.33 
1.55 
0.69
0.19 
2.81 

20.19 
4.33 
6.62 

ii.P1 

19.55 
, 	0.17 

1.42 
0.17 

SALTLF, NO. 

Si02 
TiO2 
A1203 
Pe203 
Fel 
Mn0 
LigO 
CaO 
Na20 
K2() 
P205 
Lel 

112e 
TOTAL 

Oxidation Ratio 
Fent/PcOt lig° 
CaO/A1203 
Na/K 

qz 
Co 
Or 
P1 
Ab 
An 

Hy 
Mt 

Ap 
Di 



Cr 
tri 
Rb 
Sr 

'Zr 
Ka 
Th 

Cu 
V 

K/Rb 
K/Sr . 
X/Ba 

Mil:3r 
Ba/Rb 
Ba/Sr 
Ca/Y 

ZETA-GAMMA= 

L1113 76 	' LN8 81  LNI3 87 ,..1118 94,  L118 95 • Lila 99 LNS 101 LBS 108 LNS 110 LNS 111 LNS 114 

32.6 64.80 27.00 13.30 125.60 14.60 43.70 47.30 46.10 17.30 293.70 
12.90 29,90 12.00' 8.60 58.40 14.10 25.50 11.90 9.70 7.10 115.53 
43.00 46.40 32.10 32.80 48,20 15.00 13.00 72.60 101.70 9.80 8.70 
372.90 344.20 477.50, 107.90 509.10 589.90 571.40 331.10 460.40 555.10 371.90 
'18.40 11.60 . 	6.50 201.90 13.40 1.00 3.10 71.20 23.30 3.40 21.90 
179.10 113.70 20.70 483.40 130.60 235.50 16.30 367.20 622.40 306.70 70.90 
364.90 671.20 2204.60 589.60 1098.50 .18579.00 ' 	976.50 1034.40 3378.60 3340.40 353.70 
1.20 5.50 3.50 3.00 ' 	7.00 4.40 3.20 8.40 5.30 2.60 5.03 

35.20 61.20 77.60 78.90 181.80 48.90 42.80 40.20 . 	55.10 17.70 90.70 
10.70 . 	213.30 8.90 11.80 62.20 213.80 8.80 6.70 7.80 4.30 54.40 
29.80 90.20 91.70 25.30 106.60 48.50 58.10 61.70 57.90 30.40 154.60 

412.00 447.00 728.00 464.00 449.00 1580.40 822.00 326.00 448.00 1163.00 1066.00 
47.47 65.78 • 49.00 141.00 43.00 40.40 19.00 71.60 99.00 21.00 25.00 
45.99 33.73 10.57 25.57 18.03 9.23 10.94 22.90 13.35 3.40 26.22 
0.12 0.13 0.07 • 0.30 0.10 0.03 0.02 0.22 0;22 0.02 0.02 
8.95 14.47 68.67 17.98 22.79 1771.93 . 	. 	75.12 14.25 33.22 340.86 40.68 
1.03 1.95 4.62 ' 	5.46 2.16 4.37 1.71 3.12 7.34 6.02 0.95 

483.70 1720.00 3850.00 52.77 864.40 23452.00 7773.00' 200.80 604.50 3701.00 1080.70 

43.95 33.18 42.37 30.82 45.50 36.06 43.34 41.36 42.81 49.28 35.46 
18.74 29.50 19.62 45.38 15.50 31.01 17.60 26.60 18.76 7.45 37.70 
7.22 11.62 16.88 9.06 8.63 13.10 15.97 10.07 9.52 10.63 12.33 
30.08 20.40 21.12 14.74 30.37 19.83 23.07 21.97, 28.91 • 32.64 14.51 

402.65 	• 263.53 • 304.59 428.56 346.35 236.31 298.64 329.49 308.39 418.83 217.13 
0.25 0.34 • 0.38 0.45 0.25 0.34 0.16 0.39 0.54 • .• 	0.15 0.17 
0.47 0.50 0.47 • .0.41 0.45 • .0.54 0.50 0.36 0.40 0.46 0.45 .  

+182.54 +61.95 +120.11 +269.61 +124.85 • 456.00 +106.36 +141.60 ' +92:75 +188.27 +59.08 
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- Table A.1 Nuclear data, detectors, and counting times for.REC. 

Nuclide 

140 
La 

Half-life 

40.2 hrs 

Main energies 
(Kev); reactor 

Centre 
recommendation 

815.8, 1591.4 

Main energies 
(Key) or 
peaks used 

1595.0 

Detector 
used 

' Ge(Li) 

Counting, 
time 

(secs;) 

600.  

141 
Co 33 days 145.4 • 145.60 

147 
Nd 11.1 days 91.4, 	531.0 91.40 

152 
Eu 12 days 121.8, 344.4 121.9 	' 

153 
Sm 47 hrs 69.7, 103.2 103.1 

153 
Gd 242 days 97.4, 103.2 97.7 0 0 

160 0" 
Tb 72.1 	days' 86.8, 298.5, 879.3 87.0 

•A 

166 . 
0  

Ho 29.9 hrs .80.6 80.7 0 

tx7 
169 

Yb 31.8 days 63.1, 	109.8, 198.0 63.4 

170 	• 
Tm 130 days 84.3 84.4 

177 
Lu 6.7 days 113.0, 208.4 208.4 • 



Table A.2 Multi-elemental standards ( 3. per 0.09903 om3) 

La 2.878 

Ce 0.869 

Nd 2.766 

Sm 0.5932 

Eu 0.1984 

Gd 0.5983 

Tb 0.0990 

Ho 0.10184 

• Tm 0,03635 

Yb 0.3961 

Lu 0.06288 



Table A.3. 	BCR-1 	Analyses (values in p.p.m) 

La  Ce 
-,,- 

Nd Sm Eu Gd Tb Ho Tm Yb Lu 

1.  Flanagan (1973) 26 53.9 29 6.6 	, 1.94 6.6 1.0 1.2 0.6 3.36 0.55 

2.  University of 27+1 44+4 31+3 .  7.2+2 1.95 5+1 1.2 1.4 0.63 3.6 0.66 
London Reactor r  +0.05 +0.1 +0.2 +0.06 +0.1 +0.03 
Centre 

'3. Gordon et al 23+2 46+5 5.9 1.95 1.0 0.6 302 0.60 
(1968) • +0.05 +0.1 +0.1 +0.1 +0.4 +0.05 

44  Rey et al. 29+1 57+2 33+2 7.2 2.1 6.3 0.82 1.40 0.53 3.3 0.57 
(1970) r  +0.2 +0.2 +0.3 +0.02 +0.02 +0.01 +0.10 +0.01 

5. Haskin et al. 24-26 55-66 31 7.4- 1.93- 6.7- 1.8 1.22- 3.5 0.53 
(1968) 7.5 1.96 8.1 1.47 

This work 27.65 49.57 33.00 7.29 1.90 5.90 1.34 0.94 0.51 3.32 0.54 



B « SAMPLES' DATA 

Classification based on Mineralogy. 
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SAMPLE NO. LNB 40 

La 	4.26 
Ce 	3.63 
Nd 	1.18 
Sm 	0.30 
Eu 	0.74 
Gd 	0.26 
Tb 	0.05 
Ho 	- 
Tm 	- 
Yb 	- 
Lu 	- 
REE 	- 
Y 	. 

	

iREE 1.- Y 	- 

	

La/Yb 	. 

	

LREE 	- 

	

THREE 	- 
iLREEAIMEE - 

	

La/Ce 	1,17 

QUARTZ -FELDSPATHIC GNEISS 

LNB 41 	LNB 54 	LNE 61 LNB 83 

MAFIC 
GNEISS 

LNE 57 

FELDSPATHIC 
GNEISS 

LNB 74 

 61.77 31.91 19.09 28.18 24.93 18.79 
66.92 27.06 20.17 41.21 52.51 12.63 
60.29 17.17 7.02 20.50 33.43 - 
13.07 2.28 1.45 2.50 7.16 1.30 
2.18 0.66 0.52 0.79 1.96 1.85 
 - 1.27 1.36 1.21 0,25 1.13 
3.34 0.19 0.57 0.16 0.89 0.29 
4.86 • - 2.79 - 0.65  0.89 

. 2.05 - 0.19 0.21 0.17 0.49 
13.35 - 0.15 0.29., 1.63 0.66 
2.02 - - - .0.26 - 

229.85 - 53.31 • 95.05 123.84 38.03 
152.50 2.90 2.10 2.20 22.00 4.06 
382.35 55.41 97.25 145.84 42.63 
4.70 - 127.27 97.17 15.29 28.47 

202,05 78.42 47.73 92.39 118.03 32.72 
25.62 - 5.06 1.87 3.85 3.46 
7.89 - 9.43 • 49.41 30.66 9.46 
0.94 1.18 0.95 •0,68 0.47 1.48 



BIOTITE SCHIST 

,LNB 9 	LNB 37 MB 19 

.QUARTZ-BIOTITE. SCHIST 

LNB 24 	LNB 25 LNB 94 

374;67 61.41 17.53 22.14 20.4a 
67.00 39.50 10.31 19.73 34.78 5.94 
35.87 68.77 1.71 ' 	5.73 13.35 7.14 
7.74 12.08 0.54 1.34 2.04 2.88 
1.36 1.86 1.45 2.34  2.07 1.05 
6.50 - 1.40 1.47 1.66 1.89.  
1.38 2.35 0.27 -  0.27 2.48 
1.34 1.55 1.24 1.76 0.13 1.30, 
0.54 - 0.78 - 0.17 ....... 

4.36 5.17 4.25 0.12 1.66 22.50 
0.67 0.71 0.73 - 0.29 3.17 

164.45 193.35 40.21 54.63 76.82 70.59 
20.70 71.40 18.40 0.50 14.20 200.30 

185.15 264.75 58.61 55.13 91.02 270.89 
8.70 11.88 4.12 184.50 12.29 . 0.70 

148.28 181.71 30.09 48.94 70.57 ' 	31..72- 
14.81 9.78 8.67 3.35 4.18 31.34 
10.01 18.58 3.47 14.61 16.88.  1.01. 
0.56 1.55 1.70 1.12 0.59 2.65 

" 

SAMPLE NO. 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Tb 

Ho 

Tm 

Yb 

Lu 

.REE 

Y 

ZR ,E + Y 

La/Yb 
aiREE 
HREE 

iLREVIIREE 
La/Ce 



HORNBLENDE GNEISS 

LNB 30 LNB 31 LNB 32 LNB 34 LNB 56 

11.00 13.81 10.21 16.83. 6.35 
33.92 79.57 21.71 - 12.71 
18.82 20.50 17.75 37.44 8.23 
4.86  5.41  4.51 9.17 8.00 
1.40 1.38 1.45 1.61 0.41 
4.29 5.08  4.46 7.83 2.56 
0.95 , 	0.94 0.87 1.65 0.44 
0.74  1.05 1.42 2.90 0.80 
0.47 0.14 0.40 - 
3.34 3.00 ' 	2.95 6.00 1.26.  
0.52 . 	0.46 • 0.49 0.72 0.07 - 

80.31 131.72 66.22 85.76 40.83 
35.60 36.10 34.60 68.60 10.90 

115.91 167.82 . 100.82 , 154.36 51.73 
3.29 4.60 3.46 2.81 5.04 

68. 6 119.29 54.18 65.05 35.29 
10.31 10.67 10.59 .  19.10 5.13'• 
6.65 11.15 5.12 3.41 6.83 
0.32 .0.17 0.47 - 0.50 

SAMPLE NO. 

La 
Ce 
Nd 
Sin 
Eu 
Gd. 
Tb 
Ho 
Tin 
Yb 
Lu 

Y 

Y 
La/Yb 

La/Ce 



BIOTITE - MUSCOVITE - GARNET GNEISS.. 

LNB 7 LNB 8 LNB 12 LNB 16 ,LTIB 22 LNB 33 LNB 35 LNB 36 

. 	, 
31:75 40.38 44.55 35.43 41.29 31.93 30.51 31.00 

125.86 33.06 36.73 89.00 36.40 69.04 21.81 118.04 
23.25 43.41 49.32 33.27 45.87 30.32 22.76 31.51 
3.76 7.44 9.14.   5.73 7.56 5.37 5.31 5.34 
1.91 1.61 1.34 0.91 1:54 8.43 1.56 1.85 
2.44 4.77 6.03 4.38 6.05. 4.48 5.14 4.84 
0.30 0.81 	. o. ss .0.55 0.'48 0.54 0.59 0.42 
0,17.  . 1.36 0.69 0.43 0.43. 
- 0,82 - - - 0.05 - - 

0,26 1.21 2.52 0.89 0.25 1.29 1.00 0.84 

0.06 0.29 0.17 0.21 - 0,13 0.13 0.11 

186.00 133.80' 152.04 170.37 140.13 151.98 98.81 194.38 
6.70 14.90 29,30 14.90 , 	6.50 16.50 13.10  13.50 

192.70 148.70 181.34 185.27 146.63 168.48 111.91 207.88 

122.12 33.37 17.68 39.81 165.16 24.75 30.57 36.90 
180.86 124.29 139.74 163.43 131.12 136.66 90.39 185.89 
3.23 ' 	7.90 10.96 6.03 7.47 6.89 6.86 6.64 

55.99 15.73 12.75 27.10 17.55 19.83 13.18 '28.00 

0.25 1.22 1.'21 0.40 103 0.46 1.40 0.26 

SATEPLE NO.. 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Tb 
Ho 
Tm 
Yb 
Lu 
.E11.; 

Y 
REE + Y 
La/Yb 
..I.,REE 

IIRT.2.,E 

1.,REILIHREE 
La/Ce 



QUARTZITIC GNEISS 

LNB 38 	LNB 39 	LNB 44 	LNB 50 

68.51 	110.58 	62.05 49.73 

87.85 	96.29. 	73.08 38.77. 

83.25 	124.19 	70.31 36.04 

15.51 	22.40 	13.51 5.18 

1.57 	1.28 	1.79 1.89 

- 	 3.29 	13.39.  2.74 

3.08 	4.04 	2.48 0.56 

2.48 	1.94 	3.22 0.59 

0,38 	0.06 	2,18 0.13 

8,60 	10.80 	6.39 2.64 

1.14 	1.46 	0.79 0.37 

272.37 	376.21 	249.19 138.64 

90.20 	116.80 	78.10 32.00 

362.57 	493.01 	327.29 170.64 

7.97 	10.24 	9.71 18.84 

255.12 	353.38 	218.95 129.72 

15,68 	21.59 	28.45 7.03 

16.27 	16.37 	7.70 18.45 

0,78 	1.15 	0.85 .1.28 

SAPTLE NO. 

La 
de 
Nd. 
Sm 
Eu 
Gd• 
Tb 
Ho 
Tm 
Yb 
Lu 

ARE 

CZ:7;E + Y 
La/Yb 

LREE 
HREE 

LREE/THREE 

La/Ce 



	

- QUARTZ -. 	QUARTZ - GARNET - 
QUARTZ MICA SCHIST 	MAGNETITE 	. MICA GNEISS 

GNEISS 

LNB 43 LNB-76 LNB 90 LNB 42 LNB 49 

53.10 28,16 26.00,  61.01 13.94 
61.10 23.15 47.51 152.29 14.18 
56.78 17.02 28.10 67.01 5.85 
12.17  2.61 8.03 13.79 0.85 
1.21 0.99 0.82 2.18 2.23 
12.26 - 5.82 18.34 0.43 
2.70 0.39 	. 2.15 2.91 0.24 
4.52 0.80 - 3.24 0.41 

' 	2.89 - 0.56 1.23 0.20 
8.08 1.46 .2.42 9.27 0.96 
0.99 - 0.41 :1.47 0.10 

215.80 74.58 121.92 332.74 39.39 
94.40 18.40 20.60 107.20 9.10 
310.20 92.98 142.52 439.94 48.49 
6.57 19.29 10.74 6.58 14.52 

183.15 70.94 109.74 294.10 34.82 
31.44 2.65 11.36 36.46 2.34 
5.83 26.77 9.66 ' 8.07 14.88 
0.87 1.22 0.55 0.40 0.98 

SAMPLE NO. 

La 

Ce 

Nd 

Sm 

Eu 

Gd 

Tb 

Ho 

Tm 

Yb 

Lu 

REE 
Y 

Y 

La/Yb 

LREE 
THREE 

1.3REE/HREE 

La/Ce 



-LNB 6 LNB 10• LNB 15. LNB 17 ' LNB 21 

QUARTZ 	BIOTITE.r GARNET,,GNEISS 

LNB 26 	LNB 62 	LNB 63 LNB 81 LNB 87 • LNB 95 

47.22 35,22 23.37 It. 27.64 36.81 91.94 .41.61 46.61 39.70 54.26 

37,66 67.46 17.38 12.54 23.79 150.27 182.87 166.50 35.98 31.67 106.93 

47.62 .33.45 18.57 22.15 .36.22• 25.42 35.68 43.77 42.91 36.85 ,79.51 

8.88 5.00 3.08 4.22 6.54 3.56 5.90 • 8,27 6.51 	. • 5.14 12.20 

1.73 1.57 1.10 1.18 1.02 1.13 1.37 1.72 1.35 1.78 2.20 

1.94 4.53 2.32 5.64 - 2.67 - - 3.21 3.28 2.42 

0.64 0.44 0.37 0.50 0.99 • 0.30 1.06 1.31 • 0.83 0.26 1.17 

1.58 0.70 0.37 - 0.80 0.36 0.50 0.87 2.04 0.34 - 

0.30 0.19 - - - - • - 0.01 - - 0.16 

1.46 1.95 0.62 1.01 ' 	0.63 0.38 0.67 2.31  1.39  0.36 1.06 

0.25 0.37 0,05 - - 0.12 0.14 • 0.41 . - 0.16 

149.49 150.88 67.43 - 97.63 221.01 • 270.13 266.78 140.83 119.38 260.11 

54.30 18.40 7.40 13.30 15.10 6.30 10,90 34.50 11.60 6.50 12.30 

203.79 169.28 74.83 - 112.73 227.31 281.03 301.28 .152.43 125.83 272.41 

32.34 18.06 37.69 - ' 43.87 96.87 62.60 18.01 33.53 110.28 51.19 

141.38 141.13 62.40 - 94.19 216.05 266.39 260.15 132.01 113.36 252.90 

6.38 8.18 3.93 .- .- . 	3.83 2.37 4.91 7.47• 4.24 • 4.99 

22.16 17.25 15.88 - ... 56.41 112.40 52.93 17.67. 26.74 50.68 

1.25 0.52 1.35 - 1.16 0.24 ' 	0.23 0.25 1.30 1.25 0.51 

SAMPLE NO. 

'La 
Ce 

Nd 

Sm 

Eu 
Gd. 

Tb 

Ho 

Tm 

Yb 

Lu 

I,REE 

Y 

FREE + Y 
La/Yb 

.LRE'.?/THREE 

La/Ce 



QUARTZ - 	QUARTZ - 	QUARTZ - 
ULTRAMArIC GARNET GRANULITE 	GARNET - 	BIOTITE - 	.FELDSPAR - 

GNEISS 	FELDSPAR GNEISS 'GARNET GNEISS GARNET GNEISS 

QUARTZ 
BIOTITE - GARNET FELDSPATHIC 
' GNEISS 	GNEISS 

LNS 143 	LNS 104 LNS 112 	LNS.111 LNS 108 	LNS 101 	LNS 110 LNS 99. LNS 114 	LNS 115 

41.43 

19.14 

85.14 

17.43 

3.33 

12.93 
1.75 
1.28 

2.55 
0.31 

135.29 

235.00 

420.29 
16.25 

161.14 

18.82 

8.67 

2.16 

68.49 

46.13 
52.06 
8.63 

2.01 

9.65 

- 	1.87 
2.42 

1.95 

4.94 

0.53 
198.68 

45.50 
244.18 

13.86 

175.31 

21.36 

8.21 

1.48 

21.24 

'34.52 
17.22 

3.52 

1.44 
2.90 

0.52 

0.34 

2.40 

0.25 
84.42 

17.20 

101.62 

8.85 

76.57 
6.41 

11.95 
0.62 

37.14 

23.13 

4.96 
1.01 

2.00 

0.44 

0.14 

0.41 
0.86 

0.77 

0.04

70.90 

3.40 

74.30 

2.66 

24.90 
1.61 

::::: 
 

' 

42.14 

63.93 

28.57 

5.17 

1.51 

. 3.41 
1.86 
- 

1.45 

 7.50 
1.26 

157.39 

27218.:09 

5.70, 
140.40 

1::4:7 
 ' 	0.68 

' 

42.73 

24.33 
21.40' 
2.83 

1.65 

0.98 

032 

0.26 

- 
88.60 

3.10 

91.70 

47.40 

2.32 

361::: 

-36.10 

26.85 

5.77 
1.30 

0.50 

- 	' 

0.72 

2.73 

0.35 

68.40 

23.20.  
91.60 

10.24 

61.87 

4.74 

13.05 

0 :76 

27.95 
60.23 
24.18 

2.59 

1.35 

1.43 

0.15 
- 

0.32 

• 0.11 

0.01 

138.04 
1.00 

139.04 

433.45 

134468 

2.01. 

67.00 

0.79 

28.39 

49.87 
23.28 

4.18 

1.48 

1.84 

0.75 
2.66 

0.14 
1.65 

0.36 

114.60 

21.70 

136.30 

17.21 

105.72 

' 	7.40, 

14.29 

0.57 

• 

15.75 

4220:977 
3.74 
1.11 

0.43 

:::: 

- 

 0.76 

0.17 

89.21 

96.31 

82.63 

5.47 
15.11 
0.37 

- 

SAKPLE NO. 

La 

Ce 

Nd 
Sm 

Eu 

Gd 

Tb 

Ho 
Tm 

Yb 

Lu 

REE 

Y 

'E, a.; 4- Y 

La/Yb 

lam 
'11RE17, 

1,11EE,4HREE 
La/Ce 



C SALTLESI DATA 

Classification based on over — 'all geochemistry or possible origin 
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LNB 30 

AMPHIBOLITE 

LNB 31 	LNB 32 	LNB 34 LNB 56 

_BASIC 
GNEISS 

LNB 57 

RETROGRESSED 
LEUCO - GABBRO 

INS 113 

11.00 13.81 10.21 16.83 6.35 24.93 .41.43 
33.92 79.57 21.71 12.71 52.51 19.14 
18.82 20.50 17.75 37.44 8.23 33.43 85.14 
4.86 5.41 4.51 9.17 8.00 7.16 17.43 
1.40 1.38 1.45 1.61 0.41 1.96 
4.29 5.08 4.46 7.83 2.56 0.25 132.393  3 
0.95 0.94 0.87 1.65 0.44 0.89 1.75 
0.74 1.05 1.42 2.90 0.80 0.65 1.28 
0.47 0.14 0.40 0.17 
3.34 3.00 2.95 6.00 1.26 1.65 2.55 
0.52 0.46 0.49 0.72 0.07 0.26 0.31 

80.31 131.72 6c).22 85.76 40.83 123.84 185.29 
35.60 36.10 34.60 68,60 10. 9 22,00 235.00 

115.91 ,  167.82 100.82 154.36 51.73 145.84 420.29 
3.29 4.60 3.46 2.81 5.04 15.29 16.25  

68. 6 119.29 54.18 65.05 35.29 118.03 163.14 
10.31 10.67 10.59 19.10 5.13 3.85 18.82 • 
6.65 11.15 5.12 3.41 6.88 30.66 8.67 
0.32 0.17 0.47 0.50 0.47 2.16 

SAP; LF, NO. 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Tb 
Hp 
Tm 

Yb 
Lu 

iREE 
Y 

RE:. t Y 
La/Yb 
iIREE 
$HRE3 

IJIIT3E/$1LREE. 
'Ida/Ce 



GRANITIC GNEISS 

LNB 40 LNB 41 LNB 54 LNB 61 LNB 83 • LITS 115 

4.26 61.71 31.91 	' 19.09 28.18 15.75 
3.63 /66.22 27.06 20.17 41.21 42.17 
1.18 60.29 17.17 7.02 20.50. , . - 	20.97 
0.30 13.07 2.28 1.45 2.50 3.74 
0.74 	, 2.18 0.66 0.52 0.79 1.11 
0.26 • 1.27 1.36 1.21 • 3.72 
0.05 3.34 • • 0.19 	, 0.57 0.16 0.43 

4.86 - 2.79 - 0.39 
- 2.05 • - 0.19 0.21 - 
- 13.35  - , 0.15 .0.29 0.76 
- 2.02 . - - - 0.17 
- 229.85 .53.31 95.05 89.21 
. 152.50 2.90 2.10 2.20 7.10 
- 382.35 - 55.41 97.25 96.31 
- 4.70 - 127.27 97.17 20.72 
- 202.05 78.42 . 47.73 92.39 82.63 
- 25.62 - 5.06 1.87 5.47 
- 7.89 - 9.43 49.41 15.11 

1.17 0.94 1.18 0.95 0.68 0.37 

• SAMPLE NO. 

La 
Ce 
PZd 
Sm 
Eu 
Gd 
Tb 
Ho 
Tm 
Yb 

Lu 
g REE 
Y 

gREE + Y 

La/Yb 
LREE 
TIRES 

LREWIIREE 
. 	La/Ce 



META - PELITE 

1NB 9 	• INB 37 

- 	7.74 	12.08 	8.03 	 8.63 

	

37.67 	61.41 	26.00 	.•68.49 

	

67.00 	39.50 	47.51 	46.13 

	

35.87 	68.77 	28.10 	52.06 

•1.36 	• 1.86 	 0.82 	 2.01 

	

6.50 	 - 	 • 	5.82 	 9.65 

	

1.38 	2.35. 	2.15 	 1.87 

LNB 90 	LNS 104 LNS 112 

21.24 

34.52 

17.22 

3.59 

1.44 

2.90 

0.52 

. 	1.34 	1.55 	- 	 2.42 • 

• 0.54 	 0.56 	 1.95 0.34 

 4.38 	5.17 	 2.42 	 4.94 2.40 

0.67 	0.71 	 .0.41 	 0.53 0.25 

164.45 	193.35 	121.92 	198.6$ 84.42 

20.70 	71.40 	20.60 	45.50 17.20  

R 185.15 	264.75 	142.52 	244.18 101.62 

• 8.70 	11.80 	. 	10.74 	13.86 8.85 

148.28 	181.71 	109.74 	175.31 76.57 

14.81 	9.78 	11.36 	21.36 6.41 

10.01 	18.58 	 9.66 	 8.21 11.95 

0.56 	. 	1.55 	 0.55 	 1.48 • 0.62 

SAMPLE NO. 

La 
Ce 
Nd 
Sm 
Eu 

'.. Gd 
Tb 
Ho 
Tm 
Yb 
Lu 

REE 
Y 

EE + Y 
La/Yb 

`z LRE 
liFtEY. 

.1.,REE/1-1RtE 
La/Ce 



META - ARKOSE/IMPURE QUARTZITE 

LNB, 38 

68.51 
87.85 
83.25 
15.51 

LNB 39 

110.58 
96.29 
124.19 
22.40 

LNB 44 

62.05 
73.08 
70.31 
13.51 

IND 50 

49.73 
38.77 
36.04 
5.18 

1.57 1.28 1.79 1.89 
- 3.29 13.39 2.74 

• 3.08 4.04 2.48 0.56 
2.48 1.94 3.22 0.59 
0.38 0.06 2.18 0.13 
8.60 10.80 6.39 2.64 
1.14 1.46 • 0.79 0.37 

272.37 376.21 249.19; 138.64 
90.20 116.80 78.10 32.00 
362.57 493.01 327.29 176.64 
7.97 10.24 9.71 18.84 

255.12 353.38 218.95 129.72 
15.68 21.59 28.45 7.03 
16.27 16.37 7.70 18.45 
0.78 • 1.15 0.85 1.28 

SAMPLE NO. 

La 
Co. 
Nd 
Sm 
Eu 
Gd 
Tb 
Ho 
Tm 
Yb 
La 

$REE 
Y 

Y 
Ia/Yb 

izram 
kLREE/HREE 

La/Ce 
















