
DEPA TME
MINERALS

V T •F
AND ENERGY

BUREAU OF NNERA_ RESOURCES,
GEOLOGY AND GEOPHYSICS

CHEMICAL ANALYSES OF ACID IGNEOUS ROCKS FROM•

NORTHEAST QUEENSLAND

by

J.W. Sheraton

BMR
Record

1974/162
c.3

The information contained in this report has been obtained by the Department of Minerals and Energy
as part of the policy of the Australian Government to assist in the exploration and development of
mineral resources. It may not be published in any form or used in a company prospectus or statement
without the permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics.

  
0



RECORD 1974/162

CHEMICAL ANALYSES OF ACID IGNEOUS ROCKS FROM
NORTHEAST QUEENSLAND

by

J.W. Sheraton



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INTRODUCTION 
Analytical Methods 
PreciSion and Accuracy 

REFERENCES 

APPENDIX: ANALYTICAL DATA 
Esmeralda Granite 
Croydon Volcanics 
Stockyard Creek Siltstone 
Forsayth Granite 
Robin Hood Granite 
Dum bano Grani te 
Dido Granodiorite 

CONTENTS 

Cumberland Range Cauldron Subsidence Area 
Bacstowe Ring Dyke Complex 
Lochaber Ring Complex 
Elizabeth Creek Granite 
Hales Siding Granite 
Hammonds Creek Granodiorite 
Nymbool Granite 
Bakerville Granodiorite 
Kalunga Granodiorite 
\vatsonville Granite 
Atlanta Granite 
Unnamed Grani tic;1ocks of the Herberton Area 
Herbert River Granite 
Ixe· rvlicrogranodiori te 
Alma.den Granite 
Unnamed Granitic Rocks of the Ingham Sheet Area 
Tully Granite Complex 
Jrlareeba Granite 
Cannibal Creek Granite 
Trevethan Granite 
Puckley Granite 
Finlayson Granite 
Altanmoui Granite 
Gurrumba Ring Complex 
Newcastle Range Volcanics 
Featherbed Volcanics 
Slaughter Yard Creek Volcanics 
Nanyeta Volcanics 
Walsh Bluff Volcanics 
Glen Gordon Volcanics 
Agate Creek Volcani.cs 
Boxwood Volcanics 
Dykes 

Page 

1 
1 
3 

6 

1 
F 

14 
20 
22 
)') 
..J<o 

34 
3f'. 
42 
46 
52 
54 
12 
1,t 
14 
16 
7[ 
80 . 
eo 
E'2 
[>4 
92 
94 
9r 

102 
102 
1 of. 
1 or. 
1 of, 
110 
110 
112 
112 
120 
130 
132 
134 
13t; 
140 
140 
142 



1.

INTRODUCTION 

Analytical data for 562 rock samples from the Georgetown Inlier

and adjacent Hodgkinson Basin of northeast Queensland are listed. Most

of the samples are intrusive or extrusive acid igneous rocks, but also

included are some associated basic and intermediate igneous rocks and four

siltstones. The samples were collected as part of a geochemical investigation

of the mineralized granitic rocks of the area, the results of which are

-reported in Sheraton and Labonne ( 1975 ). Petrographic and locality data

are given in Sheraton and Labonne (1974).

Major and trace element data, CIPW norm, differentiation index (DI)

(i.e., the sum of normative quartz, orthoclase l and albite: Thornton and

Tuttle, 1960), normative colour index (CI), Niggli k and mg values, and

certain element ratios are included for each sample. Results for major

oxides are given in percent; those for trace elements in parts per million.

.d." indicates that the element was not detected.

Analytical Methods 

Determination of Si, Ti, Al, Pe (total), Mn, Mg, Ca, Na, K, 1 3 , Oa,

Rb, Sr, Y, Zr, Ba, La, Ce, Pb, Th l and U were carried out in the B.M.R.

laboratories, using a Philips PW-1210 automatic X-ray spectrometer (analysts,

J.W. Sheraton, J.C. Weekes). Major elements (except for Na 20) were determined

on fusion discs, using the technique of Norrish and Hutton (1969). Na 20 was

measured on pressed powder pellets. Trace elements were also determined on

powder pellets, with direct measurement of the mass absorption coefficients

of each sample (Norrish and Chappell, 1967). Empirical interfering element

corrections were made where necessary. Detection limits (Table 1) were

calculated at the 95 percent confidence level for detection of peak above

background, using the relation given by Jenkins and de Vries (1967):
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Table 1. Detection limits in percent for major oxides and ppm

for trace elements).

SiO2^0.02

TiO2^0.004

Al203^0.03

Fe203^0.01

MnO^0.005

Mg°^0.11

CaO^0.006

Na20^0.11

K20^0.002

P205^0.006

Li^1

Be^0.5

Cr^3

Co^3

Ni^3

Cu^1

Zn^1

Ga^2

Rb^1

Sr^0.5

1

Zr^2

Sn^4

Ba^3

La^2

Ce^7

Pb^2

Th^2

1:1^ 2
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Detection limit = 3c IT 
(Rp-RbY t, 

where Rp = Peak count rate (counts/sec), 

Rb = Background count rate (counts/sec), 

t - Background counting time (secs), 

c = Concentration of element. 

Li, Be, Cr, Co, Ni, Cu, Zn,and Sn were determined by atomic absorption 

spectroscopy in the B.M.R. laboratories (analysts, R.rl. Powell, G. \"!illcocks). 

H20, CO2, ~and ferrous iron were determined by the ,Australian Mineral 

Develo~ment Laboratories. 

Precision and AccuracY 

Precision of the X-ray fluorescence technique is eenerally eood. 

The effects of all but very short-term drift in machine conditions were 

practically eliminated by ratioin5 each measur~ment to a reference standard. 

Each determination was carried out in duplicate (using the same sample), and, 

in cases where significant differences occurred between duplicates, the 

determination was repeated. Replicate sample precision was checked by running 

duplicate samples, and was found to be within acceptaple limits (± 1% for 

fusion discs,~d considerably better for powder pellets). 

Accuracy was assessed by analysing international rock standards. 

Comparisons ofXRF and AA results with recommended values for two U.S.G.S. 

standard rocks (G2 and AGVI) are given in Table 2. Data for the U.S.G.S. 

standards are from Flanagan (1969). For several trace elements, means were 

recalculated 'after rejecting some obviously spurious values. In many cases, 

this was found to give a much more reasonable value than the averages given by 

Flanagan (1969, p.109). Thus, for Rb in G2, the very high value of 513 ppm 

was rejected and the mean of the remaining values was calculated. In cases 
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Table 2. ComE!rison of standard rook ana1lses I - - - ~ . .. 

G2 AGVI 

I Recommended XRF Recommended XRF 

Si02 69.19 69.16 59.00 59.21 I 
Ti02 0.53 0.50 1.08 1.09 

I A120
3 15.35 15.;0 11.01. 11.15 

+Fe20; 2.11 2.68 6.80 6.86 ·1 
MnO 0.04 0.0; 0.10 0.10 

MgO ·0.18 0.80 1.49 1.61 I 
CaO 1.99 1.93 4.98 4.98 

I Na20 4.16 4.18 4.33 4.10 

K20 4.51 4.43 2.90 2.91 I c;; \ ..... 

P20
5 

0.14 0.13 0.49 0.50 

TOTAL 99.46 99.14 98.18 98.51 I 
Cr 9 11* 13 I 
Co 5 9* 16 

Hi 6 < ;* 18 I 
Cu 11 13* 64 

I Ga 20 22 18 20 

Rb 114 168 15 65 I 
Sr 463 492 651 661 

Y 12 13 25 20 I 
Zr ;20 333 230 241 

I Ba 1950 18;6 1340 1205 

La 104 95 40 41 I 
Ce : 166 168 16 68 

Pb 29 29 35 ;4 I 
Th 25 31 1.0 8 

I u 2.0 ,.J1.5 1., 2.5 

+ Total iron as Fe20
3 I 

* Atomic absorption results 
~ 
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where individual reported values are themselves means of two or more

determinations, the values were taken only once. Replicate analyses from

the same laboratory are liable to the same systematic errors, andthere seems

no reason to weight the final average in favour of these values. The

recalculated mean Rb content for G2 is 174 ppm, which compares much more

favourably with the majority of the quoted values than the average of 234 ppm

given by Flanagan. For AGVI, recalculated and published means for Rb are

75 and 89 ppm, respectively.

For most major elements, agreement between recommended and XRF

results is good (is,within + 3 percent). For Na20 and most trace elements

(except near the detection limit), accuracy is of the order of + 5-10 percent.

Uncertainties in the compositions of the international standards, particularly

for trace elements, means that estimates of accuracy can be only approximate,

however.
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F. .

6859
001 4

6859
oci 5

7057
1051

7057
1052

7057
1 053

7057
1054

7057
1055

7057
1057

7057
1058

S102 74.2 72.3 70.9 75.8 73.5 69.8 70.4 70.1 70.5

T i 02 0.22 0.27 0.38 0.05 0.12 0.41 0.37 0.51 0.48

Al 20 3 13.03 13.53 14.33 12.81 13.23 14.51 13.99 12.60 12.62

Fe20 3 0.33 0.41 0.99 0.29 0.62 1.02 0.94 1.89 2.18

FeO 2.05 2.00 2.10 0.71 0.93 2.45 2.10 3.00 2.55

MnO 0.04 0.05 0.05 0.04 0.04 0.06 0.04 0.09 0.08

MgO 0.25 0.25 0.53 0.09 0.31 0.50 0.38 0.32 0.28

CaO 0.79 1.32 2.85 0.94 0.97 2.50 1.28 1.71 1.70

Na20 2.3 2.55 3.0 3.3 3.0 2.9 2.45 2.4 2.4

K 2 0 5.34 5.40 3.18 4.95 5.22 3.69 5.97 4.94 4.96

P205 0.15 0.13 0.13 0.01 0.06 0.14 0.13 0.15 0.15

H 20 1.03 1.09 1.18 0.88 1.29 1.39 1.41 1.84 1.75

CO2
TOTAL 99.73 99.30 99.62 99.87 99.29 99.37 99.45 99.55 99.65

4 37.67 33.18 34.30 35.27 33.97 32.55 29.83 32.93 33.50

or 31.96 32.46 19.04 29.53 31.47 22.25 35.95 29.86 29.92

ab 19.87 22.03 25.62 28.43 25.81 24.78 21.12 20.60 20.90

an 2.98 5.80 13.50 4.64 4.51 11.72 5.61 7.68 7.61

c 2.38 1.41 1.15 0.28 1.07 1.62 1.51 0.60 0.55

di - - - - -

hy 3.86 3.63 3.87 1.28 1.87 4.41 3.52 4.14 2.97

mt 0.51 0.66 1.49 0.44 0.93 1.54 1.42 2.85 3.27

ii 0.42 0.52 0.73 0.10 0.23 0.79 0.74 0.99 0.93

ap 0.36 0.31 0.31 0.02 0.15 0.34 0.31 0.36 0.36

DI 89.5 87.7 79.0 93.2 91.3 79.6 86.9 83.4 84.3

CI 7.5 6.5 7.6 2.1 4.3 8.7 7.5 8.9 8.1

Esmeralda grani te 

68590014 Bi of i te granite, E54/11/1.
68590015 Bi oti te granite, . E54/11/4.
70571051 Garnetiferous biotite adamel lite
70571052 Bi oti te-muscovi te granite
70571053 Tourma 1 i ne-bearing biotite-muscovi te granite
70571054 Porphyriti c bioti te adamel 1 i te
70571055 Bi otite adamel lite
70571057 Bi oti te adame 1 1 i te
70571058 Biotite adamel 1 ite
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Li 

Be 

F 

Cr 

Co 

Nt 

Cu 

Zn 

Ga 

Rb 
Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/lt 

Rb/Sr 
K/Rb 
Ba/Sr ' 

Ba/Rb 
K/Ba 

'Ca/Sr 

Ca/Y 

K/Pb 

ThAJ 

KAJ 

Al/Ga 

mg , 

k 

5895 
0014 

37 

4.5 

5 

3 

8 

71 

20 

317 

49 

57 

143 

7 

540 

27 

63 

35, 

19 

6 

41 

6.5 

140 

11.0 

1.70 

82 

115 

100 

1230 

3.2 

7400 

3400 

0.16 

0.60 

6895 
0015 

28 

4.5 

4 

n.d. 

5 

84 

20 

333 

'80 

58 

183 

4 

710 

29 

63 

51 ' 

, 22 

4 

54 

4.2,' 

135 

, 8.9 

2.1 

63 

118 

160 

880 

5.5 

11000 

3600 

0.15 

0.58 

7057 
1051 

25 

4.0 

6 

3 

6 

65 
,22 

173 

136 
33 ' 

199 

6 

620 

61 
132 

39 

28 

4 

130 

1.27 

153 

4.6 

3.6 

43 

150 

620 

680 

7.0 

6600 

3500 

0.24 

0.41 

9. 

7057 7057 
1052 1053 

15 31 

7.5 6.0 

n.d. n.d. 

n.d. 3 

1 2 

21. ' 34' 

17 17' 

393 384 

36 71 

36 '51 

98 110 

5 5 

30 375 

18 23 

54 60 

58 58 

47 ' 2,9 

26 18 

36 61 

10.9 5.4 

105 113 

0.83 5.3 

0.076 0.98 

1370 115 

186 97 

185 135 ' 

710 750 

1.8 1.6 

1600 2400 

4000 4100 
' .. 

0.14' 0.26 

0.49 0.53 

7057 
1054 

38 

4.5 

1500 

6 

3 

7 

65 

24 

220 

, 149 

59 

220 

n.d. 

635 

62 

126 

4d 
30 

9 

79 

1.48 

139 

4.3 

2.9 

48 

120 

300 

710 

3.3 

3400 

3200 

0.21 

0.46 

7057 
1055 

37 

3.5 

4 

4 

65 

21 
, 273 

102 

70 

224 

4 

855 

64 

141 

60 

37 

8 

62 

2.7 

181 

8.4 

3.1 

58 
'90 

130 

830 

4.6 

6200 

3500 

0.18 

0.62 

7057 
1057 

27 ' 

4.5 

12 

139 

21 

240 

74 

80 

477 

6 

1045 

89 

183 

61 

33 

6 

70 

3.2, 

171 

14.1 

4.4 

39 

165 

155 

670 

5.5 

6800 

3200 

0.11 

0.58 

7057 
1058 

26 

4.5 

n.d. 

8 

133 

21 

261 

85 

85 

508 

7 

1040 

87 

182 

64 

35 
8 

65 

3.1 

158 

12.2 

4.0 

40 

142 

140 

640 

4.4 

5200 

3200 

0.10 

0.57 

{ I 



10. 
I 

7057 7057 7057 7057 7057 7057 7057 7OS7 7057 I 
1059 1060 1062 1064 1065 1066 1067 1069 1073 

Si0
2 69.7 70.6 73.3 74.7 74.8 73.9 73.9 72.5 70.3 I 

T'O 0.49 0.50 ' 0.26 0.31 0.11 0.15 0.09 0.29 0.31 1 2 

I Al 203 
12.59 12.57 12.59 11.75 12.59 13.13 12.65 13.21 14.70 

Fe203 1.83 1.82 0.95 0.67 0.49 0.49 0.71 0.73 0.99 

FeO 3.05 2.95 1.57 1.60 1.19 1.23 1.53 1.60 1.64 I 
MnO 0.08 0.09 0.04 0.04 0.03 0.03 0.08 0.04 0.05 

MgO 0.35 0.31 0.27 0.23 0.09 0.18 0.12 0.21 0.33 I CaO 1.75 1.75 1.18 0.66 0.50 0.78 0.51 1.32 1.77 

Na
2
0 2.5 2.45 2.65 2.2 2.6 ' 2.75 2.6 2.35 2.85 

I K
2
0 4.91 4.96 5.10 5.63 5.72 5.37 5.67 5.33 ' 4.74 

P205 0.14 0.15 0.13 0.18 0.14 0.14 0.10 0.15 0.19 

I H
2
O 1.71 1.65 1.61 1.55 1.23 1.41 1.37 1.56 1. 70 

CO
2 

I TOTAL 99.10 99.80 99.65 99.52 99.49 99.56 99.33 99.29 99.57 

Q 31.68 32.68 35.57 38.92 36.97 35.79 35.75 35.67 31.70 I 
or '29.76 29.86 30.74 33.93 34.41 32.32 34.19 32.23 28.62 

ab 21.86 21.12 23.04 19.15 22.22 23.61 22.53 20.26 24'.63 I an 7.90 7.85 ' 5.10 2.14 1.60 3.01 1.92 5.70 7.70 

c 0.32 0.36 0.86 1.26 1.61 1.76 1.57 1.59 2.17 I di 

hy 4.40 4.08 2.45 2.55 1.90 2.13 2.56 2.52 2.63 

I mt 2.77 2.73 1.43 1.02 0.74 0.75 1.08 1.11 1.48 

i1 0.95 0.93 0.50 0.60 0.21 0.29 . 0.17 0.56 0.62 

ap 0.36 0.36 0.31 0.44 0.34 0.34 0.24 0.36 0.46 I 
01 83.3 83.7 89.3 92.0 93.6 91.7 92.5 88.2 85.0 I 
CI 8.8 8.5 5.6 5.9 4.8 5.3 5.6 6.1 7.4 

Esmeralda Granite I 
70571059 Fluorite-bearing biotite adamellite 
70571060 Biotite adamel Hte I 70571062 Bi otlte granite 
70571064 Fluorite-bearing biotite granite 
70571065 S light ly greisenized bi oti te-muscovlte grani te 

I. 70571066 Biotite-muscovite granite 
70571067 Garnetlferous biotite granite 
70571069 T ourma Ii ne-beari ngbi otlte granite 

I 70571073 Biotite-muscovite adamellite 

I 
\.l.: 
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7057
1059

7057
1060

7057
1062

7057
1064

7057
1065

7057
1066

7057
1067

7057
1069

7057
1073

Li 27 23 29 29 46 58 40 29 49

Be 4.0 4.5 4.0 4.5 5.0 3.5 4.5 4.5 5.5

F 1000 - 1500 - -

Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d. 4 5

Co - - -

Ni 4 3 3 n.d. n.d. n.d. n.d. n.d. n.d.

Cu 6 11 8 3 5 5 4 5 9

In 128 133 70 65 93 94 65 50 77

Ga 22 21 19 17 20 21 21 21 22

Rb 248 247 275 282 367 394 370 282 286

Sr 78 78 72 47 21 40 16 75 96

V 79 85 55 120 46 36 83 65 49

Zr 482 482 167 197 79 91 86 216 197

Sn 6 8 9 6 7 5 n.d. 4 n.d.

Ba 1035 985 775 144 45 190 46 705 590

La 38 88 32 31 11 18 14 42 40

Ce 177 177 74 78 39 45 31 100 90

Pb 45 49 47 45 87 51 51 41 44

Th 31 35 21 26 15 16 16 .^24 23

U 8 9 7 7 17 25 8 6 10

Mg/Li 78 83 55 48 12 19 18 45 41

Rb/Sr 3.2 3.2 3.8 6.0 18 9.9 23 3.8 3.0

K/Rb 164 167 154 166 129 113 127 157 137

Ba/Sr 13.3 12.6 10.8 3.1 2.1 4.8 2.9 9.4 6.1

Ba/Rb 4.2 .4.0 2.8 0.51 0.12 0.48 0.12 2.5 2.1

K/Ba 39 42 55 320 1060 230 1020 63 67

Ca/Sr 160 160 117 100 171 140 230 125 131

Ca/Y 150 145 155 39 78 155 43 145 260

K/Pb 900 840 900 1040 550 870 920 1080 890

Th/U 3.9 3.9 3.0 3.7 0.86 0.64 2.0 4.0 2.3

K/U 5100 4600 6000 6700 2800 1800 5900 7400 3900

A1/6a 3000 3200 3500 3700 3300 3300 3200 3300 3500

mg 0.11 0.11^- 0.16 0.15 0.09 0.16 0.09 0.14 0.18

k 0.56 0.57 0.56 0.63 0.59 0.56 0.59 0.60 0.52

13



12. I 
7057 7057 7057 7057 7057 7057 7057 7057 7057 
1074 1075 1076 1077 1078 1080 1081 1083 1085 I 

Si02 76.0 71.8 72.4 72.3 72.0 74.2 73.7 71.1 66.5 

Ti02 0.17 0.31 0.27 0.26 0.29 0.17 0.17 0.37 0.76 I 
Al

2
03 

12.02 13.63 14.13 13.92 13.77 13.52 13.41 13.78 14.42 

Fe203 0.64 0.77 0.81 0.86 0.94 0.61 0.59 1.15 0.91 I FeO 1.16 1.87 1.64 1.42 1.87 1.19 1.12 2.10 5.20 

MnO 0.03 0.05 0.04 0.04 0.05 0.03 0.03 0.06 0.09 I MgO 0.25 0.25 0.35 0.26 0.32 0.21 0.20 0.31 0.68 

CaO 0.51 1.34 1.65 1.61 1.73 0.99 1.00 1.67 2.43 

I Na
2
0 2.35 2.85 2.75 2.75 2.6 2.7 2.6 2.7 2.35 

K
2
0 5.76 5.06 4.44 4.84 4.82 5.01 5.23 5.06 4.08 

P
2
0
5 0.12 0.14 0.17 00 13 0.13 0.14 0.15 0.14 0.19 I 

H
2
O 1.13 1.48 1.60 1.66 1.50 1.57 1.37 1.49 1.28 

CO2 I 
TOTAL 100.14 99~55 100.25 100.05 100.02 100.34 99.57 99.93 98.89 

39.01 32.65 35.49 34.13 34.21 36.90 36.41 31.89 28.76 
I 

Q 

or 34.36 30.47 26.59 29.05 28.89 29.96 31.47 30.36 24.68 I ab 19.98 24.48 23.49 23.71 22.22 23.37 22.66 23.10 20.35' 

an 1.76 5.78 7.17 7.25 7.78 4.05 4.00 . 7.48. 11.02 

I c 1.31 1.43 2.26 1.55 1.51 2.17 2.02 1.20 2.25 

di 

hy 2.01 3.07 2.86 2.21 3.10 2.00 1.87 3.21 9.59 I 
mt 0.95 1.17 1.22 1.30 1.41 0.90 0.89 1.72 1.44 

il 0.33 0.60 0.52 0.50 0.56 o .33 0.33 0.71 1.46 I ap 0.29 0.36 0.41 0.31 0.34 0.34 0.36 0.34 0.46 

01 93.4 87.6 85.6 86.9 85.3 90.2 90.5 85.3 73.8 I 
CI 4.9 6.6 7.3 5.9 6.9 5.7 5.5 7.2 15.2 

I 
Esmeralda Gcanite 

70571074 Biotite granite I 70571075 Biotite granite 
70571076 Tourmaline-bearing biotite-muscovite adamellite 
70571077 Garnetiferous biotite adamellite I 70571078 Porphyritic biotite granite 
70571080 Porphyritic biotite granite 
70571081 Biotite-muscovite granite 

I 70571083 Biotite adamellite 
70571085 Garnetiferous biotite adamellite 

I 
I 

l<t 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I" 

li 

Be 

F 

Cr 

Co 

Nt 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb,LSr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/IJ 

K/IJ 

AI/Ga 

mg 

k 

7057 
1074 

41 

3.0 

n.d. 

n.d. 

3 

45 

18 

306 

~8 

29 

168 

6 

130 

. 29 

80 

54 

28 

8 

37 

6.4 

156 

2.7 

0.42 

370 

75 

125 

890 

3.5 

6000 

3500 

0.20 

0.62 

7057 
1075 

37 

4.5 

5 

n.d. 

11 

77 

20 

276 

75 
. 61 

212 

n.d. 

720 

~3 

96 

48 

24 

9 

41 

3.7 

152 

9.6 
. 2~6 . 

58 

128 

.155 

880 

2.7 

4700 

3600 

.0.15 

0.54 

7057 
1076 

59 

5.0 

15Q() 

5 

n.d. 

8 

71 

23 

279 

90 

47 

163 

9 

495 

35 

88 

40 

23 

6 

36 

3.1 

132 

5.5 

1.77 

74 

131 

250 

920 

3.8 

6100 

3300 

0.20 . 

0.52 

'3. 
7057 7057 
1077 1078 

. 49 72 

5.0 5.5 

4 5 

n.d. n.d. 

6 10 

56 73 

23 22 

291' 287 

88 87 

45 58 

173 189 

n.d. n.d. 

525 575 

35 42 

82 89 

46 53 

19 23 

9 9 

33 26 

3.3 3.3 

138 139 

6.0 6.6 

1.80 2.0 

77 70 

131 143 

260 210 

870 750 

2.1 2.6 

4500 4400 

3200 3300 

0.17 0.17 

0.54 0.55 

7057 
1080 

35 

3.5 

2500 

n.d. 

n.d. 

5 

62 

21 

341 

47 

30 

116 

4 

215 

28 

61 

72 

21 

17 

37 

7.3 

122 

4.6 

0.63 

193 

151 

240 

580 

1.2 

2400 

3400 

0.17 

0.55 

7057 
1081 

34 

3.5 

3 

4 

3 

62 

20 

354 

57 

30 

101 

4 

285 

22 

57 

46 

18 

4 

35 

6.2 

123 

5.0 

0.81 

152 

126 

240 

. 940 

4.5 

10900 

3600 

0.17 

0.57 

7057 
1083 

30 

4.0 

6 

4 

11 

77 

20 

258 

95 

61 

259 

1060 

55 

111 

41 

27 

8 

63 

2.7 

163 

11.2 

4.1 

40 

125 

195 

1020 

3.4 

5300 

3700 

0.15 

0.55 

7057 
1085 

34 

3.5 

1000 

21 

. 11 

31 

13B 

22 

213 

126 

55 

545 

4 

855 

91 

49 

33 

6 

120 

1.69 

159 

6.8 

4.0 

40 

138 

320 

690 

5.5 

5700 

3500 

0.16 

0.53 

I~ 



I 
H. 

7057 7057 7057 6859 7057 7057 7057 7057 7057 I 
1086 1087 1088 0024 1043 ~044 1045 1046 1047 

Si0
2 

69.8 70.6 72.6 69.9 76.8 80.4 74.6 74.0 74.0 I. 
Ti0

2 0.47 0.40 0.36 0.50 0.24 0.23 0.22 0.24 0.25 

I Al
2
0
3 13.55 14.19 13.27 13.38 12.45 11.58 12.51 12.46 12.20 

Fe 203 1.71 0.89 0.61 0.98 2.30 0.57 0.84 0.95 0.85 

FeO 3.35 2.45 2.00 3.60 0.11 0.26 1.31 1.38 1.57 I 
MnO 0.08 0.06 0.03. 0.08 O~ 11 0.02 0.05 0.05 0.05 

MgO 0.34 0.34 0.24 0.38 0.63 0.17 0.11 0.14 0.19 I CaD 1.36 2.01 1.11 1.66 0.02 0.00 0.67 0.66 0.74 

Na
2
0 2.35 2.7 2.5 2.2 00 04 0.08 2~2 2.0 2.15 I K20 4.98 4.62 5.78 4.99 3.28 3.78 6.04 6.03 5.67 

P205 0.18 0.15 0.11 0.15 0.13 0.05 0.14 0.14 0.13 

I H 0 1.70 1.14 1.12 1.21 '3.36 2.40 1.25 1.17 1.24 

CD
2 

0.15 

, I TOTAL 99.87 99.55 99.73 99.03 99.47 99.54 99.94 99.37 99.04 

32.88 32.02 32.64 32.63 65.95 67.26 37.13 38.39 38.33 I 
q 

or 29.97 27.73 34.63 30.10 20.17 23.00 36.15 36.27 34.25 I ab 20.25 23.03 21.61 19.17 0.35 0.70 19.10 17.39 18.59 

an, 5.68 9.13 4.85 7.34 0.00 0.00 2.44 1.44 2.83 

I I 

c· 2.3b 1.51 1.13 1.73 9.48 7.70 1.44 2.13 1.55 

dl 

hy 5.03 4.11 3.26 6.16 1.63 0.44 1.74 1.82 2.38 I 
mt 2.57 1.34 0.93 1.51 0.02 0.24 1.26 1.42 1.27 

il 0.91 .0.77 0.69 0.97 0.47 0.45 0.40 0.'16 0.49 I ap 0.43 0.36 0.26 0.39 0.32 0.12 0.34 0.34 0.32 

cc 0.35 I hm 2.38 0.43 

01 83.1 &2.8 88.9 81.9 86.5 91.0 92.4 92.1 91.2 I CI 11.2 8.1 6.3 10.8 14.3 9.4 5.2 6.5 6.0 

Esmeralda granite 

I 70571086 Fluorite-bearing, garnetiferous biotite adamellite 
70571087 Garnetiferous biotite adamellite 
70571088 Ili otite granite 

I Cro~don Volcanics 
68590024 Porphyritic rhyodacite, £54/12/17. 
70571043 Porphyritic rhyolite I 70571044 Porphyritic rhyolite 
70571045 Porphyritic rhyolite 
70571046 Porphyritic rhyolite 

I 70571047 Porphyritic rhyolite 

l~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

Li 

Be 

F 

Cr 

Co 

Nt 

Cu 

Zn 

Ga 

Rb 

Sr 
y 

Zr 

Sn 

Ba 

La 

Ce 
Pb 

Th 

U 

Mg/Li . 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca(Sr 

CatV 
K/Pb 

Th/lJ 

K/lJ 

Al/Ga 

mg 

k 

7057 
1086 

35 

3.5 

500 

4 

3 

3 

93 

21 

239 

111 

70 

360 

n.d. 

765 

70 

138 

49 

33 

6 

57 

2.2 

173 

6.9 

3.2 

§4 

87 

140 

840 

5.5 

6900 

3400 

0.11 

0.58 

7057 
1087 

46 

4.0 

6 

6 

8 

87 

25 

269 

112 

64 

232 

n.d. 

615 

51 

103 

46 

26 

8 

43 

2.4 

143 

5.5 

2.3 

62 

129 

225 

830 

3.3 

4800 

3000 

0.15 

0.53 

7057 
1088 

38 

4.0 

4 

5 

3 

69 

19 

280 

89 

58 

397 

n.d. 

955 

90 

190 

59 

46 

7 

37 

3.1 

171 

10.7 

3.4 

50 

89 

135 

810 

6.6 . 

6900 

3700 

0.14 

0.60 

6859 7057 
0024 1043 

31 9 

4.0 5.0 

10 

7 

3 n.d. 

12 6 

143 48 

21 19 

251 211 

101 52 

77 278 

513 .216 

n.d. 

1120 650 

104 86 

210 230 

61 4 

46 27 

7 12 

55 420 

2.5 4.1 

165 129 

11.1 12.5 

4.5 3.1 

37 42 

118 3 

155 .... 0.5 

680 6800 

6.6 2.3 

5900 2300 

3400 3500 

0.1j 0.33 

0.60 0.98 

7057 
1044 

7 

2.5 

5 

n.d. 

2 

10 

22 

262 

12 

52 

201 

425 

52 

118 

6 

24 

4 

140 

:2 

120 

35 

1.62 

74 

5200 

6.0 

7900 

2800 

0.27 

0.97 

7051 7057 
104~ 1046 

16 17 . 
4.5 5.0 

1500 1000 

n.d. n.d. 

n.d. n.d. 

6 4 

93 94 

21 22 

342 329 

63 83 

87 84 

.1~2 203 

9 n.d. 

580 745 

'39 43 

86 103 

62 64 

24 28 

10 11 

44 47 

5.4 4.0 

146 152 

9.2 9.0 

1.70 2.3 

36 67 

76 57 

55 56 

810 780 

2.4 2.5 . 
5000 4500 

.3200 3000 

0~08 0.10 
.. 

0.64 0.66 

7057 
1047 

15 

4.5 

1000 

n.d. 

3 

6 

91 

21 

302 

62 

77 

223 

5 

1145 

51 

111 

60 

29 

8 

73 

4.9 

156 

18.5 

3.8 

41 

85 

69 

790 

3.6 

5900 

3100 

0.12 

0.63 



16. I 
7057 7057 7057 7057 7057 7057 7057 7057 7057 

I 1048 1049 1050 1056 1061 1063 1068 1070 1071 

Si0
2 73.3 67.5 74.3 68.3 74.2 74.2 73.8 74.1 74.2 

I H0
2 0.29 0.66 0.30 0.67 0.26 0.24 0.25 0.24 0.25 

Al 203 12.02 13.19 12.52 12.41 12.36 12.11 12.46 12.15 12.21 

I Fe
2
0
3 1.19 2.48 1.19 2.00 0.74 0.72 0.72 0.57 0.81 

FeO 1.94 4.45 2.05 3.85 1.64 1.68 1.87 1.79 1.57 

MnO 0.05 0.12 0.07 0.09 0.04 0.05 0.06 0.05 0.05 I 
MgO 0.10 0.22 0.16 0.60 0.11 0.14 0.14 0.18 0.17 

CaO 0.85 1.56· 1.10 1.94 0.71 O.~~8 0.73 0.79 0.74 I Na
2
0 2.25 1.55 1.95 2.0 2.6 2.5 2.4 2.4 2.5 

K20 ·5.48 5.79 4.56 4.76 5.56 5.61 5.71 5.63 5.60 

I P
2
0
5 0.08 0.14 0.18 0.22 0.13 0.13 0.14 0.14 0.13 

H2O 1.30 1.74 1.58 2.10 1.28 1.14 1.32 1.21 1.21 

I CO2 0.2 0.1 0.35 0.1 

TOTAL 98.85 9g.60 100.06 99.29 99.63 99.20 99.70 99.25 99.4'1 

I 
Q 37.44 31.96 43.27 33.99 36.00 36.47 36.34 36.43 36.37 

or 33.18 34.92 27.35 28.92 33.37 33.80 34.28 33.91 33.66 I ab 19.50 13.38 16.74 17.30 22.60 21.73 20.62· 20.95 21.77 

an 3.79 5.61 3.64 6~14 2.72 2.57 2.11 3.06 2.87 

I c 1.06 2.41 3.11 1.85 1.04 0.99 1.60 0.96 0.97 

di 

I hy 2.49 5.87 ·2.83 6.10 2.34 2.57 2.92 3.00 2.34 

mt 1.80 .3.76 1.60 3.06 1.12 1.09 1.09 . 0.67 1.22 

il 0.56 1.28 0.58 1.31 0.50 0.46 0.48 0.46 0.48 I 
ap 0.19 0.36 0.46 0.54 0.31 0.31 0.34 0.34 0.31 

cc 0.46 0.23 0.82 0.23 I 
01 90.1 80.3 87.4 80.2 92.0 92.0 91.3 . 91.3 91.8 

CI 6.1 14.1 9.0 13.7 5.3 5.4 6.7 5.7 5.3 I 
Cco~don Volcanics I 70571048 Porphyritic rhyolite welded tuff 
70571049 Rhyodacite 
70571050 Porphyritic rhyodacite I 70571056 Recrystallized porphyritic rhyodacite 
70571061 Porphyritic rhyodacite 
70571063 Recrystallized porphyritic rhyodacite " 

I 70571068 Porphyritic rhyodacite 
70571070 Porphyritic rhyolite 
70571071 Recrystallized porphyritic rhyolite 

I 
I 

r~ 



I 
I 
I 
I' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
I 
I. 

li 

Be 

F 

Cr . 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

. 7057' 7057 
1048 1049 

22 22 

3.5 4.0 

n.d. 4 

6 3 

22 8 

99 138 

22 22 

300 255 

52 77 

81 70 

268 391 

9 4 

955 900 

72 61 

148 124. 

59 45 

35' 28 

9 8 . 

27 59 

5.8 3.3 

152 188 

18.4 11.7 

3.2 3.5 

48 53 

117 144 

75 160 

770 1070 

3.9 3.5 

5100 6000 

2900 3200 

0.05 0.05 

0.62 0.71 

11. 

7057 7057 7057 7057 7057 7057 7057 
1 050 1 056 1 061 1 063 111GB 1070 1071 

1'9 26 26 31 29 25 35 

4.5 3.0 4.5 4.0 4.5 4.5 5.0 

n.d. n.d. n.d. 5 n.d. 4 4 

n.d. 3 n.d. n.d. n.d. n.d. n.d. 

5 14 7 6 9 7 7 

119 135 94 96 100 78 86 

20 22 20 20 . 21 19 19 

268 234 302 294 315 292 280 

73 85 53 41 51 59 55 

73 78 76 75 85 74 73 

287 470 229 195 236 212 208 

5 7 7 7 n.d. 9 5 

965 1080 1100 .' 975 990 .1230 1145 

.64 80 49 48 52 51 49 

143 157 112 106 113 112 114 

53 50 66 62 . 66 62 62 

33· 33 28 27 29 28 . 28 

8 8 10 8 11 9 8 

53 140 27 26 28 44 29 

3.7 2.8 5.7 7.2 6.2 5.0 5.1 

141 169 153 158 150 160 166 

13.2 12.7 21 24 19.4 21 21 . 

3.6 4.6 3.6 3.3 3.1 4.2 . 4.1 

39 37 42 48 48 38 . 41 

1 07 16496 120 102 95 96 

105 180 67 &5 61 76 73 

71 0 790 . 700 750 720 750' 750 

4.1 4.1 2.8 3.4 2.6 3.1 3.5 

4700 4700 4600 5800 4300 5200 5800 

3300 3000 3300 3200 3100 3400 340b 

0.08 [.16 0.08 0.09 0.09 0.12 0.11 

0.61 0.61 0~58 0.59 0.61 0.60 0.59 



180 I 
7057 7057 7057 7057 7057 7057 
1072 1079 1082 1084 1089 1090 

I 
SI02 74,3 74.6 64.3 73.5 72.9 67.5 

I TlOZ 0.24 0.25 0.92 0.24 0.43 0.73 

A1 20
3 12.29 12.14 13.72 12.31 12.64- 13.73 

feZ03 0.89 1.04- Z.70 0.80 1.Z1 2.01 I 
feO 1.49 1.75 4.90 1.60, 2.70 4.Z0 

1n0 0.05 0.08 0.12 0.04- 0.70 0.10 I algO 0.19 0.13 0.80 0.12 0.34 0.67 
'. 

Cao 0.74 0.38 3.34 0.67 1.29 1.96 I Ha20 2.25 . 2.45 2.3 2.55 2.5 Z.O ," 

'ZO 5.61 5.56 3.94 5.56 5.13 4.64 , 

I · . 
P
2
0
5 0.13 0.13 0.25 0.14- 0.15 0.20 . '. · , 

H2O 1.19 1.40 1.74- 1.32 1.20 1.63 

COZ 0.3 0.15 ~ I '. , 
TOTAL 99.34 99.91 99.03 99.15 99.71 99.31' ---- ---

· . I q 38.28 38.01 26.44 36.77 ' 34.35 ····32.01 

33.70 33.27 23.90 33.56 30.75 28.05 1 "'" 1 

or .1 • ,j., " . 
ab 19.30 . 21.20 ZO.06 22.21 21.36 17.13 I 

8.61 
. -', l~ ,.:,"; an 2.87 0.99 15.26 0.52 4.St. · . 

", 

'.n c 1.54- 1.74 0~21 1.92 1 .. 37 2.42 I dl - .. 
hy 2.18 2.43 7.'61 2.29 4.29 6.83 I .. 
lit 1.34 1.56 4.11 1.21 1.82 3.06 

t1 0.48 0.48 1.79 0.49 0.83 1.42 

ap 0.31 . 0.34 0.63 0.34 0.36 0.49 I 
btl 0.70 0.35 

I 
01 91.3 92.5 70.4 9Z.5 86.5 77.2 

CI 5.9 6.6 14.4 7.0 9.0 14.2 I 
CroldoQ ¥oleanlcs I 
70571072 Recrystallized porphyritic rhyodacite 

I 70571079 PorphyrItic rhyodacite 
70571082 Recrystallized porphyritic rhyodacite 
70571084 Porphyritic rhyodacite 
70571089 Porphyritic rhyodacite I 70571090 Porphyritic rhyodacite 

I 
I 

J-o 



I 19. 

I 7057 7057 7057 7057 7057 7057 
1072 1079 1082 108~ 1089 1090 

I Li 25 32 . 41 20 32 50 

I 
Be 4.5 3.0 4.0 5.0 4.5 ~.O 

F 

Cr n.d. 4 15 3 4 15 

I Co 

Ni . n.d. n.d • 11 3 4 6 

I Cu 8 8 20 7 9 6 

Zn 91 1 O~ 159 101 121 132 

I Sa 21 19 23 20 21 22 

Rb . 295 285 246 .·263 266 235 

I 
Sr 48 45 117 51 78 111 

Y 76 75 72 78 77 64 

Zr 223 220 668 215 371 ~35 

I Sn 7 5 4 ~ n.d. n.d. 

Ba 1145 1195 7jO 1075 955 865 

I La 51 52 85 54 75 65 

Ce 114 113 161 111 146 123 

I Pb 62 61 35 62 57 51 

Th 27 28 31 29 32 25 

I 
U 8 8 6 11 9 7 

Mg/Li 44 25 . 120 . 35 6.3 80 

. Rb/Sr 6.2 6.3 2.1 5.2 3.4 2~ 1 

I K/Rb 15B 162 133 175 160 164 

(Ja/Sr 24 27 6.2 21 12.2 7.8 

I Ba/Rb 3.9 4.2 3.0 ~.1 3.6 3.7 

K/Ba 41 39 45 ~3 45 45 

I Ca/Sr 110 60 204 94 ·118 126 

Ca/Y 70 36 330 62 120 220 

I 
K/Pb 750 760 930 740 750 750 

Th/U 3.~ 3.5 5.2 2.6 3.6 3.6 

K/U 5800 5800 5400 4200 4700 5500 

I 1\ 1 /Ga 3100 3400 3200 3300 3200 3300 

mg . 0.13 0.08 0.16 0.08 0.14 0.16 

I k 0.62 0.60 0.53 0.59 0.58 0.61 

I 
I 

., -

02, 



20. I 
7057 7057 7057 7057 I 1098 1099 1100 1101 

----- ----

SI02 68.1 56.~ 67.9 70.6 I Tl02 0.82 0.72 . O.~ 0.69 

Al203 13.02 15.57 12.98 11.10 

I * Fe203 3.28 5.~ 6.85 3.36 

1n0 0.01 0.01 0.01 0.01 

I IgO 0.65 O.~ 0.58 0.50 

Cao 0.01 O.O~ O.~ 0.01 

Ma20 0.26 0.2~ 0.35 0.28 I 
K20 3.57 3.92 3.66 3.15 

P205 0.06 0.09 0.11 O.O~ I HzO 2.40 ~.10 2.25 1.86 

C 7.8 8.0 4.2 8.1 I --
TOTAL 99.98 95.47 99.47 99.70 

I 
q 58.00 47.19 55.05 62.78 

or 23.51 27.80 23.25 20~75 I Ab 2.~5 2." . 3.18 2.55 

an 0.00 0.00 0.00 0.00 

I c 9.83 13.29 9.28 8.19 

hy 1.80 1.61 1.55 1.39 

I .t 0.00 0.00 0.00 0.00 

11 0.02 0.03 0.02 0.02 

ap 0.13 0.26 0.28 0.13 I 
hi! 3.66 7.01 7.37 3.75 

ru 0.90 0.85 0.57 0.76 I 
* Total Iron as fez03 

I Stockyard Creek Slltstone - -
70571098 Carbonaceous siltstone 

I 70571099 Carbonaceous siltstone 
70571100 Carbollaceo us sha 1 e 
70571101 Carbonaceous shale 

I 
I 

:'1 I 
I 

?2.-



I 21. 

I 7057 7057 7057 7057· 
1098 1099 1100 1101 

I 
14 Li 19 11 17. 

I Be 2.5 2.0 2.0 2.0 

F 

I 
Cr 65 85 35 50 

Co 

Nt n.d. n.d. . n.d. n.d. 

I Cu 4 . 8 7 7 

In 3 3 5 5 

I Ga 18 23 21 16 

Rb 186 159 185 169 

I Sr 51 . 122 66 47 
.y 41 49 . 23 29 

I 
Zr 318 277 178 249 

Sn n.d. n.d. n.d. n.d. 

Ba 495 560 560 425 

I La 19 28 42 24 

Ce 31 43 69 34 

I Pb 14 22 11 10 .' 

Th 19 34 22 13 

I U 6 6 4 4 

Mg/li 210 300 210 210 

I 
Rb/Sr 3.7 . 1 ~30 2 .. 8 3.6 

K/Rb 159 204 164 154 .' 

. Ba/Sr 9.7 4.6 8.5 .9.0 

I Ba/Rb 2.7 3.5 3.0 2.5 

K/Ba 60 58 54 61 

I Ca/Sr ~2 ~. 2 oJ 4 1'012 

Ca/y "",:2 -, 6 "":'.13 -.J. 3 

I K/Pb 2100 1480 2800 '2600 

Th/U 3.2 5.7 5.5 3.3 

I 
K/U 4900 5400 7600 6500 

Al/Ga 3800 3600 3300 3700 

119 0.28 0.15 O.H 0.22 

I k 0.90 0.92 O~88 0.88 

I 
I 

--<3 



22. 

I 6859 6859 6859 6859 6859 6859 6859 6859 6859 
0016 0017 0019 0020 0021 0417 0100 0101 0103 

---'~-'---"'~~-.-.-. -._- ._ ... -- -~ .. _-..... _ .. _--- "- --- I Si02 12.3 73.7 . 69.7 70.2 73.5 70.7 61.6 7S.3 76.7 

Tl02 0.13 0.21 0.28 0.45 0.19 0.31 0.81 0.04- 0.04 I A1 203 15.39 13.54 15.59 14.57 14.00 16.33 15.55· 14.13 12.41 

fe203 0.11 0.31 0.63 0.52 0.18 0.13 2.16 0.06 0.59 

I feO 1.04 1.19 1.60 2.65 1.27 1.25 4.70 0.26 0.45 

lin a 0.02 0.03 0.05 0.05 0.03 0.01 0.11 0.01 0.02 

1dg0 0.28 0.57 0.97 0.94 0.39 0.53 2.89 0.02 0.03 I 
Cao 1.88 1.69 2.66 2.10 1.09 3.66 4.93 0.81 0.34 

Ha20 5.7 2.2 3.7 2.3 2.55 4.4 2.7 3.7 4.0 I 
KzO 2.05 5.43 2.89 4.79 5.90 1.69 2.36 4.76 4.81 

---P205 0.02 0.06 0.09 0.20 0.09 0.07 0.28 0.04- 0.08 I HzO 0.47 O.SO . 0.79 0.71 0.73 . 0.51 0.98 0.56 0.69 

CO2 0.4 0.1 

I TOTAL 99.39 99.43 99.35 99.48 . 99.92 99.59 99.17 99.69 100.16 

q 26.38 35.56 30.99 31.93 32.17 . 29~12 21.02 34.02 . 34.41 I 
or 12.25 32.42 17.33 28.67 35.14 10.08 14.20 28.36 28.56. 

ab 48.83 18.72 31.58 19.54. 21.82 37.56 ·23.00 31.64 34.16 I 
an 9.30 8.08 10.16 9.23 4.86 17.86 22.40 3.79 1.24 

c 0.42 1.15 2.78 2.32 1.65 0.78 0.55· 1.S1 0.14 I dl 

hy 2.36 3.06 4.51 6.19 2.91 3.03 13.10 0.43 0.38 

I lit 0.18 ·0.47 0.96 0.79 0.28 0.22 3.26 0.09 0.87 

n 0.25 . 0.40 0.54 0.87 0.36 0.59 1.57 0.08 0.08 

ap O.OS 0.14 0.24 . 0.48 0.22 . 0.17 0.68 0.10 0.17 I 
cc 0.92 0.23 

I 
DI 87.5 86.7 79.9 SO.1 89.7 77.4- 58.2 94.0 97.1 

CI 3.3 5.2 10.0 10.7 5.4 4.8 19.4 2.2 1.6 I 
Forsalth GranUe I 68590016 Biotite granod'orite, E54/12/3 
68590017 BIotite adal8l11te, £54/12/6 
68590019 Biotite granodiorite, E54/12/10 I 68590020 Garnetiferous bf otUe adale1 Ute, £54/12/13 
68590021 Porphyrlttc blot'tl-IUscovlte granite, £54/12/14 
68590417 Biotite granodlor,te, [54/12/15 

I 68590100 Hornblende-blotlte tonalite, ES5/9/1 
68590101 Biotite luscovlte granite, ESS/9/2 
68590103 Biotite adalelllte, E55/9/4 

I 
I 

ol't 



I 
I 
I 
I 
I 
I 
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I 
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I 
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I 
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I 
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I 
I 
I 
I 
I 

li 

Be 

F 

Cr 

Co 

Ni 

Cu 

In 

Ga 

Rb 

Sr 

Y 

lr 

Sn 

Ba 

La 

Ce 

Pb 

Th. 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y· 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6859 6859 
0016 0017 

22 14 

2.0 2.5 .. 

. 47 

n.d. 3 . 

5 2 

31 33 

20 14 

154 280 

600 . 222 

5 11 

80 130 

a.d. n.d. 

980 595 

2 53 

n.d. 99 

20 . 35 

2 56 . 

n.d. 2 

77 240 

0.25 1 ~26 

110 161 

1.63 2.7 

6.4 2.1 

17.3 76 

22 55 

2700 1100 

850 1290 

28 

23000 

4100 5100 

0.30 0.40 

0.19 0.62 

23. 

6859 6859 6859 6859 
001 9 0020 0021 0417 

18 20 24 4 

2.5 4.0 4.0 1.0 

10 

8 9 3 

8 n.d.· n.d. 

3 9 2 3 

44 58 39 36 

18 19 16 22 

84 292 298 69 

909 158 109 ·955 

12 36 23 5 

85 292. 109 110. 

n.d. n.d. n.d. n.d. 

1220 .745 495. 330 

4 64 35 27 

n.d. 122 65 56 

30 33 40 27 

3 40 18 9 

n.d. 6 6 n.d. 

320290 96 800 

0.0921.85 2.7 0.072 

286 136 164 203 

1.34 4.7 4.5 0.35 . 

14.52.6 . 1.66 4.8 

19.7 53 99 42 

21 95 72 27 

1600 420 340 5200 

800 1200 1230 520 

6.7 3.0 

6600 8200 

4600 4100 4600 3900 

0.44 0.34 0.32 0.40 

0.34 0.58 0.60 0.20 

6859 6eS9 
0100 0101 

. 12 5 

2.5 3.0 

20 n.d. 

32 n.d. 

15 3 

113 7 

22 17 

93 138 

1070· 135 

24 22 

236 15 

n.d. n.d. 

820 58 

47 5 

67 n.d. 

15 . 54 

13 7 

n.d. 3 

1500 24 

0.087 1.02 

211 286 

0.77 0.44 

8.8 0.42 

24 680 

33 43 

1500 264 

1310 730 

2.3 

13000 

3700 4400 

0.43 0.10 

0.37 0.46 

6859 
0103 

5A 

6.0 

8 

n.d. 

2 

16 

19 

431 

16 

96 

125 

136 

·17 

50 

38 

46 

13 

3 

27 

93 

8.5 

0.32 

280 

150 

25 

1050 

3.5 

3100 

3500 

0.05 

0.44 



24. I 
G( 

7057 7057 7057 7057 7057 7057 7057 7057 . 7057 I 1034 1035 1102 1110 1111 1112 1113 1114 1115 

Si0
2 

73.2 72.6 72.7 72.0 73.7 69.2 64.4 70.5 72.6 I 
Ti0

2 
0.21 0.25 0.16 0.16 0.18 0.39 0.69 0.41 0.29 

A1
2
0
3 15.25 15.03 15.66 15.29 13.68 14.51 15.59 14.26 13.65 I Fe2

0
3 0.16 0.20 0.20 0.12 0.24 0.34 0.86 0.80 0.25 

FeO 1.25 1.55 0.95 1.25 1.35 2.60 3.90 2.20 1.40 

I MnO 0.03 0.04 0.01 0.02 0.02 0.06 0.08 0.05 0.03 

MgO 0.50 0.73 0.30 0.36 0.40 1.32 2.42 1.30 0.70 

CaO 1.87 1.64 1.54 1.51 1.12 2.13 3.45 2.21 1.76 I 
Na

2
0 3.4 3.75 6.6 4.8 3.0 2.6 2.1 2.5 2.6 

K20 3.44 3.12 2.12 3.52 5.13 5.29 4.50 5.03 5.35 I 
P205 0.06 0.07 0.04 0.05 0.09 0.21 0.41 0.25 0.15 

H
2
O 1.22 1.17 0.49 0.54 0.72 0.76 0.76 0.73 0.75 I CO
2 

TOTAL 100.59 100.15 100.77 99.62 99.63 99.41 99.16 100.24 99.53 I 
Q 34.97 33.67 21.98 26.48 33.27 26.51 23.05 29.70 32.12 

or 20.44 18.62 12.4.9 20.99 30.64 31.69 26.96 29.86 31.92 I 
ab 29.09 32.1.3 55.74 40.80 ' 25.73 22.21 18.05 21.16 22.42 

an 8.93 7.76 6.79 7.23 5.02 9.32 14.61 9.37 7.79 I 
c . 2.65 2.68 1.00 1.37 . 1.17 2.04 1.31 0.75 

di 0.48 I hy 3.13 4.18 1.82 2.87 3.04 7.34 11.64 6.04 3.69 

mt 0.25 . 0.31 0.32 0.20 0.37 0.54 1.33 1.19 0.40 

I il 0.40 0.50 0.30 ' 0.31' 0.35 0.73 1.33 0.78 0.56 

ap 0.14 0.17 0.09 0.12 0.22 0.50 1.01 0.60 O.3!i 

I 
01 84.5 84.4 90.2 . 88.3 89.6 80.4' 68.1 80.7 86.5 

CI 6.6 7.8 3.0 4.5 5.4 10.3 17.4 9.9 . 5.8 I 
Forsa~th Granite 

70571034 Fluorite-bearing biotite-muscovite adamellite I 70571035 F 0 Ii ated bi otite-muscovite adame Iii te 
70571102 Biotite granodiorite 
70571110 Biotite-muscovite adamellite 

I 70571111 Biotite-muscovite adamellite 
70571112 Biotite adamellite 
70571113 Biotite granodiorite 
70571114 Biotite adamellite I 70571115 Biotite-muscovite adamellite 

I 
I 

rJ.& 



I 
I 
I 
I 
'I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Li 

Oe 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb, 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

U 

, Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Sa, 

Ca/Sr 

, Ca/Y 

K/Pb 

Th/U 

K/U 

I\I/Ga 

mg 

k 

7057 7057 
103/j 1035 

38 45 . 

4.5 6.0 

400 

13 18 

n.d. n.d. 

4 9 

41 43 

17 18 

106 104 

271 379 

15 17 

6480 

985, 1145 

17 23 

43 54 

41 31 

9 11 

2 2 

79 98, 

0.39 0.27 

269 249 

3.6 3.0 

9.3 11.0 

29 23 

49 31 

890 690 

700 840 

4.5 5.5 

14000 13000 

4800 4400 

0.38 ' 0.42 

0.40 0.35 

25. 

7057 7057 
1102 1110 

13 16 

1.5 2.5 

4 n.d. 

4 . n.d. 

3 n.d. 

5 42 

22 20 

99 140 

755 627 

5 14 

84 108 

n.d. n.d. 

840 540 

4 16 

12 26 

20 43 

2 7 

n.d. 3 

140 140 

0.131 0.22 

178 209 

1.11 0.86 

8.5 3.9 

21 54 

14.6 17.2 

2200 770 

880 680 

2.3 

9800 

3800 ,4100 

0.32 0.31 

0.17 0.33 

7057, 7057 
1111 1112 

31 20 

2.5 4.0 

400 

4 35 

4 10 

n.d. 7 

43 48 

16 17 

248 331 

89 215 

26 22 

128 182 

n.d. n.d. 

620. 1035 

49 68 

80 131 

38 31 

26 '14 

6 2 

77 ' 400 

2.8 1.54 

172 133 

7.0 4.8 

2.5 3.1 

69 42 

90 71 

310 690 

1120 1420 

4.3 7.0 

7100 22000 

4500 4500 

0.31 0.44 

0.53 0.57 

7057 7057 
1113 1114 

17 20 

. 5.0 3.5 

85 35 

16 10 

13 10 

57 39 

20 17 

273 301 

305 207 

23 15 

,238 183 

, n.d. n.d. 

1100 770 

156 89 

260 170 

16 26 

40 52 

4 2 

860 390 

0.90 1.45 

137 139 

3.6 3.7 

4.0 2.6 

34 54 

81 76 

1070 1050 

2340 1610 

10 26 

9400 ,21000 

4100 ' 4400 

0.47 0.44 

, 0.58 0.57 

7057 
11.15 

7 

2.5 

13 

3 

.1 

29 

15 

233 

214 

10 

174 

12 

750 

83 

26 

28 

2 

600' 

1.09 

191 

3.5 

3.2 

59 

59 

1300 

1710 

14 

22000 

"800 

0.43 

0.57 



26. I 
7057 7057 7057 7057 7057 7057 7057 7057 7057 I 1116 1117 1118 1119 1120 1121 1169 1170 1192 

Si02 69.3 72.8 16.0 73.4 70.5 73~5 62.5 71.4 69.7 I Ti0
2 0.53 0.27 0.07 0.20 0.39 0.29 0.81 0.17 0.13 

Al
2
0
3 14.59 14.38 13.04 . 13.78 14.11 13.91 15.52 15.01 16.58 I Fe

2
0
3 1.28 0.32 0.09 0.21 0.62 0.34 2.18 1.18 0.44 

FeO 2.45 1.75 0.50 1.70 2.50 1.70 4.35 1.00 0.90 

I MnO 0.06 0.03 0.01 0.04 0.05 0.05 0.11 0.04 0.03 
MgO ·1.50 0.41 0.20 0.61 1.29 0.58 2.80 0.56 0.26 

CaO 2.76 1.36 1.08 1.49 2.57 1.65 4.62 2.97 3.44 I 
Na20 2.3 2.55 3.5 2.95 2.8 3.3 2.75 3.7 4.3 

K
2
0 4.41 5.14 4~97 4.87 3.90 3.88 2.39 3.14 2.04 I 

P205 0.28 O~15 0.03 0.10 0.23 0.09 0.26 0.03 0.03 

H2O 0.70 0.76 0.54 0.80 0.74 0.88 0.93 0.62 1.52 I CO n.d. n.d. . 2 

TOTAL 100.16 99.92 1000 03 100.15 99.80 100.17 99.22 99.82. 99.37 I 
Q 30.39 34.35 34.01 32.79 3h13 34.32 22.17 30.96 29.27 

or 26.19 30.61 29.51 28~96 23.25 23.08 14.36 18.64 12.32 I ab 19.89 21.74 29.67 25.11 . 23.90 28.27 23.57 31.29 37.25 
. an 11.92 5.81 5.19 6.72 11.35 7.65 21.58 14.65 17.24 I c 1~63 2.53 0.03 1.22. 1.17 1.48 0.66 0.26 1.13 
dl 

hy . 6.43 3.59 1.24 4.21 6.96 3.91 12.20 2.06 1.81 I 
mt 1.89 0.50 0.15 0.35 0.95 0.53 3.27 1.74 0.67 
11 1.01 0.52 0.13 0.38 0.75 0.55 1.56 0.33 00 25 I 
ap 0.67· 0.36 0.07 .0.26 0.55 0.21 0.63 0.07 0.07 

01. 76.5 86.7 93.2 86.9 . 78.3 85.7 60.1 80.9 78.8 I 
CI 11.6 7.5 1.6 6.4 10.4 6.7 18.3 4.5 3.9 

I 
F orsa~th Grani te 

70571116 Porphyritic biotite-muscovite adamellite I 70571117 Biotite-muscovite granite 
70571118 F 0 Ii ated bi otite-muscovite adame 11 He 
70571119 Foliated biotite-muscovite adamellite 

I 70571120 Foliated biotite-muscovite adamellite 
70571121 F 0 Ii ated bi otite-muscovite adame Iii te 
70571169 Hornblende-biotite tonalite 
70571170 Biotite~muscovite granodiorite I 70571192 Sheared biotite granodiorite 

I 
I 

,ft 



I 
I 
I 
I 
I 
I 
I 
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.1 
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I 
I 
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I 
I 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 
Sn . 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Oa/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k. 

7057 7057 
1116 1117. 

22 38 

5.5 3.5 

39 13 

10 4 

8 14 

62 49 

16 18 

296 319 

270 116 

29 22 

234 142 

n.d. n.d. 

965 575 

88 27 

153 55 

35 45 

35 20 

5 6 

410 66 

1.102.8 

124 134 

3.6 5.0 

3.3 '1.80 

38 74 

7384 

680 440 

1050 950 

7.0 3.3 

7300 71 00 

4800 .4200 

0.42 0.26 

0.55 0.57 

27. 

7057 7057 7057 7057 7057 7057 7057 
1118 1119 1120 1121 1169 1170 1192 

22 36 24 19 12 7 6 

5.5 5.0 4.5. 4.0 3.0 2.5 1.0 

4 15 44 9 70 10 6 

n.d. 5 n.d. 25 5 n.d. 

6 2 5 3 2 

10 46 39 50 114 39 43 

14 15 19 19 21 18 21 

313 305 252 214 87 79 55 

57 118 181 124 926 830 . 454 

59 23 26 24 . 23 12 8 

81 123 219 168 225 106 76 

n.d. . 5 n.d. . n.d.· n.d. n.d. n.d. 

113 445 530 390 820 1540 255 

27 42 58 . 57. 52 3 9 

50 64 105 102 84 9 17 

67 45 . 24 39 14 35 34 

25 29 46 37 10 4 2 

19 9 11 6 n.d. h.d. n.d. 

55 100 330 180 1400 . 490 270 

5.5 2.6 1.39 1~73 0.094 0.095 0.121 

132 132 129 150 228 329 307 

2.0 . 3.8 2.9 3.1 0.89 1.86 0.56 

0.36 1.46 2.1 1.82 9.4 19.5 4.6 

360 9'i 61 83 24 16.9 66 

135 90 102 95 35 26 54 . 

130 460 710 . 490 1400 1800 . . 3100 

610 900 1350 830 1410 . 740 500 

1.3 3.2 4.2 6.2 

2200 4500 2900 5400 

4900 4900 3900 3900 3900 4400 ',200 

0.37 0.36 0.42 0.33 . 0.'14 0.32 0.26 

0.48 0.52 - 0.48 0.43 0.36 0.36 0.24 



28 0 I 
7057 7057 7057 7057 7057 7057 7057 7057 7057 
1194 1195 1196 1197 1198 1199 1217 1218 1222· I 

Si02 68.4 69.5 72.7 76.8 75.1 72.0 74.5 68.6 73.0 I Ti0
2 

0.58 00 51 0021 0.04 0.10 0.24 0.09 0.32 00 09 

Al 203 15.05 14.45 14.16 13.24 13.63 14.37 14.62 14.94 15.36 I. Fe203 0.65 0.20 0.01 0.00 0.01 0.41 0.19 0.80 0.16 

FeO 3.70 3.25 1.45 0.19 0.70 1.45 0.75 1.50 0070 

MnO 0.06 0.04 0.01 0.01 0.02 0.03 0.02 0.05 O.OG I 
MgO 1.39 1.12 0.41 0.06 0.19 0.51 0.31 1.01 0.28 

CaD 2.24 2.25 1.58 1.66 1.49 1.44 1.91 2.17 1.40 I 
fJa

2
0 2.95 2.85 2.7 3.2 2.8 2.5 3.75 3.2 4.4 

K 0 3.81 4.33 5.43 4.34 5.67 6.50 3.64 4.64 3.80 I 2 
P205 0.24 0.21 0.06 0.08 0.06 0.17 0.04 0.15 0.08 

H
2
O 0.75 0.68 0.47 0.35 0.46 0.62 0.67 0.97 0.78 

I CO
2 0.2 0.9 

TOTAL 99.82 99.59 99.19 99.98 100.23 . 100.24 100.49 99.25 100.13 I 
q 28.33 28.90 31.62 38.23 33.09 28.3? 33.92 28.73 29.48 

or 22.72 25.86 32.48 25.75 33.55 38.55 21.53 27.88 22.61 I 
ab 25.10 24.53 23.29 27.09 24.14 21.31 31.76 27.53 37.31 

an 9.63 8.62 7.54 7.74 7.01 6.06 9.22 4.17 6.47 I c 2.62 1.94 1.10 0.47 0.24 1.00 1.14 3.21 1.70 

di 

I hy 8.92 7.87 3.41 0.45 1.62 3.26 1.87 4.23 1.80 

mt 1.01 0.35 0.03 0.00 0.03 0.61 0.29 1.21 0.25 

il 1.11 0.98 00 40 0.08 0.19 0.46 ·0.17 0.62 0.19 I 
ap 0.57 0.50 0.14 0.19 0.14 0.40 0.09 0.36 0.19 

cc . 0.46 2.08 I 
DI 76.2 79.3 87.4 91.1 90.8 88.2 87.2 84.1 89.4 

I CI 14.2 12.1 5.1 1.2 2.2 5.7 3.6 11.7 4.1 

Forsa~th Granite 

I 70571194 Foliated biotite adamellite 
70571195 Oiotite adamellite 
70571196 Foliated biotite granite I 70571197 Foliated muscovite granite 
70571198 Biotite-muscovite granite 
70571199 Foliated biotite-muscovite granite 

I 70571217 Biotite adamellite 
70571218 Fluorite-bearing biotite adamellite 
70571222 Biotite-muscovite granodiorite 

I 
I 

?o 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7057 7057 

119q 1195 
-----

Lj 21 18 

Be 3.5 2.5 

F 

Cr 43 

Co 

Ni 11 

Cu 6 

In 61 

Ga 23 

Rb 294 

Sr 133 

Y 43 

Zr 3H 

Sn n.d. 

Ba 485 

La 102 

Ce 180 

Pb 26 

Th 51 

U 8 

Mg/Li 400 

Rb/Sr 2.2 

K/Rb 107 

Ba/Sr 3.6 

Ba/Rb 1.65 

K/Ba 65 

Ca/Sr 120 

Ca/Y 370 

K/Pb 1220 

Th/U 6.4 

K/U .4000 

~1/Ga 3500 

mg 0.36 

k 0.46 

38 

9 

8 

56 

21 

268 

154 

38. 

291 

n.d. 

765 ' 

82 

161 

30 

47 

6 

370 

1.74 

134 

5~0 

2.9 

47 . 

105 

420 

1200 

7.8 

6000 

3600 

0.36 

q.50 

290 

7057 7057 7057 7057 

1196 1197 1198 1199 

10 11 10 16 

1.5 3.0 3.0 3.5 

14 3 8 14 

n.d. n.d. n.d. n.d. 

3 3 

25 8 14 27 

15 14 13 14 

234 193 221 300 

140 196 218155 

29 11 6 20 

114 113 1 04 130 

n.d. n.d. n.d. n.d. 

. 695 670 560 ' 655 

38. 2 . 7 35 

69 n.d. 21 72 

36 36 37 47. 

19 4 38 29 

4 3 16 .6 

250 33 110 190 

1.67 00 98 1.01 1.94 

193 187 213 180 

5.0 3.4 2.6. 402 

3.0 3.5 2.5 2.2 

65 54 84 82 

81 . 60 49 66 

390 1 080 ·1600 520 

1250 1000 1270 1150 

4.8 1.3 2.4 4.8 

11000 12000 2900 9000 

5000 5000 5600 5400 

0.34 0.35 0.31 0.33 

0.57 0.47 0.57' 0.63 

7057 7057 

1217 1218 

5 5 

2.0 3;5 

600 

8 26 

n.d. 3 

3 10 

22 34 

. 15 18 

. 74 130 

476 . 556 

13 16 

49 89 

n.d. n.d o 

1430 2070 

8 17 

24· 27 

41 40 

4 5 

n.d.· n.d. 

380 1200 

0.155 0.23 

408 296 

3.0 3.7 

19.3 15.9 

2118.6 

29 28 

1050 970 

740 960 

5200 4400 

0.37 0.44 

0.39 0.49 

7057 

1222 

20 

6.0 

8 

n.d. 

2 

32 

16 

126 

438 

14 

38 

n.d. 

1435 

15 

17 

32 

3 

n.d. 

85 

0.29 

250 

3.3 

11.4 

22 

23 

710 

980 

5100 

0.35 

0.36 

3( 



30. I 
7057 7057 7057 7057 7057 7057 I 1223 1224 1225 1226 1232 1233 

Si02 68.1 70.0 70.6 71.4 . 71.3 71.7 

I Ti02 0.34 0.28 0.24 0.23 0.27 0.24 

Al
2
0
3 

15.47 15.37 15.55 14.64 15.04 14.18 

Fe
2
0
3 

1.18 0.86 0.49 0.52 . 0.01 0.72 I 
FeD 1.80 1.45 1.50 1.35 1.95 1.25 

l:lnO 0.08 0.06 0.05 0 •. 06 0.05 0.03 I hlgO 1.23 0.93 0.90 0.84 1.14 0.76 

CaO 3.08 2.64 2.83 2.02 2.15 2.30 I r~a20 4.1 4.45 4.3 3.9 4.0 2.7 

K
2
0 2.70 2.55 2.51 3.56 3.38 5.18 

I P205 0.14 0.09 0.09 0.08 0.09 0.17 

H
2
O 0.96 0.63 0.66 0.87 0.82 0.73 

CO
2 0.1 0.1 I 

TOTAL 99.28 99.41 99.72 99.47 100.20 99.96 

25.67 27.46 28.13 29.37 27.91 30.18 
I 

q 

or 16.22 15.25 14.97 21.33 20.09 30.82 I ab 35.34 33.18 36.79 33.45 33.86 23.08 

an 13.96 11.90 13.57 9.63 10.14 10.37 

I c 0.77 0.98 0.82 0.91 1.15 0.35 

di 

hy 5.05 3.96 4.31 3.87 6.09 3.26 I 
mt 1.77 1.26 0.75 0.79 0.06 1.08 

i1 0.66 0.54 0.46 0.46 0.50 0.46 I 
ap 0.34 0.24 0.22 0.19 0.21 0.41 

cc 0.23 0.23 I 
01 77.2 80.9 79.9 84.2 81.9 84.1 

I CI 8.8 7.2 6.6 6.2 8.0 5.6 

Forsa~th Gt:anite I 
70571223 Biotite granodiorite 
70571224 Bioti te granodiorite I 70571225 8iotite-muscovite granodiorite 
70571226 Biotite-muscovite granodiorite 
70571232 Bj otite granodi ori te 

I 70571233 Biotite adamellite 

I 
I 

7~ 



I 31 0 

I 7057 7057 7057 7057 7057 7057 

I 1223 1224 1225 1226 1232 1233 
- . ~ .. _"----_.-

1I 17 13 9 11' 7 9 

I 
Be 3.0 2.0 1.5 3.0 2.5 40 5 

F -
Cr 40 20 20 29 26 13 

I Co 

Ni 13 10 7 12 13 4 

I Cu 4 1 1 1 4 3 

Zn 47 42 40 38 41 28 

I Ga 17 18 18 19 18 15 

Rb 78 57 58 95 86 245 

I 
Sr 900 782 792 510 713 241 

Y .13 15 10 24 26 10 

Zr 92 78 81 73 80 150 

~ 
Sn n.d. n.d. n.d. n.d. n.d. n.d. 

Ba 785 905 1095 890 1140 950 

La 19 11 12 13 12 3 

C~ 32 . 21 28 16 '19 8 

I Pb 20 23 33 32 33 16 

Th . 4 4 3 3 7 11 . 

I 
u n.d. n.d. n.d. n.d. n.d. n.d. 

Mg/li 440 430 600 460 970 510 

Rb/Sr 0.087 0.073 0.073 0.186 0.121 1.02 

I K/Rb 287 372 359 311 326 176 

Ba/Sr 0.117 1.16 1.38 1.75 1.~0 3.9 

I Ba/Rb 10.1 15.9 18.9 9.4 13.3 3.9 

K/Ba 29 23 19.0 33 25 45 

I . Ca/Sr 24 24 26 28 22 68 

CatV 1700 1300 2000 600 590 1600 

I 
K/Pb 1120 920 630 920 850 2690 

Th/U 

K/U 

I Al/Ga 4800 4500 4600 '-4100 4400 . 5000 

mg 0.43 0.42 0.44 0.44 0.50 0.41 

I k 0.30 0.27 0.28 0.38' 0.36 0.56 

I 
I 

73 



32. I 6859 6859 6859 7057 7057 7057 7057 7057 7'J'J7 
0416 0018A 00188 1122 1123 1124 1125 1126 1128 

Si02 74.2 76.4 72.8 67.4 69.1 75.2 75.0 68.5 75.8 I 
Ti02 

0~.Q1 0.12 0.13 0.48 0.44 0.05 0.06 0.43 0.04 I A1
2
0
3 14.93 12.53 14.15 15.04 14.49 13.86 14.43 14.86 12.90 

Fe
2
0
3 

0.00 0.17 0.94 1.73 1.44 0.41 0.36 1.15 0.18 

I FeO 0.23 .0.95 1.05 2.40 2.40 0.25 0.20 2.30 0.30 

1:1 nO 0.03 0.02 0.01 0.08 0.07 0.01 0.02 0.07 0.01 

MgO 0.06 0.24 0.43 1.54 1.54 0.16 0.00 1 ."" 0.00 I 
CaO 0.87 0.47 0.82 3.40 3.22 0.56 0.67 3.08 0.51 

tla 0 4.2 2.8 2.2 3.5 3.1 3.9 3.8 3.4 3.7 I . 2 
K
2
0 5.31 5.92 5.85 3.29 3.16 4.30 5.11 3.34 5.10 

P205 0.05 0.05 0.23 0.13 0.11 0.04 0.05 0.10 0.04 I H
2
O 0.34 0.48 0.91 0.94 0.86 0.83 0.69 0.95 0.45 

CO
2 I TOTAL 100.23 100.15 99.52 99.93 99.93 99.57 100.39 99.62 99.03 

q 27.20 35.47 35.76 24.68 29.36 34.93 32.10 26.85 33.95 , or 31.38 35.07 35.03 19.64 18.85 25.71 30.21 19.93 30.55 

ab 35.95 24.08 19.12 29.65 26.21 . 33.72 32.39 28.96 31.99 

an 3.99 2.01 2.60 15.91 15.40 2.55 3.00 14.75 2.30 

c 0.73 0.72 3.25 - 0.44 1.83 1.53 0.36 0.42 I dl 0.22 

hy 0.60 2.03 2.04 6.08 6.49 0.45 0.01 6.35 0.36 

I mt 0.01 0.28 1.41 2~58 2.15 0.62 0.52 1.73 0.26 

i1 0.02 0.23 0.25 0.94 0.84 0.10 0.11 0.81 0.08 

ap 0.12 0.12 0.55 0.31 0.26 00 10 0.12 0.26 0.10 I 
01 94.5 94.G 89.9 74.0 74.4 9't.4 9't.7 75.7 96.5 I CI 1.5 3.4 7.5 10.1 10.2 3.1 2.3 9.5 1.2 

Robin Hood Granite I 
68590416 Garnetiferous biotite-muscovite adjmcllite, E54/12/8 
68590018A B I otlte granite, E54/12/9A I 685900188 13 i otlte-muscovite granite, E54/12/-9B 
70571122 Hornblende-biotite granodiorite 
70571123 lIornblende-biotite granodiorite 

I 70571124 Fluorite-bearing leucocratic adamellite 
70571125 Leucocratic muscovite granite 
7057112G Fluorite-bearing hornblende-biotite granodiorite 

I 70571128 Leucocratic muscovite granite 

I 
I 

'7Lt 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 

6859 

0416 

li 9 

Be 3.5 

F 

Cr 3 

Co 

rli n.d. 

Cu 2 

In 5 

Ga 13 

Rb 184 

Sr 151 

Y 8 

Zr 13 

Sn 

Sa • "245 

la n.d. 

Ce 4 

Pb 84 

Th 2 

U 2 

Ido/l i 40 

Rb/Sr' 1.22 

K/Rb 1.40 

Ua/Sr1.62 

Ba/Rb 1.33 

K/Ba 180 

Ca/Sr 41 

Ca/Y 780 

K/Pb 530 

Th/U 

K/U 22000 

I\l/Ga t 6100 

mg 0.28 

k 0.4S' 

6859 

001&\ 

14 

5.5 

6 

n.d. 

~8 

11 

13 

427 

.30 

72 

84 

n.d. 

100 

20 

51 

32 

30 

16 

100 

14 

115 

3.3 

0.23 

490 

113 

47 

1530 

1.9 

3100 

5100 

0.27 

0.58 

6859 

00188 

4 

2.0 

10 

n.d. 

3 

6 

15 

152 

49 

36 

100 

n.d. 

235 

19 

45 

14 

16 

8 

650 

3.1 

:520 

4.8 

1.55 

210 

120 ' 

165 ' 

3500 

, 2.0 

6100 

5000 

0.28 

0.63 

7057 7057 7057 

1122 1123 1124 

17 17 10 

2.5 2.5 3.5 

300 

39 39 n.d. 

17 16 n.d. 

15 18 

62 59 9 

19 20 ~ 

94 84 214 

700 657 194 

21 20 15 

127 123 67 ' 

n.d. n.d. n.d. ' 

1060 1010 455 

27 29, 12 

4435 , 19 

22 22 28 

7 6 6 

n.d. n.d. n.d. 

550 550 100 

0.134 0.128 1.10 

290 :512 1 G7 

1.51 1.54 2.3 

11.3 12.0 2.1 

26 , 26 78 

35 35 ~ 

1160 1150 270 

1240 1190 1280 

'-

4200 3800 3700 

0.40 0.42 0.31 

0.38 0.40 0.42 

7057 7057 

11~ 1126 

10 19 

3.5 3.0 

700 

n.d. 30 

n.d. 12 

1 14 

9 54 

22 20 

, 268 104 

115 ' 706 

25 21 

42 127 

n~d. n.d. 

305 1000 

5 23 

8 40 

31 25 

~ 8 

3 n.d. 

460 

2.3 0.147 

1 ~IU 2GU 

2.7 1.42 

1.14 9.6 

139 28 

42 31 

190 1050 

1370 1110 

1.7 

14000 

3500 3900 

0.00 0.43 

0.47 0.39, 

7057 

1126 

5.0 

3 

n.d. 

9 

17 

415 

45 

33 

57 

n.d. , 

84 

4 

12 

74 

8 

61 

9.2 

102 

1.87 

0.20 , ' 

500 

80 

110 

570 

0.13 

690 

4000 

,0.00 

0.47 



34. I 
6859 6859 1051 7057 7057 7057 7057 7057 7057 
0124 0208 1129 1131 1132 1138 1139 1157 1162 

I 
SI02 71.4 70.3 75.~ 74.9 73.1 74.4 75.3 73.4 61.0 

I Tl02 0.22 0.21 0.18 0.05 0.14 0.09 0.06 0.23 0.25 

Al 203 15.27 15.53 13.~5 13.65 1~.85 14.96 13.92 13.44 20.19 

Fe203 0.80 1.18 0.51 0.09 0.39 0.21 0.22 0.50 1.38 I 
FeD 1.01 1.45 0.55 0.40 . 0.85 0.30 0.35 1.10 2.15 

"'0 0.05 0.03 0.03 0.02 0.06 0.02 0.02 0.05 0.01 I MgO 0.49 0.73 0.07 0.01 0.40 0.11 0.05 0.31 0.99 

Cao 2.51 2.48 0.48 0.92 2.01 1.36 0,82 1.4() 5.27. I MaZO 4.5 4.3 4.6 3.4 4.05 4.55 3.8 4.05 5.4 

. K20 2.20 2.39 4.18 5.68 3.10 .4.01 4.20 4.28 1.34 

I P205 0.06 0.06 0.02 0.00 0.03 0.02 0.01 0.05 0.06 

~O 0.63 0.66 . 0.00 0.50 . 0.83 0.36 0.71 0.50 0.11 

CO2 I 
... 

TOTAl. 99.20 99.38 100.51 99.62 100.43 100.51 99.46 99.31 99.16 

I 
Q 30.58 29.71 28.94 3~.23 30.08 29.00 35.41 29.97 10.07 

.. 

I or 13.18 14.30 28.22 33.85 21.95 24.00 25.13 25.59 8.02 

ab 38.86 36.15 39.22 29.26 34.48 38.67 32.71 34.83 46.27 
.. .. 

an 12.53 12.06 1.16 4.60 9.91 6.65 4.05 5.84 27.26 I c 0.92 1.54- 0.19 0.55 0.58 1.65 

di 0.41 0.72 1.32 

I hy 2.17 3.14 0.31 0.65 2.12 0.~9 0.53 1.14 4.39 

.t 1.19 1.76 0.74 0.13 0.57 0.39 0.32 0.75 2.06 

n 0.42 0.52 0.34 0.10 0.21 0.11 UO.12 0.44 0.48 I 
ap 0.14 0.14- 0.05 0.00 0.01 0.05 0.02 0.12 0.14 

I 
01 82.6 80.8 96.4 94.3 86.5 91.1 93.3 90.4 64.4 

CJ 4.8 1.1 1.9 1.1 3.6 1.7 2.6 3.8 8.4 I 
Du.bano Granite I 68590124 Biotite granodiorite, E55/13/6 
68590208 Biotite granodiorite, F55/1/17 
70571129 leucocratl c gran ita I 10511131 leucocratlc granite 
70571132 BIotite adalellite 
70571138 Garnetlferous, leucocratlc adaaellite 

I 10511139 Biotlte •• uscovlte adamellite 
70511157 Biotite adllsll1te 
10511162 Biotite-epidote-Quartz diorite 

I 
I 
~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 

li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

y 

Zr 

Sn 

Ba . 

La 

Ce 

Pb 

Th 

U 

~lg/li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

A I/Ga 

rng 

k 

6859 

0124 

10 

2.5 

5 

n.d. 

2 

42 

17 

58 

51 B 

13 

120 

n.d. 

725 

21 

38 

18 

9 

n.d. 

300 

0.112 

314 

1.',0 

12.5 

25 

36 

1400 

101 0 

4800 

0.33 

35. 

6859 7057 7057 7057 

1132 

7057 

1138 0208 1129 1131 
---------- ----- -- --- -

6 8 2 13 

3.0 

1 

2.5 2.5 - 2.5 2.0 

13 

7 

3 

46 

17 

77 

374 

24 . 

105 

845 

32 

58 

33 

17 

n.d. 

730 

0.21 

259 

2.3 

11.0 

23 

47 

740 

600 

4800 

0.34 

0.27 

3 

n.d. 

1 

11 

·14 

191 

75 

18 

158 

n.d. 

1320 

50 

90 

33 

34 

4 

53 

2.6 

208 

17.6 

6.9 

30 

45 

190 

1200 

8.5 

9900 

5100 

0.11 

0.40 

3- 9 3 

n.d. 4 n.d. 

19 77 18 

17 15· 16 

234 135 180 

72 312229 

12 17 11 

80 58 34 

n.d. n.d. n.d •. 

220 1105 630 

. 9 14 3 

10 33 n.d. 

61 36 49 

5 6 n.d. 

3 n.d. n.d. 

30 190 700 

3.3 0.43 0.79 

201 227 108 

3.1 3.5 2.8 

0.94 8.2 3.5 

210 28 54 

92 47 42 

550 850 8BO 

770 -B50690 

1.7 

16000 

4300 

0.03 

0.52 

- . 

5300 5000 

. 0.36 0.26 

. 0.37 0.37 

7057 7057 

1139 1157 
. - ---- . 

3 12 

2.5 3.5 

3 3 

n.d. 5 

2 

33 48 

1416 

174 200 

212 . 125 

12 22 

51 152 

. n.d. n.d. 

6BO . 690 

1B .. 33 

13 64 .. 

37 27 

3 29 

n.d. 6 

100 160 

0~02 1.60 

201 178 

4.2 5.5 

5.1 3.5 

40 51 

28 80 

490 . 455 

940 1310 

4.8 

5900 

5300· 4500 

0.14 0.26 

0.42 0.41 

7057 

1162 

5 

2.5 

21 

16 

111 

22 

36 

1024 

10 

110 

n.d. 

735 

11 

23 

17 

3 

n.d. 

1200 

0.035 

300 

0.72 

20 

15.1 

41 

4200 

650 

4900 

0.34 

O.H 



36. I 
7057 7057 7051 ·7051 7051 1057 7057 .7057 7057 
1164 1165 1166 1167 1168 1179 1180 1181 11"82 

I -. --.- . --------_.-- --- ---- . -. .. - .. 

SI02 74.7 74.6 71.6 69.4- 72.3 75.3 72.6 13.5 13.5 

TI O2 D. 10 00 13 00 15 0.27 00 23 0.06 0.11 0.07 0.14 I 
A1

2
03 1~o~2 1l}002 16054 16.08 15076 14.18 14.29 15.01 14.56 

Fe
2
03 0012 00 21 00 33 00 28 00 46 00 22 0.72 0.37 0052 I FeO 0.70 00 90 0,,80 1.70 1015 0.40 1.00 0.50 0.95 

lin 0 0,,02 0003 0,,01 0002 0,,02 0,,01 0.04- 0.02 0.02 I MgO 0&25 0.31 0043 0.,74 0.56 0.16 0.45 0.22 0.21 

Cao 1.72 1.46 4e69 4.39 4.23 1.32 2.09 1.78 2.38 

I Na20 3.6 2.8 4.4 4.35 4.25 4.25 4-.65 4-.15 4.4 

K
2
0 4.64 5.82 0.66 0.94- 0.95 4.11 3.23 3.57 2.98 

I P
2
05 0.01 0.03 0.06 0.07 0.05 0.01 0.04- 0.04 0.03 

HzO 0.39 0.42 0.81 0.88 0.85 0.41 0.44- 0.40 0.47 

CO2 0.1 I 
TOTAl. 100.67 100.73 100.4-8 99.12 99.81 100.43 99.72 99.63 100.26 

I 
q 31.36 31.83 32.80 29.59 32.96 31.45 28.03 31.59 31.16 

or 27.33 34.26 3.92 50 59 5.67 24.28 19.21 21.24 17.64 I ab 30.44- 23.68 37.11 31.52 36.25 36.12 39.93 35.52· 37.12 

an 8.44 7.02 22.96 21.69 20.88 6.48 8.47 8.63 11.00 I c 0.36 0 .. 52 0.26 0.09 0.19 0.33 1.16 0.11 

dl 1.4-1 

I hy 1066 2008 2005 4 .. 38 2.80 0.87 1.47 1.08 1.63 

It 0,,20 00 32 Oo~ 0,,44 0.69 0.32 1.07 0.55 0.78 

11 00 19 0,,25 0,,29 0.52 0.44 0.119 0.33 0.13 0.21 I 
ap 09 02 0.07 0.14 0.17 0~12 0.02 0.10 0.10 0.07 

cc 0.23 I 
DI 89.1 89.8 73.8 72.7 74-.9 91.9 87.2 88.4 85.9 I CI 2.4 3.2 3.2 5.6 4.2 1.7 4-.4- 3.0 3. 1 

Du.bano Gran i te I 
70571164 Foliated, garnetlferous biotite granite 
70571165 Foliated biotite granite I 70571166 Biotite trondhjellte 
70571167 Biotite trondhjemite 
70571168 Biotite troQ~hJemlte I 70571179 Biotite adalellite 
70571180 Porphyrl tI c biotite adame 11\ te 
70571181 Biotite adamellite 

I 70571182 Blotite.luscoyite granodiorite 

I 
~g 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
"I 
I 
I 
I 
I 
I 
I 

Li 

Re 

F 

Cr 

Co 

IJi 

Cu 

In 

Ga 

Rb 

Sr 

Y 

Zr 

Sill 

Sa 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ra/Rb 

K/Oa 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

7057 7057 
1164 1165 

5 8 

4.5 4.0 

3 3 

n.d. n.d. 

3 2 

20 32 

13 15 

234 297 

180 241 

8 1.1 

102 174 

n.d.. n.d. 

235 645 

16 47 

26 91 

37 32 

71 49 

15 3 

300 240 

1.30 1 .23 

165 163 

1.31 2.7 

1.00 2.2 

164 75 

6843 

1500 950 

1040 1510 

4.7 16 

2600 16000 

5900 5000 

0.34 0.33 

0.'t6 0.58 

7057 
1166 

4 

2.0 

3 

3 

2 

45 

15 

24 

750 

72 

n.d. 

380 

n.d. 

n.d. 

12 

n.d. 

n.d. 

650 

0.032 

229 

0.51 

15.8 

14.5 

45 

34000 

460 

5800 

0.41 

0.09 

7057 
1167 

7 

2.5 

6 

n.d. 

2 

73 

17 

47 

806 

4 

128 

. n.d. 

495 

21 

33 

17 

6 

n.d. 

640 

0.058 

166 

0.61 

10.5 

15.8 

39 

7800 

460 

5000 

0.40 

0.12 

7057 7057 7057 
1168 1179 1180 

7 6 8 

2.0 2.5 2.5 

4 3 13 

n.d. n.d~ 3 

21 1 

59 11 36 

17 16 19 

53 125 91 

877 231 265 

4 15 26 

1't4 46 67 

n.d. . n.d. n.d. 

430 795 745 

18 13 15 

. 38 16 28 

15 26 16 

6 4 6 

n.d. 2 2 

490 170 340 

0.060 0.54 0.34 

149 273 295 

0.49 3.4 2.B 

8.1 6.4 8~2 

18.4 43 36 

34 41 56 

7600 630 570 

530 1310 16BO 

2.0 3.0 

17000 . 13000 

4900 4700 4000 

0.39 0.32 0.32 

0.13 0.39 0.31 

7057 
1181 

8 

2.0 

5 

n.d. 

36 

15 

104 

405 

13 

60 

n.d. 

1090 

12 

21 

30 

5 

n.d. 

160 

0.25 

285 

2.7 

10.5 

27 

31 

980 

990 

5300 

0.31 

0.36 

7057 
1182 

8 

2.0 

n.d. 

1 

42 

19 

347 

15 

116 

n.d. 

1100 

27 

44 

20 

9 

n.d. 

160 

0.27 

266 

3.2 

11.8 

22 

49 

1100 

1240 

4100 

0.20 

0.31 



380 I 
7057 6859 7057 7057 7057 7057 7057 7057 7057 
1183 0127 1173 1174 1175 1176 1177 1178 1184 

I ---._----_._---- ----._._--" , ' - .-._- -----~-

SI0
2 76.8 64.8 45.2 53.5 65.7 65.9 54.4 53.9 66.4-

I Ti O
2 

0.11 0.41 0.33 1.11 0.46 0.45 1.01 1.07 0.41 

A1
2
03 12.88 17.40 23.58 16.90 16.90 16.65 1~68 18.11 16.86 

fe203 0.54 1.72 1.65 3.38 1.62 1.77 2.69 3.99 1.68 I 
feO 0.57 1.90 5.50 5.80 2.15 ' 2.30 6.60 4.80 1.80 

/dn0 0.02 0,09 0.11 0.15 0.11 0.10 0.18 0.15 0.08 I 11190 0.00 1.60 8.6'9 3.95 1.30 1.49 3.97 3.51 1.47 

CaO 0.60· 5.38 13.20 8.09 5.72 5.47 8.44 8.54 5.24-

I Ha20 4.3 3.95 1.05 2.15 3.8 3.8 2.35 2.6 3.85 

~o 4.39 1.34 0.10 2.27 1.12 .1.41 1.29 1.86 1.33 

I '. 
P205 0.00 0.16 0.03 0.45 0.17 0.18 0.39 0.38 0.16 

"ZO 0.23 0.55 0.78 1.23 0.83 0.69 0.80 1.26 0.56 

CO2 I 
TOTAL 100.44 99.30 100.22 98.98 99.88 100.21 98.90 100.17 99.84 

I 
q 33.46 22.69 9.35 25.20 24.35 11.20 9.12 25.60 

or 25.88 8.02 0.59 13.71 6.62 8.37 7.77 11.10 7.91 I 
ab 36.29 34.00 8.85 18.59 32.54 . 32.46 20.01 22.30 32.71 

an 2.88 25.96 59.71 30.42 25.99 24.24 31.91 32.53 25.03 I c 0.02 • 

di 0.08 4.77 6.19 1.25 1.50 6.68 6.26 0.03 

I hy 0.41 5.59 10.07 13.42 4.71 5.20 15.46 9.83 5.06 

.t 0.78 2.55 2.49 5.11 2.42 2.61 4.08 5.92 2.4-8 

n 0.21 0.79 0.63 2.15 0.88 0.86 1.96 2.05 0.78 I 
ap 0.00 0.38 0.07 1.09 0.41 0.43 0.97 0.91 0.41 

01 12.82 I 
DI 95.6 64.7 9.4 41.6 64.4 65.2 39.0 42~5 66.2 I CI 1.5 9.3 ll.9 28.0 . 9.7 10.6 29.2 25.0 8.8 

~.baDo Gran I te I 
70571183 Biotite adalellite 

I DI~2 Granodiorite 

68590127 Hornblend.~b'otlte tonalite, £55/13/9 
70571173 Olhlne gabbro I 70571174 Hornblende-blotlte-Quartz diorite 
70571175 Hornblende-biotite tonalite 
70571176 Hornblende-biotite tonalite I 70571177 Hornblende-bIotite-quartz diorite 
70571178 Hornblende-blotlte-quartz diorite 
70571184 foliated hornblende-biotite tonalite 

I 
t{C 
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K/Rb 
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Ba/Rb 

K/Ba 

Ca/Sr 

ea/y 

K/Pb 

Th/U 
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Al/Ga 

mg 

k 

7057 6859 
1183 0127 

2 7 

2.0 2.5 

3 

11 

n.d. 3 

1 2 

36 55 

18 16 

69 38 

. 64 864 

41 9 

117 156 

n.d. n.d. 

930 450 

52 31 

90 . 54 

8 8 

9 5 

n.d. n.d. 

1400 

1.08 0.044 

528 292 

1ft.5 0.52 

13.5 11.8 

39 25 

67 .. 44 

105 4300 

4550 1390 

3800 5800 

0.00 0.44 

0.40 0.18 

7057 
1173 

1.0 

231 

149 

50 

48 

13 

588 

6 

22 

n.d. 

31 

9 

n.d. 

n.d. 

2 

n.d. 

50000 

0.002 

800 

0.053 

31 

26 

160 

16000 . 

9500 

0.68 

0.06 

39. 

7057 7G57 7057 
1174 11 75 1176 

6· 7 8 

2.0 Z.O 2.0 

15 10 10 

883 

86 2 3 

100 64 66 

19 18 18 

77 31 39 

918 . 784 794 

21 13 11 

142 164 155 

n.d. n.d. n.d 

670· 405 500 

39 21 . 27 

67 36· 47 

10 7 . 5 

366 

n.d. n.d. n.d. 

4000 1100· 1100 

0.084 0.040 0.049 

244 300 300 

0.73 0.52 0.63 

8.7 13.1 12.8 

28 23 23 

63 52 49 

2800 31 00 3600 

1880 . 1 330 2300 

4700 5000 4900 

0.44 0.38 0.40 

0.41 0·.16 0.20 

7057 
1177 

4 

2.5 

8 

154 

61 

1a 
25 

909 

18 . 

118 

n.d··' ,:. 

905 . 

33. 

. 42 

4 

n.d. 

n.d. 

6000 

0.028 

428 

1.00 

36 

11.8 . 

66 

3400 

2700· 

4900 

0.43. 

0.27 

70~7 7057 
1178 1184 

6 Ii 

2.5 2.5 

18 . 3 

6 n.d. 

50 3 

91 61 

20 19 

61 36 

820 806 

22 10 

194 . 147 

4 n.d. 

595 535 

35 27 

55 36 

9 8 

3 5 

n.d. n.d. 

3500 1100 

0.074 0.045 

252 3U6 

0.'13 ().GG 

9.8 14.9 

26 21 

74 46 

2800 3700 

1710 1380 

4800 4700 

0.42 0.43 

0.32 0.19 







420 I 
6859 6859 7057 7057 7057 7057 7057 I 
04-15 0025 1103 1104-A 1104-8 1105 1106 

----------------------------------- I 
SI02 69.4- 74-.5 69.4- 60.4- 69.0 74-.6 12.8 

H02 0.37 0.18 0.43 0.62 0.4-0 0.18 0.31 I AI 203 15.~ 13.02 15.38 14-.78 16.12 12.88 13.27 

fe203 0.61 . 0.37 0.4-0 2.01 0.35 0.49 0.69 I FeO 1.50 1.27 1.55 4-.40 1.75 1.15 1.4-5 

rao 0.03 0.04 0.03 0.11 0.03 0.04- 0.03 

I 1190 1.08 0.23 0.96 5.27 1.21 0.03 0.48 

(40 2.99 0.88 3.25 6.03 3.57 0.91 1.31 

Na20 4.5 3.8 4-.45 3.1 4.7 3.6 3.5 I 
"'20 ?72 , 4.86 2.32 2.01 2.18 4.89 5.01 

P20S 0.09 0.04 0.09 0.09 0.08 0.04 ' 0.08 I H2O 1.10 0.68 0.76' 1.23 0.67 0.83 0.98 

(J)2 0.15 0.15 I -------------
TOTAL 99.85 99~87 ' 99.02 100.11 100.06 99.79 100.12 I 
q 24.66 ' 31.15 26.34 13.59 23.43 32.57 29.52 

I or 16.27 28.94 13.95 12.36 12.96 29.10 JO.21 

ab 38.54 32.39 38.12 26.41 ' 39.90 30.84 JO.11 

an 14.14 4.14 15.50 20.51 16.60 3.33 5.02 I 
c 0.01 0.42 0.15 

eft 0.23 0.25 7.31 0.56 I 
hy 4.29 2.39 4.20 15.31 5.08 2.24 2.85 

It 0.92 0.56 0.60 3.02 0.53 0.73 1.02 I 11 0.73 0.34 0.83 1.11 0.76 0.34 0.59 

ap 0.22 0.10 0.22 0.22 0.19 0.10 0.19 I cc 0.34 0.34 

DI 79.5 92.5 78.4 52.4- 76.3 92.5 89.8 I 
CI 6.4- 3.4 6.1 27.1 7.1 4-.2 5.1 

I 
Cu8berland RaA2e w.uldron Subsidence Area 

68~0415 Porphyritic hornblende - biotite Ilcrogranodlorlte, £54/12/4. I 689}OO25 Porphyritic biotite Itcroadalelllte, £54/12/18. 
70571103 Porphyrltt c homb I ende - blot! te II crogranodl orUe. 

I 705711D4A Hornblende, btotlte-rlch xenolith In 705711048. 
705711048 PorphyritiC hornblende - biotite Ilcrogranodlorite. 
70571105 Porphyritic bIotite IIcroadSlellite. 
70571106 Porphyrltl c blotlte IIlcroadalle 1H te. I 

~ 
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~b/Sr 
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lla/Sr 

Ha/Rb 

K/Oa 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

f"l/Ga 

mg 

k 

w·o 
6lf59 
0415 

22 

3.0 

21 

6 

4 

64 

21 

106 

373 

5 

109 

n.d. 

510 

9 

16 

26 

5 

2 

300 

0.28 

213 

1.3'1 

4.8 

57 

4300 

870 

2.5 

11000 

3900 

0.48 

0.28 

6859 
0025 

21 

5.5 

4 

n.d. 

3 

46 

18 

259 

71 

45 

136 

6 

280 

45 

79 

35 

33 

7 

67 

3.7 

156 

3.9 

. 1.08 

144 

89 

140 

1150 

4.7 

5800 

3800 

0.20 

0.46 

7057 
1103 

17 

2.0 

10 

n.d. 

7 

51 

20 

98 

402 

6' 

118 

n.d. 

455 

21 

20 

21 

5 

7057 
1104A 

20 

2.0 

365 

96 . 

533 

149 

19 

84 

296 

13 

79 

n.d. 

395 

6 

n.d. 

17 

4 

n.d. n.d. 

' ....... ~4Q .,' '" '., ..•. ,;, ... 1 §.9Q '.' 
.;'. 0~24 ': .. : :.: .... :. :O:'~8 !' 'C 

197 205 

1 .13 . 1 .33 

4.6 4.7 

42 

58 

3900 

920 

4100 

0.47 

0.26 

44 

146 

3300 

1010 

4100 

0.60 

0.31 

7057 
11048 

16 

2.0 

21 

6 

3 

52 

19 

77 

400 

5 

112 

n.d. 

450 

14 

25 

22 

4 

7057 
1105 

24 

5.0 

n.d. 

4 

n.d. 

32 

19 

253 

70 

47 

142 

n.d. 

290 

54 

88 

34 

33 

n.d. 6 

. :;,,~...: ~A ft9 .' ~:,,~,,;,:., .. :. ;.<.<.;.;8 .• ;::' ... ' 

0.193 3;6 

235 160 

1.13 4.1 

5.8 1.15 

40 

64 

5100 

820 

4500 

. 0.51 

0.23 

1'tO 

93 

140 

1190 

5.5 

6800 

3600 

U.25 

0.47 

7057 
1106 

14 

2.5 

4 

3 

3 

32 

18 

161 

120 

25 

176 

n.d. 

470 

90 

164 

20 

37 

4 

210 

1 .34 

261 

3.9 

2.9 

90 

78 
380 

2100 

9.3 

11000 

3900 

. U.L9 

0.49 



4.4.. I 
" , \ 

I / 
7057 7057 7057 7057 7057 7051 7057 7057 7057 
1091 1092 1093 1094 1095 1097 1107 1108 1109 

----- I 
SI02 70.4 67.6 68.4 69.4 65.3 74.4 76.1 61.4 00.5 

Tl02 0.23 0.29 0.30 0.23 0.63 0.20 0.04 0.36 0.34 I 
A1 203 15.49 15.38 15.29 15.69 14.04 12.80 13.05 15.58 14.56 

Fe203 0.64 0.94 0.16 0.11 2.03 0.34 0.00 0.69 0.53 I FeO 0.10 1.15 1.10 1.30 1.95 1.25 . 0.9G· 1.20 1.40 

.0 0.01 0.03 0.03 0.02 0.06 0.03 . 0~05'.J 0.02 0.02 

I IdgO 0.14- 1.96 1.31 1.04- 2.53 0.1.s.~ O."'J,ltu 0.92 1.04-

Q\O 1.15 1.69 2.02 2.90 1.21 1.05 0.40 I 3.27 2.32 

I Na20 5.65 5.4 5.15 4.8 2.9 3.35 4.35· 4.1 4..2 

KzO 2.43 2.38 2.12 2.06 4.14 4.92 ·4.45 2.44 2.77 

Pz05 0.05 0.09 . 0.07 0.06 0.10 0.04 0.01- 0.08 0.08 I 
HzO 1.21 1.94 1.61 1.35 2.95 1.16 0.38 . 2.20 1.63 

002 0.75 ,0.25 . 1.05 0.9 .0.2 2.35 I . ---
TOTAL 100.11 99.10 99.21 99.02 99.40 99.89 100." 100.61 98.39 

I .. I .. 01, • 

--- . -------
q 25.67 21.73 21.50 25.16 21.03 33.86 ·32.44· 32.61 28.56 I or 14.53 14.48 12.84 12.46 29.02 29.42 26.26 . 14.64 16.92 

ab 48.37 46.94 44.41 41.56 25.51 28.85 37.00 35.14 36.47 

I an 3.66 6.40 3.00 14.32 0.00 3.68 1.92 0.79 11.29 

e 2.27 1.11 3.57 0.45 4.29 0.61 0.33 6.02 0.73 

dl - I 
hy 2.26 5.95 4.28 4.59 7.~ ·2.12 1.94- 3.43 4.32 

d 0.95 .1.42 1.14- 0.21 3.05 0.53 0.01 1.03 0.82 I 
11 0." 0.51 0.58 0.45 1.24- 0.38 0.08 0.69 0.67 

ap 0.12 0.22 0.17 0.15 0.25 0.10 0.02 0.22 . 0.22 I cc 1.73 0.59 2.45 2.12 0.46 5.43 

DI 88.6 83.2 84.8 19.8 81.6 92.1 95.7 82.4 82.0 I 
CI 7.8 10.5 12.2 5.9 18.5 4.2 2.4 16.8 6.8 

I 
waberlaad ~n2e Cauldron Subsidence Area 

70571091 Porphyritic dacite. I 70511092 Porphyrltlc.daclte. 
70571093 Porphyrttl c dacUe. 
70571094- Porphyritic dac,te. I 70571095 Ibyodacl t e. 
70571097 Porphyritic rhyodacite. 
70571107 Porphyritic rhyodaCite. 

I 70571108 PorphYM U c dacl te dyke. 
70571109 Porphyritic dacite dyke. 

Ik(., 
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Ba/Sr 

Ba/Rb 

1</8a 

Ca/Sr 

ea/y 
K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

7057 
1091 

30 

2.5 

8 

_ 7 

5 

66 

23 

90 

506 

3 

87 

n.d. 

505 

4 

16 

19 

3 

n.d. 

150 

0.178 

224 

1.00 

5.6 

40 

25 

4200 

1060 

3600 

0.50 

0.22 

7057 
1092 

38 

4.5 

60 

29 

13 

113 

23 

99 

346 

6 

-100 

n.d. 

705 

8 

17 

18 

4 

n.d. 

310 

0.29 

200 

2.0 

7.1 

28 

35 

2000 

1100 

3500 

0.63 

Q.23 

7057 
1093 

26 

2.5 

15 

10 

3 

53 

22 

74 

476 

5 

93 

n.d. 

615 

9 

21 

20 

3 

n.d. 

300 

0.155 

238 

1.29 

8.3 

29 

30 

2900 

880 

3700 

0.56 

0.21 

7057 
1094 

26 

2.5 

15 

10 

4 

53 

22 

74 

478 

4 

77 

520 

11 

9 

19 

3 

n.d. 

240 

0.155 

231 

1.09 

7.0 

33 

43 

5200 

900 

45. 

3800 

0.56-

0.22 

7057 
1095 

30 

3.0 

20 

11 

8 

56 

19 

202 

167 

42 

240 

n.d. 

1030 

53 

93 

29 

20 

6 

510 

1.21 

195 

6.2 

5.1 

38 

54 

220 

1360 

3.3 

6600 

3900 

0.54 

0.52 

7057 
1097 

15 

4.5 

3 

n.d. 

2 

27 

18 

214 

65 

39 

143 

n.d. 

335 . 

67 

110 

31 

33 

6 

60 

3.3 

191 

5.2 

1.57 

122 

115 

190 

1320 

5.5 

6800 

3800 

0.14 

0.49 

7057 
1107 

125 

15 

n.d. 

n.d. 

n.d. 

18 

26 

716 

12 

153 

60 

6 

44 

27 

95 

29 

21 

19 

6 

60 

52 

3.7 

0.061 

840 

242 

19 

1270 

1 .1 

1900 

2700 

0.17 

0.40 

7057 
1108 

7 

2.0 

10 

5 

4 

52 

21 

108 

330 

6 

110 

n.d. 

475 

15 

25 

23 

4 

n.d. 

790 

0.33 

187 

1.44 

4.4 

43 

71 

3900 

880 

3900 

0.47 

. 0.28 

7G57 
1109 

8 

2.0 

15 

- 10 

5 

62 

21 

1.16 

254 

5 

106 

n.d. 

550 

17 

18 

30 

4 

n.d. 

790 

0.45 

198 

2.2 

4.7 

42 

65 

.3300 

770 

3700 

0.49 

0.30 



46. I 
)< 

7057 7057 7057 I 7057 7057 7057 7057 7057 7057 
1130 1133 113~ 1136 1140 1141 1142 1143 lH4 

------- I 
SI02 65.2 76.~ 11.5 77.0 !lI.1 76.9 11.9 61.4 68.7 

H02 0.61 0.08 0.29 0.10 1.27 0.11 0.32 0.86 0." I A1 203 16.91 12.11 14.92 13.02 15.42 12.79 14.17 17.06 15.77 

Fa203 0.91 0.00 0.49 0.15 1.92 0.98 0.73 2.14 1.08 I faJ 2.65 0.79 1.50 0.85 4.75 0.30 1.35 2.75 1.65 

taO 0.05 0.02 0.05 0.04- 0.10 0.02 0.05 0.09 0.06 

I 100 1.49 0.16 0.46 0.00 3.06 0.19 0.61 2 •. 10 0.94 

CaD 4.01 0.68 1.13 0.12 4.89 0.08 2.15 4.68 3.08 

tat 3.8 3.95 4.65 3.75 2.65 4.05 3.95 4.0 4.0 I 
y 3.21 4.48 3.82 4.36 2.68 4.60 3.81 2.78 3.48 

. 

I PzOS 0.15 0.02 0.06 0.02 0.45 0.02 0.07 0.18 0.10. 

HzO 0.79 0.93 0.77 0.53 3.45 0.62 0.50 1.52 0.64 

002 O. 1 n.d. I -
TOTAL 99.84 99.85 100.24 100.64 99.n 100.66 99.61 99.56 99~94 

I 
q 18.90 34.34 24.92 36.66 17.90 35.31 28.75 14.52 23.99 

I or 19.51 26.66 22.70 25.73 16.43 27.18 22.71 16.15 ZO.11 

ab 32.45 33.56 39.46 31.68 23.43 34.26 33.70 34.59 33~98 

an 19.09 3.27 8.23 2.00 22.12 0.27 9.11 20~75 14.68 . I 
c 0.19 0.20 0.14 1.10 0.33 1.05 0.09 

dl 0.43· 1.39 I 
by 6.95 1.15 3.12 1.34 13.26 0.41 2.16 6.11 3.81 

.t 1.38 0~03 0.13 0.23 2.96 0.11 1.10 3.21 1.61 I 11 1.17 0.15 0.55 0.19 2.50 0.21 0.61 1.61 0.84 

ap 0.36 0.05 0.14 0.05 1.11 0.05 0.11 0." 0.24 I cc 0.23 .. 0.49 

I 
DI 70.9 94.6 87.1 94.1 57.8 96.8 85.2 65.9 78.7 

CI 10.1 2.2 4.1 3.1 20.2 3.0 5.1 13.4 6.65 I 
!a2stowa R1"2 Dyke Co.p I IX 

I 70511130 Porphyr,tlc rhyodacIte. 
70571133 Spberul'tlc rhyolite. 
70571134 Slightly porphyritic rhyodacite. 

I 70571136 Sphe~ul1tlc rbyollte. 
70511140 PorphyritIc augite-hornblende andesite. 
70571141 Porphyritic rhyolite. 
70571142 Porphyritic hornblende-biotite Ilcroadalellite. I 70571143 PorphyritIc auglte-bornblende andesite. 
705711" Porphyri tl c rbyodacl teo 

C{'b 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

> 
7057 
1130 

Li 12 

lie 3.5 

Cr 13 

Co 

Ni 6 
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Rb 135 

Sr 376 

y 17 

Zr 198 

Sn n.d~ 

Ba 725 

La 46 

Ce 71 

Pb 12 

Th 17 

U 4 

hlg/LI 750 

Rb/Sr 0.36 

K/Rb 201 

Ba/Sr 1.93 

Ba/Rb 5.4 

K/Ba 37. 

Ca/Sr 76 

Ca/Y 1700 

K/Pb 2260 

Th/U 4.3 

K/U 6800 

A.l/Ga 4700 

Ig 0.43 

k 0.36 

7057 
1133 

8 

3.5 

3 

n.d. 

12 

11 

14 

193 

92 

4' 

106 

n.d. 

610 

47 

69 

27 

26 

18 

130 

2.1 

193 

6.6 

3.2 

61 

53 

1200 

1380 

1.4 

2100 

4800 

0.26 . 

0.43 

7057 
1134 

47 

3.5 

3 

n.d. 

3 

54 

17 

160 

233 

16 

224 

n.d. 

765 

49 

89 

33 

29 

5 

60 

0.69 

198 

3.3 

4.8 

41 

53 

780 

960 

5.8 

6300 

4700 

0.29 

0.35 

7057 
1136 

29 

3.5 

3 

n.d. 

2 

20 

14 

196 

79 

18 

107 

n.d. 

565 

38 

69 

39 

25 

5 

2.5 . 

185 

7.2 

2.9 

64 

65 

280 

930 

5.0 

7200 

4900 

0.00 

O.u 

47. 

7057 
1140 

11 

3.0· 

85 

27 

18 

94 

19 

66 

480 

35 

506 

n.d. 

1230 

99 

176 

17 

16 

n.d. 

1700 

0.138 

336 

2.6 

18.6 

18.0 

73 

1000 

1310 

4300 , 

0.45 

0.40 

7057 
1141 

4 

2.5 

3 

n.d. 

32 

16 

206 

27 

24 

131 

n.d. 

370 

52 

95 

24 

31 

2 

280 

7.6 

185 

13.7 

1.80 

103 

21 

25 

1590 

16 

19000 

4200 

0.22 

0.43· 

7057 
1142 

18 

3.0 

11 

5 

6 

59 

16 

161 

225 

15 

133 

n.d. 

750 

47 

62 

32 

20 . 

4 

210 

0.72 

196 

3.3 

4.7 

.42 

68 

1000 

990 

5.0 

7900 

4700 

0.34 

0.39 

7057 
1143 

24 

3.5 

15 

8 

12 

66 

18 

122 

408 

22 

245 

n.d. 

695 

38 

61 

17 

. 17 

3 

530 

0.30 

189 

1.70 

5.7 

33 

82 

1500 

1360 

5.7 

7700 

5000 

0.44 

0.31 

I .' '. 

7057 
1144 

17 

J.O 

9 

6 

12 

40 

17 

160 

332 

16 

206 

n.d. 

710 

54 

74 

17 

25 

5 

340 

0.48 

181 

2.1 

4.4 

41 

66 

1400 

.1700 . 

5.0 

5800 

4900 

0.38 

0.36 
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" 

(' I 7057 7057 7057 7057 7057 7057 7057 7057 7057 
1145 1146 1147 1148 1149 1100 1155 1156 1159 . 

--- ---------- I 
S102 70.9 73.5 66.7 17.3 77.1 71.9 53.0 59.6 65.6 

n~ 0.38 0.28 0.59 0.14 0.10 0.33 1.98 1.53 0.72 I 
A1 203 14.95 14.48 15.32 12.33 12.55 13.91 15.98 15.67 15.88 

FI203 0.97 0.52 1.18 0.58 O.SO 1.16 4.39 3.52 1.54- I FeO 1.35 0.70 2.30 0.25 0.35 1.65 6.15 4.05 2.30 

tlO 0.05 0.05 0.07 0.01 0.01 0.08 0.16 0.13 0.08 

I IgO 0.80 0.26 1.69 0.07 o.~ 0.14 3.99 2.00 1.88 

Cao 2.54 0.52 3.17 0.23 0.52 2.59 1.13 5.45 3.93 

I lazO 4.0 4.55 3.9 4.15 3.65 3.95 3.1 4.G 3.1 

'20 3.59 5.13 3.14 4.68 4.17 3.40 1.44 2.39 2.90 

P205 0.08 0.03 0.13 0.02 0.00 0.09 0.25 0.23 0.16 I 
HzO 0.59 0.43 1.81 0.43 0.27 ··0.47 . 1.72 . 1.17 1.76 

002 0~35 0.35 I ------------- - -----------------------------------------------------------
TOTAL 100.20 100.45 100.35 100.19 99.86 100~21 99.89 100.24 100.80 

I -------- -----------------

q 27.18 25.14 23.39 34.13 36.58 29.28 8.12 12.90 22.45 I or 21.28 30.30 . 18.82 21.12 28.30 20.12 8.66 14.25 17.30 

ab 33.86 38.56 33.38 35.28 30.99 33.41 26.77 34.64 31.69 

I an 12.12 2.33 . 12.13 1.01 2.59 10.21 25.84 11.64 16.35 

c 0.08 0.57 0.94 0.05 0.44 0.12 

d' 1.11 9.25 6.52 I 
hy 3.14 1.13 6.10 0.11 0.18 2.61 10.36 5.38 6.66 

at 1.43 0.11 1.18 0.43 0.13 1.10 6.57 5.21 2.28 I U 0.72 0.53 1.12 0.21 0.19 0.63 3.83 2.93 1.38 

ap 0.19 0.01 0.34 0.05 0.00 0.21 0.63 0.55 0.38 I cc 0.81 0.80 

ha 0.28 

I 
DI 82.3 94.6 75.6 91.1 . 95.9 82.9 43.5 61.8 11.4 

CI 5.6 3.1 11.7 1.3 1.5 6.9 30.6 . 20.6 12.2 I 
Ba2!tole Rln2 Dlke Q,.plex I 70511145 Porphyritic rhyodacite 
70511146 Porphyrl tl c rhyodacl te 
70571141 Porphyritic daclt. I 10571148 Rhyolite 
10511149 SpherMlltlc rhyolite 
10571100 Recrystallized, porphyritic rhyodacite 

I 10511155 Hornblende-biotite-QUartz diorite 
70511156 Hornblende-quartz .'crodlorlte 
10511159 Porphyritic dacite 

')0 
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Li 

Be 

F 

Cr 

Co 

fH 

Cu 

Ln 

(I;] 

Rb 

Sr 
y 

lr 

Sn 

Ba 

La 

Ce 

Ph 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

8a/llb 

K/Oa 

Ca/Sr 

Ca/Y 

K/Ph 

Th/U 

K/U 

AI/5a 

mg 

k 

'to:i7 
1H5 

25 

3.5 

9 

3 

6 

41 

'17 

159 

297 

15 

179 

755 

50 

71 

27 

26 

5 

190 

0.54 

187 

39 

61 

1Z!l0 

1100 

5.Z 

60UO 

4700 

0.38 

0.37 

70:i7 
11't5 

16 

3.5 

19 

m.d. 

25 

17 

234 

119 

31 

275 

n.d. 

1310 

57 

104 

30 

28 

6 

100 

1.97 

182 

11.0 

5.6 

33 

31 

120 

1420 

7100 

1,500 

0.27 

0.43 

7057 
1147 

35 

2.5 

n.d. 

8 

18 

79 

17 

134 

350 

, 17 

171 

n.d. 

630 

37 

65 

26 

22 

, 6 

290 

0.38 

194 

1.80 

4.'1 

41 

65 

1300 

1000 

3.7 

4300 

4800 

0.47 

0.35 

7057 7057 
1148 1WI 

8 2 

3.0 3.5 

n.d. 3 

n.d. n.d. 

5 

H 20 

14 13 

198 204 

41 59 

24 21 

137 100 

n.d. n.d. 

415 560 

37 35 

81 65 

17 38 

29 31 

5 5 

53 120 

4.8 3.5 

196 194 

10.1 9.5 

2.1 2.7 

94 71 

39 63 

67 175 

2290 1040 

5.8 6.2 

7800 7900 

4700 51 DO, 

0.14 0.08 

0.43 0.46 

./ 

70'j7 
1150 

18 

2.5 

19 

8 

6 

5J 

15 

149 

224 

16 

130 

n.d. 

655 

40 

65 

31 

21 

5 

250 

0.67 

,189 

2.9 

4.4 

83 

1200 

910 

4.2 

5600 

4900 

0.32 

0.35 

705'/ 
1155 

7 

Z.O 

'-
38 

15 

30 

108 

ZO 

57 

322 

33 

214 

n.d. 

385 

36 

38 

5 

8 

n.d. 

3400 

0.18 

Z09 

1.20 

G.B 

,31 

171 

1700 

2400 

It200 

O./t1. ' 

0.23 

70~j7 

11~G 

7 

z: 5 

9 

9 

19 

83 

19 

, 86 

299 

31 

247 

n.d. 

615 

41 

58 

16 

15 

n.d. 

2200 

0.29 

230 

2.0G 

7.2 

32 

130 

1300 

1240 

4400 

0.38 

0.28 

7(SI 
11 !JY 

13 

'J I ,_. :J 

10 

12 

12 

17 

106 

344 

18 

185 

n.d. 

575 

36 

, 54 

20 

18 

3 

870 

U.31 

227 

1 • fj'( 

42 

ez 
1 GOO 

1210 

6.0 

0000 

5000 
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" 

I 7057 7057 7057 7057 7057 7057 7057 7057 
1160 1161 1163 1151 1152 1153 1154- 1158 

------ . ----------- -- I SIOz 66.%- 15.1 76.8 73.7 72.6 n.5 72.~ 72.1 

TlOz 0.67 0.20 0.11 0.26 0.33 0.21 0.31 0.25 

Al 203 15.95 13.30 12.62 13.82 n.53 13.66 14.31 1%-.25 I 
Fa203 2.~1 1.~3 0.66 0.61 0.86 0.63 0.86 0.~2 

FeO 1.65 0.35 0.25 ' 1.10 1.25 0.85 0.95 1.35 I 
.0 0.06 0.02 0.01 0.05 0.05 0.01 0.05 0.01 

IIg0 1.63 0.30 0.22 0.38 0.69 O.~ 0.51 0.31 I rao 3.53 0.98 O.OB 1.50 2.31 1.10 1.55 1.11 

Ma20 3.25 3.05 3.0 ~.3 3.9 ~.15 ~.Z5 It. 7 

I KZO 3.13 ~.6B 5.35 4.20 3.83 4.23 4.29 4.U 

P205 0.16 0.02 0.03 0.05 0.01 0.03 0.01 0.05 

I HzO 1.21 0.82 0.18 0.51 0.~1 0.73 0.54 0.42 

002 0.15 

--- --- I 
TOTAl 100.05 l00~24 99.91 100.48 100.95 100.11 100.15 100.10 

------ ----------- I 
q 26.31 . 31.16 38.72 28.47 28.14 31.42 21.07 24.81 

or 18.72 27.85 31.19 24.82 22.52 25.00 25.45 26.H I ab 27.74 26.15 25.74 36.71 32.91 35.03 36.34 40.10 

an 16.66 ~.16 0.20 5.83 10.14 ~.31 1.20 4.47 I c 1.21 1.46 1.81 0.69 f> dl 1.07 0.~1 0.05 .62 

I hy ~.n 0.75 0.55 1.58 2.62 1.81 1.17 2.30 

lit 3.57 0.62 0.35 0.90 1.21 0.93 1.25 0.6~ 

11 1.29 0.38 0.33 0.49 0.62 0.40 0.71 0.48 I 
ap 0.38 0.05 0.07 0.12 0.17 0.07 0.17 0.12 

cc 0.34 I 
h. 0.81 0.43 

Dl 72.B· 91.2 96.3 90.0 . ~.2 91.4 88.9 91.4 I CI 10.6 4.1 3.5 4.2 5.1 4.2 4.0 ~.2 

BagstO!! mnS Dyke Colelex I 
70511160 Hornblende dacite welded tuff. 
70571161 Porphyritic rhyodacite .elded tuff. I 70571163 Porpbyrltlc rhyolite. 
70571151 Biotite adalellite. 
10571152 Porphyritic biotite .'croada.ellite. 

I 70511153 Biotite adamellite. 
70571154 Biotite ada.ellite. 
10511158 Porphyritic hlotHe adaull\te. 

I 
'5)... 
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Be 

F 

Cr 

Co 

NI 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 
Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/li 

Rb/Sr 

K/Rb 

8a/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

Ig 

k 

7057 
1160 

13 

3.0 

21 . 

17 

5 

62 

19 

131 

378 ' 

17 

186 

n.d. 

590. 

36 

58 

23 

20 

4 

750 

0.35 

198 

1.56 

4.5 

44 

67 

1500 

1130 

5.0 .. 

6500 

/1500 

0.43 

0.39 

7057 
1161 

6 

2.5 

4 

4 

34 

17 

168 

167 

12 

118 

n.d. 

415 

29 

46 

32 

32 

5 

300 

1.01 

231 

2.5 

2.5 

93 

42 

580 

1210 

6.4 

7800 

4100 

0.27 

0.50 

7057 7057 
1163 1151 

3 . 11 

2.0 3.5 

3 3 

n.d. n.d. 

3 1 

18 34 

14 15 

152 207 

36 138 

15 24 

128 158 

. n.d. n.d. 

260 810 

58 43 

108 74 

29 31 

48 31 

5 6 

430 210 

4.3 1.50 

290 168 

7.2 5.9 

1.70 3.9 

170 43 

15.8 78 

40 460 

1530 1120 

9.6 5.2 

8900 5800 

4800 4900 

0.31 0.28 

0.54 0.3~ 

7057 
1152 

15 

3.0 

9 

3 

10 

40 

15 

176 

241 

15 

152 

795 

38 

58 

30 

26 

5 

280 

0.73 

181 

3.3 

4.5 

40 

70 

1100 

1060 

5.2 

6400 

5100 

0.37 

0.39 

7057 7057 
11~3 11~4 

13 13 

4.0 2.5 

3 3 

n.d. n.d. 

2 2 

35 45 

14 15 

209 160 

133 202 

21 22 

129 . 213 

n.d. n.d. 

680 915 

29 47 

50 82 

32 26 

30 26 

10 2 

190 240 

1.57 0.79 

168 223 

5.1 4.5 

3.3 5.7 

52 39 

59 55 

380 500 

1100 . 1370 

3.0 13 

3500 18000 

5200 5100 

. 0.32 0.34 

0.40 0.40 

'1057 
1.1 ~IJ 

17 

2.5 

3 

n.d. 

2 

55 

19 

178 

95 

24 

244 

n.d. 

890 

54 

105 

23 

25 

4 

110 

1.87 

208 

9.4 

50 0 

42 

83 

330 

1610 

. 6.3 

9300 

4000 

0.23 

0.38 





I 53. 

I 6859 7057 7057 6859 6859 685g 
0026 1135 1137 0106 0128 C129 

I Li 17 . 22 17 7 33 32 

I 
~e 3.0 3.0 3.0 2.0 4.5 5.0 

F 3000 3000 

Cr 16 15 

I Co 11 5 4 4 

tJi 7 5 8 n.d. n.do n.d. 

I Cu 5 10 6 4 4 n.d. 

Zn 66 51 52 37 53 41. 

I Ga 19 20 19 16 21 22 

Rb 127 143 128 161 412 383 

I 
Sr 374 355 .374 . 109 9 6 

Y 16 17 17 23 225 84 

Zr 197 204 214 210 87 107 

I Sn n.d. n.d. n.d. n.d. 4 n.d o 

Ba 605 650 670 635 11 n.d. 

I La 37 51 45 68 142 18 

Ce 61 73 71 115 285 52 

I Pb 17 23 20 26 34 38 

Th 17 21 20 40 47 51 

I 
U 3 3 2 6 6 7 

hlg/l i 540 420 590 "'4gB' 4 6 

I 
Rb/Sr 0.34 0.40 0.34 1.48 46 64 

K/Rb 196 183 194 251 .92 97 

Ha/Sr 1.62 1.83 1.79 5.8 1.2 

I Ba/Rb 4.8 4.5 5.2 3.9 0.027 

K/Oa 41 40 37 64 3400 

I Ca/Sr 78 76 77 91 330 520 

Ca/Y 1800 1600 1700 430 13.3 37 

I "/Pb 1460 1140 1240 1550 1110 970 

Th/U 5.7 7.0 10 6.7 7.8 7.3 

I 
K/U 8300 8700 12000 6700 6300 . 5300 

Al/Ga 4600 4300 5100 4600 3200 2900 

mg 0.42 0.44 0.45 0.33 0.03 0.06 

I k 0.33 0.34 0.33 0.49 0.42 0.42 

I 
I 



54. I 
6H9 6749 6749 6749 6749 6749 6749 6749 6749 I 0001 oo28R 0028 R1 0029R 0039 R1 0045R 0045R 0052 0054R 

----------------------------------------------------------------- I SI02 15.3 169 7 16.1 77.1 17.3 15.1 71.0 760 9 75.~ 

Tl02 0.02 0.12 00 05 0.10 0.04 0.09 0.01 0.04 0.11 

I Al Z03 13.00 12.34 12.41 11.55 12.56 13.01 12.84 12.61 12.35 

Fe203 0.23 0 .. 34 0.90 0.21 0 .. 01 0.38 0.30 0.19 0.37 

FeO 1.12 0.97 0.25 1.08 0.37 1.08 0.86 0.67 1.16 I 
/dn0 0.03 0.02 0.01 0.02 0.01 0.04 0.05 0.02 0.0) 

MgO 0.05 0.19 0.01 0.11 0.07 0.10 0.00 0.05 0.20 I rao 0.38 0.60 0.46 0.60 0.68 0.71 0.58 0.55 0.88 

Na20 4.0 3.35 3.6 3.35 3.6 3.4 3.1 3.45 3.1 I K20 5.01 5.29 5.19 4.11 4.65 5.01 3.90 4.99 5.09 

P205 0.00 0.02 0.00 0.01 0.01 0.03 0.02 0.01 0.03 

I "20 0.77 0.82 0.15 0.82 1.14 0.99. 1.35 0.15 0.93 

002 

I --------------------------------------
TOTAl 99.91 100.16 99.13 99.66 100.4.4 99.94 100.01 100.34 99.11 

------ -------------------------- I 
Q 31.57 34.83 34.67 37.90 36.82 34.23 42.13 36.29 35.42 I or 29.80 31.25 30.98 28.14. 27.61 29.92 23.35 29.61 30.45 

ab 33.96 28.50 )).76 28.74 ]).92 29.06 26.66 29.22 26.63 

I an 1.90 2.80 2.30 2.56 3.33 3.31 2.18 2.61 4.22 

c 0.36 0.05 0.04 0.35 0.80 2.53 0.64 0.20 

dl 0.34 I 
hy 2.03 1.80 0.03 1.19 0.81 1.86 1.41 1.11 2.11 

lit 0.34 0.51 0.70 0.32 0.00 0.57 0.47 0.29 0.57 I 
11 0.04 0.23 0.10 0.19 0.08 0.11 0.02 0.08 0.33 

ap 0.00 0.05 0.00 0.02 0.02 0.07 0.05 0.02 0.01 I hm 0.43 

DI 95.3 94.6 96.4 94..8 95.4 93.2 92.1 95.1 92.5 I CI 2.8 2.6 1.3 2.1 1.3 3.5 4.5 2.2 3.3 

Eli zabeth Creek Gran Ite I 
67490001 fluorite-and topaz-beartng grelsenized granite. I 67490028R fluorIte-bearing biotite ~raQite. 
67490028RI Aplltlc granite. 
614.90029R Fluorite-bearing leucocratic granite. I 61490039 R1 Fl uorite-bearing ap 11 teo 
67490045R Fluorite-bearing biotite adamellite. 
61~9000\.6 R Fluorite-bearing aplite. 

I . 61490052 Leucocratlc adamellite • 
61490054R Fluorite-bearing biotite adalellite. 

~ 
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Th 

U 

l,;g/Li 
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Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

fig 

k 

5749 
OW1 

248 

n.d. 

2 

1170 

14 

205 

131 

6 

19 

52 

93 

44 

57 

24 

84 

.36 

1.4 

0.016 

2200 

193 

13.2 

950 

2.4 

1700 

1720 

0.06 

0.45 

6749 6749 
0028R 0028R1 

33 6 

5.0 5.0 

n.d. 

n.d. n.d. 

3 32 

21 12 

17 20 

507 550 

22 8 

91 120 

137 118 

8 

98 24 

48 55 

115 41 

29 29 
69 60 

11 17 

33 10 

23 69 

87 78 

4.5 3.0 

0.193 0.044 

450 1800 

195 410 

47 28 

1510 1490 

6.3 3.5 

4000 2500 

3900 3300 

0.21 0.02 

0.51 0.48 

55. 

6749 6749 6749 6749 
0029R 0039R1 00~5R 0046R 

29 42 56 51 

B.O 26 5.5 19 

n.d. n~d. n.do n.d. 

16 . 7 4 3 

24 16 43 24 

16 21 18 19 

496 692 476 594 

16 9 21 4 

108 261 101 86 

112 140 89 44 

11 10 4 12 

45 14 79 23 

39 33 32 20 

96 76 84 56 

26 23 33 41 

62 8134 22 

23 24 8 18 

23 10 11 

31 77 23 150 

79 56 87 55 

2.8 1.6 3.8 5.8 

0.091 0.02Q . 0.166 0.039 

870 2800 530 1400 

270 540 240 1030 

40 18.8 50 48 

1 500 . 1680 1260 790 

2.7 2.4 4.3 1.2 

1700 1600 5200 1800 

3800 3200 3800 3600 . 

0.13 0.25 0.11 0.00 

0~48 0.46 0.49 0.45 

6749 
0052 

15 

5.0 

12 

12 

17 

399 

10 

109 

68 

n.d. 

25 

15 

48 

38 

22 

12 

20 

40 

104 

0.063 

1700 

390 

36 

1090 

10 8 

3500 

4000 

0.09 

0.49 

5'149 
VJ'i4H 

20 

G.Q 

n.d. 

22 

32 

19 

407 

43 

77 

148 

. n.d. 

1 ~l5 

55 

120 

38 

40 

6 

. 60 

95 

104 

4.5 

0.48 

220 

147 

82 

1110 

6.7 

7000 

3400 

0.19 . 

0.52 

57 



560 

I 

6749 6749 6749 6749 6749 6749 6749 !i749 6749 I 
0070R 0070R1 0089R 0089R1 0097 0098R1 0105 0111 0119R 

I 
SiOZ 71,2 76.Z 76.0 76.6 76.1 76.4 76.5 71.0 76.4 

1102 0.12 0.04 0.10 0.07 0.12 0.05 0.14 0.07 0.16 I 
Al 203 11.62 lZ.36 12.25 12.18 12.28 12.34 12.21 12.15 11.87 

fl203 0.41 0.56 0.31 0.33 0.13 0.24 0.39 0.26 0.45 I feO 1.04 0.48 0.97 0.75 1.27 0.82 1.64 0.93 1.31 

110 0.04 0.02 0.02 0.03 0.03 O.OZ 0.04 0.02 0.03 

I MgO 0.12 0.03 0.07 0.00 0.03 0.07 0.06 0.03 0.21 

Cao 0.58 0.66 0.87 0.60 0.72 0.67 0.55 0.53 0.82 

I Ha20 3.3 4.3 3.35 3.65 3.35 3.85 3.55 3.65 3.Z 

KZO 4.76 4.18 4.84 4.98 4.99 4.78 4.88 5.18 4.64 

P205 0.02 0.00 0.01 0.00 0.01 0.00 0.02 0.01 0.02 I 
H2O 0.78 0.69 0.56 0.45 0.85 0.67 0.87 0.60 0.87 

(])2 I 
--------------------------------------------------------------------------------------------------

TOTAL 99.99 99.52 99.35 99.64 99.88 99.91 100.85 100.43 99.98 I -------------------------------------------------------------------------------

q 38.20 34.23 35.88 34.95 35.18 34.03 34.90 34.41 37.57 

I or 28.35 24.99 28.95· 29.67 29.76 28.46 28.83 30.65 27.67 

ab 27.97 36.80 28.69 31.33 28.86 32.90 29.94 31.00 27.23 

an 2.77· 2.11 4.15 2.12 3.54 2.25 2.60 1.43 3.97 I 
c 0.07 0.04 0.16 0.16 

dl 0.90 0.13 0.78 0.96 1.00 I hy 1.75 0.00 1.51 0.64 2.17 0.94 2.67 0.95 2.36 

.t 0.61 0.82 0.47 0.48 0.20 0.37 0.59 0.39 0.67 I n 0.23 0.08 0.19 0.13 0.23 0.10 0.27 0.13 0.31 

ap 0.05 0.00 0.02 0.00 0.02 . 0.00 0.05 0.02 0.05 

I 
01 94.5 96.0 93.5 95.8 93.8 95.4 93.7 96.1 92.5 

CI 2.7 1.8 2.3 2.0 2.7 2.4 3.7 2.5 3.6 I 
Elizabeth Creek Granite 

I 67490070R fluorite-bearing biotite ada.ellite. 
67490070R1 Ap 11 te 
67490089R Porphyritic biotite microadamellite. 

I 67490089R1 Biotite mlcroadamellite. 
67490097 fluorite-bearing. porphyritic biotite adamellite. 
67490098R1 Biotite microadalellite. 
67490105 Fluorite-bearing biotite adamellite. I 67490111 Fluorite-bearing, leucocratlc adamellite. 
67490119R Fluorite-bearing biotite adamellite. 

I 
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58. 

~ £7'~ I ;)) 

6749 6149 6749 6749 67~9 67~9 fi7~9 6849 f;34-9 
G1Z0R 0121H O121R2 012Sr. 0128R1 0132 0155 00016 . 00016 

I ----------------------------------------------------------------------------------------------
Si02 76.8 76.8 16.~ 76.8 76.3 76.7 77.0 74.4- n.3 

H0
2 0.11 0.10 0.04 0.13 0.03 0.10 0.09 0.24- 0.26 I 

Al 203 12.15 12.3~ 12.80 12.05 12.25 12.08 11.82 13.07 13.13 

Fe2O) 0.19 0.11 0.07 0.30 0.19 0.43 0.01 0.24 0.19 I . FeO 1.16 1.12 0.20 1.27 0.80 0.97 1.0~ 1.64 1.64 

1tn0 0.03· 0.02. 0.00 0.03 0.01 0.03 0.02 0.04 0.03 

I MgO 0.10 0.03 0.00 0.09 0.03 0.09 0.09 0.26 0.32 

Cao 0.76 0.73 0.53 0.77 0.63 0.66 0.61 1.36 1.24 

Ha20 3.5 3.45 4.1 3.2 4.35 3.6 3.5 3.45 3.5 I 
KzO 4.68 5.02 4.88 4.89 4.13 4.70 4.92 4.52 4.84 

P20S 0.01 0.01 0.00 0.01 0.00 0.01 o.od 0.04 0.05 I 
H2O 0.98 0.76 0.74 0.68 0.46 1.01 0.57 . 0.46 0.53 

0)2 I 
-------------------------------------------------

TOTAL 100.47 100.49 99.76 100.22 99.68 100.38 99.67 99.72 100.03 I -----------------------------------------------------------------------------------------------

q 36.23 35.15 33.07 37.06 34.28 35.78 35.95 33.08 31.62 I 
or 27.79 29.73 29.12 29.00 24.54 27.94 29.32 26.91 28.73 

. ab 29.67 29.42 35.03 27.17 37.17 30.89 30.11 29.23 29.57 I an 3.69 3.28 2.14- 3.77 1.71 2.81 1.90 6.53 5.85 

c: 0.12 0.16 0.03 

I di 0.03 0.25 0.46 1.27 0.36 1.01 

hy 2.06 1.78 0.00 2.14 . 0.69 1.34- 1.49 3.15 3.28 

mt 0.29 0.17 0.10 0.47 0.29 0.66 0.04 0.38 0.31 I 
il 0.21 0.19 0.08 0.25 0.06 0.19 0.17 0.46 0.50 

ap 0.02 0.02 0.00 0.02 0.00 0.02 0.00 0.10 0.12 I 
DI 93.7 94.3 97.2 93.2 96.0 94.6 95.4 89.2 89.9 I CI 2.6 2.4- 0.6 3.0 2.3 2.6 2.1 4.3 4.2 

Elizabeth Creek Granite I 67490120R Fluorite-bearing biotite adamellite. 
67490121R Grelsen. ,Ith topaz. 
67490121 R2 Apll teo I 67490128R Fluorite-bearing blo~lte ada.elllie. 
67490128R1 Topaz-bearing biotite mic:roadamellite. 
67490132 Fluorite-bearing biotite granite. I 61490155 Fluorite-bearing biotite granite. 
684900016 Biotite adamellite, MG68/1. 
684900026 Biotite adaaelllte, MG68/2. 
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n.d. 

2 

50 

16 

237 

80 

50 

221 
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60. I 
6a~9 681t9 68~9 681t9 6849 681t9 6849 6849 68~ I oo03G 00066 0014G 0022G oo2SG 00266 . 0021G 0028G 0023 

-------------------------------------------------------------------------------------

SW2· 76.1 7S.0 76.8 76.4- 76.9 78.2 7S.S 72.3 75.2 I 
H02 0.10 0.23 0.10 0.10 0.10 0.09 0.12 0.29 0.13 

I Al 203 12.63 12.86 12.29 12.15 12.0S 11.50 12. Sl 13.12 12.76 

Fe203 0.23 0.31t 0.44 0.51 0.09 0.00 0.19 0.25 0.65 

FeO 0.82 1.42 0.90 1.01 1.08 0.93 1.38 2.25 0.95 I 
1kl0 0.03 0.03 0.02 0.03 .0.02 0.02 0.04 0.05 0.04 

11190 0.18 0.22 0.12 0.06 0.11 0.11 0.18 . 0.40 0.19 I 
CaD 0.81 1.27 0.71 0.66 0.12 0.73 0.13 1.31 0.79 

Na20 3.6 3.5 3.8 3.6 3.2 3.0S 3.4 3.1 4.25 I K20 4.75 4.63 4.87 4.91 4.93 4.79 4.97 4.93 4.17 

P20S 0.03 0.04 0.02 0.01 0.02 0.02 0.02 O.OS 0.02 

I· H2O 0.41 0.52 0.39 0.48 0.53 0.48 0.72 0.98 0.53 

002 • ------------------------------------------------------------------------------------------------
TOTAL 99.81 100.06 100.46 99.98 99.7S 99.92 99~76 99.03 99.68 . 

------------------------------------------------------------------------------------------------ I 
q 34.68 33.40 34.22 34.47 37.16 39.91 34.43 30.95 32.33 

or 28.21 27.41 28.14 29.S1 29.34 28.46 29.67 29.70 24.84 I 
ab 30.59 29.64 32.11 31.02 27.43 26.03 28.80 26.99 36.50 

an 4.22 5.78 2.10 2.11 3.47 3.S2 3.48 6.29 3.32 I c 0.06 0.16 0.33 0.38 

dl 0.24 1.07 0.98 O.OS 0,.42 I hy 1.67 2.42 0.87 0.92 2.0S 1.84 2.10 4.61 1.33 

Glt . 0.34 0.S2 0.6S 0.76 0.16 0.00 0.32 0.40 0.96 

I 11 0.19 0." 0.19 0.21 0.19 . 0.17 0.23 0.56 0.25 

ap O.OS 0.10 O.OS 0.02 0.05 0.02 0.05 0.12 0.05 

I 
DI 93.5 90. S 95.1 95.0 93.9 94.4 92.9 87.6 93.7 

Cl 2.3 3.7 2.8 2.9 2.6 2.1 3.6 6.1 3.0 I 
ElIzabeth Creek GranIte 

684900036 Biotite ada.elllte, 1668/3. I 68490006G Bhtt te adalle 11i te, DI.OO8/6. 
684900146 Fluorite-bearing biotite adamellIte, 1068/14. 
68490022G fluorite-bearing biotite granite, 11068/22. I 68490025G Slightly grelsenlzed, fluorite-bearing adamellite, 1668/2S. 
6849OO26G fluorite-bearing, porphyrlt'c biotite .Icroada.elllte, 1668/26. 
68490027G Fluorlte-bear'ng biotite adamellite, MG68/27. 

I 68490028G Fluorite-bearing b'otlte adaaelllte, M66S/28. 
68590023 Blotlte·granlte, E54/12/16. 
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62. I 
:t\ ; 

I 6859 68re 6859 6859 68:9 6859 6859 6859 68:il 
0048 00S) 0056 oore 0060 0067 0069 oon 0072 

----- ----- I SI02 77.8 77.4 77.9 17.3 76.9 77.0 78.6 17.6 75.6 

H02 0.04 0.06 0.08 0.11 0.10 0.06 0.09 0.06 0.17 

I AI 203 12.47 12.33 11.80 11.94 12.51 12.84 11.43 12.21 13.11 

fe203 0.47 0.41 0.17 0.58 0.20 0.59 0.30 0.28 0.07 

FeO 0.34 0.60 0.78 0.78 0.90 0.30 0.78 0.78 1.12 I 
1n0 0.02 0.03 0.02 0.04 0.11 0.03 0.02 0.02 0.07 

IIIg0 0.05 0.01 0.01 0.06 0.10 0.08 0.00 . 0.09 0.23 I 
QlO 0.38 0.38 0.66 0.59 0.70 0.49 0.46 0.55 0.99 

Na20 2.3 3.1 3.2 3.4 4.6 3.95 3.45 3.7 3.6 I "'z0 5.36 4.83 4.73 4.19 3.85 4.68 4.18 4.64 4.55 

P205 0.00 0.01 0.01 0.01 0.02 0.00. . 0.00 0.00 0.05 I "Z0 0.15 . 0.51 0.12 0.13 0.40 0.32 0.45 0.61 0.59 

002 0.05 

I ---
TOTAL 100.13 100.21 100.01 100.33 100.37 100.34- 100.36 100.~ 100.15 

- - ------------------------- I 
q 39.12 36.33 39.63 37.79 33.45 34.80 . 38.83 36.30 34.10 

I or 31.62 28.59 28.12 28.41 22.62 21.65 28.24 21.41 27.01 

ab 25.30 31." 27.07 28.10 38.98 33.58 29.43 31.63 30.76 

an .1.51 1. 82 3.29 2.87 2.14- 2.43 1.4-6 2.13 4.61 I 
c: 1.19 0.34 0.25 0.15 0.36 0.04 0.55 

dl 1.05 0.14 I 
hy 0.32 0.74 1.22 0.99 1.22 0.22 0.67 1.35 2.42 

It 0.70 0.61 0.26 0.86 0.33 0.86 0.46 0.42 0.12 I 11 0.08 0.11 0.15 0.21 0.19 0.11 0.17 0.1.1 . 0.32 

ap 0.00 0.02 0.01 0.02 0.05 0.00 0.00 0.00 0.12 

I c:c 0.11 

01 95.0 96.4 94.8 94.9 95.1 96.0 96.5 95.4 91.9 I 
Cl 2.4 1.8 1.9 2.2 2.8 1.6 2.0 1.9 3.5 

[IIzabeth Creek Granite I 
68590048 Biotite adamellite, [55/5/1. 

I 685900&1 810tlte granite, £55/5/3. 
68590056 Grelsenlzed adalelllte, [55/5/11. COntains fluorite and. ·casslterHe •. 
685900re Fluorite-bearing biotite granite, E55/5/15. 
68590060 Leucocratic adalelllte, £55/5/16. I 68590067 FluorIte-bearIng biotite adamellite, £55/5/24. 
68590069 Fluorite-bearing leulOcratic granite, E55/5/26. 
68590071 Fluorite-bearing biotite adalelllte, [55/5/28. I 68590072 Fluorite-bearIng biotite granite, E55/5/29. 
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6859 6859 6859 
00~8 0050 0056 

13 21 18 

3.0 6.0 ~.O 

• • ~500 

• • 

3 4 n.d. 

n.d. n.d. nod. 

8 3 40 

10 23 67 

15 16 17 

419 456 572 

18 18 22 

45 103 287 

78 .79 116 

4 n.d. 17 

141 51 .49 

156 240 . 96 

42 70 178 

31 34 18 

39 27 68 

10 . . 6 10 

23 3 3 

23 25 26 

106 88 . 69 

7.8 2.8 2.2 

0.3~ 0.112' 0.086 

320 790 800 

150 150 210 

60 26 16.~ 

1430 1180 2200 

1.9 4.5 6.8 

4500 6700 3900 

4400 4100 3700 

0~10 0.02 0.02 

0.54· 0.46 0.49 
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n.d. 

n.d. 
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700 
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40 
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0060 
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3.0 

• 

n.d. 

3 

161 

13 
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58 

125 

9 
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74114 100 

n.d. 6 15 

405 129 48 

28 56 33 . 

53 114 60 

22 27 41 

14 33 48 

3 8 13 

34 • 8 

8.0 26 . 44 
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20 10.8 4.4 

2.5 0.41 0.099 

96 310 800 

175 280 350 
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64. I 
6859 68~ 6859 6859 6859 68~ 6859 68!B 7051 I 0075 0077 0080 0081 0102 0101 0108 0109 1002 

------ ----------------------------------------------------------- I SI0
2 16.2 11.6 7103 76.0 76.8 15.5 13.8 11.1 15.1 

Tl02 0.15 0012 0013 0.12 0.07 0.11 0.12 0.04 0.06 I Al
2
03 12.57 11.89 11.60 12.73 12.25 13.03 13.66 12.34 12.66 

Fe
2
0
3 U.~2 0.33 0.26 0.~6 0.76 0.41 0.15 0.94 1.19 

I FeO 1.12 0.86 1.12 0.93 0.60 . 0.93 1.08 0.25 0.45 

lin 0 0.03 0.03 0.03 0.03 0.02 0.03 0.05 0.04 0.08 

MgO 0.11 0.07 0.10 0.06 0.03 0.18 0.16 0.01 0.08 I 
CaD 0.65 0.61 0.46 0.68 O.~ 0.66 0.94 0.50 0.55 

Ha
2
0 3.35 3.5 2.8 3.35 3.B5 4.2 3.4 3.6 3.3 I 

"z0 4.66 ~.79 5.16 5.04 ~.67 4.27 . 4.95 4.79 5.30 

P205 0.04 0.01 0.01 0.02 0.00 0.02 0.07 0.00 0.01 I H2O 0.80 0.55 0.85 0.88 0.94 0.47 0.55 0.10 0.91 

CXl2 n.d. I ------------ --------------------
TOTAl. 100.16 100.36 99.82 100.30 100.45 99.81 98.93 100.31 100.29 

I -----------------
q 36.83 37.19 39.64- 35.39 35.38 32.74 32.87 36.92 35.29 I or 27.71 28.35 30.79 29~97 27.11 25.39 29.15 2B.41 31.52 

ab . 28.60 29.65 24.17 28.51 32.96 35.83 29.08 30.56 27.93 

I an 2.98 . 2.60 2.24 3.26 2.23 3.16 4.28 2.49 2.68 

c 0.92 0.55 0.58 0.34 1.22 0.33 0.56 

dl 0.32 0.05 I 
hy 1.94 1.14- 1.94 1.34 0.43 1.61 2.18 0.02 0.20 

lit 0.63 0.51 0.40 0.61 1.12 0.61 0.24 0.82 1.55 I n 0.29 0.23 0.25 0.23 0.11 0.21 0.23 0.08 0.11 

ap 0.10 0.02 0.02 0.05 0.00 0.05 0.17 0.00 0.02 I hili 0.38 0.14 

DI 93.1 95.2 94.6 93.9 96.1 94.0 . 91.7 95.9 94.7 I 
CI 3.9 2.2 3.2 2.9 1.7 2.9 4.0 1.6 2.6 

Elizabeth Creek Granite I 
68590075 fluorlte-bearlng biotite granite, E55/5/33. I 68590011 fluorlte.bearlng biotite adamellite, £55/5/37. 
68!l10080 fluorite-bearing biotite granIte, E55/5/41. 
68590081 FluorIte-bearing biotite granite, E55/5/42. 

I 68!l10102 Fluorite-bearing biotite granite, E55/9/3. 
68590107 Biotite granite, E55/9/17. 
68590108 fluorite-bearing biotlte-muscoylte Ilcrogranite, E55/9/19.· 
68!B0109 fluorite-bearing leucotratic granite, ES5/9/20. I 70511002 fluorite-bearing, slightly grelsenlzed bIotite granite. 
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Li 

Be 

F 

Cr 

Co 

IIi 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

~lg/Ll 

Rb/Sr 

K/Rb 

Ba/Sr 

8a/Hb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6859 
0(175 

42 

5.0 

2000 

4 

n.d. 

27 

17 

353 

29 

81 

136 

n.d. 

163 

45 

94 

29 

45 

12 

24 

12 

110 

0.46 

240 

159 

5'7 

1330 

3.8 

3200 

3900 

0.16 

0.48 

6859 
0077 

39 

4.5 

1500 

3 

n.d. 

23 

19 

325 

25 

74 

137 

6 

195 

51 

94 

33 

47 

7 

11 

13 

122 

, 7.8 

0.60 

200 

191 

59 

1200 

6.7 

5700 

3300 

0.09 

0.47 

6859 
(1080 

12 

3.0 

2000 

5 

n.d. 

91 

39 

15 

405 

31 

74 

137 

6 

152 

61 

116 

39 

70 

11 

50 

13 

106 

4.9 

0.38 

280 

106 

45 

1100 

6.4 

3900 

4100 

0.,11 

0.55 

65. 

5859 6859 6859 68'59 
0081 0102 0107 0108 

29 83 13 44 

4.0 8.0 '1.0 6.5 

3500 ' 3000 3500 

n.d. n.d. 6 6 

n.d. n.d. n.d. n.d. 

1 2 3 

97 21 22 32 

18 24 17 18 

566535 212 489 

23 6 38 47 

105 100 49 46 

109 122 123 99 

6 8 n.d. 9 

79 33 390 245 

52 37 36 19 

100 87 83 37 

30 35 18 49 

56 70 22 25 

13 5 ' 4 8 

12 2 85 23 

25 89 5.6 10.4 

74 73 167 84 

3.4 5.5 10.3 5.2 

0.140 0.062 1.84 0.50 

530 1200 91 ' 168 

210 550 ' 124 1't3 

47 33 96 1115 

1390 1110 1970 ' 840 

4.3 14 5.53.1 

3200 7800 8900 5100 

3800 2700 41 bo 4000 

0.07 0.03 0.18 0.18 

0.50 0.44 0.40 0.'19 

6859 
0109 

70 

7.0 

4UOO 

n.d. 

n.d. 

6 

43 

24 

600 

6 

150 

95 

4 

16 

43 

124 

42 

64 

17 

0.9 

100 

66 

, 2.7 

0.027 

2500 

600 

24 

950 

3.8 

2300 

2700 

,0.02 

0.47 

7057 
1 C02 

29 

3.0 

1700 

n.d. 

n.d. 

2 

17 

14 

16 

55 

81 

155 

27 

72 

27 

36 

8 

17 

27 

103 

~.7 

0.36 

280 

240 

71 

1630 

4.5 

5500 

4800 

0.08 

0.52 

101 



66 0 
I 

7057 7057 7057 7057 7057 7057 7057 7057 7057 I 1003 1004 1012 1017 1235 1236 12.37 1238 1239 

------------ i • ----- I SI02 77.1 75.1 17.7 77.2 76.9 76.6 77.0 76.9 75.0 

li02 0.06 0.06 0.06 0.06 0.02 0.03 0.04- 0.03 0.11 

I Al Z03 12.Z1 13.03 12.4-8 12.24- 12.93 12.69 12.26 12.69 12.70 

Fe203 0.14- 0.16 0.07 0.09 0.17 0.22 0.30 0.29 0.35 

FeO 0.75 0.85 0.80 0.95 0.60 0.70 0.70 0.65 1.15 I 
MaO 0.05 0.05 0.04- 0.03 0.01 0.02 Oo()4. 0.03 0.05 

M!Jl 0.18 0.09 0.01 0.14 0.00 0.07 0.00 0.10 0.10 I 
CaD 0.60 0.67 0.69 0.69 0.52 0.57 0.45 0.55 0 •. 96 

HaZO 3.9 4.2 3.8 3.65 4.25 4.05 4.15 4.2 3.95 I KzO 4.85 4.98 4.78 4.53 4.48 4.62 4-.34 4.47 4.53 

PZ05 0.01 0.01 0.01 O.OZ 0.01 0.01 0.00 0.00 0.02 

I "20 0.35 0.38 0.43 0.51 0.43 0.64 0.55 0.43 0.66 

OOz 

I ---------------------------------------------------------
IOTAl. 100.20 99.58 100.93 100.11 100.32 100.22 99.83 100.35 99.58 

----- ---------------------------------------------------------- I 
q 34.08 29.81 35.07 36.33 33.47 33.6Z 35.01 33.53 32.17 

or 28.69 29.64 28.10 26.88 26.48 27.40 25.82 26.42 27.06 I 
ab 33.12 36.04 31.98 31.09 36.13 34.55 35.52 35.79 34.03 

all 1.45 1.88 2.84 3.31 2.S1 2.13 1.94 2.45 3.45 I e 0.11 0.14-

dl 1.25 1.22 0.43 0.04- .0.28 0.24 1.07 

I hy 1.06 1.01 1.32 1.97 0.93 . 1.24 0.90 1.08 1." 

at 0.20 0.25 0.12 0.16 0.28 0.33 0.45 0." 0.53 

I 11 0.11 0.11 0.11 0.11 0.04 0.06 0.08 0.06 0.21 

ap 0.02 0.02 0.02 0.05 0.02 0.02 0.00 0.00 0.05 

I 
OJ 95.9 95.5 95.2 94.3 96.1 95.6 96.4 95.7 . 93.3 

CI 2.6 2.6 2.0 2.4- 1.4- 1.7 1.7 1.8 3.3 I 
Elizabeth Creek GranUe 

70571003 Fluorlte.bearlng biotite granite. I 705nOO4 Fluorlte.bearlng biotite adaaellite. 
70571012 Fluorite, cassiterlt~bearlng biotite ada.ellite. 
70571017 Biotite granite. I 70571235 Biotite granite. 
70571236 Biotite granite. 
70571237 Fluorite-bearing biotite adamellite. 

I 70571238 Fluorite1fbearlng bioUte ada.elllh. 
70571Z39 Biotite ada.ellite. 

I 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

In 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

. U 

Mg/Li 

Rb/Sr 

K/Rb 

8a/Sr 

Ba/Rb 

K/Sa 

Ca/Sr 

ea/Y 
K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

7057 
1003 

29 

2.5 

700 

n.d. 

n.d. 

2 

11 

12 

300 

23 

39 

71 

186 

36 

52 

21 

35 

7 

38 

13 

134 

S.1 

0.62 

220 

107 

110 

191 0' 

5.0 

5700 

5400 

0.26 

0.45 

7057 
1004 

41 

3.5 

n.d. 

n.d. 

2 

13 

15 

332 
, 28 

69 

92 

265 

25 

62 

27 

35 

5 

13 

12 

, 124 

9.5 

0.80 

156 

171 

69 

1530 

7.0 

8300 

4600 

0.13 

0.44 

7057 
1012 

31 

3.0 

600 

n.d. 

n.d. 

2 

12 

13 

339 

24 

47 

83 

177 

22 

54 

33 

42 

4 

14 

'14 

117 

704 

0.52 

220 

200 

105 

1200 

10.5 

9900 

5100 

0.12 

0.45 

7057 
1017 

15 

3.0 

n.d. 

n.d. 

2 

9 

13 

326 

19 

49 

76 

147 

30 

64 

28 

37 

11 

53 

17 

115 

7.7 

0.45 

260 

260 

100 

1340 

3.4 

3400 

5000 

0.19 

0.45 

67. 

7057 
1235 

19 

6.5 

n-

n.d. 

n.d. 

17 

20 

468 

4 

129 

93 

5 

12 

15 

36 

42 

41 

26 

120 

79 

3.0 

0.026 

3100 

930 

29 

890 

1.6 

1400 

3400 

0.00 

0.41 ,. 

7057 
1236' 

26 

5.0 

n.d. 

n.d. 

5 

36 

22 

520 

10 

110 . 

97 

5 

35 

32 

57 

40 

46 

20 

16 ' 

52 

74 

3.5 

0.067 

1100 

410 

37 

960 

2.3 

1900 

, 3100 

0.12 

0.43 

7057 
1237 

63 

7.5 

1500 

n.d. 

n.d •. 

20 

20 

457 

7 

161 

,91 

7 

21 

42 

62 

39 

43 

24 

, 65 

79 

3.0 

0.046 

1700 

460 

19.9 

9~0 

1.8 

1500 

3300 

, 0.00 ' 

0.41· 

7057 
1238 

76 

6.0 

nod. 

n.d. 

20 

22 

565 

5 

134 

97 

12 

8 

19 

44 

41 

45 

18 

8 

110 

66 

1.G 

·0.01't 

4600 

780 

29 

900 

2.5 

2100 

3100 

0.16 

0.41 

7057 
1239 

25 

8.5 

n.d. 

n.d. 

19, 

18 

344 

35 

66 

114 

7 

99 
, 31 

67 

31 

10 

24 

,. 9.8 

109 

2.B 

0.29 

380 

197 

105 

1210 

3800 

3700 

0.10 

0.43 



I~ 

68. I 
7057 7057 7057 7051 7057 7057 1057 7057 7057 

I 1240 124-1 1258 1261 1262 1265 1271 1272 1276 

---------------------------------------------------------------------------------------
S\02 77.ft 76·.3 77.2 74.1 75.7 75.3 74.0 75.7 77.3 I H02 0.10 0.03 0.12 0.25 0.19 0.06 0.28 0.21 0.09 

A1 203 12.06 12.51 12.05 11.90 12.34- 13.02 12.82 12.~B 12.~8 I FI20l O.ll 0.53 0.03 0.50 0.l7 0.03· 0.34 0.39 0.21 

FeO 0.95 0.~5 1.30 1.95 1.50 0.95 1.70 1.~5 0.80 

I .0 0.04 0.02 0.02 0.05 0.03 0.03 0.03 0.03 0.02 

IgO 0.00 0.08 0.08 . 0.30 0.17 0.08 0.33 0.16 0.19 

cao 0.17 0.50\ 0.78 0.95 O.sa 0.92 1.21 ·1.06 0.77 I 
Ha20 3.75 4.25 3.3 3.9 3.6 . ~.4- 3.1 3.9 3.6 

~O 4.19 ~.53 5.02 3.96 4.79 3.81 5.14 4:30 ~.84 I 
P205 0.01 0.00 0.01 0.04 0.03 q.03 0.07 0.04 0.01 

"20 0.64 0.68 0.64 0.80 0.58 0.~5 0.76 0.70 0.48 I 00· 0.2 0.1 0.1 0.1 2 
-------------------- ---- ----------------

TOTAl 100.22 99.92 100.55 99.50 100.18 99.08 99.88 100.52 100.89 I 
-------------------------------------------

q 37.43 33.15 36.12 3~.32 33.67 32.66 . 32.99 ·33.65 35.~8 I 
or 2~.85 26.95 . 29.66 23.11 28.36 22.81 30.63 25." 28.47 

ab 31.93 36.~5 28.09 .. 33.25 30.66 37.96 26.36 33.11 30.40 I 
all 3.68 1.56 3.16 3.26 3.37 ~.43 4.90 3.81 3.11 

c 0.01 ·0.40 0~16 I 
dl 0.08 0.96 0.57 0.71 0.~8 

hy 1.36 0.09 2.09 3.63 2.24 1.88 3.27 2.18 1.64 I lit 0.45 0.79 .0.06 0.16 0.57 0.07 0.53 0.60 0.32 

t1 0.19 0.06 0.23 0.48 0.36 0.12 0.54 0.40 0.11 I ap 0.02 0.00 0.02 0.10 0.07 0.07 0.17 0.09 0.02 

cc 0.46 0.23 0.23 0.23 

I 
DI ·94.2 96.6 93.9 91.3 92.7 93.~ 90.0 92.2 94.4 

CI 2.1 1.9 . 3.0 5.5 4.0 2.1 5.1 4.0 2.5 I 
Elizabeth Creek Grallite I 10571240 Fluorite-bearlng biotite ada~ellite. 
70571241 Fluorite-bearing biotite adaaellite. 
70511258 fluorite-bearing biotUe adaae11lte. I 70511261 fluorite-bearing biotite ada.elltte. 
70571262 Biotite ada.ellite. 
70511265 Biotite adamellite. I 70511271 Biotite ada.ellite. 
70571272 Fluorite-bearing biotite granite. 
70571276 Biotite granite. 

I 
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Be 
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- Cr 

Co 

t~i 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 
Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

7057 
1240 

53 

6.5 

n.d. 

24 

17 

340 

37 

69 

109 

n.d. 

123 

28 

55 

35 

38 

10 

9.2 

102 

3.3 

0.36 

280 

149 

80 

990 

3~8 

3500 

3800 

0.00 

0.42 

7057 
1241 

43 

4.0 

2500 

n.d. 

n.d. 

14 

21 

533 

7 

92 

88 

7 

14 
9 

26 

36 

45 

14 

11 

76 

71 

2.0 

0.026 

2700 -

560 

42 

1040 

3.2 

2700 

3200 

0.13 

0.41 

7057 
1258 

39 

5.0 

2400 

3 

n.d. 

11 

23 

17 

448 

19 

110 

120 

n.d. 
66 

43 

101 

26 

56 

10 

12 

24 

93 

3.5 

0.147 

630 

290 

51 

1600 

5.6 

4200 

3800 

0.10 

0.50 

7057 
1261 

47 

6.0 

3 

n.d. 

3 

54 

21 

304 

45 

90 

256 

7 

325 

68 

144 

27 

38 

6 

38 

6.8 

108 

7.2 

1.07 

101 

151 

76 

1220 

6.3 

5500 

3000 

0.18 

0.40 

69. 

7057 
1262 

34 

6.5 

3 

n.d. 

3 

51 

22 

296 

44 

76 

212 

4 

400 

49 

109 

28 

30 

6 

29 

6.7 

134 

9.1 

1.35 

99 

143 

83 

1420 

5.0 

6600 

3000 

0.14 

0.47 

7057 
1265 

22 

6.5 

3 

n.d. 

3 

17 

17 

174 

31 

39 

51 

n.d. 

149 

17 

35 

39 

9 

5 

22 

5.6 

182 

4.8 

0.86 

210 

210 

170 

810 

1.8 

6300 

4100 

0.12 

0.36 

7057 
1271 

32 

4.5 

1500 

3 

n.d. 

5 

21 

18 

_289 

61 

49 

219 

6 

375 

84 

169 

30 

41 

5 

63 

4.7 

148 

6.1 

1.30 

114 

141 

1.75 
1420 

- 8.2 

8500 

3800 

0.22 

0.52 

7057 
1272 

41 

5.0 

1700 

3 

n.d. 

3 

32 

19 

302 

34 

84 

197 

7 

138 

69 

144 

30 

41 

9 

24 

8.9 

118 

0.46 

260 

220 

90 

1190 

4.6 

4000 

3500 

0.13 

0.42 

70J7 
1~66 

18 

3.5 

n.d. 

n.d. 

2 

10 

14 

308 

29 

39 

80 

n.d. 

66 

21 

50 

29 

43 -

10 

61 

10.6 

131 

2.3 

0.21 

610 

190 

140 

1390 

4.3 

4000 

4700 

0.25 

0.47 

?( 



70. I 
7057 6859 6859 7057 7057 7057 7057 I 1277 0049 0052 1022 1286 1287 1289 

--
Sl02 76.1 u.O 61.2 n.9 no'5 72.4 74.6 I 
Tl02 0.11 0.23 0.61 0.22 0.23 0.29 o.ZO 

A1 Z03 12.56 13.05 15.18 13.30 13.29 13.67 1Z.82 I 
feZ03 0.51 0.68 1.55 0.35 0.36 0.94 0.65 

FeQ 0.35 0.90 3.75 1.35 1.25 1.Z5 1.00 I fIlnO 0.03 O.~ 0.13 0.05 0.04 0.06 0.03 

IIg0 0.23 . 0.49 3.43 0.43 0.49 0.59 0.34 

I Cao 0.71. 1.36 5.23 1.59 1.62 2.03 1.48 

N'zO 3.4 3.2 1.8 3.35 3.35 3.6 3.35 

~O 5.24 . 5.37 3.09 4.65 4.58 4.33 4.66 I 
P20~ 0.01 . 0.05 . 0.08 0.05 0.05 0.08 ·0.03 

HzO 0.37 0.72 2.43 0.55 0.53 0.62 0.44 I 
002 0.15 0.1 

------ ---- I 
TOTAL 100.22 100.24 98.58 100.19 100.29 99.86 99.60 

------ ----- ------ I 
q 34.86 31.38 21.99 32.65 32.68 29.51 33.54 

or 31.01 31.86 18.98 27.41 27.10 25.77 27.77 I 
ab 29.06 21.52 15.65 28.43 28.55 31.10 28.83 

an 3.41 5.Z3 25.25 7.42 7.63 8.20 6.10 I 
c 

ell 0.04 0.21 0.43 0.16 0.08 . 1.22 0.92 I hy 0.65 1.90 13.65 2.89 2.86 2.03 1.42 

It 0.74 1.00 2.41 0.54 0.55 1.39 . 0.97 

I il 0.21 0.44 1.20 0.42 0.44 0.55 0.38 

ap 0.02 0.12 0.20 0.09 0.12 0.17 0.07 

I 0.34 0.24 

DI 94.9 90.8 56.6 . 88.5 88.3 86.5 90.1 I 
CI 1.7 4.0 18.1 4.1 4.1 5.4 . 3.8 

Elizabeth Creek Granite I 
70571277 Blot t te granIte 

I Elizabeth Creek Granite (soutb ~~) 

68590049 Hornblende-biotIte ada.elllte, E55/5/2. 
68590052 Granodlorltlc xenolIth, E55/5/5. I 70571022 Fluorlte-bearlng biotUe adaaellHe. 
70571286 Hornblende-bIotite ada.ellite. 
70511287 Hornblende-biotite adamellite. 

I 70571289 BIotIte adamellite. 

1Ji 



I 71. 

I 7057 6859 6859 7057 7057 7057 7057 
1277 0049 0052 1022 1286 1287 12rJ9 

I 
Li 16 18 29 14 14 17 17 

Be 4.0 2.0 1.5 2.5 2.5 3.0 3.0 

F 500 600 

I Cr 3 n.d. 3 3 3 

Go 6 18 

I Iii n.d. n.d. 27 n.d. 3 n.d. 3 

Cu 2 3 45 3 2 3 3 

I Zn 10 30 228 21 . 17 30 16 

Ga 14 11 15 14 14 14 13 

I 
Rb 305 260 214 242 229 210 236 

Sr 28 122 180 97 112 125 95 

I 
Y 49 23 35 37 31 35 31 

Zr 90 118 153 104 110 138 105 

Sn n.d •. n.d. 7 n.d. n.d. n.d. 

~·I Ba 136 465 290 415 480 495 410 

La 26 158 33 29 31 41 32 

I Ce 46 57 53 60 62 73 55 

Pb 28 14 316 16 14 16 17 

I Th 38 31 30 31 24 29 34 

U 10 2 10 4 2 4 7 

~I 
fIIg/Li 88 170 710 190 210 210 120 

Rb/Sr 10.9 2.1 1.19 2.5 2.0 1.67 2.5 

K/Rb 143 172 120 160 166 171 164 

I Ba/Sr 4.9 3.8 1.61 4.3 4.3 3.9 4.3 

Ba/Rb 0.45 1.79 1.36 1.71 2.1 2.4 1.74 

I K/Ba 320 96 88 93 79 73 94 

Ca/Sr 182 80 210 118 104 115 112 

I Ca/Y 105 420 1070 3tO 370 410 340 

K/Pb 1')50 3200 81 2410 2710 2250 2280 

I 
Th/U 3.8 16 3.0 7.8 12 7.3 4.9 

K/U 4400 22000 2600 9700 19000 9000 5500 

I 
Al/Ga 4800 6300 5400 5000 5000 5200 5200 

mg 0.33 0.36 0.53 0.31 0.35 0.33 0.27 

k 0.50 0.52 0.53 0.48 0.47 0.44 0.48 

I 
I 

• 73 



72. I 
6749 6149 6149 6149 6149 6749 

0~6~ 
I 

0012R 0012R1 0012R2 0012fO 0013R OOnR 

------------------------------ --------------------------------------------------- I 
S102 12.5 76.3 11.5 13.9 16.0 16.3 16.9 

. T102 0.24 0.13 0.04 0.20 0.11 0.12 0.08 I AI
2
0
3 13.84 12.54 12.17 13.31 12.58 12.72 ·13.00 

Fe
2
03 0.12 0.38 0.52 .0.61 0.31 0.50 0.13 I FeD 1.40 0.10 0.30 . 1.23 0.78 0.11 0.56 

1610 0.04 0.03 0.01 0.04 . 0.02 0.03 0.02 

I MgO 0.35 0.18 0.06 0.26 0.16 0.11 0.04 

Cao 1.88 1.20 0.25 1.51 0.91 0.91 0.12 

Ha20 3.8 3.25 3.4 3.7 3.4 3.55 3.65 I 
K
2
0 3.88 4.59 5.21 4.30 . 4.97 4.74 4.60 . 

. P205 0.04 0.02 0.00 0.03 0.01 0.02 0.00 I 
~O 0.59 0.51 0.41 0.89 0.50 0.60 0.78 

CO
2 II 

-----------------------~-----------------------------------------
TOTAL 99.46 99.87 99.93 100.10 99.15 100~31 100.48 

. --------------------------------------------------------------- I 
Q 30.81 36.98 37.22 32.15 34.94 35.04 36.02 

or 23.19 21.28 30.96 25.56 29.58 28.08 . 21.26 I ab 32.60 21.65 29.09 31.38 28.88 30.36 31.22 . 

an 9.17 5.86 1.20 7.35 4.47 4.39 3.58 I, 
c 0.05 0.09 0.41 0.10 0.65 

dl 0.01 

I hy 2.55 1.25 0.22 2.11 1.43 1.01 0.90 

mt 1.09 0.58 0.76 0.99 0.41 . 0.16 0.20 

11 0.44 0.25 0.08 0.38 0.21 0.23 0.15 I 
ap 0.10 0.05 0.00 0.07 0.02 0.05 0.00 

01 86.6 91.9 97.3 89.1 93.4 93.5 94.5 
I 

CI 4.2 2.2 1.5 3.6 2.1 2.1 1.9 I 
H8!~_~dln2~ra~!te 

I 61490012R Blottte adamellite. 
67490012R1 Biotite granite. 
67490012R2 Apl'te dyke. I 61490012R3 Biotite granite. 
67490013R Biotite granite. 
67490014R Biotite granite. I 68590066 Fluorite-bearing leuctsdaaell1te. E55/5/23. 

""'"'"'-:----. 

• 





740 I 
6749 6749 6749 6749 6749 6749 6749 6749 6749 
0083f« 0083R1 0084 0087 oo15G 0016G 0001R OOO5R 0099R I --------------- ----- -----------

St02 71$4 71 .. 3 66.8 58.9 70.9 67.8 75.6 11~3 73.3 

I H02 
0,,29 0,,27 0 .. 48 00 85 0.31 0.54 0.22 OQ39 00 29 

Al Z03 14.45 14.74 15.45 16.59 14.77 15.09 12.28 13.94 13.59 

FeZ03 1.00 0.75 1.80 2.00 1.10 1.55 0.26 0 .. 43 00 46 I 
FeD 1.38 1.31 2.50 4.10 1.34 Z.20 1.49 2.60 2.30 

!!b0 0.03 0.04 0.04 0.10 0.03 0.07 0.03 " 0.06 0.05 I 
MgO 0.76 0.63 1.70 3.96 0.52 1.77 0.40 0.73 0.34 

Cao 2.69 2.84 3.59 " 6.67 2.71 3.87 1.71 2.70 2.37 I NaZO 4.0 4.2 3.3 2.9 4.1 2.9 2.85 2.7 3,0 

K20 2.82 2.37 2.56 1.80 2.82 3.26 4.05 3.46 3.46 

I PZ05 0.08 0.07 0.11 0.16 0.12 0.09 0.05 0.08 0.10 

"Z0 1.00 0.58 1."76 1.54 0~98 1.13 0.16 1.20 0.89 

CO2 I 
--- ----------------

TOTAL 99.90 99.10 100.09 99.57 99.70 100.27 99.70 99.59 100. ~~-I -------

q 30.64 30.72 27.52 1It.49 " 29.66 26.90 38.81 34.46 35.86 

or 16.84 14.21 15.39 10.84 16.88 19.41 24.18 20.76 20.59 I 
ab 33.95 36.14 28.05 25.34 35.47 25.15 24.36 23.28 25.73 

an 12.96 13.83 17.38 27.27 12.82 18.43 8.24 13.07 11.18 I c 0.17 0.26 1.07 0.27 0.22 1.04 0.82 -
dl 4.35 0.26 

I hy 3.20 3.01 6.72 12.65 " 2.39 6.31 3.23 5.17 4.31 

mt 1.50 1.13 2.70 3.03 1.13 2.29 0.41 0.68 0.72 

I 11 0.56 0.52 0.91 1.65 0~60 1.03 0.42 " 0.75 0.55 

ap 0.19 0.17 0.27 0.39 0.29 0.22 0.12 0.19 0.24 

. I 
01 81.4 81.1 71.0 SO. 1 82.0 71.5 87.4 78.5 82.2 

CI 5.6 5.1 11.7 22.1 5.2 10.1 4.4 8.4 6.6 I 
ltallonds Creek Granod I ort ta I 6749ooli:3R:~ornblend~;:bi-otttegranodlorlte. 
67490083R1 Hornblende-biotite granodiorite. 
67490084 Hornblende-biotite granodiorite. 

I 67490087 " Quartz dlorlte. 
684900156 Hornblende-biotite granodiorite, M668/15. 
684900166 HDrnblende-blotlte granodiorite, 1668/16. 

!lllboo!.-~r~~!!! I 
614-90091 R Biotite adamellite. 
67490095R Biotite ada~ellite. I 67490099R Biotite adamellite. 

I 
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U 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 
y 

Zr 
Sn 

Ba 

La 

Ce 

Pb 

Th 

U ' 

Mg/U 

Rb/Sr 
. K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U . 

Al/Ga 

mg 

k 

6749 
0083R 

5 

2.5 

3 

54 

24 

17 

73 

307 

15 

174 

n.do· 

735 

26 

54 

10 

10 

n.d. 

920 

0.24 

321 

2.4 

10.1 

32 

63 

1300 

2340 

4500 

0.37 

0.32 

6749 6749 
0083R1 0084 

5 8 

2.0 2.0 

3 6 

4 5 

25 48 

15 16 

69 69 

329 333 

15 20 

155 153 

n.d. n.do 

610 615 

26 28 

52 51 

11 9 . 

10 8 

n.d. n.d. 

760 1300 

0.21 0.21 

286 307 

1.85 1.85 

8.8 8.9 

32 34 

62 77 

1350 1300 

1790 2360 

5200 5100 

0.35 0.42 

0.27 . 0.34 

75. 

6749 6849 
0087 0015G 

8 7 

2.0 1.0 

4 

33 n.d. 

27 2 

78 55 

19 15 

65 91 

357 295 

23 18 

131153 . 

n.d. 8 

4'jO 560 

26 25 

36 37 

12 16 

10 12 

2 n.d. 

3000 440 

0.18 0.31 

229 257 

1.26 1.90 

6.9 6.2 

33 42 

133 . 66 

2100 1100 

1240 1460 

5 

7500 

4600 5200 

9.54 0.28 

0.29 0.31 

6849 J1-4.9... 
00166 . (009iR' 

18 24 

1.5 2.5 

10 

9 4 

4 8. 

51 23 

17 15 . 

150 190 

235 83 . 

27 47 

161 110 

n.d. n.d. 

465 350 

29 23 

52 49 

22 24. 

22 20 

4 6 

590 100 

0.64 2.3 

180 177 

1.98 4.2 

3.1 1.84 

58 95 

117 147 

1000 260 

1230 1400 

5.5 3.3 

6800 5600 

4700 4300 

0.46 0.29 

0.42 0.48 

6749 
0095R 

34 

3.0 

5 

13 

85 

18 

192 

131 

43 

151 

n.d. 

430 

32 

67 

28 

27 

5 

130 

1.47 

123 

3.3 

2.2 

67 

1'17 

450 

1030 

5.4 

5700 

4100 

0.30 

0.46 

6749 
0099~ 

32 

2.5 

5 

7 

45 

16 

177 

148 

37 

173 

n.d. 

490 

35 

80 

30 . 

20 

4 

63 

1.20 

134 

3.3 

2.8 

59 

114 

460 

960 

5.Q 

7200 

4500 

0.18 

0.43 

77 



r 
16. I 

;4\ 
6749 6749 6859 6859 6749 6749 6749 6749 6749 I 0100R 0101 R 0064 0065 0007R 0OO8R 0009R 0010R 0011 R 

----------------------------------------------------------------------------------------------
SI02 14.5 13.6 68.8 74.3 66.1 61.3 66.2 14.9 67.1 I H02 0.12 0.25 0.30 0.24 0.41 0.41 0.60 0.03 0.49 

Al 203 13.13 13.59 11.58 13.25 15.53 15.35 16.18 13.48 15.21 I Fe203 0.12 0.31 1.66 0.11 1.44 1.39 1.69 0.03 1.34 

FeO 1.38 2.10 8.30 2.40 2.65 2.10 3.15 0.30 2.60 

I ... 0 O.Ol 0.05 0.05 0.04 . 0.09 0.08 0.10 0.10 0.08 

tt.;)0 0.15 0.44 0.65 0.29 1.32 1.38 1.16 0.04 1.31 

Cao 1.12 2.n 0.64 1.91 4~16 3.94 4.64 0.61 3.11 I 
Na20 3.5 3.1 0.46 2.6 3.35 3.3 3.35 2.95 3.2 

K20 4.67 3.58 4.95 4.00 2.57 2.15 2.16 6.13 3.05 I 
P205 0.03 0.08 0.07 0.07 0.11. 0.11 0.12 0.01 0.08 

"20 ·0.78 0.91 1.89 1.05 1.36 0.91 0.98 0.44 0.79 • CO2 

TOTAl 100.43. 
------------------------------------------~----------------------~-----~ 

.100.2899.35 100.29 99.15 99.68 100.93 99.59 99.08 
-------------------------------------------------------------~-------

q 33.69 35.31 39.91 31.95 25.92 26.16 24.63 30.47 26.00 I 
or 27.68 21.29 29.99 2l.81 15.43 16.44 12.76 40.10 18.32 

ib 29.78 26.38 l.90 22.24 28.79 28.42 28.34 25.25 21.69 I 
aD 5.38 10.80 2.19 9.08 20.07 19.05 22.23 3.29 18.48 

c 0.34 0.69 4.60 1.36 0.02 0.19 0.14 0.01 I dl 0.14 • 
hy 2.64 4.39 15.39 4.73 6.35 6.67 1.93 0.62 6.35 

~I .t 0.19 0.48 2.60 0.20 2.15 2.08 2.51 0.06 2.02 

t1 0.23 0.48 0.58 0.46 0.91 0.90 1.14- 0.06 0.95 

ap 0.07 0.19 0.11 0.11 0.21 0.26 0.28 0.02 0.19 1\1 
DI 91.2 83.0 13.9 84.0. .70,1 71.0 65.7 95.8 72.0 I 
CI 3.5 6.2 23.3 6.9 9.8 9.9 12.1 0.9 9.5 

Nyllbool Granlte I 61490100R Biotite granite. 
61490101 R Biotite adalellite. 
68590064 Altered ada.elllte, cut by biotite-rich Yelns, E55/S/20. I 68590065 Tourlallne-bearlng porphyritic biotite .Icroadalelllte, £55/5/21. 

BakerYllle GranodIorite I 67490007R--Hornb18Ode-biotite granodiorite. 
67490008R Hornb 1 ende-bl ot I te granodiorIte. 
67490009R Hornblende-bIotIte granodIorite. 

I 61490010R Ap lltl c granite, 
61490011 R Hornblende-biotite granodiorite. 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ua/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

CatV 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6749 
0100R 

23 

2.5 

4 

20 

15 

240 

64 

54 

90 

n.d. 

320 

21 

51 

37 

16 

39 

3.8 

162 

5.0 

1.33 

121 

125 

150 

1050 

4.0 

9700 

4600 

0.14 

0.47 

6749 6859 6859 6749 
01 01 R 0064 0065 0007R 

38 51 28 21 

4.0 1.0 2.5 1.5 

900 

10 

5 

8 5 8 4 

35 66 50 55 

16 13 12 16 

190 365 172 129 

125 67 132 208 

38 25 34 28 

126 97 158 168 

n.d. 6 n.d. 

390 1480 475 475 

29 10 29 18 

73 42 53 32 

30 18 37 14 

17 18 20 17 

4 n.d. 3 4 

71 76 61 380 

1.52 5.5 1.30 0.62 

156 113 193 165 

3.1 22 3.6 2.3 

2.1 4.1 2.8 3.7 

76 28 70 45 

1 30 69 1 03 143 

430 185 400 1050 

990 2280 900 1520 

4.3 6.7 4.3 

7400 11000 5300 

4500 4700 5900 5100 

0.24 0.10 0.17 0.37 

0.43 0.B8 0.50 0.34 . 

6749 6749 6749 6749 
0008R 0009R 001 OR 0011 R 

1 B 23 5 19 

2.0 1.5 5.0 2.0 

3 3 n.d. n.d. 

4 3 2 4 

53 57 6 48 

16 17 18 16 

121 111 . 487 173 

204 212 25 157 

31 26 119 35 

174 138 32 157 

n.d. n.d o n.d. n.d. 

475 385 76 430 

24 31 29 30 

47 49 79 55 

16. 13 60 15 

16 12 24 20 

3 4 9 4 

460 460 48 '120 

0.59 0.52 20 1.10 

188 161 115 t4G 

2~3 1.82 . 3.0 2.7 

3.9 3.5 0.156 2.5 

48 46 730 59 

138 157 192 171 

91 0 1300 40 770 . 

1430 1380 930 1690 

5.3 3.0 2.7 5.0 

7600 4500 6200 6300 

5100 5000 4000 5100 

0.38 0.39 0.20 0.37 

0.35 0.30 0.60 0.38 



78. I 
6749 6749 6749 6149 6149 6149 6149 6149 6859 I 0025R 0026R 0027R 0061R 0062R 0063R 0064R 0064R1 0058 

-----------------------------.-------------------------
SI02 11.4 71.2 11.1 69.7 74.2 67.9 12.1 76.1 75.1 I 
Tl02 0.26 0.49 . 0.29 0.37 0.19 O.~ 0.40 0.12 0.15 

AI 203 14.32 13.96 14.37 14.61 13.34 14.50 13.90 12.91 12.85 I Fa203 0.82 0.89 0.80 1.06 0.15 0.62 0.79 0.42 0.05 

FeD 1.68 2.15 1.90 . 2.10 1.20 2.65 1.90 0.15 1.31 

I MIlO 0.01 0.06 0.07 0.06 0.03 0.01 0.05 0.03 0.02 

algO 0.75 0.88 0.84 1.24 0.34 0.90 0.15 0.16 0.16 

I Cao 2.51 2.32 2.13 3.Z7 1.Z4 2.55 2.06 0.92 0.96 

NaZO 3.55 3.4 3.1 3.8 3.65 3.6 a.6 4.3 2.9 

K20 3.82 4.15 3.42 3.09 4.46 5.65 4.19 4.12 5.16 . I 
P205 0.05 0.12 0.06 0.01 . 0.06 0.13 0.10 0.02 0.02 

H2O 0.88 0.88 0.88 1.19 0.46 0.78 0.87 0.70 0.59 I CO2 
---------------------------------- I 

. . 

TOTAl 100.11 100.50 100.16 100.62 99.32 99.85 100.11 100.55 ·99.81 
-------------------------------

q 29.02 28.11 28.69 26.59 32.32 18.20 28.92 32.73 36.28 I 
or 22.13 24.61 20.35 18.35 26.66 33.66 24.80 24.36 30.10 

ab 30.41 28.70 31.68 32.31 . 31.~ 3.1.30 30.50 36.82 24.53 I an 11.86 10.71 12.fC 13.92 5.83 6.41 9.42 3.54 4.66 

c 0.31 • 0.84 

I dl 0.29 0.05 0.61 1.58 4.57 0.14 0.76 

hy 3.84 4.68 4.28 4.81 2.11 3.60 4.06 0.89 2.55 

I It 1.23 1.32 1.20 1.57 0.23 0.94 1.18 0.62 0.10 

11 0.50 0.93 0.55 0.11 0.35 0.96 0.16 0.23 0.29 

ap 0.12 0.29 . 0.14 0.17 0.14 0.31 0.24 0.05 0.05 I 
DI 82.2 82.0 80.1 77.3 90.4 83.2 84.2 93.9 91.5 I CI 6.0 7.3 6.8 8.8 3.8 10.4 6.4 2.6 3.8 

Kalu~a Granodlo!:!!! 
61490025R Hornblende-biotite ada.ellite. I 
67490026R Hornblende-bIotite ada.ellite. 
67490027R Hornblende-biotite granod'ot,te. I 67490061R Hornblende-biotite granodiorite. 
6149OO62R Btot,te ada.eliite. 
61490063R Hornblende-biotite adamellite. 

I 61490064R Hornblende-biotite ada.ellite. 
6n90064R1 ApH te vein. 
68590058 Biotite ada.elllte, £55/5/13. 
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Li 

Be 

F 

Cr 

Co 

Iii 

Cu 

In 

Ga 

Rb 

Sr 

y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

~lg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ua/Rb 

K/Ba 

Ca/Sr' 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6749 
0025R 

16 

3.0 

n.d. 

16 

39 

15 

271 

12B 

, 43 

132 

n.d. 

365 

28 

48 

27 

36 

11 

280 

2.1 

117 

2.9 

1.35 

87 

140 

420 

1170 

3.3 

2900 

5100 

0.35 

0.41 

6749 
0026R 

31 

3.5 

4 

5 

47 

18 

249 

106 

56 

243 

n.d. 

480 

41 

78 

27 

27 

5 

170 

2.4 

138 

4.5 

1.93 

72 

157 

300 

1270 

5.4 

6900 

4100 

0.34 

0.45 

6749 
0027R 

19 

3.5 

n.d. 

3 

40 

15 

177 

135 

37 

126 

5 

370 

24 

49 

21 

32 

9 

270 

1.31 

160 

2.7 

2.1 

77 

144 

530 

1350 

3.6 

3200 " 

, 5100 

0.36 

0.38 

6749 
0061R 

15 

2.5 

n.d. 

43 

27 

16 

222 

143 

35 

, 124 

5 

360 

21 

46 

17 

22 

5 

490 

1.55 

116 

2.5 

1.6? 

71 

164 

670 

1510 

4.4 

5100 

4900 

0.41 

0.35 

6749 
0062R 

28 

7.0 

5 

n.d. 

27 

14 

348 

55 

42 

106 

187 

16 

35 

65 

25 

8 

71 

6.3 

106 

3.4 

0.54 

198 

162 

210 

570 

3.1 

4600 

5100 

0.31 

0.44 

6749 
0063R 

11 

4.0 

5 

6 

55 

18 

306 

114 

62 

257 

17 

525 

40 

92 

38 

26 

4 

490 

2.7 

153 

4.6 

1.72 

89 

160 

290 

1230 

6.5 

7800 

4,300 

0.32 

0.50 

, . 

6749 
0064R 

31 

3.0 

4 

4 

46 

18 

258 

92 

60 

215 

5 

400 

35 

76 

29 

27 

6 

150 

2.8 

135 

,,4.3 

1.55 

87 

160 

250 

1200 

4.5 

5800 

4100 

0.33 

0.43 

6749 
0064R1 

n.d. 

2 

33 

19 

296 

24 

56 

126 

n.d. 

104 

6 

36 

34 

40 

10 

51 

12.3 

116 

4.3 

0.35 

330 

280 

120 

1010 

4;.0 

3400 

3600 

0.20 

0.38 

6859 
0058 

29 

4.0 

3000 

4 

n.d. 

3 

15 

18 

418 

48 

67 

125 

4 

210 

50 

95 

20 

51 

10 

33 

8.7 

102 

4.4 

0.50 

200 

144 

105 

2140 

5.1 

4300 

3800 

0.17 

0.54 
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80. 

6149 6149 6149 6149 6149 6749 6149 6859 6749 I 
0002 0003R 0004R 0OO5R 0005RZ 0OO6R 0081 0051 0047R 

-------------------- --------------------- I SI02 74.9 76.2 76.1 74.1 14.7 12.8 14.7· 16.2 73.9 

Tl02 0.18 0.18 0.17 0.22 0.18 0.32 0.22 0.16 0.16 

Al 203 12.98 12.16 12.22 13.26 13.45 13.19 13.07 12.40 13.70 I 
Fe203 0.37 0.26 0.46 0.41 0.23 . 0.4,] 0.38 0.10 0.31 

FeO 1.49 1.53 1.31 1.00 1.l5 1.94 1.53 1.38 1.23 I A'rIO 0.04 0.04 0.04 0.05 0.04 0.06 0.04 0.04 0.04 

~gO 0.20 0.16 0.17 0.l2 0.24 0.69 0.40 0.21 0.21 I Cao 1.19 1.04 1.01 . 1.13 1.09 1.51 1.32 1.11 1.21 

Ha20 3.5 3.4 3.45 3.85 3.8 2.95 3.55 3.2 3.1 

I K
2
0 4.53 4.50 4.34 4.38 4.48 4.40 4.44 4.26 5.11 

PZOS .0.04 O.Ol 0.03 0.06 0.04 0.09 0.06 0.03 0.02 

~O 0.68 0.11 0.86 0.69 0.51 0.89 0.62 0.45 0.83 I 
COz 

-------- ------------------------------------------------ I TOTAL 100.10 100.21 100.22 100.33 100.11 99.97 100.33 99.61 100.48 

----------------------------
q 33.47 35.88 36.44 31.06 32.n 33.81 3Z.12 . 37.67 29.Z4 I 
or 26.92 26.72 25.81 25.97 26.57 25.23 26.30 25.36 30.29 

ab 30.03 29.07 29.29 32.16 32.18 .25.09 30.35 21.53 31.40 I 
an 5.67 4.57 5.10 5.30 5.17 7.26 6.17 5.65 . 5.71 

c 0.21 0.24 0.49 1.57 0.12 0.43 I 
dl 0.37 0.04 0.41 

hy 2.70 2.58 2.22 3.44 Z.66 4.49 3.19 2.81 2.11 I It 0.57 0.41 0.10 0.11 0.36 0.13 0.58 0.18 0~48 

11 0.34 o.n 0.33 0.42 0.34 0.61 0.42 0.31 0.30 

I ap 0.10 0.01 0.01 0.12 0.10 0.22 0.14 0.07 0.05 

DI 90.4 91.7 91.6 89.8 90.9 85.1 89.4 90.6 90.9 I 
CI 3.9 3.8 3~3 4.9 4.0 7.6 4.5 3.8 3.4 

Watsonville Granite I 
6n90002 Biotite adalellite. 

I 67490003R Fl uorlte-bearlng blott te adame 11 Ita. 
67490004R Biotite granite. 
67490005R Biotite adalellite. 

I 67490005RZ Aplite vein. 
67490006R Biotite adamellite • 
67490081 . B1 aU te ada.e 111 teo 

I 68590057 Fluorite-bearing porphyritic biotite ada.ellite. £55/5/12. 

Atlanta Granite ---------
67490041R Biotite granite. 

I 
'bJ.. 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

ea/Sr 
ea/Y 
K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

G749 
C002 

40 

4.0 

n.d. 

2. 

53 

18 

251 

68 

67 

173 

n.d. 

470 

42 

84 

32 

28 

5 

30 

3.8 

146 

6.9 

1.83 

80 

125 

125 

1180 

5.6 

7500 

3800 

0.16 

0.46 

6749 6749 6749 6749 
0003R 0004R 0005R 0005R2 

39 37 39 35 

3.0 4.0 4.5 8.5 

5 10 

n.d. 3 3 n.d. 

3 2 4 7 

52 46 46 32 

16 17 17 18 

232 242 242 337 

65 68 42 58 

41 50 45 71 

163 178 152 1 08 

n.d. . n.d. 

475 505 . 133 255 

45 45 31 24 

75 84 61 71 

29 29 32 42 

U 27 ~ 23 

3 4 9 8 

25 28 49 40 

3.6 3.6 5.8 5.8 

161 145 1 50 110 

703 704 3.2 4.4 

,2.0 2.1 0.55 0.76 

79 71 270 146 

114 113 193 134 

180 155 180 110 

1290 1240 1140 890 . 

7.3 6.8 4.7 2.9 

12000 9500 4000 4700 

. 4000 3800 4100 4000 

0.14 0.15 0.20 0.21 

0.46 0.45 0.43 0.44 

6749 6749 6859 6749 
QOOGR 0081 0057 0047R 

47 38 44 24 

3.0 4.0 4.0 3.0 

1500 

n.d. 

6 3 n.d o n.d. 

7 3 . 9 2 

49 44 46 19 

16 17 16 18 

258 251 253 316 

103 77 71 62 

38 46· 53 59 

168 155 142 133 

5 n.d. 6 n.d. 

430 420 430 184 

35 34 32 35 . 

63 74 62 72 

32 31 33 20 

2328 22 47 

5 5 4 11 

89 63 30 54 

2.5 3.8 30 6 5.1 

141 147 140 134 

4.2 5.5 6.1 3.0 

1.67 1.67 1.70 0.58 

85 88 82. 230 

109 122 118 147 

290 200 160 155 

1140 1190 1070 2120 

4.6 50 6 5.5 40 3 

7300 7400 8900 3900 

4600 4100 4100 4000 

0.33 0.27 0.20 0019 

0.50 0.45 0.46 0.48 



82. 
I 

6849 6849 6849 6849 674-9 
I 

0181A °1'1~ _ ~~~ ~~ OO~, 

I __ I~L-_ _..tSl-it. ________________ 

SIOZ 67.1 73.5 67.2 66.9 56.0 

TI 0z 0.65 0.17 0.68 0.69 0.81 

I A1
Z
03 13.75 1Z.93 13.4Z 13.11 17.94 . 

Fa203 0.89 0.63 0.80 1.48 2.00 

I FaD 3.35 0.65 3.&1 3.00 5.55 

.0 0.08 0.04- 0.08 0.08 0.13 

190 1.01 0.43 1.11 1.11 3.71 I 
~o 2.19 1.73 2.58 2.31 7.64 

NazO 3.65 . 3.9 3.25 3.45 2.4 I K O· 3.78 3.81 3.~ 3.53 1.14-2 
PZOs 0.16 0.04- 0.15 0.16 0.11 

I HZO 1.74- 1.21 2.10 2.41 . 1.39 

CO2 1.2 

I -------
TOTAl 98.35 99.04- 98.47 100.03 98.88 

---
q n.67 33.07 27.04- 29.76 13.46 I 
or 23.11 22.97 21.46 21.37. 6.91 

I ab 31.68 33.48 28.35 29.73 20.81 

an 10.16 6.85 12.21 2.90 35.69 

c 0.11 0.01 3.29 I 
dl 1.34- 1.99 

hy 7.22 0.93 7.97 . 6.18 16.24 I 
.t . 1.38 0.93 1.26 2.Z4 ·3.06 

i1 . 1.28 0.33 1.34 1.34 1.58 I ap 0.39 0.10 0.37 0.39 .0.27 

cc 2.80 I 
DI 79.5 89.5 76.9 80.9 . 41. Z 

CI 10.4 3.6 11.0 16.2 23.1 I 
Unnamed granitic rocks of the Herbertoa area 

I 6849M81 i---p;:opyllHZe"d;po rphyr' tic .1 crogranod' ort te, D8181 A. 
684901818 PropylHtzad. porphyritic .'croadallell1te, D8181B. 
68490181C Propyl'tlzed, porphyrlt'c .'crogranodiorfte, DB181C. 
68490182 Propy 11 U zed, porphyrl Hc I' crogranod' orHe, DB18~' •. I 67490053 Quartz diorite. 

I 
I 

~l{ 



I 83 .. 

I 6849 6849 6849 6849 6749 
0181A 0181 B 0161 C 0182 0053 

I Li 46 21 59 57 11 

Be 3e O 1.5 2.5 2.5 2.0 

I F 

Cr 18 4 19 14 

I Co 

Ni 6 5 7 8 6 

I 
Cu 11 4 13 13 16 

Zn 65 22 65 69 73 

Ga 17 12 17 18 16 

I Rb 194 169 163 177 57 

Sr 124 96 99 t07 256 

I Y 52 18 52 54 24 

Zr 385 96 398 405 61 

I Sn n.d. 

Ba 540 . 425 565 680 210 

I 
La 39 19 38 42 17 

Ce 81 37 71 83 23 

Pb 29 20 20 22 19 

I Th 25 26 21 19 6 

U 4 3 3 4 nod. 

I Mg/li 130 120 110 120 2100 

Rb/Sr 1.56 . 1.76 1.65 1.65 0.22 

I K/Rb 162 187 179 166 167 

Ba/Sr 4.4 ·4.4 5.7 6.4 0.82 

I 
8a/Rb 2.8 2.5 3.5 3.8 3.7 

K/Ba 58 74 52· 43 45 

Ca/Sr 126 129 186 154 210 

I Ca/Y 300 690 350 310 2300 

K/Pb 1080 ·1580 1460 1330 500 

I Th/U 6.3 8.7 7.0 4.8 

K/U 7900 11000 9700 7300 

I Al/Ga 4300 5700 4200 4000 5300 

mg 0.30 0.38 0.31 0.31 0.1.7 

I 
k 0.41 0.39 0.42 0.40 0.24 

I 
I 

g) 



84 .. I 
6859 6859 6859 6859 6859 6859 6859 7057 7057 

I 0053~ 0054- 0068 0014- 0078 0104 0105 1008 124-2 

S'02 7307 1007 740 3 760 1 76.1 67.1 10.9 7404- 75.9 I 
TlOZ 0.28 . 0.42 0.23 0.12 o.n 0.15 0.34 0.16 0 .. 13 

A1 203 13 .. 51 14035 13041 12 .. 98 12.41 15.31 14.69 12.91 11.95 I 
Fe203 0.63 1,,06 . 0.20 0.01 0.10 0.26 0.94 0.03 0.40 

FeD 1.38 1.98 1.60 1.23 1.21 3.95 1.10 1.35 1.05 I MaO 0.05 0.06 0.03 0.03 0.03 0.01 0.05 0.02 0.02 

.~ 0.50 1.09 0.23 0.14- 0.11 1.12 0.64 0.16 0.18 

I CaD 1.15 2.23 . 1.46 0.83 1.14 3.20 2.47 1.33 1.04 

Na
2
0 3.35 ·3.35 3.15 3.6 3.15 2.6 4.05 3.3 3.4 

~O 4.15 4.22 4.95 4.81 4.82 3.11 3.21 4.98 4.69 I 
P205 0.05 0.08 0.04 0.02 0.02 .. 0.16 0.09 . 0.03 0.02 

Hz° 
0.42 0.93 0." 0.56 0.51 1.05 0.50 0.50 . 0.40 I 

002 o .15 0.2 

----- I 
TOTAL 99.17 100.62 100.04 100.43 99.86 99.54- 99.58 99.17 99.18 

-- I 
q 33.49 28.31 32.61 33.92 35.92 29.28 28.58 32.87 35.72 

or 24-.67 24.99 29.34 28.45 28.61 19.02 ·.19.14 29.81 28.04- I 
ab 28.51 28.51 26.90 ]).48 26.91 22.16 34.48 28.11 29.35 

an 8.40 9.61 7 .. 00 3.99 5.49 13.77 11.77 5.88 3.4-1 I c 0.45 0.13 0.28 0.39 2.71 0.30 

dl 0.01 0.48 1.44-

I hy 2.91 4-.88 3.01 2.44- 2.41 10.34 3.48 2.39 1.14-

at 0.93 1.58 0.32 0.04 0.16 0.44- 1.40 0.01 0.60 

11 0.52 0.80 . 0.44- 0.23 0.27 1.45 0.65 0.31 0.25 I· 
ap 0.12 0.19 0.10 0.05 0.05 0.39 0.22 0.07 0.05 

cc 0.34 0.4-6 I 
DI 86.7 81.9 88.9 92.9 91.5 70.5 82.2 90.8 93.1 I CI 4.9 . 8.5 4.2 3.2 3.0 15.8 6.1 3.3 3.5 

Herbert HI Yer GranUe I 
68590053 PorphyrItic hornblende-blotlte adamellIte, E55/5/7. 

I 68590054- Porphyritic hornblende-biotite granodiorite, E55/5/8. 
68590068 FluorHe.bearing porphyritic biotite adamellite. E55/5/25. 
68590074 Fluorlte-bearlng bIotite granite, E55/S/31. 
68590078 FluorHe-bearl ng. porphyrltt c bloU te adue 111 te, E55/5/39. I 68590104 BI ott te granodl orl teo E55/9/9. :' 
68590105 Hornb 1 ende-bl oH te adalle 1 n te, ~j5/9/12. 
70511008 PorphyrUI c bIotIte adalelUte. ; 

I 70571242 BiotIte adamellite. ~ 
, 
). 

~~ I , 
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Li 

Ue 

F 

Cr 

Co 

Nt 

Cu 

Zn 

Ga 

Rb 

Sr 

y 

br 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

hlg/U 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

6859 
0053 

28 

£.5 

6 

n.d. 

2 

25 

14 

210 

122 

. 40 

135 

n.d. 

520 

44 

74 

19 

20 

5 

110 

1.72 . 

164 

4.3 

2.5 

66 

103 

310 

1820 

4.0 

6900 

5100 

0.31 

0.45 

85. 

6859 6859 6859 6859 
0054 0068 0074 0078 

29 34 47 24 

2.0 400 5.0 4.0 

1500 2000 1000 

8 5 4 4 

n.d. n.d. n.d. n.d. 

2 2 1 7 

39 27 24 27 

15 17 18 16 

170 297 390 323 

131 62 30 42 

34 65 76 77 

160 171 132 127 

4 5 n.d. n.d. 

530 360 151 136 

39. 76 40 33 

72 141 81 66 

23 23 31 29 

27 39 42 46 

4 7 9 14 

230 41 18 42 

1.30 4.8 13 7.7 

206 138 102 124 

4.0 5.8 5.0 3.2 

3.1 1.21 0.39 0.42 

66 114 260 290 

121 168 197 193 

470 160 78 105 

1520 1790 1290 1380 

6.8 5.6 4.7 3.3 

8800 . 5900 4400 2900 

51 OJ 4200 3800 4100 

0.39 0.18 0.16 0.18 

0.45 0.51 0.47 0.50 

6859 
0104 

30 

2.5 

18 

14 

16 

57 

17 

165 

. 150 

32 

171 

n.d. 

375 

24 

37 

27 

9 

3 

350 

1.10 

159 

2.5 

2.3 

70 . 

153. 

·720 

970 

3.0 

8800 

4800 

0.42 

0.45 

6859 
01 05 

10 

1 • ~ 

. 3 

n.d. 

4 

42 

14 

83 

215 

16 

181 

1090 

45 

82 

13 

13 

n.d. 

390 

0.39 

320 

5.1 

13.1 

24 

82 

1100 

2050 

5600 

0.30 

0.34 

7057 
1008 

3 r 
.J 

3 

9 

2 

16 

16 

345 

81 

55 

138 

475 

25 

84 

28 

31 

5 

18 

4.3 

120 

5.9 

1.38 

87 

117 

170 

1480 

6.2 

8300 

4300 

0.17 . 

0~50 

7U57 
1242 

16 

3.0 

3 

n.d. 

10 

20 

15 

209 

58 

28 

101 

n.d. 

325 

40 

77 

27 

23 

3 

68 

3.6 

leG 

5.6 

1.56 

120 

128 

260 

1440 

7.7 

13000 

4900 

0.18 

0.47 



I 
86 .. 

7057 7057 7057 7057 7057 7057 1057 1051 1057 I 
1243 1244 1245 1246 1241 1248 1249 1250 1251 

-------- I 
SI02 15.0 16.1 14.8 72.0 11.2 10.1 73.4 73.1 16.4-

H02 0.13 0.03 0.24 0.33 0.36 0.36 0.24 0.31 0.16 I Al
2
03 12.98 12.67 130 33 14.52 14.79 15.01 13.09 13.19 12.50 

Fe
2
0
3 00 32 0.37 0.68 0.90 0.58 0.79 0.52 0.51 0.02 I FeO 1.05 0.45 1.20 1.60 2.02 1.75 1.40 1.75 1.50 

1rIn0 0.02 00 07 0.04- 0.05 0.06 0.05 0.05 0.05 0.05 

I MgO 0.16 0.17 0.20 0.60 0.77 0.69 . 0.41 0.54 0.36 
. IAIO 1.14- 0.48 1.71 2.35 2.52 2.63 1.45 . 1.95 1.00 

Na20 3.4 4.2 4.0 4.2 4.1 4.6 3.5 3.4- 3.6 I 
~O 4.76 4.41 3.53 3.10 2.94 2.68 4.63 4.64 4.30 

P
2
0
S 0.03 0.00 0.04 0.08 0.09 0.09 0.07 0.10 0.03 I 

~O 0.37 0.40 0.38 0.48 0.48 0.62 0.47 0.44 0.43 

002 I ---- ---_. -"----------------
TOTAl. 99.36 99.35 100.15 100.21 99.91 99.37 99.23 100.58 100.35 

----------------------------------------------------------------------------------------
I 

q 34.18 33.40 33.74 29.28 28.77 26.21 31.42 29.88 35.01 I or 28.41 26.33 20.90 18.37 17.47 16.04 27.69 27.38 25.40 

ab . 28.97 36.16 33.90 35.63 34.87 39.24 30.05 28.64 30.18 I an 5.46 2.41 8.02 11.17 11.93 12.62 6.37 8.70 4.16 

c 0.27 0.07 0.18 0.52 0,.11 

I di 0.19 0.38 0.26 

hy 1.88 1.04- 1.72 3.23 4.67 3.82 2.69 3.57 3.45 

I lilt 0.48 0.54 0.99 1.JI. 0.87 1.17 0.19 0.15 0.06 

\1 0.27 0.06 0.46 0.63 0.69 0.69 0.4-6 0.59 0.30 

ap 0.07 0.00 0.10 0.19 0.21 0.22 0.17 0.24 0.01 I 
Dl 91.6 95.9 88.5 83.3 81.1 81.5 89.2 85.9 91.3 I CI 3.0 1.7 3.5 5.6 1.0 5.9 4.5 5.4 4.0 

Herbert In ver Granite I - -
70571243 Biotite adamellite. 

~~Htt BIotIte adamellIte. I Hornblende-bioUte addelHte. 
70571246 Biotite adamellit •• 
70571247 Horablends-blotlte granodIorite. 
70571248 Bi otite granodiorite. I 70571248 Porphyritic biotite aicroadalelllte. 
70571250 Porphyritic bloUte ada.ellite. 
70571251 Porphyrltlc bloUte aiicrogranite. I 

b!b 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

8a 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

CatV 

K/Pb 

Th/U. 

K/U 

AI/Ga 

mg 

k 

7U57 
1243 

14 

3.0 

5 

n.d. 

2 

24 

17 

.223 

71 

29 

97 

4 

445 

42 

74 

29 

24 

3 

69 

3.1 

177 

6.3 

2.0 

89 

114 

280 

1360 

8.0 

13000 

4000 

0.17 

0.48 

7057 7057 
1244 1245 

23 7 

3.0 2.0 

3 3 

3 . n.d. 

2 2 

20 26 

15 13 . 

271 95 

13 144 

56. 16 

95 149 

n.d. n.d. 

133 1020 

20 54 

39 79 

27 13 

34 16 

. 10 2 

44 170 

21 0.66 

135 308 

10.2 7.1 

.0.49 10.7 

280 29 

260 85 

61 760 

1360 2250 

3.4 8 

3700 15000 

4500 5400 . 

0.26 0.16 

0.41 0.37 

81. 

7057 70'J7 
1246 1247 

10 10 

2.U 2.0 

3 3 

n.d. n.d o 

2 2 

33 36 

15 14 . 

89 77 . 

208 213 

17 18 

195 190 

n.d. n.d. 

1180 1105 

59 54 

101 84 

12 14 

12 12 

n.d. n.d o 

360 460 

0.43 0.36 

289 317 

5.7. 5.2 

13.3 14.4 

22 22 

81 85 

990 1000 

2140 1740 

5100 5600 

0.300.34 

0.33 0.32 

7057 7057 
1248 1249 

5 R 

n.d. . 3 

2 2 

36 35 

15 16 

76 364 

211 101 

19 57 

179 129 

n.d. n.d. 

940 200 

58 32 

91 68 

13 36 

16 41 

2 10 

380 56 

0.36 3.6 

292 105 

4.5. ·1.98 

12.4 0.55 

24 192 

89 103 

990 180 

171 0 . 1070 

8 4.1 

11000 3800 

53004300 

0.33 0.27 

0.28 . 0.46 

7057 
1250 

31 

3.5 

8 

n.d. 

3 

35 

16 

265 

·136 . 

35 

135 

n.d. 

295 

37 

77 

30 

32 

3 

110 

1.95 

145 

2.2 

1.11 

131 

102 

400 

1280 

11 

13000 

4600 

0.30' 

0.47 

70~i7 

12J1 

n.d. 

3 

2G 

16 

206 

63 

30 

114 

305 

34 

60 

24 

31 

4 

92 

3.3 

173 

4.8 

1.48 

117 

114 

240 

1490 

7.8 

8900 

4100 

0.29 

0.44 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 
. Sn 

8a 

La 

Ce 

Pb 

Th 

U 

Mg/li 

Rb/Sr 

K/Rb 

8a/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

7057 
1252 

11 

5.0 

3 

n.d. 

2 

22 

15 

260 

73 

46 

111 

n.d. 

335 

35 

68 

26 

29 

5 

170 

3.6 

125 

4.6 

1.29 

97 

108 

170 

1250 

5.8 

6500 

4600 

0.28 

0.41 

7057 
1253 

11 

2.0 

3 

n.d. 

2 

35 

14 

81 

213 

17 

226 

n.d. 

1065 

50 

88 

13 

16 

2 

350 

0.38 

295 

5.0 

13.1 

22 

85 

1100 

1840 

8 

12000 

5400 

0.29 

0.32 

7057 7057 7057 
12541255 1256 

38 38 5~ 

3.0 ~.O 9.5 

1200 

13 5 3 

3 2 . 2 

51 43 35 

18 18 16 

257 234 381 

123 88 . 87 

36 36 78 

224 209 137 

n.d. n.d. n.d. 

565 17~ 182 

~ 56 37 

94 109 70 

27 26 33 

29 67 45 

6 9 12 

130 . 92 46 

2.1 2.7 4.4 

158 135 98 

4.6 1.98 2.1 

2.2 0.74 0.48 

72 182200 

116 147 111 

400 360· 125 

1500 1220 1130 

4.8 7.4 . 3.8 

6800 3500 3100 

4300 3900 4300 

0.31 0.30 0.28 

0.51 0.43 0.45 

7057 7057 . 7057 7057 
1257 1259 1260 1263 

75 31 34 28 

7.5 4.0 4.0 3.5 

3 3 5 3 

n.d. n.d. 3 n.d. 
2 . . 2 2 9 

27 17 26 38 

18 16 . 18 16 

460 278 255 211 

45 55 79 69. 

87 57 64 31 

105 152 199 88 

n.d. n.d. n.d. 5 

70 285 425 330 

22 55 104 24 

62 107 196 50 

38 20 21 33 

44 34 49 19 

8 7 5 4 

23 61 50 19 

10.2 .5.1 3.2 3.1 

75 139 150 182 

1 .6 5.2 5.4 4.8 

0.152 1.03 1.67 1 .56 

490 136 90 117 

147 173 182 . 141 

76 165 . 225 310 

900 1940 1820 1170 

5.5 4.9 9.B 4.8 

4300 5500 . 7700 9600 

3600 3900 4200 4500 

0.25 0.27 ·0.19 0.10 

0.43 0.49 0.46 0.45 



I 
90. 

7057 7057 7051 7057 7057 7057 7057 7057 1057 I 
1264 1266 1267 1268 1273 12J4. 1275 1218 1219 

----------- ------- -- ------- I 
SW2 73.9 12.8 70.0 . 13.7 75.3 76.4 75.7 73.0 75.0 

H02 0.11 0.26 0.36 0.11 0.11 0.06 0.11 0.21 0.26 I A1 203 13.18 13.40 14.71 13.98 12.66 12.07 12.51 13.68 12.51 

Fe
2
0
3 0.23 0.61 0.53 0.07 0.28 0.30· 0.67 0.13 0.37 I FeO 1.30 . 1.50 2.00 1.35 0.70 0.50 0.50 1.60 1.95 

IInO 0.04 0.07 0.07 0.04 0.03 0.03 0.04 0.03 0.04 

I 6\90 0.16 0.53 0.78 0.19 0.07 0.11 0.03 0.34 0.21 

('aD 1.12 1.78 2.20 1.24 0.99 0.67 0.90 . 1.20 1.38 

Na20 3.85 4.2 4.3 4.1 4.1 4.0 3.8 3.65 3.2 I 
KzO 4." 3.68 3.40 6.57 4.58 4.60 4.35 4.73 4.41 

P205 0.04 0.06 0.10 0.02 0.01 0.01 0.01 0.12 0.05 I H2O 0.66 0.43 0.65 0.45 0.31 0.20 0.36 0.60 0.4-6 

al2 0.1 I -----------
TOTAL 99.03 99.32 99.20 99.82 99.14 98.95 98.98 99.29 99.84 

I ---- .. --

q 31.73 29.53 25.75 28.62 32.19 34.63 35.45 ll.15 35.43 I or 26.67 21.98 ZO.33 27.17 27.37 27.53 26.05 28.30 26.21 

ab 32.93 36.09 36.99 34.89 35.08 34.09 32.58 31.34 27.05 

I an 5.33 6.84 9.77 6.06 2.65 1.51 4.30 5.23 6~56 

c 0.16 0.43 0.09 0.66 0.11 

I dl 1.42 1.96 1.52 0.14 

hy 2.52 2.58 4.77 2.79 0.10 0.14 0.26 3.41 3." 
lit 0.35 . 0.92 0.79 0.13 0.41 0." 0.98 0.22 0.58 I 
n 0.21 0.50 0.69 0.21 0.21 0.12 0.21 0.40 0.50 

ap 0.10 0.14 0.24 0.05 0.02 0.02 0.02 0.29 0.12 I 
DI 91.3 87.6 83.1 90.7 94.7 96.3 94.1 89.8 88.7 I CI 3.3 5.6 6.9 3.3 2.7 2.2 1.6 5.0 4.8 

Herbert In ver Gran I te I 
70571264 Fluor'te-bearlng blotlte-auscovlte ada.ellHe. 
70571266 Porphyritic biotite adaaallite. I 70571267 Biotite adamellite. 
70571268 Biotite ada.ellite. 
70571273 . PorphyritiC biotite granite. 

I 70571274 Biotite granite. 
70571275 Biotite ada.ellite. 
70571278 . BiotHe adaaiellite. 

I 70571279 Biotite ada.ellite. 

blL 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7057 
1264 

li 32 

Be 4.5 

F 900 

Cr 3 

Co 

Ni n.d. 

Cu 6 

Zn ,34 

6a 17 

, Rb 216 

Sr 63 

Y 38 

Zr 93 

Sn 4 

Ba 570 

La 24 

Ce ,63 

Pb 36 

Th 19 

U 3 

Mg/li 30 

Rb/Sr 3.4 

K/Rb 170 

Ba/Sr 9.0 

Ga/Rb 2.6 

K/Ba, 65 

Ca/Sr 127 

Ca/Y 210 

K/Pb 1020 

Th/U 6.3 

K/U 12000 

Al/6a 4100 

mg 0.15 

k 0.43 

7507 
1266 

17 

4.0 

8 

n.d. 

3 

20 

15 

197 

119 

41 

124 

n.d. 

255 

24 

44 

17 

31 

9 

190 

1.66 

155 

2.1 

1.29 

'120 

107 

310 

1790 

3.4 

3400 

4700 

0.31 

0.36 

7057 
1267 

25 

3.0 

5 

2 

23 

14 

130 

225 

20 

, 150 

n.d. 

970 

45 

74 

15 

20 

4 

190 

0.58 

217 

4.3 

7.5 

29 

70 

790 

1880 

5.0 

7100 

5600 

0.35 

0.34 

7057 7057 7057 7057 7057 7057 
1268 1273 1274 1275 1278 1279 

20 38 19 24 48 '13 

4.5 6.0 5.0 4.0 7.5 4.5 

3 n.d. n.d. n.d. 5 5 

n.d. n.d. n.d. n.d. 3 3 

2 2 2 2 2 3 

28 15 11 21 13 ' 45 

16 14 15 15 16 18 

197, 328 369 248 317 246 

65 40 14 39 81 ' 67 

38 60 71 50 41 62 

107 108 100 100 100 1~ 

, 4 n.d. n.d. n.d. 8 4 

460 155 43 265 330 350 

29 32 18 38 26 40 

65 53 40 .62 59 90 

33 29 37 25 55 ' 26 

24 40 , 47 32 20 27 

4 11 .8 6 4 6 

55 11 37 8 42 30 

3.0 8.2 26 6.4 3.9 3.7 

192 116 104 146 ,- 124 149 

7.1 3.9 3.1 - 6.8 4.1 5.2 

2.3 O.H 0.117 1.07 1.04 1.'12 

82 250 890 136 119 105 

137 178 340 164 106 148 

230 ' . 120 600 130 21 0 1 60 

1150 1310 1030 1440 ' 710 1410 

6.0 3.6 5.9 5.3 ' 5.0 4.5 

9500 3500 4800 6000 9800 61 00 

4600 4800 4300 4400 4500 3500 

0.19 0.11 0.19 0.04 0.26 0.14 

0.42 0.42 0.43 0.43 0.46 0.48 



I 
92. 

7057 7057 7057 7057 68!il 7057 7057 I 
1280 1281 1282 1Z84 0076 1269 1270 

----------------------- I 
SIOZ 70.3 75.5 71.5 76.0 72.1 73.0 71.6 

TlOZ 0.41 0.20 0.35 0.13 0.Z8 0.27 0 .. 29 I A1 Z03 14.17 1Z.76 13.76 12.28 14.14 14.0Z 13.9-~ 

FeZ03 0.93 0.51 0.69 0.48 0.31 0.52 0.66 

I FeO 2.15 1.25 1.90 0.85 1.72 1.35 1.50 

.. 0 0.06 . 0.05 0.06 0.03 0.04 0.03 0.04-

I IgO 0.69 0.26 0.72 0.16 0.52 0.59 0.64 

Cao Z.47 1.24 2.41 0.95 1.95· 1.93 2.03 

. Na20 3.9 3.6 3.55 3.55 3.55 4.0 3.8 I 
KzO 3.51 4.29 3.94 4.60 3.94 3.72 3.83 

P205 0.09 0.03 0.08 0.02 0.07 0.07 0.08 I 11 0 0.74 0.60 0.55 0.29 1.09 0.71 0.81 2 
IDZ n.d. I 
TOTAl 99.4Z 100.29 99.51 99.37 99.71 1oo.Z1 99.22 

I 
q Z7.37 34.54 29.25 35.52 30.80 29.98 29.21 I or 21.00 25.41 23.51 27.43 23.60 ·22.80 .22.99 

ab 33.58 30.61 ll.41 30.39 30.61 34.16 32.91 

I aA 10.85 5.96 10.04 3.99 9.28 9.16 9.69 

c 0.66 0.04-

I dl 0.85 1.26 0.59 

by 3.93 2.25 3.64 1.10 3.84 .3.10 3.43 

.t 1.41 . 0.77 1.04- 0.70 0.49 0.79 1.00 I 
n 0.79 0.38 0.67 0.25 0.54 0.52 0.56 

ap 0.22 0.07 0.19 0.05 " 0.19 0.17 0.19 I 
DI 82.0 90.6 83.2 93.3 85.0 86.2 85.1 I CI 7.2 3.5 6.8 2.1 5.7 4.6 5.2 

1!!!:!!!d. HI fer Gran Ite I 
10571280 fluorite-bearing biotite aduelHh. 
70511281 Biotite ada.ellite. I 70571282 Hornblende-blotlte ada.ellite. 
70511284 Biotite adalellite. 

Ixe,.Icroiranodlorite I 68590016 PorphyrHI c hornb1ende.bhtl tt .1 c"roada.elll ta, 65/5/34. 
10571269 PorphyritiC biotite ada.ellite. 
70571270 PorphyritiC blotlte.ada.ellite. I 

~l\ 



I 930 

I 7057 7057 7057 7057 6859 7057 7057 
1280 1281 1282 1284 0076 1269 1270 

I li 20 44 35 27 25 45 '12 

Be 3.0 6.5 3.0 3.0 4.0 5.0 4.5 

I 700 10LO 

Cr 5 3 5 3 10 10 

I Co 8 

Ni n.d. n.d. 3 n.d. 3 3 n.d. 

I Cu 3 2 3· 2 3 3 

In 34 18 23 9 36 30 30 

I 
Ga 15 14 16 13 17 17 18 

Rb 144 234 190 229 210 230 222 

Sr 162 82 HO 58 145 138 .155 

I Y 39 43 30 34 46 55 45 

Zr 186 128 125 102 176 168 169 

I Sn 5 n.d. n.d. n~d. 6 n.d. n.d. 

Ba 630 575 495 485 610 565 620 

I La 44 56 39 38 45 43 39 

Ce 83 108 70 70 78 69 73 

I 
Pb 15 18 14 20 23 28 30 

Th 21 34 23 33 26 28 27 

U 3 6 3 5 5 4 2 

I Mg/Li 210 36 120 36 120 80 93 

Rb/Sr 0.89 2.9 1.36 4.0 1.45 1.67 1.43 

I K/Rb 202 152 172 167 156 134 143 

8a/Sr 3.9. 7.0 3.5 8.4 4.2 4.1 4.0 

I Ba/Rb 4.4 2.5 2.6 2.1 2.9 2.5 2.8 

K/Ba 46 62 66 79 54 55 51 

I 
Ca/Sr 109 109 123 117 96 100 94 

Ca/Y 450 210 570 190 300 250 320 

K/Pb 1940 1980 2340 1910 1420 1100 1060 

I Th/U 7.0 5.7 7.7 6.6 5.2 7.0 14 

K/U . 9700 5900 . 11000 7600 6500 7700 16000 

I 41/Ga 5000 4800 4600 5000 4400 4400 4100 

mg 0.29 0.21 0.33 0.18 0.31 0.36 0.35 

I k 0.37 0.44 0.42 0.46 0.42 0.38 0.40 

I 
I 

1) 



94 .. I 
6859 6859 6859 6859 7057 7057 7057 7057 7057 I 0030 0031 OO~ 0120 1023 1031 1032 1033 ·1036 

S'02 67.4 64 .. 2 670~ 7001 6707 6501 74.2 66.6 67.7 
I 

TiO
Z 

00 46 Oe56 0 .. 46 00 39 00 43 0062 0.18 0048 0.46 I -
A1 203 14.90 15 .. 51 15.10 14.,4-1 14092 15.34 13.40 15006 '·14.8l:r 

Fe203 1.47 0 .. 82 1 .. 44 10 08 10 64 1054- 00 51 10 30 10 31 

I feO 2.45 3.80 2.50 1.23 2.30 3.65 1.30 2.85 ~.70 

.0 0.06 0.04- 0.07 0.03 0.06 0.09 0.03 0.08 0.08 

IgO 1.77 2.4-1 1.86 0.99 1.75 2.51 0.30 2.09 1.95 I 
r-sO 4.08 5.01 4.18 2.46 3.86 5.09 1.85 4.46 4.24 

Na20 2.7 2.5 2.8 4-.1 3.25 2.4 3.6 2.9 2.7 I 
'2° 3.33 3.01 3.21 3.11 3.32 . 2.99 3.85 3.26 3.38 

P205 0.07 0.09· 0.01 0.09 0.07 0.10 0.06 0.08 0.07 I "ZO 0.41 1.35 0.99 0.61 1.20 0.96 1.29 0.85 0.82 
0). 

2 0.2 0.1 0.1 

I -------
TOTAL 99.10 99.30 1.00.08 99.32· 100.70 100.49 100.57 100.11 100.25 I 
q 27.18 22.56 26.4-9 28.16 25.37 23.86 33.89 24.15 . 26.46 I or 19.94 18.15 19.13 18.99 19.11 17.14 . 22.91 19.41 20.08 

ab 23.14- 21.49 23.91 35.32 27.53 20~64 30.50 24.80 22.88 

I an 18.95 22.72 19.28 11.63 16." 22.21 8.85 18.52 18.54 

c 0.13 

dl 0.84 1.69 0.95 0.12 0.86 1.51 2.13 1.80 I 
hy 6.11 10.82 6.98 3.21 6.22 . 10.08 2.48 7.11 7.26 

lit 2.19 1.27 2.15 1.62 2.43 2.31 0.76 1.96 1.95 I 
11 0.89 1.09 0.88 0.15 0.82 1.18 0.34- 0.92 0.88 

ap 0.11 0.22 0.11 0.22 0.11 0.24 0.'" 0.19 0.14 I cc 0.1t6 0.23 0.23 

DI 10.3 62.2 69.6 82.5 72.6 62.2 81.3 68.4 69.4 I 
CI 10.8 15.1 11.1 5.9 11.0 15.6 3.9 13.1 12.0 

I A l.aden Gran He 

6859oo11 Tourmaline-bearlag porphyritic bornblende-blotlte granodiorite, £55/1/3. I 68590031 Touraaline-bearlag hornblende.blotlte granodiorite, £55/1/4. 
6859004-3 Porphyritic hornblende-biotite granodiorite, £55/1/16. 
68590120 Hornblende-biotite adalelllte, E55/10/11. 

I 70571023 . Hornb 1 ende-bl oU to granodiorite. 
70571031 Hornb 1 ende-bl oU to graaodlorU 8. 

70571032 Biotite ada.ellite. 
70571033 Hornblende-biotite granodiorite. I 70571036 Hornblende~b'otlte granodiorite. 

8...~ 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 

6859 
0030 

li 18 

Be 2.0 

F 

Cr 

Co 10 

N\ 5 

Cu 10 

Zn 38 

Ga 12 

Rb 179 

Sr 159 

Y 30 

Zr 94 

Sn n.d. 

Ba 330 

La 24 

Ce 43 

Pb 1 9 

Th 19 

U 5 

Mg/li 590 

Rb/Sr 1.13 

K/Rb 154 

Ba/Sr 2.1 

Ba/Rb . 1.84 

K/Ba 84 

Ca/Sr 184 

CatV 970 

K/Pb 1450 

Th/U 3.8 

K/U 5500 

Al/Ga 6600 

mg 0.45 

'k 0.45 

6859 
0031 

13 

2.0 

15 

6 

5 

18 

16 

115 

202 

24 

121 

4 

505 

23 

40 

8 

20 

3 

1100 

0.57 

217 

2.5 

4.4 

50 

177 

. 1500 

3100 

6.7 

8300 

5100 

0.48, 

0.44 

6859 
0043 

18 

2.0 

11 

4 

19 

52 

13 

160 

168 

30 

114 

n.d. 

315 

18 

30 

17 

18 

3 

620 

0.95 

166 

1.88 

1.97 

84 

178 

1000 

1560 

6.0 

8900 

6200 

0.46 

0.43 

95. 

6859 7057 
0120 1023 

13 20 

3.0 1.5 

8 

500 

16 

8 n.d. 

2 3 

11 42 

17 15 

127 171 

292 158 

14 29 

120 114 

n.d. 

430 350 

26 26 

39 49 

9 15 

17 27 

2 3 

460 530 

0.44 1.08 

207 161 

1.47 2.2 

3.4 2.0 

61 79 

60 175 

1300 950 

2900 1830 

8.5 9.0 

13000 9200 

4500 5300 

0.44 0.45 

0.34 0.40 

7057 7057 7057 7057 
1031 1032 1033 1036 

26 13 29 29 

2.0 2.0 2.5 2.0 

400 400 

35 3 25 23 

4 n.d. 4 n.d. 

5 3 10 6 

55 24 46 44 

13 14 14 14 

131 172 165 16,8 

190 158 154 154 

25 29 27 26 

95 141 93 94 

445 530 290 330 

32 28 24 27 

41 55 45 61 

21 42 19 19 

, 31 15 23 26 

2 2 5 4 

580 140 430 410 

0.69 1.09 1.07 1 .09 

189 186 ' 164 167 

2.3 3.4 1.88 2.1 

3.4 3.1 1.76 1.96 

56 60 93 85 

192 84 207 197 

1500 460 1200 ' 1200 

1180 760 1420 1470 

16 7.5 4.6 6.5 

12000 16000 5',00 7000 

6300 5100 5700 5600 

0.46 0.23 0.47 0.47 

0.45 0.41 0.42 0.45 

'17 



I 
960 

7057 7057 7057 7051 7057 7051 7057 7057 I 1031A 10378 1283A 12838 1285 1018 1288 1290 

------
I Si02 66.9 56.6 66.~ 54-.9 55.5 59.0 56.9 60.1 

H02 0.48 0.82 O.~ 0.65 1.05 o.n 0.71 0.68 I Al 203 15.26 16.55 n.86 16.77 17.08 16.79 17.25 16.48 

Fef3 1.26 1.77 1.47 1.92 3.40 1.35 1.69 1.49 

I FeO 2.70 S. 75 Z.80 5.50 5.20 5.10 5.00 4.65 

1n0 0.08 0.22 0.08 0.23 0.16 0.11 0.13 0.11 

IgO 2.10 4.64 1.96 ~. 73 3.43 3.93 5.10 3.55 I 
eso 4.35 7.00 4.62 7.Z0 7.84 7.22 8.35 6.56 

IaZO 2.65 3.0 3.1 2.85 Z.6 2.3 2.1 2.5 I 
KzO 3.40 1.14 2.91 3.Z0 1.60 2.09 1.71 2.42 

P205 0.08 0.12 0.08 0.08 0.11 0.11 0.11 0.09 I ~o . 0.70 1.38 0.85 1.36 1.66 0.15 0.81 1.56 

002 I ------- ------ -----
TOTAL 99.96 99.59 99.62 99.39 99.69 99.49 100.42 100.19 

I --------------------. ----~------~----
Q 25.18 9.03 2~.53 2.80 . 12.21 n.80 11.28 15.19 I 
or 20.22 10.46 17.40 19.26 9.64 12.50 10.15 14.49 

ab 22.13 Z5.81 26.37 24.73 22.59 19.68 17.76 21.26 I an 19.75 27.01 18.35 23.81 1I.71 29.67 32.79 27.05 

c 

I dl 1.18 6.14 3.52 9.18. 6.35 4.18 6.59 4.36 

hy 1.96 16.99 6.!"il 15.18 10.96 14.82 17.28 13.27 

I at 1.88 2.70 2.20 2.92 5.11 2.01 2.55 2.26 

11 0.92 1.58 0.94 1.26 2.03 1.42 1.35 1.31 

ap 0.19 0.29 0.19 0.19 0.41 . 0.26 . 0.26 0.22 I 
DI 68.1 45.3 68.3 46.8 ".~ 47.0 39.2 51.5 I C1 12.1 27.1 13.4 29.3 2~.9 23.4 28.0 21.4 

AI.aden Granite I -------
10511031A Hornblende-biotite granodiorite. 
105110318 Hornblende, biotite-rich xenolith In 70571037A. I 10571283A Hornblende-b'otlte granodiorite. 
705112838 Hornblende, biotite-rich xenolltb tn 70511283A. 
70571285 Hornblende-biotlte~z diorite. 

I 70511018 Hornblende-biotite-quartz diorite. 
10571288 Hypersthene-hornblende-blotlte-quartz diorite. 
10571290 Hypersthene-hornblende-blotlte-quarlz diorite. 

I 
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I 
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I 
I 
I 
I 
I 
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.';". 

Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

. Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

7057 
1037A 

28 

2.0 

23 

n.d. 

11 

45 

14 

178 

167 

27 

101 

330 

34 

61 

19 

18 

5 

1.07 

158 

1.98 

1.85 

85 

186 

1200 

1480 

3.6 

5600 

5800 

0.49 

0.46 

7057 
1037B 

38 

2.5 

68 

5 

34 

89 

15 

169 

156 

32 

84 

191 

27 

52 

23 

10 

4 

740 

1.08 

85 

1.22 

1.13 

75 

320 

1600 

630 

2.5 

3600 

5900 

0.52 

0.28 

7057 
128~ 

25 

2.0 

28 

7 

15 

40 

14 

148 

170 

27 

128 

5 

305 

31 

55 

16 

19 

4 

470 

0.87 

163 

1.79 

2.1 

79 

194 

1200 

. 1510 

4.8 

6000 

5600 

0.45 

0.38 

7057 
1283B 

15 

3.0 

63 

21 

21 

82 

16 

195 

170 

49 

79 

n.d •. 

430 

42 

58 
. 17 

10 

2 

1900 

1.15 

136 

2.5 

2.2 

62 

302 

1050 

1560 

5.0 

13000 . 

5600 

0.53 

0.42 

! 
I , 

7057 
1285 

23 

2.0 

25 

7 

14 

62 

16 

90 

287 

25 

94 

n.d. 

235 

16 

25 

10 

9 

n.d. 

900. 

0.31 

148 

0.82 

2~6 

57 

195 

2200 . 

1330 

5700. 

0.42 

0.29 

7li57 
1018 

11 

1.5 

54 

16 

35 

63 

15 

119 

203 

27 

107 

225 

28 

41 

15 

12 

4 

2200 

0.59 

145 

1.11 

1.89 

77 

254 

1900 

1150. 

3.0 

. 4300 

5900 

0.52 

0.37 

7057 
1288 

12 

1.5 

81 

40 

45 

66 

16 

111 

254 

3.0 

88 

n.d. 

189 

22 

35 

16 

15 

4 

2600 

0.44 

128 

0.74 

1.70 

75 

235 

2000 

890 

3.8 . 

3600 

5700 

0.56 

0.35 

7057 
1290 

13 

2.0 

39 

24 

28 

69 

16 

151 

217 

31 . 

88 

5 

250 

25 

44 

26 

18 

3 

1600 

0.70 

133 

1.15 

. 1.66 

. 80 

216 

1500 

770 

6.0 

6700 

5500 

0.51 

0.39 



98. I 
6859 6859 6859 6859 6859 6859 6859 6859 6859 I 0420 0110 0112 0113 0114 0115 0116 0117 0118 

--------------------- ------ .. --------------------
SI02 76.3 75.0 76.4 17.6 73.6 73.1 67.7 71.6 76.7 I HOZ 0.09 0.16 0.14 0.04 0.30 0.26 0.52 0.32 0.08 

Al Z03 12.39 13.43 12.43 12.24 13.34 13.04 14.95 14.53 13.39 

I FeZ03 0.12 0.28 0.34 0.09 0.91 0.44 1.52 0.84 0.26 

FeD 0.35 1.12 1.12 0.90 0.82 1.75 2.30 1.27 0.26 

MoO 0.02 0.04 0.04 0.02 0.04 0.04 0.08 0.04 0.04 I 
IgO 0.09 0.23 0.09 0.03 0.39 0.25 1.42 0.83 0.09 

CaD 0.38 1.22 0.51 0." 1.08 1.24 3.53 2.19 0.27 I Na20 4.4 3.7 3.3 4.3 4.5 3.6 3.2 3.55 4.5 

K20 4.52 4.26 4.98 4.59 3.83 4." 3.33 3.49 4.4-0 I -P205 0.01 0.03 0.03 0.01 0.07 0.08 0.11 0.05 0.05 

H2O 0.38 0.41 0.54 0.33 0.52 0.71 0.41 0.42 0.52 

I CO2 

TOTAl 99.05 99.94 99.98 100.59 99.40 98.95 99.13 99.73 100.56 I 
Q 33.12 33.68 36.16 33.70 30.28 32.00 26.27 30.Z5 33.11 I 
or 21.06 25.31 29.58 27.04 ZZ.88 26.10 19.93 20.11 25.98 

I ab 37.54 31.55 28.32 36.11 -38.49 30.74 21.58 30.16 37.95 

an 0.82 - 5.89 2.65 0.59 4.95 5.13 16.72 13.55 1.01 

c 0.58 0.60 • 0.31 • 0.87 I 
dl 0.87 1.40 0.29 0.05 

--

I by' 0.23 2.22 1.84 0.85 1.31 3.16 5.70 3.Z4 0.43 
.-

It 0.18 0.41 0.51 0.14 1.35 0.66 2.28 1.26 0.38 

t1 0.17 0.31 0.27 0.09 0.58 0.00 1.00 0.61 0.15 I --
ap 0.02 0.07 0.01 0.02 0.11 0.19 0.24 0.12 0.12 

01 97.7 90.5 94.1 96.9 91.7 89.4 73.8 81.2 97.0 I 
CI 1.5 3.6 3.3 2.5 3.4 4.8 9.5 5.3 2.0 

I 
~~!~2~~~!!£_~£~~~! the Inphal.Sheet area 
68590420 Biotite adalliellite, E55/9/11 I 68590110 Biotite adamellite (Herbert River type), E55/10/1 
68590112 Biotite granite (Elizabeth Creek type), E55/10/3 
68590113 leucocratlc biotite granite (Elizabeth Creek type), E55/10/4 I 68590114 Fluorlte-bearlng biotite adamellite (Elizabeth Creek type), E55/10/5 
68590115 Fluorite-bBaring biotite adamellite (Elizabeth Creek type), E55/10/6 
68590116 Hornblende-blotlte adamellite (Alladen type), E55/10/7 

I 68590117 Hornblende-bearing adalellite (Al.aden type), E55/10/8 
68590118 Leucocratlc muscovite adamellite (Elizabeth Creek type), E55/10/9 

I 
\C><' 
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I 

6859 
0420 

li 25 

Be 3.5 

Cr n.d. 

Co 

Ni n.d. 

Cu 

Zn 10 

Ga 17 

Rb 224 

Sr 35 

Y 21 

Zr 79 

Sn 

Ba 405 

La 15 

Ce 38 

Pb 17 

Th 19 

U 4 

Mg/Li 22 

Rb/Sr· 6.4 

K/Rb 167 

Ba/Sr 11.6 

Ba/Rb 1 .81 

K/Ba 93 

Ca/Sr 77 

Ca/Y 130 

K/Pb 2200 

Th/U ',.8 

K/U 9400 

AJ/Ga 3900 

mg 0.25 

k 0.40 

6859 6859 
0220 0112 

16 49 

2.0 4.0 

6 6 . 

n.d. 3 

2 2 

18 32 

13. 17 

240 297 

118 . 28 

36 55 

116 . 146 

n.d. n.d. 

670· 320 

31 30 . 

47 65 

31 ·33 

29 20 

9 7 

88 11 

2;0 10.6 

148 139 

5.7 11.4 

2.8 1.08 

53 129 

74 146 

240 75 

1140 1250 

3.2 2.9 

3900 5900 

5500 3900 

0.22 0.10 

0.43 0.50 

99. 

6859 6859 
0113 0114 

35 9 

5.5 3.0 

1000 

4 4 

3 nod. 

2 2 

41 40 

21 16 

430 127 

5 167 

125 26 

109 197 

n.d. n.d. 

21 540 

24 45 

61 69 

38 .14 

37 21 

11 n.d. 

5 270 

86 0.76 

89 258 

4.2 3.2 

0.049 4.3 . 

1800 61 

620 46 

25 300 

1000 2340 

3.4 

3500 

3100 4400 

0.05 0.29 

0.41 0.36 

6859 6859 
0115 0116 

52 12 

4.0 2.0 

1000 

5 

n.d. 3 

3 3 

41 35 

18 12 

261 110 

61 214 

. 59 21 

200 175 

8 n.d. 

310 685 

38 ·21 

80 34 

27 13 

22 12 

4 n.d. 

29 720 

4.3 0.51 

141 251 

5.1 3.2 

1.19 6.2 

119 40 

146 118 

150 1200 

1360 2120 

5.5 

9200 

3800 6600 

0.17 .0.40 

0.45 0.40 

6859 E859 
0117 0118 

18 17 

2.5 7.5 

7 n.d. 

3 13 

24 11 

14 15 

166 317 

216. 16 

16 24 

72 38 

n.d. n.d. 

395 87 

28 6 

40 n.d. 

1,4 18 

22 15 

4 15 

280 32 

0.77 20 

175 115 

1.83 5.4 

2.4 0.27 

73 420 

92 1200 

1200 79 

2070 2030 

5.5 1.0 

7300 2400 

5500 ',700 

0.42 0.23 

0.39 . 0.39 

(0 ( 



1000 
I 

6859 6859 6859 6859 I 0119 0121 0084 0130 

------------------------------------------ --------------------------------------------
I SI02 74.0 77.3 11.7 75.1 

TI 02 0.22 0.06 0.07 0.23 

Al 203 13.67 11.89 12.33 12.73 I 
Fe

2
03 0.47 0.71 0.37 0.47 

FeD 0.82 0.56 0.26 1.04 I rno 0.02 0.05 ·0.02 0.04 

&!gO 0.33 0.02 0.12 0.31 I Cao 1.64 0.22 0.26 0.93 

Na20 3.9 4.45 4.0 3.8 

I K20 4.12 4.20 4.85 4.75 

P205 0.04 0.00 0.01 .0.03 

I "2° 0.45 0.36 0.52 0.51 

CO2 

I 
. TOTAL 99.68 99.88 100.51 99.94 

I 
Q 31.57 35.00 35.12 32.08 

or 24.52 24.94 28.67 28.20 I ab 33.31 37.91 33.85 32.63 

an 7.64 .0.03 1.22 3.49 I c 0.05 

dt 0.29 0.84 0,79 

I hy 1.47 0.00 0.39 1.58 

It 0.70 1,12 0.54 0.71 

11 0.42 0.11 0.13 0." I 
ap 0.07 0.00 0.02 0.07 

10 0.05 I 
01 89.4 97.8 97.6 92.9 I CI 3.0 2.1 1.1 3.6 

~~!!tg~!!! t, c J:~ I 
68590119 Btotlte adamellite (Herbert River type). E55/10/10. 
68590121 Fluorite-bearing arfvedsonlte granIte, E55/10/12. I 68590084- Apllttc granHe, E55/61t Fro. the Inn'sfal1 sheet area. 
68590130 Fluorite-bearing porphyritIc biotIte granite, E55/13/13. Fro. the C1 arlee Rt ver Sheet area. 

I 
I 

(D~ 



I 
101. 

I 6859 6859 6859 6859 

0119 0121 0084 0130 

I Li 9 39 7 22 

Be 2.5 6.5 3.0 G.O 

I F 2500 2000 

Cr 

I Co 5 n.d. 4 7 

Ni n.d. n.d. n.d. n.d. 

I Cu 4 . n.d. 3 3 

Zn 11 72 11 40 

I 
Ga 13 23 12 17 

Rb 187 246 270 298 

I I Sr 133 2 13 60 

Y 19 143 50 .53 

Zr 87 228 72 157 

I Sn n.d. n.d. nod. 8 

Ba 490 7 93 171 

I La 32 71 32 42 

Ce 53 104 67 89 

I 
Pb 14 42 26 24 

Th 30 26 35 35 

U 2 3 4 10 

I Mg/li 220 3 100 86 

Rb/Sr 1.41 120 21 5.0 

I K/Rb 183 142 149 132 

Ba/Sr 3.7 3.5 7.2 2.9 

I Ua/Rb 2.6 0.028 0.34 0.57 

K/Oa 70 5000 430 230 

I 
Ca/Sr 88 800 146 110 

Ca/Y 620 11.2 38 125 

I· 
K/Pb 2440 830 1550 1640 

Th/U 15 8.7 8.8 3.5 

K/U 17000 12000 10000 3900 

I Al/Ga 5600 2700 5500 4000 

mg 0.32 0.03 0.26 . 0.27 

I k 0.41 0.38 0.44 0.45 

I 
I 

loj 





II 

I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 

li 

Be 

F 

Cr 

Co 

Ni 

.Cu 

Zn 

6a 

Rb 

Sr 

y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/li 

Rb/Sr 

K/Rb 

Ba/Sr 

'Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

.K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6859 
0088 

8 

2.0 

7 

5 

43 

16 

110 

113 

98 

206 

n.d. 

1060 

132 

109 

18 . 

11 

n.d. 

380 

0.97 

282 

9.4 

9.6 

29 

159 

185 

1720 

4GOO 

0.23 

0.43 

6859 6859 
0091 0092 

11 11 

2.0 2.0 

8' 8 

n.d. n.d. 

3 3 

·38 31 

15 14 

92 118 

113 101 

37 40 

189 181 

n.d. n.d. 

660 7B5 

47 56 

, 88 93 

18 18 

. 11 16 

n.d. 2 

220 180 

O~81 1.17 

262 284 

5.B 7.8 

7.2 . 6.7 

37 43 

173 155 

530 390 

1340 1860 

B.O 
17000 

4800 5100 

0.22 0.21 

0.36 0.48 

1030 

6859 6859 
0093 0094 

13 20 

3.0 2.5 

<\ 8 

n.do 4 

5 3 

20 49 

17 14 

194 ' 154 

80 221 

82 27 

154 '161 

4 4 

'555 590· 

75 46 ' 

87 78 ' 

23 20 

27 16 

3 n.d.' 

100 380 

2.4. 0.70 

182 203 

6.9 2.7 

2.9 3.8 

64 53 

141 98 

140 800 

1540 1560 

9.0 

12000 

4200 5700 

0.18 0.40 

0.47 . 0.46 

6859 6859 6859 
0095 U028 0032 

12 103 90 

1.5 2.0 6.0 

n.d. 

29 4 

64 n.d. n.d. 

35 14 5 

80 49 33 

17 29 17 

47 1010 359· 

300 . 6 .47 

. 26 20 20 

122 16 45 

n.d. 13 

215 n.d. 147 

23 . n.d. . n.d. 

28 12 15 

6 8 '. 34 

4 9 5, 

n.d. 3 ,4 

3300 5 13 

0.16 . 170 7.6 

221 31 ,116 

0.72 3.1 

4.6 0.41 

48 280 

220 220, 136 

2500 "65 320 

1730 '3900 1230 

3.0 1.3 

10000 10000 

5300 2600 4700 

0.59 0.19 0.27 

0.34 0.33 . 0~47 

6859 
0033 

56 

4.0 

6 

n.d. 

. 13 

35 

15 

264 

77 

26 

92 

10 

179 

11 

27 

37 

11 

5 

38 

147 . 

2.3 

0.G8 

220 

144 

430 

1050 

2.2 

7000 

5000 

0.29 . 

0.49 



104. I 
6859 6859 6859 6859 6859 6859 5859 6859 6859 I 0034 0036 0031 0039 00~1 0042 0044 0045 0046 

------------------ --------- ------------------------_._------------------------------

I SI02 15.1 1102 66.1 140 0 73 0 3 15.5 73.6 13.6 71.3 

TI O2 0.18 0.42 0.75 0.06 0.02 0.23 0.22 0.04- 0.56 

Al 203 13.54 14.30 15.01 14.58 15.15 12.66 14.19 15.35 14.1fj I 
Fe

2
0
3 

0.41 0.31 0.59 0.24- 0.05 0.00 0.10 0.74 0.62 

FeO 1.21 2.90 4-.05 1.00 0.11 1.66 1.49 1.34 2.85 I 
MnO 0.06 0.06 0.01 0.07 0.06 0.04 0.06 0.03 0.05 

MgO 0.17 0.16 1.26 0.08 0.02 0.34 0.31 0.05 0.90 I Cao 1.00 2.44 2.78 0.62 0.49 0.66 0.91 0.19 2.30 

Na
2
0 3.3 2.8 3. 1 3.8 4.3 3.1 3.4-5 4-.65 2.5 I K

2
0 4-.46 3.90 3.39 4.11 4-.41 5.06 4.11 3.58 3.59 

. P205 0.09 0.11 0.31 0.10 0.10 0.12 0.36 0.30 0.13 

I H
2
O 0.41 0.60 1.23 0.17 0.68 0.51 0.84 0.61 1.21 

OJ 2 0.2 

---------------------------------_. ---------------------------------------------------- I TOTAL 100.05 99.80 99.30 99.43 99.29 99.88 99.10 99.54 . 100.31 

------------------------------------------------------------------------------------~-- I Q 36.02 32.11 26.18 34.64 30.34 . 35.38 . 35.43 33.55 36.16 

or 26.45 23.21 20.36 24.62 26.41 30.08 24.56 21.39 21.38 

ab 28.02 23.86 26.56 32.61 31.03 26.55 29.17 39.86 21.40 I 
an 4.39 11.47 11.93 2.46 1.80 2.51 2.19 0.00 9.37 

c 1.69 1.31 2.10 3.02 2.66 1.15 3.26 4-.?3 2.16 I 
dl 

hy 2.18 6.~3 9.12 1.89 1.40 3.59 3.33 0.13 6.16 I lilt 0.70 0.50 0.93 0.31 0.09 0.04 0.18 1.09 0.96 

11 0.34 0.80 1.45 0.12 0.04 0.44 O.4ft a,os 1.05 I 3[l J. Z1 0.26 0.77 0.1.4- 0.24 a.2ft ~'. r. ( . C.7i: '.,.31 

cC' ( .I,E 

I 
01 90.5 19.2 73.7 91.9 93.8 92.0 89.8 94.8 78.9 

CI 5. 1 9.3 14.~ 5.6 4.4 5.5 8. 1 6.2 11.7 I 
Mareeba Granite ------------

I 68590034 Tourmaline-bearing biotite adamellite, E55/1/7. 
68590036 Biotite adamellite, E55/1/9. 
68590037 Biotite adamellite, E55/1/10. I 68590039 Garnetlferous biotite-muscovite adalllelllte~ E55/1/12. 
68590041 leucocratlc, gametl ferous muscovite adamellite, E55/1/14. 
68590042 Porphyritic biotite adamellite from China Camp, E55/1/15. 

I 68590044- Tourmaline,. fluorite-bearing blotlte ... uscovlte adalllelllte, E55/2/1. 
68590045 Tourmallne-bearlng biotite adamellIte, E55/2/2 •. 
68590046 Slightly foliated bIotite adamellite, E55/2/3. 

I 
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I 

Li 

Be 

F 

Cr 

Co 

tli 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba . 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Oa/Sr 

Oa/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/PtJ 

Th/U 

K/U 

Al/Ga 

mg 

k 

6859 
0034 

115 

5 

n.d. 

6 

38 

17 

371 

43 

50 

79 

9 

133 

7 

28 

33 

13 

7 

9 

8.6 

100 

3.1 

0.36 

280 

167 

145 

1120 

1.9 

5300 

4200 

0.15 

0.47· 

105. 

6859 6859 6859 6859 
0036 0037 0039 0041 

40 103 106 m 
3.0 3.5 6.5 7.0 

24 

7 n.d. n.d. 

4 6 n.d. n.d. 

17 12 2 2 

. 64 82 78 67 

16 18 25 24 

179 225 475 530 

130 133 21 7 

39 31 26 24 

162 160 44 22 

n.d. 8 9 

400 455 77 20 

29 27 3 n.d. 

53 57 14 n.d. 

28 . 22 21 . 25 

19 12 11 7 

3 3 5 12 

115 74 . 5 2 

1.38 1.69 23 76 

181 125 72 69 

3.1 3.4 3.7 2.9 

.2.2 2.0 0.162 0.038 

81 62 440 1800 . 

134 150 . 210 500. 

450 640 170 145 

1160 1280 1620 1460 

6.3 4.0 2.2 0.6 

11 000 9400 6800 31 00 

4700 4400 3100 3300 

0.30 0.32 0.10 0.04 

.. 0.48 0.42 0.42 0.40 

6859 6859 
0042 0044 

88 281 

3.0 1.5 

6 4 

3 n.d. 

6 3 

46 61 

16 23 

426 627 

28 . 34 

37 27 

131 90 

8 47 

132 73 

9 113 

26 28 

25 21. 

16 8 

7 7 

23 8 

15 18 

99 .54 . 

4.7 2.1 

0.31 . 0.116 

320 "70 

168 19-) 

125 240 

1680 1620 

203 101 

6000 4900 

4200 3300 

0.26 0.28 

0.52 0.44 

6859 
0045 

7 

1.0 

4 

n.d. 

2 

31 

. 24 

557 

2 

13 

30 

4 

4 

147 

n.d. 

12 

n.d. 

9 

43 

280 

53 

2.0 

0.007 

7',00 

700 

110 

2480 

3300 

3400 

0.06 

0.34 

5859 
0045 

29 

2.5 

11 

fl . 

10 

. 69 

14 

177 

115 

35 

194 

n.d. 

. 365 

146 

47 

24 

17 

3 

190 

168 

3.2 

2.1 

82 

143 

470 

1240 

5.7 

9900 

5400 

0.31 

0.48 

to) 
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I 

li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

. Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

CatV 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

6859 
0047 

43 

2.5 

4 

3 

9 

45 
14 

328 

42 

57 

207 

6 

250 

206 

52 

27 

13 

6 

44 

7.8 

130 

6.0 

0.76 

170 

164 

120 

1580 

2.2 

7100 

4900 

0.22 

0.53 

6859 
0418 

50 

3.0 

10 

6 

6 

64 

19 

257· 

114 

51 

166 

5 

. 505 

30 

58 

35 

22 

2 

92 

2.3 

. 174 

4.4 

1:96 

88 

104 

230 

1270 

11 

22000 

4100 

0.30 . 

0.59 

107. 

6859 6859 6859 
0419 0083 0085· 

59 62 70 

2.5 5.0 5.5 

1000 1000 

5 

3 3 

n.d. n.d. nod. 

4 2 2 

57 46 28 

17 17 15 

76 237 306 

315 107 48 

10 42 51 

150 83 83 

n.d. 5 

380 255 142 

19 15 13 

·39 36 38 

15 31 41 

6 14 19 

n.d. 3 6 

53 21 10 

0.24 2.2 6.4 

184 148 126 

1.21 2.4 3.0 

5.0 1.06 0.46 

37 137 260 

69 93 146 

2200 240 140 

930 1130 950 . 

4.7 3.2 

12000 6500 

4700 4400 4600 

0.26· 0.20 0.14 

0.22 0.43 0.45 

6859 6859 
0086 0087 

51 14 

2.5 100· 

7 . 3 

n.d. n.d. 

3 2 

64 16 

16 .. 17 

77 590 

331 . 46 

10 12 

161 11 

n.d. 16. 

350 91 

21 n~d. 

30 n.d. 

. 1319 

7 n.d. 

2 n.d. 

63 13 

0.30 12~6 

171 78 

1.06 1.96 

4.5 0.154 

36 510 

74 .41 

2400 160 

1020 2420 

3.5 

6600 

5100 4600 

0.26 0.07 

0.22 0.70 

6859 6859 
0096 0097 

49 38 

3.5 2.5 

6 8 

n.d. 3 

3· 5 

24 30 

16 14 

430 296 

9 63 

66 37 

131 .137 

10 n.d. 

29 235 

50 41 

106 72 

30 32 

39 30 

10 2 

12 82 

48 'f.7 . 

99 151 

3.2 3.7 

0.067 0.79 

1500 190 

360 137 

46 230 

1420 1390 

3.9 15 

4300 . 22000 

3900· 5000 

0.13 0.32 

0.50 0.55 







1100 I 
6859 6859 6859 6859 6859 6859 6859 6859 6859 
0414 0007 0008 0010 0011 0012 0001 0002 0003 

I --------------------------------------------------------------------------------------
SI02 73.6 75.1 74.9 75.9 74.3 74.4 74.1 71.4 75.1 

Tl O2 0.30 0.28 0.23 0.11 0.32 0.24 0.25 0.45 0.23 I 
A1 203 13.58 13.03 13.02 13~19 13.51 13.33 13.07 13.91 12.49 

Fe203 0.13 0.17 0.46 0.44 0.64 0.27 0.02 0.62 0.09 I FeO 1.72 1.60 1.27 0.75 1.42 1.38 2.05 2.80 1.79 

MIlO 0.04 0.04 0.05 0.05 0.05 0.06 0.05 0.06 0.05 

I "gO 0.62 0.36 0.39 0.16 0.47 0.43 0.29 0.44 0.25 

~O 1.06 0.82 0.85 0.46 0.63 0.77 1.28 1.75 0.79 

Na20 2.85 3.05 2.9 3.15 2.75 2.9 3.45 3.4 3.2 I 
K20 ~.98 5.09 4.53 ' 4.90 4.43 4.82 4.48 4.49 4.65 

P205 0.16 0.09 0.16 0.18 0.23 0.17 0.05 0.09 0.09 I 
H2O 0.71 0.55 0.64 0.60 0.94 ' 0.71 0.52 0.70 0.60 

())2 I ---------------------------------------------------------------------------------------
TOTAL 99.15 100.18 99.40 99.89 99.69 99.48 99.61 100.11 99.33 

-------------------_._-------_ .. _--------------------------------------- ---- I 
q 34.35 34.85 38.69 31.94 39.18 36.63 32.49 28.80 36.10 

or 29.11 30.18 27.09 29.14 26.52 28.82 26.10 26.68 27.82 I ab ' 24.34 25.91 24.51 26.90 23.48 25.08 29.61 28.75 21.32 

an 4.26 3.49 3.21 1.11 1.59 2.74 6.08 8.14 3.37 

I c 1.98 1.22 2.26 2.30 3.68 2.33 0.31 0.53 1.00 

, dl 

hy 4.21 3.28 2.66 1.32 2.83 3.13 4.19 5.10 3.58 I 
.t 0.20 0.28 0.69 0.66 0.97 0.41 0.03 0.95 0.16 

n 0.58 0.53 0.44 0.21 0.62 0.46 0.48 0.86 0.44 I 
ap 0.38 0.21 0.38 0.43 0.55 0.41 0.12 0.21 0.22 

0' 88.4 91.0 90.4 94.0 89.8 90.5 88.8 , 84.2 91.2 I 
CI 1.4 5.5 6.4 4.9 8.1 6.1 5.1 1.1 5.4 

I flnlayso~_~~~~ 

68590414 Porphyritic biotite ada.elllte, D55/13/4. 

I 68590001 Tou~aline, fluorlte-bearlng, porphyritic biotite .'croada.elllte, D55/13/5. 
68590008 Tourmaline-bearing, sheared, porphyritiC .'crogran,te dyke, D55/13/6. 
68590010 Tourmaline-bearing, bIotIte granIte, f1j5/13/8. 

I 68590011 Tou~allne-bearlng, foliated, porphyritIc biotIte ada.elllte, 055/13/9. 
68590012 Tou~al1ne-bear'ng, sheare~porphyrltlc bIotite granIte, 055/13/10. 

'. 
ill!!!!~~§ranlte I 
68590001 BIotite granite, 055/9/1. 
68590002 Hornblende-blotlte adaaell1te, 055/9/2.' 

I 68590003 BIotite granite, D55/9/3~ 

I 
UN 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

68S9 
0414 

Li S9 

Be 2.0 

F 

Cr 

Co 4 

Ni 3 

Cu 8 

Zn 34 

Ga 16 

Rb 348 

Sr SO 

Y 36 

Zr 124 

Sn 9 

Ba 230 

La 18 

Ce 38 

Pb 25 

Th 18 

U 4 

Mg/L i 53 

Rb/Sr 7.0 

K/Rb 119 

Ba/Sr 4.6 

Ba/Rb 0.66 

K/Sa 180 

Ca/Sr 152 

Ca/Y 210 

K/Pb 1650 

Th/U 4.5 

K/U 10000 

~l/Ga 4500 

mg 0.37 

k 0.53 

685g 
(JG07 

89 

5.5 

1~OO 

3 

n.d. 

3 

22 

16 

408 

36 

50 

163 

17 

119 

15 

46 

25 

25 

9 

25 

11.3 

103 

3.3 

0.29 

350 

1M 

120 

1690 

2.8 

4700 

4300 

0.26 

0.52 

6859 
0008 

65 

3.5 

5 

3 

8 

29 

16 

341 

42 

35 

100 

16 

106 

12 

29 

20 

13 

8 

35 

8.1 

110 

2.5 

0.31 

350 

145 

175 

1880 

1.6 

4700 

4300 

0.28 

0.51 

111. 

6859 6859 68S9 6859 68S9 6859 
OL10 0011 0012 0001 0002 0003 

104 125 120 55 56 106 . 

4.0 3.0 3.0 3.5 3.0 10 

n.d. 4 4 3 5 4 

3 4 4 4 3 n.d. 

5 4 21 3 13 6 

. 23 47 36 38. 78 39 

16 17 16 18 18 18 

536 390 313 260 181 378 

23 59 48 56 99 45 

25 30 72 64 49 53 

53 135 113 169 387 165 

12 26 17 7 6 18 

73 149 148' 280 895 174 

n.d. 12 n.d. 36 45 19 

7 29 26 68 91 45 

20 23 37 33 24 30 

9 14 22 27 17 25 

15 10 8 5 n.d. 5 

9 22 22 31 48 14 

23 6.7 6.5 4.6 1.83 8.4 

76 94 128 143 206 102 

3.2 2.5 3.1 5.0 9.0 3.9 

0.136 0.38 0.47 1.08 4.9 0.46 

560 250 270 133 42 220 

143 78 115 164 126 124 

290 150 76 145 255 105 

2040 1600 1080 1130 1550 1290 

0.6 1.4 2.8 5.4 5.0 

2700 370(1 5000 7400 . 7700 

4400 4200 4400 3900 4100 3700 

00 19 0.29 0.31 0.20 0.19 0.19 

0.51 0.52 0.52 0.46 0.47 . 0.49 



1120 I 
6749 6749 6749 6749 6749 6749 6859 6859 I 0073R 0076 0078 0075 0079R 0080R 0013 0421 

Si02 4407 44.0 44.6 62.0 74.1) 70.7 53.3 74.6 I Ti02 0~33 0.20 0.18 1.07 0.33 0.36 1.35 0.19 

Al 203 26.06 23.15 26.32 15.11 13.91 14.14 17.39 12.91 

I Fe203 2.74 2.82 1.47 2.67 1.35 . 0.94 3.80 1.14 

FeO 3.65 3.90 3.45 3.55 0.60 2.15 2.90 0.60 

f:lnO 0.10 0.11 0.08 0.09 0.01 0.09 0.11 . 0.03 I 
fllQO 5.11 7.07 fi.28 1.91 0.1/l 0.52 4.47 0.13 

CaO 14.73 14.35 . 14.08 4.00 0.26 1.86 S.08 0.67 I 
Na

20 1.0 1.0 0.95 3.05 3.4 4.6 2.4 3.65 

K
2
0 0.14 0.15 . 0.20 255 3.31 3.34 1.28 5.27 I 

P205 0.02 0.02 0.03 0.21 . 0.04 0.06 0.21 0.03 

11 20. 1.26 2.26 1.58 2.70 2.17 1.23 2.08 0.59 

I CO
2 0.2 

TOTAL 99.84 99.63 99.42 98 •. 91 99.56 99.99 99.37 99.81 I .. 
Q ·23.39 41.89 25.61 10.64 31.81 

or 0.84 0.97 1 .21 15.65 20.09 19.98 7.77 31.36 I 
ab 8.66 8.68 8.38 26.72 29.62 39.73 20.86 31.27 

an 57.08 59.74 68.32 19.19 1.01 7.97 33.81 3.15 I c 0.60 4.48 0.03 

di 5.49 10.49 1.23 0.83 8.75 

I hv 10.05 5.38 10.93 7.75 0.46 3.65 9.33 0.33 

mt 4.10 4.2G 2.22 4.08 1.04 1.41 5.72 1.49 

il 0.64 0.41 0.35 2.11 0.64 0.69 2.61 0.36 I 
ap 0.05 0.05 0.07 0.52 0010 0.14 0.51 0.07 

01 3.10 10.03 6.83 I 
cc 0.46 

hm " 0.68 0.13 I 
01 9.5 9.7 9.6 65.8 91.6 85.3 39.3 94.4 

C 1 23.4 30.6 22.1 15.1 7.4 6.7 26.9 2.4 I Gurrumba Rin9 Comelex 
57490073R Olivine gabbro 

I 67490076 Olivine gabbro 
67490078 Olivine gabbro 
67490075 Porphyritic andesite 
67490079R Biotite microadamellite I 67490080R Por;Jhyri ti c rhyodaci te (granophyre) 

Newcastle RarJQc Volcanics 
68590013 Porphyri ti c augi te and esi te, E54/8/1 I 68590421 Porphyritic rhyodacite, [55/9/16 

I 
\l~ 
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li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 
Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 
K/U 

Ai /Ga 

mg 

k 

6749 
0073R 

3 

1.0 

13 

10 

40 

15 

6 

411 

5 

20 

n.d. 

42 

4 

7 

3 

n.d. 

2 

10000 

0.015 

190 

0.102 

7 

29 

256 

21000 

390 

""600 

9200 

0.59 

0.08 

6749 
0076 

1.0 

25 

8 

41 

14 

5 

376 

4 

15 

n.d. 

39 

n.d. 

n.d. 

4 

n.d. 

n.d o 

50000 

0.013 

249 

0.104 

8 

31 

273 

26000· 

310 

8800 

0.67 

0.10 

113. 

6749 6749 
0078 0075 

2 48 

1.0 2.5 

35 n.d. 

7 13 

41 76 

15 20 

8 97 

411 309 

4 41 

21 346 

56 550 

nod. 28 

n.d. 47 

6 17 

n.d. 11 

n.d. 2 

20000 240· 

0.019 0.31 

208 219 

0.1361.78 

7 5.7 

30 39· 

245 93 

25000 700 

280 1250 

5.5 

11000 

9300 4000 

0.70 0.36 

0.12 0.36 

6749 6749 
0079R 0080R 

4 22 

2.0 3.5 

n.d. n.d. 

7 10 

22 83 

17 16· 

167 182 

103 148 

39 54 

280 248 

6 6 

685 545 

.. 31 36 

71 . 82 

70 29 

19 221 

3 4 

280 140 

1.62 1 .23 . 

165 152 . 

6.7 3.7 

4.1 3.0 

40 51 

18.4 ··90 

49 250 

393 960 

6.3 ·5.5 

9200 6900 

4300 4700 

0.15 0.23 

0.39 . 0.32 

6859 
0013 

12 

1.5 

28 

56 . 

48 

72 

18 

39 

298 

·32 

213 

n.d. 

380 

22 

38 

8 

,6 

n.d. 

2200 

0.13 

272 

1.28 

9.7 

28 

220 

2000 

1330 

5100 

0.52 

0.26 

6859 
0421 

26 

2.5· 

8 

n.d. 

3 

56 

18 

161 

43 

47 

211 

n.d. 

495 

74 

146 

30 

19 

2 

30 

3.7 

271 

11.5 

3.1 

88 

112 

100 

1460 

9.5 

22000 

3800 

0.12 

0.49 

II r-



114. I 
7057 7057 7057 7057 7057 7057 7057 7f)57 7057 
1171 1172 1193 1200 1201 1202 1203 1204 1205 I 

Si02 77.3 54.9 78.0 76.5 61.3 63.3 73.9 72.2 75.0 

Ti0
2 

0.08 0.84 0.10 0.14 0.76 0.79 0.22 0.22 0.17 I A 1203 11.63 15.06 11.57 12.20 13.31 14.09 12.51 11.88 12.39 

Fe
2
03 0.59 0.73 00 38 0.20 2.88 2.68 1.99 1.18 0.85 I FeO 0.60 4.45 0.20 0.60 1.65 2.40 0.30 1.20 1.00 

MnO 0.04 0.09 0.00 00 00 0.13 0.25 0.04 0.09 0.06 

I II1g0 0.12 1.76 0.09 0.25 1.21 1.20 0.09 0.25 0.00 

CaO 0.28 3.22 0.07 0.01 4.32 2.93 1.12 2.73 0.88 

Na20 3.65 3.5 2.45 . 0.75 3.35 4.0 3.3 3.1 3.7 ·1 
K20 4.88 3.52 5.39 7.87 4.09 3.47 4.70 3.13 4.57 

P
2
0
5 

0.00 0.20 0.01 00 03 0.20 0.21 0.04 0.05 0.01 I H
2
O 0.37 1.53 1.20 1.04 1.20 1.76 1.27 1.72 0.64 

CO
2 5.3 2.10 0.8 2.05 0.8 I 

TOTAL 99.54 99.80 99.46 99.69 99.70 99.18 100.28 99.80 100.07 

Q 36.72 19.63 43.61 42010 25.42 25.00 36.99 42.18 36.14 I 
or 29.07 21 0 08 32.41 46.47 25.09 21.04 28.04 18.86 27.17 

I ab 31.21 30.18 21.09 6.34 29.24 34.81 28.01 26.56 31.40 

an 0.91 14.84 0.29 0.00 0.00 0.00 0.24 0.26· 0 •. 00 

c 0.14 1.63 3.09 3.58 3.88 1.96 3.40 1.66 I 
di 0.42 

hy 0.64 10.86 0.25 1.33 3.13 4.46 0.25 1.69 0.97 I 
mt 0.88 1.15 0.36 0.31 . 3.67 3.99 0.'16 1.74 1.24 

il 0.15 1.62 0.19 0.27 1.50 1.54 0.42 0.43 0.32 I ap 0.00 0.51 0.02 0.07 0.49 0.51 0.10 0.12 0.02 

cc 7.55 4.90 1.84 4.75 1.55 

I hm 0.14 0.46 1.69 

01 97.0 70.9 97.1 94.9 79.7 80.9 93.0 87.6 94.7 I 
CI 2.1 14.3 2.6 5.1. 20.4 19~3 6.7 12.1 5.7 

Newcastle Range Volcanics 

70571171 Porphyritic rhyolite welded tuff 
I 

70571172 Porphyritic dacite 

I 70571193 Banded rhyolite 
70571200 Porphyritic rhyolite dyke 
70571201 Dacite we lded tuff 
70571202 Porphyritic dacite welded tuff I 70571203 Rhyodacite welded tuff 
70571204 Rhyodacite welded tuff 
70571205 Porphyritic rhyodacite welded tuff 

I 
I 

t~ 



I 
I 
I 
I 
I 
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I 
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'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 

_, "r) 

li 

Be 

F 

Cr 

Co 

NI 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

U 

Mg/LI 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Sa 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

t.1/Ga 

mg 

k 

7057 7057 
1171 1172 

7 18 

3.5 2.5 

5 40 

n.d. 13 

9 23 

99 88 

15 19 

219 . 123 

15 263 

70 38 

147 348 

n.d. n.d. 

109 915 

33 47 

77 85 

40 39 

27 15 

5 2 

100 590 

15 0.47 

185 . 237 

7.3 3.5 

0.50 7.4 

370 32 

. 133 87 

29 610 

1010 750 

5.4 7.5 

8100· 15000 

4100 4200 

0.15 0.37 

0.47 0.40 

7057 
1193 

3 

1.5 

4 

n.d. 

3 

12 

14 

226 

23 

54 

198 

n.d. 

570 

11 

25 

34 

19 

n.d. 

180 

9.8 

196 

25 

2.5 

78 

22 

9 

1310 

4400 

0.25 

0.59 

1150 

7057 7057 . 7057 7057 7057 7057 
1200 1201 1702 1203 1204 1205 

4 8 2 8 4 

2.0 3.0 2.0 1.5 2.0 2.5 

3 13 13 4 4 6 

n.d. 6 6 n.d. n.d. n.d. 

12 24 9 3 3 3 

16 42 96 30 53 45 

15 16 20 13 15 18 

239 96 . 103 133 124 152 

27 128 146 109 153 78 

40 39 41 39 39 52 

156 311 327 193 226 263 

. n.d. n.d. n.d. . n.d. n.d. n.d. 

490 810 1205 1390 960 1365 

51 45 59 46 43 69 

90 83 91 92 92 137 

9 14 23 60 . 9 11 

33 21 17 16. 19 19 

.4 4 3 2 3 2 

380 7300 900 270 190 

8.9 0.75 0.70 1.22 0.81 1.95 

273 353 280 293 210 249 

18 6.3 8.1 12.8 . 6.3 17.5 

2.1 8.4 11.710.5 7.7 9.0 

133 42 24 28 27 28 

2.6 240 141 73 127 81 

,.... 2 790 510 210 500 120 

7300 2420 1250 650 2900 3400 

6.3 5.3 5.7 8 6.3 9.5 

16000 8500 9600 20000 8700 19000 

4300 4400 3700 5100 4200 3600 

0.36 0.33 0.30 0.08 0.16 0.00 

0.67 0.45 0.36 0.49 0.40 0.45 

II) 



1160 I 7057 7057 7057 7057 7057 7057 7057 7057 7057 
1206 1207 1208 1209 1210 1211 1212 1213 1214 

Si02 
75.3 77.7 76.3 66.4 66.9 67.0 62.2 65.5 76.4 

I 
Ti0

2 0.15 0.15 0.10 0.81 0.81 0.79 0.95 0.91 0.12 I 141
2
0
3 

12.06 11 .88 12.03 14.35 14.29 14.24 13.79 14.57 12.29 

Fe203 0.14 0.31 . 0.97 3.72 3.24 2.90 4.05 2.21 1.36 

I FeO 1.60 1.10 0.20 1.35 1.70 2.10 2.60 3.20 0.20 

1IInO 0.08 0.02 0.04 0.06 0.12 0.10 0.07 0.10 0.00 

MgO 0.14 0.00 0.04 0.92 0.89 1.07 1.20 1.28 0.03 I 
CaO 0.34 0.29 0.08 1.85 1.55 2.48 2.71 2.39 0.12 

Na
2
0 3.6 5.3 3.0 3.25 4.35 3.85 6.8 3.3 5.55 I 

K
2
0 4.95 2.56 6.08 4.42 3.72 3.87 0.69 4.25 1.70 

P205 0.02 0.02 0.01 0.22 0.22 0.22 0.23 0.24 0.10 I H
2
O 0.66 0.53 0.64 1.74 1.42 1.39 1.31 1.96 0.77 

CO
2 0.10 0.45 3.15 0.2 

I TOTAL 99.04 99.86 99.59 99.09 99.66 100.01 99.75 100.11 98.64 

q 33.82 35.92 35.94 26.49 25~07 23.72 18.65 23.52 38.45 I 
or 29.67 15.23 36.28 26.83 22.36 23.17 4.19' 25.57 10.26 

ab 31.04 45.38 25.80 28.33· 37.43 33.25 59.39 28.34 47.95 I 
an 1.58 0.95 0.00 7.93 3.42 10.15 0.00 9.19 00 00 

c 00 21 0.60 1.41 1.91 1.89 1.28 1.37 I di 0.38 0.68 

hy 3.11 1.36 0.10 2.35 2.25 2.71 3.07 6.00 0.08 

I mt 0.24 0.47 0.49 2.26 3.58 4.29 6.02 3.32 0.30 

i1 0.29 0.29 0.19 1.58 1.57 1.52 1.85 1.76 0.23 

ap 0.05 0.05 0.02 0.54 0.53 0.53 0.56 0.58 0.24 I 
cc 0.23 1.04 4.44 0.46 

hm 0.64 2.27 0.84 0.01 1.18 I 
01 94.5 96.5 98.0 81.7 . 84.9 80.1 82.2 77.4 96.7 

I CI 3.9 2.6 2.3 10.4 11.7 9.7 17.8 13.4 3.4 

~ewcastle Range Volcanics 

I 70571206 Porphyritic rhyodacite welded tuff 
70571207 R hyodaci te lit I dedtuff 
70571208 Porphyritic rhyolite 

I 70571209 Porphyritic dacite 
70571210 Porphyritic dacite 
70571211 Porphyritic dacite 

I 70571212 Dacite welded tuff 
70571213 Porphyritic dacite 
70571214 Banded rhyolite 

I 
I 

((~ 
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Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

41/Ga 

mg 

k 

7057 
1206 

4 

3.0 

4 

n.d. 

7 

111 

17 

160 

75 

52 

232 

n.d. 

1600 

72 

145 

55 

23 

n.d. 

210 

2.1 

257 

21 

10.0 

26 

32 

46 

750 

3800 

0.12 

0.47 

7057 7057 
1207 1208 

6 3 

2.5 10 

4 6 

n.d. 5 

3 

35 151 

14 14 

69 255 

71 18 

48 100 

195 113 

n.d. n.d. 

720 545 

72 135 

96 97 

15 63 

18 38 

n.d. 3 

80 
0.97 14 

307 198 

10.1 30 

10.4' 2.1 

29 93 

30 32 

44 6 

1410 800 

13 

17000 

4500 4600 

0.00 0.06 

0.24 0.57 

117. 

7057 7057 
1209 1210 

13 10 

3.0 3.0 

15 13 

-'. 

n.d. 6 

12 7 

85 900 

19 17 

166 112 

211 143 

43 42 

321 327 

n.d. n.d. . 

1095 1015 

63 67 

109 122 

28 28 

19 22 

3 n.d. 

420 540 

0.79 0.78 

221 276 

5.2 7.1 

6.6 9.1 

34 30 

63 78 

310 260 

1310 . 1100 

6.3 

12000 

4000 4500 

0.26 0.25 

0.47 0.36 

7057 7057 7057 7057 
1211 1212 1213 1214 

16 8 6 3 

2.5 3.0 2.5 2.5 

1100 

13 13 13· n.d. 

n.d. 4 6 . n.d. 

11 2 12 14 

83 40. 77 8 

17 17 17. 16 

137 49 143 48 

173 . 52 220 60 

45 38 44 46 

343 303 325 207 

n.d. n.d •. n.d. 13 

885 49 1290 360 

53 51 51 41 

99 82 99 100 

23 4 12 4 

19 16 19 17 

3 . 2 2 2 

400 900 1300 60 

0.79 0.94 0.65 0.80 

234 116 247 294 

5.1. 0.94 5.9 6.0 

6.5 1.0 9.0 7.5 

36 116 27 39 

102 370 78 14.3 

390. 510 390 20 

1400 1430 2900 3500 

6.3 8 9.5 8.5 

11000 2900 18000 7100 

4400 4300 4500 4100 

0.28 0.25 0.30 0.04 

0.40 0.06 0~40 0.16 



118. I 
7057 7057 7057 7057 7057 7057 7057 7057 

I 1215 1220 1221 1227 1228 1229 1230 1231 

Si0
2 74.1 72.5 71.7 66"3 69.9 76.3 76.3 76.6 I Ti0
2 

0.20 0.29 0.33 0.81 0.4g 0.1/, 0.14 0.13 

Al 203 11.97 13.58 13.75 14.49 13.73 12.20 12.04 12.12 

I Fe20
3 

2.55 0.97 0.36 2.40 1.71 0.82 1.61 1 .13 

FeO 0.35 1.35 2.18 2.40 2.00 0.90 0.25 0.85 

MnO 0.01 0.07 0.05 0.09 0.08 0.04 0.02 0.02 I 
MgO 0.40 0.22 0.43 1.16 0.64 0.16 0.07 0.04 

CaO 0.18 1.41 1.92 1.83 2.67 0.56 0.22 0.31 I Na
2
0 2.65 4.0 3.3 3.7 3~2 4.1 3.9 4.1 

K20 4.78 4.37 4.40 4.16 3.37 4.37 4.76 4.08 I P
2
0
5 0.05 . 0.06· 0.08 0.22 0.12 0.01 0.01 0.02 

11
2
0 1.93 0.71 1.00 1.54 1.43 0.44 0.61 0.60 

I CO
2 0.05 0.3 0.15· 

TOTAL 99.30 99.53 99.49 99.10 99.64. 100 •. 19 99.92 100.00 

I 
q 40.75 29.18 30.33 23.82 32.72 34.14 35.26 36.20 

or 29.02 26.11 26.39 25.18 20.28 25.87 28.34 24.25 I 
ab 23.03 34.21 28.07 32.15 27.56 35.17 ·32.98 35.20 

an 0.26 6.27 9.14 7.76 10.76 1.77 1.10 1.37 I 
c 2.41 0.32 1.14 0.97 0.13 0.38 

di 0.34 I hy 1.02 1.73 4.37 4.22 3.23 1 ~21 0.18 0.55 

mt 0.33 1.45 0.56 3.61 2.55 1.21 0.47 1.65 

I i1 0.55 0.56 0.64 1.58 0.95 0.27 0.25 0.25 

ap 0.12. 0.14 0.19 0.56· 0.29 0.02 0.02 0.05 

cc 0.12 0.69 0.34 I 
hm 2.41 1.30 

01 92.8 89.5 84.8 81.2 80.6 95.2 96.6 95.8 I 
CI 7.0 4.2 6.1 11.1 8.7 3.1 2.4 2.9 

I Newcastle Range Volcanics 
70571215 Porphyritic rhyodacite 
70571220 Porphyritic rhyodacite welded tuff I 70571221Phyodacite welded tuff 
70571227 Porphyri tic dacite 
70571228 Rhyodacite I. 70571229 Rhyolite welded tuff 
70571230 Rhyolite welded tuff 
70571231 Rhyolite welded tuff 
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Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

7057 
1215 

3 

Z.O 

6 

n.d. 

4 

27 

15 

173 

64 

37 

164 

4 

39 

78 

14 

42 

3 

800 

2.7 

229 

6.6 

2.4 

95 

20 

35 

2840 

14 

13000 

4200 

0.21 

0.54 

7057 
1220 

11 

3.0 

6 

n.d. 

4 

51 

17 

130 

147 

40 

222 

n.d. 

735 

46 

90 

37 

.27 

n.d. 

. 120 

0.88 

279 

5.0 

5.7 

49 

69 

. 250 

980 

4200 

0.15 

0.42 

7057 
1221 

13 

3.5 

8 

n.d. 

51 

18 

155 

129 

41 

237 

n.d. 

775 

54 

98 

38 

26 

2 

200 

1.20 

235 

6.0 

5.0 

47 

106 

330 

960 

13 

18000 

4100 

0.23 

0.47 

7057 
1227 

17 

2.0 

8 

4 

9 

69 

18 

158 

309 

45 

350 

n.d. 

1075 

55 

103 

25 

19 

2 

410 

0.51 

218 

3.5 

6.8 

32 

42 

290 

1380 

9.5 

17000 

4300 

0.31 

0.42 

7057 
12?8 

13 

2.0 

8 

3 

6 

66 

18 

110 

235 

41 

315 

960 

76 

148 

24 

19 

n.d. 

300 

0.47 

255 

4.1 

8.7 

29 

81 

470 

1170 

4000 

0.24 

0.41 

7057 
1229 

2 

2.5 

n.d. 

n.d. 

58 

18 

143 

75 

56 

277 

n.d. 

1685 

82 

156 

27 

25 . 

3 

500 

1.91 

254 

22 

11.8 

22 

53 

71 

1340 

8.3 

12000 

3600 

0.14 . 

0.41 

7057 
1230 

2 

2.0 

3 

n.d. 

65 

18 

158 

77 

76 

257 

n.d. 

2010 

170 

205 

22 

22 

n.d. 

210 

2.10 

250 

26 

12.7 

19.7 

21 

21 

1800 

3500 

0.07 

0.45 

7057 
1231 

4 

3.0 

n.d. 

n.d. 

1 

52 

18 

133 

109 

56 

268 

n.d. 

1735 

97 

167 

25 

22 

2 

45 

1.22 

255 

15.9 

13.0 

19.5 

20 

39 

1360 

11 

17000 

3600 

0.04 

. 0.39 

(~ \ 



1200 I 
6749 674-9 6749 6749 6749 6749 6749 6749 6849 
OOlOR 0031 R 0032R oo33R 0034R 0035R 0041R 0042R 00188 I 

SIOz 10.1 72.1 14.5 13.1 69.5 10.5 71.9 11.8 14.3 I 
n~ 0.33 0.27 0.18 0.28 0.31 0.36 0.23 0.28 0.22 

.1 203 14.59 13.81 13.26 13.62 14.45 14.61 14.20 13.26 12.91 I F¥l3 0.90 0.82 0.10 0.68 1.02 0.61 0.5& 0.58 0.03 
.. 

FeO 1.65 1.25 1.21 1.40 1.90 2.00 1.30 1.10 1.10 

I .0 0.05 0.03 0.04 0.04 0.05 0.05 0.03 0.05 0.03 

IIgO 0.5& 0." D.33 D.4O 0.15 0.64 0.42 0.33 0.30 

Cao 2.46 1.81 1.21 2.~ 1.15 2.29 1.63 1.84 1.33 I 
lazO 3.45 3.25 3.6 3.35 3.9 3.45 3.2 2.2 3.2 

" 'I KzO 4.24 4." 4.33 4.28 4.00 4.13 4.63 4.52 4.52 

Pz05 0.06 0.05 0.01 0.04 0.06 0.06 0.04 0.04 0.03 

¥ 0.61 1.15 0.53 0.69 1.41 0.61 1.20 1.74 0.10 I al2 

TOTAl 99.60 100.08 99.42 99.92 99.22 99.43 99.34 98.32 99.21 I -
q 28.02 32.27 33.49 31.99 26.28 28.07 31.20 31.69 34.32 I 
or 25.30 26.52 25.87 25.49 24.16 24.69 21.85 21.65 21.10 

ab 29.38 21.10 J).81 28.56 33.98 29.61 21.90 19.18 21.55 I 
an 11.93 8.15 5.61 9.51 8.41 11.10 7.91 9.18 6.50 

c 0.02 0.57 0.61 0.63 0.44 1.01 1.51 0.39 I j.:" 

. dl 0.27 • 

hJ 3.25 2.34 2.86 2.49 .4.08 4.24 2.61 3.20 3.51 

I it 1.33 1.22 0.18 1.02 1.53 1.01 0~84 0.81 0.01 

n 0.63 ,0.52 0.35 0.54 0.12 ' 0.69 0.46 0.55 0.42 

I ap 0.14 0.12 0.17 0.10 0.15 0.14 0.10 0.10 0.01 

DI 82.1 86.5 90.2 86.0 84.4 82.4 81.0 84.5 89.0 I 
CI 5.4 4.8 4.2 4.4 1.1 6.5 5.1 6.3 4.5 

featherbed Volcanlc:s I' 
~1490030R Porphyritic: rhyodacite .elded tuff. 

I ,61490031R Porphyritic rhyodacite welded tllff. 
, 674~032RPorphyrltic rhyodacite welded tuff. 

, 61490033R ~o,rphyrHI c rhy!)dacHe .elded tuff. 
. 6749003+R ,Porphyrl tl c rhyqdact teo I 67490035R Slightly porphyritIc rhyodacite •. 
674900~1R PorphyrHIc rh'yodaclte welded tuff. 
6749Q942R Porphyritic rhyodacite welded tuff. 

I 684900188 Rhyodacite. DB188. 

I 
l~ 



I 
I 
I 
I 
I 

II 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

In 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

8a/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 
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mg 

k 

6749 
0030R 

21 

2.5 

5 

n.d. 

5 

32 

15 

213 

116 

44 

172 

425 

43 

78 

20 

27 

6 

160 

1.84 

165 

3.7 

2.0 

83 

152 

400 

1760 

4.5 

5900 

5200 

0.28 

0.45 

6749 6749 
0031 R 0032R 

20 29 

3.0 7.5 

5 

3 

3 nod. 

5 3 

31 33 

15 17 

239 349 

105 52 

47 53 

142 136 

4 

385 179 

44 32 

84 50 

21 42 

34 27 

5 10 

140 69 

2.3 6.7 

154 103 

3.7 3.4 

1.61 0.51 

96 200 

123 165 

270 160 

1750 860 

6.8 2.7 

7400 3600 

4900 4100 

0.28 0.29 

0.47 0.44 

121. 

6749 6749 
0033R 0034R 

21 23 

2.5 3.0 

n.d. 5 

n.d. n.d. 

4 16 

29 31 

15 17 

223 212 

101 120 

43 48 

154 174 

400 405 

40 43 

75 82 

21 16 

32 31 

5 5 

110 200 

2.2 1.77 

160 157 

4.0. 3.4 

1.79 1.91 

89 82 

145 104 

340 260 

1700 2080 

6.4 6.2 

7100 6600 

4800 4500 

0.26 0.32 

0.46 0.40 

6749 6749 6749 
0035R 0041R 0042R 

13 51 13 

3.0 3.0 2.5 

n.d. n.d. n.d. 

n.d. n.d. n.d. 

5 6 7 

35 31 48 

17 15 18 

195 248 199 

133 97 91 

48 47 38 

181 147 212 

430 400 785 

43 41 45 

94 85 95 

22 21 16 

32 35 18 

582 

300 49 150 

1.47 2.6 2.2 

176 155 188 

3.2 4.1 8.6 

2.2 1 .• 61 3.9 

80 96 48 

123 121 144 

340 250 340 

1560 1830 2340 

6.4 4.4· 9 

6900 4800 19000 

4600 5000 3900 

0.30 0.29 0.21 

0.44 0.48 0.58 

6849 
00188 

17 

2.0 

3 

n.d. 

137 

26 

15 

260 

88. 

46 

136 

1000 

285 

41 

89 

489 

38 

6 

110 

3.0 

144 

3.2 

1.10 . 

132 

108 

210 

77 

6.2 

6300 

4600 

0.23 

0.48 



122. I 
6849 6849 6849 6849 6849 6849 6849 6849 68$ I 0018C 0019 0173 0115A 01758 0175C 0175D 0175E 0070 

SiOZ 73.8 72.4 71.3 71.6 72.1 68.0 71.0 13.8 71.6 1 
H02 0.22 0 .. 29 0.30 0.35 0.32 0.43 0.21 0.22 0.29 

A1 203 12.91 13 .. 30 14.32 14.25 n.46 15.97 n.28 13.59 13.62 I Ft2'J3 0.46 0.85 . 0.51 0.11 0.95 1.28 0.46 0.62 0.91 

reO 1.35 1.49 1.75 1.85 1.5> 1.15 1.35 1.25 1.31 I 110 0.03 0.04 0.04 0.05 0.05 0.15 0.03 0.04 0.03 

IgO 0.40 0.62 0." 0.56 0.57 0.68 0.41 0.37 0.41 

I CaO 1.51 2.02 1.93 2.55 2.37 3.05 1.57 1.59 1.88 

HazO 3.45 . 3.05 3.85 3.5· 3.6 3.3 3.7 3.3 3.2 
,. 

1 KzO 4.45 4.03 4.24 3.82 4.11 4.40 4.56 4.59 4.47 

PzOs 0.03 0.06 0.05 0.06 0.05 0.07 0.05 0.03 0.05 

HzO 0.63 1.17 0.88 0.12 0.59 1.39 1.17 0.64 1.13 1 mz 0.9 0.45 
• 

TOTAl 99.30 100.Z2 99.61 100.08 100.67 100.49 98.85 100.04 99.35 1 
q 32.72 36.24 27.14 29.69 29.13 24.22 28.17 32.77 32.59 1 
or 26.65 24.03 25.37 22.71 24.28 26.23 27.60 27.29 26.88 

1 ab 29.57 26.04 33.23 29.87 30.18 27.99 31.88 28.00 27.63 

all 6.83 3.98 9.26 11.92 11.30 14.80 7.64 7.71. 6.26 

c 2.50 • 0." 0.57 0.40 1.27 I 
eft 0.41 0.09 0.34 0.11 

by 2.58 3.18 3.45 3.50 2.88 3.43 2.18 2.40 2.27 1 
.t 0.69 1.26 0.78 1.17 1.41 1.90 o.n 0.92 1.37 

11 0.42 . 0.58 0.58 0.61 0.61 0.82 0.53 0.42 0.56 1 ap 0.07 0.14 0.12 0.14 0.12 0.17 0.12 0.07 0.12 

cc 2.07 1.04 

I 
DI 88.9 86.3 85.1 82.3 83.6 78.4 87.1 88.1 87.1 

, 1 CI 4.2 9.7 5.0 5.8 5.1 6.8 4.7 4.2 6.6 

Featherbed Volcanics 1 
68490018C Porphyri tI c rhyodaci te, D818C. 
68490019 . PorphyritiC rhyodacite, 0819. 

I· 68490113 PorphyrHic rhyodacite welded tuff, 118173. 
68490175A PorphyrHic rhyodacHe welded tuff, D8175A. 
684901758 PorphyritiC rhyodacite welded tuff, D81758. 
68490175C Porphyritic rhyodacite, 08175C. I 684901750 Slightly porpbyritlc rhyodacite, 08175D. 
68490175£ Porphyritic rhyodacHe welded tuff, 08175£. 
68$0070 Porphyritic rhyodacite welded tuff. £55/5/27. I 

\7.~ 
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mg 
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68'19 
0018C 

16 

3.0 

5 

n.d. 

3 

23 

15 

248 

86 

45 

133 

320 

42 

87 

16 

38 

8 

150 

2.9 

149 

3.7 

1.29 

115 

126 

240 

2310 

4.8 

4600 

4600 

0.28 

0.46 

6849 6849 6849 6849 
0019 0173 017514 01758 

22 20 11 18 

2.5 3.0 2.5 3.5 

n.j. 5 5 

7 

3 n. J. 3 n.d. 

3 5 5 4 

37 31 30 33 

15 16 16 16 

232 225 166 211 

94 114 134 119 

50 50 42 46 

161 177 175 158 

n.d. 

365 410 425 410 

51 45 36 38 

79 92 79 83 

15 26 20 21 

39 32 26 30 

7 7 6 6 

170 140 310 190 

2.5 1.97 1.24 1 .77 

144 156 191 162 

. 3.9 3.6 3.2 3.4 

1.57 1.82 2.6 1.94 

92 86 75 83 

153 121 136 142 

290 280 430 370 

2230 1350 1590 1620 

5.6 4.6 4.3 5.0 

4800 5000 ·5300 5700 

4700 4800 4700 4800 

0.32 0.26 0.28 0.30 

0.47· 0.42 0.42 0.43 

., 

6849 
0175C 

. 29 

3.5 

5 

n.d. 

9 

36 

16 

290 

146 

42 

196 

540 

35 

84 

24 

24 

4 

140 

1.99 

126 

3.7 

1.66 

68 

149 

520 

1520 

6.0 

9100 

4700 

0.28 

0.47 ' 

6849 
01750 

14 

2.5 

5 

19 

17 

221 

69 

46 

171 

385 

42 

86 

14 

35 

7 

180 

2.5 

171 

i.3 

1.74 

98 

126 

230. 

2710 . 

5.0 

5400 

4500 

0.29 

0.45 

6849 
0175E 

11 

3.5 

n.d. 

n.d. 

3 

28 

15 

266 

84 

49 

137 

280 

36 

88 

23 

40 

7 

200 

3.2 

143 

3.3 

1.05 

136 

136 

230 

1660 

5.7 

5400 

4800 

0.26 

0.48 

6859 
0070 

27 

2.0 

7 

n.d. 

4 

28 

14 

194 

154 

39 

149 

n.d. 

465 

42 

73 

14 

27 

6 

93 

1.26 

191 

3.0 

2.4 

80 

87 

340 

2650 

4.5 

6200 

5200 

0.25 

0.48 



12~. I 
6859 6859 7051 7051 7057 7057 7057 7057 7057 
0073 0082 1000 1001 1005 1006 1001 1009 1010 I --

S\02 71.9 12.3 13.9 13.3 76.6 7Z.4 75.3 70.9 16.6 

I H02 0.27 0.21 0.21 0.22 0.10 0.36 0.18 0.32 0.09 

A1 203 14.14 14.10 13.45 13.68 12.51 12.91 11.97 14.83 12.24 

FI203 0.58 0.65 0.26 0.11 0.35 0.73 1.17 0.86 0.33 I 
FeO 1.72 1.49 1.50 1.60 0.70 2.30 0.80 1.35 0.70 

.. 0 0.05 0.04 0.04 0.04 0.03 0.06 0.03 0.04 0.03 I 
-gO 0.70 0.45 0.39 0.41 0.14 0.40 0.10 0.55 0.14 

Cao 2.81 2.22 1.34 1.52 0.90 1.49 0.86 2.89 0.86 I la20 2.8 3.3 3.25 3.2 3.35 3.0 3.0 3.6 3.4 

K20 3.95 4.29 4.15 4.15 5.02 4.96 5.38 3.40 4.94 

I P205 0.03 0.05 0.03 0.04 0.01 0.07 0.03 0.07 0.01 
". 

HzO 0.80 0.11 1.01 1.10 0.52 0.95 0.10 1.59 0.61 

I 002 0.1 0.2 0.25 0.15 0.2 

TOTAl 99.75 99.87 100.23 100.23 100.48 99.63 99.67 100.60 99.95 I 
q 32.66 .30.94 32.95 32.53 35.97 31.34 36.24 30.29 35.81 I 
or 23.56 25.57 28.28 28.30 29.67 29.68 32.08 20.28 29.38 

ab 24.17 27.99 27.70 27.21 28.51 25.78 25.40 30.91 29.03 I an 13.87 10.78 5.86 6.07 2.82 7.02 3.16 12.73 3.53 

c 0.18 0.15 0.84 1.10 0.50 0.05 0.13 0.58 I dt • 0.3l 

hy 4.09 2~96 3.25 3.54 1.23 4.16 0.52 2.69 0.96 

I at 0.88 0.9.8 0.41 0.28 0.52 1.12 1.12 1.29 0.50 

\1 0.52 0.52 0.40 0.42 0.19 0.69 0.35 0.61 0.17 

ap 0.01 0.12 0.07 0.10 0.02 0.17 0.07 0.17 0.02 I 
CC 0.23 0.46 0.51 0.34 0.46 

DI 80.4 84.5 88.9 88.0 94.2 86.8 93.7 81.5 94.2 
I 

CI 5.1 4.1 5.2 5.9 3.0 6.2 3.1 5.8 2.2 I 
F.ertherbed Vol cant cs 

I 68590073 Porphyritic rhyodacite .elded tuff, E55/5/30. 
68590082 Porphyritic rhyodacite .elded tuff, E55/5/47. 
70571000 Porphyrlt,c rhyodacite .elded tuff. 

I 70571001 Porphyritic rhyodacite .elded tuff. 
10571005 Porphyrl U c rhyo H teo 
70571006 Porphyrlt\c rhyodacite. 

I 70571007 Porphyr'tlc rhyol,te. 
70571009 Recrystall'zed, ·porphyrlt,c rhyodacite. 
70571010 PorphyrH'c rhyolite. 

I 
(lJo 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Li 

Oe 

f 

Cr 

Co 

Ni 

Cu 

In 

Ga 

Rb 

Sr 

Y 

Zr 

Sn 

8a 

La 

Ce 

Pb 

Til 

U 

hlg/L i 

Rb/Sr 

K/Rb 

Ba/Sr 

8a/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

5859 
0073 

19 

2.0 

9 

3 

5 

39 

11 

223 

143 

22 

105 

5 

360 

32 

1,9 

13 

39 

9 

220 

1.56 

147 

2.5 

1.61 

91 

141 

910 

2520 

4.3 

3600 

6800 

0.35 

6859 7057 
0082 1000 

19 24 

2.0 2.5 

1000 

3 

6 

n.d. nTd. 

3 4 

31 27 

14 16 

216 302 

110 107 

44 54 

143 138 

n.d. 

370 310 

40 40 

71 85 

19 23 

29 41 

6 8 

140 96 

1.96 2.8 

165 130 

3.4 . 2.9 

1 .71 . 1.03 

96 127 

145 90 

360 180 

1870 1710 

4.8 5.1 

5900 4900 

5300 4500 

0.27 0.28 

0.46 0.49 

125. 

7057 7057 
1001 1005 

25 16 

2.5 1.5 

500 

3 n.d. 

n.d. n.d. 

4 

25 13 

15 14 

301 261 

108 53 

53 34 

145 86 

325 390 

49 34 

92 62 

23 19 

42 37 

7 6 

100 53 

2.8 4.9 

131 160 

3.0 7.4 

1 .08 1 .49 

121 107 

101 121 

210 190 

1710 2190 

6.0 6.2 

5600 7000 

4800 4700 

0.29 0.19 

0.49 0.50 

... ;. 

7057 7057 
1006 1007 

32 37 

2.5 3.0 

600 600 

8 3 

n.d. n.d. 

11 7 

72 68 

20 20 

206 272 

93 53 

52 70 

339 227 

855 '460 

56 .. 90 

119 . 208 

27 :;" 36 

24 36 

5 5 

75 16 

2.2 5.1 

200 164 

9.2 8.7 

4.2 1.69 

48 97 

114 115 

200 87 

1530 1240 

4.8 7.2 

8200 8900 

3400 3200 

0.19 0.09 

0.52 0.54 

7057 
1009 

20 

1.5 

3 

n.d. 

4 

33 

14 

143 

226 

21 

195 

845 

98 

14 

22 

4 

170 

0.63 

197 

3.7 

5.9 

33 

91 

980 

2010 

5.5 

7100 

5600 

0.31 

0.38 

7057 
1010 

15 

2.5 

500 

3 

n.d. 

3 

15 

12 

265 

50 

35 

89 

360 

30 

64 

19 

37 

5 

56 

5.3 

155 

7.2 

1.35 

114 

122 

175 

2150 

7.4 

8200 

5400 

0119 

0.49 

1,;2 7 



126. I 
7057 7057 7057 7057 7057 7057 7057 7057 7057 
1011 1013 1014 1015 1019 1020 1021 1024 1025 I ---- -- ----

Si02 6305 7301 6603 7004 7200 11.9 11.2 n.9 7408 I H02 0.55 0.27 0.58 0032 0.29 0031 0.31 0.27 0.16 

AI203 15.55 13.51 15030 14055 13054 13.35 13.56 12.13 11.91 

I Fa203 2.88 00 76 2.58 0.86 0.82 0.14 0.83 0.98 0.33 

FeO 2.15 1.75 2.~ 1.65 1.60 1.65 1.55 1.~ 1.20 

I !dn0 0.09 0.06 0.11 0.05 0.13 0.05 O.O~ 0.05 0.02 

MgO 2.65 0.66 1.59 0.80 0.50 0.51 0.58 0.08 0.03 

Ca8 4.98 1.90 4.95 3.13 1.24 1.78 2.08 1.12 0.81 I 
Na20 2.65 2.8 3.0 2.9 3.45 3.~ 3.5 2.75 2.35 

Kz° 3.22 4.04 2.26 3.83 ~.41 4.29 4.08 . 5.13 5.99 I 
P205 0.08 0.06 0.10 0.05 0.05 0.05 0.05 0.04 0.01 

HzO 1.72 1.30 1.00 0.84- 1.10 1.25 1.10 1.23 1.05 I 002 0.2 0.~5 0.75 0.55 0.05 0.55 

-----

TOTAL 100.62 100.21 100.37 99.38 99.58 100.09 99.43 100.13 99.27 I 
---

q 21.48 35.63 27.81 30.82 32.58 32.91 31.33 36.19 31.90 I 
or 19.23 2~.11 13.43 22.95 26." 25.65 24.50 l>.63 36.01 

I ab 22.57 24.26 25.52 2~. 79 29.69 28.84- l>.09 23.51 3).23 

an 21.31 9.12 21.73 15.~1 3.02 3.81 6.62 5.03 0.48 

c 1.11 0.08 2.01 1.81 1.02 0.23 1.41 I 
dl 2.45 0.83 

hy 1.42 3.93 5.09 3.91 3.30 3.45 3.20 1.61 1.80 I 
lit 4.27 1.13 3.81 1.29 1.24 1.10 1.25 1.47 0.50 

11 1.06 0.52 1.11 0.62 0.56 0.60 0.60 0.52 0.31 I ap 0.22 0.14 0.24 0.12 0.12 0.12 0.12 0.10 0.02 

cc O.~ 1.04 1.13 1.27 0.11 1.27 

I 
DI 63.3 84.0 66.8 78.6 88.1 87.4- 85.9 90.9 94.1 

I CI 15.4- 6.9 11.5 6.0 8.3 8.8 7.5 4-.0 5.4-

Featherbed Volcanics I 
70571011 Porphyrit'c hornblende - biotite dacite. 
70511013 Porphyritic rhyodacite welded tuff. 

I 70511014 Porphyrite arfvedsonlte-blotlte dacite welded tuff. 
70571015 Porphyritic rhyodacite welded tuff. 
70571019 PorphyritiC rhyodacite welded tuff. 
70571020 Porphyritic rhyodacite. I 70571021 Porphyritic rhyodacite welded tuff. 
10571024- Porphyritic rhyodacite welded tuff. 
70571025 Porphyritic rhyodacite welded tuff. I 

\~~ 
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Sn 
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Ce 
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Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Oa/Rb 

K/fla 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga' 

mg 

k 

7057 
1011 

13 

1.5 

34 

9 

4 

55 

14 

182 

171 

32 

127 

325 

31 

58 

16 

25 

5 

1200 

1.06 

147 

1.90 

1.79 

82 

208 

1100 

1 G70 

5.0 

5300 

5900 

0:45 

7057 
1013 

26 

2.5 

4 

n.d. 

4 

4.3 
, j6 

.', 
',224 

151 

44 

146 

820 

47 

91 

23 

22 

4 

160 

1.48 

150 

5.4 

3.7 

41 

90 

310 

1460 

5.5 

8400 

4500 

0.32 

0.48 

121. 

7057 7057 7057 
1014 1015 1019 

11 19 19 

2.5 1.5 2.0 

963 

n.d. 4 n.d. 

15 7 5 

M 31 209 

16 12 14 

87 197 205 

188 160 180 

36 25 45 

134 103 149 

310 ,., 480 430 

25 30 ~ 

54 41 84 

15 16 19 

19 34 30 

6 8 4 

870 250 160 

0.46 1.23 1.14 

216 161 179 

1.65 3.0 2.4 

3.6 2.4 2.1 

61 66 85 

188 140 49 

980 900 200 

1250 1990 1930 

3.2 4.3 7.5 

3100 4000 ·9200 

5100 6400 5100 

0.37 0.36 0.26 

0.33 0.47 0.46 

7057 
. 1020 

13 

2.5 

3 

n.d. 

4 

50 

14 

217 

117 

48 

162 

465 

52 

84 

19 

35 

4 

260 

1.85 

164 

4.0 

2.1 

77 

109 

260 

1870 

8.8 

8900 

5100 

0.30 

0.46 

7057 7057 
1021 1024 

20 25 

1.5 3.5 

3 4 

n.d. n.d. 

4 8 

25 67 

15 18 

198 224' 

160 88 

42 58 

155 268 

450 645 

62 62 

90 131 

15 30 

28 26 

6 4 

180 19 

1.24 2.6 

171 190 

2.8 7.3 

2.3 2.9 

75 66 

93 91 

350 140 

2260 1420 

4.7 6.5 

5700· 11000 

4800 3600 

0.30 0.06 

0.43 0.55 

7057 
1025 

23 

3.0 

800 

19 

n.d. 

7 

65 

20 

347 

63 

78 

204 

665 

63 

122 

41 

39 

9 

8 

5.5 

143 

10.6 

1.92 

75 

92 

74 

1210 

4.3 

5500 

3200 

0.03 

0.63 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 



I 128. 

I 
1051 1051 1051 1057 1057 7057 1057 1057 
1026 1027 1028 1029 1030 1038 1039 lOW 

-----

I SI02 71.2 76.9 16.6 73.0 73.0 69.6 17.9 80.9 

Ti02 0.15 0.13 0.13 0.41 0.36 0.38 0.03 0.03 

I Al 203 12.84- 11.4-0 11.53 13.23 13.05 11..30 12.98 12.11 

Fe203 0.30 0.61 0.97 0.50 0.55 1.08 0.29 0.84-

I 
FeO 0.25 0.60 0.55 2.55 2.40 2.45 0.35 0.35 

/dn0 0.00 0.02 0.02 0.05 0.06 0.19 0.03 0.04 

MgO 0.04 0.03 0.23 0.39 0.41 0.58 0.13 0.08 

I CaD 0.06 . 0.86 0.80 1.44 1.36 1.95 0.01 0.03 

Na20 4.55 2.4 2.9 3.1 2.95 3.15 3.4 0.13 

I K20 4.46 5.40 5.41 5.02 5.01 3.54 4.51 3.62 

P205 0.01 0.01 0.01 0.07 0.07 0.08 0.01 0.00 

I H2O 1.05 0.94 0.71 0.93 0.98 1.83 1.11 2.15 

002 0.4 0.3 

I 
---- ---------------------

TOTAL 100.91 99.70 100.16 100.69 100.20 99.13 100.87 100.28 

-- ---
, I 

33.40 41.83 38.25 30.87 31.98 32.36 40.35 67.37 q 

I or 26.31 32.31 32.13 29.74 29.81 21.49 26.10 21.79 

ab 38.77 20.56 24.40 26.03 25.22 21.29 29.07 1.12 

I 
an 0.23 1.69 2.02 6.70 6.33 9.40 0.28 0.15 

c 0.40 1.01 0.22 0.30 0.46 2.01 2.36 8.07 

dl -
I hy 0.10 0.48 0.61 4.64 4.50 4.89 0.73· 0.20 

lilt 0.37 0.91 1.41 0.71 0.85 1.64 0.44 1.19 

I II 0.29 . 0.27 0.25 0.78 0.69 O,H 0.06. 0,06 

ap 0.02 0.02 0.02 0.17 . 0.17 0.19 0.02 0.00 

I cc . 0.92 0.69 

hlI 0.05 0.04 

I 01 98.5 94.7 94.8 86.6 87.0 81.1 96.1 90.3 

CI 1.2 3.6 3.2 6.7 6.7 9.5 3.6 9.6 

I 
Featherbed Volcanics 

I 70511026 PorphYritic rhyolite lelded tuff. 
10511027 PorphyrHI c rhyo I He. 
10571028 PorphyrUi c rhyo 11 teo 

I 
70571029 Po rphyrlti c rhyodacl teo 
705710)1 Porphyritic rhyodacIte. 
70571038 Porphyritic rhyodacite welded tuff. 
10571039 Porphyrltl c rhyolite .elded tuff. 

I 70511040 Altered, snghtly porphyritic, banded rhyolite. 
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Cu 
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Ga 

Rb 

Sr 

Y 

Zr 

Sn 

Sa 

La 

Ce 

Pb 

Th 

U 

Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/fla 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AI/Ga 

mg 

k 

7057 
1026 

7 

2.0 

6 

n.d. 

7 

29 

16 

213 

43 

44 

281 

590 

36 

64 

13 

31 

4 

34 

5.0 

174 

13.7 

2.8 

63 

10.0 

9 

2800 

7.8 

9300 

4300 

0.12 

0.39 

7057 
1027 

3 

n.d. 

8 

65 

19 

314 

22 

82 

212 

325 

60 

136 

41 

41 

6 

8 

14 

143 

14.8 

1.04 

138 

280 

74 

1090 

6.8 

7500 

3200 

0.04 

0.60 

7057 
1028 

38 

5.0 

1100 

3 

n.d. 

6 

68 

21 

315 

25 

86 

214 

335 

67 

145 

43 

40 

6 

37 

13 

143 

13.4 

1.06 

134 

230 

66 

1040 

6.7 

7500 

2900 

0.22 

0.55 

7057 
1029 

7. 

3.5 

10 

3 

10 

70 

20 

226 

97 

56 

350 

785 

59 

131 

32 

25 

5 

85 

2.3 

185 

8.1 

3.5 

53 

106 

185 

1300 

5.0 

8300 

3500 

0.18 

0.52 

7057 
1030 

30 

3.5 

8 

n.d. 

10 

67 

20 

210 

93 

53 

341 

845 

60 

131 

30 

23 

4 

83 

2.26 

198 

9.1 

4.0 

49 

104 

185 

1390 

5.8 

10000 

3500 

0.20 

0.53 

7057 
1038 

20 

2.5 

3 

n.d. 

4 

51 

14 

142 

165 

27 

179 

685 

48 

75 

15 

24 

3 

180 

0.86 

207 

4.2 

4.8 

43 

84 

510 

1960 

B.O 

9800 

5400 

0.22 

0.43 

7057 
1039 

29 

6.0 

n.d. 

n.d. 

8 

61 

23 

567 

11 

100 

69 

52 

n.d. 

17 

57 

33 

5 

27 

52 

66 

4.7 

0.092 

720 

46 

5 

660 

6.6 

7500 

3000 

0.26 

0.46 

7057 
1040 

24 

4.0 

n.d. 

n.d. 

4 

36 

25 

424 

3 

59 

78 

7 

4 

43 

49 

42 
4 . 

20 

140 

71 

2.3 

0.017 

4300 

72 

3 

610 

10.5 

7500 

2600 

0.11 

0.95 

1'$\ 



1300 I 
6749 6749 6749 6749 6749 6749 6749 6749 

I 0055R 0056R 0057R 0058R 0059R 0060R 0065R 0066R 

-------

Si02 76.9 76.5 71.8 71.8 71.7 75.2 76.7 ' 68.7 I 
TlO2 0.10 0.09 0.23 0.19 0.22 0.02 0.11 0.61 

AJ 203 12.40 12.18 13.55 13.54 13.59 13.37 12.55 13.73 1 Fe203 0.29 0.07 0.29 0.10 0.30 0.00 0.73 1.86 . 

feO 0.93 1.01 1.79 1.79 1.79 0.86 0.26 2.15 I 1dn0 0.03 0.03 0.05 0.03 0.03 0.03 0.01 0.06 

r:JgO 0.10 0.09 0.35 0.22 0.4.3 0.08 0.02 0.85 

I ClO 0.27 0.28 '1.55 1.50 1.63 0.60 0.17 2.35 

Ha20 3.6 3.45 3.35 3.55 3.65 3.7 3.8 3.35 

K20 4.97 5.26 4..28 4.23 4.03 4.55 4.84 3.88 I 
P205 0.01 0.01 0.05 0.04 0.06 0.01 0.01 0.13 

"20 0.75 0.82 1.39 1.26 1.35 0.12 0.91 1.51 I 
1l>2 1.1 0.9 0.9 

---------- -- -- I 
TOTAL 100.35 99.79 99.78 99.15 99.68 99.14 100.11 99.36 

I 
q 35.67 35.13 34.46 33.29 32.81 34.69 36.10 28.60 

I or 29.47 31.41 25.71 25.53 24.20 27.30 28.82 23.43 

ab 30.72 29.57 28.89 1l.76 31.46 31.86 32.31 28.88 

an 1.28 1.34 0.42 1.52 2.04 2.96 0.78 11.05 I 
c 0.60 0.32 3.30 2.62 2.52 1.30 0.80 0.07 

dl I 
hy 1.60 1.92 3.61 3.55 3.84 1.82 0.05 3.70 

It 0.44 ,0.12 0.46 0.18 0.49 0.01 0.56 2.79 I 11 0.19 0.11 0.44- 0.31 0.42 0.04 0.21 1.18 

ap 0.02 0.02 0.12 0.10 0.14 0.02 0.02 0.32 

I cc 2.54- 2.09 2.08 

hll 0.35 

1 
DI 95.9 96.1 89.1 89.6 88.5 93.9 91.2 80.9 

CI 2.9 2.6 10.5 8.9 9.5 3.2 2.0 8.1 I 
~Jau9~!!!:..!~~ek Volcanics I, 
67490055R Porphyritic rhyollte. 
67490056R RhyoHte. 

I 67490057R Porphyritic rhyodacite. 
67490058R Porphyritic rhyodacite. 
67490059R Porpbyrltlc rilyodaclte. 
67490060R SpheruHtic rhyolite. I 67490065R Porphyritic rhyolite tuff. 
67490066R A !tered rhyodacite. 

t ').)-
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Sn 

Ba 

La 

Ce 

Pb 
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Mg/Li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

AJ/Ga 

mg 

k 

6749 
0055R 

10 

3.0 

n.d. 

4 

55 

14 

235 

26 

63 

156 

4 

475 

55 

116 

30 

28 

6 

60 

9.0 

175 

18.3 

2.0 

87 

73 

30 

1370 

4.7 

6900 

4700 

0.13 

0.47 

6749 
0056R 

14 

3.5 

n.d. 

3 

43 

15 

262 

35 

62 

155 

4 

375 

49 

111 

29 

28 

7 

39 

7.5 

167 

10.7 

1.43 

117 

57 

32 

1510 

4.0 

6200 

4300 

0.13 

0.50 

6749 
0057~ 

20 

4.0 

4 

4 

34 

19 

232 

105 

40 

157 

n.d. 

355 

22 

49 

15 

18 

8 

110 

2.2 

154 

3.4 

1.54 

100 

106 

280 

2370 

2.3 

4400 

3800 

0.23 

0.~6 

131. 

6749 
005aR 

14 

3.5 

n.d. 

5 

17 

17 

242 

96 

. 39 

159 

7 

455 

29 

66 

16 

19 

5 

93 

2.5 

145 

4.7 

1.88 

77 

111 

270 

2190 

3.8 

7000 

4200 

0.17 

0.44 

6749 
0059R 

18 

4.0 

n.d. 

4 

24 

18 

221 

107 

43 

158 

n.d. 

340 

23 

54 

17 

19 

5 

140 

2.1 

152 

3.2 

1.54 

99 

108 

270 

1970 

3.8 

6700 

4000 

0.27 

0.42 

6749 
0060R 

14 

6.0 

n.d. 

5 

47 

23 

325 

10 

44 

81 

8 

33 

15 

40 

40 

21 

7 

34 

33 

.116 

3.3 

C.102 

1150 

430 

98 

950 

3.0 

5400 

3100 

0.14· 

0.45 

6749 
0065R 

7 

2.5 

n.d. 

5 
33 

15 

214 

37 

38 

170 

n.d. 

540 

39 

81 

21 

25 

3 

17 

5.8 

187 

14.6 

2.5 

74 

321 

32 

1910 

8.3 

13000 

4400 

0.04 

0.46 

6749 
0066R 

16 

3.5 

8 

4 

11 

63 

17 

188 

89 

64 

297 

720 

48 

109 

23 

19 

5 

320 

2.1 

171 

8.1 

3.8 

45 

189 

260 

1400 

3.8 

6400 

4300 

0.28 

0.43 



132. .1 
6749 &749 6749 6749 6749 6749 6749 6749 6849 
0093R 0106 01 08 01 09 0110R 0115R O117R 0118R 0023G I 

Si0
2 

67.4 74.3 74.3 71.9 79.1 73.9 54.7 66.7 74.7 

I T i02 0.61 0018 0.3"1 0.27 0.10 0.18 1.05 0066 0.23 

Al
2
0
3 14.83 13.44 14.55 14.01 11.46 13.49 19.17 14.03 12.68 

Fe
2
0
3 1.40 0.48 0.44 0.61 0.21 1.34 2.49 1.53 2.49 I 

FeO 3.00 1.20 0.30 1.75 0.41 0.35 4095 2.15 0.7.0 

MnO 0.11 0.04 0.01 0.10 0.01 0.06 0.13 0.11 0.09 I MgO 0.95 0.20 0.18 0.17 0.12 0.13 3.17 0.69 0.18 

CaO 2.45 0.35 00 32 1.77 0.13 0.97 8.15 2.17 1.07 I Na
2
0 3.85 4.5 4.0 3.3 2.0 4.5 3.25 2.2 4.65 

K20 3.35 4.61 4.65 3.57 6.24 3.20 1.26 5.98 3.27 

I P
2
0
5 0.15 0.01 0.07 0.05 0.01 0.02 0.16 0.14 0.04 

H
2
O 1.65 0.93 1.53 1.89 0.53 1.13 1.80 1.83 0.69 

CO
2 0.95 n.d. 0.9 I 

TOTAL 99.75 100.34 100.66 100.34 100.32 99.27 100.28 99.09 100.29 

I 
q 24.88 28.92 32.52 17.03 42.79 33.80 7.98 20.25 32.94 

or 20.16 27.41 27.71 21.41 36094 19.25 7.56 36.33 19.40 I ab 33.17 Ja.39 34.47 28.59 17.29 38.94 27.91 19.04 39.65 

an 11.31 1.68 1.14 2.49 0.58 4.77 34.52 4.21 4.00 I c 0.82 0.42 2.48 3.83 1.15 0.89 2.51 

di 4.46 0.88 

I hy 60 00 2.09 0.45 2.91 0.,73 00 33 11.42 3,,60 00 04 

mt 2.11 0.72 0.10 00 91 0.31 0.82 30 75 2.31 0.27 

i1 1.18 0.34 00 59 00 52 0.19 0035 2.02 1.29 0.44 I 
ap 0.39 0.02 0.17 0.12 0.02 0.05 0.39 0.37 0.07 

cc 2.19 2.10 I 
hm 00 37 0.80 2031 

01 78.2 94.7 9407 870 0 97.0 9200 43.4 83.6 92.0 I 
CI 10.5 3.6 402 100 5 2.4 30 2 22.0 1202 4.0 

Nan~eta Volcanics I 
67490093R Porphyrlti c rhyodacite 

I 674901 06 Rhyodaci te we lded tuff 
67490108 Porphyritic rhyodacite welded tuff 
67490109 Rhyodacite welded tuff 
67490110R !landed rhyolite I 67490116R Porphyritic rhyodacite welded tuff 
67490117R Hornblende-augite andesite 
67490118R Altered porphyri ti c rhyodacite 

I 68490023G Porphyritic rhyodacite, MG68/23 

I 
l"lt 
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Pb 

Th 
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Mg/Li 

Rb/Sr 

K/Rb 

8a/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

Ca/Y 

K/Pb 

Th/U 

K/U 

Al/Ga 

mg 

k 

6749 6749 
0093R 0106 

30 11 

2.5 3.0 

n.d. 

3 n.d. 

5 

60 37 

16 15 

178 220 

226 68 

47 48 

238 205 

n.d. 

445 590 

31 41 

57 77 

19 30 

18 26 

4 5 

190 110 

0.793.2 

156 174 

1.Y7 8.7 

2.5 2.7 

G2 65 

77 37 

370 52 

1460 1280 

4.5 3.2 

7000 7700 

4900 4800 

0.28 0.17 

0.36 0.40 

6749 
0108 

3 

2.5 

n.d. 

3 

26 

17 

264 

108 

50 

210 

n.d. 

715 

38 

79 

11 

23 

5 

370 

2.4 

146 

6.6 

2.7 

54 

21 

46 

3500 

4.6 

1100 

4500 

0.31 

0.43 

133. 

6749 6749 
01 09 0110R 

15 5 

2.5 1.5 

n.d. n.d. 

2 4 

49 15 . 

18 8 

190 300 

86 52 

55 37 

236 167 

n.d. n.d. 

375 835 

41 24 

83 53 

16 9 

21 27 

2 5 

67 140 

2.2 5.8 

156 173 

4.4 16.1 

1.97 2.8 

79 62 

147 17.3 

230 24 

1850 5800 

10.5 5.4 

15000 10000 

4100 7600 

0.11 0.26 

0.41 0.67 

6749 6749 6749 
0116R 0117R 0118R 

8 36 24 

3.0 2.0 4.5 

n.d. 40 7 

n.d. 13 3 

3 28 7 

28 75 69 

14 18 17 

159 47 369 

132 440 257 

31 26 81 

174 122 164 

n.d. n.d. 

545 375 1270 

36 20 45 

70 28 73 

21 16 14 

28 5 18 

6 n.d. 5 

98 530 180 

1.20 0.107 1.44 

167 223 134 

4.1 0.85 4.9 

3.4 8.0 3.4 

49 28 39 

52 132 . 60 

220 2200 190 

1260 660 3500 

4.7 3.6 

4400 9900 

5100 5600 4400 

0.13 0.43 0.25 

0.32 0.20 0.64 

6849 
00236 

2 

2.0 

n.d. 

48 

14 

141 

105 

46 

212 

n.d. 

445 

38 

85 

17 

20 

2 

550 

1.34 

192 

4.2 

3.2 

61 

73 

165 

1590 

10 

14000 

4800 

0.11 

0.32 



13~. I 
6849 6859 6859 6749 6749 6749 6749 6749 I 00246 0062 0063 0048R1 OQ48R2 0049R 0050R 0051R 

Si02 70.5 71.9 76.3 74.4 75.1 76.0 75.8 74.3 I TiO
Z 0.26 0.29 0.11 0.15 0.12 0.07 0.07 0.14 

Al 203 14.42 13.04 11.87 13.29 13.02 12.92 12.90 13.18 I F e
2
0
3 

2.82 2.72 0.16 0.38 0.73 0.23 0.72 0.53 

FeO 0.15 n.d. 0.85 1.23 0.63 0.82 0.67 1.12 

I lilnO 0.11 0.35 0.04 0.04 0.03 0.02 0.02 0.04 

I1g0 0.18 0.15 0.12 0.16 0.11 0.05 0.00 0.21 

CaO 1.35 . 0.04 0.56 1.09 0.S4 0.53 0.38 0.91 I 
Ha

2
0 4.9 0.18 3.4 3.95 4.1 3.5 3.8 3.3 

K
2
0 3.83 9.07 4.73 4.25 4.54 4.67 5.03 4.64 I P

2
0
5 0.03 0.06 0.01 0.05 0.02 0.01 0.01 0.04 

H
2
O 1.13 1.27 0.68 0.90 1.01 0.80 0.91 1.17 I CO
2 0.3 

TOTAL 99.68 99.08 99.13 99.89 100.05 99.72 100.31 99.58 I 
q 24.52 36.80 37.96 32.20 32.56 36.21 33.28 35.07 I or 22.96 54.80 28.39 25.36 27.08 27.90 29.87 27.84 

ab 42.39 1. 56 29.12 33.82 35.01 29.94 32.81 26.43 I an 5.93 0.00 0.83 5.13 3.07 3.09 1.83 4.32 

c 3.07 0.89 0.32 0.25 1.00 0.44 1.17 

I di 0.52 

hy 0.21 0.38 1.64 2.17 0.69 1.34 0.56 2.01 

Dt 0.06 0.34 0.25 0.59 1.07 0.35 1.05 0.80 I 
il O.S2 0.56 0.21 0.29 0.23 0.13 0.13 0.27 

ap 0.07 0.15 0.02 0.12 0.05 0.02 0.02 0.10 I cc 0.69 

hm 2.82 2.55 I 
01 89.9 93.2 95.5 91.4 94.6 94.1 96.0 91.3 

CI 4.2 7.1 3.7 3.5 2.3 2.8 2.2 4.4 I 
Nan~eta Volcanics 

I 684900246 Porphyriti c Rhyodacite, 1,1G68/24 
38590062 Lithic-vitric tuff, E55/5/18 
68590063 !:ccrysta 11 i z ed rhyo li te we 1 ded tuff, E55/5/19 

Walsh Bluff Volcanics I 67490048R1 Porphyritic rhyodacite 
G74900'IBR2 Porphyritic rhyodaci te 

I G7'1900'19R Porphyri ti c rhyodaci te WB ldod tuff 
674900501{ Ilhyodacite 
67490051R Rhyodaci te 

I 
l1<C 
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I 
I 
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c •• : ;"1 

Li 

Be 

F 

Cr 

Co 

Ni 

Cu 

Zn 

Ga 

Rb 

Sr 
y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Til 

U 

Mg/LI 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

ea/y 

K/Pb 

Th/U 

K/U 

~l/Ga 

mg 

k 

6849 
0024G 

2 

2.0 

n.d. 

2 

50 

17 

162 

110 

64 

238 

n.d. 

510 

42 

86 

21 

23 

4 

550 

1.47 

196 

4.6 

3.2 

62 

88 

150 

1510 

5.8 

8000 

4500 

0.10 

0.34 

6859 
0062 

5 

1.5 

5 

7 

73 

1390 

16 

619 

74 

42 

174 

n.d. 

1060 

34 

80 

1390 

22 

4 

180 

B.4 

122 

14.3 

1.71 

71 

3.9 

7 

54 

5.5 

19000 

4300 

0.09 

0.97 

6859 
0063 

15 

2.5 

n.d. 

n.d. 

5 

43 

10 

202 

76 

38 

155 

570 

35 

69 

25 

25 

4 

48 

2.7 

195 

7.5 

2.8 

69 

53 

105 

1570 

6.3 

9800 

6300 

0.17 

0.48 

135. 

6749 5749 
0048R1 0048R2 

30 24 

3.5 4.0 

n.d. n.d. 

8 8 

41 38 

15 16 

202 232 

76 67 

41 51 

179 136 

n.d. n.d. 

540 515 

33 40 

68 65 

26 25 

18 21 

3 3 

32 28 

2.7 3.5 

175 16.3 

7.1 7.7 

2.7 2.2 

65 73 

103 69 

190 90 

1360 1510 

6.0 7.0 

12000 13000 

4700 4300 

0.15 0.13 

0.41 0.42 

6749 
0049R 

23 

5.5 

n.d. 

7 

65 

25 

329 

9 

77 

100 

6 

34 

12 

38 

40 

21 

. 9 

13 

3.7 

118 

3.8 

0.103 

1150 

500 

58 

970 

2.3 

4300 

2700 

0.06 

0.47 

6749 
0050R 

17 

3.5 

n.d. 

18 

28 

18 

250 

24 

52 

126 

6 

220 

30 

61 

19 

19 

5 

10.4 

167 

9.2 

0.88 

190 

113 

52 

2200 

3.8 

8300 

3800 

0.00 

0.46 

ti749 
0051 R 

18 

3.5 

n.d. 

14 

29 

15 

231 

82 

44 

171 

18 

570 

36 

74 

19 

22 

2 

72 

2.8 

157 

7.0 

2.5 

68 

79 

150 

2030 

11 

19000 

4700 

0.19 

0.48 



136. I 
6749 6749 6749 6749 6749 6749 6749 6849 6849 

I 0015R 0016R 0017R 0018R 001 OR1 001 9 0024R 0004G 0007G 

Si02 62.8 71.5 72.0 60.7 69.0 70.5 80.2 76.8 73.9 I Ji0
2 0.50 0.23 0.23 1.46 0.47 0.33 0.09 0.09 0.14 

Al
2
03 16.41 14.04 13.64 15.36 14.20 13.71 9.83 11.96 12.78 

I FeZO] 3.14 2.51 2.40 3.48 1.51 1.66 0.53 0.56 o. ~i5 
1 eO 0.40 0.71 0.75 3.85 2.30 1.83 0.30 0.86 1.27 

iii nO 0.09 0.05 0.05 0.12 0.08 0.07 0.01 0.03 0.04 I 
tJigO 1.93 . 0.11 0.13 1.74 0.60 0.27 0.06 0.01 0.10 

CaO 3.58 0.57 0.79 2.58 1.73 1.81 0".10 0.59 1.19 I Na
2
0 3.25 3.8 3.7 4.1 3.7 3.75 1.2 3.7 4.25 

K
2
0 3.13 4.50 4.45 2.41 3.70 3.75 6.77 4.94 30 87 I P205 0.11 0.03 0.03 0.24 0.14· 0.06 0.02 0.00 0.01 

H
2
O 4.20 1.40 1.46 3.07 1.65 1.40 0.84 0.59 1.20 

I CO
2 0.7 

TOTAL 99.54 99.55 99.63 99.11 99.08 99.14 99.95 100.13 100.08 

I 
q 22.86 31.38 32.31 20.07 28.65 30.29 47.50 35.00 33.25 

or 19.39 27.09 26.79 14.82 22.43 22.66 40.35 29.29 23.25 I 
ab 28.73 32.58 31.80 36.09 32.23 32.35 10.24 31.66 36.27 

an 17.87 3.19 3.79 11.76 7.87 8.78 0.37 1.31 1.43 I 
c 1.52 1.84 1.42 1.95 1.30 0.36 0.40 1.09 

di 1.44 I hy 5.04 0.28 0.33 6.56 3.92 2.28 0.15 0.27 1.98 

mt 0.14 1.82 1.98 5.31 2.29 2.49 0.75 0.84 0.84 

I i I 1.00 0.45 0.45 2.89 0.92 0.64 0.17 0.17 0.27 

ap 0.27 0.07 0.07 0.57 0.34 0.15 0.05 0.00 0.02 

cc 1.61 I 
hm 3.20 1 .31 1.07 0.02 

01 71.0 91.1 90.9 71.0 83.4 85.3 98.1 96.0 92.8 I 
CI 11.2 5.8 5.3 17.3 8.8 5.9 1.5 2.7 5.8 

I 
. Glen Gordon Volcanics 

57490015R Porphyri ti c daci te I 67490016R Rhyodacite incipiently welded tuff 
67490017R Rhyodacite tuff 
67490018R Dad te I 67490018R1 Rhyodaci te 
67490019 Rhyodacite 
67490024R Rhyolite welded tuff 

I 684!l004G Porphyritic rhyodacite, MG68/4 
68490007G Porphyritic rhyodacite welded tuff, MG68/7 

I 
l~~ 
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6749 
0015R 

Li 48 

Be 2.5 

F 

Cr 15 

Co 

fH 11 

Cu 6 

Zn 62 

Ga 17 

Rb 135 

Sr 317 

Y 24 

Zr 158 

Sn 

Sa 440 

La 20 

Ce 41 

Pb 16 

Th 7 

U 2 

Mg/L i 220 

Rb/Sr 0.43 

K/Rb 193 

Ba/Sr 1.39 

Ba/Rb 3.3 

K/Ba 59 

Ca/Sr 81 

Ca/Y 1050 

K/Pb 1630 

Th/U 3.5 

K/U 13000 

A 1 /Ga 5100 

mg 0.51 

k 0.39 

6749 6749 
0016R 0017R 

12 . 6 

3.0 J.O 

n.d. n.d. 

18 10 

66 66 

20 19 

221 229 

87 94 

63 62 

380 376 

n.d. n.d. 

590 585 

45 46 

87 96 

24 27 

22 25 

n.d. 2 

55 130 

2.5 2.4 

169 161 

6.8 6.2 

2.7 2.6 

63 63 

55 60 

76 90 

1550 1370 

12.5 

18000 

3700 3800 

0.06 0.07 

0.44 0.44 

137. 

6749 6749 6749 6749 6849 6849 
0016R 0016R1 0019 0024R 0004G 0007G 

24 34 23 16 15 17 

2.0 3.5 3.5 2.0 4.0 20 0 

n.d. n.d. 

3 n.d. n.d. n.d. n.d. n.d. 

22 11 10 5 6 7 

80 62 64 37 68 59 

19 16 17 9 18 15 

138 209 210 268 250 176 

268 157 133 20 25 37 

41 50 60 33 66 54 

257 302 385 135 192 246 

n.d. n.d. n.d. 6 

365 425 450 360 420 800 

33 31 36 45 67 62 

58 58 91 68 108 97 

14 24 26 21 33 23 

10 17 22 22 29 23 

n.d. 4 4 3 5 4 

440 110 70 23 4 35 

0.52 1.33 1.58 13 10.0 4.8 

145 147 148 210 164 182 

1.36 2.7 3.4 19 16.8 22 

2.6 2.0 2.1 1.42 1.68 4.5 

55 72 69 148 98 40 

69 79 97 36 168 230 

450 250 220 21 64 155 

1430 1280 1200 2680 1240 1400 

4.3 5.5 7.3 5.8 50 8 

7700 7800 19000 8200 BOOO 

4300 4700 4300 5800 3500 4500 

0.30 0.22 0.12 0.12. 0.01 00 09 

0.26 0.40 0.40 0.79 0.47 0.38 



138. I 
6849 . 6849 6849 6849 6849 6849 6849 6849 6849 
0008G 00000 00106 0011G 0012G 00136 0018G 001 !}J 00200 I 

Si0
2 

65.0 56.5 78.0 75.0 75.5 76.4 77.0 76.9 77 .3 

I Ti0
2 0.77 1.25 . 0.07 0.13 0.13 0.08 0.06 0.06 0.06 

Al
2
0
3 13.99 17.10 11.74 12.49 12.64 12.32 12.18 12.34 12.14 

Fe
2
0
3 

2.27 2.34 0.58 0.46 0.40 0.32 . 0.32 0.24 0.33 I 
I eO 4.2~ 1,.50 0.52 1.31 1.01 0.B6 0.71 0.82 0.71 

;,:nO 0.14 0.13 0.03 0.04 0.03 0.37 0.05 0.05 0.03 I 
tllgO 0.79 3.03 0.00 0.06 0.12 0.06 0.05 0.05 0.02 

CaD 2.1'0 6.0J 0.31 0.76 0.49 0.29 0.45 0.48 0.',4 I lIa
2
0 3.9 3.45 3.45 3.5 3.3 3.0 3.15 3.9 3.25 

K 0 2.39 1.81 5.01 4.80 5.36 5.43 4.87 4.52 5.06 I 2 
P
2
0
5 

0.23 0.19 0.00 0.02. 0.02 0.01 0.00 0.00 0.00 

H
2
O 2.25 2.93 0.83 0.73 0.81 1.08 0.72 0.61 0.58 

I CO
2 

TOTAL 98.44 99~28 100.54 99.30' 99.81 99.89 99.56 99.97 99.92 

I 
q 26.08 11.52 38~09 34.10 34.42 37.46 3~.95· 35.46 . 37.76 

or 14.67 11.09· 29 .. 69 28.75 31.99 32.46 29.10 26.88 30.08 I . 
ab 34.36. 30.43 29.18 30.26 28.11 25.59 27.03 33.20 27.83 

an 11.12 26.69 1.54 '3.69 2.32 1.39 2.26 2.40 2.20 I c 1.09 0.09 0.16 0.59 1.04 0.90 0.16 0.49 

di 2.55 I hy 7.11 11.21 0.41 2.05 1.67 1.41 1.16. 1.43 1.04 

mt 3.50 3.59 0.86 0.69 0.60 0.48 0.48 0.36 0.50 

I i I 1.52 2.46 0.13 0.25 0.25 0.15 0.12 0.11 0.11 

ap 0.57 0.47 0.00 0.05 0.05 0.02 0.00 0.00 0.00 

, I 01 75.11 53.0 97.0 93.1 94.5 95.5 95.1 95.5 95~ 7 

CI 13.8 20.3 1.5 4.7 3.2 3.1 2.7 2.1 2.1 I Glen. Gordon Volcanics 
68490008G Volcanic breccia, MG68/B. 
684900096 Aligi te andesi te, ti!G68/9. I ·6849001 00 Porphyriti c rhyolite, trIl68/10. 
68490011G Rhyodacite ,:e lded tuff, fI1l68/11. 
684900126 flhyo lite we lded tuff, t:G68/12. 

I 684900136 Rhyodacite, f1G68/13. 
68490018G :'orflhyritic rhyolite welded tuff, 14668/18. 
584900196 Porphyri ti c rhyo lite welded tuff, m68/19. 

I 684900200 Porphyriti c rhyo lite IVe lded tuff, 1:'668/20. 

I 
I 

. \c\:o 
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li 

Be 

F 

Cr 

Co 

Ni 

Cu 

In 

Ga 

Rb 

Sr 
y 

Zr 

Sn 

Ba 

La 

Ce 

Pb 

Th 

U 

Mg/li 

Rb/Sr 

K/Rb 

Ba/Sr 

Ba/Rb 

K/Ba 

Ca/Sr 

ea/y 

K/Pb 

Th/U 

K/U 

fi.l/Ga 

mg 

k 

6849 
00086 

31 

3.0 

n.d. 

8 

97 

19 

96 

126 

58 

639 

n.d. 

555 

48 

75 

17 

19 

3 

160 

0.76 

203 

4.4 

5.8 

36 

140 

300 

1160 

6.3 

6600 

3900 

0.18 

0.29 

139. 

6849 6849 6849 6849 
0009G 00106 0011 G 00126 

61 10 16 10 

2.0 3.5 3.5 4.0 

7 n.~. n.d. n.d. 

20 12 7 14 

77 66 68 56 

19 14 18 17 

82 249 216 236 

351 36 39 40 

31 72 58 54 

197 110 207 199 

n.d. 5 n.d. 4 

285 84 810 910 

34 36 56 56 

31 50 115 116 

9 30 37 26 

8 32 27 23 

2 9 6 4 

300 23 72 

0.23 6.9 5.5 5.9 

183 167 184 189 

0.81 2.3 21 23 

3.5 0.34 3.8 3.9 

53 500 49 49 

123 61 138 88 

1400 31 145 65 

1670 1390 1080 1710 

4.0 3.6 4.5 5.8 

7500 4600 6600 11000 

4800 4400 3700 3900 

0.44 0.00 0.06 0.13 

0.26 0.49 0.47 0.52 

6849 6849 6849 6849 
0013G 00186 00196 00~06 

20 4 3 3 

4.0 1.5 1.5 2.0 

.. 

3 n.d. n.d. 3 

13 2 2 2 

93 33 30 41 

22 14 15 14 

396 206 192 228 

11 28 28 29 

84 55 61 . 55 

125 100 106 98 

5 5 5 n.d o 

62 750 730 845 

43 31 43 28 

76 62 63 64 

44 34 28 35 

38 23 22 22 

7 4 4 2 

18 75 100 40 

36 7.4 6.9 7.9 

114 196 195 184 

5.6 27 26 29 

0.157 3.6 3.8 30 7 

730 54 . 51 50 

191 114 121 107 

25 . 58 56 56 

1030 1190 1340 1200. 

5.4 5.8 5.5 11 

6400 10000 9400 21000 

3000 4600 4400 4600 

0.08 0.08 0.08 0.03 
' .... 

0.54 0.50 0.43 0.50 

(9- ( 





",.. 

I 1410 

I 6849 6849 6859 6859 6859 
0020G2 oo20G3 0061 0027 0051 

I li 4 4 3 10 19 

Be 2.0 2.0 1.5 3.0 205 

I F 

Cr n.d. 

I 
Co n.d. 24 

Ni n.d. 3 n.d. 44 n.d. 

Cu 2 3 9 3 

I Zn 32 35 48 98 23 

Ga 16 15 15 15 13 

I Rb 203 201 100 286 245 

Sr 32 29 62 48 82 

I Y 54 56 43 32 36 

lr 98 98 233 388 111 

I 
Sn n.d. 6 n.d. n.do 

Ba 775 745 660 2235 325 

La 35 36 27 56 35 

I Ce .59 53 75 106 72 

Pb 41 37 22 7 21 

I Th 22 20 19 10 39 

U 3 5 4 n.d. 4 

I Mg/Lt 90 60 60 1900 140 

Rb/Sr 6.3 6.9 1.61 6.0 3.0 

I 
K/Rb 194 206 195 264 151 

Ba/Sr 24 26 10.6 47 4.0 

I 
Ra/Rb 3.8 3.7 6.6 7.8 1.33 

K/Ba 51 56 30 34 114 

Ca/Sr 138 100 115 156 117 

I Ca/Y 81 52 16 230 270 

K/Pb 960 1120 890 10800 1760 

I Th/U 7.3 4.0 4.8 9.8 

K/U 13000 8300 4900 9200 

I 
AI/Ga 4100 4200 4,500 4600 5400 

mg 0.09 0.05 0.03 0.43 0.35 

I 
k 0.46 0.53 0.22 0.96 0044 

I 
I 

\ lot J 



14,20 r 
7057 7051 7057 7057 7057 6859 
1016 1041 1042 1219 1234- 0035 I ---- "--' ...... "----.-~ '-"- ---_ .. _-

SI02 59.5 5909 63.8 . 7405 7601 71 .. 6 

I 1102 1.99 1.61 1008 00 18 001Mr 00 34-

A1 203 13 .. 42 12.88 120 61 12049 12044 U .. 92 

re203 3.47 2,,59 1018 1026 0073 00 08 I 
reO 7.65 7 .. 30 60 05 0.30 0030 2.30 

1n0 0.18 0 .. 16 0,,12 000~ 00 06 00 05 .1 
IgO 1.71 1 .. 54 . 0.,90 00 00 0,,03 0.57 

Cao 5 .. 23 5..02 3.48 00 79. 00 72 2 .. 51 I Na20 2.65 2.25 2.15 . 2 .. 5 3.4 2075 
-. 

KzO 2." 2.90 3.75 5,,75 4-.. 77 3.97 

I P205 0.68 0.57 0.34- 0.04- 0.01 0.08 

~o 1.77 2.20 2.60 1.86 0.6tl 0.14 

I CO2 0.15 1.6 0.15 

TOTAL 100.90 98.92 99.66 99.68 99.26 99.06 'I 
.. 

q 20.11 22.13 30.52 37.JJ 37.04 33.79 
.- I or 14.54 17.70 22.82 34.75 28.58 23.85 

ab 22.95 19.48 18.65 21.46 29.17 23.56 

aD 17.49 17.12 5.08 3.74 3.56 11.16 I 
c 3.32 0.87 ci.41 1.11 

dl 2.74 4.05 I . 
by 11.36 11.00 11.09 0.08 5,,17 

It 5.01 4.00 1.85 00 49 ' 1 .. 06 0 .. 16 . 

I 11 3.81 3.16 2.11 00 35 00 08 00 66 
- -. 

ap 1.63 1.40 0.83 0,,10 0.02 0.19 

cc 0.34- 3.15 00 35 I 
hi 00 95 0.,01 

DI 57.6 59.3 72.0 930 5 940 8 81.2 
I 

CI 25.0 23.6 23 .. 0 20 8 107 7.6 I 
Rm! I 70571016 Auglte.hornbl81de IAdeslt. 
70571041 Auglte.quartz aadeslte 
70571042 . RhyodacIte I 70571219 RhyodacIte 
70571234 PorphyrItic rhyolIte 
68590035 PorphyrItic rhYodacltlp E55/1/8 

I 
I 

\~ 



~ 
1430 

I 7057 7057 7057 7057 7057 6859 
1016 1041 1042 1219 1234 0035 

I Li 30 27 61 10 5 23 

I 
Be 3.0 3.5 3.5 3.0 5.0 200 

F 

Cr J 3 56 4 n.d. 

I Co 5 

Ni n.d. n.d. n.d. n.d. n.d. 3 

I Cu 27 19 15 8 3 7 

Zn 106 94 82 71 60 47 

I Ga 18 21 19 15 18 15 

Rb 194 146 197 210 413 151 

I 
Sr 166 163 141 96 20 138 

Y 59 59 57 48 77 39 

Zr 379 394 393 213 94 189 . 

'1 Sn 5 9 . nod. 

Ba 375 400 480 510 35 670 

I La 37 38 41 67 18 34 

Ce 65 65 74 125 43 68 

I 
Pb 18 22 23 27 57 26 

Th 16 17 21 32 45 22 

U 2 2 5 3 11 2 

I Mg/Li 360 340 89 36 150 

Rb/Sr 1.17 0.90 1.40 2.2 21 1.09 

I K/Rb 105 165 158 227 96 218 

Ba/Sr 2.3 2.5 3.4 5.3 1.8 4.9 

I Ba/Rb 1.93 2.7 2.4 2.4 0.085 4.4 

K/Ba 54 60 65 94 1150 49 

I Ca/Sr 225 220 177 58 260 130 

Ca/Y 630 610 440 115 66 460 

I 
K/Pb 1130 1100 1350 1770 690 1270 

Th/U 8 8.5 4.2 11 4.1 11 

K/U 10000 12000 6200 16000 3600 16000 

I Al/Ga 4000 3300 3500 4400 3700 4900 

mg 0.22 0.22 0.18 0.00 0.05 0.29 

I k 0.37 0.46 0.54 0.60 0.48 0.49 

I ,Ii' 

I 
,I' 

''f~ j 
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