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ABSTRACT 

This r e p o r t  presents t h e  r e s u l t s  o f  t h e  chemical ana lys i s  o f  30 sur face 

rock samples f rom t h e  Colado geothermal area. The samples represent  a v a r i e t y  

o f  ma te r ia l s  a f f e c t e d  by several  hydrothermal events which have formed Au, Sb 

and c l a y  depos i ts  w i t h i n  t h e  area. The a c t i v e  geothermal system i s  c u r r e n t l y  

ue iny evaluated f o r  e l e c t r i c a l  power product ion.  

The elements As, Sb, Au, Ag, L i  arid Hg have been concentrated d u r i n g  inwe 

than one o f  t h e  hydrothermal events which have a f f e c t e d  t h e  Colado area. 

D i s t i n c t  cheiriical s i  ynatures do no t  e x i s t  f o r  any p a r t i c u l a r  event , ins tead , 

i t  appears t h a t  t h i s  s u i t e  o f  elements has been repeated ly  rernobi l ized, 

probably i n response t o  s i  m i  1 a r  phys ica l  and chemi c a l  condi t i ons and 

processes. Oel i n e a t i o n  o f  geochemical zoning r e l a t e d  t o  t h e  a c t i  ve geothermal 

system i s  poss ib le  on l y  because i t  i s  s p a t i a l l y  separated f rom t h e  o l d e r  

hydrothermal deposi ts .  

The chemical s i m i l a r i t y  between t h e  o lde r  hydrothernal  events and t h e  

present hydrothermal system suggest t h a t  t h e  Sb and Au m i n e r a l i z a t i o n  fo rned 

a t  shal low depths i n  a b o i l i n g  geothermal environment. I t  i s  suyyested t h a t  

new o re  zones may be d iscovered i n  t h e  W i l l a r d  min ing  d i s t r i c t  i f  t h e  

yeotherrnal model i s app l i ed  t o  exp lo ra t i on .  D 
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The Col ado geothermal area 1 i e s  i n  south-centra l  Pershi  ng County, Nevada, 

about 10 kin nor theast  o f  Lovelock on t h e  western f l a n k  o f  t h e  West Humboldt 

Range. The geothermal p o t e n t i a l  o f  t h e  area f o r  e l e c t r i c a l  power product ion 

i s  c u r r e n t l y  be ing evaluated by Ge t t y  O i l  Company i n  cooperat ion w i t h  t h e  

D i v i s i o n  o f  Geothermal Energy o f  t h e  U.S. Departinent of Energy through the  

I n d u s t r y  Coupled Case Study program. 

The geology o f  t he  Colado area has r e c e n t l y  been inapped and reviewed by 

S i  o b e t t  

yrad i  en 

inappi ny 

geochem 

analyse 

and S u l l e t t  (198U) and t h e  mul t ie lement  geochemistry o f  temperature 

ho le  c u t t i  ngs eval  uated by Chr i  stensen (1980). Our i  ng geol og i c  

o f  t h e  area, numerous rock samples were c o l l e c t e d  f o r  pet rographic  and 

c a l  s tud ies.  This r e p o r t  presents the  r e s u l t s  o f  t h e  chemical 

and evaluates these r e s u l t s  w i t h i n  t h e  con tex t  o f  t h e  chemical model 

devel oped from the  geochemi s t r y  o f  t he  g rad ien t  hol e c u t t i  ngs. 

T h i r t y  rock samples were prepared and analyzed f o r  38 elements by 

i nduc t i ve l y -coup led  plasma emission spectroscopy (ICP) as descr ibed by 

Chr i  stensen (lY8U) and Chri stensen and o the rs  (1980) S t a t i s t i c a l  r e d u c t i o n  

o r  a n a l y s i s  o f  chemical data was no t  performed s ince  (1) t h e  number o f  values 

i s  i n s u f f i c i e n t  and (2 )  t h e  analyzed samples represent  a v a r i e t y  o f  m a t e r i a l s  

and thus do no t  c o n s t i t u t e  a v a l i d  s t a t i s t i c a l  populat ion.  

c 
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UISCUSSION 

on locations of samples are shown on Figure 1 ,  sample 

presented i n  Table 1, and sample geochemistry i s  tabulated i n  

TaDle 2 .  

throughout the geothermal area. 

The samples represent a variety of materials collected from 

The Colado geothermal area has been the center of several previous 

hydrotnerinal events (Sibbett and Bul l e t t ,  1980). These events produced the Sb 

dnd A u  deposits east of the present geothermal system, and the clay deposits 

and Cu prospects i n  t r ibu tar ies  of Coal Creek which collectively are included 

i n  the W i l l a r d  m i n i n g  d i s t r i c t  (Johnson, 1977). Hu  ore froin the Willard group 

of inines (Figure 1) apparently consists of free-milling g o l d  and s i l ve r  i n  

Cu-stai ned qua r t z  vei ns contai n i  ng galena, sphaler i te ,  and garnet. 

prospects on the south side of Coal Canyon apparently explore siiiiilar veins 

(Johnson, 1977).  

Cu 

The Sb inines have been developed on quartz-stibnite veins t h a t  s t r i ke  

nearly para  I1 el t o  beddi ng w i t h i n  the metasedimentary host rocks. St ibni te  

occurs as pods and individual crystals  in quartz and ca l c i t e  veins and w i t h i n  

f ractures  i n  bedrock. Reported assays show Sb,  Ag, and t races  of Au 

(Johnson, 1977) .  

The clay deposits occur i n  Tertiary volcanic units where hydrothermal 

a l terat ion of v i t r i c  and tuffaceous rocks has been intense. Montinorillonite 

i s  the principal clay mineral ; impurities include c r i s toba l i t e ,  quartz, 

feldspar, ca l c i t e ,  zeo l i tes ,  and gypsum. 

3 





D 

D 

D 

D 

1 

The present geothermal system i s  centered beneath a l l u v i u m  along t h e  

western edge o f  t h e  West Humboldt Range. 

major f a u l t  i n t e r s e c t i o n  i n  the  Mesozoic rocks then spread out  i n  a shal low 

a q u i f e r  i n  t h e  a1 luv ium ( S i b b e t t  and Bul l e t t  , l 9 8 d ) .  

shown t h a t  enrichments o f  As, L i ,  Hg and Be are associated w i t h  t h e  present 

g eo t he rina 1 sy stein. 

Thermal waters probably r i s e  along a 

Chr istensen (1980) has 

The samples discussed here were c o l l e c t e d  i n  p a r t  t o  evaluate t h e  

chemical s ignatures associated w i t h  each t ype  o f  m i n e r a l i z a t i o n .  Samples 

c o l l e c t e d  from prospect p i t s ,  mine dumps and quar tz  veins i n  t h e  v i c i n i t y  of 

t h e  W i l l a r d  Mine i n c l u d e  numbers 1, 2 ,  3, 4, 13, 19,  2c), 22 and 23. Sample 24 

was c o l l e c t e d  a t  t h e  Johnson-Heizer mine, t h e  l a r g e s t  Sb mine i n  t h e  d i s t r i c t .  

Samples 5, 6, 7,  8, 14, 16, 1 7  and 18 represent  c l a y  m a t e r i a l s  associated w i t h  

vol cani  c u n i t s .  

f a u l t s  i n c l u d e  numbers 103, 112, 113, 134, and 137. The remaining samples are 

o f  a v a r i e t y  o f  rocks types and veins f rom throughout t h e  area. 

comparative purposes, a sumnary o f  geochemical data f rom t h e  g rad ien t  ho le  

samples i n v e s t i g a t e d  by Chr istensen (1980) i s  i nc luded  as Table 3. 

B recc ia ted  and a1 t e r e d  mater i  a1 s associated w i t h  range-front 

For 

Although t h e  e f f e c t s  o f  t h e  d i f f e r e n t  per iods o f  m i n e r a l i z a t i o n  a re  

recognizably  d i s t i n c t ,  t h e  s u i t e  o f  c h a r a c t e r i s t i c  t r a c e  elements i s  l a r g e l y  

t h e  same f o r  a1 1 hydrothermal events i n c l u d i n g  t h e  present geothermal system. 

d a t e r i  a1 s associated w i th  t h e  prec ious metal minera l  i z a t i  on o f  t h e  W i  11 a rd  

mines a re  cha rac te r i zed  by c o n s i s t e n t l y  h i g h  concen t ra t i ons  o f  L i ,  C r ,  Cu, Hy 

e 

and As, and some h igh  concentrat ions o f  Pb and Ag. Concentrat ions o f  A s  up t o  

1250 ppm are e s p e c i a l l y  noted. Vein m a t e r i a l  f rom t h e  Johnson-Heizer Sb mine 
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i s  cha rac te r i zed  by unusua l l y  l a r g e  concentrat ions o f  Sb, AIJ and As. 5amples 

c o l l e c t e d  from c l a y  p i t s  i n  a l t e r e d  T e r t i a r y  vo l can ic  rocks have no tab ly  h igh  

concentrat ions o f  Au and Be and occas iona l l y  o f  Hg. 

associated w i t h  range- f ron t  f a u l t s  has anomalous concentrat ions o f  A s ,  Sb, Hg 

and Au. 

The b recc ia ted  m a t e r i a l  

The elements A s ,  Sb, Au, Ag, L i  and Hg were remob i l i zed  and concentrated 

d u r i n g  more than one o f  t h e  hydrothermal events which have a f f e c t e d  t h e  Colado 

thermal area. D i s t i n c t  chemical s ignatures do not  e x i s t  f o r  any event. 

Instead, i t  appears t h a t  t h i s  s u i t e  o f  elements has been repeatedly  

c a l  condi t i ons remobi l ized,  probably i n  response t o  s i m i l a r  physica 

e x t a n t  d u r i n g  t h e  sequent ia l  hydrothermal events. 

and chem 

Christensen (1980) has shown t h a t  a d i s t i n c t i v e  zoning o f  

Be e x i s t s  i n  g rad ien t  ho le  c u t t i n g s  f rom t h e  Colado geothermal 

As, Hg, L i  and 

area. 

Enrichments o f  these elements o u t l i n e  an area co inc iden t  w i t h  a thermal 

anomaly r e l a t e d  t o  f l u i d  f l o w  w i t h i n  t h e  a c t i v e  geothermal system. 

Geochemistry has been shown t o  be a use fu l  e x p l o r a t i o n  t o o l  i n  t h i s  s i t u a t i o n  

where t h e  chemical record o f  t h e  a c t i v e  system i s  developed upon t h e  

chemical l y  homogeneous a1 1 u v i a l  ma t r i x .  Had t h e  present geothermal system and 

t h e  g rad ien t  holes been c o i n c i d e n t  w i th  t h e  o l d e r  m i n e r a l i z a t i o n ,  i t  i s  

d o u b t f u l  t h a t  t h e  chemical d i s t r i b u t i o n s  r e l a t e d  t o  t h e  m u l t i p l e  events cou ld  

be d i  s t i  ngui shed. Such a c o i  n c i  dence o f  hydrothermal events and geochemi c a l  

s ignatures has been descr ibed f o r  t h e  Cove For t -Sulphurdale area i n  Utah 

(Ross and others,  1981). 

The chemical s i m i l a r i t y  between t h e  o l d e r  hydrothermal events and t h e  

6 



B 

B 

D 

B 

R 

present geothermal system s t r o n g l y  suggests t h a t  t h e  Sb and Au m i n e r a l i z a t i o n  

forined a t  snal low depths i n  a bo i  1 i ng geothermal environment. Ueposi t i  on o f  

m t a l s  probably occurred as a d i r e c t  r e s u l t  o f  b o i l i n g  o r  f l a s h i n g  o f  

hydrothermal f l u i d s ,  as has been descr ibed f o r  modern geothermal systems 

(Wei ssberg , 1965); White and others,  1971; lJei ssberg and others,  1981)). 

Recogni t ion o f  t h i s  genet ic  r e l a t i o n s h i p  suggests t h a t  a d d i t i o n a l  o re  bodies 

may e x i s t  a t  depth, v e r t i c a l l y  stacked along f l u i d - f l o w  c o n t r o l l i n g  

s t ruc tu res .  

The yeothermal model proposed f o r  deposi ts  of t he  W i l l a r d  min ing d i s t r i c t  

i s  e s s e n t i a l l y  t h a t  descr ibed by Buchanan (1980) f o r  t h e  t iuanajuato n i n i n g  

d i s t r i c t ,  Mexico. This model r e q u i r e s  an anomalously h igh  geothermal g rgd ien t  

which a c t s  as a d r i v i n g  force behind a convect ing hydrothermal system. Hydro- 

thermal f l u i d s  become heated, leach a l k a l i e s  and metals f rom rocks alony t h e i r  

f l o w  path, and r i s e  toward t h e  surface. 

h y d r o s t a t i c  pressure i s  i n s u f f i c i e n t  t o  prevent b o i l i n g  and b o i l i n g  occurs, 

r e s u l t i n g  i n  s i g n i f i c a n t  chemical and phys i ca l  changes i n  t h e  s o l u t i o n s  and 

preci pi tation of ore and gangue mineral s. 

The water r i s e s  past t h e  depth where 

iy inera l  p r e c i p i t a t i o n  f r e q u e n t l y  r e s u l t s  i n  a s e l f - s e a l i n g  o f  f l u i d  

channel s ,  e f f e c t i  v e l y  s toppi  ng t h e  discharge o f  f l  u i d s  upward. F r a c t u r i  ng o f  

t h e  s e a l i n g  cap due t o  t e c t o n i c  o r  thermal s t r e s s  may cause a sudden reduc t i on  

i n  pressure and f l a s h i n g  o f  t h e  f l u i d  column below t h e  base o f  t h e  s e a l i n g  cap 

t o  a depth dependent on t h e  temperature p r o f i l e  and f l u i d  composit ion. 

f l a s h i n g  may lead t o  minera l  p r e c i p i t a t i o n  deeper i n  t h e  system. Thus, two 

types o f  bo1 1 i ng a re  recogni  zed: 

Th is  

h y d r o s t a t i c  b o i  1 i ng and f 1 ashi  ng 

7 
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(Buchanan 1980).  Two or mre level s of mineral i za t i  on not necessari ly 

connected inay be devel oped. 

I t  i s  suggested t h a t  new ore production zones may be discovered beneath 

tne Willard d i s t r i c t  i f  the geothermal model i s  applied. Alteration and f luid 

inclusion studies may serve as useful d r i l l i ng  guides. 
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TABLE 1 

Sampl e Descr i  p t  i ons 

B 

B 

B 

D 

B 

Sample Number 
IVVC80-1 

NVCt30-2 

NVC8O-3 

NVC80-4 

NVC80-5 

NV C80- 6 

NVC80- 7 

NVC80-8 

IJ v c 80 - 9 

NVC8O- 10 

NVC80-11 

NVC8O-13 

NVC8O-14 

NV C80- 15 

NVC8d- 16 

NVC80-17 

NVC8U-18 

rIVC80- 19 

rw c 80 - 2 0 

NVC80-21 

NVC80- 22 

NVCt10-23 

Descr i  p t  i on 
iqudstone-si 1 t s t o n e  f rom m i  ne worki ng 

Sta ined and a l t e r e d  mudstone froin prospect p i t  

Sta ined and a l t e r e d  mudstone f rom prospect p i t  

idudstone-si 1 t s t o n e  w i t h  quar tz  ve i  n i  ng froin a d i t  entrance 

C1 ay f rom a1 t e r e d  rhyo l  i t e  

Clay f rom a l t e r e d  r h y o l i t e  

Per1 i t e  

Clay from a l t e r e d  r h y o l i t e  

Quar t z  ve in  i n  s i l t s t o n e  f rom a d i t  

quar tz  ve in  i n  s i l t s t o n e  

R h y o l i t e  s i l l  i n t r u d i n g  mudstone/shale 

Mine dump sample: mudstone w i t h  quar tz  ve in ing  

C l a y  f rom a l t e r e d  r h y o l i t e  

Quar tz  v e i n  i n  shale; t rench  c u t  

C1 ay prospect; hemat i te  s ta ined  

A l t e r e d  ash-flow t u f f :  c l a y  prospect  

A1 t e r e d  r h y o l  i t e  t u f f :  c l a y  prospect  

F r a c t u r e - f i  11 i ng quar t z  ve in  i n mudstone a t  W i  11 a rd  i v l i  ne, 
south area 

Quar t z  v e i n  m a t e r i a l  f rom dump o f  n o r t h  W i l l a r d  Mine 

A l t e r e d  r h y o l i t e  d i k e  

Quar t z  v e i n  i n  mudstone from n o r t h  W i l l a r d  Mine dump 

Quar t z  and c a l c i t e  vein,  n o r t h  W i l l a r d  Mine 
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NV CBU- 24 

NVCW-103 

NV C80- 11 2 

NVC8O-113 

B NVC80-118 

NV CBO- 133 

NVC80- 134 

NV C8U- 13 7 P 

Quar tz  v e i n  i n  s i l t s t o n e ,  Johnson Heizer  Mine 

S i l i c i f i e d  b r e c c i a  i n  f a u l t  zone 

K a o l i n i t e  near range-bounding f a u l t  

A l t e r e d  and hemat i te-s ta ined andesi te  between quar tz  
and c a l c i t e  ve ins 

S i  1 t s t o n e  

Cony1 omerate 

A1 t e r e d  andesi t i  c f 1 ow 

Hemati te-stained quar tz  b r e c c i a  f rom f a u l t  zone 
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1 

,116 
2 -04 
1.02 
-447 
3.03 

6.97 
,262 
.439 
254 
.lo6 

67 
.012 
67 
29 
39 

25 
137 
23 
<4 
1250 

ai 
<5 
104 
1.6 
29 

17 
28 
45 

2 

.052 
1.44 
6.13 
-692 
2 035 

5.16 
-261 
.I65 
117 
.065 

37 
0011 
25 
11 
11 

10 
60 
9 
<4 
550 

39 
<5 
106 
1 .o 
20 

15 
19 
70 

I w 

TABLE 2 GEOCHEMISTRY OF SAIYlPLES 

3 

. oaa 
2.40 
.413 
.547 
2 .ll 

7.74 
.341 
.lo8 
66 
.188 

67 
.002 
17 
11 
13 

13 
51 
2 
<4 
200 

<30 
<5 
74 
1.7 
26 

20 
31 
25 

4 

.055 
2.64 
.252 
.442 
1 .oo 

7.33 
.309 
.050 
55 
.I76 

38 
.OO2 
18 
<5 
26 

<10 
22 
46 
<4 
425 

48 
<5 
94 
1.3 
31 

16 
23 
15 

5 

1.73 
2.80 
4.94 
.788 
1.30 

14.41 
.064 
.131 
129 
0021 

<2 
.054 
2 
<5 
8 

26 
57 
<2 
6 
6 

<30 
13 
9 
4 .O 
109 

21 
31 
550 

.. 

6 

2.87 
2.71 
6 -21 
.374 
1.08 

12.53 
.056 
< .002 
86 
.012 

<2 
,035 
5 
<5 
<5 

27 
49 
<2 
<4 
4 

<30 
<5 
3 
3.5 
108 

21 
33 
25 

W 

7 

2.98 
2.76 
.850 
.114 
1.24 

12.54 
.062 
< .002 
45 
.017 

<2 
.029 
17 
<5 
<5 

24 
55 
<2 
<4 
3 

<30 
<5 
9 
4 .0 
122 

21 
23 
10 

8 

3.06 
3.57 
1.09 
.232 
1.40 

12.26 
109 
.063 

.025 

8 
.020 
7 
<5 
<5 

26 
60 
<2 
<4 
6 

<30 
<5 
13 
10 
119 

289 

10 
19 
<5 



W 

Table 2 continued 

9 10 11 13 14 15 16 17 

Na20, % .52O 

CaO, % 12.84 

Fe203, % 1-89 

A1203, % 5.51 
TiO2,  % .220 
Y205, % 1.75 
Sr, ppm 286 
BaO, % . 102 

K20, % 1.12 

M g O ,  % 1.47 

.038 
2 -44 
6.68 
2.04 
3.83 

.397 
2.32 
1 .ll 
.116 
.380 

.831 
1.77 
2 -51 
1.58 
5 -44 

.757 
4.98 
1.99 
.917 
1.10 

4.50 
2 .oo 
1.74 . 184 
2.01 

.449 
2.54 
.302 
.276 
.903 

1.30 
3.05 
2.38 
.177 
.791 

10.07 
-364 
.279 
119 
-281 

12.32 
.066 
.008 
87 
.OB5 

13.01 
.737 
.234 
257 
.120 

12.49 
.171 
.077 
98 
.089 

11 -15 
.278 
.147 
97 
.024 

16.67 
.213 
.009 
68 
.055 

10.73 
.133 
.04 7 
233 
.094 

33 
.032 
19 
16 
48 
<10 
239 
4 
<4 
6 

27 
.047 
35 
21 
13 
< 10 
140 
<2 
4 
45 

<2 
.OU8 
24 
<5 
<5 
22 
49 
<2 
<4 
10 

99 
.038 
24 
36 
50 
1 7  
84 
4 
<4 
110 

11 
.038 
10 
<5 
6 
26 
18 
<2 
<4 
12 

10 
.027 
24 
6 
67 
11 
29 
<2 
<4 
70 

5 
-068 
18 
9 
8 
78 
49 
<2 
<4 
28 

4 
.044 
19 
<5 
<5 
26 
18 
<2 
4 
50 

<30 
<5 
74 
3 .O 
122 

<30 
<5 
73 
2.2 
94 

<30 
11 
46 
1.7 
39 

<30 
<5 
90 
2.1 
111 

<30 
6 
59 
3.2 
96 

<30 
<5 
61 
2.4 
92 

47 
<5 
19 
1.2 
73 

26 
50 
240 

34 
52 
140 

19 
25 
100 

21 
40 
55 

27 
43 
110 

33 
52 
220 

<5 
<10 
45 



W 

Table 2 continued 

18 19 20 21 22 23 24 

1.04 
3.82 
1.73 
.621 
1.58 

.022 
1.68 
7.55 
.500 
1.75 

.020 
1.28 
2.56 
.3$8 
1.16 

.018 
2.43 
.228 
.373 
.567 

.031 
1.50 
21.80 
.642 
1.62 

.017 

.767 
13.50 
.I58 
.624 

.474 

.523 
2.43 
1.42 
3.35 

15.31 
.159 
-003 
455 
.055 

5 .u7 
.174 
.lo4 
189 
.071 

4.64 
.182 
.os3 
22 
. lo1 

11.32 
.053 
.003 
29 
.016 

5.64 
.234 
.122 
81 
.121 

2.43 
.067 

105 
.035 

.ma 
4.63 
.134 
.070 
95 
.010 

20 
.052 
28 
9 
52 

27 
.015 
35 
18 
21 

<2 
.002 
18 
5 
<5 

27 
.068 
22 
14 
32 

11 
.156 
29 
<5 
16 

13 
.057 
43 
11 
11 

<10 
53 
<2 
5 
450 

<10 
7 1  
<2 
<4 
65 

20 
49 
<2 
<4 
81 

<10 
282 
<2 
<4 
175 

30 
76 
<2 
4 
75 

15 
76 
<2 
5 
300 

35 
<5 
101 
1.7 
15 

<30 
<5 
74 
1.3 
10 

<3i) 
<5 
224 
1.9 
102 

<30 
<5 
43 
2.2 
23 

<30 
<5 
188 
1.6 
<5 

576 
<5 
32 
1 .o 
16 

15 
13 
45 

11 
13 
2200 

18 
35 
100 

9 
13 
170 

7 
<li) 
65 

14 
18 
70 
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T a b l e  2 c o n t i n u e d  

103 

.038 
A 5 1  
.616 
.059 
120 

4.46 
.025 
.048 
202 
.111 

7 
,001 
29 
<5 
5 

<10 
<5 
<2 
<4 
125 

40 
<5 
28 
<O .5 
<5 

5 
< 10 
55 

112 

.429 

.019 

.022 

.027 
1.14 

31 .U 
.332 
.014 
34 
,003 

4 
<.001 
4 
<5 
<5 

65 
<5 
<2 
8 
90 

< 30 
<5 
20 
0.6 
194 

22 
51 
750 

113 

.424 
1.36 
.455 
.652 
4.17 

8.80 
.310 
.111 
526 
.684 

12 
.010 
18 
5 
104 

12 
59 
2 
<4 
45 

<30 
<5 
50 
2.4 
57 

6 
13 
45 

118 

.219 

.126 

.096 

.090 

.528 

13.83 
.067 
.005 
13 
.008 

<2 
.003 
15 
<5 
<5 

1 7  
20 
<2 
<4 
6 

<30 
<5 
126 
1.2 
122 

13 
32 
220 

133 

.042 

.657 
40 -30 
.457 
7.19 

3.86 
.182 
.078 
176 
.062 

21 
.162 
27 
50 
1 7  

17 
664 
<2 
5 
50 

<30 
10 
18 
1.7 
31 

<5 
20 
49 0 

134 

2.07 
2.18 
9.85 
1.81 
7.25 

14.82 
. a 4  
.293 
332 
.169 

34 7 
.256 
37 
122 
50 

19 
65 
<2 
10 
2 

<30 
<5 
89 
1.9 
98 

19 
33 
25 

137 

.06Y 

.066 

.415 
,053 
IO .76 

7.16 
.063 
.012 
305 
.mo 

<2 
.006 
14 
<5 
7 

16 
<5 
<2 
<4 
50 

58 
<5 
32 
1.8 
36 

18 
32 
550 



TABLE 3 

Summary o f  Geochemical Data from Gradient  Hole Cut t ings  

D 

D 

B 

D 

B 

D 

B 

Minimum 
340 

9120 
2190 
1830 
9970 

32500 
1260 
413 

19 
262 

< 150 
12 
45 
13 
8 
9 

< 50 
< 10 

33 
< 5  
< 2  
< 4  

9 
< 30 

< 100 
< 2000 

< 50 
< 5  
20 

1.5 
11 
14 
23 

150 
10 

Maxi mum 
29800 
34600 

132000 
59900 
40500 
84700 

3250 
3420 
428 

2890 
< 150 

72 
1180 
875 

50 
279 

< 50 
37 

2000 
10 
20 

7 
275 
173 

< 100 
2000 
< 50 
< 25 

96 
3.0 
107 
33 
57 

< 150 
3300 

flean 
8410 

21000 
52400 
10300 
22600 
56400 

2 180 
956 
189 
96 9 

< 150 
38 

388 
41 
24 
28 

< 50 

150 
- 
- 
- 
- 
47 

< 100 
< 2000 

< 50 

48 
2.1 

56 
22 
40 

< 150 
265 

- 

- 

Standard Devi a t  i o n  
6670 
6220 

25200 
8010 
6550 

11000 
443 
563 
111 
786 

12 
173 
83 
8 

26 

- 

- - 
219 - 
- - 
49 - - 

- - - 
32 

0.3 
25 
11 
9 

417 
-. 

As determined c o l o r i m e t r i c a l l y ,  Hg by g o l d  f i l m  de tec tor ,  a l l  o t h e r  elements 
by ICP. 

S i  l o s t  dur ing  sample d iges t ion ;  W and B contaminated dur ing  sample p repara t i on  
and anal ysi s. 
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