
IDO/77.3.2 

FINAL: VOLUME 77-14 

GEOCHEMISTRY OF SOLID MATERIALS FROM TWO U.S. GEOTHERMAL SYSTEMS 

AND ITS APPLICATION TO EXPLORATION 

Robert W. Bamford 

July 1978 

Work performed under Contract No. EY-76-S-07-1601 



NOTICE 

This report was prepared to document work sponsored by the United States 

Government. Neither the United States nor its agent, the United States 

Department of Energy, nor any Federal employees, nor any of their contractors, 

subcontractors or their employees, makes any warranty, express or implied, or 

assumes any legal liability or responsibility for the accuracy, completeness, 

or usefulness of any information, apparatus, product or process disclosed, or 

represents that its use would not infringe privately owned rights. 

NOTICE 

Reference to a company or product name does not imply approval or 

recommendation of the product by the University of Utah Research Institute or 

the U.S. Department of Energy to the exclusion of others that may be suitable. 



IDO/77.3.2 

GEOCHEMISTRY OF S0LID MATERIALS 

FROM TWO U.S. GEOTHERMAL SYSTEMS 

AND ITS APPLICATION TO EXPLORATION 

by 

Robert W. Bamford 

July 1978 



CONTENTS 

Page 

ABSTRACT 1 

INTRODUCTION 4 

METHODS 6 

Sample Preparation 6 

Chemical Analyses 7 

Mineralogical Studies 8 

Data Presentation and Interpretation 9 

DETERMINATION OF OPTIMUM SOLID SAMPLE TYPE 11 

TRACE ELEMENT DISTRIBUTIONS IN GEOTHERMAL WELLS 13 

Hot Water System 13 

Plus 3.3 HL Sample Results 14 

Whole Rock Sample Results 14 

Magnetic and +3.3 -3.3 HL Sample Results 15 

Opaque Mineral Distributions 16 

Summary 16 

Vapor Dominated System 17 

Plus 3.3 HL Sample Results 18 

Whole Rock Sample Results 19 

Magnetic and +3.3 -3.3 HL Sample Results 20 

Opaque Mineral Distributions 21 

Summary 21 

Discussion 22 

Similarity of Results for Hot Water and Vapor Dominated 

Systems 22 



Comparison with Results of Other Studies 22 

NEAR-SURFACE TRACE ELEMENT DISTRIBUTIONS 24 

Plus 3.3 HL Sample Results 24 

Whole Rock Sample Results 25 

Opaque Mineral Distributions 26 

Summary 26 

POTENTIAL APPLICATIONS OF GEOCHEMICAL RESULTS 27 

Location of Steam or Hot Water Entries 27 

Definition of Drilling Targets 27 

Prediction of Approach to Steam or Hot Water Entries 28 

ADDITIONAL WORK UNDERWAY OR SCHEDULED IN FY 1978 30 

Expansion of Data Base 30 

Mineralogic Study of +3.3 HL Samples 30 

ACKNOWLEDGEMENTS 32 

REFERENCES 33 



TABLES 

Table Page 

1 Element Concentration Ratios for H.L. and 

Magnetic Fractions Vs. Whole Rock Samples, 

Roosevelt Hot Springs DH TP 14-2 34 

2 Element Concentratibn Ratios for H.L. and 

Magnetic Fractions Vs. Whole Rock Samples, 

Roosevelt Hot Springs DH TP 72-16 . . . . . . . . . . 35 

3 Element Concentration Ratios for H..L. and 

Magnetic Fractions Vs. Whole Rock Sampl.es,-

Geysers DH 1 . . . . . . . . . . . , 36 

4 Element Concentration Ratios for H.L. and 

Magnetic Fractions Vs. Whole Rock Samples, 

Geysers DH IR . . . . . . . . . . . . . . . . . . . 37 

http://Sampl.es


ILLUSTRATIONS 

Figure Page 

1/14-2 Generalized geology and selected 
geophysical logs, DH 14-2 38* 

2/14-2 % s u l f i d e , % magnetics, % b i o t i t e , 
% +3.3 H.L. concentrate and 
% +3.0 -3.3 H.L. concentrate in rock, DH 14-2 . 39 

3/14-2 Cu, Mo, Pb, Zn, and Ag in 
+3.3 H.L. concentrate, DH 14-2 40 

4/14-2 Mn, Co, N i , Fe, and As in 
+3.3 H.L. concentrate, DH 14-2 41 

5/14-2 Bi, Te, In, Sn and W in 
+3.3 H.L. concentrate, DH 14-2 42 

6/14-2 Cu, Mo, Pb, Zn, and Ag in 
whole rock sample, DH 14-2 43 

7/14-2 Mn, Co, N i , Fe, and As in 
whole rock sample, DH 14-2 44 

8/14-2 B i , Te, I n , Sn, and W in 
whole rock sample, DH 14-2 45 

9/14-2 Cu, Mo, Pb, Zn, and Ag in 
+3.0 -3.3 HL Concentrate, DH 14-2 46 

10/14-2 Mn, Co, Ni, Fe, and As in 
+3.0 -3.3 H.L. concentrate, DH 14-2 47 

11/14-2 Bi, Te, In, Sn, and W in 
+3.0 -3.3 H.L. concentrate, DH 14-2 48 

12/14-2 Cu, Mo, Pb, Zn, and Ag in 
magnetic fraction, DH 14-2 49 

13/14-2 Mn, Co, N i , Fe, and As in 
magnetic f r a c t i o n , DH 14-2 50 

14/14-2 B i , Te, I n , Sn, and W in 
magnetic f r a c t i o n , DH 14-2 51 

* Transparent overlay in pocket also. 



Figure_ Page 

1/72-16 Generalized geology and 
temperature l og , DH 72-16 . 52* 

2/72-16 % Su l f ide , % Magnetics, %, B i o t i t e , 
%3.3 H.L. concentrate, and 
% 3.0 -3.3 H.L. coriceritrate in rock DH 72-16 . . 53 

3/72-16 Cu, Mo, Pb, Zn, and Ag in 
+3.3 H.L, concentrate. OH 72-16 . . . . . . . . . 54 

4/72-16 Mn, Co, N i , Fe, and As in 
+3.3 H.L. concentrate, DH 72-16 . . . . . . . . 55 

5/72-16 B i , Te, I n , Sn, and W in 
+3.3 H.L. coricentrate, DH 72-16' . . . . . . . . 56 

6/72-16 Cu, Mo, Pb, Zn, and Ag in 
whole rock sample, DH 72-16 57 

7/72-16 Mn, Co, N i , Fe, and As i n 
whole rock sample, DH 72-16 . . . . . . . . . . 58 

8/72-16 B i , Te, I n , Sn, and W in 
whole rock sample, DH 72-16 . . ^ . . . . . . . 59 

9/72-16 Cu, Mo, Pb, Zn, and Ag in 
+3.3 -3.3 H.L. concentrate, DH 72-16 . . . . . 60 

10/72-16 Mn, Co, N i , Fe, and As in 
+3.0 -3.3 H.L. concentrate, DH 72-16 . . . . . 61 

11/72-16 Bi, Te, In, Sn, and W In 
+3.0 -3,.3 H.L. concentrate., DH 72-16 . . . . . 62 

12/72-16 Cu, Mo, Pb., Zn, and Ag in 
magnetic f r a c t i o n , DH 72-16 63 

13/72-16 Mn„ Co, N i , Fe, and As in 
magnetic f rac t ion^ DH 72-16 . . . . . . . . . . 64 

14/72-16 Bi,^ Te, I n , Sn, and W in 
magnetic f r a c t i o n , DH 72-16 . 65 

1/G-i Generalized geology and steaiii 
entry ranking, DH G-1 66* 

• Transparent overlay in pocket also. 



Fi gure Page 

2/G-l % su l f i de , % magnetics, % hematite, 
% +3.3 H.L. concentrate, and % +3.0 -3.3 
H.L. concentrate in rock, DH G-1 67 

3/G-l Cu, Mo, Pb, Zn, and Ag in 
+3.3 H.L. concentrate, DH G-1 68 

4/G-l Mn, Co, Ni, and Fe in 
+3.3 H.L. concentrate, DH G-1 69 

5/G-l As, Sb, and Bi in 
+3.3 H.L. concentrate, DH G-1 70 

6/G-l Sn, W, B, and In in 
+3.3 H.L. concentrate, DH G-1 71 

7/G-l Cu, Mo, Pb, Zn, and Ag in 
whole rock sample, DH G-1 72 

8/G-l Mn, Co, N i , and Fe in 
whole rock sample, DH G-1 73 

9/G-l As, Sb, and Bi in 
whole rock sample, DH G-1 74 

10/G-l Sn, W, B, and In in 
whole rock sample, DH G-1 75 

11/G-l Cu, Mo, Pb, Zn, and Ag in 
+3.0 -3.3 H.L. concentrate, DH G-1 76 

12/G-l Mn, Co, Ni, and Fe in 
+3.0 -3.3 H.L. concentrate, DH G-1 77 

13/6-1 As, Sb, and Bi in 
+3.0 -3.3 H.L. concentrate, DH G-1 78 

14/G-l Sn, W, B, and In in 
+3.0 -3.3 H.L. concentrate, DH G-1 79 

15/G-l Cu, Mo, Pb, Zn, and Ag in 
magnetic f r a c t i o n , DH G-1 80 

16/G-l Mn, Co, N i , and Fe in 
magnetic f r a c t i o n , DH G-1 81 

17/G-l As and Sb in 
magnetic f r a c t i o n , DH G-1 82 



Fi gure Page 

1/G-lR Generalized geology and steam 
entry ranking, DH G-IR 83 * 

2/G-lR % su l f i de , % magnetics, % hematite 
% +3.3 H.L. concentrate, and % +3.0 -3.3 
H.L. concentrate in rock, DH G-IR . 84 

3/G-lR Cu, Mo, Pb, Zn, and Ag in 
+3.3 H.L. concentrate, DH G-IR 85 

4/G-lR Mn, Co, N i , and Fe in 
+3.3 H.L. concentrate, DH G-IR 86 

5/G-lR As, Sb, and Bi in 
+3.3 H.L. concentrate, DH G-IR 87 

6/G-lR Sn, W, B, and In in 
+3.3 H.L. concentrate, DH G-IR 88 

7/G-lR Cu, Mo, Pb, Zn, and Ag in 
whole rock sample, DH G-IR 89 

8/G-lR Mn, Co, N i , and Fe in 
whole rock sample, DH G-IR 90 

9/G-lR As, Sb, and Bi i n 
whole rock sample, DH G-IR 91 

10/G-lR • Sn, W, B, and In in 
whole rock sample, DH G-IR 92 

11/G-lR Cu, Mo, Pb, Zn, and Ag in 
+3.0 -3.3 H.L. concentrate, DH G-IR 93 

12/G-lR Mn, Co, N i , and Fe in 
+3.0 -3.3 H.L. concentrate, DH G-IR 94 

13/G-lR As, Sb, and Bi in 
+3.0 -3.3 H.L. concentrate, DH G-IR 95 

14/G-lR Sn, W, B, and In in 
+3.0 -3.3 H.L. concentrate, DH G-IR 96 

15/G-lR Cu, Mo, Pb, Zn, and Ag in 
magnetic fraction, DH G-IR 97 

16/G-lR Mn, Co, Ni and Fe in 
magnetic fraction, DH G-IR 98 

17/G-lR As and Sb in 
magnetic fraction, DH G-IR 99 

* Transparent overlay in pocket also 



Fi gure 

i/PLAN 

2 (0-100 FT)/PLAN 

2 (100-200 FT)/PLAN 

2 (-200-300 FT)/PLAN 

3 { 0 - 1 0 0 F T ) / P L A N 

3 (100-200 FT)/PLAN 

3 (200-300 FT)/PLAN 

4 (0-100 FT)/PLAN 

4 (100-200 FT)/PLAN 

4 (200-300 FT)/PLAN 

5 (0-100 FT)/PLAN 

5 (100-200 FT)/PLAN 

5 (200-300 FT)/PLAN 

6 (0-100 FT)7PLAN 

6 (100-200 FT)/PLAN 

Page 

Generalized geology, Roosevelt 
Hot Springs KGRA and v i c i n i t y , 
Beaver and M i l l a r d Counties, Utah 
(wi th overlay showing d r i l l hole locat ions) . 

Cu in +3.3 H.L. coricentrate 
less magnetics, 0-100 F t ; sample depth . . . 

Cu in +3.3 H.L. concentrate 
less magnetics, 100-200 F t . sample depth . . 

Cu in +3.3 H.L. concentrate 
less magrietics, 200-300 F t . sample depth i . 

Mo in +3,3 H.L, concentrate 
less magnetics, 0-100 Ft. sample depth . . . 

Mb in +3.3 H.L. concentrate 
less magnetics, 100-200 Ft. sample depth . . 

Mo in +3.3 H.L. concentrate 
less magnetics, 200-300 Ft. sample depth . . 

Pb in +3.3 H.L. concentrate 
less magnetics, 0-100 f t . sample depth . . . 

Pb in +3.3 H.L.. concentrate 
less magnetics, 100-200 F t . sample, depth . . 

Pb in +3.3 H.L. concentrate 
less magnetics, .200-300 Ft. sample depth . , 

Zn in +3.3 H.L. concentrate 
less magnetics J 0-100 Ft. sample depth . . . 

Zn in +3.3 H.L. concentrate 
less ma.gnetics, 100-200 Ft, sample depth , . 

Zn :in +3.3 H.L. concentrate 
less magnetics, 200-300 Ft. sample depth : . 

Ag in +3.3 H.L. concentrate 
less magnetics, 0-100 Ft. sample depth . . . 

Ag in +3.3 H.L. concentrate 
less magnetics, 100-200 Ft. sample depth . . 

, 100 

, 101 

. 102 

. 103 

. 104 

. 105 

. 106 

. 107 

. 108 

. 109 

. 110 

. Ill 

. 112 

. 113 

. 114 



Fi gure 

6 (200-300 FT)/PLAN 

7 (0-100 FT)/PLAN 

7 (100-200 FT)/PLAN 

7 (200-300 FT)/PLAN 

8 (0-100 FT)/PLAN 

8 (100-200 FT)/PLAN 

8 (200-300 FT)/PLAN 

9 (0-100 FT)/PLAN 

9 (100-200 FT)/PLAN 

9 (200-300 FT)/PLAN 

10 (0-100 FT)/PLAN 

10 (100-200 FT)/PLAN 

10 (200-300 FT)/PLAN 

11 (0-100 FT)/PLAN 

11 (100-200 FT)/PLAN 

11 (200-300 FT)/PLAN 

Ag in +3.3 H.L. 
less magnetics. 

As in +3.3 H.L. 
less magnetics. 

As in +3.3 H.L. 
less magnetics. 

As in +3.3 H.L. 
less magnetics. 

Mn in +3.3 H.L. 
less magnetics. 

Mn in +3.3 H.L. 
less magnetics. 

Mn in +3.3 H.L. 
less magnetics. 

Co in +3.3 H.L. 
less magnetics. 

Co in +3.3 H.L. 
less magnetics. 

Co in +3.3 H.L. 
less magnetics. 

Ni in +3.3 H.L. 
less magnetics. 

Ni in +3.3 H.L. 
less magnetics. 

Ni in +3.3 H.L. 
less magnetics. 

Fe in +3.3 H.L. 
less magnetics. 

Fe in +3.3 H.L. 
less magnetics. 

Fe in +3.3 H.L. 
less magnetics. 

concentrate 
200-300 Ft. sample depth 

concentrate 
0-100 Ft. sample depth . 

concentrate 
100-200 Ft. sample depth 

concentrate 
200-300 Ft. sample depth 

concentrate 
0-100 Ft. sample depth . 

concentrate 
100-200 Ft. sample depth 

concentrate 
200-300 Ft. sample depth 

concentrate 
0-100 Ft. sample depth . 

concentrate 
100-200 Ft. sample depth 

concentrate 
200-300 Ft. sample depth 

concentrate 
0-100 Ft. sample depth . 

concentrate 
100-200 Ft. sample depth 

concentrate 
200-300 Ft. sample depth 

concentrate 
0-100 Ft. sample depth . 

concentrate 
100-200 Ft. sample depth 

concentrate 
200-300 Ft. sample depth 

Page 

. . . 115 

. . . 116 

. . . 117 

. . . 118 

. . . 119 

. . . 120 

. . . 121 

. . . 122 

. . . 123 

. . . 124 

. . . 125 

. . . 126 

. . . 127 

. . . 128 

. . . 129 

. . . 130 



Figure-

12 (0-100 .FT)/PLAN 

12 (100.-,200 FT)/PLAN 

12 (200-300 FT)/PLAN 

13 (0-100 FT)/PLAN 

13 (100-200 fT)/PLAN 

13 (200-300 FT)/PLAN 

14 (0-100 FT)/PLAN 

14 (100-200 FT)/PLAN 

14 (.200-300 FT)/PLAN 

15 (0-100 FT)/PLAN 

15 (100-200 FT)/PLAN 

15 (200-300 FT)/PLAN 

16 (0-100 FT)/PLAN 

16 (100-200 FT)/PLAN 

16 (200-300 FT}/PLAN 

1,7 (0-100 FT)/PLAN 

Page 

Bl in +3.3 HfL. concentrate 
less magnetics, 0-100 Ft, sample depth . . . . 131 

Bi in +3.3 H.L. concentrate 
less magnetics, 100-200 Ft. sample depth . . . 132 

Bi in +3,3 H.L. concentrate 
less magrietics, 200-300 Ft. sample depth . . . 133 

In in +3.3 H.L, concentrate 
less magnetics, 0-100 Ft. sample depth . . . . 134 

In in +3.3 H.L. concentrate 
less magnetics, 100-200 Ft. sample depth . , , 135 

In in +3.3 H.L. concentrate 
less magnetics, 200-300 Ft. sample depth . . . 136 

Sn iri +3,3 H.L. concentrate 
less magnetics, 0-lQO Ft. sample depth . . . . 137 

Sn in +3.3 H.L. concentrate 
less magnetics, 100-200 Ft. sample depth . . . 138 

Sn in +3,3 H.L., concentrate 
less magnetics, 200-300 Ft, sample depth . . . 139 

W in +3.3 H.L. concentrate 
less magnetics, 0-100 Ft. sample depth , , . ,140 

W in +3,3 H.L. concentrate 
less magnetics, 100-200 Ft, sample depth . . .141 

W In +3.3 H.L, concentrate 
less magnetics, 200-300 Ft. sample depth . . . 142 

Cu in whole rock sample, 
0-100 Ft. sample depth , , . . 143 

Cu in whole rock sample, 
100-200 F t . sample depth l44 

Cu in whole rock sample, 
200-300 F t . sample depth 145 

Mo in whole rock sample,. 
0-100 F t . sample depth . . . . . 146 



Figure Page 

17 (100-200 FT)/PLAN Mo in whole rock sample, 
100-200 Ft. sample depth 147 

17 (200-300 FT)/PLAN Mo in whole rock sample, 
200-300 F t . sample depth 148 

18 (0-100 FT)/PLAN Pb in whole rock sample, 
0-100 F t . sample depth 149 

18 (100-200 FT)/PLAN Pb in whole rock sample, 
100-200 F t . sample depth 150 

18 (200-300 FT)/PLAN Pb in whole rock sample, 
200-300 F t . sample depth 151 

19 (0-100 FT)/PLAN Zn in whole rock sample, 
0-100 Ft. sample depth 152 

19 (100-200 FT)/PLAN Zn in whole rock sample, 
100-200 Ft. sample depth 153 

19 (200-300 FT)/PLAN Zn in whole rock sample, 
200-300 Ft. sample depth 154 

20 (0-100 FT)/PLAN Ag in whole rock sample, 
0-100 Ft. sample depth 155 

20 (100-200 FT)/PLAN Ag in whole rock sample, 
100-200 F t . sample depth 156 

20 (200-300 FT)/PLAN Ag in whole rock sample, 
200-300 F t . sample depth 157 

21 (0-100 FT)/PLAN As in whole rock sample, 
0-100 Ft. sample depth 158 

21 (100-200 FT)/PLAN As in whole rock sample, 
100-200 F t . sample depth 159 

21 (200-300 FT)/PLAN As in whole rock sample, 
200-300 Ft. sample depth 160 

22 (0-100 FT)/PLAN Mn in whole rock sample, 
0-100 Ft. sample depth 161 

22 (100-200 FT)/PLAN Mn in whole rock sample, 
100-200 Ft. sample depth 162 



Fi gure Page 

22 (200-300 FT)/PLAN Mn iri whole rock sample, 
200-300 F t . sample depth . . . . . . . . . . . 163 

23 (0-100 FT)/PLAN Co in whole rock sample, 
0-100 F t . sample depth 164 

23 (100-200 FT)/PLAN Co in whole rock sample, 
100-200 F t , sample depth 165 

23 (200-300 FT)/PLAN Co in whole rock sample, 
200-300 F t . sample depth . . . . , 166 

24 (0-100 FT)/PLAN Ni in whole rock sample., 
0-100 F t . sample depth , 167 

24 (100-200 FT)/PLAN Ni in whole rock sample, 
100-200 F t . sample depth , , . , 168 

24 (200-300 FT)/PLAN Ni in whole rock sample, 
200-300 F t . sample depth . . . . . . . . . . . 169 

25 (0-lOQ FT)/PLAN Fe in whole rock sample^ 
0-100 F t . sample depth . . . . . . . . . . . . 170 

25 (100-200 FT)/PLAN Fe in whole rock sample, 
100-200 F t . sample depth 171 

25 (200-300 FT)/PLAN Fe in whole rock sample, 
200-300 F t . sainple depth , . . . . . . . . . . 172 

26 (0-100 FT)/PLAN In in whole rock sample, 
0-100 F t . sample depth . . . . . . . 173 

26 (iOO-200 FT)/PLAN In in whole rock sample, 
100-200 F t . sample depth . . . . . . . . . . . 174 

26 (200-300 FT)/PLAN In ir i whole rock sample, 
200-300 F t . sample depth . , . , . . . , . , . 175 

27 (0-100 FT)/PLAN Sn in whole rock sample, 
0-100 F t . sample depth . . . . . . . . . . . . 176 

27 (100-200 FT)/PLAN Sn in whole rock sample, 
100-200 F t . sample depth 177 

27 (200-300 FT)/PLAN Sn in whole rock sample, 
200-300 F t . sample depth . . , . . , , 178 



Fi gure 

28 (0-100 FT)/PLAN 

28 (100-200 FT)/PLAN 

28 (200-300 FT)/PLAN 

29 (0-100 FT)/PLAN 

29 (100-200 FT)/PLAN 

29 (200-300 FT)/PLAN 

30 (0-100 FT)/PLAN 

30 (100-200 FT)/PLAN 

30 (200-300 FT)/PLAN 

31 (0-100 FT)/PLAN 

31 (100-200 FT)/PLAN 

31 (200-300 FT)/PLAN 

32 (0-100 FT)/PLAN 

32 (100-200 FT)/PLAN 

32 (200-300 FT)/PLAN 

33 (0-100 FT)/PLAN 

Page 

W in whole rock sample, 
0-100 F t . sample depth 179 

W in whole rock sample, 
100-200 F t . sample depth 180 

W in whole rock sample, 
200-300 F t . sample depth 181 

Wt % +3.3 H.L. concentrate less 
magnetics in rock, 0-100 F t . sample depth . . . 182 

Wt % +3.3 H.L. concentrate less 
magnetics in rock, 100-200 F t . sample depth . . 183 

Wt % +3.3 H.L. concentrate less 
magnetics in rock, 200-300 F t . sample depth . . 184 

Wt % +3.0 -3.3 H.L. concentrate less 
magnetics in rock, 0-100 F t . sample depth . . . 185 

Wt % +3.0 -3.3 H.L. concentrate less 
magnetics in rock, 100-200 F t . sample depth . . 186 

Wt % +3.0 -3.3 H.L. concentrate less 
magnetics in rock, 200-300 F t . sample depth . . 187 

Wt % magnetic f rac t ion in rock, 
0-100 F t . sample depth 188 

Wt % magnetic f rac t ion in rock, 
100-200 F t . sample depth 189 

Wt % magnetic f rac t i on in rock, 
200-300 F t . sample depth 190 

Wt % hematite f rac t i on in rock, 
0-100 F t . sample depth 191 

Wt % hematite f r ac t i on in rock, 
100-200 F t . sample depth 192 

Wt % hematite f rac t i on in rock, 
200-300 F t . sample depth 193 

Vol . % s i l i ca tes in +3.3 H.L. concentrate, 
0-100 F t . sample depth 194 



Fi'gure Page 

33 (100-200 FT)/PLAN Vol. % silicates In +3.3 H.L. concentrate, 
100-200 Ft. sample depth , . , . 195 

33 (200-300 FT)/PLAN Vol. % silicates in +3,3 H.L. conceritratei 
200-300 Ft. sample depth , . , . . . . . . . . , . 196 



ABSTRACT 

This paper describes initial development of geochemical techniques for 

exploration and exploitation of geothermal systems. The techniques are based 

on analysis of solid materials. Distributions of Cu, Mo, Pb, Zn, Ag, As, Sb, 

Co, Ni, Mn, Fe, Bi, B, Te, In, Sn, and W are determined and evaluated for 

several sample types in a hot water system (Roosevelt Hot Springs, Utah) and a 

vapor dominated system (Geysers, California). The sample types analysed are 

magnetic fractions, whole rock samples, and two different heavy liquid 

separates derived from cuttings composites from geothermal wells and shallow 

rotary drill holes. The results show that multi-element geochemical zoning is 

developed at both a relatively small scale of over hundreds of feet around 

individual steam entries (SEs) and hot water entries (HWEs) in geothermal 

wells, and at a larger scale of over thousands of feet both vertically and 

laterally in geothermal systems. Zoning is surprisingly similar for both 

hot-water and vapor-dominated systems. Trace elements which display the most 

consistent and useful zoning characteristics are As, Sb, Pb, Zn, Mn, B, and W. 

Optimum delineation of the zoning is provided by +3.3 heavy liquid (HL) 

samples compared to the other sample types evaluated. Utilization of +3.3 

samples maximizes detection of hydrothermal trace elements and markedly 

reduces or eliminates chemical signatures specifically related to rock type. 

In small-scale zoning around HWEs and SEs, As, Sb, B(?), and W(?) are 

concentrated at or very close to the entries and Pb and Mn are concentrated 

between entries or, for Pb at least, near cold water entries (CWEs). Pyrite 



abundance is generally greatest at or near HWEs and SEs and has a roughly 

antithetical relationship to overall magnetite distribution. Much Fe in the 

pyrite has probably been derived from magnetite which presumably is mainly 

non-hydrothermal in origin. 

Large scale zoning, both vertical and lateral, is apparently 

characterized by As, Sb, B(?), and W(?) concentration in zones closest to the 

thermal anomaly and Zn, Mn(?), and Mo(?) concentration in peripheral zones. 

Pb is more closely associated with As near the thermal anomaly, but may occupy 

an intermediate zone close to and possibly overlapping the periphery of the 

high As zone. Comparison of large-scale lateral zoning results for Roosevelt 

with thermal gradient data shows a good correlation of high As anomalies with 

high thermal gradients (>100°C/km) and of high Zn anomalies with lower thermal 

gradients (<100°C/km). 

Several important applications of these geochemical results to problems 

of exploration and exploitation of geothermal systems could be attempted 

during the FY 1978 and 1979 period. These include use for 

(1) location of steam or hot water entries in newly drilled geothermal 

wel1s, 

(2) definition of general and possibly specific drilling targets, and 

(3) prediction of approach to steam or hot water entries especially in 

order to facilitate decisions on additional drilling in 

sub-commercial wells as planned total depth is approached. Such applications 

could significantly contribute to power on stream in 1985 and to cost 

effectiveness in achieving this goal. 



A considerable amount of additional work is required to optimize methods, 

corroborate results, and make some of these applications routine. Much will 

be accomplished during FY 1978, but continuation into FY 1979 and 1980 at the 

present level of effort is required to adequately complete the project. 

Information to be obtained on depositional processes to aid understanding of 

the geochemical results should be of significant value in dealing with 

reservoir engineering problems. Work of this description could be expanded to 

specifically deal with such problems. 



INTRODUCTION 

Initial results of work to develop geochemical techniques applicable to 

exploration and exploitation of geothermal systems are reported. Overall 

goals of this work are improved systematics and cost-effectiveness, and the 

need for such improvement is made obvious by the high percentage of dry wells 

drilled in geothermal exploration programs. 

The general approach used is collection and analysis of solid samples, a 

method which has yet to be properly adapted to geothermal systems despite its 

demonistrated usefulness in many other kinds of resource assessment. Emphasis 

is on enhancement of geochemical signatures resulting from geothermal 

processes, on maximizing probability of detection and definition of weak but 

useful element distributions, and ori multi-element analysis to assure that a 

sufficient number of useful element distributions are documented to make the 

technique broadly applicable and consistently predictive. 

Evidence that this type of geochemical aipproach should be applicable to 

geothermal exploration derives from several Important similarities in 

processes of formation for geothermal and sulfide systems as well as from 

extensive evaluation and demonstration of its usefulness for locating ore 

zones within sulfide systems. In sulfide systems a broad spectrum of trace 

elements are differentially zoned around centrally located ore. Thus, when 

zoning patterns are adequately understood, ore can be systematically located 

using geochemical methods. Trace element zoning and ore deposition in sulfide 

systems is caused by deposition of solid materials from hydrothermal solutions 

primarily in response to temperature and chemical gradients and to other 



condit ions set up around a heat source, general ly an i n t r us i on . Since the 

major i ty of known higher temperature (+150^0 geothermal systems in the 

western U.S. are believed to be related to recent volcanism and to Intrusions 

at depth, and since analysis of scales deposited by thermal wafers ( e . g . , 

Skinner, et a l . , 1967; Browne and E l l i s , 1970; and Ewers and Keays, 1977) 

indicates that the spectrum of transported trace elements in geothermal 

systems is s imi la r to t ha t of ore-forming systems, there i s good reason to 

bel ieve tha t trace element zoning ex is ts around geothermal systems and that 

sensi t ive mUlti-element geochemical analyses of vein and f racture material i n 

d r i l l hole and surface samples w i l l reveal gradients and zoning useful in 

explorat ion and evaluation schemes. 

Samples used in t h i s invest igat ion were continuously adjacent composite 

d r i l l cu t t i ng grab samples from four selected commercial geothermal we l l s . 

Two wells are In the Roosevelt Hot Springs KGRA, Beaver County, Utah, a hot 

water system, and two from the vapor dominated system at the Geysers KGRA, 

Sonoma and Lake Counties, Cal i fornia. . 

This document i s a f i na l report on i n i t i a l geochemical technique 

development work subcontracted to UURI/ESL under contract EY-76-S-07-1601 

(Task 3-1) , but more accurately const i tutes a progress repor t covering the 

period since inception of the project ir i Ju ly , 1977 through A p r i l , 1978; the 

work is ongdirig wi th subcontract funding fo r FY 1978 provided under DOE/DGE 

Contract EG-78-C-07-1701. Because work reported is an i n i t i a l phase of the 

p ro jec t , general conclusions should be considered ten ta t ive and subject to 

mod i f i ca t ion . 



METHODS 

Enhancement of hydrothermal geochemicaTsignatures relative to those of 

original rock has been accomplished to date through separation and analysis of 

one magnetic and two non-magnetic heavy liquid (HL) concentrate fractions from 

original whole rock chip composite samples. In this manner rock-forming and 

alteration silicates completely or relatively barren of hydrothermal ly derived 

trace metals are mostly removed leaving samples (the HL concentrates) which 

contain a large proportion of oxides and sulfides and which are relatively 

enriched in trace metals of interest even if only weak or spatially limited 

hydrothermal activity has occurred. These sample fractions have additional 

virtues in being fairly readily duplicated and produced at relatively small 

expense. Thus they constitute practical samples for routine exploration use. 

Multi-element analysis of the original whole rock sample as well as of 

all sample fractions facilitates evaluation of the enhancement procedure and 

allows rapid initial determination of useful geochemical distributions. 

Sample Preparation 

Drill cutting grab samples (the main type of original sample) are washed 

(to remove drilling mud and exotic fines), crushed to -4 mesh, cleaned of iron 

drill bit and drill rod shavings with a hand magnet, and pulverized to -80 

mesh. Composite samples are made, each containing 6 to 10 original samples. 

The total drilling interval represented by each composite sample varies from 

100 to 300 feet with shorter total intervals being selected whenever sampling 

frequency permits. The practice of analyzing composite samples helps smooth 

potential random sampling biases of the individual original grab samples and 



decreases the number of samples which must be prepared and analyzed to a. 

practical total while maintaining adequate spatial resolution for defining 

most types of geochemical distr ibution patterns. 

Twenty to eighty grams of each -80 mesh composite sample are separated 

into a +3.0 specific gravity HL fraction using a mixture of bromoform (sp. gr. 

2.8.) and methylene iodide (sp. gr. 3.3). The l igh t fraction (-3.0 sp. gr.) is 

discarded. Magnetic fractions, consisting mostly of magnetite with minor 

residual Iron shavings, are separated from the +3.0 sp. gr. fraction using a 

hand magnet. Two HL fractions (+3.3 sp. gr. less mag. and +3.0 -3,3 sp, gr. 

less mag.) are separated from the non-magnetic portion of the +3.0 sp. gr. 

fraction using methylene iodide. All sample fractions are weighed arid then 

examined under a binocular microscope to determine their approximate 

mineralogic composition. This completes routine sample preparation. 

Chemical Analyses 

Four types of sample from each composite have, been routinely analyzed for 

16 to 18 minor and trace elements wheri possible in work to date;: the original 

whole rock sample, the +3,0 -3.3 sp. gr. fraction less magnetics, the +3,3 sp. 

gr. fraction less magnetics, and, the magnetic material separated from the +3.0 

sp. gr. f ract ion. Cu, Mo, Pb, Zn, Ag, Mn, Co, Ni, and Fe were determined by 

atomic absorption spectrophotometry (AAS) while As was i n i t i a l l y determined by 

a colorimetric method and later along with Sb by a hydride generation method. 

These analyses and a l l sample preparation were carried out by Rocky Mountain 

Geochemical Corporation, Salt Lake City, following specified procedures. 

Additional analyses for B i , Te, In , T l , Sri, W, arid, la ter , B were performed by 



COORS Spectro-Chemical Laboratory, Golden, Colorado using a volatile optical 

emission spectrographic (OES) method. The COORS spectrograph is a 3-meter 

Baird Atomic (3.2 A°/mm dispersion for 2nd order spectral lines). Element 

concentrations are determined from calibration curves based on synthetic 

standards with matrices similar to those of the samples analyzed. 

AAS analytical procedures for HL and magnetic fractions were designed to 

be run using 100 mg of material but often had to be run on less sample, 

resulting in higher detection limits and in some cases lower precision. OES 

analyses required 50 mg of sample. For total available sample weights greater 

than 180 mg, both types of analyses could be run using optimum sample 

quantities. Samples weighing 120 to 180 mg were divided in half to facilitate 

both types of analysis. Samples weighing 20 to 120 mg were analyzed by AAS 

only. Samples smaller than 20 mg were not analyzed. AAS analyses of whole 

rock samples were run using 1.0 to 1.1 gms of material to achieve good 

detection limits. OES analyses of whole rock samples were run using 90 mg of 

material. 

Mineralogical Studies 

Mineralogical studies of HL concentrate samples have recently been 

initiated to define principal modes of occurrence of important trace elements 

and to further determine if, when, and to what degree drill material 

contamination is a problem. Information gained will aid the understanding and 

appropriate use of the geochemical results. Emphasis in project work to date, 

however, has been on acquiring good quality geochemical data and progress with 

the mineralogic studies is limited to selection and evaluation of methods. 



Three techniques are now slated to be routinely applied: reflected l igh t 

microscopy, electron-microprobe analysis, and X-ray d i f f rac t ion. 

Data Presentation and Interpretation 

Two types of computer-generated data presentations are used: bar graph 

plots fo r display of data from individual d r i l l holes, and plan plots for 

display of near-surface data. Dr i l l hole bar graph plots fac i l i t a te i n i t i a l 

evaluation of relationships between the various types of data themselves and 

between data and geothermal phenomena, geology, or other possible causative 

features. Down hole geophysical data and/or general geologic information and 

locations df known steam or hot water entrances are presented at the scale of 

the bar graph plots. 

Plan plots of near-,surface data from Roosevelt Hot Springs incorporate 

l imited data (20 values) and therefore'have only been roughly hand-contoured 

to show approximate data trends. In i t i a l contour values are lowest meaningful 

values determined by inspection. Each higher contour value is double that of 

the preceding lower value, thus helping to assure that the data variations 

delineated are real rather than the product of random sampling and analytical 

biases. Additional near-surface data are being obtained to improve sample 

coverage and w i l l be used to generate more comprehensive second-generation 

geochemical plots for the area. 

interpretations presented in this report are'based primarily on 

inspection of the data graphics described above. No attempt is made to 

estimate background values, since the data do not necessarily incorporate a 

background population. Only large consistent changes in geochemistry are 



interpreted as significant and discussion, in many instances, is confined to 

these results. Therefore more data is presented than is discussed. This will 

permit others the opportunity of critically reviewing the work and of possibly 

commenting on alternative interpretations. Since the work is at an early 

stage and data are still limited in scope, the interpretations are necessarily 

incomplete and somewhat tentative. Statistical data analysis routines are 

being integrated with the computer graphics programs to aid future data 

evaluation and should permit improved definition and quantification of 

results. 
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DETERMINATION OF OPTIMUM SOLID SAMPLE TYPE 

The geochemistry of three sample fractions (see above) has been evaluated 

in order to defirie an optimum sample type. Criteria are that the sample be 

easily obtained and character!sticajlly enriched iri hydrothermal trace 

elements. Whole rock sample data serve as the principal standard by which the-

potential utility ofthe fractions is judged. 

Tables 1, 2, 3, and 4 compare ^he relative trace element contents of the 

three HL and magnetic sample fractions with contents of corresponding w.hole 

rock composite samples from four geothermal wells, two from Roosevelt Hot 

Springs and two from the Geysers. Mean ratio values for each element provide 

an indication of relative enrichments in the various fractions. Standard 

de'viations and minimum/maximum values provide a. rough indication of 

consistency of enrichment. i 

The greatest enrichments of hyidrothermal, non-1 ithophile elements (Cu, 

Mo, Pb, In, Ag, As, Sb, 8, and W) ojccur in the +3,3 fraction and are commonly 

10 to 100 fold. Enrichments are siignificantly less for the magnetic fraction 

(commonly around 10 fold) and for the +3.0 -3.3 fraction (commonly less than 

10 fold). An important exception to this is the unusually high enrichment of 

Mo in magnetic fractions from Geysbrs drill holes G-1 and G-IR which will be 

specifically Investigated in future mineralogic studies. Despite precautions, 

limited contamination of the magnetic fraction with drill steel occurs and may 

be the source of some of the Mo, ! 

Consistency of eleiment contents enrichment in the three sample fractions 
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relative to whole rock is roughly the same and varies considerably from 

element to element in the different fractions. Such consistency is not an 

important criterion of utility for a given sample fraction, however, since 

relative concentrations of hydrothermal elements in HL, magnetic, and whole 

rock samples vary independently of each other with differences in degree of 

hydrothermal modification of the original rock sample and with differences in 

original rock composition. Thus a wide range of enrichments is to be 

expected. 

The data presented, therefore, reasonably demonstrate that large 

enhancements of hydrothermal trace element signatures can be achieved through 

use of specific sample fractions and that a nonmagnetic +3.3 sp. gr. fraction 

provides the largest enhancement of the sample fractions studied. Proof of 

the usefulness of such enhancements requires demonstration of concomitant 

improvement in detection of geochemical anomalies associated with geothermal 

features and demonstration of a unique utility for the improved result. These 

will be the principal topics dealt with in discussions which follow. 
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TRACE ELEMENT DISTRIBUTIONS IN GEOTHERMAL WELLS 

Trace element and l im i ted mineralogical data have been generated f o r 

continuously adjacent composite samples from four commercial geothermal wells,, 

two from a hot water system (Roosevelt Hot Springs, Utah) and two from a vapor 

dominated system (Geysers, Ca l i f o rn i a ) . In terpre ta t ion completed to date 

provides i n i t i a l information both on geochemical anomaly magnitudes f o r so l id 

materials from geothermal systems'and on element and mineral zoning in and 

around present and paleo (?) hot water and steam channels. Information on 

larger scale, system-wide zoning is also obtained. 

Hot Water System 

GeochemicaT and mineralogical data for two Roosevelt Hot Springs d r i l l 

holes, DH 14-2 (6100 feet to ta l depth) and DH 72-16 (1254 feet to ta l depth) 

are presented in Figures 2/14-2 through 14/14-2 and 2/72-16 through 14/72-16, 

respect ive ly . Sixty lOO-foot composite samples were analyzed for DH 14-2 and 

twelve for DH 72-16. Corresponding generalized geological in format ion, 

geophysical data, and locat ions of hot water entr ies in fer red from these data 

are presented In Figures- 1/14-2 and 1/72-16. 

Hot water entry zones (HWEs) in d r i l l hole 14-2 are located at 1600 fee t , 

2900 feet (the best developed?), and possibly at 1000, 1200, 1950, 2500, 4050,. 

4200, 4450., 5000, 52.00, 5800, and 60.00 fee t . A cold water entry zone (CWE) i s 

located a t 700 fee t . HWEs in DH 72-16 are probably located at 213, 514, and 

628 f ee t . S ign i f i can t re lat ionships of geochemical and mineralogical data to 

the locat ions of HEWs and the CWE i n the Roosevelt wel ls are described below. 

13 



Plus 3.3 HL Sample Results 

Arsenic is strongly concentrated at or very near HWEs in +3.3 HL samples 

(cf. Figs. 1 and 4/14-2 and /72-16). Assuming that the current 

interpretation of HWE locations in DH 14-2 is essentially correct, the element 

appears to be quite specific in indicating HWE location and possibly undergoes 

only limited dispersion above or around the HWEs. Pb and possibly Mo and Mn 

appear to be most abundant peripheral to rather than at HWEs (Figs. 3 and 

4/14-2 and /72-16). High concentrations of Pb also occur at the CWE in DH 

14-2. Spatial relationships of Zn, Sn, and W to HWEs are less clear (Figs. 3 

and 5/14-2 and /72-16). Concentrations of Ni, Co, Fe, and probably Cu at or 

near HWEs are in part a rock type effect related to the distribution of dacite 

(see discussion of whole rock sample chemistry below). 

Other general trace element distribution systematics suggested by DH 14-2 

data are that concentrations of Zn, Mo, and Mn are highest within 1000 feet of 

the surface and pass through minima at intermediate depths, and that Sn, W, 

and possibly Ag are more concentrated at depth. These trends may represent 

large scale zoning related in part to a major heat source. Smaller scale 

zoning related to HWEs is superimposed on the large scale trends. 

Whole Rock Sample Results 

Whole rock sample geochemistry (Figs. 6, 7, and 8/14-2 and /72-16) 

displays many of the spatial relationships to water entries described for +3.3 

HL samples. The relationships, however, tend to be less clearly defined due 

to higher relative background element concentrations, rock type effects, 

and/or to low element concentrations (relative to analytical detection 
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l i m i t s ) * The most serious deficiency of the whole rock samples is that 

inadequate information Is provided on As, the element most diagnostic of HWE 

locat ion in +3.3 samples, due t o concentrations of the element often being 

below ana ly t i ca l detection l im i t s : ( c f . Figs'. 4 & 7/14-2 and /72-16). 

Close cor re la t ion of Cd, N i , Fe,, and probably Cu with the d i s t r i bu t i on of 

daci te and i t s probable equivalent in OH 72-16, the meta-quartz d i o r i t e ( c f . 

F igs. 1 , 6 , and 7/14-2 and /72-16);, suggests that the abundance of these 

elements i n whole rock samples pr imar i ly re f lec ts ; o r ig ina l rock chemistry and 

perhaps r e f l e c t s rock reac t i v i t y as a deposi t ional con t ro l . Their apparent 

cor re la t ion wi th HWEs in DH 14-2 is probably the resu l t of preferred 

de.velopment of HWEs along or near daci te-mlcrogranodior i te contacts (F ig . 

1/14-2}.. No cor re la t ion of these elements w i th HWEs i s apparent in DH 72-16 

in which meta-quartz d i o r i t e arid HWE locations are d i f f e ren t (F ig . 1/72-16). 

Magnetic and +3.0 -3.3 HL Sample Results 

Magnetic and +3.3 -3*3 HL samples are generally i n f e r i o r to +3.3 and 

whole rock samples in regard to cor re la t ion of geochemistry wi th HWEs ( c f . 

Figs.. 1 thru 14/14-2 and /72-16). The magnetic f r ac t i ons , however, display 

several charac ter is t i cs worthy of mention. Relat ively high concentrations of 

As, Cu,; Mo, Pb, Ŵ  Co., Ni,, dr Mn occur in several (often d i f f e ren t ) magnetic 

samples o r ig ina t ing at or near HWEs ( c f , Figs^ 1 , 12, 13, and 14/14-2 and 

/72-16),. This, combined with negative spat ial cor re la t ion between HWEs and 

magnetite abundance (see below), suggests that the magnetite i s an or ig ina l 

rock const i tuent which has par t l y reacted with thermal f l u i d s and in so doing 

has provided a preferred s i t e for element deposi t ion. I t i s also possible 
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that some magnetite has been directly precipitated along with other minerals 

from the thermal fluids, but direct evidence of this (e.g., magnetite in 

veins) has yet to be observed. Whatever the cause of these characteristics, 

it remains possible that magnetite geochemistry might eventually have special 

utility in geothermal work. Problems with sample contamination by magnetic 

metal shavings from drill rods and bits may limit but not completely negate 

this potential utility. 

Opaque Mineral Distributions 

Opaque mineral data (Figs. 2/14-2, and /72-16) show rough positive 

correlation of sulfide (pyrite) abundance and possible negative correlation of 

magnetite abundance with HWE location. Therefore, sulfide minerals at 

Roosevelt are probably mainly of hydrothermal origin. Magnetite shows fair 

correlation with rock type (cf. Figs. 1 and 2/14-2 and /12-16). This 

positive correlation with lithology and the negative correlation with HWE 

locations suggest that magnetite is primarily an original rock constituent and 

that it tends to be destroyed through contact with thermal fluids. Much of 

the Fe required for sulfide formation is probably derived from original 

magnetite. 

Summary 

Plus 3.3 HL samples are superior to other sample types studied for 

defining hydrothermal geochemical anomalies or zoning patterns at and around 

HWEs in geothermal wells at Roosevelt Hot Springs. Utilization of +3.3 sample 

geochemistry improves detection of hydrothermal trace elements and markedly 

reduces or eliminates chemical signatures specifically related to rock type. 

16 



Hydrothermal trace elements which develop consistent zoning in 

relationship to îWE locations are As and Pb, while Ag, Mn, Mo., arid W display 

fair to poor zoning relationships. Correlation of Co, Ni, and Cu with HWEs in 

DH 14-2 is largely a rock type effect resulting from preferred development, of 

HWEs near (at?) the contacts of dacite rich in these elements-. 

Large scale concentration trends for Zn, Mo, Mn, Ag, Sn, and W probably 

constitute zoning on a system scale. Zoning around HWEs Is superimposed ori 

these trends. 

Vapor Dominated System 

Geochemical and mineralogical data for the two Geysers dril l holes, DH 

G-1 (7665 feet total depth) and i t s redrill DH 6-lR (3527 feet to 7165 feet 

total depth), are presented in Figures 2/G-l through 17/G-l and 2/G-lR throu.gh 

17/G-lR, respectively. Thirty-nine 180 to 240-foot composite samples were 

analyzed for DH G-1 and twenty for DH G-IR. Data are presented for Sb and B 

in addition to elements previously evaluated at Roosevelt, Generalized 

geologic data and locations of steam entries for these drill holes are 

presented in Figures 1/G-l arid 1/G-lR. 

Steam entry zones (SEfe) in DH G-1 are located at 2520, 5120, 6335, 6467, 

and 7035 feet, and a water entry zone at 7580 feet. In DH G~1R, SEs are 

located at 4259, 4362, 5480, 5660, 5943, 6731, 6858, and 6980 feet, and WEs at 

7094 and 7138 feet. All locations have been established on the basis of dril l 

rig standpipie pressure increases which occur when SEs are intersected during 

air dr i l l ing. Each SE has been ranked according to the magnitude of the 

pressure increase reported, with this ranking or a related value then being 
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assigned to the sample intervals containing or very close to the SE (see Figs. 

1/G-l and l/G-2). These rankings provide an indication of the relative 

importance of a SE and will be used routinely for statistical correlation 

between SEs and geochemical and mineralogical data as soon as correlation 

programs can be appropriately modified for this purpose. The following 

significant relationships of geochemical and mineralogical data to SE and WE 

locations are based for the present on data graphics. 

Plus 3.3 HL Sample Results 

As and Sb are clearly shown to be concentrated at or very close to SEs 

and WEs in +3.3 samples (cf. Figs. 1 and 5/G-l and /G-IR). The result for As 

is very similar to that obtained at Roosevelt despite a high probability of 

differences in transport mechanisms between hot water and vapor dominated 

systems (Sb was not determined at Roosevelt but could be expected to provide 

similar results). The overall magnitude of As anomalies decreases with depth 

while Sb anomalies remain essentially constant in magnitude. Sb thus provides 

information on SE location to depths of at least 7600 feet (the maximum depth 

attained) while As ceases to be useful below about 6000 feet. Strong As and 

Sb anomalies near 1500 and 2000 feet in DH G-1 coincide with definite zones of 

alteration and probably either reflect minor present day SEs or WEs which have 

remained undetected or reflect paleo SEs or WEs. Sb (and As?) gradients are 

developed above SEs (e.g.. Fig. 5/G-l, 3000 to 5000 feet) and may provide a 

means of predicting approach to SEs during drilling. This predictive 

capability could facilitate decisions on additional drilling as planned total 

depth is approached. 
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W and possibly B show some of the distribution characteristics described 

above for As and Sb but are less definitive in indicating HWE location, 

especially at greater depths in the drill holes (cf. Figs. 1 and 6/G-l and 

/G-IR). Upper analytical limits for determination of B of 300 ppm and 1500 

ppm (after dilution) were too low to permit adequate definition of B 

distribution in +3.3 samples. B and W show general trends of increasing 

concentration in +3.3 samples with depth which is possibly another example of 

large scale zoning. The proportion of B resident in higher specific gravity 

phases also increases with depth (cf. Figs. 6 and 10/G-l). 

Cu, Zn, and to a lesser extent Ag, Ni, and Fe tend to be concentrated at 

or near SEs but not in a consistent manner. Occurrence of a zone of high 

coincident Cu, Zn, Ag, and Ni concentrations between about 2500 and 3000 feet 

in DH G-1 (Figs. 3 and 4/G-l) could be partly explained by its association 

with a small SE in that interval as well as other causes. 

In contrast to elements described above, Pb and possibly Mn generally 

occur in relatively low concentrations at or near SEs and in higher 

concentrations between SEs (cf. Figs. 1, 3 and 4/G-l and /G-IR). 

No definite rock type effects are observed in +3.3 sample data. 

Concentrations of most elements become very low at depths greater than 5000 

feet (principal exceptions are Sb, Sn, W, B, and Mn). 

Whole Rock Sample Results 

Spatial relationships between whole rock sample geochemistry (Figs. 7, 8, 

9, and 10/G-l and /G-IR) and SE locations (Figs. 1/G-l and /G-IR) are roughly 
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similar to those described for +3.3 samples, but are less consistent and less 

definitive with the possible exception of B. Whole rock data for the two most 

definitive elements in +3.3 samples, Sb and As, (Figs. 9/G-l and /G-IR), 

provide good illustrations of this; higher Sb values show little or no 

correlation with SEs and the As correlation is inconsistent. 

Boron distribution, however, is well defined in the whole rock data. 

Unfortunately these results cannot be readily compared to +3.3 results which 

are incomplete due to concentrations in +3.3 samples exceeding the upper 

analytical limits for the element. B appears to be concentrated at or near 

SEs and is possibly dispersed preferentially above SEs as are Sb and As, (cf. 

Figs. 1 and 10/G-l and G-IR) forming rough positive gradients which may be 

useful in predicting approach to SEs during the drilling of a geothermal well. 

Most of the remaining whole rock geochemical results either show little 

relationship to SE location or are notably inferior to +3.3 sample results. 

Rock type effects are pronounced for Co, Ni, Fe, and to a lesser extent Mn, 

and largely obscure any hydrothermal effects for the first three of these 

elements. Rock type effects for other elements are less significant. 

Magnetic and +3.0 -3.3 HL Sample Results 

Magnetic and +3.0 -3.3 sample fraction geochemical data also show 

somewhat similar but less consistent spatial relationships to SE locations 

than do +3.3 data with a few possibly significant exceptions. Mo, Sb, and to 

a lesser extent As in +3.0 -3.3 samples display distinct concentration highs 

at or near SEs. The Sb and As association with SEs is somewhat less clear 

than that for +3.3 sample data (cf. Figs. 5 and 12/G-l and /G-IR), but the Mo 
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associat ion (F igs. 11/G-l and /G-IR) i s bet ter defined than for other sample 

types. Because t h i s Mo association i s unique to the G-1 and G-IR resu l t s , no 

par t i cu la r s igni f icance can be. a t t r i bu ted to i t without fu r ther v e r i f i c a t i o n . 

Opaque Mineral D is t r ibu t ions 

Sulf ide (p r imar i l y py r i te ) abundance is greatest at or near SEs or paleo 

SEs and decreases generally wi th depth; su l f ide i s uniformly less than 0.01% 

below 4600 '^feet and has a roughly an t i t he t i ca l re la t ionship to overal l 

magnetite d i s t r i bu t i on (Figs. 2/G-l and /G- IR) . Much of the Fe in the su l f ide 

has probably been derived from the magnetite which apparently i s mainly of 

non-hydrothermal o r i g i n . 

Summary 

General conclusions are essentially the same as those for Roosevelt Hot 

Springs and include the observation that +3.3 HL samples are also superior for 

delineating geochemical zoning at Geysers (see "Summary" in section on Hot 

Water System). 

Sb, As, Mo, Pb, B, Mn, and W, in order of decreasing utility, are shown 

to develop consistent zoning in relationship to SE locations. Cu, Zn, Ag, Ni, 

and Fe display fair to poor zoning. Of these elements only Sb, W, and.B can 

be usefully detected to the total depth of drilling (7665 feet); other 

elements and total sulfide content become extremely low below about 5000 foot 

depths. Mo is unusual in that its zoning behavior (if typical) is best 

defined in +3.0 -3.3 sample data while zoning behavior for most other elements 

is better defined by +3.3 sample data. 
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Discussion 

Similarity of Results for Hot Water and Vapor Dominated Systems 

Hot water and vapor dominated geothermal systems are surprisingly similar 

with regard to the geochemistry of solid materials- from commercial wells. 

Particularly useful trace elements - As, Pb, Mn, probably Sb and B, and 

possibly W - in both types of systems are essentially the same and show 

similar zoning in relation to present day HWEs and SEs (see above). 

Although investigations have not proceeded far enough to establish 

reasons for this similarity or to show that it can be expected in all systems, 

the fact that it Is recognized in two such contrasting systems constitutes 

important progress toward the development of effective geochemical techniques 

for exploration and evaluation of geotherinal systems. It suggests that 

techniques based on the solids geochemistry of at least several of these 

elements will be applicable to a broad spectrum of geothermal systems. Broad 

applicability is an Important criterion of all successful techniques. 

Comparison with Results of Other Studies 

Only one reasonably extensive study of the geochemistry of solid 

materials from geothermal systems has been reported and this differed 

sufficiently in design from work described here that only a few general 

comparisons can be made. The study referred to is an evaluation of trace 

metal zoning at the Broadlands Geothermal Field, New Zealand, by Ewers and 

Keays (1977). Their results provide additional limited evidence, of the 

consistent association of strong As and Sb geochemistry with geothermal 

phenomena and, viewed in conjunction with Roosevelt and Geysers results. 
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suggest that the geochemistry of Tl, Bi, Te, Co, Ag, Pb, Zn, and Cu will be 

relatively variable from system to system and possibly of less utility than 

that of As and Sb. No other comparisons can be readily made since the 

Broadlands work involved analysis of either a sulfide separate or a whole rock 

sample (not both) from relatively short interval (1 to 3 meter), widely 

separated samples which did not permit evaluation of spatial relationships 

between element concentrations and hot water or steam entries. 
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NEAR-SURFACE TRACE ELEMENT DISTRIBUTIONS 

Geochemical data for near-surface samples from 15 thermal gradient drill 

holes, three diamond drill holes, and two geothermal wells have been plotted 

to provide initial information on potential use of hydrothermal trace element 

distributions as exploration guides in geothermal systems. The drill holes 

and wells are distributed over an approximately 170 sq. mile area centered on 

the Roosevelt Hot Springs KGRA (see Fig. 1/Plan for locations). Whole rock 

and +3.3 HL concentrate data were acquired and plotted for depth intervals of 

approximately 0 to 100 feet, 100 to 200 feet, and 200 to 300 feet. Fairly 

complete data sets were only obtained for the first two intervals since 

maximum depth for many of the thermal gradient holes was about 200 feet. Most 

of the important results derive from these two data sets and especially from 

the data set for the 100 to 200 feet depth which appears to be less affected 

by post-depositional supergene modification than that for 0 to 100 feet. To 

ensure completeness, however, plots of all three data sets are presented 

(Figs. 2 to 33/Plan). Each figure number, except 1/Plan, refers to three 

different data plots for a given element, one for each depth interval. 

Plus 3.3 HL Samples Results 

High As anomalies, open to the west, center on the area near drill holes 

72-16, 14-2, 1-A, 1-B, and 76-1 which contains most of the producing wells at 

Roosevelt (cf. Figs. 1 and 7/Plan). This is consistent for all three depth 

intervals. The anomaly appears to be elongated NNE-SSW, parallel to the trend 

of the dome fault. 

Cu, Mo, Pb, and Fe, (Figs. 2, 3, 4, and 11/Plan) yield anomalies roughly 
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similar to As. These, however, are not as specific in delineating the area of 

producing wells and are less consistently defined at the different depth 

intervals. Pb anomalies may actually be located somewhat peripherally to the 

highest As anomalies. 

Zn, and less consistently Mn (Figs. 5 and 8/Plan) form prominent but 

segmented anomalies apparently peripheral to the area of producing wells. If 

this observation is correct, it constitutes initial recognition of larger 

scale, lateral trace element zoning at Roosevelt and suggests that potential 

hot water resources are deeper or cut off towards the south and east. Similar 

large scale vertical zoning of Zn and Mn were suggested by Roosevelt drill 

hole data (see section on Hot Water System). W and Sn also appear to form 

strong peripheral anomalies (Figs. 14 and 15/Plan), but the possibility that 

these could be in part a rock type effect make the result inconclusive at this 

ti me. 

Co and Ni concentrations are anomalously low in the immediate vicinity of 

the producing wells. Data trends for other elements are poorly defined. 

Little correlation of +3.3 sample geochemistry with lithology is 

observed, suggesting that rock type effects are minimal (cf. Figs. 1/Plan and 

2 to 15/Plan). W and Sn are possible exceptions; strong anomalies for these 

elements may derive directly or indirectly from the Tertiary granitic rocks 

(cf. Figs. 1/Plan and 14 and 15/Plan). 

Whole Rock Sample Results 

Whole rock geochemical trends (Figs. 16 to 28/Plan) are similar to those 
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for +3.3' samples, but do not as clearly or as completely define the anomalous 

zones. As and Zn anomalies (Figs, 19 and 21/Plan) occur over the area of 

producing wells and peripheral to this area, respectively, providing 

corroborative evidence for large scale trace element zorirng in geothermal 

systems indicated by +3.3 geochemical data.. 

Rock type effects are pronounced for most of the other elements (e.g., 

c f . Figs. 1,2, and 16/Plan) and, along with intrinsically low hydrothermal 

element concentrations, tend to obscure hydrothermal element distributions. 

Opaque Mineral Distribution 

Plots of hematite and total magnetic fraction {>7b% magnetite) in rock 

are presented in Figures 31/Plan and 32/Plan. Hematite shows no evidence of 

useful systematic distribution at this scale. Magnetite is generally lowest 

near the producing wells, possibly reflecting partial destruction by 

hydrothermal fluids,; its distribution otherwise reflects rock type. 

Summary 

As, Zn, and possibly Mn apparently display large scale lateral zoning 

relative to the area containing most producing geothermal wells at Roosevelt. 

As is concentrated primarily within this area and Zn (+Mn?) is more peripheral 

to it, Pb may occupy an intermediate zone overlapping the periphery of the As 

anomalies. These relationships are best displayed in +3.3 HL concentrate data 

but also can be seen in whole rock data. Comparison of these results with 

unpublished thermal gradient data from Geothermal Power Co. (1978) for many of 

the same drill holes shows a good correlation of high As anomalies with high 

thermal gradients (>100OG/km) and high zinc and, tb a lesser extent,, manganese 

anomalies with lower thermal gradients {<100^0/km). 
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POTENTIAL APPLICATIONS OF GEOCHEMICAL RESULTS 

Results described In this report suggest that geochemical techniques 

based on analysis of solid materials can be developed in the near term to 

significantly aid (1) location of steam or hot water entries in newly drilled 

geothermal wells, (2) definition of general and possibly specific drilling 

targets, and (3) prediction of approach to steam or hot water entries during 

drilling. Such techniques could significantly contribute to power on stream 

in 1985 and to cost effectiveness in achieving this result. 

Location of Steam or Hot Water Entries 

Small scale trace element zoning defined by analysis of +3.3 HL samples 

from drill cuttings provides consistent indications df hot water entry (HWE) 

and steam entry (SE) locations. Elements such as As and Sb are concentrated 

near HWEs and SEs, Pb and possibly manganese between HWEs and SEs. Other 

element distributions will probably also aid definition. 

Applications of the technique could begin immediately, but it would be 

preferable to optimize procedures for sample collection, compositing, and 

preparation before this is routinely attempted, It is not known at this stage 

If size as well as locations of HWEs and SEs can be predicted. Detection of 

paleo (sealed) HWEs may cause some indeterminancy In interpretation unless 

criteria can be developed for discrimination. 

Definition of Drilling Targets 

Larger pr system scale trace element zoning can provide information to 

aid selection of general and possibly specific areas for drilling. Prime 
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general drilling areas would be those characterized by high As and probably Sb 

(plus B and W?) anomalies with relatively low Zn, Mn(?) and possibly Mo as 

determined from shallow rotary drill hole cuttings (preferred) or surface 

samples. The most pronounced anomalies of this type probably define specific 

target areas containing relatively shallow resources (e.g., see data for 

Roosevelt DH 72-16) and could be drilled with good probability of success 

during critical early stages of an evaluation to provide an immediate and 

direct test of the resource at relatively low cost. Areas characterized by 

high Zn, Mn(?), and possibly Mo, and low As and Sb (plus B and W?) probably 

lie farther away from (laterally or above) a potential geothermal resource. 

These would not necessarily be eliminated from consideration but would 

constitute lower priority drilling targets which at best would probably 

require deeper drilling to locate a resource. 

Application of this technique should be delayed until additional 

near-surface data from Roosevelt has been evaluated (ca. Sept. 1978), and 

possibly also until similar data has been obtained for one other KGRA. 

A note of caution in interpretation of large scale geothermal system 

trace element zoning is that care should be taken to eliminate or at least be 

aware of possible hydrothermal effects unrelated to the thermal activity. 

This does not appear to be a problem at Roosevelt where evidence of other 

types of mineralization is minimal. It could be a problem elsewhere. 

Prediction of Approach to Steam or Hot Water Entries 

Concentration gradients for Sb, B, As, and possibly other elements above 

SEs and HWEs may be useful for predicting approach to the entries during 
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drilling. The gradients appear to extend more than 1000 feet above an entry 

in some instances (e.g., see Sb data. Fig. 5/G-l and B data. Fig. 10/G-l) and 

if consistently developed could provide information on approach adequately in 

advance of an actual intersection with the entry. A principal use of such 

information would be as the basis for decisions to continue or terminate 

drilling of sub-commercial wells when planned total depth is approached. 

Additional data is needed to establish the validity of the element 

gradients and the consistency with which they are developed. Work is in 

progress to obtain the necessary data and should provide a clearer indication 

of the utility of this approach by the end of FY 1978. 
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ADDITIONAL WORK UNDERWAY OR SCHEDULED IN FY 1978 

Work now in progress or scheduled for the remainder of FY 1978 emphasizes 

the following: expansion of the data base at both Roosevelt and Geysers, 

mineralogic study of +3.3 HL concentrate samples, optimization of original 

sampling and sample compositing, and improvement of data analysis. 

Expansion of Data Base 

Additional geochemical data will be acquired only for whole rock and +3.3 

HL concentrate samples from drill cuttings; magnetic and +3.0 -3.3 HL sample 

fractions have been shown to be of less utility than the +3.3 HL fraction and 

will not be further evaluated at this time. At Roosevelt one or more deep 

drill holes will be studied, possibly including a hot dry well situated in 

altered rock, to provide more information on the geochemistry of paleo hot 

water channels. Near-surface data will be expanded by analysis of samples 

from 10 to 15 additional shallow drill holes and should significantly improve 

definition of lateral zoning trends. 

Three more deep drill holes will be studied at Geysers, two of which will 

be dry wells in altered rock situated on the periphery of the steam field. 

Data from these holes will assist in the understanding and perhaps 

discrimination of geochemical signatures associated with paleo hot water 

entries, and will provide information on large scale zoning. 

Mineralogic Study of +3.3 HL Samples 

Identification of mineral species in which the various trace metals 

reside is being undertaken. Since these minerals are largely of hydrothermal 
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or ig in , information on their identity along with data ori f l u i d chemistry and 

temperature and pressure conditions should aid understanding of depositional 

processes in geothermal systems and enhance overall u t i l i za t ion of trace 

element data.. These studies w i l l also help determine i f , when, and/or to what 

degree sample contamination by d r i l l i ng materials is a problem. 

Information obtained on depositional processes could also be of 

signif icant value in understanding and solving reservoir engineering problems. 

Work described here could be readily expanded to specif ical ly deal with such 

problems. 
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Table 1 - ELEMENT CONCENTRATION RATIOS FOR H.L. AND MAGNETIC FRACTIONS VS. WHOLE ROCK SAMPLES, 
ROOSEVELT HOT SPRINGS DH TP 14-2 (100 ft. to 6100 ft.) 

ELEMENT 
(ppm) 

Cu 

Mo 

Pb 

Zn 

Ag 
Mn 

Co 

Ni 

Fe(,%y 
As 

Sb 

Sn 

W 

B 

In 

Bi 

+3.3 Sp. 
Number 

of 
Samples 

60 

39 

60 

60 

0 

60 

55 

60 

60 

8 

0 

28 

14 

0 

0 

0 

Gr. Les: 

Mean 

65 

23 

75 

5 

-

18 

11 

10 

19.2 

31 

-

19 

4 

-

-

-

s Mag./Wh( 

Stand. 
Dev. 

104 

22 

86 

8 

-

20 

7 

5 

12.9 

23 

-

9 

3 
-

-

-

ole Rock 

Min Max 

7 

2 

3 

1 

-

1 

1 

4 

5.5 

4 

-

6 

2 

-

-

629 

100 

400 

54 

-

97 

32 

35 

69.2 

82 

-

40 

11 
-

-

-

+3.0-3.3 
Number 

of 
Samples 

56 

35 

56 

56 

0 

56 

42 

56 

56 

1 

0 

23 

12 

0 

0 

...0 

Sp. Gr. 

Mean 

6 

14 

4 

5 

-

9 

6 

11 

6.5 

-

-

5 

1 

-

-

Less i 

Stand 
Dev. 

6 

15 

2 

3 

-

5 

4 

10 

3.3 

-

-

4 

1 
•!-

-

T 

Maq./Whol 

Min 

1 

2 

1 

<1 

-

3 

1 

2 

1.7 

-

- -

1 

<1 
T-

-

T 

e Rock 

Max 

39. 

70 

11 

18 

-

28 

20 

64 

15.2 

-

-

14 

2 

-

-

, T . 

Magnetic 
Number 

of 
Samples 

56 

27 

56 

56 

0 

56 

43 

56 

56 

1 

0 

22 

8 

0 

0 

.0 

Mean 

12 

26 

•;3 

2 

^ 

5 

10 

11 

40..7" 

T-

T-. 

4 

5 

' • 

-

-

Fraction/Whole Rock 

.Stand. 
Dev. 

7 

46 

2 

2 

-

4 

15 

9 

19.6 

-

-

2 

7 

T-

T-

Min 

1 

2 

1 

<1 

-

1 

1 

2 

13.0 

-

-

1 

1 

-

-

r . 

Max 
37 

230 

9. 

14 

-

19 

100 

55 

135.3 

-

-

10 

16 
T 

•r-

• r 

CO 



Table 2 - ELEMENT CONCENTRATION RATIOS FOR H.L. AND MAGNETIC FRACTIONS VS. WHOLE ROCK SAMPLES, 
ROOSEVELT HOT SPRINGS DH TP 72-16 (85 ft. to 1244 ft.) 

ELEMENT 
(ppm) 

Cu 

Mo 

Pb 

Zn 

Ag 
Mn 

Co 

Ni 

Fe(%) 

As 

Sb 

Sn 

W 

B 

In 

Bi 

+3.3 Sp. 
Number 
of 

Samples 

12 

12 

12 

12 

6 

12 

12 

12 

12 

4 

0 

10 

4 

0 

0 

0 

Gr. Les 

Mean 

98 

14 

18 

4 

36 

9 

14 

4 

17.5 

49 

-

17 

4 

-

-

-

s Mag./Whole Rock 

Stand. 
Dev. Min Max 

148 

7 

20 

4 

32 

13 

14 

2 

15.7 

23 

-

23 

2 

-

-

-

9 

7 

3 

1 

10 

1 

3 

2 

4.4 

23 

-

5 

2 

-

-

-

513 

25 

64 

11 

80 

42 

40 

8 

46.7 

80 

-

80 

6 

-

-

-

+3.0-3.3 
Number 
of 

Samples 

8 

8 

8 

8 

0 

8 

8 

8 

8 

0 . 

0 

7 

1 

0 

0 

0 

Sp. Gr. 

Mean 

3 

8 

3 

3 

-

4 

3 

3 

2.6 

-

-

4 

-

-

-

-

Less 

Stand 
Dev. 

1 

7 

2 

<1 

-

1 

1 

1 

.6 

-

-

1 

-

-

-

-

Mag./Whol 

Min 

2 

2 

2 

2 

-

3 

1 

2 

1.8 

-

-

2 

-

-

-

.-. 

e Rock 

Max 

6 

23 

8 

3 

-

5 

4 

6 

3.9 

-

-

7 

-

-

-

-

Magnetic 
Number 
of 

Samples Mean 

0 

9 

2 

0 

0 

0 

11 

8 

2 

3 

11 

6 

12 

5 

29.2 

-

-

2 

7 

-

-

-

Fractions 

Stand. 
Dev. 

16 

6 

1 

3 

. 6 

8 

17 

5 

19.8 

-

-

1 

1 

-

-

-

/Whole 

Min 

2 

2 

1 

1 

5 

1 

2 

2 

11.4 

-

-

1 

6 

-

-

-

Rock 

Max 

59 

20 

4 

10 

20 

23 

60 

18 

75.2 

-

-

5 

8 

-

-

-

CO 
tn 



TabTe 3-- ELEMENT CONCENTRATION, RATIOS FOR H,L. AND MAGNETIC FRACTIONS VS. WHOLE ROCK SAMPLES—GEYSERS DH 1 (55 ft. to. 7480 ft.) 

ELEMENT 
(ppm) 

Gu 

Mo 

Pb 

Zn 

Ag 

Mn 

Co 

Ni 

Fe(%) 

As 

Sb 

Sn 

W 

B 

In 

Bi 

+3.3 Sp. 
Number 
of 

Samples 

37 

11 

37 

37 

4 

37 

37 

37 

37 

37 

27 

23-

13 

23 

23 

0 

Gr. Less 

Mean 

26 

13-

73 

11 
147 

.5 

11 
6 

4., 2 

57 

48: 

4 

28 

1 

8 

-

Mag./Whole Rock 

Stand. 
Dey. Mi n MaX; 

50., 1 

14 1 

120 3 

18 .1 

134 15 

.4 <1 

10 1 

6 1 

2.6 1,4 

135 2 

29 21 

3 1 

13 -5 

1 <1 

13 - 1 

-

261 

50 

700 

= 95 

330 

13 

43 

30 

12.3 

820 

148 

11 

45 

2 

66 

-

+3.0-3.3 
Number 

of 
Samples 

38 

32 

38 

37 

0 

37 

37 

37 

37 

37 

26 

27 

n 
11 

27 

0 

Sp. Gr. 

Mean 

2 

5 

3 

2 

-

6 

2 

2 

2.5 

11 

18 

3 

1 

1 

,3 

-

Less 1 

Stand 
Dev. 

2 

5 

2 

1 

-

5 

1 

i 
0.8 

30 

11 

2 

<1 

<1 

3 

'.-

viaq./WhoT 

Min 

<1 

<1 

1 

1 
-

<1 

<1 

1 

1.1 

1 

2 

1 

<1 

1 

<1 

-

e Rock 

Max 

8, 

20 

12 

6 
-, 

18 

5 

5 

4.0 

192 

42 

9 

2 

2 

9 

-

Magnet 
Number 
of 
Samples 

16 

15 

16 

16 

0 

16 

16 

16 

16 

16 

12 

0 -

..0 

Q 

0 

0. 

:ic Fraction/Wholi 

Stand. 
Mean Dev. 

24 17 

199 108 

7 8 

6 8 

-

8' 6 

39 28 

IS: 6 

17.9 8.3 

11 17 

18 29 

-

_ 

._ 

-

-

e Rock' 

Min Max 

7 77 

50 435 

1 29 

1 35 

-

'<1 20 

8 109 

5 30 

0.4 27.7 

1 70 

3 ' :9i 

-

-

-

-

_ 

CO 



Table 4 - ELEMENT CONCENTRATION RATIOS FOR H.L. AND MAGNETIC FRACTIONS VS. WHOLE ROCK SAMPLES—GEYSERS DH IR (3527 ft. to 7148 ft. 

ELEMENT 
(ppm) 

Cu 

Mo 

Pb 

Zn 

Ag 
Mn 

Co 

Ni 

Fe(%) 

As 

Sb 

Sn 

W 

B 

In 

Bi 

+3.3 Sp. 
Number 
of 

Samples 

20 

8 

20 

20 

2 

20 

20 

20 

20 

20 

20 

13 

8 

5 

• 13 

0 

Gr. Less 

Mean 

9 

2 

47 

5 

563 

11 

5 

4 

2.9 

19 

41 

6 

23 

1 

7 

-

; Mag./Whole Rock 

Stand. 
Dev. Min Max 

7 

1 

43 

2 

336 

18 

4 

2 

0.8 

14 

20 

2 

17 

<1 

5 

-

1 

1 

10 

2 

325 

1 

1 

1 

1.6 

7 

18 

3 

6 

1 

1 
-

27 

3 

169 

18 

800 

83 

19 

8 

5.8 

61 

92 

10 

53 

2 

19 

-

+3.0-3.3 
Number 
of 

Samples 

20 

14 

20 

20 

0 

20 

20 

20 

20 

20 

20 

18 

8 

0 

18 

0 

Sp. Gr. 

Mean 

1 

2 

2 

2 

-

9 

1 

1 

2.2 

4 

22 

5 

1 
0 

4 

0 

Less 

Stand 
Dev. 

1 

1 

1 

1 

-

5 

1 

1 

0.4 

3 

13 

2 

1 

-

3 

-

Mag./Whol 

Min 

1 

1 

1 

1 

-

2 

<1 

1 

1.5 

2 

6 

2 

<1 

-

1 
-

e Rock 

Max 

3 

7 

5 

5 

-

19 

3 

3 

3.2 

15 

50 

8 

2 

-

9 
-r 

Magnetic 
Number 
of 

Samples 

0 

0 

0 

0 

0 

Mean 

22 

206 

3 

2 

-

12 

102 

26 

17.3 

9 

10 

-

-

-

-

-

Fraction/Whole Rock 

Stand. 
Dev. 

5 

109 

2 

1 

-

15 

.65 

4 

2.8 

3 

6 

-

-

-

-

-

Min 

13 

79 

1 

1 

-

4 

24 

18 

11.0 

4 

3 

-

-

-

-

-

Max 

30 

370 

7 

6 

-

57 

204 

31 

21.1 

15 

18 

-

-

-

-

-

CO 
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BEfiVER COUNTY, UTAH 

FIGURE 2/14-2 
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DH 14-2 
ROOSEVELT KGRR 
BEflVER COUNTY. UTAH 

FIGURE 3 / 1 4 - 2 
SAMPLE TYPE: +3.3 H.L. CONC. 
VERT. SCALE; 800.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTAH 

FIGURE 4 /14 -2 

SAMPLE TYPE: 
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DH 14-2 
ROO.SEVELT KGRfl 
BEflVER COUNTY, UTAH 

FIGURE 5 /14 -2 

SAMPLE TYPE: 
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(DEPTH SHOWN 

+3.3 H.L. CONC. 
800.0 FT./IN. 

IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRA 
BEAVER COUNTY. UTAH 

FIGURE 6/14-2 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 800.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRfl 
BEAVER COUNTY. UTAH 

FIGURE 7 /14-2 
SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 
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FIGURE 8 /14 -2 

DH 14-2 
ROOSEVELT KGRfl 
BEAVER COUNTY, UTAH 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 
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DH 14-2 
ROOSEVELT KGRfl 
BEAVER COUNTY. UTAH 

FIGURE 9 /14-2 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 
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DH 14-2 
ROOSEVELT KGRA 
BEAVER COUNTY. UTAH 

FIGURE 10 /14-2 

SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: 800.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRfl 
BEAVER COUNTY. UTAH 

FIGURE 11 /14-2 
SAMPLE TYPEt +3.0-3.3 H.L. CONC 
VERT. SCALE: 800.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 
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FIGURE 12/14-2 

DH 14-2 
ROOSEVELT KGRfl 
BEAVER COUNTY, UTAH 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800.0 FT . / IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRfl 
BEAV.ER COUNTY. UTAH 

FIGURE 13 /14-2 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800.0 FT./IN, 
(DEPTH SHOWN IN KILOFEET ) 
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DH 14-2 
ROOSEVELT KGRfl 
BEAVER C O U N T Y , UTAH 

FIGURE 14/14-2 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800.0 FT./IN 
(DEPTH SHOWN IN KILOFEET 1 
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FIGURE 1/72-16 

DH 72-16 
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DH 72-16 
ROOSEVELT KORfl 
BEflVER COUNTY, UTAH 

FIGURE 2/72-16 
SAMPLE TYPE: 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

'/, SUFD. 7. MAG. •/. BIO 7. +3.3 % +3.0-3.3 
.50, 
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DH 7 2 - 1 6 
ROOSEVELT KGRfi 
BEflVER COUNTY. UTflH 
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FIGURE 3/72-16 
SAMPLE TYPE: + 3 . 3 H .L . CONC 
VERT. SCALE: 200 .0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 4/72-16 

SAMPLE TYPE* +3.3 H.L. CONC 
VERT. SCALE: 200.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN 
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DH 72-16 
ROOSEVELT K(JRfl 
BEflVER COUNTY, UTflH 

FIGURE 5/72-16 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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< i o . 
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DH 72-16 
ROOSEVELT KORfl 
BEflVER COUNTY, UTflH 

PPM CU PPM MO 

50 . 

4 . 

3 . 

6 . 

6 . 

f 
3 9 . 

z\. 

16. 

=̂—1 

4 8 . 

18 . 

2 ^ . 

J 3 . 

20 

FIGURE 6/72-16 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 7/72-16 
SAMPLE TYPE* HHOLE ROCK 
VERT. SCALE! 200.0 FT./IN, 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN 

1100. 
PPM CO PPM NI 7. FE PPM RS 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 8/72-16 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM BI PPM TE PPM IN PPM SN PPM W 
10. 

1 -^"—i 

< 1 . 

< 1 . 

< 1 . 
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• -

- -
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2 . 
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2 . 

2 . 

4 . 
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2 . 

3 . 
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10. 

<10. 

<10. 

13. 

10. 

12. 

<10. 

<10. 

<10. 

<10. 

<10. 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 9/72-16 
SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM CU 

400. 
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ND 
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< 2 . 
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< 2 . 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 10/72-16 
SAMPLE TYPE: +3 .0 -3 .3 H.L, CONC 
VERT. SCRLE: 200.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 11 72-16 

SAMPLE TYPE: + 3 . 0 - 3 . 3 H .L . CONC 
VERT. SCALE: 200 .0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

PPM MO 

400. 

FIGURE 12/72-16 
SAMPLE TYPE: MAGNETICS 
VERT. SCRLE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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185. 

118. 

114. 

120. 
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ND 

4. 

2. 

<2. 

<2. 

2. 

<2. 

<2. 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 13/72-16 
SAMPLE TYPE: MRGNETICS 
VERT. SCRLE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 14 /72-16 

SAMPLE TYPE: MAGNETICS 
VERT. SCRLE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 
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FIGURE 1 / G - l 

DH G-1 
. GEYSERS KGRA 

SONOMA a LAKE COS., CALIF. 

I - ' 

2 - 1 

3 - 1 -

4 - _ 

B-:4 

7---

STEAM ENTRY 
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10.0 
= 1 

LITHOLOGY 
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• -f • • E 
• • • • • • • • E 

* * * + • + • C 
• + + ••• + 
+ • • • • • • 

V i ' •< X M 
+ • • • I 

, • • • • 
• • • • • 

GENERALIZED GEOLOGY AND 
STEAM ENTRY RANKING 
VERT. S C A L E ' IOOO F T . / I N . 

LEGEND 

^ 

• 

• • • • • 
• • • • • • • • • 
+ + • • • 

' i / v ' » ~ i s ; 

Greenstone 

Altered Greenstone 
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Chloritic Graywocke 

Altered Chloritic 
Graywocke 

Type Graywocke with 
Silicified Matrix 

Quartz Fragments from 
Type Groywacke 

Argillite 

Serpentinite 

EOH 7665 

SE= Steam Entry WE= Water Entry 

1.0= No steam entry within or close to sample interval 
2.0 thru 5.0 = Steam entries (SE) within or close to sample 66 

interval. Relative Importance of SE indicated by ranking. 

Geology modified from preliminary geologic log by Mary Twichell (Aminoil U.S.A. Inc.). 



DH G - 1 
GEYSERS KGRfl 
SONOMA 4 LAKE COS., CflLIF. 

FIGURE 2/G-l 
SAMPLE TYPE: 
VERT. SCRLE: 
(DEPTH SHOWN 

1000.0 FT./IN 
IN KILOFEET J 
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DH G - 1 
GEYSERS KGRA 
SONOMA I LAKE C O S . , C A L I F . 

FIGURE 3 / G - l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN. 

IN KILOFEET ) 
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DH G - 1 
GEYSERS KGRfl 
SONOMA i, LAKE COS., CALIF . 

FIGURE 4 / G - l 

SAMPLE TYPE: 
VERT. SCRLE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN. 

IN KILOFEET ) 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . . C A L I F . 

FIGURE 5 / G - l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN. 

IN KILOFEET ) 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

FIGURE 6/G- l 
SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN. 

IN KILOFEET ) 
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NO 

ND 

ND 

5. 

3. 

5. 

ND 

ND 

ND 

NO 

8. 

ND 

ND 

ND 

ND 

NO 

6. 

3. 

3. 

5. 

NO 

8. 

NO 

8. 

2. 

6. 

ND 

10. 
6. 
4. 

6. 

6. 

6. 

9. 

8. 

ND 
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DH G - 1 
GEYSERS KGRA 
SONOMA i, LAKE COS. C A L I F . 

FIGURE 7 / G - l 

SAMPLE TYPE; 
VERT. SCALE: 
(DEPTH SHOWN 

WHOLE ROCK 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 
200., 60., 200., 200., 4.0. 

1--

2-1 

3--

* 

" 
-
-

-
. 
" 

-

. 
* 
-
-

-

: 
" 

1 
66. 

1 81. 

- 1 
^ 

60. 

59. 
1 66. 

: 1 78. 

N - 1 
; 
-

44. 
36. 
42. 
62. 

] 70. 
36. 

-

=~ 

70. 

36. 

30. 

33 . 

45. 

48. 

62. 

39. 

39. 

62. 

41. 

63. 

62. 

47. 
32. 
29-
24. 
30. 

30. 
28. 
30. 

36. 

36. 

20. 

2£. 

26. 

32. 

6-=J 

9. 

1. 

3. 

4. 

2. 

2. 

2. 

<1. 

2. 

2. 

15-

6. 

4. 

2. 

3. 

4. 

6. 

6. 

6. 

6. 

6. 

7. 

4. 

6. 

6. 

4. 

4. 

4. 

6. 
4. 
3. 

6. 

6. 

3. 

4. 

6. 

7. 

• ^ 

\ - ' 

62. -, .. 

2-1 

3-^ 

6-=J 

16. 

18. 

17. 

16. 

17. 

17. 

18-

18. 

20. 

19. 

16. 

16. 

34. 

19. 

18. 

20. 

17. 

27. 

19. 

27. 

17. 

36. 

36. 

34. 

37. 

24. 

44-

20. 

16. 

16. 

18. 
16. 

19. 

20. 

20. 

19. 

23. 

22. 

23. 

. 
" 

-

-

1 • 

• 

-

-

-

2-
" 

-

-

-

3J 

-

. 

-

A 
4 

. 

-
J 

r 
O 

-

^ 

J 

-

-

_ 

7-

. 
-

r = ^ ^ 
~Jl02. 

• _ . 
1 9 4 . 

• 

J 87. 
3 0 6 . 
T 9 7 . 

1.11 • 
8 6 . 

83 -

6 6 . 

-
~ 

-

9 4 . 

7 5 . 

1 79-
136. 

-

-

• 

- 1 

7 6 . 

7 4 . 

7 4 . 

6 7 . 

: 124. 

I 104. 

1 94. 

. 

_ 
-

-

-

_ 

H 
: 1 

'rA 
-

-

: [ 
: 1 
• . 1 
• 1 

7 1 . 

] 82. 

4 6 . 

4 2 . 

9 6 . 

7 4 . 

63. 
66. 
44. 
6 2 . 

5 1 . 
57. 
66. 

6 1 . 

1 "• 
87. 

7 1 . 
63. 
60. 

1-

2-

3\ 

A-

5: 

RJ 

7-

1 
t <-2 

<.2 

<.2 

<.2 

I <.2 
<.2 

3 
L <.2 

<.2 

: <.2 
<.2 

I -̂  
; .2 

] .2 

i t <.2 
I <.2 

<.2 

'. <.2 

: <.2 

'. <.2 
- <.2 

<-2 

I <-2 
I <.2 
I *-2 

<.2 

I <.2 
- <.2 

<.2 
<.2 
<.2 

<.2 

I <.2 
I <'2 
: **2 

<.2 
<.2 
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DH G - 1 
GEYSERS KGRA 
SONOMA I LAKE COS. CALIF . 

FIGURE 8 / G - l 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI 7. FE 

7-4 

8000. 

2700. 

3920. 

2 - 1 

200., 

42. 

2 8 . 

17 . 

4 2 . 

4 6 . 

4 5 . 

2 6 . 

16 . 

16 . 

1 7 . 

18 . 

24-

2 6 . 

17 . 

12 . 

1 8 . 

14 . 

2 1 . 

6 0 . 

32. 

23. 

34. 

20. 

26. 

3 4 . 
2 6 . 
20-
19 . 
19 . 
16 . 

1 8 . 
17 . 
16 . 

2 1 . 
2 0 . 
14 . 
16 . 
1 6 . 
2 0 . 

6-=4 

600. 

100. 

3-^ 

6 - ^ 

1---

20.00, 

" • 

--

-- 1 
--

; : 

" ^ 

1 

8-08 

6.66 

3.70 

7.93 
6.06 

7.80 

4.48 
• • 1 3-03 

3.48 

i r r 2.53 
" 3.20 

I I 1 3-85 
I I 4.08 
I I 2.95 
I I 2-63 
I I 2.75 

=n 

II 1 
^ ^ 

--

2.93 
4.10 

^ 9.70 

7.88 

4-63 

7.10 

3.80 

3-96 

4-60 

3.40 
--

- — 
^ . 
--

a _ 

2.98 
2-98 

2.88 
2.90 

3.08 
2.73 
3.00 
3.36 
3.46 

i f T . Z.50 

_ . 
- : _ 

S.08 
3.10 

] 3.63 
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DH G-1 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS., CflLIF. 

FIGURE 9/G-l 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM AS PPM SB 
60. 

PPM BI 

! - • 

2--

3--

. 
" 

-
• 

. 
" 

-

-
. 
-
-
-

-

_ 

\ 

-
-
• 

-
-
• 
• 
I 
" 
-
• 

I 
• 

-
_ 
• 
. 
. 
• 

• 

-

1 
3 . 

X 
6 . 

2 . 

2 . 

2 . 

1 
3 ^ 

J^ '• 
r ; ^ 13. 

T '-
fi 
I 2 1 . 

I S* 
ff 4. 

9 . 

h :: 
17 . 

— 1 13. 
I 1 16. 

I 14. 
14 . 

2 0 . 

1 . 

I 1 22. 
1 14. 

. j 10. 

n , »"• 
_ ] '*' 

1 1 . 
1 1 . 
1 1 . 

. 1 10. 
I 9 . 

6. 
6. 

r \ 6. 
1 22 . 

5-r 

! - • -

1--

:D 
2-] 

<i 

20., 60. 

1--

2--

3--

4--

5--

6--

7--

<i-
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DH G - 1 
GEYSERS KGRfl 
SONOMA 4 LAKE COS., CALIF . 

F I G U R E 1 0 / G - l 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

1-' 

2-: 

3-: 

4-1 

5-

5 0 . 

1 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2. 
2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2 . 
2 . 
2 . 
2 . 
2 . 
2 . 

2 . 
3 . 
2 . 

3 . 
2 . 
3 . 
2 . 
2 . 
9 . 

1--

2--

:r 
3--

4 " 

5-^ 

•I 
7-L 

100. . 

-F I 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

<10. 

18-

10 . 

<10. 

<10. 

<10. 

1 3 . 

1 8 . 

<10. 

2 1 . 

<10. 

10. 

10. 

<10. 

10 . 
12 . 

<10. 
<10. 

10 . 

12 . 
1 1 . 

<10. 

10 . 
1 2 . 
1 2 . 
1 2 . 

<10. 
3 6 . 

• ^ 

1---

1600.. 20. 

130. 

1100. 

1000. 

lOOC 

1 3 0 0 . 

1600. 

-= r 
J760. 

640 . 

J 6E0. 

:D 

2-: 

5-1 

6-J 

7-: 

96p. 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE COS. CALIF. 

FIGURE 11/G-l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET 1 

PPM CU PPM MO 
1000., 60., 

3--

68. 

1--. 

1 

1 0 . 

• ' 1 s 
<s 

' •n , > 
: : 1 •' 
... 1 

! 0 . 

! 0 . 

0 . 

! 0 . 

0 . 

10 . 

<30-

40. 1 
ND 

I I 40.1 
1 20. 

io. 
1 

I I 1 '< 
i 

1 5 
<J 

0 . 

;o. 
0 . 

: o . 
10. 

I I 10. • 

10 . 

1 0 . 

11 <] 
I I 1 S 
•-
• " 

0 . 

JO. 

1 0 . 

- 1 J 
i : 

;o. 
1 0 . 

10 . 
<10 . 

irn 1 
i 
* 

1 s 

. » 

• " 

0 . 

| 0 . 

: o . 
0 . 

1 0 . 

1 0 . 

1 0 . 

: : 1 s 
. : 1 1 

0 . 

! 0 . 

0 . 

lo. 

PPM AG 

\'-

? • 

a] 

4; 

5: 

6-

l '-

-

" 

-
-

" 
" 
-
-
_ 
_ 
_ 
I 
-

-

. 
• 

-

-

^ 
-
_ 

-

I 

-

: 
-
-
~ 
-
. 
. 

-

-

2 0 . 
1 

< 3 . 

< 3 . 

<5-

< 3 . 

<3 . 

<3 . 

3-

<8 . 

<5 . 

NO 

< 3 . 

< 3 . 

< 3 . 

<3-

< 4 . 

<7 . 

<6-

< 7 . 

<3-

< 3 . 

<3-

<3-

< 3 . 

< 3 . 

<3-

< 3 . 

<3 . 
<3 . 

<3-

< 3 . 

< 3 . 
< 3 . 
< 3 . 

< 3 . 

< 3 . 

< 3 . 

< 3 . 

< 3 . 
< 4 . 
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F I G U R E 1 2 / G - l 

DH G - 1 
GEYSERS KGRA 

. SONOMA 4 LAKE COS CALIF 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM MN PPM CO PPM NI •/. FE 

;n 

3 

5-n 

-1 

-•u 
1 ' - -

60000. 200., 

2910. 

6090. 
37300. 

15400. 

3810. 

3760. 

3000. 

490. 

4610. 

16600. 

18600. 

6030. 
6330. 
6390. 
3830. 

6720. 
4010. 

6460. 
12800. 
10600. 

6660. 

6940. 

12700. 

11700. 

11700. 
9680. 

\ \ 

?-

3-

4: 

5: 

6-

7-

r = ^ ^ 
I 50. 

n 4 0 . 

6 0 . 

. 1 50. 
I 1 60. 
I 1 40. 
-

• 1 

7 0 . 

40 . 

NO 

1 60. 

I 1 SO-
: 6 0 . 

I 6 0 . 
• 

. 

. 

6 0 . 

6 0 . 

6 0 . 

6 0 . 

4 0 . 

] 10 . 

4 0 . 
" 

-
3 0 . 

3 0 . 

10 . 

- 1 60-

^ 

J 70. 
4 0 . 
3 0 . 

n 20. 
- 1 40. 

4 0 . 
^ 
~ 
_ 

^ 

3 0 . 
3 0 . 

3 0 . 

3 0 . 

n 40. 
L L 20. 
- 1 4 0 . 

3 0 . 

1000. 60.0. 

:3 

h 
\ - -

2-1 

t 
3 - ^ 

iD 

80. 

90. 

240. 

130. 

140. 

140. 

140. 

800. 

230. 

NO 

200. 

280. 

180. 

170. 

190. 

290. 

270. 

300. 

120. 

110. 

180. 

120. 

120. 

180. 

440. 

380. 

230. 

110. 

100. 

120. 

100. 
110. 
100. 

100. 

90. 

100. 

90. 
100. 
110. 

7-:. 

11.0 

11.0 

14.9 

10.1 

9.8 

9.7 

9.5 

12.0 

10.8 

ND 

11.4 

10.4 

9.7 

9.0 

9.0 

9.9 

9.8 

12.6 

10.8 

10.3 

10.0 

11.2 

8.8 

7.9 

9.5 
8.4 
8.2 
8.2 

8.1 
9.0 

9.0 
8.6 
8.6 

7.7 

7.6 

8.1 

7.9 

S.O 

8.6 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

F I G U R E 1 3 / G - l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM AS PPM SB 
200. , 100. 

PPM BI 

-

. 

-

l] 
^ 
-

-

2; 

. 

3" 

-

. 

-

4; 

^ 

cr 
5; 

I 
-

R-

. 
-

-

7I 

. 
-

r* 

T , ;J 
. 
" 

: | 

• J 

" 

: 1 

z z ^ 
15. 

15 . 

4 0 . 

1 3 . 

16 . 

I S . 

2 4 . 

180. 1 
2 6 . 

ND 

2 8 . 

2 7 . 

2 4 . 

3 1 . 

6 1 . 

: . ^ 

1 63. 
I M9. 

-

h 
: 

: 1 
-

" 

-1 

-
. 
-

-

1 
• 1 

2 6 . 

2 6 . 

4 9 . 

3 2 . 

3 8 . 

6 7 . 

192. 1 
1.15. 

J 75. 
2 6 . 

2 7 . 
4 9 . 

6 7 . 
6 7 . 
4 7 . 
4 7 . 

4 8 . 

6 6 . 

4 7 . 
] 6 7 . 
1 6 7 . 

1--

7-^ 

< i . 

& • 

1; 

?'-

3': 

4J 

b; 

S-

l \ 

-

• 

: 
. 
_ 
-

" 
-
-
_ 
: 
" 

» 
^ 

-

. 
^ 

» 

; 

. 
• 

. 
• 

p 
-

. 

ir 
-1 

-1 

^ 

20. 

< i . 

< i . 
ND 

< 1 . 

< 1 . 

< 1 . 

< 1 . 

HO 

ND 
ND 

NO 
ND 

< 1 . 

ND 

ND 

ND 

ND 

NO 

< 1 . 

< 1 . 

< 1 . 

< 1 . 

< 1 . 

< 1 . 

2 . 

< 1 . 

< 1 . 
< 1 . 

< 1 . 
< 1 . 

4 . 
4 . 
2 . 

2 . 

s. 
4 . 

3 . 

1 . 
ND 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

F I G U R E 1 4 / G - l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

^ 
; 

• 
. 

1; 
• 

• 

• 
• 

2-

-
-

I 

3-
• h 

-
. 
• 

4-

. 
" • 

• 

-

5: 

-

-

I 
-
6-
^ 
-
• 
• 

7-

-
-

50-, 

4-

2. 

ND 

z. 
2. 

I 8-
^ » • 

ND 
ND 

ND 

ND 

ND 

3. 

ND 

ND 

ND 

ND 

ND 

3. 

2. 
2. 

3. 

i n '• 
10. 

6-
~ 6-

u 
n 8. 

10-

10-
10-

DT 8. n 
iL »• 
1 *̂' 
1 14. 

17. 
ND 

100. 

0̂ 

1--

:D 

2--

3--

4--

7-^ 

:=] 

10 . 

<10-

ND 

<10-

<10-

<10-

10-

ND 

NO 

ND 

ND 

ND 

17 . 

ND 

ND 

ND 

ND 

ND 

<10. 

<10-

10-

<10-

<10. 

<10-

2 2 . 
20-
18-
10-

10-
16-

15-
1 3 . 
16-

10-
10-
10 . 
10. 

<10-
ND 

-

-

-
« 

1; 
" 

-
-

-

?-

-

-

-

3-
-

-

. 

-

4-

I 
" 

-

-

5-
^ 
-
-
• 

-
6-
_ 
-
-
• 

7-
" 
. 
-

-

-

-
_ 
_ 
. 
^ 
-
-

-
_ 
• 

-

-

-

-

-

-

-

-
_ 
-
_ 

I 
-

-

_ 
-
_ 
-
-
" 
-
-
-
_ 
-
-
_ 
-
• 

. 
-

1500., 
1 

NO 

NO 
ND 

NO 

ND 
ND 

ND 
ND 

ND 
ND 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
NO 

ND 
NO 

ND 

ND 
ND 
NO 
ND 
ND 
NO 

ND 
ND 
ND 
ND 

ND 

ND 

ND 
ND 
ND 

20. 

-

-

-

l \ 

-

-

-

? • 

-
• 

I 

3-
-

-
, 

-

4-
. 

_ 
-

-

5; 
I 
: 

-

6-

-
-
" 

7-

-
• 

= ^ 
6-

1-

ND 

: 1-
'r 1 -

F 1 
t '• 

1 . 

NO 

ND 

ND 

: N O 

I ND 
1-

; ND 

I ND 

I NO 

ND 

ND 

3-

1-

1-

1 9-
P 1 6-
t 6-

i 1 7. 
1-

E ;: 
fc] fr -
. 1 6. 

3. 
3. 

I 3. 

^ -
r 2. 
'' 1 7. . 
h ND 
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DH G-1 
GEYSERS KGRA 
SONOMA i, L A K E - C O S . , C A L I F . 

FIGURE 15 /G- l 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET 1 

PPM CU PPN MO PPM PB PPM ZN PPM AG 

:3 

1--

in 
z-'d 

S--

;D 
4--

7 - ^ 

6000. 

3 7 3 . 

ND 

NO 

ND 

ND 

NO 

ND 

9 1 3 . 

ND 

4 9 0 . 

ND 

NO 

NO 

NO 

ND 

ND 

3460.. 

ND 

7 3 8 . 

ND 

ND 

7 5 7 . 

ND 

9 1 0 . 

620 . 

849. 
ND 

7 2 1 . 
732. 

NO 

ND 
7 9 3 . 

NO 

8 0 6 . 

9 9 6 . 

ND 

8 2 2 . 

8 0 7 . 
ND 

1 " 

z-\ 

3--

4 " 

6--

;n 

: D 

6000 . 

8 7 0 . 

NO 

ND 

ND 

NO 

ND 

ND 

100. 

NO 

140 . 

ND 

ND 

ND 

NO 

ND 

NO 

8 7 0 . 

NO 

Isio. 

NO 

ND 

1010. 

ND 

1800. 

1600. 

lOSO. 
NO 

9 0 0 . 

8 5 0 . 
ND 

ND 
9 4 0 . 

NO 

6 9 0 . 

6 6 0 . 

ND 

5 4 0 . 

6 7 0 . 
ND 

1--

2-1 

3 " 

4--

6--

;3 

1000. 

4 0 . 

ND 

NO 

ND 

ND 

ND 

ND 

290. 

NO 

^60. 

ND 

ND 

ND 

NO 

ND 

ND 

260. 

NO 

80. 

NO 

ND 

120. 

ND 

140. 

420. 

240. 
NO 

90. 

90. 
ND 

NO 
60. 
NO 

60. 

70. 

NO 

30. 

20. 
ND 

1--

2:3 

3--

4--

6" 

7--

6000. 

176. 

ND 

NO 

ND 

ND 

ND 

ND 

961. 

ND 

367. 

ND 

ND 

NO 

NO 

ND 

NO 

J320. 
ND 

125. 

ND 

ND 

222. 

ND 

99. 

690. 

610. 
ND 

197. 

98. 
ND 

ND 
186. 
ND 

116. 

212. 

NO 

64. 
78. 
ND 

100., 

-

• 

-

, 

1; 
. 

" 

-
— -

2-

" 

-

-

3-
-

-

. 

-

4-
. 

^ 

-

r 
0 

J 
-

-
-

-

6-
« 
-
. 

. 

7' 

. 
• 

• 

-

-

. 
_ 
-
• 

• 

-
--

-
. 

I 
-

-

• 

> 

-

. 

-

_ 
-

I 
_ 

-

• 

-

^ 

-
-
" 

-
• 
" 
. 
• 

• 

. 

^ 

-

. 
• 

1 
<10. 

ND 

ND 

ND 

ND 

ND 

ND 

<24. 

ND 

<17. 

NO 

ND 

ND 

ND 

ND 

ND 

140. -• 

ND 

<7. 

ND 
ND 

<8. 

ND 

6. 

140. -, 

<5. 
NO 
<6. 

<5. 
NO 

NO 
<8. 
ND 

<6. 

<9. 
NO 

<7. 

<3. 
ND 
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DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 1 6 / G - l 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 F T . / I N 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI y. FE 

z-\ 

3--

4- . 

6 " 

1 - ' -

20000. 

6640 . 

ND 

ND 

ND 

NO 

ND 

ND 

8 7 0 . 

ND 

4 2 0 . 

ND 

ND 

ND 

NO 

ND 

ND 

118^0. 

ND 

6850 . 

NO 

ND 

6860. 

ND 

8060 . 

7200. 

I8600 . 
ND 

10j?00. 

10,100. 

ND 

ND 
11100. 

ND 

117(10 

11^00. 

NO 

12600. 
14800. 

3 

4--

: D 

6--

ND 

10000. 

:i 
• . 

a . 

" " 

^ _ 

• n 
• • 

z z z z ^ ^ 

3 7 0 . 

ND 

NO 

NO 
NO 

ND 

NO 

1630. 

ND 

140. 

ND 

ND 

ND 

ND 

ND 

ND 

610 . 

ND 

1890. 

ND 

NO 

8 0 0 . 

ND 

8 2 0 . 

390 . 

1020. 
ND 

690 . 

1820. 

NO 

ND 
9 4 0 . 

NO 

6 7 0 . 

6 2 0 . 

NO 

7 6 0 . 

6 7 0 . 
ND 

1 " 

2:Z] 

3--

4 -

6--

1---

-n 

6000. . 

1700. 

ND 

ND 

ND 

NO 

ND 

NO 

2020 . 

ND 

1120. 

NO 

ND 

ND 

ND 

ND 

ND 

_j340. 
ND 

1780. 

ND 

ND 

1830. 

ND 

1700. 

1140. 

^ 6 0 . 
' ND 

1630. 

1170. 

NO 

ND 
1100. 

ND 

7 4 0 . 

8 9 0 . 

NO 

1190. 
910 . 

ND 

1--

2- : 

3--

4--

5-r 

8--

1---

100.0. 

1 4 . 1 

NO 

NO 

NO 

NO 

ND 

ND 

63.6 

ND 
_ 6 7 . 9 

ND 

ND 

ND 

ND 

NO 

ND 

J5.2 
ND 

S O . 6 

NO 

ND 

ND 

66.4 
I 

1.9 
T6.4 
"^ ND 
66 .4 
66 .7 

NO 

ND 
70.0 

— N b 
76 .3 

73.9. 

ND 

76 .1 
86 .0 I 

ND 

81 



DH G - 1 
GEYSERS KGRA 
SONOMA 4 LAKE COS. CALIF. 

F I G U R E 1 7 / G - l 

SAMPLE TYPE: MAGNETICS 
•VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB 

:D 

1--

2- : 

4--

6--

iD 

: D 

' i ^ 

600. . 

6 2 . 

NO 

NO 

ND 

NO 

ND 

NO 

480 . 

NO 

210 . 

ND 

ND 

ND 

ND 

ND 

ND 

2 2 . 

ND 

6 6 . 

ND 

NO 

6 1 . 

NO 

160. 

7 0 . 

112. 
ND 

6 6 . 

6 2 . 
NO 

ND 
1 6 . 

NO 

2 9 . 

7 4 . 

NO 

6 4 . 

3 9 . 
NO 

100. 

-

• 

-
. 

1; 

, 
• 
• 
• 

z\ 
. 
I 
-

-

3^ 

• 

I 
-

4-

, 
• 

I 
-

5-
. 
" 
-
I 
-

6; 
. 
-
-
a 

7-
• 
. 
-

r -^^^ 
'- < 2 . 

ND 
ND 

ND 
I NO 
I NO 

ND 
139. "•! 

ND 
91. 1 

I NO 
I NO 

: ND 

ND 

I ND 

I NO 

- <2. 

I ND 

I 6. 

_ 
ND 

I NO 

D '̂ 
I ND 

ND 
. 

NO 
i] 10. 

ND 
] 6. 

] 
; NO 

NO 
I] 6. 

NO 
1 5. 
2 9-
I NO 

\ 6. 

3 6. 
• ND 

82 



FIGURE l / G - I R 

DH G-IR 
GEYSERS KGRA 
SONOMA a LAKE COS., CALIF. 

2 - -

3 - -

4 - 1 

5- - " 

STEAM ENTRY 
RANKING 

10.0 
1 

1 

-:zj 

1.0 

1.0 

t .o 
3.0 
6.0 
2.0 
1.0 

1.0 

1.0 

LITHOLOGY 

I-

2 -

3-

5.0 

7.0 

4 .0 
2.0 
1.0 
1.0 
1.0 
1.0 
8.0 
3.0 
ND 

SE 
SE 

SE 

S | 
SE 
WF 

GENERALIZED GEOLOGY AND 
STEAM ENTRY RANKING 
VERT SCALE ' IOOO F T . / I N . 

LEGEND 

^ 
^ 

^-^/v^^J 

Greenstone 

Altered Greenstone 

• • • 4 • 
+ • • • • 
+ + • + + 

Chloritic Graywocke 

Altered Chloritic 
Graywocke 

Type Groywacke with 
Silicified Matrix 

Ouortz Fragments from 
Type Graywocke 

Argillite 

EOH 7165' 

SE= Steam Entry WE= Water Entry 

1.0= No steam entry wJthin or close to sample interval 
2.0 thru 8.0 = Steam entries (SE) within or close to sample 83 

interval. Relative importance of SE indicated by ranking. 

Geology modified from preliminary geologic log by Mary Twichell (Aminoil U.S.A. Inc.). 



DH G - I R 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

F I G U R E 2 / G - l R 

SAMPLE TYPE: 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

y. SUFD. y. MAG. •/. HEM. •/ +3.3 

1--

2--

3--

: L L 

4-

5--

6--

.08 

.18 

.02 

.02 

.01 

<.01 

<.01 

<.01 

.01 

<.01 

<.01 

<.01 
<.01 
<.01 
. .01 
<.01 
.01 

.02 
<.01 

1" 

2" 

3--

.60, 

.03 

.07 

.02 

.02 

.04 

.02 

.04 

.01 

.02 

.03 

.03 

.03 

.06 
<.01 
.08 
.09 
.06 
.07 
.10 

1--

2--

3--

4--

5--

6--

7--

<.oi 
<.oi 
<.01 

<.01 

<.01 

<.01 
<.oi 

<.01 

.01 

<.01 

<.01 

<.01 
<.01 
<.01 
<.01 
<.01 
<.01 
<.01 
<.10 

2.00 

•/ +3.0-3.3 
e.oo. 

84 



DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 3/G-lR 

SAMPLE TYPE: +3 .3 H .L . CONC 
VERT. SCALE: 1000.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

1- -

2--

3--

4 - : 

6--

C 

6000. . 

480. 
408. 
633. 

6 1 4 . 

1630. 

5 7 2 . 

6 9 2 . 

1400. 

1 -

2--

3--

4--

5--

•t] 

200. 

<20. 

<10. 

<10. 

<10. 

10 . 

10 . 

2 0 . 

<40. 

<10. 

<20. 

<10. 

2 0 . 
4 0 . 

<30. 
<10. 
<10 . 
<10. 

2 0 . 
3 0 . 

20000 6000. 100.. 
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FIGURE 4/G-lR 
DH G-IR 

GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT . / IN 
(DEPTH SHOWN IN KILOFEET 1 

PPM MN PPM CO PPM NI •/. FE 

1 " 

2--

3--

60000. . 

9600. 
14000. 
12900. 
8000. 

10600. 

14300. 

14300. 

3--

;i 

110000. -»l -• 

7--

6000. 

470. 

340. 

100. 

100. 

140. 

90. 

120. 

230. 

330. 

60. 

60. 

90. 
240. 
90. 
30. 
40. 
60. 

70. 

60. 

4000.. 100.0, 

22.9 

20.1 

11.9 

10.6 

9.4 

8.8 

11.1 

8.8 

10.3 

8.4 

8.5 

9.3 
9.9 
11.2 
8.7 
8.6 
10.2 

11.9 
8.6 
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DH G - I R 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS., C f l L IF . 

FIGURE 5 / G - l R 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 
2000 100.0. 60., 

ND 

ND 

ND 

NO 

1 -

ND 

1 3 . 
1 0 . 

ND 
2 . 
1 -
1 . 
2 . 
1 . 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS.. CALIF. 

FIGURE 6/G- lR 

SAMPLE TYPE: +3 .3 H .L . CONC 
VERT. SCALE: 1000.0 F T . / I N 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

3--

5--

100. 

7 . 

8 . 

4 -

3 . 

6 . 

NO 

ND 

ND 

ND 

10-

ND 

12 . 
1 0 -

ND 
8 . 

1 4 . 
14 . 

1 1 . 
2 4 . 

1--

2--

3--

5--

1000.. 

3 6 . 

150. 

16 . 

66 . 

I40. 
ND 

ND 

ND 

1--

2--

3--

4 - 1 

5--
• 

• 

6-
• 

-

-
• 

l \ 

-
" 

-

~ 
> 

^-| 
1 

-
-

NO 

IOOO. 

ND 

760. 1 
1000. 1 

ND 
170-
330. 
470. 

470. 
480. 

1500. 

J760. 
l o o . 

850. 
1100. 

>1500. 

NO 

ND 

ND 

1--

2--

3--

4 . . 

5--

6-

7I 
/ 

~ 
• 

ND 

>1500. 

ND 

>1600. 
>1600. 

ND 
>1S00-
>1500. 

I >1600. 

>1600. 
r >1500. 

;3 

100. 

6 . 

5-

2 . 

2 . 

6 -

ND 

ND 

NO 

NO 

8 . 

ND 

10-
1 9 . 

ND 
3 . 
9 . 

ID . 
7 . 

12 . 

88 



DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 7/G- lR 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 
200., SOD., 

-

-

4-
. 
-
-
. 

r 
u -

-

-

-
" -

6-
-
" 
. 
-
• 

7; 

|100. 
i:i2. 
136. 

: 1 74. 
-
-
• 

-
„ 

-

" 

-

J 87. 
57. 
67. 

63. 

] 84. 

80. 

70. 

1 

• 1 
: 1 

1 76. 
68 ' 
63 . 

1 9 1 . 
1 72. 

I 1 8 1 . 

• 
78 . 
76. 

1--

2--

3--

4--

6--

7--

4.0. 

<.2 

<.2 

<.2 

<.2 

<.2 

<.2 

<.2 

.2 

.2 

.2 

.2 

<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

FIGURE 8/G- lR 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI •/. FE 
8000 200. 600.. 20.0. 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 9/G-lR 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS 

1--

2--

3--

PPM SB 

3--

4--

5--" 

20. 

1-

1. 

1. 
2. 
2. 
2. 
2. 

2. 

1-

1. 

1. 
2. 
1. 
2. 
2. 
1. 

1. 
1. 

PPM BI 
60., 

1--

3--

4--

5--

6--

7--
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DH G - I R 
GEYSERS KGRA 
SONOMA 4 LAKE COS. CALIF. 

FIGURE 10/G-lR 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 F T . / I N 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN 

1--

2--

3--

4--

PPM W PPM B PPM IN 

60.. 

1--

2--

3--

4--

5--

6-" 

7--

--D 

100., 

<10. 

<10. 

<10. 

<10. 

1 5 . 

10 . 
10 . 

<10. 

<10. 

19 . 

19 . 

9 9 . 

1 5 . 
<10. 

I ] 6 6 . 
2 0 . 
3 3 . 
2 0 . 

1--

2--

3--

4--

6--
190 . - » | - -

1600. 

700. 

1100. 

460 

"9^0 

l O O d . 

1700. 
900. 

1100. 
I 

620 . 

6 6 0 . 

"iso. 

1500. 
"96^ 
1300. 

760. 
760. 

^ 0 
6 4 0 . 

1750 . 

1--

2--

3--

S--" 

3^:: 

A-n 

20., 

1 . 

1 . 

4 . 

2 . 

2 . 

1 . 

1 . 

1 . 

1 . 

1 . 

1 . 

1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
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DH G - I R 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

F I G U R E 1 1 / G - l R 

SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: lOOCO FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

1--

3--

7-

1000., 

96. 

56. 

31. 

36. 

46. 

24. 

47. 

66. 

177. 

33. 

32. 

31. 
99. 
66. 
43. 
30. 
34. 
34. 
34. 

1--

2--

3--

4--

5--

6-̂  

:n. 

60.. 

10. 

10. 

10. 

20. 

<10. 

<10. 

10. 

<10. 

<10. 

10. 

20. 

10. 
10. 

<20. 
10. 

<10. 
10. 

20. 
10. 

1--

2--

3--

4--

5--J 

;D 

400.. 

60. 

40. 

40. 

50. 

60. 

40. 

40. 

40. 

1--

3--

1000. 

4--

6--

7--

20. 

<3. 

<3. 

<2. 

<2. 

<2. 

<2. 

<2. 

<2. 

<2. 

<3. 

<3. 

<2. 
<2. 
<6. 
<2. 
<2. 
<2. 
<2. 
<2. 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS.. CALIF. 

FIGURE 12/G-lR 

SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI •/. FE 
60000 200.. 1000.. 60.0, 

6-6 

11-6 

10.7 

8.6 

8.7 

7.1 

8-4 

8.2 

8-7 

8-3 

7.9 

7.8 
8-6 

10.4 
7.7 
7 .7 
7 .2 

8 .3 
7 .1 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

FIGURE 13/G-lR 

SAMPLE TYPE: +3-0-3.3 H.L. CONC 
VERT. SCALE: lOOCO FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 

1--

2--

4-1 

6- = 

:E 

200.. 

60. 

32. 

33-

46. 

48. 

28. 

60. 

71. 

66. 

60. 

38. 

97. 
30. 
16271 
69. 
44. 

27. 

26. 

23-

100. 
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DH G - I R 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . . C A L I F . 

F I G U R E 1 4 / G - l R 

SAMPLE TYPE: + 3 . 0 - 3 - 3 H .L . CONC 
VERT. SCALE: 1000.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

1--

3--

60. 

4 -

2 . 

3 . 

2 . 

3 . 

6 -

7 . 

9 . 

7 . 

6 . 

1 3 . 

1 3 . 
NO 
ND 
9 . 

1 3 . 
1 0 . 

1 6 . 

1 8 . 

1--

2--

3--

4--

5--

ii] 

I 
7 - - -

100. 

10-

<10-

<10-

<10. 

<10-

<10-

10-

<10. 

10-

<10-

10-

13 . 
ND 
ND 

1 3 . 
10 . 
16 . 

10 . 
40 . 

1--

2--

3--

4--

5--

6--

7--

1500. 

1--

2--

3--

20. 

ND 
ND 

ND 

ND 

ND 
ND 
ND 

NO 

NO 

ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

-
-

A\ 

• 

-

5-
-

6-
-
-
_ 

i ' : 

^ 

2. 
2. 
3. 

2. 

4. 
5. 

. 1 7. 

-

: 

-

=1 

-
-n , 
- 1 

6-

2. 

2. 

6-

7. 
ND 
ND 
3. 
6-
4. 

1 9. 
: ' 7 . 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 15/G-lR 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

1--

2--

3--

4--

5--

6-^ 
-:3 

6000. . 

998. 

9 6 7 . 

ND 

ND 

1130. 

ND 

1010. 

NO 

ND 

ND 

ND 

ND 
7 8 1 . 

ND 
9 3 0 . 
9 4 0 . 
964 . 

944-
803. 

1--

2--

3--

4--

5--

•P=i 

e 

6000. 

1220. 

1280. 

ND 

ND 

1480. 

ND 

"27|60. 

NO 

NO 

ND 

ND 

ND 
1280. 

ND 
630. 
1300. 
1470. 
1040. 
1100. 

1--

2--

3--

4--

:p 

1000. 

130. 

90. 

ND 

ND 

70. 

ND 

100. 

ND 

ND 

ND 

ND 

ND 
140. 
NO 

130. 
70. 
60. 

70. 
100. 

2--

3--

4--

6-=! 

=3 

6000. 

262. 

372. 

ND 

ND 

163. 

ND 

315. 

ND 

NO 

ND 

ND 

ND 
146. 
ND 

129. 
120-
116. 

91. 
170. 

1--

2--

3--

4--

5--

8--

7--

100-

<ii. 

<6. 

NO 

ND 

<9. 

NO 

<9-

ND 

ND 

NO 

ND 

ND 
> . 
""NO 
<6. 
<6. 
<7. 

<6. 
<6. 
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DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE C O S . , C A L I F . 

FIGURE 16/G-lR 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPN CO PPM NI y. FE 

1 " 

2--

3--

4--

5--

20000. 

1620-

111.00-

ND 

<999. 

119l)0. 

ND 

10400. 

NO 

NO 

NO 

ND 

1--

2--

3--

4--

5--

6; 

" 
* 
-
• 

l \ 

1 
I ND 

1 7600. 
ND 

1 7270. 
76600. -»! 

I ^260. 

: 10)200. 
18460. 

6- = 

10000., 

1130. 

8 7 0 . 

ND 

ND 

1960. 

ND 

660 . 

ND 

ND 

ND 

ND 

ND 
~ 4 6 9 0 . 
"• ND 
T | 9 0 . 
^ 9 0 . 
3680. 

3660. 
| 4 1 0 0 . 

1--

2 " 

4 - -

5--

6-=̂  

6000. , 

3110. 

_2pi0. 
ND 

ND 

J 4 4 0 . 
ND 

1820-

ND 

ND 

ND 

NO 

ND 

ND 
I2I6O. 
1^300. 
J 4 6 0 . 
1890. 

" i360 . 

1--

2--

3--

4--

5--

6--

100.0, 

68 .1 

64.8 
.1 

NO 

ND 
7 0 . ^ 

ND 

64 .0 
— J 

ND 

NO 

ND 

ND 

ND 
^ 1 . 9 

ND 
T£-0 
. 6 i ^ 
64-6 

66.4 
•353 

98 



DH G-IR 
GEYSERS KGRA 
SONOMA 4 LAKE COS., CALIF. 

FIGURE 17/G-lR 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: lOOCO F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB 

1--

2--

3--

4--

S--

e 

600.. 

136. 

120. 

NO 

ND 

112. 

ND 

196. 

ND 

ND 

ND 

ND 

ND 
3 6 . 

NO 
120. 
130. 

68. 
7 6 . 
6 3 . 

1--

2--

3--

4--

5--

6-^ 

7--

:D 

= ; i 

:D 

100., 

16 . 

1 6 . 

ND 

ND 

1 0 . 

ND 

2 4 . 

ND 

ND 

ND 

ND 
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SILVER (PPM) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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SILVER (PPM) 200-300 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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RRSENIC (PPM) 0-100 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: COLOR 
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RRSENIC (PPM) 200-300 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: COLOR 
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SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: flflS 
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MRNGRNESE (7.) 100-200 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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MRNGRNESE (7.) 200-300 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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COBRLT (PPM) 100-200 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD; flflS 
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COBRLT (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD; flflS 
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NICKEL (PPM) 0 -100 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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NICKEL (PPM) 100-200 FT. 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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ANflLYTICflL METHOD: flflS 
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IRON (7) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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IRON (7) 100-200 FT, 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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IRON (7 ) 200-300 FT. 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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ROOSEVELT KGRfl 
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INDIUM (PPM) 0 -100 FT . 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD; OES 
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INDIUM (PPM) 100-200 FT 
SflMPLE TYPE! WHOLE ROCK 
flNflLYTICflL METHOD: OES 



OND 

O l 

OND 

OND 

OND 

• 4 ~ 

OS 

• 4 -

• ND 

• <1 

t n 

Ol 

©1 

OND 

Ol 

©1 OND 

+ A 
0<1 0<1 / (53 

-H 10000 FEET FIGURE; 26 (200-300 FT-) /PLAN 
ROOSEVELT KGRfl 
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INDIUM (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: OES 
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H 10000 FEET FIGURE: 27 (0 -100 F T - ) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

TIN (PPM) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: OES 



\ 

©z 

©1 

^ • s . 

©ND 

©ND 

©2 

©1 

©1 

©1 O l Ol 

h H 10000 FEET FIGURE: 27 (100-200 FT. ) /PLAN 

"ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

TIN (PPM) 100-200 FT. 
SAMPLE TYPE! WHOLE ROCK 
ANflLYTICflL METHOD: OES 
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h H 10000 FEET FIGUREi 27 (200-300 FT-) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY.UTflH 

TIN (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: OES 
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TUNGSTEN (PPM) 0-100 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: OES 
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TUNGSTEN (PPM) 100-200 FT. 
SflMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: OES 
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BEflVER COUNTY,UTflH 

TUNGSTEN (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: OES 
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WT 7 +3 .0 -3 .3 LESS MAG 200-300 FT. 
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WT 7 HEMATITE 0-100 FT. 
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^ 10000 FEET FIGURE! 32 (100-200 FT.) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

WT 7 HEMATITE 100-200 FT 
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WT 7 HEMATITE 200-300 FT 
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BEflVER COUNTY,UTflH 

VOL 7 SILICATES IN +3-3 0-100 FT 
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BEflVER COUNTY,UTflH 

VOL 7 SILICATES IN +3.3 100-200 FT. 



©ND 

©89 

OND 

OND 

©NO 

©64 

• ND 

• ND 

• ND 

• 55 

• 16 

0 8 3 

0 8 3 

©87 OND 

©86 

OND 

©79 ©88 0 7 4 

H 10000 FEET FIGURE: 33 (200-300 FT. ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

VOL % SILICATES IN +3 .3 2 0 0 - 3 0 0 FT. 



DISTRIBUTION LIST 

External 

David N. Anderson 
James K. Applegate 
Sam Arentz, Jr. 
Lawrence Axtel1 
Charles Bacon 
C. Forest Bacon 

Larry Ball 
Ronald Barr 
David D. Blackwell 
C M . Bonar 
David Boore 
Roger L. Bowers 
Jim Bresee 
A.J. Brinker 
R. Brownlee 

William D. Brumbaugh 
Larry Burdge 
David R. Butler 
Scott W. Butters 
Glen Campbell 
Bob Christiansen 
Eugene V. Ciancanelli 
F.. Dale Corman 
Ritchie Coryell 
John Costain 
James Cotter 
Gary Crosby 
K.R. Davis 
Jere Denton 
William Dolan 
Wendell A. Duffield 
Earth Sciences Division 

Library 
Gordon Eaton, 
Wilf Elders 
Samuel M. Eisenstat 
Domenic J. Falcone 

Glen Faulkner 
Val A. Finlayson 
Joseph N. Fiore 
Robert T. Forest 
Robert 0. Fournier 
Gary Galyardt 

Geothermal Resources Council, Davis, CA. 
Boise State University, Boise, ID. 
Steam Corporation of America, Salt Lake City, UT. 
Geothermal Services, Inc., San Oiego, CA. 
USGS, Menlo Park, CA. 
California Division of Mines & Geology, 
Sacramento, CA. 
DOE/DGE, Washington, DC. 
Earth Power Corporation, Tulsa, OK. 
Southern Methodist University, Dallas, TX. 
Atlantic Richfield Co., Dallas, TX. 
Stanford University, Stanford, CA. 
Hunt Energy Corporation, Dallas, TX. 
DOE/DGE, Washington, DC. 
Al-Aquitaine Exploration, Ltd., Denver, CO. 
Los Alamos Scientific Laboratory, Jemez 

Springs, NM. 
Conoco, Ponca City, OK. 
EG&G Idaho, Idaho Falls, ID. 
Chevron Resources Company, San Francisco, CA. 
Terra Tek, Salt Lake City, UT. 
Gulf Min. Resource Company, Denver, CO. 
USGS, Menlo Park, CA. 
Consulting Geologist, San Diego, CA. 
O'Brien Resources, Inc., Kentfield, CA. 
National Science Foundation, Washington, DC. 
Virginia Polytechnical Institute, Blacksburg, VA. 
DOE/NV, Las Vegas, NV. 
Phillips Petroleum Company, Del Mar, CA. 
Thermal Power Company, San Francisco, CA. 
Southland Royalty Company, Fort Worth, TX. 
Amax Exploration Inc., Denver, CO. 
USGS, Menlo Park, CA. 

Lawrence Berkeley Laboratory, Berkeley, CA. 
USGS, Hilo, HI. 
University of California, Riverside, CA. 
Geothermal Exploration Company, New York, NY. 
Geothermal Resources International, Marina 

del Rey, CA. 
USGS, Water Resources Division, Menlo Park, CA. 
Utah Power and Light Company, Salt Lake City, UT. 
DOE/NV, Las Vegas, NV. 
Phillips Petroleum Company, Reno, NV. 
USGS, Menlo Park, CA. 
U.S. Geological Survey, Denver, CO. 



N.E. Goldstein 
Bob Greider 
John Griffith 
Jim Grubb 
J.H. Hafenbrack 
W.R. Hahman 

Dee C. Hansen 
V. Nobel Harbinson 

Norman Harthill 
Charles Helsley 
Margaret E. Hinkle 
John V. Howard 
Don Hull 

Gerald W. Huttrer 

Jiimy J. Jacobson 
Claude Jenkins 
George R. Jiracek 
Richard L. Jodry 
Max Jones 
Paul Kasameyer 
George Keller 
Don Klick 
John W. Knox 
James B. Koenig 
Robert P. Koeppen 
George A. Kolstad 
Mark Landisman 
Art Lange 
A.W. Laughlin 

Guy W. Leach 
R.C. Lenzer 
Paul Lienau 
Mark A. Liggett 
Robert B. McEuen 
Don C. McMillan 

J.R. McNitt 

Don R. Mabey 
Skip Matlick 
Tsvi Meidav 
Frank G. Metcalfe 
John Mitchell 
Frank Morrison 
L.J. Patrick Muffler 

Lawrence Berkeley Laboratory, Berkeley, CA. 
Intercontinental Energy Co., Denver, CO. 
DOE/ID, Idaho Falls, ID. 
Aminoil, Santa Rosa, CA. 
Exxon Co. USA, Denver, CO. 
Arizona Bureau of Geology & Mineral Technology 

Tucson, AZ. 
Utah State Engineer, Salt Lake City, UT. 
O'Brien Resources, Incorporated, Toronto, 

Ontario, Canada. 
Group Seven, Incorporated, Golden, CO. 
USGS, Hilo, HI. 
USGS-Exploration Research, Golden, CO. 
Lawrence Berkeley Laboratory, Berkeley, CA. 
Oregon Dept. of Geology & Mineral Industries, 

Portland, OR. 
Intercontinental Energy Corporation, 
Englewood, CO. 

Battelle Pacific Northwest Labs., Richland, WA. 
Aminoil, Santa Rosa, CA. 
University of New Mexico, Albuquerque, NM. 
Richardson, TX 
Sierra Pacific Power, Reno, NV. 
Lawrence Livermore Laboratory, Livermore, CA. 
Colorado School of Mines, Golden, CO. 
USGS, Reston, VA. 
Sunoco Energy Development Company, Dallas, TX. 
Geothermex, Berkeley, CA. 
Oregon Institute Technology, Klamath Falls, OR. 
DOE, Washington, DC. 
University of Texas, Dallas, Richardson, TX. 
AMAX Exploration, Incorporated, Denver, CO. 
Los Alamos Scientific Laboratory, Los Alamos, 

NM. 
Oil Development Company of Texas, Amarino,TX. 
Phillips Petroleum Company, Del Mar, CA. 
OIT, Klamath Falls, OR. 
Cyprus Georesearch Company, Los Angeles, CA. 
Woodward Clyde Consultants, San Francisco, CA. 
Utah Geological & Mineral Survey, Salt Lake City, 

UT. 
Energy and Mineral Development Branch, United 

Nations, NY. 
USGS, Denver, CO. 
Republic Geothermal, Santa Fe Springs, CA. 
Consultant, Berkeley, CA. 
Geothermal Power Corporation, Novato, CA. 
Idaho Dept. of Water Resources, Boise, ID. 
University of California, Berkeley, CA. 
USGS, Menlo Park, CA. 



Clayton Nichols 
H.E. Nissen 
Denis Norton 
Franklin Olmsted 
Carel Otte 
Richard H. Pearl 
Alan 0. Ramo 
Robert W. Rex 
Barbara Ritzma 

Glenn R. Roquemore 
Jack Salisbury 
Robert San Martin 
Konosuke Sato 
Robert Schultz 
John V.A. Sharp 
Wayne Shaw 
John Sonderegger 
Neil Stefanides 
R.C. Stoker 
Reid Stone 
Paul V. Storm 
Chandler Swanberg 
Charles M. Swift, Jr. 
Robert L. Tabbert 
Bernard Tillement 
Ronald Toms 
Dennis T. Trexler 
John Tsiaperas 
A.H. Truesdell 
Don Turner 
Jack Von Hoene 
John Walker 
0. Roger Wall 
Don E. White 
Maggie Widmayer 
Syd Willard 
David Williams 
Paul Witherspoon 
Harold Wollenberg 
B.J. Wynat 
Paul C. Yuen 
S.H. Yungul 
Eliot J. Zais 

DOE/DGE, Washington, DC. 
Aminoil USA, Houston, TX. 
University of Arizona, Tucson, AZ. 
USGS, Menlo Park, CA. 
Union Oil Company, Los Angeles, CA. 
Colorado Geological Survey, Denver, CO. 
Sunoco Energy Development Company, Dallas, TX. 
Republic Geothermal, Inc., Santa Fe Springs, CA. 
Science & Engineering Department, University of 

Utah, Salt Lake City, UT. 
University of Nevada, Reno, NV. 
DOE/DGE, Washington, DC. 
New Mexico Energy Institute, Las Cruces, NM. 
Metal Mining Agency of Japan, Minato-Ku, Tokyo. 
EG&G Idaho, Idaho Falls, ID. 
Hydrosearch, Inc., Reno, NV. 
Getty Oil Company, Bakersfield, CA. 
Montana Bureau of Mines & Geology, Butte, MT. 
Union Oil Company, Los Angeles, CA. 
EG&G Idaho, Idaho Falls, ID. 
USGS, Menlo Park, CA. 
California Energy Company, Santa Rosa, CA. 
New Mexico State University, Las Cruces, NM. 
Chevron Oil Company, San Francisco, CA. 
Atlantic Richfield Company, Dallas, TX. 
Aquitaine Company of Canada, Calgary, Canada. 
DOE/DGE, Washington, DC. 
Nevada Bureau of Mines & Geology, Reno, NV. 
Shell Oil Company, Houston, TX. 
USGS, Menlo Park, CA. 
University of Alaska, Fairbanks, AK. 
Davon, Inc., Milford, UT. 
DOE/DGE, Washington, DC. 
Aminoil USA, Inc., Santa Rosa, CA. 
USGS, Menlo Park, CA. 
DOE/ID,-Idaho Falls, ID. 
California Energy Commission, Sacramento, CA. 
USGS, Denver, CO. 
Lawrence Berkeley Laboratory, Berkeley, CA. 
Lawrence Berkeley Laboratory, Berkeley, CA. 
Occidental Geothermal, Inc., Bakersfield, CA. 
University of Hawaii @ Manoa, Honolulu, HI. 
Chevron Resources Company, San Francisco, CA. 
Elliot Zais & Associates, Corvallis, OR. 



Internal 

John R. Bowman UU/GG, Salt Lake City, UT. 
Regina Capuano ESL/UURI, Salt Lake City, UT. 
Odin Christensen ESL/UURI, Salt Lake City,' UT. 
Master Report File ESL/UURI, Salt Lake Gity, UT, 
W.T- Parry UU/GG, Salt Lake City, UT. 
H.P. Ross ESL/UURI, Salt Lake City, UT. 
W, Ursenbach UURI, Salt. Lake City; UT. 
S.H. Ward (2) UU/GG, Salt Lake City, UT. 
P.M. Wright ESL/UURI, Salt Lake City, UT. 



DH 14-2 
ROOSEVELT KGRA 
BEAVER COUNTY, UTAH 

PIOQIOCIOS. 

O O C W A l t . r e l l o n 
" " ^ • ^ ln«»i ial ly 
TYPE (P.re.M) 

O IOO 

CF) 
CONDUCTIVITY 
(Millimhos /m.) 

400 0 

FIGURE 1/14-2 

GENERALIZED GEOLOGY AND 
SELECTED GEOPHYSICAL LOGS 
VERT. SCALE' 800 F T . / I N . 

INTERVAL 
TRANSIT NEUTRON 
TIME (Zi.sec/ft.) POROSITY (%) 

CWE 

?HWE? 

?HWE? 

HWE 

?HWE? 

?HWE? 

HWE 

^ 

7HWE? 
?HWE? 

?HWE? 

7HWE? 

?HWE? 

?HWE? 

?HWE? 

* . ^ 

-o • . 

+ + + 

_+—±1.-

If + 

^ ^ 
+ + + 
+ + 

* f 

+ Ea 
+ 

* + * + ^ 

Tn 
+ + 

•t- + + 

+ + 

r^,^^^^t 

+ + 
+ + 
+ 

' , \ - r 

EOH 6IOO' 
HWE= Hot Water Entry Zone CWE= Cold Water Entry Zone 

f—'f—1 Biotite Hornblende W ~ W ^ Biotite Apl i te L r j i j ; - i Biotite Hornblende 
L ^ t — ^ Monzonite V . .J ..Si Porohvrv r. V>^-M Aoot i te Docite 

r-..°''.-°"| Microgranite 

- a Porphyry 

X X K 1 Biot i te Hornblende 
Microgronodiorite |;g 1 *'<J Andesite 

Geophysical Logs f rom Thermal Power Co., Deliverable to DOE/DGE Case Studies Program Controct No. EG-77-C- i 

Geology and A l te ra t ion Data after Bal lantyne and Par ry , 1976. 

. 38 
08-1525. 



DH 14-2 
ROOSEVELT KORfl 
BEflVER COUNTY. UTflH 

FIGURE 2 /14 -2 

SAMPLE TYPE: 
VERT. SCALE J 
(DEPTH SHOWN IN 

800.0 FT./IN. 
KILOFEET ) 

y. SUFD. y. MAG. y. BIO y. + 3 . 3 

.so. 

:[ 

t\ 
fik

 
f>

, 
^ 

f^
 

i\ 
f\ 

î
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FIGURE 4 /14 -2 
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SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 800.0 FT. / IN 
(DEPTH SHOWN IN KILOFEET 1 

PPM MN PPM CO PPM NI y. FE PPM AS 
1100. 5.00. 

^ 
1 

\ \ 
1 
1 

-

- ^ 

.49 

.93 
1.02 
1.70 

] 1.95 
1.07 
1.02 
1-12 
2-72 
12.60 

1 1.58 
1.84 
2.70 

= ^ 

> ^ 
1 

1.48 
1.59 
1.80 
1.36 
1.11 

.99 
1.19 
1.65 

_ 1 2.09 

6 

1.83 
12.36 
^ . 5 2 
_ 2 . S 0 

2.82 
3-20 

X*92 

2.19 
2 .06 
1.56 
1.16 
1.54 
1.4S 
1.64 
I -BB 
2 i l 7 
2,24 

]2.50 
l .Eg 
1.39 
1.74 
1.10 
2-23 
2 ,18 
1-74 

5 
1J!2 
2,02 
2 .19 

_332 

I 
1.83 
1.68 

.92 

.94 
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1.30 
1.29 
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3-

4-

S-

6-

- <6. 
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<5 . 
< 6 . 
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1 12 . 
6 . 
8 . 

18. . 
2 0 . 1 

-

• 

1 

• 

-

-

-

-

^ 

-

-

8 . 
8 . 

<S. 
<5 . 
<s. 
<6. 
<B. 
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B. 
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<5 . 
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<5 . 
<S. 
<5 . 
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<B, 
< 5 . 
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<5 . 
<6. 
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<6 . 
<B. 
<6 . 
< • % . 

• < E . 
<S. 
<6. 
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<S, 
<6 . 

•C6. 
< 5 . 
< 5 . 

<6. 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTAH 

FIGURE 8 /14 -2 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 800.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM BI PPM TE PPM IN PPM SN PPM W 
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-
a ^ 
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-
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-
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^ 
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< i . 
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< i . 

< i i . 
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< i , , • 
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< i . 
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< i . 
< i . 
<1. 
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2-

^ 

3-

-

4-
" 
" 

-

-

5-

-

ft. 
O" 
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' 
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'. ^JO 
i lO 
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: <io 
<J0 
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<iO 
<10 
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<10 
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; <io 
<10 <lfl 
<I0 

; <10 
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*1D. 
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. 
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-
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-
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-

-
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< 1 . 
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< 1. 
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< 1 . 
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< i -
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« i . 
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< i . 

10 . 
1 

1 

10. 100. 
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2 - -

6 - -

3 - -

4 - -

<1 
<i 
-=1 
<i 
<i 
<=! 
<i 
<1 
<1 
<1 
<i 
<i 
<i 
<i 

I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

<i 
1 
2 
2 
2 
2 

1--

2 - -

3--

13 

5-~ 

:J 
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n 
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10 
10 
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II 
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11 
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10 
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10 
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11 
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10 
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<10 
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12 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 9 /14-2 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
800.0 FT./IN. 

IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 
400 200.. 500., 

-

-

1 
1 

o 
d 

q 
J 

-

A 

4 

c 
Q 

c 
D 

1000., 
1 

ND 
ND 

926 . 1 
1 

1 

-

382 , 
315 . 

ND 
NO 

2 1 -
875 . 1 

1 
1 

432 . 
456 . 
530 . 

1487. 
559 . 
6 0 4 . 

1 
I 

^ 

1 
1 

1 

1 
1 

1 
1 
1 

1 
1 

1 

^ 
1 

? 
1 

1 
1 

1 

1 
1 
\ 

450. 
2 9 5 . 
107 . 
117. 
550 . 
4 9 3 . 
500 . 
4 3 3 . 
368 . 
320 . 
650 . 
289 . 
317 . 
246 . 
2 8 3 . 
312 . 
214 . 
2 3 1 . 
2 7 3 . 

3 4 . 
217 . 
149. 
139. 
465 . 
220 . 
2 0 3 . 
195 . 

5 8 . 
8 5 . 
6 7 . 

190. 
390 . 
482 . 
2 8 0 . 
480 . 
^ 0 5 . 
400 . 
J25. 
446 . 
457 . 

1530. -»l 
1 

-V, 
1 

477 . 
236 . 
186. 
268 . 
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2-

3-

4-

5-

6-

• 

• 

-

• 

-

-

• 

_ 

• • 

-

-

-

-

4 0 . 

ND 
ND 

< 6 . 
<8 . 
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NO 

< 2 1 . 
< 5 . 
< 2 . 
< 4 . 
< 5 . 
< 3 . 
< 4 . 
< 3 . 
< 5 . 
< 7 . 

<15 . 
< 8 . 
< 4 . 
< 3 . 
< 2 . 
<3-
< 2 . 
< 2 . 
<2-
< 3 . 
<4-
< 4 . 
< 3 . 
< 2 . 
< 6 . 
<8 . 
<9 . 

<36 . 
< 3 . 
< 4 . 
< 3 . 
< 2 . 
< 4 . 
< 3 . 
< 3 . 
< 7 . 
< 3 . 
< 3 . 
< 2 . 

< 4 . 
< 2 . 
< 2 . 
< 2 . 
< 4 . 
< 4 . 
< 4 . 
< 3 . 
< 4 . 
< 4 . 
< 4 . 
<9 . 
< 3 . 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTAH 

FIGURE 10 /14 -2 

SAMPLE TYPES 
VERT, SCRLE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
800.0 FT./IN, 

IN KILOFEET 1 

PPM MN PPM CO PPM NI y. FE PPM AS 
20000 200. 
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o 
c. 
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-
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u 

-
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1 
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ND 
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ND 
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1 

- J ^ 

1 
1 

2 0 0 . 
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2 0 0 . 
2 0 0 . 
1 3 0 . 
1 6 0 . 
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2 0 0 . 
2 4 0 . 
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1 

T 
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1 4 0 , 
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no. 6 0 . 
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1 4 0 , 
IBB, 
1400. 

1 
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I 

IJ 
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1 
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^ 
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J 
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1 

1. 
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1 
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-

' 
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~ 
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-
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NO 
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ND 
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O D B -
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< 6 6 . • 
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< 6 B . 
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< 7 0 . 
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4,7 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 11/14-2 

SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: 800.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM BI PPM TE PPM IN PPM SN PPM W 
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ND 
ND 

<10. 
<10. 
<10. 
<10. 
<10. 
<10. 
<10. 
<10. 
<10. 
ND 

<10. 
ND 
NO 
ND 
NO 

1-

2-

3-

4-

5-

6-

-

3 

J 

10. 
1 

NO 
NO 
NO 
ND 
NO 
NO 
NO 
ND 
ND 
1. 
NO 
1. 
1. 
1. 
2. 
1. 
NO 

ND 
NO 
1. 
1. 
1. 

1 4. 

" 
^ 

-

1 
• 

-

-̂

-

1. 
1. 
1. 
ND 
ND 
1. 

1 2. 
ND 
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-
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<10. 
10. 
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1. 
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ND 
10, 

<10. 
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ND 
ND 
NO 
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10. 
14. 
ND 
ND 
ND 
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ND 
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ND 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 12/14-2 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 
500. 400.. 800. 

-

i 
1 

o 
t. 

3-

4 

r* 
O 

r. 
U' 

400. , 

226 . 
I l 97 . 
246 . 

1 130. 
1 170. 

-

1 

NO 
NO 

160. 
160. 
132. 

1185. 
237 . 

1 166. 
1195. 

1 175 . 

1 
n 

120. 
NO 

4 9 . 
NO 

1195. 
1 135 . 

1182 . 
1 162 . 

1 137. 
I l 8 4 . 
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1 146. 
J 160 . 

120. 
1 164. 

1 176 . 
250 . 
2 3 0 . 
2 5 0 . 

I l 8 4 . 
247 . 
2 2 1 . 
215 . 

1-

2-

3-

4-

5-

6-

-

-

" 

-

m 

-

• 

' 

-

-

• 

• 

• 

2 0 . 

<4-
<4-
<4-
< 3 . 
<4. 

ND 
ND 

<6. 
<5 . 
<2 . 
<4. 
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DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTAH 

FIGURE 13/14-2 
SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800.0 FT./IN. 
tDEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI % FE PPM AS 

1 
1 
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^ 
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A 
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f* 
u-
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1 
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ND 
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ND 
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1 1 8 9 0 , 
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fe7SD. 
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1 1 4 5 0 . 
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• 
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ND 
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n 

-
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<10. 
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<20. 
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200. 1 

J 
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<20. 
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' DH 14-2 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTAH 

FIGURE 14 /14-2 
SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 800-0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 2/72-16 

SAMPLE TYPE: 
VERT, SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 
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FIGURE 3/72-16 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 200-0 FT./IN-
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 4/72-16 
SAMPLE TYPE: +3-3 H.L. CONC 
VERT. SCALE: 200.0 FT . / IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 5/72-16 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 200.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 
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FIGURE 6/72-16 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 7/72-16 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 8/72-16 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY, UTflH 

FIGURE 9/72-16 
SAMPLE TYPE: +3.0-3-3 H.L. CONC. 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU 

4 0 0 . 

ND 

ND 

ND 

ND 

80-

52 . 

48. 

35 . 

52 . 
-H 

30 . 

45. 

J 62. 

J 
1 

1-

PPM MO 

2 0 0 . . 
1 

ND 

ND 

ND 

ND 

7 0 . 

2 0 . 

2 0 . 

3 0 . 

10. 

1 ^" 
2 0 . 

2 0 . 
"^ 

3 0 . 

PPM PB 

5 0 0 . . 

ND 

ND 

ND 

2£ 

— 

^— 

ND 

0 . 

9 0 . 

8 0 . 

90 -

6 0 . 
1-

GO. 

8 0 . 

8 0 . 

PPM ZN 

1000.. 
1 

ND 

ND 

ND 

ND 

182. 

208. 

212. 

155. 

197. 

1 ^' 
227. 

170. 

153. 

PPM AG 

4 0 . , 
1 

ND 

ND 

ND 

ND 

< 6 . 

< 2 . 

< 2 . 

< 2 . 

2 . 
• 

< 2 . 

< 2 . 

< 2 . 

60 



DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 10/72-16 
SAMPLE TYPE: +3 .0 -3 .3 H.L. CONC. 
VERT. SCALES 200.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET 1 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 11 72-16 

SAMPLE TYPE: + 3 . 0 - 3 . 3 H .L . CONC 
VERT. SCALE: 200 .0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 12/72-16 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 200-0 FT . / IN 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 13/72-16 

SAMPLE TYPE: MAGNETICS: 
VERT. SCALE: 200.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 
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DH 72-16 
ROOSEVELT KGRfl 
BEflVER COUNTY. UTflH 

FIGURE 14 /72-16 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 200.0 FT./IN, 
(DEPTH SHOWN IN KILOFEET ) 
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FIGURE 1 /G- l 
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SONOMA a LAKE COS., CALIF. 

STEAM ENTRY 
RANKING 

10.0 

-

1 -

2 -

-

3-

4 -

_ 

^ 

fa-

7-

R ^ 
1.0 

" • 

^ 

-

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

t.o 
1.0 

1.0 

-

._̂  

~ 

-

1.0 

3.0 

I.D 

1.0 

t.o 

1.0 

LO 

1.0 
- J 

-̂  
-

_ 

-

— J 

1.0 

1.0 

1.0 

1.0 

1.0 

_ 

tz 

5.0 

2.5 
1.0 
1.0 

I.G 

1.0 

1.0 

J 

4 .0 
4 .0 

4 .0 

1.0 

1 ! 

IJ 2.0 

1.0 
ND 

LITHOLOGY 

S E - ^ - 3 

SE-
5 -

6 -

SE-
SE-

SE-

Vl/E-

^ Z 2 C 

rO ' - i^ 

7 -• ^ ' I . , 

S E - s t ' ^ ^ ' - i i ' 
- 1 , r * > I ^ / . 

f~r- ^ 4- V' j X 4 

EOH 7665 

G E N E R A L I Z E D GEOLOGY AND 

STEAM ENTRY R A N K I N G 

VERT. S C A L E ' IOOO F T . / I N . 

LEGEND 

+ + + + +• 
+ + + + + 
+ .+ ••• + + 
+ + + + + 

' . 1 - V !.•,' 
^ — ' —•*. 

Greenstone 

Altered Greenstone 

Chert 

Chlorit ic Groywacke 

Altered Chloritic 
Graywocke 

Type Groywacke with 
Silicified Motrix 

Quartz Fragments from 
Type Graywocke 

Argi l l i te 

Serpentinite 

SE= Steom Entry WE= Woter Entry 

1.0= No steam entry within or close to sample interval 

2.0 thru 5.0 = SteQm entries (SE) within or close to somple 
interval. Relative importance of SE indicated by ronking. 

Geology modified from preiiminoi^ geologic log by Mary Twichell (Aminoi l U.S.A. Inc.), 
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FIGURE 2 / G - l 

DH G-1 
GEYSERS KGRR 
SONOHfl 4 LfiKE COS.. CflLIF 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

1000.0 FT. / IN 
IN KILOFEET 1 

% SUFD. y. MflG. y, HEM. 
.50, 

X +3.3 
60, 

\ \ 

2-

3 J 

4J 

5: 

6; 

*?: 

^ 

.52 -» 

\ ,01 

<,0i 

I <.01 

•: <.oi 

: < .o i 

; <.01 

- <.01 

L .02 

.07 

: < .o i 

.01 

; <.m 

; < .o i 

- <.01 

: -5.01 

I < .o i 

- < .0 l 

I < .01 

: < .o i 

: -c.oi 

- <.01 

.06 
t .01 
\ .01 
f .01 

: < .o i 

1 -̂"̂  
«:.01 

'. < .0 l 
<.01 

: < .d i 

I < ,01 

E 

<.01 

<.01 
,01 

<,01 

2,00, 

X +3.0-3.3 
8,00 

-] 

,46 

,06 

2 " 

3,66 

3.04 
;08 

S,E8 

.82 
11,18 

2.42 
.06 
,09 
.02 
,14 

-
-

-

3-
-

._ 
_ 
-

-

4 -

-

_ 
-

' 

5: 
" 
-
._ 

6-
M 

• 

-

7-

. 
-

.11 

I . 33 

; -11 

: .09 

: .06 

,09 
1- . . 

.14 

7.72 

6,Z5 

t 

1.37 

3 ,08 
1.3? 

.62 
; 

,69 
: .BE 

.60 

.54 

,49 
,19 

.23 

.36 

.29 

.53 

.53 

,42 

.39 
,37 
.08 
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DH G - 1 
&EYSERS KGRR 
SONOMfl & LflKE COS CflLIF 

FIGURE 3 / G - l 

SAMPLE TYPE: 
VERT. SCRLE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN. 

IN KILOFEET 1 

FPn CU PPM MO PFM PB PPM ZN PPM AG 

-3 

;F 

7 " 

EOOO. 

347 . 

1200. 

5040. -¥ 

91BQ, -¥ 

6220 . 

1010. 

--\} 

2-1 
:LL 

6--

200r. 

2 0 . 

10. 

5 0 . 

3 0 . 

30 . 

30 , 

10. 

30 , 

m 
«40. 

20 . 

60 . 

<io. 

<20 . 

<40, 

<40. 

<20, 

<20. 

<10. 

<10. 

<10. 

<10. 

<10._. 

<20. 

<20. 
<10. 
<10, 
<20, 
<10. 
<Z0, 

«10. 
<10, 
<10. 

*10 . 

<10. 

e l O . 

<J0, 
10, 

ND 

20000 EOOO, 100. 
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DH G-1 
OEYSERS KGRfl 
SONOMR 4 LflKE COS. . CflLIF 

FIGURE 4 / G - l 

SAMPLE TYPE: 
VERT. SCRLE; 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
I 000.0 FT./IN. 

IN KILOFEET 1 

PPM MN PPM CO PPM NI y. FE 

:D 

4-n 

50000, 

5400. 

V8&00, 

30000 .• 

5930. 

3490. 

3260. 

3280. 
6660. 
S620. 
6430, 
7910. 
7110, 

9260. 
8260, 
7500. 

6250. 

6600, 

8260. 

SOOO. 

9750. 

ND 

1000. 

-

-
-
-
~ 
-

; 

-
• 

-
-
-
-

. 

-
-

-

-

_ 
-
-

-

n 

i 
-

220 , 

8D. 

190, 

1̂ 10, 
^ 5 0 , 

~ 

Ll 
-. 
• 

J 370, 
240 , 

ISO, 

ND 

350 . 

300 , 

780 , 

390 , 

I 64p. 
-

.̂ 

- t 

-

^ 

_ _ 

-

510. 

480 , 

260 , 

^ 420 . 

220 . 

120, 

170. 

310 . 

130. 

280.1 

330., 

22D. 

90. 
50. 
40. 
50. 

40, 
60, 
40. 

30. 

30. 

20, 

40. 

60. 
ND 

2-L_ 

4000-

400' 

100-0, 
I 

« .. 
- -

- -

- -

i 

: ; 
- -

- -

- -

2--

3 -
II 
_ z. 

. . 

. . 

4 r -

. . 

« . 

- -

[>-~ 

I! 

6--

- -
" " 

7- = 
*• -

._^^_^ 
21-9 

34,6 
28.0 

19.1 
26.3 
22,6 
12,3 
35.6 

ND 

1 31.2 
22.6 
13.2 

25.4 

22.1 
21,8 

18,8 
' 

15.3 
IS,3 

13.3 

__ 
11,6 
11 ,3 
14.4 
9 ,3 

7.9 
. 

17.4 
9-3 
9.2 
8 .7 

s.s 
J -̂̂  
1 10.2 

8.5 

7,8 
7,6 

7.7 
8-3 

8,7 
10.0 

m 
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DH G - 1 
GEYSERS KGRfl 
SONOMfl ^ LflKE C O S . , CRLIF 

FIGURE 5 / G - l 

SfiMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.3 H.L. CONC. 
1000.0 FT./IN 

IN KILOFEET J 

PPM flS PPM SB PPM BI 
2000 100. 50, 

< 1 . 

4. 

ND 

ND 

ND 

<1, 

<1, 

2, 

ND 

ND 

NO 

ND 

2. 

ND 

NO 

ND 

NO 

ND 

2. 

1. 

1. 

5. 

4-

ND 

6. 
NO 
4. 
2. 
2, 
HD 

8-
6. 
1. 
I 

1. 
3. 
8. 
2. 
NO 
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DM G - 1 
GEYSERS KGRR 
SONOMR i LflKE COS., C f lL IF . 

FIGURE 6 / G - l 

SAMPLE TYPE! +3,3 H.L. CONC, 
VERT. SCALE: 1000.0 FT./IN. 
CDEPTH SHOWN IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

1--

2" 

3--

4-r 

'=3 

100., 

8. 

4, 

ND 

ND 

ND 

3. 

2. 

Z. 

NO 

ND 

NO 

ND 

G. 

ND 

ND 

ND 

NO 

ND 

3. 

2. 

2, 

3, 

5, 

ND 

7, 

ND 

9, 

3-

9. 

NO 

21. 
10. 
9. 

9, 

12. 

19, 

21. 

18. 
ND 

if 

1--

2" 

3-

6" 

7---

1000.. 

«:10. 

17-

ND 

ND 

ND 

200. 

16, 

320. 

NO 

ND 

ND 

NO 

l i o . 
1 
NO 

ND 

NO 

ND 

ND 

--

-; 

--

'". 1 -J 
. . 

320, 

36, 

100. 

>200. 

] 360. 

HD 

210. 

ND 

300. 
120, 

] 350. 
ND 

640. 

: ^ 

.. 

180. 
180, 

150. 

470. 

Jsoo. 
44D. 

eeo. 1 

1500. 

NO 

1; 

?'-

3; 

A 
4 

0 

R-

7I 

r -^^^ 
'. 10. 

25, 

ND 

ND 

I ND 

64. 

54'. 

62. 

ND 

1 ND 
I ND 
: NO 

fl 130. 

I ND 
: NO 

I NO 

- ND 
I ND 
I ^00. 

1 

-

-

>300. 

>300. 

>300. 

1600, 

: ND 

SOQ. 
I NO 

lOOD-
1 660. 

>1B00, 

: NO 

>1SOO. 1 

. 

-

>300, 
>300. 

>300. 

>1600. 

I >i600. 

>1SD0. 
>1EOO. 

- NO 

1" 

2" 

in 
3--

4-T 
=3 

3 

100, 

6. 

ND 

ND 

ND 

5. 

3. 

e. 
ND 

ND 

ND 

ND 

8. 

ND 

ND 

NO 

ND 

ND 

5, 

3, 

3-

—^ 
5. 

ND 

8, 

NO 

8, 
2, 

6, 
ND 

10. 
6. 
4. 

6, 

6. 

• 6 , 

9. 
B. 
HO 
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KI' 

DH G - 1 
GEYSERS KGRfl 
SONOMR I LAKE COS CRLIF 

FIGURE 7/G- l 
SAMPLE TYPE: 
VERT. SCALE: 
£ DEPTH SHOWN 

WHOLE ROCK 
1000.0 FT./IN. 

IN KILOFEET 1 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

4 

1 -

^ 

2-

3-

4-

^ I 

6-

7-

. 

200- , 
1 

5 6 , 
• * 

1 8 1 . 

- _ 1 SO, 

-
. 

6 9 . 

6 6 . 

: 7 8 , 

4 4 , 

-

- j 
3 6 . 

42 . . 

- 1 62. 
I 1 70. 
: 1 3E. 
-

: 1 
-

7 0 . 

36,. 

3 0 . 

3 3 , 

- ] 46. 
-
_ -

- . 
. 
" 

'- 1 
. 

. 

1 ' ' • 
S2. 

3 3 . 

33 -

6 2 . . 

4 1 . 

6 3 . 

] 6 2 . 

4 7 . 

-_\ 2 9 . 

H 24. 
*-
^ 1 

3 0 . 

^ 1 30. 
t J 28. 
z3 30, 
- j 
I J 

3 6 . 

3 5 . 

'^ 2 0 . 

^ 2 2 -
2 6 . n 3 Z . 

60., 200. 

62 
2 

2 

2 

<1 

2 

2 

16 

6 

4 
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3 

4 

6 

6 

6 

& 
6 

7 

4 

6 

6 
4 

4 

4 

8 
4 

3 

6 

6 

3 

4 

6 

7 

;3 

1-

1 
3--

:b 
*iD 

a -0 

16. 

18. 

17. 

16-

17. 

17. 

IS. 

18-

20. 

13. 

16. 

18. 

34. 

19, 

18. 

20, 

17, 

27, 

19-

27. 

17, 

36, 

36, 

34. 

37, 

24. 

44. 

20. 

IE. 

16. 

18, 
16, 
19. 

eo. 
20, 

19. 

23. 

22. 

23. 

t 
1 

" 
-
-

1 ' 

*" 
-
-
-

2-

-
-

-

3-

-
-

-
A . 
4 

-
** 
-

c_ 
O^ 

^ 
-
-
-

fi-

. n 

-
-
_ 

7-

-
-

200 . , 

I ^02. 
"" 
-
-

1 3 4 . 
8 7 . 

}D6. 

- 9 7 . 

I l U . 
6 8 . 

83-
8 5 . 

. 
I 
-

94-

75 . 

73-

: 1 3 ^ . 

^ 
" 
" 

- i 

7 6 . 

7 4 . 

7 4 . 

6 7 , 

I 12'4. 

104 . 

-
. 
~ 

: 1 
-

-

' I 
- ] 
- 1 

-

1 
i 
1 

" 

• J 
• 1 
• 

3 4 , 

7 1 . 

8 2 , 

4 8 , 

4 2 . 

.96. 

7 4 . 

5 3 , 
E6, 

4 4 . 

5 2 , 

5 1 . 
S7 , 
S6. 

6 1 . 

7 7 . 

6 7 . 

7 1 . 
8 3 . 
6 0 . 

1-

2-

3-

4-

S-

e" 

7-

4 .0 
1 

<,2 

<.Z 

<.2 

<.2 

<.z 
'. < ,2 

<.Z 

•2 

<,2 

<.2 

I <.2 
<,2 

n -5 
: -2 

j -2 
: <-2 

<-2 

<.Z 

<.2 

1 -

1- <.2 

<.z 
: < .2 

Z <.2 

I *-2 
. 

<.2 
<,2 
<.2 

<.z 
I <.2 
: '=•2 

<,2 

<,z 
<,2 

<,Z 
<.Z 

I <.2 
<.Z 
<.Z 
<.2 
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DH G - 1 
GEYSERS KGRR 
SONOMfl I LflKE COS. . CflLIF 

FIGURE 8/G-l 
SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE! 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM HN PPM CO PPM NI y. FE 

2- -

3.J 

7-^ 

8000. , 

2700, 

_J920. 

3800. 

6-=J 

200., 

4 2 . 

2 8 . 

17 . 

4 2 . 

4 6 . 

4 5 . 

2 5 . 

15, 

18 , 

17 . 

18 . 

24-

2 6 . 

17 . 

12 . 

1 8 . 

14, 

2 1 , 

5 0 . 

3 2 . 

2 3 , 

34 , 

2 0 . 

2 6 . 

34 , 

26 , 

20 . 

19 . 

19 , 

16, 

18 . 

17 . 

16, 

2 1 . 

ZO. 

14 . 

19 . 

18 . 

2 0 . 

1 
1 

l-_ 

2-

3-

4; 

c _ 
0 

J 
BH 

7-

-

600. , 
1 

100. 

-
-

.^^ 

-

. 

. 

• 

-

6 3 -

7 7 . 

74 . 

7 5 . 

7 5 . 

70 , 

sa­
8 3 , 

! l ^°-
r \ 8 9 . 

160. 

-

-

g e . 

63 -

rf 52. 
: 6 1 , 

90 , 

108. 

I 8 4 . 

r ] 77, 
. 1 112 . 
: [ 8 3 . 

Q 36 , 

117. 

2 1 3 . 

: 1 187. 

- _ \ 108. 

I -

-
• 
" 
-
.. 
1_ 

• 

_ 

6 3 , 

6 6 . 
6 7 . 

60 . 
6 8 . 
64 . 

7 1 -

7 3 . 

ff 66' 
n 6S. 
n fil. 
1_ 6 3 . 

3 -

ZO.DO, 

8,08 
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r 
DH G - 1 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS. . CflLIF. 

FIGURE 9/G-l 
SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

WHOLE ROCK 
1000.0 FT./IN 

IN KILOFEET ) 

PPM AS PPM SB 
60., 20, 

PPM BI 

-A 

\ ' -

III 

2-; 

3--

7- = 

3^ 

" ' 

II 

7 

13 

5 

6 

- - 21 

- ' S 

: i •* 

-. 

p . . . 

--

--

"" 

--

3 

6 

9 

17 

13 

16 

14 

14 

20 

If 1 
II 

— 

--

" • 

- - • 

^ ̂  

. -

22 

J 1 ^ 
10 
10 

14 

11 
11 
11 

10 

3 

Ii 6 
6 

ir^ 8 
1 Z2 

1--

:3 
2-J 

60. 

< l • 

1--

2--

4--

5--

6" 

7--

<i. 

1 
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DH G - 1 
GEYSERS KGRR 
SONOMfl 4 LAKE COS. . CflLIF. 

FIGURE 1 0 / G - l 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE! 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM SN PPM W 

! - • 

2-: 

3 -

4-1 

5-

6-

-B 

1 . 

2 . 

2 . 

2 . 

2 . 

2 . 

2-

2 . 

2 , 

2 . 

2 . 

2 . 

2 , 

2 , 

2 -

2 -

2 , 

2 . 

PPM B 
60-

1--

2--

: L r 
3--

4--

5-^ 

1 - ^ 

;5 

=a 

i 

100.. 

<10. 

<10, 

<10. 

<10. 

<10. 

-:10. 

<10-

<1D. 

<io. 
<10. 

<iD. 

<10, 

18 . 

10, 

<10. 

<10. 

<10. 

13 , 

18 . 

<10. 

2 1 . 

<10. 

10, 

1 0 . 

<10, 
10, 
IZ . 

<10. 
<10. 

10, 
1 2 . 
1 1 . 

<\o. 
10, 
12 . 
12 . 
12 . 

<10. 
3E. 

- ^ 

7---

1600, 

130. 

1100. 

260. 

860. 

1000. 

1000. 

1300. 

1500. 

750. 
640. 

PPM IN 
2 0 . 

;D 

2-: 

3- = 

5-1 

6-i 

7- = 

1-

2 . 
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DH G-1 
GEYSERS KGRfl 
SONOMfl 4 LAKE COS CflLIF 

FIGURE 11 /G- l 

SAMPLE TYPEt 
VERT. SCALE: 
(DEPTH SHOWN 

+3,0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM RG 

1000, 5 0 . 400 1000-

3 - -

e-

68 . 
-

-

1 

1 -

-

-

2-
" 

-

-

-

3= 

-

A ] 

• 

r 
o 

. 

R-

7-

^ 

-

-

-

. 

-

-

. 
^ 

* 

-

I 

10, 

_ J 20, 
<20. 

10 , 

20 . 
10, 

10, 

<30, 

40 . 

NO 

40. 

20 . 

^ 0 . 

10, 

: 20 . 
-

-

-

-

I — 1 

-

-

-

-

• 

H 

30 . 

1 20. 
<30, 

10. 

10, 

10, 

<ID. 

20 . 

10. 

1 20. 
10, 
10, 

<10, 

10. 
^D. 

I 20. 
10. 
10 . 

10 . 

10 . 

10 . 

2 0 . 
10 . 
3 0 . 

. 

-• 

- 1 

1^ 
- j 

-
-
-

2-
_ 
-
-1 

-

3-
-

-
-
-

4-

_ 

I 
I 
-

R-
^ 
-
-
_ 

6-

_ 
" 
_ 
_ 

7-
-
w 

-

. 
-
-
-
i . 

• 
-
B . 

-
-
-
-
, 
-
• 

-

~ 

-

-
. 
-
. 
-
-
_ 
• 

-
. 
-
I 
-
-
. 
** 

~ 
_, 
-
.. 
^ 
-

-
• 

-

ZO, 
1 

<3. 

< 3 . 

<5, 

<3 , 

<3 . 

<3 . 

3 . 

<8 . 

<s. 
ND 

<3-

<3. 

<3 . 

< 3 , 

< 4 . 

< 7 , 

<B. 

<!.. 

< 3 , 

< 3 , 

< 3 . 

< 3 . 

<z. 
<3 , 

<3 . 
<3-
< 3 . 
<3-

< 3 . ^ 

< 3 . 

< 3 . 
< 3 . 
<3 . 

< 3 . 

< 3 , 

< 3 , 

< 3 . 

< 3 . 
<•. 
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DH G - 1 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS. . CflLIF 

F I G U R E 1 2 / G - l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM MN PPM CO PPM NI 7. FE 
60000. 200. 

:i 
1--

2910. 

5090. 

37300, 

-

• • 

-

\ \ 

. 
* 
-
-

?• 

" 
-

-

3-
-
-
_ 
" 

4; 

-
" 
-
-

5-
I 
-
-
_ 

6-

_ 
-
-
. 

l'-
-
• 
-

- 1 
- 1 

h 
_ 
-

z z : ^ 
50 . 

40 . 

6 0 . 

40 . 

5 0 . 

6 0 , 

40 . 

7 0 . 

-

. 
~ 

40 . 

ND 

6 0 . 

I 1 90' 
-

-

" 

-
-
_ 
" 

1 
-
^ 
-
• 

- 1 
: 
-

J 
: 1 
-
» 
-
-
» 

. 
-

- 1 
-

60 . 

5 0 . 

6 0 . 

60 . 

6 0 . 

6 0 . 

40 . 

10. 

40 . 

3 0 . 

3 0 . 

10. 

5 0 . 

70 . 
40 . 
3 0 . 

20 . 
40 . 

40 . 
3 0 . 
3 0 . 

30 . 

30 . 

40 . 

20 . 
40 . 
30. 

1000. 60 .0 , 

;3 
- 1 

2--

a 
4:a 

80. 

90 , 

240, 

130. 

140, 

140. 

140. 

300, 

230 . 

ND 

200. 

280, 

180. 

170. 

190. 

290, 

270 . 

300 . 

120. 

no. 
180. 

120. 

120. 

180. 

440 . 
380 . 
230 . 
110. 

100. 
120. 

100. 
110. 
100. 

100. 

90 . 

100. 

90 . 
100. 
110. 

-

-

-

1-
" 
-
-
-

2-
_ 
-
-

-

3-
-

-
. 

-

4: 

-
" 
-
-

5-
.. 
-
-
~ 

fi-

-
-
_ 

7-
-
-

-

-

-

-
-
_ 
-
-
-

-
.. 
• 

-

-

" 

-

-
_ 

= ^ ^ ^ 
11.0 

11.0 

14.9 

10.1 

9 .8 

9 .7 

9 .5 

12.0 

J 10.8 
ND 

1 11.4 
10.4 

9.7 

9.0 

9.0 

9 .9 

9 .8 

1 12.6 

I 10.8 

10.3 

-
" 
" 
-

-
_ 
-
-
" 
" 

' -

• 
-
_ 

_ 
-

. 

I 10.0 
11,2 

8 .8 

7.9 

9 .5 
8,4 
8,2 
8;Z 

8 .1 
9.0 . 

9 .0 
8 .6 
8 .5 

7.7 

7 .8 

8 .1 

7 .9 
9 .0 
8.6 

77 



0 
o DH G-1 

GEYSERS KGRfl 
SONOMfl 4 LAKE COS. CRLIF, 

FIGURE 13/G-l 

SAMPLE TYPE: +3.0-3.3 H.L. CONC. 
VERT. SCALE: 1000-0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 

-

-
J 

1 ; 

« 
" 
-
-

2-
^ 
: 
-
-

d i 

' 
. 
— -

4 : 

-
. 
... 

c -
5-

_ 
-
> 
• 

R-

_ 
-
-
, 

7-

.. 
-

ZOO.i 

Z] 15. 

"1 15. 
D °̂-

13. 
IS . 

I 13. 

n 
160. 1 

-J 26. 
NO 

_ 
: 
: f 

28. 
27. 

24. 

3 1 . 

: 1 6 1 . 

: .^.- . 
1 63. 

I 1^9. 
_. - Z6. 

n 28. 
49. 

G 32. 

n , 38* 
I B l . 

192. 

1,15. 

-
-

J 76. 
2 6 , 

27. n 
" 
_ 
-
-
_ 

.1 

49-

67. 
67. 
47. 
47.. 

* 1 
-

4 8 . 

S6. 

r 47. 
r 

-
67. 
67. 

-

-

-

. 

1 -
I 
-

-

-

2^ 

" 
-

-

3= 

-
« 
• 

-

4: 

-
" 

I 

c 
^I 

, 
-
-
_ 

6; 

_ 
-
-

_ 

7-

-
-

-

~ 

-
_ 
_ 
-
., 
-

-
. 

. 

n 
— 1 

-
H — • -
. 

Ll 
n 
-

« 

-

-

T _ 

J 

100., 
^̂  

<!-

"=1. 

< 1 . 

< 1 . 

< 1 . 
< 1 . 

< 1 . 

4 . 

< 1 . 

NP 

5 . 

3 , 

3 . 

8 . 

ID. 

Z3 , 

1 3 . 
— 1 

2 6 . 

1 1 . 

1 1 . 

14 . 

18 , 
2 2 . 

18 . 

24., 
I S . 
19 . 
1 3 . 

14. 
18 . 

1 23. 
f—n 34. 
-
-

_ 

1 40 . 

1 23. 
1 28, 

: t 4 1 -
- 1 42. 
- 1 2 3 . 
r 1 3 4 . 

20. 

1--

2--

3--

4--

:D 

6 - 1 

< i . 

< i . 

NO 

< l . 

< l . 

< 1 , 

< 1 , 

ND 

ND 

NO 

ND 

NO 

< 1 . 

ND 

ND 

ND 

NO 

NO 

< l . 

< 1 . 

< 1 . 

< l . 

< 1 . 

< 1 . 

2 . 

< 1 . 

< i . 

< l . 

. 4 , 
4 -
2 . 

2 . 

3 , 

4 . 

3 . 
1 . 
ND 

78 



_:L7 

DH G - 1 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS. . CflLIF. 

FIGURE 1 4 / G - l 

SAMPLE TYPE: 
VERT. SCALE I 
(DEPTH SHOWN 

+3.0-3.3 H.L. CONC 
1000.0 FT./IN. 

IN KILOFEET ) 

PPM SN PPM W PPM B PPM IN 

Ĉ  50 . , 100. 

- ^ 

! -• 

Z--

: ^ 

3--

4 - 1 

6-

7---

\] 

•u 

4 . 

2 , 

NO 

2 . 

2 . 

8 . 

1 . 

NO 

ND 

ND 

ND 

ND 

3 . 

NO 

ND 

ND 

ND 

ND 

3 . 

2 . 

2 . 

3 . 

4 , 

10, 

7 . 
6 . 
6 . 
5-
8 . 

10. 

10. 
10 . 

8 . 

7 . 

1 1 . 

14 . 

14-

17 . 
NO 

:D 

1--

iD 

2--

4--

7---

-U 

10. 

<io. 
NO 

< 1 0 , 

<10, 

<10 . 

10 . 

ND 

ND 

ND 

ND 

ND 

1 7 . 

ND 

ND 

ND 

ND 

ND 

<10. 

<10. 

10. 

<10. 

<10. 

<10. 

2 2 . 

20 . 
18 . 
10. 

10-
IB. 

15 . 
13 . 
15 . 

10. 

10 . 

10. 

10. 
<10. 

ND 

-

-

-
_ 

1-
•" 

-
-

-

?-

-
-
-

3-
-

-

-

-

4-

. 

_ 
~ 

-

5-
: 
-
-
~ 
-
6-
_ 
-
-
_ 

7-

. 
-

-

-

-
_ 
_ 
. 
• 

-
-

-
„ 

" 

-

-

-

-

-

-

. 

-
. 
-
. 

I 
I 
-
„ 

-
I 
-
-
~ 
-
-
-
. 
-
-
_ 
• 

" 
. 
-

1500., 

1 
NO 

ND 
ND 

ND 

ND 
ND 

ND 
NO 
NO 

ND 

ND 

ND 

NO 

NO 

ND 

ND 

NO 

ND 

ND 

ND 
NO 

ND 
ND 

NO 

NO 
ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 

NO 

NO 

ND 
ND 
ND 

2 0 . 

-

-

-

_ 
1: 
I 
-
-

-

2-

-

_ 

" 

3-
-

-
_ 
" 

4; 
" 

-
-
• 

5-
-

-

6-

-
-

. 

7-
" 
-
-

- 6-

• 

1. 
NO 

1. 

'. 1. 

: 1. 
: 1. 

NO 
ND 

ND 

I " ND 
ND 

; 1. 

I ND 

: NO 

I ND 

ND 

ND 

I 3. 

] 1. 
. 1. 

1 9. 

: 1 u 
• " 

-

J B. 

8, 

7. 

I 1-
1-

I 1. 
: 1 B, 

2. 

r 1 5. 

-

I 

3. 
3. 

3. 

5. 
" • 

- 1 
z. 
7. 
ND 

79 



DH G - 1 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS.. CflLIF 

FIGURE 15/G-l 
SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPN MO PPM PB PPM ZN PPM AG 

1--

2=3 

3--

4--

6--

iD 

:P 
'-b 

5000. 

3 7 3 . 

ND 

NO 

NO 

ND 

ND 

ND 

9 1 3 . 

ND 

4 9 0 . 

ND 

ND 

ND 

NO 

ND 

ND 

3450. 
NO 

738 . 

NO 

NO 

7 5 7 . 

NO 

910 . 

620. 
849. 

ND 

7 2 1 . 
732 . 

ND 

ND 
793 . 

ND 

8 0 5 . 

9 9 6 . 

ND 

8 2 2 . 

8 0 7 . 
NO 

1--

z-\ 

3--

7 - ^ 

iD 

:Z] 

6000. , 

870 . 

NO 

NO 

ND 

NO 

ND 

ND 

100. 

NO 

1 4 0 . 

NO 

NO 

NO 

ND 

ND 

NO 

8 7 0 . 

ND 

8 1 0 . 

NO 

NO 

1 0 1 0 . 

ND 

1800. 

1500. 

loeo. 
ND 

9 0 0 . 

8 5 0 . 
ND 

NO 
940 , 

NO 

630 . 

660 . 

ND 

640 . 

570 . 
ND 

3--

4--

6--

;3 

:D 

-3 
-.3 

1000. 

4 0 . 

ND 

NO 

ND 

ND 

NO 

NO 

290. 

NO 

1̂ 60. 
NO 

NO 

ND 

NO 

NO 

NO 

260. 

NO 

80. 

NO 

ND 

120. 

ND 

140. 

420. 

240. 

NO 
90. 

90, 
ND 

NO 
60. 

NO 

50. 

70. 

ND 

SO. 

20. 
NO 

1--

;D 
2^3 

3--

6--

7--

: \ 

I 

5000. 

176. 

ND 

ND 

ND 

NO 

ND 

NO 

961. 

NO 

367. 

NO 

ND 

ND 

NO 

NO 

NO 

J320, 
ND 

125. 

NO 

NO 

222. 

ND 

99. 

690. 

610. 
NO 

197. 

98. 
ND 

ND 
186. 
NO 

115. 

212. 

ND 

64. 
78. 
ND 

100. 

1; 

2-

3-

4-

c 
0 

6-

7-

-

• 

-
. 
_ 
-

I 
" 
-

-

-
_ 
" 

-

-

" 

-

-

-

-
• 
-
. 

I 
-

] 

1 
<10. 

ND 
ND 

ND 

ND 
ND 
ND 

<24. 

ND 
<17. 

ND 
ND 

ND 

NO 

ND 

NO 

140. -»! 

NO 

<7. 

NO 
ND 

<8, 

ND 

5. 

140. -• 

. 
-
-
. 
-
" 
• 

_ 
-
-
_ 
• 

-
. 
-

<e. 
NO 
<6. 

<5. 
ND 

NO 
<8. 
ND 
<6. 
<9. 
NO 

<7. 
<3. 
NO 

80 



DH G-1 
GEYSERS KGRfl 
SONOMR 4 LAKE COS.. CflLIF 

FIGURE 16 /G- l 

SAMPLE TYPE: 
VERT. SCALE: 
(DEPTH SHOWN 

MAGNETICS 
1000.0 FT./IN. 

IN KILOFEET J 

PPM MN PPM CO PPM NI y. FE 

1--

2-\ 

3--

20000. 

6640 . 

NO 

ND 

KD 

ND 

HD 

ND 

870 . 

NO 

4 2 0 . 

ND 

NO 

ND 

ND 

NO 

NO 

4; 

5; 

6] 

7-

118( 

. 

I 
* 

" 

-

)D. 
NO 

5850, 

ND 

NO 

6850. 

80i 

72t 

fiS< 
-

10J2I 

I 10|l( 

-

iii:( 

K n 7 i 

I 11S(( 

: 

ND 

;o. 

}0. 

30. 
NO 
10. 
30. 
ND 

ND 
JO. 

KO 

^0. 

10. 

NO 
: l2B 0 p . 

14800.; 

'-n 
Z " 

3--

4- . 

6--

ND 

; 3 

: D 

'•3 

10000., 

370. 

NO 

NO 

NO 

NO 

NO 

NO 

1630. 

ND 

140. 

ND 

NO 

ND 

NO 

NO 

ND 

610, 

ND 

1890. 

NO 

ND 

800. 

ND 

820, 

390. 

1020, 
ND 

690, 

1820. 
ND 

ND 
94Q. 
NO 

870. 

S20. 

N0 

760-

570. 
NO 

• • 

" 

i 
. 

1; 
• 

-

-
-

2: 

_ 

_ 

3; 

-

. 

-

4. 

,. 
" 
-

-

^: 

' 
-
. 
-

6] 
_ 
-

-

7-

-
• * 

^ 
~ 

6000., 

1 
1700. 

ND 

- NO 

NO 
I NO 
I: MO 
-

-
-

ND 

2020. 

NO 

-. 1 1120. 

I ND 

I HO 

: NO 

I . NO 
I ND 

I ND 

?340, 

-

-

• 

~ 
-

-

-

NO 

1780. 

NO 

ND 

1830. 

HD 

1700. 

1140. 

I z:/60. 
-

L 1 
- — 
1— P ] 

ND 
1630, 

1170, 
HD 

ND 
_ [ 1100. 

NO 

h 740, 

890, 

I ND 
: 1 "90. 
- 1 910. 
* ND 

1; 

?' 

3; 

43 

b; 

r ^̂ ^̂ ^ 
64.1 

NO 

- NO 

NO 

! ND 

I ND 

: ND 

63:,5 

-
-
• 

NO 

sV.s 
ND 

: KD 

: NO 

: NO 

I ND 

: NO 

6(|.2 

-

-

NO 

50.6 

p ND 
' • 

"* 
* 

NO 

b.i 
NO 

I 66*4 

f 1.9 

6--

7-̂  

_§j8.4 
NO 

66.4 

"8677 
NO 

NO 
70 t 
79.3 

73.3 

ND 
76.1 
86.0 
NO 

81 



') 

DH G - 1 
GEYSERS KGRfl 
SONOMfl & LAKE COS.. CflLIF 

FIGURE 17 /G- l 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET I 

PPM AS PPM SB 
600., 100., 

1--

2--

3" 

4'-

6--

7-̂  

:3 

:D 

62. 

ND 

ND 

ND 

NO 

NO 

HD 

480. 

ND 

210. 

ND 

ND 

NO 

NO 

ND 

HD 

Z2. 

ND 

66. 

ND 

NO 

61-

ND 

150. 

70. 

112. 

NO 
66. 

52. 
ND 

NO 
16. 
NO 

29. 

74. 

ND 

54. 

39. 
ND 

1--

2-1 

3--

4-. 

5--

6--

^3 

:[] 

-D 

<2. 

NO 

NO 

ND 

ND 

ND 

HO 

133, 

NO 

91, 
ND 

HO 

NO 

NO 

NO 

NO 

<2. 

NO 

6. 

ND 

ND 

3-

NO 

ND 

NO 

NO 
5. 

4. 
NO 

NO 
6. 
NO 

6. 

9. 

ND 

5. 

6. 

ND 

82 



FIGURE 1 / 6 - I R 

DH G-IR 
GEYSERS KGRA 
SONOMA a L A K E COS., C A L I F . 

1 - -

2 - -

3 - -

4 - -

5- -^ 

STEAM ENTRY 
RANKING 

IO.O 
1 

1 

_rT~i 

KO 

1.0 

1.0 

3 .0 

6 .0 

2 . 0 

1.0 

;.o 

I.O 

5.0 

7,0 

4 .0 
2.0 
-1.0 
1.0 
t.o 
1.0 

I 8.0 
3.0 
ND 

LITHOLOGY 

I -

2 -

3 -

G E N E R A L I Z E D GEOLOGY AND 
S T E A M ENTRY R A N K I N G 
V E R T S C A L E - 1000 F T . / I N . 

LEGEND 

m 
^ 

++ + + + 
++ + + + 
+.»+ + + 
+•+ + + + 

Greenstone 

Altered Greenstone 

CtiloriTic Graywocke 

Altered Chloritic 
Groywacke 

Type' Graywocke with 
Silicified Matrix 

Quartz Fragments from 
Type Graywocke 

Argillite 

EOH 7165' 

SE= Steam Entry WE= Water Entry 

1.0= No steam entry within or close to sample interval 

2.0 thru 6.0 = Steam entries tSE) within or close to somple 83 
interval. Relative importance of SE indicated by ronking. 

Geoloav modified from oreliminorv oeoloaic loo bv Marv Twichell (Aminoi l U.S.A. Inc.). 



FIGURE 2/G- lR 

DH G-IR 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS. . CflLIF. 

SAMPLE TYPE: 
VERT. SCALE: lOOO.fl FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

•/. SUFD. y. MAG. 7. HEM. 7. +3.3 

1--

2--

5--

.08 

.18 

.02 

.02 

.01 

<.01 

<.01 

<,01 

.01 

<.01 

<.0l 

<.01 
<.01 
<.01 
.01 

<.01 
.01 

.02 
<.01 

2--

3--

.50. 

,03 

.07 

.02 

.02 

.04 

.02 

.04 

.01 

.02 

.03 

.03 

.03 

.06 
<.01 
.08 
.09 
,06 
.07 
.10 

1--

2--

3--

4--

5--

6--

7--

<,oi 
<.oi 
<.01 

<.0l 

<.01 

<.01 

<.01 

<.01 

.01 

<.01 

<.01 

<.01 
<.01 
<.01 
<.01 
<.01 
<.01 

<.01 
<,10 

1--

Z--

3--

2.00, 

7. +3.0-3.3 
8,00. 

.19 

.59 

,38 

.43 

.22 

.13 

.09 

.05 

.13 

,15 

,11 

.50 

.23 

.10 

.68 

.65 

.27 

.38 

.31 

2--

3--

7-

84 
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DH G-IR 
GEYSERS KGRfl 
SONOMfl & LflKE COS.. CflLIF. 

FIGURE 3/G- lR 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 1000-0 FT. / IN 
(DEPTH SHOWN IN KILOFEET 1 

PPM CU PPM MO PPM PB PPM ZN PPM AG 
6000. 

1--

2--

3--

1--

2--

3--

4--

5--

-3 

s 

200 

<20. 

<10. 

<10. 

<10. 

10. 

10. 
2 0 . 

<40. 

<10. 

<20. 

<10. 

2 0 . 
4 0 . 

<30. 
<10, 
<10. 
<10. 

2 0 . 
3 0 . 

20000 5000. , 100. 

85 
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DH G-IR 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS. . CflLIF. 

FIGURE 4/G-lR 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT. / IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPM CO PPM NI y. FE 

1--

2--

3--

4 - : 

7--

60000. 

2520. 

2S40. 

3620. 

3320. 

6070. 

7320. 

6260. 

4770. 

4880. 

7100. 

12000. 

9500. 
14000. 
12800. 
8000. 

110000. 
10600. 

14300. 

14300. 

1--

2--

3--

7--

5000. 40D0. 

470, 

340. 

100. 

100. 

140, 

90. 

120. 

230. 

330. 

60. 

60. 

90. 
240. 
90. 
30, 
40. 
60. 

70. 
50. 

100.0, 

22.9 

20.1 

11.3 

10.6 

9.4 

8.8 

11.1 

8.8 

10.3 

8.4 

8.5 

9.3 
9.9 
11.2 
8.7 
8.6 
10.2 

11.9 
9.6 

86 



DH G-IR 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS. CflLIF. 

FIGURE 5/G-lR 

SAMPLE TYPE: +3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 

1--

3--

zooo.. 

5 5 1 . 

590 . 

176. 

270-

298 . 

198. 

268, 

658 . 

6 8 3 , 

6 5 , 

110 . 

1 8 1 . 
9 0 . 

174. 
102. 
103 . 
107. 

163 . 
7 2 . 

1--

2 " 

3--

4--

6--

100,0, 

24 .0 

30.0 

60.0 

46.0 

^ 1 . 0 

36.0 

•?6.0 
——I 
70.0 

I 
33.0 

29.0 

37.0 

1 
92.0 
sT.o 

"ga.o 
~E6.0 
[ 4 6 . 0 
_i^,o 
~p2.0 

1--

2--

3--

78.0 ! 

e 

60 . , 

ND 

ND 

NO 

ND 

1 . 

NO 

13^. 
10. 

ND 

2 . 
1. 
1 . 

2 . 
1 . 

87 



DH G-IR 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS. . CflLIF. 

FIGURE 6/G- lR 

SAMPLE TYPE: +3 .3 H .L . CONC 
VERT. SCALE: 1000.0 F T . / I N 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN PPM W PPM B 

1--

2--

;0 

=3. 

100., 

7 . 

8 . 

4 . 

3 , 

5 . 

ND 

ND 

ND 

ND 

10. 

ND 

12. 
1 0 , 

ND 
8 . 

14. 
14. 

1 1 . 
24 . 

1--

2--

3--

1000., 

3 5 . 

160, 

18. 
66-

1 4 0 , 
_ i 

NO 

ND 

ND 

1--

3--

5--

: 

; 

6-

' 

-' 

n~ 
1 

• 

I 
-

" 
>1 

n . 
1 

-
. 

NO 

000 . 

ND 

780 . 
000 . 

ND 
170. 
330 . 
470 . 

470 . 
480 . 

1750. 

^00. 
850. 

1100. 

>1600. 
NO 

NO 

ND 

ND 

>1600. 

ND 

>1600. 
>1500. 

ND 
>1S0D. 
>1500. 
>1600. 
>160D. 
>1500. 

PPM IN 
1500., 

1--

z -

4--

5--

100. 

5 . 

5 . 

Z. 

2 . 

5 . 

ND 

ND 

ND 

ND 

8 , 

ND 

10, 
1 9 . 

ND 
3 , 
9 , 

10. 

7 . 
12 . 
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DH G - I R 
GEYSERS KGRfl 
SONOMfl i LflKE COS.. CflLIF. 

FIGURE 7 / G - l R 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM RG 

1--

2--

4-: 

:E 

200. 

44-

48. 

46. 

43. 

87, 

35. 

46, 

52, 

69, 

96, 

28, 

38. 
39. 
39. 
42. 
34-

32. 

41. 

44-

200. 

-
-

4-
.. 
-
-
-

i -
« j " 

-

-
-

6: 

• 

« 
-
I 

7; 

j ioo. 
i : i2. 
135. 

_ 
-
-
-
. 
^ 
-
•• 

-

74. 
J 87. 

57. 
67. 

63. 

84. 

80. 

70. 

1 

- 1 
; 1 

1 76. 
68. 
63. 

1 9 1 . 
1 72. 

-
. 

J 81-
76. 
78. 

2--

3--

4--

6--

7--

4.0. 

<.2 

<.2 

<.2 

<.2 

<.2 

<.2 

<.2 

.2 

.2 

.2 

.2 

<.2 
<.2 
<.2 
<.2 
<.2 
<.2 

< . Z 
<.2 
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DH G~1R 
GEYSERS KGRfl 
SONOMfl 4 LflKE COS.. Cf lLIF. 

FIGURE 8/G- lR 

SAMPLE TYPE! WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET 1 

PPM MN PPM CO PPM NI % f E 

1--

2--

3" 

8000. 

4 ; ^ 

1300. 
2680. 
2380. 
1960. 
1940. 
1580, 
IDIO. 
1230. 

lOSO. 

lODO. 

980. 

HOD. 
USD. 
970. 
1350. 
1320-
1140. 
1020. 
1080. 

1--

2--

3--

4--

zoo. 

Z6, 
36. 
37. 
Z8. 
29. 
21. 
22. 
3D. 

Z7, 

23. 

18. 

38. 
60. 
23. 
ZS. 
26. 
Z6. 

42. 
25. 

'^00. 2D.D. 
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DH G - I R 
GEYSERS KGRfl 
SONOMfl ^ LflKE COS.. CflLIF. 

FIGURE 9 / G - l R 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 

1--

2--

60,, 

9. 

13. 

12. 

15. 

14. 

12, 

17, 

19. 

2--

3--

5--" 

20., 50. 

1. 

1, 

1, 

2. 

2. 

2, 

2. 

2. 

1. 

1. 

1. 

1. 
2. 
1. 
2. 
2-
1. 

1. 
1. 

1--

2--

4--

5--

-. A. 91 



DH G - I R 
GEYSERS KGRfl 
SONOMfl i. LflKE COS. . C f lL IF . 

FIGURE 10/G-lR 

SAMPLE TYPE: WHOLE ROCK 
VERT. SCALE: 1000.0 FT./IN 
(DEPTH SHOWN IN KILOFEET 1 

PPM SN 

3--

4- -

7-=^ 

PPM W 

60 . . 

2--

3--

5--

6 - " 

7 - -

< i o . 
< i o . 
<10. 
< i o . 

16. 

10. 
10. 

<10. 

<10. 

19. 

19. 

PPM B PPM IN 
100. 

99 . 
190. 

16. 
<10. 

I]56-
20. 
33. 
20. 

1--

2--

3--

4--

6 - -

7- -

1600. 

700. 

1100. 

480 

"9^0 

1000. 
1700. 
900. 

1100. 

620. 

650. 

TBO. 

1500. 
95i). 

1300. 
760. 
1760. 
9^0. 
640. 

3750. 

1--

2 " 

4- -

5--J 

361: 

7-" 

20.. 

1. 

1 . 

4 . 

2 . 

2 . 

1 . 

1. 

1-

1 . 

1-

1 . 

1 . 
1 . 
1 . 
1 . 
1 . 
1 . 

1. 
1 . 
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DH G - I R 
GEYSERS KGRfl 
SONOMfl i. LflKE COS.. CflLIF. 

FIGURE 11/G-lR 

SAMPLE TYPE: +3.0-3.3 H.L. CONC 
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

2--

3--

1000. 

96. 

55. 

31. 

36. 

45. 

24. 

47. 

66. 

177. 

33. 

32. 

31. 
39. 
65. 
43, 
30. 
34. 
34. 
34. 

1--

2--

4--

5--

7--

60., 

10. 

10, 

10, 

20. 

<10. 

<10. 
10. 

<10. 

<10. 

10. 

20. 

10. 
10. 

<20. 
10. 

<10. 
10. 

20. 
10. 

1--

3--

4--

5--" 

: ^ 

400., 

50. 

40. 

40. 

60. 

50. 

40. 

40. 

40. 

1--

4--

1000.. 

2--

5--

6--

<3. 

<3. 

<2. 

<2. 

<2. 

<2. 

<2. 

<Z. 

<2. 

<3. 

<3. 

<2. 
<2. 
<5. 
<2. 
<Z. 
<2. 
<2. 
<2. 

20., 
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DH G- lR 
GEYSERS KGRfl 
SONOMfl & LAKE COS.. C f lL IF . 

FIGURE 12/G-lR 

SAMPLE TYPE! +3-0-3-3 H.L. CONC 
VERT. SCALE J 1000.0 FT./IH. 
(DEPTH SHOWN IN KILOFEET J 

PFM MN PPM CO PPM NI 7. FE 

1 - -

2 -

3--

6- -

7- -

5D0D0., 

E760. 

8150. 

14600. 

48S0. 
9750. 
8700-
9760-

1Z500. 
15300. 

14300. 
IgOSDO. 

1--

£--

3--

' - 1 

200. 

60 . 

6 0 . 

60 . 

SO. 

60.. 

20 . 

40 . 

7 0 . 

6 0 . 

7 0 . 

ZO. 

3 0 . 
6 0 . 
4 0 . 
3 0 . 
2 0 . 
2 0 . 
2 0 , 
3 0 , 

1000. 50,0, 

6.8 

11-6 

10.7 

8.8 

8,7 

7.1 

8,4 

8,2 

8.7 

8,3 

7.9 

7.8 
8,6 

10.4 
7.7 
7.7 
7.2 
6,3 
7,1 

9.4 



FIGURE 13/G-lR 

DH G - I R 
GEYSERS KGRfl 
SONOMA 4 LAKE COS.. CALIF . 

SAMPLE TYPE: +3 .0 -3 .3 H^L. CONC 
VERT. SCALE: 1000.0 F T . / I N . 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB PPM BI 

3+ 

4-t 

6-^ 

200. 

: ^ D 

a 

60 , 

32 , 

3 3 -

46 . 

4 8 . 

2 8 . 

50 . 

7 1 . 

66-. 

6 0 . 

3 8 . 

] 97-
30. 

69 , 
44-
2 7 . 
2 6 . 
Z 3 . 

100. 20,. 
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DH G - I R 
GEYSERS KGRA 
SONOMA ^ LAKE C O S . . CALIF 

FIGURE 1 4 / G - l R 

SAMPLE TYPE: +3.0-3.3 H.L. CONC-
VERT. SCALE: 1000.0 FT./IN. 
(DEPTH SHOWN IN KILOFEET ) 

PPM SN 

1--

Z -

3--

50 . 

4 . 
2 . 
3 . 
2 . 
3 . 
6 . 
7. 
9. 

7 . 

6 . 

1 3 . 

1 3 . 
ND 
NO 
9 . 

1 3 . 
10, 

IE , 
19. 

PPM W PPM B 

1--

2--

3--

4--

5--

6-^ 

iD 

iP 

'-?̂  
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<10. 

<io. 
<:10. 

<10. 

<10. 
10. 

<10. 

10. 

<10. 

10. 

13 . 
ND 
ND 

1 3 . 
1 0 . 
16 -

1 0 . 

40 . 

1--

2--

3--

4--

5--

6--

7--

PPM IN 

1500.. 

3--

20.. 

NO 

NO 
ND 
ND 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

-

-

4-
. 

-

5-
-

6-
-
-

7\ 

^ 

-

2. 

2. 
3. 

i n 4, 

1 
-

-

-

5. 
7. 

6. 

2. 

-
=1 

Z. 

6. 

L 1 7. 
ND 
ND 

n 
I 1 

3. 
1 5. 

-

1 

4. 
9. 
7. 
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DH G-IR 
GEYSERS KGRA 
SONOMA I LAKE COS. . CALIF 

FIGURE 15/G-lR 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: lOOCO FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM CU PPM MO PPM PB PPM ZN PPM AG 

1--

3--

4--

5--

6000. 

998 . 

967 . 

NO 

ND 

1130. 

ND 

1010. 

NO 

NO 

NO 

ND 

NO 
7 8 1 . 

ND 
9 3 0 . 
940 . 
964 . 

944 . 
803 . 

2--

3--

4--

5--

:B 

a 

6000. 

1Z20. 

1280. 

NO 

ND 

1 4 8 0 . 

ND 

"27|60. 

NO 

NO 

ND 

NO 

NO 

1280. 
ND 

630. 
1300. 
1470. 
1040. 
1100. 

1--

z -

4--

1000. 

130. 

90. 

ND 

NO 

70. 

ND 
100. 

NO 

ND 

ND 

ND 

ND 
140. 
ND 

130. 
70. 
60. 

70. 
100. 

1--

z -

3--

4--

6-=! 

=3 

5000. 

262. 

372. 

ND 

NO 

163. 

ND 
316. 

ND 

ND 

ND 

NO 

NO 
146. 
NO 

129. 
120. 
116. 

91. 
170. 

1--

2--

3--

4--

5--

6-̂  

7--

100. 

<ii. 

<6. 

ND 

ND 

<9. 

ND 
<9. 

ND 

NO 

NO 

NO 

ND 

"feo. 
ND 

<6. 
<6-
<7. 
<6. 
<6. 
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DH G-IR 
GEYSERS KGRA 
SONOMfl I LAKE COS. . CALIF. 

FIGURE 16/G-lR 

SAMPLE TYPE; MAGNETICS 
VERT. SCALE: lOOCO FT./IN 
(DEPTH SHOWN IN KILOFEET ) 

PPM MN PPN CO PPM NI 7. FE 

1--

2--

3--

4--

6- = 

7--

20000. 

~is2o. 
111,00. 
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<999. 

119^0, 

ND 
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ND 

NO 

ND 

ND 
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[ ] 7500 . 

NO 
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6--

75600. - i \ - I 
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NO 
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ND 

ND 

ND 

ND 

NO 
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1 4 1 0 0 . 

1--

2--

3-^ 

4--

5--

6--
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3110 . 

2610. 

ND 

NO 

^ 4 4 0 . . 

ND 
1820. 

NO 

ND 

ND 

NO 

ND 
"2^.50. 

NO 
12160, 
_^300. 
_g4eo. 
1890-

> 3 5 0 . 

2--

3--

4--

5--

6--

100-0, 

68 .1 

64-6 

ND 

ND 

70 .? 

ND 

64..0 

ND 

ND 

NO 

NO 

NO 
^ 1 . 9 

NO 
~g4",0 

69.6 

64'TS 

65-4 
"mTS 
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DH G - I R 
GEYSERS KGRA 
SONOMA 4 LAKE COS.. CALIF. 

FIGURE 17/G-lR 

SAMPLE TYPE: MAGNETICS 
VERT. SCALE: lOOCO F T . / I N 
(DEPTH SHOWN IN KILOFEET ) 

PPM AS PPM SB 

Z -

4--

5--

6--

7--

iP 

-a 
-- I 

600. 

136. 

120. 

ND 

ND 

1 1 2 . 

ND 

195. 

NO 

ND 

NO 

NO 

ND 
3 6 . 

NO 

120. 
130. 

6 8 . 

7 6 . 
6 3 . 

4--

5--

:D 

e:^ 

:D 
7--

100., 

15 . 

18 . 

ND 

ND 

1 0 . 

NO 

2 4 . 

NO 

NO 

ND 

ND 

ND 
6 . 
ND 
ND 
ND 

1 1 . 

< 1 . 

NO 
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GENERALIZED GEOLOGY 
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ROOSEVELT HOT SPRINGS KGRA 
and vicinity 
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Scale I -120,000 

EXPLANATION 

Hot spring deposits and related 
hyarothermal alteration 

I Qol I Quaternary a l luv ium 

I Qb I Quaternary basalt 

i%Svil Quaternary rhyol i t ic rocks 

I 1 Tertiary Sevier River Fm.; terrigenous 
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Permian Kaibab limestone 
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Geology modified by J. B. HULEN from Liese, 1957; Hintze, 1963,1975j Evans et a l , 1977 
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H 10000 FEET FIGURE: 2 (0-100 FT) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

COPPER (PPM) 0-100 FT 
SAMPLE TYPE* +3.3 LESS MflG. 
ANflLYTICflL METHOD: flflS 
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ANflLYTICflL METHOD: AflS 
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ANALYTICAL METHOD: AAS 
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ANflLYTICflL METHOD: flflS 
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ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 
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flNflLYTICflL METHOD* flfiS 
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ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

LERD (PPM) 100-200 FT 
SAMPLE TYPE: +3-3 LESS MflG. 
flNflLYTICflL METHOD: flflS 



OND 

©6360 

©320 

©350 

OND 

OND 

OND 

* 

^ 

y 

©190 

© N D " ^ ^ ONB 

2 0 0 
©21 0̂  h (b \ \o \ ©480 

OND 

H 10000 FEET FIGURE: 4 (200-300 FT . ) / PLAN 
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ANflLYTICflL METHOD: flflS 
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ANflLYTICflL METHOD* flflS 
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FIGURE: 5 (100-200 FT . ) /PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY,UTflH 

ZINC (PPM) 100-200 FT. 
SflMPLE TYPE: +3-3 LESS MflG. 
flNflLYTICflL METHOD: flflS 
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BEflVER COUNTY.UTflH 
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SAMPLE TYPE: +3-3 LESS MflG. 
flNflLYTICflL METHOD: flAS 
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ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

SILVER (PPM) 200-300 FT. 
SflMPLE TYPE: +3.3 LESS MflG. 
ANflLYTICflL METHOD: flflS 
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flNflLYTICflL METHODS COLOR 
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SAMPLE TYPE: +3.3 LESS MflG. 
ANflLYTICflL METHOD: COLOR r 
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ANflLYTICflL METHOD: COLOR 
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FIGURES 8 (0-100 FT.) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

MflNGflNESE (%) 0-100 FT 
SAMPLE TYPE* +3.3 LESS MflG. 
ANflLYTICflL METHODS flflS 
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©.71 

0.40 

4>.66 

0.71 . 0 .27 

©,64^ 0 .62 0 .46 \^ 

OND 

©ND 

©.26 

-H-

©.33 

A 10000 FEET FIGURE: 8 (100-200 FT . ) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY,UTflH 

MRNGRNESE (7.) 100-200 FT. 
SflMPLE TYPE: +3-3 LESS MAG. 
ANflLYTICflL METHOD: flflS 
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©.26 

V o 
-̂&o 
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•e-o 

©6.66 \ 

©ND 

©ND 
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* . 2 r v 

.^•4.86 

0.52 
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01.55 

-0.80^ 
OND OND 

0 .42* ' ©.45 I 01.18 

^ 10000 FEET FIGURE: 8 (200-300 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTAH 

MRNGRNESE (%) 200-300 FT. 
SflMPLE TYPE: +3.3 LESS MflG. 
flNflLYTICflL METHOD: flflS 
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©180 

©140 

028 

I^O 

ro 

©170 

Hf 

•NO 

-/GO 
*ND 

©80 
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©60 

•50 

©40 / ©70 

©80 

©59 

©80 

h H 10000 FEET FIGURES 9 (0-100 FT.) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

COBALT (PPM) 0-100 FT. 
SAMPLE TYPES +3.3 LESS MflG. 
flNflLYTICflL METHODS flflS 



ro 
OJ 

O160 

OND 

OND 

©140 

©120 

©130 

©80 ©100 

080"^ O60 O90 

H 10000 FEET FIGURE: 9 (100-200 FT . ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

COBRLT (PPM) 100-200 
SflMPLE TYPE: +3 .3 LESS MflG. 
flNflLYTICflL METHOD: flAS 

FT 



©170 
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•ND 
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/ 
•ND 
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/ ' 

* 3 5 

OND OND 

0 7 0 ^ ©90 O80 

OND 
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©120 

\ 

1 t 
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©110 

ONO 
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OND 

-H-

©ND 

H 10000 FEET FIGURE: 9 (200-300 FT. ) /PLAN 

•\ \ 

ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

COBRLT (PPM) 200-300 FT. 
SAMPLE TYPE: +3-3 LESS MflG. 
ANflLYTICflL METHOD: flflS 
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• 6 3 

ro 
cn 

• O l O t T " 

• 6 0 
QNO 

«N0 

013(f ©190 

©80 ©60 

©80 

©280 

©S70 

t- H 10000 FEET FIGURES 10 (0 -100 FT . ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

NICKEL (PPM) 0-100 FT 
SAMPLE TYPES +3.3 LESS MflG. 
flNflLYTICflL METHODS flflS 



ro 

O50 

©70 ©60 

©NO 

©590 

_400-
y 

* 

©370 

H 10000 FEET FIGURE: 10 (100-200 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

NICKEL (PPM) 100-200 FT 
SflMPLE TYPE: +3.3 LESS MflG. 
ANflLYTICflL METHOD: AAS 



OND 

©80 

ONO 

OND 

OND 

• too 
• ND 

ro 

•NO 
•ND 

— 200-

*240 

200— 

IOO 

* 1 0 

©30 

©40 

OND 

O80 

OND OND 

© 7 0 ^ ©30 ©90 

10000 FEET FIGURE: 10 (200-300 FT. ) /PLAN 
ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

NICKEL (PPM) 200-300 FT 
SAMPLE TYPE: +3.3 LESS MflG. 
ANflLYTICflL METHOD: flflS 



©8.67 

©7.30 

©4.50 

©6.99 ©6.04 

h 

/ 

H 10000 FEET 

©20.70 

©14.20 • / a 

/G 

* 

FIGURE* II (0-100 FT.) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

IRON (7.) 0-100 FT. 
SflMPLE TYPE* +3.3 LESS MflG. 
ANflLYTICflL METHODS flflS 



©10.80 

©9.31 

©7.95 

©ND 

015.20 

010.30 

©7.22 05.15 

©8 ,5^ ©6.52 ©8.16 

H 10000 FEET FIGURE: IT (100-200 FT . ) / PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

IRON (/.) 100-200 FT. 
SflMPLE TYPE: +3-3 LESS MflG 
flNflLYTICflL METHOD: flflS 



OND 

©6 .34 

OND 

©ND 

OND 

OJ 
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•ND 
•NO 

0 8 - 3 2 

10.50 
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OS,57 
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0 9 . 3 S 

OND ©ND 

©ll.'feo ©6.04 011,30 

H H 10000 FEET FIGURE II (200-300 FT . ) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

IRON (7) 200-300 FT. 
SAMPLE TYPE: +3-3 LESS MAG. 
ANflLYTICflL METHOD: AflS 
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©2 

•<1 
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•ND 

«ND 

•ND 
©ND 

©2 

©<1 
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©ND ©2 

©NO "^ ©ND OMD 

H 10000 FEET FIGURES .12 (0-100 FT.) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY,UTAH 

\ 

BISMUTH (PPM) 0-100 FT 
SAMPLE TYPES +3.3 LESS MflO. 
flNflLYTICflL METHOD* OES 



OND 

©2 

OND 

0<1 

• <1 

<»ND 

CO 
ro 

©3 

ONO ©ND 

OND OND ©ND 

H 10000 FEET FIGURE: 12 (100-200 FT. ) /PLAN 
ROOSEVELT KGRfl 
SERVER COUNTY,UTflH 

BISMUTH (PPM) 100-200 FT 
SAMPLE TYPE: +3-3 LESS MAG-
ANflLYTICflL METHOD: OES 
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OND 

OND 

OND 
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-H-

oo 
OJ 
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•NO 

4>ND 

* 2 
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OND 
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OND OND 

OND OND OND 

-K 10000 FEET FIGURE: 12 (200-300 FT.) /PLAN 
ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

BISMUTH (PPM) 200-300 FT 
SAMPLE TYPE: +3-3 LESS MAG. 
ANflLYTICflL METHOD: OES 
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©<J 

OS 

oo 
-pi 
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I 
*N0 
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©8 / 

©ND 

ONO 

©ND ©<1 

OND "^ OND ONO 

-i 10000 FEET FIGURES .13 (0-100 FT.) /PLAN 

ROOSEVELT KGRA 
BEAVER COUNTY.UTflH 

^ 

INDIUM (PPM) 0-100 FT 
SAMPLE TYPE* +3 .3 LESS MflG. 
ANflLYTICflL METHODS OES 
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© 3 

• 2 

CO 

cn 
•2 
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«ND 

*<10 
0 2 

©NO 

©2 

©2 

©ND ©ND 

OND ©NO ©ND 

-I 10000 FEET FIGURE 13 (100-200 FT. ) / PLAN 
ROOSEVELT KGRA 
SERVER COUNTY,UTAH 

INDIUM (PPM) 100-200 FT 
SAMPLE TYPE: +3-3 LESS MAG-
ANALYTICAL METHOD: OES 
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03 
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OND 

OND 
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OJ 

• NO 
•ND 

4iN0 

«<10 
©2 

OND 

OND 

OND 

OND OND 

ONO OND OND 

H 10000 FEET FIGURE .13 (200-300 FT. ) / PLAN 
ROOSEVELT KGRA 
BEAVER COUNTY,UTflH 

INDIUM (PPM) 200-300 FT 
SAMPLE TYPE: +3-3 LESS MAG. 
ANALYTICAL METHOD: OES 
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ONO 

oo 
^ 1 
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©ND 

ONO ••• OND ONO 
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©NO ©65 

-t 10000 FEET FIGURES 14 (0 -100 FT . ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

TIN (PPM) 0-100 FT. 
SflMPLE TYPE* +3.3 LESS MflG. 
ANflLYTICflL METHODS OES 
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O l i o 

oo 
00 

OND 

OND 

©2 

©5 

©NO ONO 

O N D ^ OND OND 

h H 10000 FEET FIGURE 14 (100-200 FT. ) / PLAN 

ROOSEVELT KGRfl 
SERVER COUNTY,UTRH 

TIN (PPM) 100-200 FT. 
SflMPLE TYPE: +3-3 LESS MflG-
flNflLYTICflL METHOD: OES 
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©ND 

OND 

40~. 

©28 

•ND 

oo 
to 

©ND 

©100 

ONO 

OND OND 

OND 

O N D ^ OND OND 

^ 10000 FEET FIGURE: 14 (200-300 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTAH 

TIN (PPM) 200-300 FT. 
SAMPLE TYPE: +3.3 LESS MAG. 
ANflLYTICflL METHOD: OES 
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0 1 7 Q 

4^ 
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©loQ 

© < 1 0 Q 

©loO? 

CIOO 

©ND 

©NO ©10 / -

©ND"^ ©NO OND 

h H 10000 FEET FIGURES 15 (0 -100 F T . ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

TUNGSTEN (PPM) 0-100 FT. 
SAMPLE TYPE* -e3.3 LESS.MAG 
flNflLYTICflL METHODS OES 
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O>200 

©>200 

OND OND 

OND 

O<10 

OND OND OND 

H 10000 FEET FIGURE: 15 (100-200 FT. ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTRH 

TUNGSTEN (PPM) 100-200 FT. 
SflMPLE TYPE: +3-3 LESS MflG-
ANflLYTICflL METHOD: OES 
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OND OND 

OND ©NO OND 

H 10000 FEET FIGURE 15 (200-300 FT. ) / PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTAH 

TUNGSTEN (PPM) 
SAMPLE TYPE: +3.3 
ANflLYTICflL METHOD: 

200-300 
LESS MflG. 

OES 

FT 

/ 
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H 10000 FEET FIGURE: 16 (0 -100 FT. ) / P L A N 

ROOSEVELT KGRfl 
BEAVER COUNTY.UTRH 

COPPER (PPM) 0-100 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: AflS 
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© 1 0 

©NO 

4:^ 

©ND 
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©7 

©4 

0 4 

0 2 

©2 ©3 

©4 
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10000 FEET FIGURE: 16 (100-200 FT. ) / P L A N 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTAH 

COPPER (PPM) 100-200 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: AAS 
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-H-

4^ 
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• ND 
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* 3 
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03 

©5 OND 
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h- H 10000 FEET FIGURE: 16 (200-300 FT. ) / P L A N 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

COPPER (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: flflS 
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© 2 
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-H-

©2 

©2 0 1 

0 3 OZ ©2 

H ^ 10000 FEET FIGURE: 17 (0 -100 FT . ) / P L A N 

ROOSEVELT KGRA 
BEflVER COUNTY.UTRH 

MOLYBDENUM (PPM) 0-100 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 

FT 
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• 5 

4 ^ 
• 5 

• 5 

0 2 

OS 

©4 

04 ^ © 3 

©ND 

-H-

•03_Z__—©3 

h ^ 10000 FEET FIGURE: 17 (100-200 FT.) /PLAN 

ROOSEVELT KGRA 
BEAVER COUNTY.UTAH 

MOLYBDENUM (PPM) 100-200 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: flflS 
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©ND 

OND 
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00 

• ND ( * ^ 
• ND ^ 3 ^ 

* 3 
©4 

03 

03 

02 
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H H 10000 FEET FIGtJRE: 17 (200-300 FT . ) / PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

MOLYBDENUM (PPM) 200-300 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 

FT 



©27 

©31 

0 3 7 

0 2 5 

©32 

4^. 
t o 
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©33 ©30 
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h H 10000 FEET FIGURE: 18 (0 -100 FT . ) / PLAN 

ROOSEVELT KGRfl 
BEAVER COUNTY.UTRH 

LERD (PPM) 0-100 FT 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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0 7 2 

OND 

OND 

©28 

©33 

• 35 

cn 
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©37 

0 2 4 

©31 

0 3 5 ©28 

0 3 2 ©37 O30 

H 10000 FEET FIGURE: 1.8 (100-200 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTAH 

LERD (PPM) 100-200 FT. 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD; AAS 



OND 

0 9 3 

60 
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40 
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• ND 

«!i23 
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©38 
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O30 ^ ©28 026 

-̂  10000 FEET FIGURE: 18 (200-300 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTAH 

LERD (PPM) 200-300 FT 
SAMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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cn 
ro 
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OND 

OND 

0 2 9 

• 4 0 ~ 

©104 

©43 023 

031 036 

©17 

•\ 10000 FEET FIGURE: 19 (0 -100 FT . ) /PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTRH 

ZINC (PPM) 0-100 FT 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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©ND 

©ND 

©47 

©68 

cn 
O J 

©52 

©45 
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0 2 7 

I- ^ 10000 FEET FIGURE: 19 (100-200 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTAH 

ZINC (PPM) 100-200 FT 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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cn 
4^ 

OND 

* 

OND 

OlOl 

©116 OND 

©68 • 'V ' '^ ©39 O33~~~~40-

H 10000 FEET FIGURE: 19 (200-300 FT. ) /PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY,UTflH 

ZINC (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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O l .O 

O l . O 

0 . 8 

©.7 

0 . 5 

©1.0 

©2.0 

©2.0 

H 10000 FEET FIGURE: 20 (0 -100 FT. ) / P L A N 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

SILVER (PPM) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: AAS 
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© 1 . 0 
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OND 

©1.0 
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Ol .0 

© 1 . 0 

-H-

0 . 7 

© . S 

© , 7 Ol .O 
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-1 10000 FEET FIGURE: 20 (100-200 FT . ) / P L A N 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

SILVER (PPM) 100-200 FT. 
SAMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 



0 . 7 

OND 

O l . O 

Ol -O 

0 . 5 OND 

O.S"^ 0<,B 0.5 

OND 

OND 

OND 

* 
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H ^ 10000 FEET FIGURE: 20 (200-300 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

SILVER (PPM) 200-300 FT. 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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-H-

©<1 

o<i ©<1 
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H 10000 FEET FIGURE: 21 (0 -100 FT . ) /PLAN 

ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

RRSENIC (PPM) 0-100 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: COLOR 
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©<1 

/ / 
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-i 10000 FEET 

© < i 

o<i 

FIGURE: 21 (100-200 FT . ) / P L A N 
ROOSEVELT KGRA 
BEflVER COUNTY,UTflH 

RRSENIC (PPM) 100-200 FT. 
SAMPLE TYPE: WH(3LE ROCK 
ANflLYTICflL METHOD: COLOR 
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H 10000 FEET FIGURE; 2'tQ( 200-300 FT. ) / P L A N 

ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

RRSENIC (PPM) 200-300 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: COLOR 



O . 0 3 

© . 0 3 

© . 0 4 

© . 0 2 

O . 0 9 

©.OS*" O . 0 2 

O . I O 

O.02 

H 10000 FEET FIGURE: 22 (0 -100 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

MRNGRNESE ( 7 ) 0 -100 FT. 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: AAS 
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. Q ? C1.02 
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-i 10000 FEET FIGURE: 22 (100-200 FT . ) / PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY.UTflH 

MRNGRNESE (7) 100-200 FT 
SAMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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H 10000 FEET FIGURE: 22 (200-300 FT . ) / PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

MRNGRNESE (7) 200-300 FT 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: flflS 
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04 ©4 

©4 

03 

©32 

• 4 
• ND 

+f 

10000 FEET FIGURE: 23 (0 -100 FT . ) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY.UTAH 

COBRLT (PPM) 0 -100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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©4 

h H 10000 FEET 

©NO 

ONO 

©17 

•4+ 

©5 

FIGURE: 23 (100-200 FT.) / PLAN 
ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

COBRLT (PPM) 100-200 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: AflS 



OND 

©11 

OND 

OND 

OND 

• ND 

0 1 3 

-H-

cn 
0 1 

• NO 
• NO 

0 3 

0 3 
0 7 

0 5 

OND 

0 2 

0 4 OND 

OS 0 4 ©4 

H 10000 FEET FIGURE: 23 (200-300 FT. ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTAH 

COBRLT (PPM) 200-300 
SflMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: flflS 

FT 
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012 O20 
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I- H 10000 FEET FIGURE: 24 (0 -100 FT. ) /PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY.UTAH 

NICKEL (PPM) 0-100 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: AAS 
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OND 
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©14 / ©41 

0 1 6 ©9 0 1 6 

H H 10000 FEET FIGURE: 24 (100-200 FT.) /PLAN 
ROOSEVELT KGRA 
BEAVER COUNTY,UTAH 

NICKEL (PPM) 100-200 FT. 
SAMPLE TYPE: WHOLE ROCK 
HNRLYTICRL METHOD: RflS 
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-I 10000 FEET FIGURE: 24 (200-300 FT . ) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

NICKEL (PPM) 200-300 FT 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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H 10000 FEET FIGURE: 25 (0 -100 F T - ) / PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTflH 

IRON (7) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNflLYTICflL METHOD: flflS 
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H 10000 FEET FIGURE: 25 (100-200 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTAH 

IRON (7) 100-200 FT. 
SAMPLE TYPE: WHOLE ROCK 
RNRLYTICRL METHOD: RRS 
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• ND 
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^ 10000 FEET FIGURE: 25 (200-300 FT. ) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY.UTAH 

IRON (7) 200-300 FT 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL'METHOD: flflS 
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h M 10000 FEET FIGURE: 26 (0 -100 FT. ) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY.UTAH 

INDIUM (PPM) 0 -100 FT. 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD; OES 
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ROOSEVELT KGRfl 
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INDIUM (PPM) 100-200 FT. 
SflMPLE TYPE: WHOLE ROCK 
RNRLYTICRL METHOD: OES 
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FIGURE: 26 (200-300 FT. ) /PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY.UTflH 

INDIUM (PPM) 200-300 FT 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD: OES 
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H 10000 FEET FIGURE: 27 (0 -100 FT . ) /PLAN 
ROOSEVELT KGRA 
BEflVER COUNTY.UTflH 

TIN (PPM) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD; OES 
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H 10000 FEET FIGURE: 27 (100-200 FT . ) /PLAN 

;^OOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

TIN (PPM) 100-200 FT. 
SAMPLE TYPE: WHOLE ROCK 
RNRLYTICRL METHOD: OES 
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h H 10000 FEET FIGURE: 27 (200-300 FT . ) /PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY.UTAH 

TIN (PPM) 200-300 FT 
SAMPLE TYPE: WHOLE ROCK 
ANALYTICAL METHOD: OES 
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h H 10000 FEET FIGURE: 28 (0 -100 FT - ) / PLAN 

ROOSEVELT KGRA 
BEflVER COUNTY,UTflH 

TUNGSTEN (PPM) 0-100 FT. 
SflMPLE TYPE: WHOLE ROCK 
flNALYTICAL METHOD: OES 
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ROOSEVELT KGRfl 
BEAVER COUNTY,UTflH 

TUNGSTEN (PPM) 100-200 FT. 
SflMPLE TYPE: WHOLE ROCK 
RNRLYTICRL METHOD: OES 
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h -\ 10000 FEET FIGURE; 28 (200-300 FT.) / PLAN 

ROOSEVELT KGRfl 
BEAVER COUNTY,UTflH 

TUNGSTEN (PPM) 200-300 FT. 
SAMPLE TYPE: WHOLE ROCK 
ANflLYTICflL METHOD; OES 
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BEflVER COUNTY,UTAH 

WT 7_-HEMATITE 100-200 FT 



OND 

O<.01 

0 . 0 3 . 

- 0 . 0 ^ 

• ^ \ 

©NO 

OKD 

ONO 

\ 

0.21 

•NO 

•NO 
•NO 

*NO 

/ f f -

0 . 0 8 -

0 . 0 4 ' 

• o :o2 ' 

J 

*N0 

O«.01 

®<.01 

O«.01 OND 

®<.m o<.at ©<,oi 

0.01 

©NO 

^ 10000 FEET FIGUREi 32 (200-300 FT.) /PLAN 
ROOSEVELT KGRfl 
BEfiVER COUNTY,UTAH 

MI 7 HEMATITE 200-300 FT 
" t ^ -



©83 

©92 

©89 

oeo 

C941 

0 9 4 

094 

CS82 
• NO 

«N0 

*ND 

©64 

08S 

©82 ©90 

©94 

©97 

© 8 8 " ' ' ©84 ©86 

•4 10000 FEET FIGURES 33 ( 0 - 1 0 0 F T . ) / PLAN 

ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

VOL % ,SILICAXEgLLN_+3.3 0-100 FT 
,î  
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BEAVER COUNTY.UTflH 

VOL 7 ^SILICATES IN +3.3 100-200 FT-



OND 

©89 

OND 

OND 

OND 

064 

• NO 

• NO 
• ND 

0 5 5 

0 1 6 
086 

083 

OND 

©83 

©87 OND 

079" ' ' ©88 074 

10000 FEET FIGURE: 33 (200-300 FT.)/ PLAN 
ROOSEVELT KGRfl 
BEflVER COUNTY,UTflH 

% SILICATES IN +3.3 2 0 0 - 3 0 0 FT. 



FIGURE 1 / G - l 

..:.,l: 
^ - K ; 

DH G-1 
GEYSERS KGRA 
SONOMA a L A K E COS., C A L I F . 

STEAM ENTRY 
RANKING 

10.0 

1 -

2 -

3 -

4 -

c 
0 

b-

7-

..' 

R ' 
i.b 

^ 

^ 

H 

-

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

-

. 

-

1.0 

3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

—1 

. 

-

1.0 

1.0 
1.0 

1.0 

1.0 
—J 

5.0 

1 

-
^J 

2.5 
1.0 
1.0 

1.0 
1.0 

_ 

1.0 
4 .0 
4 . 0 

4 .0 

1.0 

1.1 

2 .0 

1.0 

- , 
ND 

L I T H O L O G Y 

SE-

6 -

: ' : - . -< ' ' 

• + + + + 
+ • • + • 

G E N E R A L I Z E D GEOLOGY AND 
STEAM ENTRY R A N K I N G 
V E R T S C A L E - IOOO F T / I N . 

LEGEND 

+ + + + + 
+ + + + + 
+ + + + + 
* + + + + 

Greenstone 

Altered Greenstone 

Chert 

Chlori t ic Graywocke 

Altered Chloritic 
Graywocke 

Type Graywocke with 
Silicif ied Matrix 

Quartz Fragments from 
Type Graywocke 

Argi l l i te 

Serpentinite 

1.0 

2.0 

EOH 7665 

SE= Steam Entry WE= Water Entry 

= No steam entry within or close to sample interval 
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interval. Relative importance of SE indicated by ranking. 

Geology modified from preliminary geologic log by Mary Twichell (Amino i l U.S.A. Inc.). 
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1.0= No steam entry within or close to sample interval 
2.0 thru 8.0 = Steam entries (SE) within or close to sample 83 

Interval. Relative importance of SE indicated by ranking. 

Geology modified from preliminary geologic log by Mary Twichell (Aminoil U.S.A. Inc.). 
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Interval. Relative importance of SE indicated by ranking. 

Geology modified from preliminary geologic log by Mary Twichell (Aminoi l U.S.A. Inc.). 


