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ABSTRACT 

Trace element d i s t r i b u t i o n  i n  a  s u b a r c t i c  v a l l e y  i n  t h e  

Cleary H i l l  a r e a  of the Fairbanks gold d i s t r i c t  has been s tud ied .  

Zinc and a r s e n i c  have been found e x c e l l e n t  pa th f inde r  elements 

f o r  au r i f e rous  depos i t s .  Methods of a n a l y s i s  f o r  copper, l e ad ,  

z inc ,  molybdenum, s i l v e r  and a r s e n i c  a s  w e l l  as heavy metals  a r e  

discussed.  The Univers i ty  of Alaska method #2 has been improved, 

Te r r a in ,  s lope ,  and frozen ground have l i t t l e  e f f e c t  upon t h e  

d i s t r i b u t i o n  of t r a c e  elements a s soc i a t ed  wi th  t h e  Cleary H i l l  

v e in .  A new method for t h e  determinat ion of z inc  using d i l u t e  

a c i d  is proposed. Analysis of geochemical da ta  by t rend  su r f ace  

procedures proved e f f e c t i v e  f o r  l o c a l i z a t i o n  of anomalies. 
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FOREWORD 

Th i s  i n v e s t i g a t i o n  was i n i t i a t e d  by P r o f e s s o r  Donald Moody 

under t h e  d i r e c t i o n  o f  Dean Earl H. B e i s t l i n e ,  i n  1963. Working 

w i t h  P r o f e s s o r  Moody were two chemis t ry  s t u d e n t s  and two mining 

e n g i n e e r i n g  s t u d e n t s .  Sampling and mapping were c a r r i e d  o u t  

d u r i n g  t h e  summers o f  1963 and 1964. Analyses  f o r  copper ,  l e a d ,  

z i n c ,  molybdenum and s i l v e r  were made d u r i n g  t h e  w i n t e r  of  1963- 

1964, a s  w e l l  a s  computer p l o t t i n g  and s t u d y  of t h e  d a t a .  M r .  

Moody l e f t  t h e  U n i v e r s i t y  o f  Alaska i n  May o f  1964. The 1964 

summer work on heavy m e t a l  a n a l y s i s  of A r e a  "A" was conducted 

by M r .  James W a l l i s  and M r .  Robert  Pe te r son  under t he  d i r e c t i o n  

o f  Dean E a r l  W. B e i s t l i n e .  During t h e  summer of 1965 M r .  Heiner  

and M r .  W a l l i s  made e l e c t r o m a g n e t i c  and s e l f  p o t e n t i a l  su rveys  

i n  Area "A". The United  S t a t e s  Bureau of Mines t r e n c h e d  t h e  

geochemical  anomalies d u r i n g  t h i s  f i e l d  season .  Development o f  

a n  i o n  exchange method f o r  z i n c  was i n i t i a t e d .  S t u d i e s  of  t r a c e  

element c o n t e n t  o f  s o i l  ho r i zons  and of t r e n d  s u r f a c e  procedures  

were conducted d u r i n g  t h i s  season by M r .  Heiner .  

Th i s  r e p o r t  i s  t h e  work o f  many peop le ,  b u t  t h e  p r i n c i p a l  

a u t h o r  is  p r i m a r i l y  r e s p o n s i b l e  f o r  i t s  compi la t ion .  
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CHAPTER ONE 

INTRODUCTION 

The search f o r  mineral ized a r e a s  i n  t h e  ~ a i r k a n k s  d i s t r i c t  

i s  hampered by c l imate  and topography. Much of t h e  landmass i s  

permanently f rozen and contains  heavy overburden of r e s i d u a l  s o i l ,  

s i l t ,  and muck. Old techniques of prospect ing a r e  i n e f f i c i e n t  

and i n e f f e c t i v e  i n  such an environment. 

Ore depos i t s  of t h e  d i s t r i c t  a r e  mostly hydrothermal qua r t z  

ve ins  and l enses  confined t o  t h e  Birch Creek s c h i s t .  This s c h i s t  

has been i d e n t i f i e d  by Brown (1962) a s  " p e l i t i c  s c h i s t s ,  cal- 

careous-magnesian s c h i s t s  and marbles, and d i a p h t h o r i t i c  gne iss . "  

A few gold depos i t s  a s  w e l l  a s  lead-antimony o re s  a l s o  occur i n  

qua r t z  d i o r i t e  and qua r t z  monzonite i n t ru s ions  of the  d i s t r i c t .  

Minera l iza t ion  occurred i n  s t a g e s ,  s t a r t i n g  wi th  depos i t ion  o f  

white qua r t z  from hydrothermal so lu t ions  i n t o  f a u l t s  and j o i n t s  

of t he  country rock. Subsequent b recc i a t ion  of t h e  qua r t z  ve ins  

was followed by a second depos i t ion  of qua r t z  and au r i f e rous  

so lu t ions .  La t e r  s t ages  of b recc i a t ion  and f i s s u r e  f i l l i n g s  

r e su l t ed  i n  both barren and au r i f e rous  qua r t z  ve ins .  Narrow 

ve ins ,  up t o  t h r e e  f e e t  i n  width, have been t h e  most product ive 

sources of gold.  Oxides of antimony and a r s e n i c  accompany many 

o f  t h e  au r i f e rous  lodes ,  which a r e  a l s o  marked by l imoni te  s t a i n  

and gouge. 

u n t i l  r ecen t ly ,  prospect ing f o r  gold lodes has cons is ted  

of panning and hand t renching .  Trenching w a s  o f t en  accomplished 

by hand, without t he  a i d  of machinery, and much prospect ing was 

done by d r i f t i n g  on qua r t z  s t r i n g e r s .  La t e r ,  some prospect ing 

by crawler type t r a c t o r  and diamond d r i l l i n g  was done in +-he 



a r e a .  A few prospectors  have u t i l i z e d  c i t r a t e  so lub le  techniques 

of geochemistry. This technique is repor ted  as respons ib le  f o r  

t he  discovery of t h e  Keystone lode on Cleary H i l l .  Se l f  poten- 

t i a l  has  been used i n  t h e  d i s t r i c t  wi th  l i t t l e  o r  no success .  

Purpose of the Inves t  i s a t  ion 

This i n v e s t i g a t i o n  is  pr imar i ly  concerned wi th  developing 

modern methods of prospect ing f o r  gold lodes i n  t h e  Fairbanks 

d i s t r i c t .  To achieve t h i s  t h e  following ob jec t ives  were es tab-  

l i shed  : 

( a )  Determine t h e  geochemical environment i n  t h e  

Fairbanks d i s t r i c t .  

(b) Determine t r a c e  element d i s t r i b u t i o n  over a known 

lode.  

( c )  Determine the  e f f e c t s  of t e r r a i n  and s lope  upon 

t r a c e  element d i s t r i b u t i o n  over known lodes .  

( d )  Determine t h e  e f f e c t s  of f rozen ground upon t r a c e  

element d i s t r i b u t i o n .  

(e) Confirm t h e  v a l i d i t y  of t he  Univers i ty  o f  Alaska 

Method #2 f o r  heavy metal  s o i l  ana lyses .  

( f )  Test  inexpensive geophysical  equipment. 

(g) Test  and develop methods of a n a l y s i s  f o r  pros- 

pec t ing  based upon t r a c e  element d i s t r i b u t i o n .  

T t  w a s  necessary t o  e s t a b l i s h  o b j e c t i v e  ( a ) ,  above, i n  order  

t o  determine which, i f  any, elements could be used f o r  o r e  t r a c e r s .  

Resul ts  a r e  discussed i n  Chapter Two. Object ives  (b) through ( f )  

a r e  discussed i n  Chapter Three. Resul ts  reported i n  Chapters Two 

and Three led t o  t h e  development of a technique of prospect ing 



given i n  Chapter V (objec t ive  g )  . This study i s  unique i n  con- 

cept i n  t h a t  a  method was sought which would r e s u l t  i n  a minimum 

of contamination,  s t a b i l i t y  of reagents  and ease of use by un- 

tra kned personnel .  



CmPTER TWO 

GEOCHEMICAL ENVIRONMENT STUDY 

A thorough knowledge of t he  geochemical environment of the 

a rea  t o  be prospected is needed p r i o r  t o  deciding upon the  

method(s) used t o  prospect  f o r  o re .  It was decided t o  acqui re  

t h i s  knowledge by i n v e s t i g a t i n g  a t y p i c a l  s u b a r c t i c  v a l l e y  i n  

t h e  Fairbanks d i s t r i c t  . 

Fie ld  Procedures 

A n  a r ea  approximately 3000' x 8000', encompassing Bedrock 

Creek and the  r idges  between Chatham and Willow Creeks i n  the 

h e a r t  of t h e  Cleary H i l l  mining a r e a ,  was s e l e c t e d  f o r  t h e  

s tudy.  (Figure  1) It is  considered t y p i c a l  of gold lode a reas  

i n  t he  Fairbanks d i s t r i c t .  The r idges  and s lopes  a r e  covered 

c h i e f l y  by r e s i d u a l  s o i l  which supports  moss, b i r c h ,  aspen, and 

black spruce.  Extensive permafrost  zones e x i s t  i n  t h e  v a l l e y  

and on t h e  lower s lopes  of the r idges ,  and seasona l  f r o s t  l a s t s  

u n t i l  l a t e  J u l y  o r  August. 

The boundaries of t h e  a r ea  were e s t ab l i shed  by t r a n s i t  and 

s t a d i a  survey, and east-west c ros s  l i n e s  were c u t  every 1000 

f e e t .  S o i l  samples were taken wi th  a 1% horsepower Feldrnan 

power auger along t h e  per imeter  of t h e  t r a v e r s e  and on each 

c ros s  l i n e  a t  25 f o o t  i n t e r v a l s .  This i n t e r v a l  was s e l e c t e d  t o  

insure  an adequate number of d a t a  po in t s  f o r  an  i n v e s t i g a t i o n  

of t r a c e  element a s soc i a t ions .  Five pounds of t h e  auger c u t t i n g s  

were taken a s  t he  d r i l l  pene t ra ted  the  s o i l .  Col lec ted  samples 

were placed i n  polyethylene bags,  s ea l ed ,  i d e n t i f i e d  and s t o r e d  

f o r  l abora tory  a n a l y s i s .  Samples were allowed t o  dry and a small 
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por t ion  of each was screened through 80 mesh s i l k  organza and 

t r a n s f e r r e d  t o  a paper bag t o  awai t  chemical a n a l y s i s  f o r  cop- 

p e r ,  l e ad ,  zinc, molybdenum and s i l v e r .  A t o t a l  of 2200 samples 

were taken by t h i s  process .  

Ana ly t i ca l  Procedures 

Since t h e r e  were 2,200 s o i l  samples t o  be analyzed, each 

f o r  copper,  l e ad ,  molybdenum, s i l v e r ,  and z inc ,  t h e  methods of 

d iges t ion  and subsequent a n a l y s i s  of t h e  s o i l s  were chosen so  

as t o  a l low mass product ion.  These procedures a r e  descr ibed i n  

t he  appendix of t h i s  paper. 

The s o i l  samples were d iges ted  a few hundred a t  a t ime, t o  

t h e  s t a g e  o f  t h e  f i n a l  evaporat ion.  A t  t h i s  po in t  the beakers 

were covered wi th  polyethylene and s t o r e d  u n t i l  needed. They 

were then taken f i f t y  a t  a t ime,  and 50 m l  of t h e  sample solu-  

t i o n s  were made. These s o l u t i o n s  were analyzed f o r  copper, l e ad ,  

molybdenum, s i l v e r ,  and z inc .  The process  was repeated u n t i l  

a l l  samples were analyzed. 

The method of d iges t ion  presented by Ginzburg (1960) was 

modified i n  o rde r  t o  e f f e c t  near  t o t a l  s o l u t i o n  of the elements 

sought.  Digest ion was more thorough i n  some s o i l s  than i n  o the r s  

due t o  v a r i a b i l i t y  of composition. I t  is be l ieved  t h a t  v a r i a b i l i t y  

introduced i n t o  t h e  subsequent ana lyses  was not of s u f f i c i e n t  

degree t o  mask t h e  anomalies. 

The procedures for t h e  determinat ion of copper, l e ad ,  and 

z inc  were those of t h e  U. S . Geological  Survey (Ward, 1963) ; f o r  

molybdenum, those of Ginzburg ( 1960) ; and f o r  s i l v e r ,  adapted 

from procedures of Ginzburg (1960) and Sandel l  (1959) .  A l l  of 



t h e s e  methods are co lo r ime t r i c ,  and a r e  based upon t h e  develop- 

ment of a  colored complex with t h e  element being determined, 

and subsequent v i s u a l  comparison t o  s i m i l a r l y  prepared s tandards .  

The procedures a r e  s t r a igh t fo rward ,  and wi th  proper precaut ions  
+ 

taken t o  minimize contamination,  an accuracy of - 50 ppm was 

a t t a i n e d .  

Data Analysis 

Because of t h e  l a r g e  number of da t a  po in t s  involved, t h e  

u n i v e r s i t y ' s  IBM 1620 computer and d a t a  processing f a c i l i t i e s  

proved t o  be indispensable  t o o l s  f o r  da t a  a n a l y s i s .  

Programs were w r i t t e n  t o  compute t h e  mean, median, mode, 

averages and o t h e r  s t a t i s t i c s .  These a r e  now common t o  most 

computer cen te r s  and have not  been included i n  t h i s  paper.  

Five programs have been included i n  t h e  Appendix. These a r e :  

(1) Five v a r i a b l e  t r end  comparisons; ( 2 )  Curve p r o f i l e r ;  ( 3 )  

Five po in t  running average;  ( 4 )  Numerical po in t  p l o t  and g r i d  

system; ( 5 )  Grid l a b e l  fo r  IBM automatic contouring program. 

The r e s u l t s  of t h e  t r a c e  element ana lyses  were p r o f i l e d  

r a t h e r  than contoured because of t h e  unbalanced sample i n t e r v a l  

of 1000 f e e t  by 25 f e e t .  The e f f e c t s  of extraneous va lues  were 

e f f e c t i v e l y  e l iminated by using MIRL program RAVE, a f i v e  p o i n t  

running average p r o f i l e r ,  t o  p r o f i l e  t h e  ind iv idua l  element da t a .  

Comparison of t h e  i nd iv idua l  element p r o f i l e s  i n d i c a t e s  

d e f i n i t e  inter-element r e l a t i o n s h i p s .  The associati011 between 

elements w a s  determined by counting the  number of times an 

element p a i r  followed the  same t rend .  For example, i f  copper 

followed t h e  t r end  of lead  more o f t en  than n o t ,  it was considered 



t o  have a p o s i t i v e  t r e n d ;  s i m i l a r l y  i f  it did no t ,  it w a s  con- 

s ide red  a nega t ive  t r end .  Table 1 shows t h e  r e s u l t s  of t he  

t rend  comparisons, i nd i ca t ing  t h e  percentage d i s t r i b u t i o n  of 

each t rend .  Zinc followed the  t rend  of molybdenum, s i l v e r ,  

lead and copper more than 60% of t h e  t ime. The copper-lead and 

molybdenum-silver a s s o c i a t i o n  fol low t h e  same t r end  i n  more than 

84% of t h e  ana lyses .  

TABLE 1 

PERCENTAGE DISTRIBUTIONS OF TRENDS 

Percentage of Time 
Trace Elements Followinq Same Trend 

Zinc and Molybdenum 
Zinc and S i l v e r  
Zinc and Lead 
Zinc and Copper 

Copper and Lead 84.81% 
Copper and Zinc 77.55% 
Copper and Molybdenum 41.96% 
Copper and S i l v e r  51.81% 

Lead and Zinc 
Lead and Molybdenum 
Lead and S i l v e r  

Molybdenum and S i l v e r  84.05% 

Frequency d i s t r i b u t i o n s  of each t r a c e  element concentrat ion 

are  i l l u s t r a t e d  g raph ica l ly  i n  Figures 2 - 6.  The o r d i n a t e ,  or 

r e l a t i v e  frequency, was derived by d iv id ing  the  number of samples 

i n  each i n t e r v a l  by t h e  t o t a l  number taken. These curves i l l u s -  

t r a t e  t he  s t a t i s t i c a l  occurrence of va lues  i n  t he  study a r e a .  

They a r e  suscep t ib l e  t o  both sampling and a n a l y t i c a l  e r r o r s ,  

and cau t ion  must be exerc i sed  i n  t h e i r  i n t e r p r e t a t i o n .  Frequency 

d i s t r i b u t i o n s  f o r  copper, l e ad ,  molybdenum and s i l v e r  c lo se ly  

8 
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FREQUENCY DISTRIBUTION OF 

ZINC 

PARTS PER MILLION F i q . 6  

approximate a reverse "J" d i s t r i b u t i o n .  I n  each case, t h e  

major i ty  of analyses were low, ranging from 0 t o  100 ppm with 

a f e w  sporad ic  highs.  The z inc  d i s t r i b u t i o n  is p o s i t i v e l y  

skewed, and shows the maximum number of values  i n  the range 

of 100 t o  199 p a r t s  p e r  mi l l i on .  

Tables 2 through 6 show t h e  c l a s s  i n t e r v a l s  and corses-  

ponding frequencies  of t h e  da ta  used t o  develop frequency 

d i s t r i b u t i o n  curves.  Table 7 p re sen t s  t he  a r i t h m e t i c  mean, 

geometric mean, harmonic mean, quad ra t i c  mean, median, and 

t h e  mode. Threshold values fo r  anomalous concentrat ions  of an 

element i n  the study a r e a  may be computed from t h i s  t a b l e .  



TABLE 2 

FREQUENCY DISTRIBUTION OF COPPER 

Class  
I n t e r v a l  

TOTAL 

Frequency 

178 
I83 
173 
181 
171 
64 
31 

169 
1 2  
87 
1 
3 

24 
1 

60 
1 
1 
8 
0 

20 
0 
0 
1 
0 

2 2 
1 

17 
1 
3 
1 
- 

1414 

Re l a  t i v e  
Frequency 

0.1258 
0.1294 
0.1223 
0.1280 
0.1209 
0.0452 
0.0219 
0.1195 
0.0084 
0.0615 
0.0008 
0.0021 
0.0169 
0.0007 
0.0424 
0.0008 
0.0008 
0.0056 
0.0000 
0.0141 
0.0000 
0.0000 
0.0008 
0.0000 
0.0155 
0.0008 
0.0120 
0.0008 
0.0022 
0.0008 

Curnula t i v e  
Frequency 

178 
361 
5 34 
7 15 
886 
950 
981 

1150 
1162 
1249 
1250 
1253 
1277 
1278 
1338 
1339 
1340 
1348 
1348 
1368 
1368 
1368 
1369 
1369 
1391 
1392 
1409 
1410 
1413 
1414 

Cumulative 
Re l a  t ive 

Frequency 

* N o t e :  These v a l u e s  a r e  no t  p l o t t e d  on diagrams. 



TABLE 3 

FFZQUENCY DISTRIBUTION OF LEAD 

Class  
I n t e r v a l  

0-20 
21-40 
41-60 
61-80 
8 1- 100 

101-120 
121-140 
141-160 
161-180 
181-200 
201-220 
221-240 
241-260 
261-280 
281-300 
301-320 
321-340 
341-360 
361-380 
381-400 
401-420 
421-440 
441-46 0 
461-480 
481-500 
501-520 
521-540 
541-560 
561-580 
581-600 

700* 
800* 
900* 

lOOO* 
llOO* 
1200* 

TOTAL 

Frequency 

446 
200 
290 

99 
112 

2 
14 
6 1  
10 
50 

2 
0 

39 
1 

2 0 
0 
1 
6 
1 

16 
0 
0 
1 
0 

1 4  
0 
0 
2 
0 
4 
5 
4 
3 
2 
0 
9 

1414 

R e l a t i v e  
Frequency 

Curnula t i v e  
Frequency 

446 
646 
936 

1035 
1147 
1149 
1163 
1224 
1234 
1284 
1286 
1286 
1325 
1326 
1346 
1346 
1347 
1353 
1354 
1370 
1370 
1370 
1371 
1371 
1385 
1385 
1385 
1387 
1387 
1391 
1396 
1400 
1403 
1405 
1405 
1414 

Cumulative 
R e l a t i v e  

Frequency 

0.3154 
0 -4568 
0.6619 
0.7319 
0.8111 
0.8125 
0.8224 
0.8656 
0.8727 
0.9080 
0.9094 
0.9094 
0.9370 
0.9377 
0.9519 
0.9519 
0.9526 
0.9568 
0.9575 
0.9688 
0.9688 
0.9688 
0.9695 
0.9695 
0.9794 
0.9794 
0.9794 
0.9809 
0.9809 
0.9837 
0.9872 
0.9900 
0.9922 
0.9936 
0.9936 
1.0000 

*Note: These v a l u e s  a r e  n o t  p l o t t e d  on diagrams. 





Class  
I n t e r v a l  

0-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
91-100 

125 
150 
250* 
350* 

TABLE 5 

FREQUENCY DISTRIBUTION O F  MOLYBDENUM 

Frequency 

1053 
72  

134 
19 
95 
6 
0 

16 
0 

1 3  
1 
3 
1 
1 

R e l a t i v e  
Frequency 

TOTAL 

Cumulative 
Frequency 

Cumulative 
R e l a t i v e  

Frequency 

*Note: These va lues  a r e  no t  p l o t t e d  on diagrams. 



TABLE 6 

Class  
Interval 

0-10 
11- 20 
21-30 
31-40 
41-50 
5 1-60 
61-70 
71-80 
81-90 
91-100 

101-110 
111-120 
121-130 
131-140 
141-150 
15 1- 160 
161-170 
171-180 
181-190 
190-200 

Frequency 

415 
95 

282 
52 

2 28 
56 
27 

112 
15 
54 

9 
4 

2 8  
0 

29 
1 
0 
4 
0 
3 

1414 

FNQUENCY DISTRIBUTION OF SILVER 

R e l a t i v e  
Frequencv 

Cumulative 
Frequency 

415 
5 10 
792 
8 44 

1072 
1128 
1155 
1267 
128 2 
1336 
1345 
1349 
1377 
1377 
1406 
1407 
1407 
1411 
1411 
1414 

Cumulative 
R e  l a  t i v e  

Frequency 

0.2935 
0.3606 
0.5601 
0.5968 
0.7581 
0.7977 
0.8168 
0.8960 
0.9066 
0.9448 
0.9512 
0.9540 
0.9738 
0.9738 
0.9943 
0.9950 
0.9950 
0.9978 
0.9978 
1.0000 





Fur ther  s t a t i s t i c a l  s t u d i e s  based upon non-normal d i s t r i -  

bu t ions  were no t  at tempted. The frequency d i s t r i b u t i o n  curves 

obtained w i l l  be of  va lue  i n  f u t u r e  s t u d i e s  i n  t h e  development 

of geochemical sampling models f o r  computer i nves t iga t ion .  

P l a t e s  1 through 5 show t r a c e  element p r o f i l e s .  Examina- 

t i o n  of t he  t r a c e  element da t a  i n d i c a t e s  t h a t  a t  l e a s t  t h r e e  

anomalous a r e a s  a r e  w i th in  t h e  survey boundaries.  These areas 

a r e  designated a s  Areas A ,  B ,  and C ,  on Figure 1. Resampling 

and analyzing t h e  samples by the Univers i ty  of Alaska t o t a l  

heavy metals  method v e r i f i e d  the  anomalous readings i n  t hese  

a r eas .  

Area A encompasses a po r t i on  of t h e  r idge  top  and west 

s lope  between Chatham and Bedrock Creeks. The o r i g i n a l  l i n e  

across  t h i s  a r ea  i s  c ross  l i n e  700. Severa l  concent ra t ions  of 

heavy metals occur a long t h i s  c r o s s  l i n e  which i s  an a rea  r e l a -  

t i v e l y  free from early-day t renching.  

Area B i s  on a 30% s lope  extending t o  t he  west.  Crushed 

rock from the  Cleary H i l l  Mine used on t h e  road bed has washed 

o u t  and been t ranspor ted  over t h i s  a r e a .  The e f f e c t  of t h e  

t ranspor ted  m a t e r i a l  has been t o  d i s t r i b u t e  m e t a l l i c  ions down 

t h e  s lope ,  completely d i sgu i s ing  t h e  s i g n i f i c a n c e  of t h e  sample 

ana lyses .  

Area C i s  c r i s sc ros sed  wi th  a s e r i e s  of narrow t renches .  

The two l a r g e s t  t renches  a r e  approximately 100 f e e t  Long, 20 

f e e t  wide and 6 t o  L O  f e e t  deep. Local r e s i d e n t s  i n d i c a t e  t h a t  

these  t renches  were completed some 30 yea r s  ago and uncovered a 

narrow zone of minera l iza t ion  containing some gold and s u l f i d e s .  



Transported m a t e r i a l  f r o m  t hese  t renches  probably a f f e c t e d  the  

values  of t h e  samples, and d i s t o r t e d  t h e  p a t t e r n  of t he  sample 

l i n e s  across  an a rea  where l i t t l e  t renching i s  ev ident .  This 

anomaly i s  probably non-s i g n i f  ican t . 

Note on Contamination and Nons isn i f ican t  Anomalies 

Contamination may r e s u l t  from a v a r i e t y  of man-made condi- 

t i o n s .  Trash,  f e r t i l i z e r ,  oxidized s p o i l  and mine dumps, shee t  

metal ,  meta l i fe rous  i n s e c t i c i d e s  and drainage from o ld  mine 

workings can s e r i o u s l y  in f luence  t r a c e  element content  of t h e  

s o i l  and water .  Any such condi t ions  should be searched f o r  

t o  safeguard a g a i n s t  f a l s e  anomalies. L e s s  commonly false 

anomalies may be obtained over high background source rocks.  

Ultramafic rocks a r e  commonly high i n  chromium, n i c k e l ,  coba l t  

and magnesium. Mafic rocks are  high i n  i r o n ,  t i t an ium and 

copper. S o i l s  high i n  calcium may r e s t r i c t  mobi l i ty  of ions ,  

thereby concentrat ing them i n t o  nons igni f ican t  anomalies. Clays 

and humus have high exchange c a p a c i t i e s  and can a l s o  produce 

nons igni f ican t  anomalies. 



CHAPTER THREE 

STUDIES I N  AREA "A" 

Area "A" provided a  good s e t t i n g  f o r  s tudying t h e  r e l a -  

t i onsh ips  between t r a c e  elements,  f rozen ground, t e r r a i n  s lope ,  

and known minera l iza t ion .  Preliminary work i n  Area "A1' es tab-  

l i s h e d  t h e  presence of  anomalous zones away from any known 

o r e ;  f o r  t h i s  reason it was picked t o  ob ta in  ob jec t ives  (b)  

through ( f ) ,  Chapter 1. A t  t h i s  s t age  of t h e  study the  U .  S .  

Bureau of Mines en te red  i n t o  a  cooperat ive agreement t o  t rench  

the  anomalies. The Bureau trenched and mapped the  bedrock 

geology of t h e  a rea  and a s s i s t e d  i n  t h e  f i e l d  work and i n t e r -  

p r e t a t i o n  of da ta .  

For a r e a l  c o n t r o l ,  a g r i d  was surveyed, cons i s t i ng  of 100 

foo t  l i n e s  wi th  sample loca t ions  a t  50 f o o t  i n t e r v a l s  a long the  

l i n e s .  E leva t ions  were e s t ab l i shed  by l e v e l  survey and contour 

maps were prepared by s t a d i a  measurements, t h e  l a t t e r  being done 

by t h e  U.  S. Bureau of Mines. Local claim corners  were t i e d  i n  

t o  t h e  a r ea  t o  enable use of t he  e x i s t i n g  Cleary H i l l  Mine maps. 

S o i l  samples should be taken from i d e n t i c a l  s o i l  horizons 

s o  as  not t o  int roduce s i g n i f i c a n t  v a r i a t i o n s  i n  m e t a l l i c  ion 

concentrat ion.  Var ia t ions  i n  depth of overburden and loca l i zed  

permafrost  l enses  over t h e  sample a r e a  made t h i s  impossible i n  

some cases ,  most notably on t h e  no r th  po r t i on  of Line 714  and 

on Lines 715 and 716. S o i l  sampling procedure cons is ted  of 

sampling a t  a depth  of 18 inches near  every p i cke t  over the  g r i d ,  

a  procedure which placed most samples i n  the B horizon. Samples 

were placed i n  polyethylene bags marked with  t h e  sample loca t ion .  



La te r  they were d r i e d ,  t r a n s f e r r e d  t o  4 x 7 inch paper sample 

envelopes and re ta ined  f o r  a n a l y s i s .  I n  o rder  t o  compare 

a n a l y t i c a l  methods, each sample was analyzed by: 

1. Univers i ty  of Alaska Method #2 

2.  Wet chemical methods f o r  Cu, Pb,  Zn 

I n  t h e  Univers i ty  of Alaska method, of analyzing f o r  t h e  

c i t r a t e  so lub le  metals  of copper, lead and z inc ,  r e s u l t s  a r e  

given i n  m i l l i l i t e r s  of reagent  requi red  t o  reach an end po in t .  

(See ~ p p e n d i x )  . 
I n i t i a l l y ,  t he  Univers i ty  of Alaska Geochemical Prospect- 

ing Method No. 2 was employed both i n  t h e  f i e l d  and i n  t h e  

labora tory  t o  determine c i t r a t e - s o l u b l e  heavy metal concentra- 

t i o n s .  During t h e  l a s t  phases of t he  s tudy ,  t h i s  method was 

modified t o  e l imina t e  some of t he  p o t e n t i a l  v a r i a b l e s  from t h e  

o r i g i n a l  method. (See Appendix) 

Figure 7 i l l u s t r a t e s  the  v a r i a b i l i t y  of the  index va lue  

( m i l l i l i t e r s  reagent)  a s  a func t ion  of t h e  pH of the  a n a l y t i c a l  

so lu t ion .  The curve was obtained by determining the  index 

value of a s o i l  sample a t  var ious  pH l e v e l s .  When t h e  pH is  a t  

t h e  proper l e v e l ,  8 . 5 ,  t h e  index value of t he  s o i l  sample i s  5 .4 ,  

while a t  a  pH of 7 .5 ,  t h e  index va lue  of t h e  sample drops t o  3 .0 ,  

a d i f f e r ence  of 2.4 m l .  The g r e a t e r  the  index va lue  of a sample, 

t he  g r e a t e r  t he  d i f f e r ence  f o r  a given pH range. This d i f f e r ence  

is the  e r r o r  due t o  v a r i a t i o n  of pH from the  proper l e v e l .  

I n  o rde r  t o  e l imina te  poss ib l e  e r r o r s  due t o  inhomogeneities 

i n  t he  condi t ioning mixture ,  t h e  mixture was d i sso lved  i n  de- 

mineral ized water .  I n  t h i s  manner t he  proper arr~ount of each 



Fig.7 pH versus  index va lue ,  I ,  for the Univers i ty  of Alaska. 

Geochemical Prospect ing Method No.  2 



reagent  is employed i n  a l l  analyses  by employing a  f ixed  vol-  

ume of condi t ion ing  so lu t ion .  This modif icat ion toge ther  with 

t he  e l imina t ion  of reagent  contamination,  has been incorporated 

i n t o  t h e  Modified Univers i ty  of Alaska Geochemical Prospect ing 

Method #2.  (See Appendix) 

It should be emphasized t h a t  t he  most common source of 

e r r o r  i n  both the  modified and o r i g i n a l  vers ions  of t he  Univer- 

s i t y  of Alaska Geochemical Prospect ing Method No. 2 is  the  

d i th i zone  s o l u t i o n  employed. This s o l u t i o n  must be a s a t u r a t e d  

s o l u t i o n  of d i th izone  i n  unleaded gaso l ine  i f  optimum r e s u l t s  

a r e  t o  be obtained.  The s o l u t i o n  should a l s o  be free of f l o a t -  

ing p a r t i c l e s  oE dbthizone when used. H e a t ,  l i g h t ,  and oxidiz-  

ing agents  decompose d i th izone  ~o lu t ion : :  r e a d i l y ,  and f o r  t h i s  

reason it is  imperative t h a t  only f r e s h  d i th izone  so lu t ions  be 

used. 

P r o f i l e s  of t h e  heavy metal  values  were drawn on a map of 

t he  g r i d  system and t h e  axes of t h e  heavy metal  zones sketched,  

Figure 8. 

Analysis o f  Heavy-Meta 1 Anomalies 

To determine what c o n s t i t u t e s  a s i g n i f i c a n t  anomaly, it i s  

f i r s t  necessary t o  e s t a b l i s h  t h e  normal background o r  " threshold 

va lue"  f o r  t h e  d i s t r i c t .  Values wi th in  t h e  sampled a r e a ,  bu t  

away from the  mineral ized zones, ranged from 1 t o  2 m l .  This 

va lue ,  2 m l ,  was taken t o  represen t  t he  l o c a l  background a s  

def ined by Hawkes and Webb (1962) ,  above which values  might be 

anomalous. I n  order  t o  avoid i n t e r p r e t a t i o n  of random va r i a -  

t i o n s  a s  anomalies, only those samples having index values  t h r e e  



times t h i s  th reshold  were considered s i g n i f i c a n t .  

Examination of t he  heavy metal  p r o f i l e s  (Figure  8 )  shows 

a heavy metal  zone t rending  approximately ~ 8 0 ~ ~  and passing 

through s t a t i o n  711. Lines 707A, 707B, 715, and 716 were c u t  

and sampled a t  fifty foot i n t e r v a l s  t o  check t he  con t inu i ty  of 

t h i s  zone. The samples from Lines 707A and 707B v e r i f i e d  t h e  

extension of  t he  zone t o  t h e  w e s t ;  however, t he  zone appeared 

t o  terminate  near  Line 715. 

Ind iv idua l  wet chemical ana lyses  f o r  copper, l ead  and z inc  

were performed as  descr ibed previously.  Copper analyses  were 

a l l  low, i nd ica t ing  no t rend .  Lead ana lyses  were sporad ic .  

Zinc confirmed t h e  heavy metal  t r end  i n  most ins tances .  (See 

Appendix ) 

Geophysical Cor re l a t i on  

Although t h e  geochemical anomalies were smal l  and consid- 

ered t o  represen t  qua r t z  ve ins  r a t h e r  than s u l f i d e  bodies ,  

var ious  geophysical  methods were appl ied  t o  s ee  i f  t he  geochemi- 

c a l  anomalies could be de t ec t ed .  It was hoped t h a t  reconnaissance 

surveys with  var ious  inexpensive geophysical  ins t rwnents  might 

i n d i c a t e  a u n i t  which could be used t o  t r a c e  o r  c o r r e l a t e  with  

a known geochemical anomaly i n  t h i s  a r ea .  Two hand-held magne- 

tometers ,  one s e l f  p o t e n t i a l  u n i t ,  and one v e r t i c a l  Loop e l e c t r o -  

magnetic u n i t  were t e s t e d  over t he  g r i d  a r ea .  

The electromagnet ic  u n i t  showed a number of weak conductors,  

t he  axes of which agreed we l l  wi th  t he  l oca t ion  o f  heavy metal  

t rends  A and B, Figure 9. Trenching revealed these  anomalies t o  

be l imon i t i c  gosson zones a s soc i a t ed  wi th  ex tens ive  f a u l t i n g  and 
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i n  some cases, qua r t z  minera l iza t ion .  Severa l  qua r t z  s t r i n g e r s  

c a r r i e d  enough i ron  minera l iza t ion  t o  produce electromagnet ic  

anomalies. The readings obtained were of low s t r e n g t h  and poor 

q u a l i t y  and use of these  readings without a  corresponding geo- 

, chemical anomaly would have produced many "dry ho le s . "  The in- 

strument is of value , however, i n  con£ irrning geochemical anorna- 

l i e s  i n  the  C l e a r y  d i s t r i c t .  

The c a p a b i l i t i e s  of t he  e lectromagnet ic  instrument were 

t e s t e d  over known leached l ead - s i l ve r  ve ins  i n  t he  Fox a r e a .  

The readings i n  t h i s  case  were s t rong  and of good q u a l i t y .  It 

was l a t e r  used t o  d e l i n e a t e  t he  s t r i k e  of a  l ead - s i l ve r  showing 

which was confirmed by t renching.  

Analysis of Anomalies 

Trenching revealed the  anomalous North-South s t r u c t u r e  

through s t a t i o n  715 t o  be f a l s e .  The samples were rerun f o r  

t o t a l  heavy metals  wi th  a decontaminated l i q u i d  b u f f e r  and 

found t o  contain  low heavy metal  va lues .  E r ro r  was due t o  con- 

tamination of t h e  a n a l y t i c a l  appara tus ,  o r  t o  segrega t ion  of 

t h e  s o l i d  bu f fe r  employed. 

Mapping of t h e  t renches  and sampling of t he  ve ins ,  gossans , 

l i m o n i t i c  zones and poss ib l e  s o l u t i o n  t r anspor t  a r eas  were 

accomplished by the  Bureau of Mines. Descr ipt ion of t h e  samples 

and go ld-s i lver  content  are  presented a s  Tables 8 through 11. 

P l a t e s  6 through 11 ind ica t e  bedrock geology, sample l o c a t i o n s ,  

heavy metal  values  and topography. 



TABLE 8  

SAMPLE ANALYSES TRENCHES 1, 1R, 4 and 4A 

sample I ounces per  Ton I 
F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  Length F t .  Gold 

0.78 

Trace 

0.68 

0.78 

Trace 

Trace 

Trace 

0.16 

0.02 

0.08 

0.12 

1.46 

0.12 

0.12 

n i l  

Red-brown granula ted  g o e t h i t e  with 
inc lus ions  of q u a r t z  and mica s c h i s t ,  
ve in  0.20 f e e t  wide, s t r i k e  N56%, 
d i p  ~ ~ O S E ,  

Channel 

Same a s  1-Tr. 1, 0.28 f e e t  wide. 

I ron  s t a i n e d  q u a r t z  and s c h i s t  with 
g ranula r  g o e t h i t e  and q u a r t z  i n  f rac -  
t u r e s ,  0.15 f e e t  wide, s t r i k e  N55*, 
d i p  56oSE. 

Same a s  3-Tr. 1, 0.20 f e e t  wide. 

Coarse fragments of i r o n  s t a i n e d  
crushed q u a r t z  and mica s c h i s t ,  
g ranula r  g o e t h i t e  f i l l i n g  p a r t i n g s ,  
0.25 f e e t  wide, s t r i k e  N35OW. d ip  230JVE 

I r o n  s t a i n e d  coarse  fragments of mica 
s c h i s t  imbedded i n  g radula r  g o e t h i t e  
and some gouge, 0.60 feet wide, s t r i k e  
N75%, v e r t i c a l .  

I ron  s t a i n e d  coarse  and f i n e  fragments 
of q u a r t z  imbedded i n  g ranula r  g o e t h i t e ,  
s t r i k e  N750W, v e r t i c a l .  

Crushed quar tz  and i r o n  s t a i n e d  mica 
s c h i s t  i n  granulated g o e t h i t e ,  0.20 f e e t  
wide, s t r i k e  N560W, d i p  370SW. 

Same a s  8-Tr. 1A. 

I ron  s t a i n e d  crushed a l t e r e d  mica s c h i s t  
and granulated g o e t h i t e ,  0.18 f e e t  wide, 
s t r i k e  NBOOW, d i p  550SW. 

I l -Tr .  lA 

12-Tr. 4  

13-Tr. 4 

14A-Tr. 4A 

14B-Tx. 4A 

14C-Tr. 4A 

14D-Tr. 4A 

14E-Tr. 4A 

I ron  stained a l t e r e d  mica s c h i s t ,  some 
granulated q u a r t z  i n  granulated g e o t h i t e  
0.30 f e e t  wide, s t r i k e  NBOOW, d i p  550SW. 

I ron  s t a i n e d  q u a r t z  and mica s c h i s t  wi th  
g ranula ted  g o e t h i t e  i n  p a r t i n g s ,  0.30 
f e e t  wide, s t r i k e  N750, d i p  38O-5~. 

Same a s  12-Tr. 4. 

I ron  s t a i n e d  s c h i s t ,  hanging w a l l ,  

Hydrothermally ( 7 )  a l t e r e d  q u a r t z i t e ,  
0.58 f e e t  wide, s t r i k e  NEOOW, d i p  290NE 

Al te red  banded q u a r t z i t e ,  0.58 f e e t  
wide, d i p  2g0N~. 

Alte red  q u a r t z i t e  with bands of  t a l c y  
mica s c h i s t ,  1.00 f o o t  w i d e ,  s t r i k e  
NBOW, d i p  290m. 

Al te red  i r o n  s t a i n e d  mica s c h i s t ,  f o o t  
w a l l .  



TABLE 8 (Continued) 

SAMPLE ANALYSES TRENCHES 1, U, 4 and 4A 

Length F t .  

0.50 

1.20 

0.65 

0.55 

0.52 

1.05 

1-10  

1.95 

No. 

1%-Tr. 4  

15B-Tr. 4 

15C-Tr.  4 

15D-Tr. 4 

16A-Tr. 4 

L6B-Tr. 4 

16C-Tr. 4 

17-Tr. 4  

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Al te red  i r o n  s t a i n e d  mica s c h i s t ,  
hanging w a l l ,  0.50 f e e t  wide. 

Bands of a l t e r e d  i r o n  s t a i n e d  q u a r t z i t e  
and grey mica s c h i s t ,  1.20 f e e t  wide, 
s t r i k e  ~83w, d i p   ONE. 

I n t e n s e l y  i r o n  s t a i n e d  a l t e r e d  
q u a r t z i t e ,  0.65 f e e t  wide, s t r i k e  
N83OW, d i p  24ONE. 

Grey t o  grey b lue  t a l c y  mica s c h l s t  
w i t h  t h i n  q u a r t z  seams p a r a l l e l  t o  
cleavage,  gouge along f o o t  w a l l ,  0.55 
f e e t  wide, s t r i k e  N E ~ O W ,  d ip  24OiVE. 

I r o n  s t a i n e d  a l t e r e d  banded sugary 
q u a r t z i t e ,  hanging w a l l  segment, 0.52 
f e e t  wide, s t r i k e  N840W, d i p  34OICE. 

I r o n  s t a i n e d  a l t e r n a t e  bands of  
q u a r t z i t e  and mica s c h i s t ,  0.05 f e e t  
of gouge on f o o t  wal l  o f  sample, 
s t r i k e  ~ 8 4 % ,  d i p   O ONE. 

Banded grey sugary q u a r t z i t e  with some 
i r o n  s t a i n i n g ,  numerous l son  s t a i n e d  
f r a c t u r e s  p a r a l l e l  t o  banding, 1.10 
f e e t  w i d e ,  s t r i k e  N ~ ~ O W ,  d i p   ONE. 

Q u a r t z ,  probably a  l e n s ,  enclosed by 
mica s c h i s t ,  1.95 f e e t  wide, s t r i k e  
N ~ ~ O W ,  dip 46Om. 

Ounces 

Gold 

n i l  

0.02 

n i l  

Sample 

Type 

Channel 

9,  

Chip 

Per Ton 

S i l v e r  

n i l  

II  

Trace 

n i l  



TABLE 9 

SAMPLE ANALYSES TRENCH 2 

*n/a = no a n a l y s i s  

F i e l d  I d e n t i f i c a t i o n  and Descript ion 

Hydrothermally a l t e r e d  zone enclosed 
by g r a p h i t i c  s c h i s t ,  0.10 f e e t  wide, 
s t r i k e  N8E0E, d i p  ~ ~ O N W .  

Blocky q u a r t z i t e  schist 

I ron  s t a i n e d  grey q u a r t z i t e  s c h i s t  

C h l o r i t i c  s c h i s t  

I ron  s t a i n e d  c h l o r i t i c  mica s c h i s t  

I ron  s t a i n e d  mica s c h i s t  

C h l o r i t i c  i r o n  s t a i n e d  along cleavage 
p lanes .  

Q u a r t z  l e n s ,  0.80 f e e t  wide, s t r i k e  
N770E, d i p  30°~W. 

I ron  s t a i n e d  crushed q u a r t z  on hanging 
w a l l  of f a u l t ,  1.80 f e e t  wide, s t r i k e  
N380W, d i p  5 9 0 ~ ~ .  

Q u a r t z i t e  s c h i s t  

Mica s c h i s t  

C h l o r i t e  s c h i s t  

Gossaniferous s c h i s t  from f o o t  wal l  of 
f a u l t ,  0.10 f e e t  wide, s t r i k e  N44OE, 
d i p  830SE. 

C h l o r i t i c  mica s c h i s t  

Mica s c h i s t  

I ron  s t a i n e d  crushed q u a r t z  and s c h i s t  
and grey gouge a s  f a u l t  f i l l i n g ,  2.10 
f e e t  wide, s t r i k e  ~ 5 7 % ,  d i p   ONE. 

Dark grey t o  black mica s c h i s t  

Crushed q u a r t z  and some granula ted  
g o e t h i t e  i n  foo twal l  of  f a u l t ,  0 ,70 
f e e t  wide, s t r i k e  N80°E, d i p  61°SE. 

I ron  s t a i n e d  t a l c y  s e r i c i t e  s c h i s t  

Crushed quar tz  p a r a l l e l  t o  f a u l t ,  0.30 
f e e t  wide, s t r i k e  N80°E, d i p  G ~ O S E .  

I ron  s t a i n e d  q u a r t z i t e  s c h i s t  

I r o n  s t a i n e d  crushed and blocky s c h i s t  
and some q u a r t z  as f a u l t  f i l l i n  2.30 
f e e t  wide, s t r i k e  ~57%, d i p  27%E* 

Light  grey p a r t i a l l y  i r o n  s t a i n e d  
q u a r t z i t e  s c h i s t .  



TABLE 9 (Continued) 

SAMPLE ANALYSES TRENCH 2 

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Ounces 

Gold 

n/a 

0.04 

n/a 

0.06 

n/a 

Trace 

n/a* 

N i l  

Trace 

n/a 

0.24 

Q u a r t z i t e  s c h i s t  wi th  s l i g h t  green 
c o l o r .  

Per Ton 

S i l v e r  

n/a 

12.58 

n/a 

0 

0.16 

n/a 

N i l  

n/a* 

N i l  

0.10 

n/a 

0.16 

I ron  s t a i n e d  s e r i c i t e  s c h i s t  

I ron  s t a i n e d  crushed s c h i s t  and q u a r t z  
and grey gouge (should a s s a y ) .  

I ron  s t a i n e d  lead-antimony oxides and 
drusy i n t e n s e l y  f r a c t u r e d  q u a r t z  with 
lead-antimony s u l f i d e s  and s u l f a s a l t s  
occur r ing  a s  drag i n  foo t  w a l l  of f a u l t  

I ron  s t a i n e d  blocky mica s c h i s t .  

In tense ly  i r o n  s t a i n e d  (brown t o  b lack)  
blocky mica s c h i s t .  

I ron  s t a i n e d  c h l o r i t i c  s c h i s t .  

Hydrothermally a l t e r e d  zone i n  s c h i s t .  

Talcy i r o n  s t a i n e d  s e r i c i t e  s c h i s t .  

P a r t i a l l y  i r o n  s t a i n e d  dark grey t o  
green mica s c h i s t .  

C h l o r i t i c  s c h i s t .  

Crushed q u a r t z ,  q o e t h i t e ,  and 
q u a r t z i t e ?  S c h i s t ,  2.73 f e e t  wide, 
s t r i k e  N ,  d i p  61°E. 

Foot w a l l  of sample granulated 
g o e t h i t e  and s c h i s t  0.53 f e e t  wide, 
crushed q u a r t z  1.58 f e e t  wide, 
g ranula r  g o e t h i t e ,  hanging w a l l ,  0.88 
f e e t  wide, t o t a l  width 2.99 f e e t ,  
s t r i k e  N,  d i p  6 1 ° ~ .  

I ron  s t a i n e d  s e r i c i t e  s c h i s t  

Crushed quar tz  enclosed by i n t e n s e l y  
i r o n  s t a i n e d  s c h i s t ,  0.62 f e e t  wide, 
s t r i k e  ~ 7 7 % ,  d i p  5 1 ° ~ E .  

F a u l t  gouge, 0.70 f e e t  wide, foo t -  
wal l  a l t e r e d  i r o n  s t a i n e d  c h l o r i t e  
s c h i s t ,  hanging w a l l  i r o n  s t a i n e d  
mica s c h i s t ,  s t r i k e  ~ 6 4 % .  d i p  ~ ~ O S W .  

F a u l t  gouge 0.14 f e e t  wide, s t r i k e  
N72W, d i p  360NE. 

I ron  s t a i n e d  mica s c h i s t .  

C h l o r i t i c  s c h i s t .  

Sulf ide-bearing b l u e  colored 
s e r i c i t e - t a l c y  s c h i s t  occur r ing  
a s  smal l  l e n t i c u l a r  shaped bodies  
of hydrothermally a l t e r e d  m a t e r i a l ,  
0.30 f e e t  wide. 



TABLE 9 (Continued) 

SAMPLE ANALYSES TRENCH 2 

61-fr.  2  I Channel1 0.54 1 N i l  I N i l  I Q u a r t z  v e i n ,  0.54 f e e t  wide, s t r i k e  
N84%, d i p   ONE. 

-- 

*n/a = no a n a l y s i s  

F i e l d  Tdentif i c a t i o n  and Descr ip t ion  

TABLE 10 

SAMPLE ANALYSES TRENCH 3 and 5 

Sample 

Sample / Ounces Per Ton I 

NO. 

Ounces Per  Ton 

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Gold 

Dark grey q u a r t z i t e  s c h i s t  with i r o n  
stain along cleavage p lanes .  

Type S i l v e r  

Grey sha ley  mica s c h i s t .  

Length F t  . 

Grey hard g n e i s s i c  s c h i s t .  

Shaley mica s c h i s t .  

Granular g o e t h i t e  with some grey 
gouge, 0.13 wide, s t r i k e  ~ 7 7 % .  
d i p  56OSE. 

I ron  s t a i n e d  from f o o t  wal l  a t  
66-Tr. 3. 

Granular g o e t h i t e  and manganese 
oxide i n  cleavage plane of s c h i s t ,  
0.20 f e e t  wide, s t r i k e  ~ 6 9 ~ E .  d i p  
27ONW. 

In tense ly  i r o n  s t a i n e d  s c h i s t .  

Crushed g o e t h i t e ,  quartz arhd s c h i s t  
0 . 6 3  f e e t  wide, s t r i k e  S ~ ~ O W ,  
dip 530SE. 

I ron  s t a i n e d  mica s c h i s t .  

In tense ly  i r o n  s t a i n e d  mica s c h i s t .  

Granular lead-antimony oxide,  drag 
from f a u l t .  

Hydrothermally a l t e r e d  s c h i s t ,  0.45 
f e e t  wide, s t r i k e  N ~ ~ O E ,  d i p  ~ ~ O N W .  

Hydrothermally a l t e r e d  q u a r t z i t e ,  
2.50 f e e t  wide, s t r i k e  N87OE, d i p  
540SE. 



TABLE 10 (Continued) 

Sample Analyses Trench 3 and 5 

Sample I Ounces Per  Ton I 
Gold 

n/a 

0.04 

0.02 

0.02 

0.04 

0.48 

0.06 

0.04 

Trace 

N i l  

n/a* 

0.12 

Trace 

0.02 

N i l  

0.02 

n/a* 

N i l  

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

I ron  s t a i n e d  mica s c h i s t  

I n t e n s e l y  i r o n  s t a i n e d  q u a r t z  mica 
s c h i s t .  

I n t e n s e l y  f r a c t u r e d ,  i r o n  s t a i n e d  
mica s c h i s t .  

Yellow lead-antimony oxide and 
hydrothermally a l t e r e d  s c h i s t ,  some 
gouge, 0.63 f e e t  wide, hanging w a l l .  

In tense ly  i r o n  s t a i n e d  crushed 
q u a r t z  and s c h i s t ,  2.40 f e e t  wide. 

Crushed q u a r t z  and a l t e r e d  s c h i s t ,  
0.63 f e e t  wide, f o o t  w a l l .  

Granular lead-antimony ox ide ,  yellow- 
green s t a i n e d  q u a r t z i t e ,  and q u a r t z  i n  
gouge, hanging w a l l ,  0.93 f e e t  wide. 

In tense ly  i r o n  s t a i n e d  crushed q u a r t z  
and s c h i s t ,  1.65 f e e t  wide. 

Gouge and i r o n  s t a i n e d  crushed s c h i s t ,  
0.48 f e e t  wide, f o o t  wal l .  

Lead-antimony s u l f i d e s  and oxides a s  
drag i n  f a u l t ,  0.14 f e e t  wide. 

Gouge and i r o n  s t a i n e d  crushed s c h i s t ,  
0.68 f e e t  wide, hanging w a l l .  

Crushed, i n t e n s e l y  i r o n  s t a i n e d  s c h i s t  
and q u a r t z ,  2.00 f e e t  wide. 

Gouge and i n t e n s e l y  i r o n  s t a i n e d  s c h i s t  
0.61 f e e t  wide, f o o t  wal l .  

Q u a r t z i t e  s c h i s t .  

In tense ly  i r o n  s t a i n e d  gou e ,  0.30 f e e t  8 wide, s t r i k e  N86%, d i p  39 NE. 

Grey-brown crushed mica s c h i s t ,  1 .45 
f e e t  wide. 

Crushed i r o n  s t a i n e d  gouge and s c h i s t ,  
hanging w a l l ,  s t r i k e  N ~ ~ O W ,  d i p  51°NE, 
1.20 f e e t  wide. 

Crushed i r o n  s t a i n e d  q u a r t z  and s c h i s t ,  
0.50 f e e t  wide, s t r i k e  N~E'W, d i p  270NE 

I ron  s t a i n e d  crushed s c h i s t ,  1.10 f e e t  
wide, s t r i k e  N ~ ~ O E ,  d i p  ~ ~ O N W .  

C h l o r i t i c  s c h i s t  

Granular g o e t h i t e ,  i r o n  s t a i n e d  s c h i s t  
and some crushed q u a r t z ,  2.00 f e e t  wide. 



TABLE 10 (Continued) 

SAMPLE ANALYSES TFS3NCH 3 and 5 

Length F t .  

1.80 

2 20 

1.40 

1.90 

2.00 

1.40 

1.20 

1.20 

1.00 

1.80 

1.60 

2.30 

3.40 

2.30 

1.70 

1.70 

2.40 

2.20 

3.20 

2.90 

3.40 

1.60 

2.80 

3.20 

1.70 

No. 

89-Tr. 5 

90-Tr. 5 

91-Tr. 5 

92-Tr. 5 

93-Tr. 5 

94-Tr. 5 

95-Tr. 5 

96-Tr. 5 

97-Tr. 5 

98-Tr. 5 

99-Tr. 5 

95A-Tr. 5 

100-Tr. 5 

101-Tr. 5 

102-Tr. 5 

103-Tr. 5 

104-Tr. 5 

105-Tr. 5 

1 0 6 - ~ r .  5 

107-Tr. 5 

108-Tr. 5 

109-Tr. 5 

110-Tr. 5 

111-Tr. 5 

112-Tr. 5 

113-Tr. 5 

114-Tr. 5 

115-Tr. 5 

116-Tr. 5 

117-Tr. 5 

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Same as 88-Tr. 5 ,  1.80 f e e t  wide. 

II I, ,I I, 
'I, 2.20 " 

I, ,, (I #I ", 1.40 " 
II *I I, 0 ", 1.90 " 

a,  I, ,, II ", 2.00 " 
I# I, I, I' ", 1.40 " 
I 0  I, I, 0 ", 1.20 " 
#I ,I 0,  0 ", 1.20 " 
I, I, ,I I I  ", 1.00 " 
II I ,  1, I, ", 1.80 " 

#I 0 ,I II ", 1.60 " 

Alte red  g r a n i t e  ( 7 )  

C h l o r i t i c  s c h i s t .  

Granular  g o e t h i t e ,  crushed s c h i s t  
and q u a r t z  and gouqe, 2.30 f e e t  wide. 

Same a s  101-Tr. 5 ,  3.40 f e e t  wide. 

1, I, I, I, ", 2.30 " 
,I ,I I, ,, 

'I, 1,70 " 
*I I, 0 0 ", 1.70 " 

I, I, II II ", 2 -40 " 

I, I ,  1, ,I ", 2.20 " 

Lead-antimony oxide occur r ing  as  d rag  
i n  f a u l t .  

Lead-antimony oxide and s u l f i d e  
occur r ing  a s  d rag  i n  f a u l t .  

Granular  g o e t h i t e  crushed i r o n  
s t a i n e d  s c h i s t  and q u a r t z  and gouqe 
3.20 f e e t  w i d e .  

Same a s  110-Tr. 5 ,  2.90 f e e t  wide. 

II I, 11 ,I ", 3.40 " " 

I, I, I, I, ", 1.60 " 
I, I, ,I II ", 2,813 " 

I, ,I I #  II ", 3.20 " 
I t  I t  I, I, ", 1.70 " " 

Shaley c h l o r i t i c  s c h i s t .  

Ounces 

Gold 

N i l  

0.02 

N i l  

Trace 

N i l  

Trace 

N i l  

0.34 

Trace 

N i l  

./a 

0.02 

0.06 

0.06 

0.04 

0.02 

0.02 

0.02 

0.06 

0.10 

Trace 

0.02 

Trace 

N i l  

Sample 

Type 

Channel 

# I  

Grab 

Specimen 

Channel 

9,  

Grab 

Channel 

Specimen 

Per Ton 

S i l v e r  

N i l  

0.94 

N i l  

N i l  

0.04 

N i l  

n/a 

N i l  

19.60 

14.50 

N i l  

0.04 

N i l  



TABLE 11 

SAMPLE ANALYSES TRENCH 6 

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Specimen q u a r t z i t e  s c h i s t .  

Quartz v e i n l e t ,  0.05 f e e t  wide, 
s t r i k e  NO~OE, d i p  51%. 

Crushed i r o n  s t a i n e d  q u a r t z  and 
fragments of s c h i s t ;  appears  t o  be 
remnant of a  small  f a u l t e d  segment 
of a  v e i n  on e a s t  wal l  of t r e n c h ,  
3.50 f e e t  wide. 

I ron  s t a i n e d  gouge and crushed 
q u a r t z ,  g o e t h i t e  and granula r  
g o e t h i t e ,  2.00 f e e t  wide, s t r i k e  
N ~ ~ O E ,  v e r t i c a l .  

F a u l t  gouge and i r o n  s t a i n e d  s c h i s t ,  
1.50 f e e t  wide. s t r i k e  S60°E, d i p  ~ ~ O S W .  

F a u l t  gouge, crushed i r o n  s t a i n e d  q u a r t z  
and s c h i s t ,  s t r i k e  S830W, d i p  51°SE, 
2.30 f e e t  wide. 

Crushed q u a r t z  and s c h i s t  i n  f o o t  wall 
of f a u l t ,  1.50 f e e t  wide, s t r i k e  
S830W, d i p  51°SE. 

Crushed i r o n  s t a i n e d  q u a r t z  i n  foo t  
w a l l  of f a u l t ,  s t r i k e  S 6 o 0 ~ ,  d i p  
51°Sw. 

Crushed i r o n  s t a i n e d  q u a r t z  ve in ,  
terminated by f a u l t  a t  c e n t e r  l i n e  
of t rench ,  ve in  0.10 f e e t  wide, s t r i k e  
SB~OE, d i p  340SW. 

Lent icu la r  pods i r o n  s t a i n e d  crushed 
q u a r t z ,  0.20 f e e t  wide, s t r i k e  E-W 
v e r i c a l  ( '2)  

Lent icu la r  pods crushed q u a r t z  i n  i r o n  
s t a i n e d  zone i n  s c h i s t ,  zone s t r i k e  E-W, 
d i p  v e r t i c a l ,  pods 0.20 f e e t  wide. 

Vein of crushed i r o n  s t a i n e d  q u a r t z ,  
0.10 f e e t  wide, s t r i k e  ~86OGi ,  d i p  5 4 % ~ .  

I ron  s t a i n e d  f r a c t u r e d  q u a r t z  i n  v e i n  
0.20 f e e t  wide, s t r i k e  N ~ ~ O E ,  d i p  ~ ~ O N W .  

Crushed quar tz  and granula r  g o e t h i t e  and 
s c h i s t ,  0.20 f e e t  wide, s t r i k e  S E ~ O E ,  

d i p  51°5W. 

Gossaniferous blocky s c h i s t ,  1.50 f e e t  
wide, zone s t r i k e  S47%, d i p  43OsE. 

*n/a = no a n a l y s i s  



TABLE 11 (Continued) 

SAMPLE ANALYSES TRENCH 6 

Length F t .  

0.25 

0.35 

0.10 

0.20 

3.25 

0.55 

0.60 

0.20 

0.15 

0.15 

No. 

135-Tr. 6 

137-Tr. 6  

138-Tr. 6 

13'3-Tr. 6 

140-Tr. 6 

141-Tr. 6 

142-Tr. 6 

143-Tr. 6 

144-Tr. 6 

145-Tr. 6 

F i e l d  I d e n t i f i c a t i o n  and Descr ip t ion  

Blue gouge and i r o n  s t a i n e d  q u a r t z ,  
0.25 f e e t  wide, s t r i k e  ~ 6 5 % , d i p  ~ ~ O S E .  

F a u l t  gouge and i r o n  s t a i n e d  s c h i s t  
0.35 f e e t  wide, s t r i k e  ~ 8 6 % ,  d i p  
4 1 ' ~ ~ .  

F a u l t  gouge, 0.10 f e e t  wide, s t r i k e  
S 5 8 W .  d i p  6 3 O s ~ .  

F a u l t  gouge, 0.20 f e e t  wide, s t r i k e  
S76Ow, d i p  ~ ~ O S W .  

I ron  s t a i n e d  s c h i s t ,  zone 3.25 f e e t  
wide, s t r i k e  S760E, d i p  ~ ~ O S W .  

F a u l t  gouge and i r o n  s t a i n e d  s c h i s t ,  
0.55 f e e t  wide, s t r i k e  s ~ ~ O E ,  d i p  
33OSW. 

Crushed, g o e t h i t e ,  i r o n  s t a i n e d  
q u a r t z  and s c h i s t ,  and f a u l t  gouge, 
0.60 f e e t  wide, s t r i k e  s ~ ~ O E ,  d i p  
570sw. 

Crushed quartz, y o e t h i t e  and s c h i s t ,  
0.20 f e e t  wide, s t r i k e  ~ 7 6 ' ~ ,  d i p  
32WE. 

Same a s  143-Tr. 6 ,  0.15 f e e t  wide. 

Crushed q u a r t z  and g o e t h i t e ,  0.15 
f e e t  wide, s t r i k e  N ~ ~ O E ,  d i p  ~ ~ O S E .  

Ounces 

Gold 

Trace 

0.02 

Trace 

0.66 

0.02 

0.02 

Sample 

Type 

Channel 

I 

Per  Ton 

S i l v e r  

N i l  

0.14 

0.02 



Analysis of Heavy Metal Data 

Considerable e r r o r  was introduced i n  t h e  i n i t i a l  s t ages  of 

t h e  study a s  a  r e s u l t  of mixing s o i l  horizons.  Figures L O ,  11,  

and 12 i l l u s t r a t e  v a r i a t i o n  of heavy metal  readings with r e spec t  

t o  s o i l  horizon and s lope .  It can be seen t h a t  i f  a l t e r n a t e  

horizons a r e  sampled it would be poss ib le  t o  produce d isp laced  

anomalies. Trace element content  of each horizon v a r i e s  with  

s lope .  H o w e v e r ,  i f  one horizon is  cons i s t en t ly  sampled, s lope  

does no t  s i g n i f i c a n t l y  d i sp l ace  t h e  anomaly. This may a l s o  be 

observed i n  Figure 13. 

Trace Element D i s t r i bu t ion  Over Known ~ i n e  

A con t ro l  l i n e  was extended from l i n e  714 a s u f f i c i e n t  

d i s t ance  t o  c ros s  t he  Cleary H i l l  au r i f e rous  ve in .  S o i l  samples 

were taken wi th  a  hand auger a t  i n t e r v a l s  of 50  f e e t  along t h i s  

l i n e  and analyzed for heavy metals ,  copper,  l e ad ,  z inc  and 

a r s e n i c .  Copper, lead and z inc  analyses  were performed by wet 

chemical methods and a r s e n i c  by x-ray f luorescence.  A l l  samples 

were taken from the  ''C" horizon. P l a t e  11 shows the  su r f ace  

p r o f i l e ,  and Figure 13 shows t h e  loca t ion  of frozen samples and 

t r a c e  element p r o f i l e s .  Arsenic contents  were determined with  

a  Norelco Vacuum X-ray Spectrometer using K Beta r a d i a t i o n ,  45 

k i l o v o l t s ,  40 mil l iamperes ,  l i th ium f l uo r ide  c rys  t a l l  gas flow 

de t ec to r  and vacuum. The determinat ions  obtained were not  com- 

pared t o  s tandards ,  t h e  values  beinq expressed as  counts per  

second minus background count.  Samples were prepared by simply 

pouring the  minus 80 mesh powder i n t o  t h e  specimen holder ,  

covering with  co t ton  and mi l a r  and subsequent i n s e r t i o n  i n t o  



LON(ltITUDII4AL SECTION OF A TRENCH 
ON TBX NORTH SLOPE INDICATING 

Ili iAVY MLTAL VaLUir;S WITH KESPJLCT 
TO SOIL HOBIZON AND SOURCE 

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

250 200 150 Id0 v e i n  50 0 

D i s t a n c e  Fig* 10 

Top s o i l  c h a r a c t e r i z e d  by heavy 
A Horizon o r g a n i c  cove r .  G e n e r a l l y  b l a c k  

and r i c h  i n  o rgan ic  m a t t e r .  

O l i v e  brown t o  o r a n g e ,  f i n e  
B Horizon 

g r a i n e d  s o i l  c o n t a i n i n g  clay and 
i n  some c a s e s  small r o c k s .  

R e s i d u a l  s o i l  d e r i v e d  from weath- 
C IIorizon e s i n g  of  p a r e n t  bed rock .  Dark 

brown t o  r e d  brown, g r i t t y  and  
c o n t a i n i n g  1ar;;e p i e c e s  o f  paren t  
m a t e r i a l .  

Bedrock 

SO JL ZIORIZOlsS Fig. 11 

T e r r a i n  S l o p e  

20 30 50 70 70 

D i s t a n c e  i n  Fee t  

S e c t i o n  th rough  t r e n c h  No. 5 showing v a r i a t i o n  i n  
c i t r a t e  e x t r a c t i b l e  heavy metal v a l u e s  w i t h  r e s p e c t  
t o  s o i l  h o r i z o n s ,  

F ig .  1 2  





t h e  x-ray u n i t .  Approximately two minutes were required pe r  

determinat ion.  

Table 12 t abu la t e s  comparisons obtained by a n a l y s i s  of t h e  

s o i l  f o r  t o t a l  z inc ,  t o t a l  a r s e n i c  ( r e l a t i v e ;  counts pe r  second 

minus background) and heavy metals  ( ~ x ~ r n ) .  Arsenic i s  an excel-  

l e n t  i n d i c a t o r  element f o r  t h i s  type minera l iza t ion .  Zinc a l s o  

po in t s  t o  t h e  zones bu t  has a s l i g h t l y  l a r g e r  d i spe r s ion  p a t t e r n ,  

a  f a c t  which enables a  Larger sampling i n t e r v a l .  It may be seen 

t h a t  copper and lead a r e  of no va lue  i n  t r a c i n g  gold ve ins  i n  

t h i s  a r e a .  The Univers i ty  of Alaska Method #2 succes s fu l ly  

loca ted  t h e  CLeary H i l l  ve in .  

The presence of f rozen ground d i d  n o t  make impossible t h e  

l o c a l i z a t i o n  of the  Cleary B i l l  zone. More t e s t i n g ,  on s t e e p e r  

s lopes  and i n  more f rozen a reas  i s  needed before  it can be con- 

cluded t h a t  t he  two va r i ab l e s  s lope  and permafrost  a r e  nonsig- 

n i f i c a n t  i n  t h e  a r e a .  

Analysis by x-ray f o r  a r s e n i c  was by f a r  t h e  f a s t e s t  method 

employed. Prospectors at tempting t o  Locate gold ve ins  i n  t h e  

Cleary d i s t r i c t  should i n v e s t i g a t e  t h i s  method of a n a l y s i s .  The 

two x-ray u n i t s  i n  the  S t a t e  of Alaska a r e  loca ted  a t  Anchorage 

and a t  Col lege,  being the  proper ty  of t h e  S t a t e  Divis ion of 

Mines and Minerals and the  Univers i ty  of Alaska, r e spec t ive ly .  

Trend Surface Analys i s  

Zinc content  and heavy metal  values  were s tud ied  by t r end  

su r f ace  ana lys i s .  I n  t h i s  technique,  an equat ion i n  x ,  y ,  and 

z form i s  chosen and c o e f f i c i e n t s  a r e  picked so t h a t  the  su r f ace  

generated approximates most c l o s e l y  t h e  a c t u a l  su r f ace  def ined 

40 



TABLE 12 

Sample # 

COMPARISON BETWEEN Cu ,  P b ,  Z n ,  As, & cxHM 

OVER THE CLEARY BILL MINE 

cxm 
index 



by a set of values  and t h e i r  r e spec t ive  x, y coord ina tes .  These 

su r f aces  represen t  the "trendJ1 of t h e  d a t a  being s tud ied .  The 

t rends  a r e  contoured; d a t a  "noise"  o r  anomalies a r e  found when 

the  ca l cu l a t ed  va lue  a t  any p a r t i c u l a r  g r i d  coordinate  i s  sub- 

t r a c t e d  from t h e  measured va lue .  These r e s i d u a l s  may be p l o t t e d  

o r  contoured. 

The a p p l i c a t i o n  of t r end  su r f ace  a n a l y s i s  of geologic  da t a  

i s  not  new. Geophysicists  have u t i l i z e d  t h e  method f o r  years .  

Some papers which d e a l  with  a p p l i c a t i o n  of t r end  su r f ace  a n a l y s i s  

t o  geologic  and geochemical da t a  a r e :  Al len and Krumbein, 1962; 

Baird,  McIntyre, and Welday, 1963; Cain,  1964; Chayes and Suzuki,  

1963; Connor and Miesch, 1964a, 1964'33; Dawson and Whitten,  1962; 

Harbaugh, 1962; Jenness, 1963: Kofoed and Eor s l ine ,  1963; Krumbein, 

1956, 1958, 1959a, 1959b, 1960, 1962a, 1962b, 1963; Krumbein and 

Imbrie, 1963; L i p p i t t ,  1959; Miesh and Connor, 1964: M i l l e r ,  1956, 

1964; Nordeng, Ensign, and Uolin,  1964; P e i k e r t ,  1962; Whitten,  

1959, 1960a, 1960b, 1961a, 1961b, 1 9 6 1 ~ ~  1961d, 1962a, 1962b, 

Trend su r f aces  were obtained by f i t t i n g  polynomial equat ions  

wi th  geochemical va lue  a s  t h e  dependent v a r i a b l e  and x ,  y coordin- 

a t e s  a s  independent v a r i a b l e s  by t h e  l e a s t  squares  c r i t e r i a n .  A 

f i r s t  degree equat ion descr ibes  t h e  b e s t  p lane ,  i n  3 dimensional 

space.  A second degree su r f ace  is  the  b e s t  quad ra t i c ;  t h i r d  

degree,  t h e  b e s t  cubic ,  e t c .  Mathematics descr ib ing  the tech- 

nique have been published and may be found i n  t h e  above re fe rences .  

Surfaces  f o r  f i r s t  through s i x t h  degree polynomials were 

computed and contoured, and r e s i d u a l s  were p l o t t e d  and contoured. 



Calcula t ion  of t h e  su r f aces  and corresponding s t a t i s t i c s  w a s  

done wi th  t h e  IBM 360 Made1 40 Disk Operating Computer. 

Contour maps of f i r s t  through f i f t h  degree su r f aces  f o r  

z inc  a r e  presented a s  Figure 14. These denote a r e a l  t rends  of 

z inc  content  i n  t h e  s tudy a r e a .  Figure 14a is  a  contour map 

of t he  o r i g i n a l  z inc  va lues .  Figure 15 p re sen t s  r e s i d u a l  maps 

f o r  each su r f ace .  P l o t s  o f  r e s i d u a l s  a f t e r  sub t r ac t ion  of t he  

s tandard e r r o r  a r e  shown a s  Figure  16. The r e s i d u a l  maps and 

r e s i d u a l  minus e r r o r  maps enhance the  anomalies of t h e  o r i g i n a l  

da t a .  Anomalous z inc  a r e a s  were sharp ly  loca l i zed  by sub t r ac t -  

i ng  t h e  e r r o r  measure f o r  each su r f ace  p r i o r  t o  p l o t t i n g  res id-  

ua l s .  

Figure  15 i l l u s t r a t e s  t h a t  r e s i d u a l  anomalies become more 

d e f i n i t i v e  a s  t h e  degree of t he  polynomial i nc reases .  This i s  

due t o  decreasing s tandard dev ia t ion  co inc id ing  wi th  a b e t t e r  

f i t  of the  su r f ace  t o  t h e  o r i g i n a l  d a t a .  Anomalous zones a r e  

marked on t h e  r e s i d u a l  maps. Values and desc r ip t ions  of bed- 

rock samples i n  t h e  v i c i n i t y  of t hese  a r e a s  a r e  t abu la t ed  i n  

Table 13.  

Contour maps of o r i g i n a l  heavy metal  va lues ,  and f i r s t  

through s i x t h  degree t r ends ,  a r e  presented a s  Figure  1 7 .  Maps 

of r e s i d u a l s  and r e s i d u a l  minus s tandard dev ia t ion  a r e  shown 

a s  Figures  18 and 19. Comparison of t hese  maps i n d i c a t e s  t h a t  

t r end  su r f ace  a n a l y s i s  of t he  heavy metal  values  d id  no t  ind i -  

c a t e  any anomalous zones not  r e a d i l y  apparent  from a contour 

map of t he  o r i g i n a l  da t a .  The t rend  sur faces  tend t o  dup l i ca t e  

t h e  t rend  whereas t he  r e s idua l  p l o t s  e l imina te  por t ions  of t h e  



A. ORIGINAL DATA B. FIRST DEGREE SURFACE 

C. SECOND DEGREE SURFACE D. THIRD DEGREE SURFACE 

E. FOURTH DEGREE SURFACE E FIFTH DEGREE SURFACE 

CLEARY HILL AREA 'XI ZINC TREND SURFACES 
VALUES IN PARTS PER MILLION 

Figure 14 



A. TRENCHES SHOWING ANOMALOUS B. FIRST DEGREE RESIDUALS 
SAMPLE LOCATIONS 

C. SECOND DEGREE RESIDUALS D. THIRD DEGREE RESIDUALS 

E. FOURTH DEGREE RESIDUALS F. FIFTH DEGREE RESIDUALS 

CLEARY HILL AREA "A" 
ZINC TREND SURFACE RESIDUALS 

Figure 15 



A. FIRST DEGREE RESIDUALS B. SECOND DEGREE RESIDUALS 
MINUS STANDARD DEVIATION MINUS STANDARD DEVIATION 

C. THIRD DEGREE RESIDUALS 
MlNUS STANDARD DEVIATION 

0. FOURTH DEGREE RESIDUALS E. FIFTH DEGREE RESIDUALS 
MINUS STANDARD DEVIATION MINUS STANDARD DEVIATION 

CLEARY HILL AREA "A" 
ZINC ANOMALY MAPS 

Figure 16 



A. ORIGINAL DATA B. FIRST DEGREE SURFACE 

C. SECOND DEGREE SURFACE D. THIRD DEGREE SURFACE 

E. FOURTH DEGREE SURFACE F. FIFTH DEGREE SURFACE 

CLEARY HILL AREA ''A" HEAVY METAL 
TREND SURFACES 

Figure 17 



A. FIRST DEGREE RESIDUALS 0. SECOND DEGREE RESIDUALS 

C. THIRD DEGREE RESIDUALS 

D. FOURTH DEGREE RESIDUALS E. FIFTH DEGREE RESIDUALS 

CLEARY HILL AREA "A" 

HEAVY METAL TREND SURFACE RESIDUALS 
Figure 18 



A. FIRST DEGREE RESIDUALS B. SECOND DEGREE RESIDUALS 
MINUS STANDARD DEVIATION MINUS STANDARD DEVIATION 

C. THIRD DEGREE RESIDUALS 
MlNUS STANDARD DEVIATION 

0. FOURTH DEGREE RESIDUALS E. FIFTH DEGREE RESIDUALS 
MINUS STANDARD DEVIATION MINUS STANDARD DEVIATION 

CLEARY HILL AREA 'h" 
HEAVY METAL ANOMALY MAPS 

Figure 19 



TABLE 13 

BEDROCK SAMPLES NEAR TREND ANOMALIES 

Bedrock Samples 

None 

I ron  s t a i n e d  q u a r t z  and mica s c h i s t  
w i t h  g ranula ted  g o e t h i t e  i n  p a r t i n g s ,  
0.30 f e e t  wide, s t r i k e  ~ 7 5 % ,  d i p  
38Osw. 

Same a s  12-Tr. 4 .  

Red-brown granula ted  g o e t h i t e  wi th  
inc lus ions  of q u a r t z  and mica s c h i s t ,  
v e i n  0.20 f e e t  wide, s t r i k e  ~ 5 6 % .  
d i p  ~ ~ O S E .  

Same as 4-Tr. 1 ,  0.28 f e e t  wide. 

Coarse fragments of  i r o n  s t a i n e d  
crushed q u a r t z  and mica s c h i s t ,  
g ranula r  g e o t h i t e  f i l l i n g  g a r t i n q s  , 
0.25 f e e t  wide, s t r i k e  N35 W ,  d i p  
23%. 

I ron  s t a i n e d  coarse  fragments of 
mica s c h i s t  imbedded i n  g r a n u l a r  
g o e t h i t e  and some gouge, 0.60 f e e t  
wide, s t r i k e  ~ 7 5 ' ~ ,  v e r t i c a l .  

I ron  s t a i n e d  coarse  and f i n e  frag-  
ments of q u a r t z  imbedded i n  gzanular  
q o e t h i t e ,  s t r i k e  N ~ ~ O W ,  v e r t i c a l .  

Crushed q u a r t z  and i r o n  s t a i n e d  mica 
s c h i s t  i n  g ranula ted  o e t h i t e ,  0.20 
f e e t  wide, s t r i k e  N!56%V, d i p  ~ ~ O S W .  

I ron  s t a i n e d  crushed a l t e r e d  mica 
s c h i s t ,  some granula ted  q u a r t z  i n  
g ranula ted  g o e t h i t e ,  0.30 f e e t  wide, 
s t r i k e  ~ 8 0 % ,  d i p  55OSW. 

I ron  s t a i n e d  a l t e r e d  mica s c h i s t  some 
granula ted  q u a r t z  i n  g ranula ted  
g o e t h i t e ,  0.30 f e e t  wide, s t r i k e  
N ~ o % ,  d i p  ~ ~ O S W .  

Grab, hydrothermally a l t e r e d  zone 
enclosed by g r a p h i t i c  s c h i s t ,  0.10 
f e e t  wide, s t r i k e  N ~ ~ O E ,  d i p  34oNW. 

g u a r t z  l e n s ,  0.80 f e e t  wide, s t r i k e  
N ~ ~ O E ,  d i p  30oNW. 

I ron  s t a i n e d  crushed q u a r t z  on hang- 
ing wal l  of f a u l t ,  1.80 f e e t  wide, 
s t r i k e  N ~ ~ O W ,  d i p  ~ ~ O S W .  

GossaniferoUS s c h i s t  from f o o t  w a l l  
of f a u l t ,  0.10 f e e t  wide, s t r i k e  
N ~ ~ O E ,  d i p  830SE. 

Grab, g ranula r  lead-antimony-oxide, 
drag from f a u l t .  

12-Tr. 4 

13-Tr. 4 

4-Tr. 1 

2 - ~ r .  1 

5-Tr. 1 

6-Tr. L 

7-Tr. 1 

8-Tr. 1 

10-Tr. 1 

11-Tr. 1 

18-Tr. 2 

25-Tr. 2  

26-Tr. 2  

30-Tr. 2  

73-Tr. 3 

Anomaly 

1 

2  

2 

3  

3  

3 

3  

3 

3  

3  

3 

4 

4 

4 

4 

4 

OZ Au 

1.46 

0.12 

0.78 

Tr . 

Tr . 

Tr. 

.16 

.08 

.12 

0 . 7 6  

0.28 

0.16 

0.14 

0.16 

OZ Ag 

0.04 

Tr. 

Tr . 

~r . 

Tr . 

~ 1 7  . 

Tr . 

Tr . 

Tr . 

3.62 

Nil 

N i l  

N i l  

6.24 



TABLE 13 (Continued) 

BEDROCK SAMPLES NEAR TREND ANOMALIES 

Hydrothermally a l t e r e d  s c h i s t ,  0.45 
f e e t  wide, s t r i k e  N87OE. d i p  ~ ~ O N W .  

I ron  s t a i n e d  lead-antimony oxides and 
drusy in tense ly  f r a c t u r e d  q u a r t z  with 
lead-antimony s u l f i d e s  and s u l f o s a l t s  
occur r ing  a s  drag i n  foo t  wal l  of  

Hydrothermally a l t e r e d  zone i n  s c h i s t .  

Granulated g o e t h i t e  with some g r e  

Granulated g o e t h i t e  and manganese 
oxide i n  cleavage plane of s c h i s t ,  
0 .20  fee t  wide, s t r i k e  N69OE, d i p  

Grab, l ead  antimony oxide occur r ing  
a s  d rag  i n  f a u l t .  

Same a s  108-Tr. 5 .  

Granulated g o e t h i t e ,  crushed s c h i s t  

6 

6 

7 

0.02 

0.04 

N i l  

N i l  

3 3 - ~ r .  2 

35-Tr.  2 

and q u a r t z  and gouge, 2.30 f e e t  wide. 

I ron  s t a i n e d  crushed q u a r t z  and s c h i s t  
and grey gouge a s  f a u l t  T i l l i n g ,  2 .10  
f e e t  wide, s t r i k e  N57%, d i p  5 3 O N E .  

Crushed q u a r t z  and some granula ted  
g o e t h i t e  i n  foo twal l  of f a u l t ,  0 . 7 0  
f e e t  wide, s t r i k e  N80°E, d i p  6 1 % ~ .  

None 



anomalous zone ind ica t ed  by t h e  o r i g i n a l  da t a .  The r e s i d u a l s  

do, however, po in t  t o  anomalies #2 and #6, which a r e  a s soc i a t ed  

p r i n c i p a l l y  w i th  i ron  s t a i n e d  qua r t z ,  s c h i s t ,  f a u l t  f i l l i n g ,  

and g e o t h i t e .  

Comparison of Trend Surfaces  

Or ig ina l  da t a  maps f o r  zinc conten t  and c i t r a t e - s o l u b l e  

heavy metal  content  were prepared.  The contour map f o r  heavy 

metal  values  de f ines  t h e  anomalous zones b e t t e r  than do the  

t rend  su r f aces .  The contour map f o r  z i n c  va lues ,  however, does 

not  enhance ahomalous a r eas  a s  we l l  a s  t h e  r e s i d u a l  maps. 

Residual minus s tandard dev ia t ion  maps f o r  z inc  f u r t h e r  l o c a l i z e  

t h e  anomalies. The most s i g n i f i c a n t  heavy metal  values  a r e  con- 

f ined  t o  a  f a u l t  conta in ing  a  quar tz - i ron-goe th i te  assemblage. 

Anomalies f o r  z inc  fol low t h e  same p a t t e r n  bu t  include hydro- 

thermally a l t e r e d  a r e a s  and a r e a s  conta in ing  lead-antimony 

compounds as  drag i n  f a u l t s .  

A continuous heavy metal  t r end  is  ind ica ted  by p r o f i l e s  of 

heavy metal  da t a  ( s ee  Figure 8 ) .  Trenching shows that this i s  

not  t r u e ;  t r end  su r f ace  procedures a l s o  show t h i s .  It may be con- 

cluded t h a t  t rend  su r f aces  a r e  an a i d  t o  geochemical p rospec t ing ,  

Comparison of  Cost of Methods 

Of prime importance t o  a geochemical survey i s  the  choice 

of method and r e s u l t a n t  c o s t  o f  t he  ana lyses .  For some surveys 

t h e r e  i s  no choice a v a i l a b l e ,  e . g . ,  those  of  a reconnaissance 

na tu re  f o r  one s p e c i f i c  element. Surveys which  r equ i r e  a n a l y t i -  

c a l  determinat ions  of more than one element,  however, r equ i r e  



a method and cost dec i s ion .  

For comparative purposes,  c o s t  and time s t u d i e s  were made 

of wet chemical, spec t rographic ,  and heavy metal  methods. 

Q u a n t i t a t i v e  spec t rographic  procedures were not  developed by 

t h e  l abo ra to ry ;  f i g u r e s  f o r  t h i s  procedure were taken from 

t h e  l i t e r a t u r e  (Cru f t ,  1964) .  Table 1 4 l i s t s  t h e  c o s t  of 

reagents  f o r  t h e  f i v e  e lements ,  determined on a cos t  per 1000 

ana lyses  b a s i s .  

TABLE 14 

COSTS OF REAGENTS FOR ANALYSES 

Element Cost/1000 Analyses 

Copper $43.44 

Lead 3 2 . 2 2  

Zinc 29.45 

S i l v e r  8 .78  

Molybdenwn 19.40 

T o t a l  reagent  c o s t  t o  chemically analyze LOO0 samples f o r  

f i v e  elements is  $133.29 o r  13 .3  cen t s  per  element. These c o s t s  

a r e  a l i t t l e  misleading a s  t h e  sma l l e s t  reagent  b o t t l e  pos s ib l e  

was used i n  each case  and c r e d i t  was given f o r  reagent  not  used. 

Reagent c o s t s  would be somewhat lower i f  enough was purchased 

t o  buy a t  a more economical figure. 

The labora tory  averaged 15.6 element determinat ions  by wet 

methods p e r  man-hour. This f i g u r e  is  based upon an average of 

50 samples pe r  day fox  f i v e  elements,  u t i l i z i n g  two people f u l l -  

time . 



The c o s t  of supp l i e s  f o r  spectrographic  ana lyses  ranges 

from 16 cen t s  t o  49 cen ts  per  a n a l y s i s  depending upon t h e  type 

of e l ec t rodes  needed f o r  a firing. This cost v a r i e s  on a c o s t  

per  element b a s i s  a s  it is poss ib l e  t o  process many elements 

with  only one f i r i n g .  I f  f i v e  elements a r e  determined, t h e  

supply cos t  ranges from 3.2  cen t s  t o  9 .8  cen t s  pe r  element. It 

is poss ib l e  t o  analyze stream sediment samples a t  t h e  r a t e  of 

49 e lemental  determinat ions  pe r  man-hour (Cru f t ,  1964).  More 

elements i n  each sample may be analyzed wi th  l i t t l e  increase  

i n  time but  it is  not  poss ib l e  t o  decrease t h e  number of e l e -  

ments and save time. The samples s t i l l  r equ i r e  mixing and arc-  

i ng ,  whether one o r  twenty elements a r e  photometered. 

Heavy metal  determinat ions  a r e  by far t h e  cheapest ,  reagents  

cos t ing  s l i g h t l y  more than a t e n t h  of a c e n t  ap iece  based upon 

c o s t  of reagents  f o r  1000 ana lyses .  The Laboratory a n a l y s t  w a s  

ab l e  t o  run 100 heavy metal  determinat ions  i n  an e i g h t  hour day 

o r  12.5 per  man-hour. 

Table 15 c o n t r a s t s  t h e  t o t a l  c o s t  of ana lyses  pe r  1000 

samples f o r  copper,  l e ad ,  molybdenum, s i l v e r  and z i n c  by wet 

chemical and by spec t rographic  procedures.  S a l a r i e s  of two 

a n a l y s t s  a r e  assumed t o  c o s t  $10 pe r  hour 

TABLE 15 

TOTAL COST PER 1000 ANALYSES - FIVE ELEMENTS 

Chemical Spectroqraphic  

Wages $1,600 $ 600 
Suppl ies  650 49 0 

To ta l  $2,250 $1,090 



CHAPTER FOUR 

CONCLUSIONS 

This i nves t iga t ion  e s t ab l i shed  t h e  frequency d i s t r i b u t i o n  

of copper, l e ad ,  z inc ,  molybdenum and s i l v e r  i n  t h e  Cleary 

Val ley.  Copper, l e ad ,  molybdenum and s i l v e r  have reverse  J 

d i s t r i b u t i o n s .  Zinc d i s t r i b u t i o n  is p o s i t i v e l y  skewed. Zinc 

follows t h e  t r end  of copper, molybdenum, s i l v e r ,  and lead  more 

than 60% of t h e  time, i nd i ca t ing  i t s  p o t e n t i a l  as a heavy metal  

t r a c e r  i n  t h i s  a r e a .  

Area B, covering a 30% s lope  t o  the west of t h e  p r o j e c t  

a r e a ,  and Area C ,  which includes  t h e  r i dge  between Chatham and 

Bedrock Creeks, a r e  both pos tu la ted  t o  contain  nons igni f ican t  

anomalies. Area B i s  s a l t e d  due t o  mine dump ma te r i a l  which 

has  been used t o  bu i ld  a road through it. Area C i s  contami- 

nated due t o  s a l t i n g  from a s e r i e s  of hand dug t renches.  

Tes t s  i n d i c a t e  t h a t  poor r e s u l t s  obtained from t h e  Univer- 

s i t y  of Alaska Method No. 2 ( c i t r a t e  so lub le  analyses  f o r  heavy 

metals)  may be due t o  Sour poss ib l e  causes.  (1) The method i s  

p H  s e n s i t i v e :  pH c o n t r o l  must be used. ( 2 )  Commercial reagents  

o f t e n  conta in  excessive amounts of heavy metals .  ( 3 )  The pow- 

dered b u f f e r  u t i l i z e d  i n  t h e  method may segrega te ,  thereby 

i n v a l i d a t i n g  t h e  a n a l y s i s .  ( 4 )  The d i th izone  s o l u t i o n  is  not  

s a t u r a t e d ;  it is imperative t h a t  t he  d i th i zone  s o l u t i o n  i s  

sa tu ra t ed .  Possibly t h e  most common problem is  number t h r e e .  

This has been cor rec ted  by developing a l i q u i d  bu f fe r  (Appendix). 

The Univers i ty  of Alaska Method No. 2 has been found sens i -  

t i v e  enough t o  be used t o  t r a c e  gold qua r t z  ve ins  i n  t h e  Cleary 



Valley,  Carefu l  c o n t r o l  must be u t i l i z e d  t o  i n su re  t h a t  each 

sample is  taken  i n  t h e  same horizon.  

Zinc and a r s e n i c  a r e  pa th f inde r s  f o r  hydrothermal minera l i -  

za t ion  i n  t h e  Cleary Val ley.  These elements bo th  occur i n  h igh  

concent ra t ions  over the Cleary B i l l  ve in .  Channel samples a t  

t h e  su r f ace ,  assayed f o r  gold and s i l v e r ,  w e r e  low. This ve in  

i s ,  however, known t o  have produced considerable  amounts of gold. 

Tes t ing  i n d i c a t e s  t h a t  degree of s lope  and presence of  

f rozen ground have l i t t l e  e f f e c t  upon t h e  d i s t r i b u t i o n  of t r a c e  

elements around t h e  Cleary H i l l  vein .  

V e r i f i c a t i o n  of geochemical anomalies was p o s s i b l e  wi th  a 

Sharpe S.E. 200 v e r t i c a l  loop electromagnet ic  u n i t .  

The f a s t e s t  method of ins t rumental  a n a l y s i s  used was X-ray 

f luorescence f o r  a r s e n i c .  This method has considerable  appl ica-  

t i o n  t o  t h e  search  f o r  gold i n  the Fairbanks d i s t r i c t .  

The use of t h e  TBM 1620 computer f o r  rou t ine  a n a l y s i s  of 

l a r g e  q u a n t i t i e s  of data and t h e  IBM 360 Model 40 f o r  t r e n d  sur -  

f ace  a n a l y s i s  proved very e f f e c t i v e .  Trend su r f ace  a n a l y s i s  was 

used t o  l o c a l i z e  z inc  anomalies and reduce apparent  c i t r a t e  

so lub le  heavy metal  anomalies. 



CHAPTER FIVE 

ION-EXCHANGE FIELD METHOD FOR DILUTE ACID SOLUBLE ZINC 

There i s  a need f o r  a geochemical prospect ing method which 

i s  s e n s i t i v e  enough t o  l oca t e  areas of high mine ra l i za t ion ,  y e t  

simple enough so  t h a t  persons with  no t echn ica l  t r a i n i n g  can 

use it r e l i a b l y .  Such a method must be wi th in  t h e  economic 

means of t h e  prospector  and must employ reagents  and apparatus  

which a r e  r e a d i l y  acces s ib l e .  Also, s i n c e  the  prospector  nor- 

mally does no t  have access  t o  accura te  labora tory  appara tus ,  a 

simple pan balance and a minimum of graduated glassware must 

s u f f i c e  f o r  prepar ing so lu t ions  without s a c r i f i c i n g  the  s ens i -  

t i v i t y  of t he  method. F i n a l l y ,  t h e  reagents  employed must be 

s t a b l e  under f i e l d  condi t ions  and the  o v e r a l l  method of a n a l y s i s  

must be compatible with f i e l d  use .  

Ind ica to r  Elements 

Within o r  near  any a rea  of mine ra l i za t ion ,  t h e r e  a r e  t h r e e  

groups of elements - p r i n c i p a l  elements, t r a n s i e n t  elements,  and 

i n d i c a t o r  elements.  P r inc ipa l  elements a r e  those elements which 

comprise t h e  mineral  depos i t .  Trans ien t  elements a r e  those found 

everywhere, independent of an a r ea  of minera l iza t ion .  Ind ica to r  

elements a r e  those elements assoc ia ted  wi th  t h e  minera l iza t ion  i n  

such a manner that they may serve  a s  s e n s i t i v e  i nd ica to r s  of t h e  

presence of minera l iza t ion .  

Ginzburg, e t  a 1  (1960) ,  have prepared a t a b l e  of i n d i c a t o r  

elements (Table 16) whose presence i n  rocks,  s o i l s ,  and waters 

may i n d i c a t e  minera l iza t ion .  The elements tabula ted  a r e  those 



most commonly found a t  s i t e s  of po lymeta l l i c  and r a r e  m e t a l l i c  

minera l iza t ion .  

I d e a l l y ,  when a t r a c t  of land is  t o  be explored for areas 

of high mine ra l i za t ion ,  a s  many samples a s  poss ib l e  should be 

taken and analyzed f o r  a l l  elements presen t .  However, t h i s  

normally is  imprac t i ca l ,  e s p e c i a l l y  f o r  t h e  smal l  prospector .  

Therefore,  it is  d e s i r a b l e  t o  have a genera l  reconnaissance 

method t h a t  can r evea l  an anomaly with a minimum number of sam- 

p l e s  and be s e n s i t i v e  t o  an element, o r  elements,  i n d i c a t i v e  of 

a l l  o r  near ly  all types  of minera l iza t ion .  O f  t h e  elements 

tabula ted  i n  Table 16,  those which appear t o  be more o r  l e s s  

un ive r sa l ly  app l i cab le  a s  i nd i ca to r s  of mineral ized a r e a s  a r e  

z inc ,  copper, l e ad ,  n i cke l  and poss ib ly  s i l v e r ,  molybdenum, 

tungs ten ,  mercury, a r s e n i c ,  coba l t  and vanadium. 

Vinogradov (1959) found concentrat ions  of t hese  elements 

i n  Russian rocks and s o i l s  a s  shown i n  Table 1 7 .  These values  

compare favorably wi th  those given i n  t h e  l i t e r a t u r e  f o r  t h e  

same elements i n  North American rocks and s o i l s .  

Since many samples taken f o r  geochemical a n a l y s i s  a r e  from 

s o i l s ,  it is unwise t o  employ as an i n d i c a t o r  an element which 

i s  not always p re sen t  i n  s o i l s  i n  s u f f i c i e n t  q u a n t i t i e s  t o  se rve  

a s  t h e  i nd ica to r .  A s  r ead i ly  seen i n  Table 17,  s i l v e r ,  molybdenum, 

tungsten,  a r s e n i c ,  coba l t  and vanadium, whose average concentra- 

t i o n s  i n  s o i l s  a r e  0 ,  1 ,  2 ,  1, 5 ,  8 and 1 ppm re spec t ive ly ,  a r e  

no t  p resen t  i n  g r e a t  enough concent ra t ions  t o  r e a d i l y  d e t e c t  

anomalies. I n  s p e c i f i c  ins tances ,  however, t he se  elements se rve  

wel l  a s  i nd i ca to r s  of minera l iza t ion .  For example, molybdenum 



TABLE 16 

INDICATOR ELEMENTS (AFTER GINZBURG) 

Rocks, S o i l s ,  Minerals ,  
Waters, Coal Ash, 
Vegetat ion.  Zn Pb Cu Ag Au Mo W Sn Bi Cd I n  H g  A s  Sb Se 

r"- 

Igneous, metamorphic, 
hydrothermallyalteredrocks -1- + + + + + + + + + + + + + + 
Sedimentary carbonate rocks + + + + - 0 - - + + ? ? ? ? ?  

Residual  products  of Weather- 0 + - - 0 - + + ? ? ? ? ? ? +  
ing  of s i l i c a t e  rocks 

R e s i d u a l p r o d u c t s o f l e a c h i n g  + + + + 0 0 0 0 ? ? 0 0 ? ? ? 
of carbonate rocks 

Gossans of s u l f i d e  d e p o s i t s  + + + + + + + ? + + - + + + +  
and oxidized zones 

Bleached zones ? + - + - -  7 ? 0 0 0 0 0 0 0  

D i l u v i a l  sediments + + + - + + + + 7 0 0 + + ? 0  

A l l u v i a l  sediments + + + - + - + + O O O + O ? O  

Takyrs ? + - - -  O O O O O O + + + O  

Surf ic ia lquaternarysediments  3. -t + + + + + + ? 0 0 7 + 0 0 
up t o  2 m t h i c k  

S u r f i c i a l  quaternary sediments - - - + - - + + O O O ? + O O  
t h i c k e r  than 2 m 

G l a c i a l  d e p o s i t s  0 0 - 0 0 0 0 0 0 0 0 0 0 0 0  

I ron  hydroxides of oxidized - + - ? O ? + O O O O + + ? +  
zones, weathering,  and 
metamorphic o r e  d e p o s i t s  

Manganese hydroxides of  + + - + - ? ? O O O O + O O O  
oxidized zones and 
weathering 

Coal a s h  - - - - - + ? ? - ? O O + O ?  

S u l f i d e s  of  sedimentary - - - -  7 - 0 0 - - 0 0 + 0 +  
d e p o s i t s  

Ash of  p l a n t s  + + + + + + + O O O O ? + O O  

Ground waters  + + + + - + O O O O O O O O O  

Surface  waters  + - + 0 0 0 0 0 0 0 0 0 0 0 0  

Waters of s u l f i d e  o r e  d e p o s i t s  + + + + + + + ? + + 0 ? + - + 
Shallow lakes  7 - 0 - 0 0 0 ? 0 0 0 0 0 0 0  

Marshes + ? + 0 0 0 0 0 0 0 0 0 0 0 0  

I n d i c a t o r  p l a n t s  + ? + + O + O O O O O O O O +  



TABLE 16 (Continued) 

INDICATOR ELEMENTS (AFTER GINZBURG) 

Rocks, S o i l s ,  Minerals ,  
Waters, Coal Ash, 
Veqetat ion.  Te N i  co ~r u Sc Ba Sr Ge B F $05 ~i v P 

Igneous, metamorphic, + + + + + + + + + + +  + + +  
hydrothermally a l t e r e d  rocks 

Sedimentary carbonate rocks ? + O O + O + + O O +  O + +  

Residual  products  o f  weathering 0  + + + + 0  + - + - + - + 0  - 
of s i l i c a t e  rocks 

R e s i d u a l p r o d u c t s o f  leaching 0  + + 0  0  0  - 0  0  - - 0  o - 
of carbonate rocks 

Gossansof  s u l f i d e d e p o s i t s a n d  0  + + + + 0  + - 0  ? + + 0  + + 
oxidized zones 

Bleached zones 0 0 0 0 0 0 1 - 0 0 0 0  0 0 0 0  

D i l u v i a l  sediments O + + + + O + O O o ?  + o O  

A l l u v i a l  sediments O + + + O O + O O O ?  O + O O  

Takyrs + + O + + O + O O O ?  + O O  

S u r f i c i a l q u a t e r n a r y  sediments 0  0  0  + 3 0  ? 0  0  0  ? - + 0  0  
up t o  2 m t h i c k  

S u r f i c i a l q u a t e r n a r y  sediments 0  0  0  t ? 0  ? 0  0  0  ? - + 0  0  
t h i c k e r  than 2 m 

S o i l s  O + + O - + + - 0 + -  - + O +  

G l a c i a l  depos i t s  0 - 1 - + O O O O o O O  0 - 0 0  

I ron  liydroxides of  oxidized + + + - -  O O O + O O  + O O +  
zones, weathering,  and meta- 
morphic ore d e p o s i t s  

Manganese hydroxides of O + + O - 0 - -  0 0 0  0 0 0  
oxidized zones and weathering 

Caal  ash  7 - - -  + - - O + O  - -  0  - 
S u l f i d e s  o f  sedimentary O + + - + 0 - - 0 0 0  - -  0  - 
d e p o s i t s  

Ash of p l a n t s  O t - + O - O + + O  O O +  

Ground waters  0 4 - + O O O O + O  + O O -  

Surface waters  0 0 0 0 0 0 0 0 0 0 -  + O O O  

Waters of s u l f i d e  o r e  d e p o s i t s  ? + + 0  + - - - O +  + O O O  

Shallow lakes  0 0 0 0 0 0 0 7 0 0 0  0 0 0  

Marshes 0 0 0 0 0 0 0 7 0 0 0  0 0 0  

I n d i c a t o r  p l a n t s  O O + O + O O O O O O  + O O O  

Explanation: +, presen t  commonly i n  q u a n t i t i e s  s u f f i c i e n t  t o  s e r v e  a s  i n d i c a t o r s  of 
minera l iza t ion ;  -, presen t  genera l ly  i n  q u a n t i t i e s  i n s u f f i c i e n t  t o  s e r v e  a s  i n d i c a t o r s  
of m i n e r a l i z a t i o n ;  ?, i n s u f f i c i e n t  d a t a ;  0, not  s t a t e d .  



TABLE 16 (Continued) 

*Reprinted from Ginzkurg, I.I., P r i n c i p l e s  of Geochemical 
Prospect inq,  Pergamon Press, New York (1960) pp. 16-18. 
Copyright 1960 by Pergamon Press Tnc. and r ep r in t ed  by 
permiss ion of the copyright  owner. 



TABLE 17 

CONCENTRATION OF THE ELEMENTS IN RUSSIAN ROCKS AND SOILS 

Reprinted from Vinogradov, A. P., (2nd ed.), Consultants Bureau, 
New York (1959). Copyright 1959 by Consultants Bureau and 
reprinted by permission of the copyright owner. 

Element 

Zn 

Cu 

Pb 

Ni 

A g  

Mo 

W 

Hg 

As 

CO 

U 

Ultrabasic 
Rocks (dunites 
peridotites, 
pyroxenites) 

% = ppm 

5.0x10-~ 50 

8.0x10-~ 80 

---- 

1.2x10-~ 1200 

3.0~10-~ 0.3 

4.0x10-~ 0.4 

---- 

---- 

2.8x10-~ 2.8 

2.0~10-~ 200 

3.0x10-~ ,133 

Basic Rocks 
(basalts, 
gabbres,nor- 
ites, dia- 
bases, etc,) 

% = ppm 

1.3~10'~ 13C 

1.4x10-~ 140 

8. 0x10-~ 8 

1 . 6 ~ 1 0 ~ ~  16C 

3.0x10-~ 0.3 

1.4x10-~ 1.4 

1.0~10-3 10 

9. 0x10-~ 0.09 

 OXLO LO-^ 2 

4.5~10-~ 45 

8.0x10-~ 0.8 

Intermediate 
Rocks 
(diorites, 
andesites) 

% = ppm 

7.2x10-~ 72 

3,5x10-~ 35 

1 . 5 ~ 1 0 ~ ~  15 

5.5x10-~ 55 

---- 

9.0x10-~ 0.9 

1.0~10-~ 1 

---- 

2.4x10+~ 2.4 

2,0xlO-~ 20 

1.8x10-~ 1.8 

Acid Rocks 
(granites, 
liparites, 
rhyolite$, 
etc. 

% = ppm 

6.0xl0-~ 60 

3.0x10-~ 30 

2.0xl0-~ 2 

8.0~10-~ 8 

1,5x10-~ 0.15 

1.9x10-~ 1.9 

---- 

4.0~10-~ 0.04 

~ . ~ x L o - ~  1.5 

5.0~10-~ 5 

3 . 5 ~ 1 0 ~ ~  3.5 

Sedimentary 
Rocks (clays 
and shales) 

% = Ppm 

8.0x10-~ 80 

5.7x10-~ 57 

2.0xl0-~ 20 

9 . 5 ~ 1 0 ~ ~  95 

9.0x10-~ 0.9 

 OXLO LO-^ 2.0 

---- 

4.0x10-~ 0.4 

6.6xl0-~ 6.6 

2.3~10-~ 23 

3.2x10-~ 3.2 

Composition 
of Soils 

% = ppm 

5.0x10-~ 50 

2.0xl0-~ 20 

l.0xl0'~ 10 

4.0x10-~ 40 

1.0xl0-~ 0.1 

2.0xl0-~ 2.0 

1.0~10-~ 1 

1.0x10-~0.01 

5 . 0 ~ 1 0 - ~  5 

 OXLO LO-^ 8 

l . 0 ~ 1 0 ~ ~  1 



se rves  very we l l  a s  an i n d i c a t o r  element f o r  mine ra l i za t ion  due 

t o  copper, and s i m i l a r l y ,  s i l v e r  f o r  l ead ,  a r s e n i c  f o r  antimony, 

coba l t  f o r  chromium, tungsten f o r  t i n  and uranium f o r  t h e  r a r e  

e a r t h s .  However, these  elements,  do no t  have d i s t r i b u t i o n s  

widespread enough t o  be s u i t a b l e  a s  gene ra l  i n d i c a t o r s  of 

mine ra l i za t ion .  

Mercury, though i t s  average concent ra t ion  i n  s o i l s  i s  0 .01  

ppm, i s  s u i t a b l e  as a geochemical i n d i c a t o r  f o r  many a reas  of 

mine ra l i za t ion  pr imar i ly  because t h e  mercury atom is very mobile. 

General ly ,  t h e  lower t he  temperature of depos i t ion  of t h e  min- 

e r a l i z a t i o n ,  t he  b e t t e r  mercury w i l l  s e rve  a s  an i n d i c a t o r .  

However, due t o  t h e  low concent ra t ions  of  mercury i n  s o i l s ,  

d e t e c t i o n  equipment i s  beyond the  means of t h e  ord inary  pros- 

pec to r .  Another disadvantage of using mercury a s  an i n d i c a t o r  

element i s  t h a t  t h e  concent ra t ion  of mercury presen t  w i l l  vary 

s i g n i f i c a n t l y  from day t o  day with  v a r i a t i o n s  i n  temperature,  

humidity, wind, and barometric pressure .  

Comparatively l i t t l e  work has been done with  n i c k e l  a s  a  

geochemical i n d i c a t o r .  Though it is  presen t  i n  rocks and s o i l s  

i n  s u f f i c i e n t  q u a n t i t i e s  t o  se rve  a s  an i n d i c a t o r ,  n i c k e l  does 

no t  appear t o  r evea l  anomalies f o r  most a r e a s  of mine ra l i za t ion .  

This is  probably due t o  i t s  low s o l u b i l i t y  i n  water and hence 

low mobi l i ty .  It has been demonstrated that a l a r g e  p a r t  of t h e  

n i cke l  i n  s o i l s  is  d i spersed  i n  c r y s t a l  l a t t i c e s  of a luminos i l i -  

c a t e s  and another  p a r t  is more loose ly  bound t o  t h e  s i l i c a t e s  

a s  t h e  r e s u l t  of base exchange. There a re  a l s o  water so lub le  

n i c k e l  compounds i n  t h e  s o i l  bu t  t h e i r  concent ra t ions  a r e  prac- 

t i c a l l y  indeterminable.  
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Copper a s  a geochemical i n d i c a t o r ,  though gene ra l ly  b e t t e r  

than t h e  above mentioned elements,  a l s o  has i t s  disadvantages ,  

p r imar i ly  i n  t h a t  it i s  not  uniformly d i s t r i b u t e d .  It is  found 

bound i n  organic  compounds, i n  c r y s t a l  l a t t i c e s  of alumino- 

s i l i c a t e s ,  and a s  water so lub le  s a l t s .  A t  a  pH above 4 .5 ,  cop- 

per  p r e c i p i t a t e s  out  of  s o l u t i o n  a s  a hydroxide, phosphate, 

s u l f i d e ,  o r  carbonate .  Thus, copper is  n o t  very mobile even i n  

n e u t r a l  s o i l s ,  which accounts a t  l e a s t  i n  p a r t ,  f o r  i t s  non- 

uniform d i s t r i b u t i o n .  I n  a c i d i c  s o i l s ,  however, copper s e rves  

we l l  a s  a  geochemical i n d i c a t o r  f o r  a r eas  of high minera l iza t ion .  

Lead, more than o t h e r  metals ,  has an a £  f i n i t y  f o r  humus. 

I n  regions where humus i s  found, lead i s  r ead i ly  dispersed and 

forms d ispers ion  p a t t e r n s  around a reas  of high mine ra l i za t ion .  

However, where no humus is  present ,  lead is  no t  r ead i ly  d i spersed .  

The chemical form of lead i n  rocks and s o i l s  is uncer ta in  bu t  it 

i s  commonly a s soc i a t ed  wi th  many a r e a s  of minera l iza t ion .  

Zinc a l s o  is commonly a s soc i a t ed  wi th  many a reas  of high 

mine ra l i za t ion ,  bu t  un l ike  lead  it is  very mobile. I n  rocks o r  

s o i l s  where carbon dioxide is  d isso lved ,  a s  much a s  50% of t h e  

z inc  presen t  may be i n  t h e  mobile s t a t e .  Zinc is more uniformly 

d i s t r i b u t e d  than o the r  elements,  i t s  average concent ra t ion  being 

around 60 ppm i n  a c i d i c  and n e u t r a l  s o i l s  and s l i g h t l y  higher i n  

b a s i c  s o i l s  where it i s  p r e c i p i t a t e d  a s  t h e  carbonate.  The d i s -  

pers ion  p a t t e r n s  of zinc around a reas  of minera l iza t ion  a r e  

normally d i s t i n c t  and are no t  spread over t o o  wide an a r e a .  

(Ahrens and Taylor ,  1960) 

C i t r a t e - so lub le  heavy metal  methods of geochemical pros- 

pec t ing  which employ copper,  lead and z inc  a s  t h e  i n d i c a t o r  
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elements have been succes s fu l ly  employed. A method employing 

z inc  a lone ,  o r  z i n c  and lead toge the r ,  as t h e  i n d i c a t o r  elements,  

w i l l  s e rve  s u f f i c i e n t l y  we l l  f o r  Locating a r e a s  o f  mineral iza-  

t i o n  due t o  most types o f  hydrothermal depos i t s .  

Determination of  Zinc 

I n  t he  f i e l d ,  t h e  qu ickes t  and e a s i e s t  way of simultaneously 

making q u a l i t a t  ive  and semiquant i t a t  Fve ana lyses  is by developing 

a  c o l o r  with  t h e  a n a l y t i c a l  spec ies  and comparing t h e  developed 

c o l o r  t o  a s tandard .  I d e a l l y ,  t h e  co lo r ime t r i c  reagent  employed 

should be s p e c i f i c  f o r  t h e  a n a l y t i c a l  spec i e s ,  and s e n s i t i v e  t o  

ppm concent ra t ions .  

Though t h e r e  a r e  many co lo r ime t r i c  reagents  which a r e  sens i -  

t i v e  t o  z inc  i n  ppm concent ra t ions ,  none a r e  s p e c i f i c .  (Bryson 

and Lenzer, 1953; Mi l l e r  and Hunter,  1954).  However, by employ- 

ing  a n a l y t i c a l  techniques which will sepa ra t e  i n t e r f e r i n g  ions 

from z inc ,  o r  complex t h e  i n t e r f e r i n g  ions  so  as  t o  preclude 

in t e r f e rence  (Cheng, 1961) ,  it i s  poss ib le  t o  use nonspec i f ic  

co lo r ime t r i c  reagents  t o  determine z inc .  

On t h e  b a s i s  of c o s t ,  a v a i l a b i l i t y ,  s t a b i l i t y  under f i e l d  

condi t ion ,  p u r i t y  of reagent  a s  purchased commercially, spec i -  

f i c i t y ,  s e l e c t i v i t y  and s e n s i t i v i t y ,  8-hydroxyquinoline (oxine)  

w a s  chosen a s  t h e  co lo r ime t r i c  reagent .  Oxine is but  s l i g h t l y  

so lub le  i n  water and a t  pH 13  w i l l  q u a n t i t a t i v e l y  p r e c i p i t a t e  

z inc  from s o l u t i o n  (Sandel,  1959).  Umland, (1962) has demonstrated 

t h a t  such complexes a r e  near ly  completely ex t r ac t ed  i n t o  an 

organic  phase t o  form green-yellow s o l u t i o n s .  Medline (1960) 

determined t r a c e  q u a n t i t i e s  of z i n c  i n  t h e  presence of l a r g e  
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amounts of calcium by e x t r a c t i n g  t h e  z inc-quinol inate  i n t o  

chloroform from aqueous so lu t ions  buf fe red  from pH 5-13 wi th  

ammonium hydroxide. A t  pH 13 s i g n i f i c a n t l y  i n t e r f e r i n g  e l e -  

ments a r e  antimony ( IZZ) ,  calcium, cadimum, chromwn ( I I I ) ,  

c o b a l t ,  copper ( I L ) ,  l e ad ,  magnesium, i r idium, i ron  (111) and 

n i c k e l  (Sandel l  1959). However, prel iminary sepa ra t ion  v i a  

ion exchange precludes  t he  i n t e r f e r e n c e  of a l l  of t h e  above 

except  f o r  i r id ium,  i ron  (111) and lead.  

Moore and Kraus (1950, 1952, 1953) s tud ied  t h e  anion ex- 

change behavior of  i r o n ,  c o b a l t ,  n i c k e l ,  copper, manganese and 

z i n c  i n  hydrochlor ic  a c i d  s o l u t i o n s  on the s t r o n g  base anion 

exchange r e s i n ,  Dowexl. They found t h a t  t he  spea ra t ion  of t hese  

elements from one another  should be poss ib l e  on a comparatively 

s h o r t  r e s i n  column. A l l  t h e  metals  except n i c k e l  were adsorbed 

from concentrated hydrochlor ic  a c i d  so lu t ion .  By examining t h e  

behavior o f  the var ious  elements i n  d i f f e r e n t  concent ra t ions  of 

hydrochlor ic  a c i d ,  they found t h a t  only z inc  was very s t rong ly  

adsorbed from 2N a c i d .  E lu t ion  o f  z inc  was a f f e c t e d  r e a d i l y  

wi th  0.005N hydrochlor ic  ac id .  

It i s  reported (Kallmann, S t e e l e  and Chu, 1956) t h a t  i n  t h e  

presence of l a r g e  amounts of sodium ch lo r ide ,  t h e  hydrochlor ic  

a c i d  concent ra t ion  can be lowered from 2 N  t o  0.12N without 

adversely a f f e c t i n g  t h e  adsorpt ion of  z i n c  by t h e  r e s i n .  Maxi- 

m u m  adsorp t ion  of z inc  is  obtained i n  O.12N hydrochlor ic  a c i d  

conta in ing  100 grams of s o d i m  ch lo r ide  per  l i t e r .  I t  was a l s o  

found t h a t  z inc  i s  e lu t ed  q u a n t i t a t i v e l y  a s  sodium z inca t e  by 

2 N  sodium hydroxide and t h a t  add i t i on  of sodium ch lo r ide  t o  t h e  



sodium hydroxide s o l u t i o n  speeds up t h e  e l u t i o n  of  z inc .  Accord- 

i ng  t o  Xallmann e t  a l . ,  elements wi th  which z inc  i s  o f t e n  assoc i -  

a t e d  i n  metals  and minera l s ,  such a s  i ron  (111), manganese, 

aluminum, beryl l ium,  n i c k e l ,  c o b a l t ,  chromium, copper, t i t an ium,  

cadmium, the  r a r e  e a r t h s ,  and t h e  a l k a l i n e  e a r t h s ,  a r e  no t  

adsorbed on t h e  r e s i n  i n  t h e  hydrochlor ic  acid-sodium c h l o r i d e  

medium. 

Anion exchange techniques have been succes s fu l ly  employed 

by Bradford, P r a t t ,  Bair  and Goulben (1965), t o  determine t h e  

aluminum, magnesium, n i c k e l ,  manganese, c o b a l t ,  copper,  i r o n ,  

molybdenum, and z inc  content  i n  s o i l s .  

I n  l i e u  of t h e  requirements s p e c i f i e d  i n  t h e  in t roduc t ion  

t o  t h i s  chap te r ,  it is f e l t  t h a t  anion exchange w i l l  lend i t s e l f  

r e a d i l y  t o  geochemical prospect ing.  

Reaqents and Apparatus* 

The fol lowing reagents  and apparatus  a r e  needed f o r  t h e  

ion-exchange f i e l d  method : 

COLUMN : A 10 cm. l eng th  of polyethylene tubing of 
5/8 i n .  I.D. was used f o r  t h e  column. The 
length  of tubing was f i t t e d  wi th  a nozzled 
polyethylene cap which had an opening of 2.5 mm, 
1 . D .  

DOVEX 1-X8: 200-400 mesh, ch lo r ide  form. 

OXINE SOLUTION: 0.5% 8-hydroxyquinoline i n  e t h y l a c e t a t e .  

SOLUTION A: 0.012N hydrochlor ic  a c i d  conta in ing  100 grams 
of sodium ch lo r ide  and 15 grams of potassium 
c i t r a t e  per l i t e r .  

SOLUTION B : 0.800N sodium hydroxide conta in ing  10 grams of 
sodium p e r  l i t e r .  

WASHING SOLUTION: 0.0096N hydrochlor ic  ac id .  

*All  chemicals reagent  grade.  
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Procedure 

Refer t o  t h e  l ist above. T h e  l ength  of polyethylene tubing 

is  f i t t e d  wi th  t h e  nozzled cap and a g l a s s  wool plug,  approxi- 

mately 3 rnrn t h i c k ,  i s  in se r t ed .  One gram of t h e  Dowex 1-X8 

anion exchange r e s i n  i s  s l u r r i e d  wi th  demineralized water and 

t r a n s f e r r e d  t o  the plugged tube.  Another plug of g l a s s  wool i s  

in se r t ed  over t h e  s e t t l e d  r e s i n .  A t  l e a s t  25 r n l  of t h e  washing 

s o l u t i o n  is then passed through t h e  column. 

Ten m l  of  s o l u t i o n  A i s  added t o  0.1-.5 grams of t h e  f i n e l y  

divided s o i l  sample t o  be analyzed. The s l u r r y  i s  s t i r r e d  f o r  

one minute, f i l t e r e d  wi th  Whatman No. 41 f i l t e r  paper,  and t h e  

f i l t r a t e  passed through t h e  column. The e l u a t e  is  discarded.  

An a d d i t i o n a l  10 m l  o f  s o l u t i o n  A is  then passed through 

t h e  column and t h e  e l u a t e  again discarded.  

Ten m l  of s o l u t i o n  B i s  passed through the  column and the  

f i r s t  2 ml 05 the  e l u a t e  discarded.  The l a s t  8 m l  of t h e  e l u a t e  

is  co l l ec t ed  i n  a graduated hard g l a s s  t e s t  tube.  

To t h e  c o l l e c t e d  e l u a t e  i s  added 2 m l  of  t h e  oxine s o l u t i o n  

and it is shaken f o r  30 seconds. Af t e r  t he  aqueous and organic  

phases s epa ra t e ,  note  t h e  co lo r  of t he  l a t t e r .  

The column i s  recondi t ioned f o r  t h e  next s o i l  sample by 

passing 25 m l  of t h e  washing s o l u t i o n  through it. 

Experimental 

More o f t e n  than no t ,  chloroform is employed a s  an e x t r a c t i n g  

so lvent  f o r  ox ina tes .  I n  the  f i e l d ,  however, where exposure t o  

s u n l i g h t  is of g r e a t e r  concern than i n  t h e  labora tory ,  a so lven t  

which i s  no t  so adversely a f f e c t e d  by s u n l i g h t  is des i r ed .  It 
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is a l s o  d e s i r a b l e  t o  employ a  so lven t  i n  which t h e  zinc-oxinate 

develops a  co lo r  of  maximum i n t e n s i t y .  

I n  order  t o  determine a  s u i t a b l e  so lven t ,  zinc-oxinate w a s  

prepared and 5 m g  of t h e  zinc-oxinate added t o  5 mL of the  s o l -  

v e n t  t o  be t e s t e d .  The i n t e n s i t y  of the co lo r  developed was 

r a t e d  on an a r b i t r a r y  scale r e l a t i v e  t o  chloroform a s  f a i r .  

The r e s u l t s  a r e  given i n  Table 18. O f  those so lven t s  where good 

co lo r  i n t e n s i t y  w a s  developed ( i - e .  b e t t e r  than chloroform) 

e t h y l a c e t a t e  was chosen on the  b a s i s  of p r i c e  and a v a i l a b i l i t y .  

Due t o  t h e  dead volume of t h e  column, t h e  t o t a l  e l u a t e  of 

t he  s o l u t i o n  B passing through t h e  column can not  be taken f o r  

a n a l y s i s .  The f i r s t  po r t i on  of  t h e  e l u a t e  conta ins  t r a c e  quan- 

t i t i e s  of i r o n  which, i f  included i n  t h a t  po r t i on  of t h e  e l u a t e  

t e s t e d  wi th  oxine,  w i l l  mask t h e  green-yellow c o l o r  of t h e  zinc- 

ox ina te  by t h e  green-black co lo r  of t h e  i ron-oxinate .  The dead 

volume of t h e  column i s  determined by s tudying t h e  pH of t h e  

e l u a t e  as a func t ion  of volume e lu t ed .  A t y p i c a l  p l o t  is  i l l u s -  

t r a t e d  i n  Figure  20. The p H  changes very abrupt ly  between 1.5 

and 2 .5  m l  of e l u a t e .  S a t i s f a c t o r y  and reproducible  r e s u l t s  have 

been obtained by d iscard ing  the  f i r s t  2 m l  of  e l u a t e  and t e s t i n g  

only t h e  l a s t  8 m l  wi th  t h e  oxine so lu t ion .  

I n  t h e  absence of potassium c i t r a t e  it is necessary t o  pass 

50 m l  of s o l u t i o n  A through t h e  column a f t e r  passing the sample 

s o l u t i o n  through i n  o rde r  t o  remove the  i ron .  I n  t h e  presence 

of  potassium c i t r a t e ,  however, 10 m l  o f  s o l u t i o n  A s u f f i c e s  t o  

remove the  i ron  from t h e  column t o  t h e  ex t en t  t h a t  it does no t  

i n t e r f e r e  i n  t h e  determinat ion of zinc.  



TABLE 18 

DETERMINATION OF A SUITABLE SOLVENT FOR 

ZINC-OXINATE 

SOLVENT COLOR DEVELOPED INTENSITY* 

Benzene 

Blazo (unleaded white  g a s o l i n e )  

Carbon d i s u l f i d e  

Chlorof o m  

Cyclohexanone? 

0-Dichlorobenzene 

Ethy l  a c e t a t e  

Isoamyl a c e t a t e  

Isopropy 1 e t h e r  

Methylethylketone? 

Toluene 

0-Tolidine s o l u t i o n ?  

m-Xylene 

p-Xy lene  

green 

none 

yel-grn 

grn-ye1 

yellow 

green 

grn-ye1 

yel-grn 

green 

yel-grn 

yel-grn 

yellow 

yellow 

yellow 

f a i r  

f a i r  

f a i r  

good 

poor 

good 

poor 

poor 

good 

f a i r  

poor 

poor 

poor 

* ( R e l a t i v e  t o  Chloroform a s  f a i r )  



1 2 3 4 6 7 8 9 10 
t 

ml of Elua t e  

Fig. 20  pH vs,. Volume Eluted During Solution B Pass. 



Microgram q u a n t i t i e s  of var ious  metal  ions  were passed 

through the  column according t o  t h e  procedure presented above. 

U p  t o  500 rng of antimony (III),  cadmium, chromium, c o b a l t ,  

mercury, s i l v e r  and gold were passed through t h e  column wi th  

no co lo r  noted i n  t h e  oxine Layer upon t e s t i n g  t h e  e l u a t e .  

One thousand mq of i r o n  (TIT) through t h e  colwnn y ie lded  no 

c o l o r  i n  t h e  oxine l a y e r  a f t e r  t e s t i n g .  It was found t h a t  

500 mg of copper caused a faint co lo ra t ion  while  only  100 mg 

of indium, 50 mg of  lead  and 50 rng of z i n c ,  r e spec t ive ly ,  were 

needed t o  produce a de t ec t ab l e  co lo r .  

Samples were taken along a l i n e  known t o  be anomalous, 

us ing t h e  modified Univers i ty  of Alaska Geochemical Prospect ing 

Method #2. The samples were analyzed by the  above procedure,  

f i r s t  us ing  0 .1  gram samples and than 0.5 gram samples. The 

p r o f i l e s  obtained a r e  shown i n  Figure 21. It is r ead i ly  seen 

t h a t  t h e  two major anomalies were de tec ted  when 0.5 gram samples 

were taken,  bu t  not  when 0.1  gram samples were used. By t h e  

above procedure it is poss ib l e  t o  a d j u s t  t h e  sample s i z e  taken 

f o r  a n a l y s i s ,  such t h a t  background concentrat ions  of z inc  a r e  

no t  de tec ted .  It is then  poss ib l e  t o  develop co lo ra t ion  only 

i n  d e f i n i t e l y  anomalous a r e a s ,  hence e l imina t ing ,  i n  p a r t ,  

anomalies which show up due t o  experimental  v a r i a t i o n .  

  is cuss ion of Method 

Though f a r  from pe r f ec t ed ,  it appears t h a t  a geochemical 

prospect ing method based upon t h e  proposed procedure w i l l  work. 

However, before  i t  can be adapted t o  f i e l d  use a more e f f i c i e n t  

means of f i l t e r i n g  must be devised and t he  t i m e  r equi red  f o r  t h e  





ana lyses  must be reduced. It takes  15 minutes t o  run one 

a n a l y s i s ;  i n  a labora tory  where a l a r g e  number of columns may 

be s e t  up and samples analyzed simultaneously,  t h i s  is  no t  a 

problem, but i n  the  f i e l d ,  15 minutes i s  too long. I f  t h e  same 

diameter tubing i s  employed, wi th  Less r e s i n ,  e r r a t i c  r e s u l t s  

a r e  obtained and i f  l e s s  r e s i n  is  used wi th  a smal le r  diameter 

column the flow r a t e  decreases  and the  time inc reases .  

The answer t o  t h e  problem may poss ib ly  be suggested i n  a 

recent  a r t i c l e  by Campbell, Spano and Green (1966) .  They used 

paper d i sks  loaded with an ion exchange agent  f o r  c o l l e c t i n g  

microgram q u a n t i t i e s  of ca t ions  and anions from s o l u t i o n  during 

the  f i l t e r i n g  process .  These d i s k s  may conceivably be adapted 

t o  t he  above procedure i n  such a manner a s  t o  e l imina t e  bo th  

ob jec t ions  s e t  f o r t h  above. 

However, i n  s p i t e  of t h e  ob jec t ions ,  t h e  procedure is s t i l l  

advantageous f o r  t h e  nontechnica l ly  t r a i n e d  prospector .  Great 

accuracy is  not  necessary i n  prepar ing t h e  reagents ,  f o r  s l i g h t  

weighing e r r o r s  even f o r  t h e  prepara t ion  of t h e  oxine s o l u t i o n ,  

w i l l  not  a f f ec t  the u l t ima te  a n a l y s i s  s i g n i f i c a n t l y .  So long as 

one s t a r t s  with a good grade of reagents  and i s  c a r e f u l  t o  e l imi-  

na t e  e x t e r n a l  contamination,  c o n s i s t e n t  r e s u l t s  w i l l  be obtained.  



CHAPTER SIX 

SUMMARY AND RECOMMENDaTIONS 

S umma rv  

A study has been conducted t o :  

1. Determine t h e  geochemical environment i n  t h e  Fair-  

banks d i s t r i c t .  

2 .  Determine the  t r a c e  element d i s t r i b u t i o n  over a 

known lode.  

3 .  Determine the  e f f e c t s  of t e r r a i n  s lope  upon t r a c e  

element d i s t r i b u t i o n  over known lodes .  

4. Determine t h e  e f f e c t s  of f rozen ground upon t r a c e  

element d i s t r i b u t i o n .  

5 .  Tes t  and develop methods of a n a l y s i s  f o r  prospect-  

ing  based upon t r a c e  element d i s t r i b u t i o n .  

6 .  Tes t  inexpensive geophysical  equipment. 

7. Confirm the  v a l i d i t y  of t h e  Univers i ty  of Alaska 

Method #2 f o r  heavy metal  s o i l  ana lyses .  

It has  been determined t h a t  z i n c  d i s t r i b u t i o n  i s  p o s i t i v e l y  

skewed while reverse  "J" d i s t r i b u t i o n s  p r e v a i l  f o r  copper, l e ad ,  

s i l v e r  and molybdenum. Zinc and a r s e n i c  a r e  e s t ab l i shed  as 

t r a c e r s  f o r  gold minera l iza t ion .  Degree of slope and presence 

of f rozen ground do n o t  appear t o  in f luence  the  l oca t ion  of t h e  

geochemical ha lo  over t he  Cleary ve in .  C a r e f u l  c o n t r o l  of t h e  

sample s o i l  horizon i n  the  d i s t r i c t  i s  necessary.  

The Univers i ty  of Alaska method of geochemical prospect ing 

has been improved. Poss ib le  remedies f o r  sources of e r r o r  i n  



t h e  method a r e  suggested.  Analysis  of s o i l  samples f o r  a r s e n i c  

by x-ray f luorescence was found t o  be t h e  f a s t e s t  method used. 

A d i l u t e  a c i d  method f o r  z inc  is  proposed, however, f u r t h e r  

t e s t i n g  of t h e  method is needed. Also needed is  a f a s t e r  pro- 

cedure of e f f e c t i n g  t h e  ion exchange s t e p  of the method. 

Analysis  o f  geochemical da ta  by t r end  s u r f a c e  procedures 

was shown a s  an inva luab le  t o o l .  Anomalies may be l o c a l i z e d  by 

t h i s  procedure.  

Recommendations 

Analysis  of t h e  geochemical da t a  obtained by t r end  s u r f a c e  

a n a l y s i s  should cont inue t o  be i nves t i ga t ed .  This  is  a  method 

f o r  s u b t r a c t i n g  t h e  "noise1'  from da t a  t o  accen tua te  r eg iona l  and 

l o c a l  t r a c e  element e f f e c t s .  

Analysis  o f  s o i l  samples by atomic absorp t ion  f o r  gold and 

o t h e r  t r a c e  elements should be s t u d i e d .  

Fur ther  work needs t o  be done t o  s tudy t h e  e f f e c t s  of t e r -  

r a i n  s lope  and frozen ground upon t r a c e  element migra t ion .  

Work should cont inue toward more e f f i c i e n t  f i e l d  methods of 

a n a l y s i s .  The co ld  a c i d  method d i scussed  i n  Chapter Five needs 

f u r t h e r  refinement.  

The Alaskan prospec tor  should be made aware of geochemical 

and geophysical  techniques  of p rospec t ing .  
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APPENDIX 



ELEMENTAL ANALYSES 

AREA "A I' 

Cu 
Sample (* 10  p p m )  

L 707 A 2 + 00 N 
L " " l + 5 0 N  
L  " " l + 0 0 N  
L " I' 0  + 5 0  N 
L " " B a s e l i n e  
I, " " O f  5 0 s  
L " " l + O O S  
L " " 1 + 5 O S  
L " " 2 - t O O S  

L 708 2  + 00 N 
L " 1 + 5 0 N  
L " l + 0 0 N  
L  " 0 + 5 0 N  
L  " B a s e l i n e  
L " 0 + 5 0 S  
L " 1-t 0 0 s  
L I t  l + 5 0 S  
L " 2 - t - 0 0 s  

1 0  
1 0  

Trench  1 0  
2 0  
1 0  
1 0  
1 0  
L 0  
10  

-- 
1 0  
L 0  
1 0  
1 0  

D i t c h  1 0  
1 0  
1 0  
10  

L 710 1 -5 50  N 10  
L " l + 0 0 N  1 0  
L  " O + 5 0 N  1 0  
L " B a s e l i n e  L 0  
L " 0 + 5 0 S  1 0  
L " I f  0 0 s  1 0  
L l1 1 + 5 0 S  10  

L 711 1 f 50 N 1 0  
L " 1 + 0 0 N  1 0  
L  'I O + 5 0 N  2 0  
L " B a s e l i n e  1 0  
L  " 0 + 5 0 S  1 0  
L " l - t O O S  10  
L  I' 1 + 5 0 S  1 0  

L  712 1 + 50  N 1 0  
L " 1 + 0 0 N  20  
L  " 0 - 1 - 5 0 N  L 0  
L  'I Baseline 1 0  
L " O f 5 0 S  1 0  
L I t  1 + 0 o s  1 0  
L  " 1 + 5 0 S  1 0  

Pb 
(* 75 p p m )  



Cu Pb Zn 
Sample (* 10 ppm) (* 75 ppm) (* 100 ppm) 

2 + 5 0 N  
2 + 0 0 N  
l + 5 O N  
I +  0 0 N  
O + 5 0 N  
Base 1 i n e  
0 + 5 O S  
l + O O S  
1 4 - 5 0 s  
2 + 0 0 S  
2 + 0 0 N  
2 + 2 5 N  
2 + 5 0 N  
2 + 7 5 N  
3 + 0 0 N  
3 + 2 5 N  
3 + 5 0 N  
3 + 7 5 N  
4 + 0 0 N  
4 +  2 5 N  
4 + 5 0 N  
4 + 7 5 N  
5 + 0 0 N  

1 + 5 0 N  
1 + 0 0 N  
O + 5 0 N  
B a s e l i n e  
0  + 50 S B  
1 + o o s  
1 + 5 0 S  
2 + 0 0 S  
l + 5 O N  
1 + 0 0 N  
O + 5 0 N  
Base 1 i n e  
0  + 50 S B  
1 + 0 o s  
l + 5 0 S  
2 + 0 0 s  

l + 5 0 N  
1 + 0 0 N  
O + 5 0 N  
B a s e l i n e  
0 4 - 5 0 s  
l + O O S  
1 + 5 0 S  
2 + 0 0 s  



ANALYTICAL PROCEDURES 

In t roduc t ion ,  Precaut ions  

The a n a l y t i c a l  procedures presented below were employed i n  

t h e  labora tory  t o  determine t h e  concentrat ion of  copper, l ead ,  

molybdenum, s i l v e r ,  and z inc  i n  t h e  s o i l  samples co l l ec t ed  dur- 

ing t h e  Cleary H i l l  s tudy.  The Univers i ty  of Alaska Geochemical 

Prospect ing Method #2 and the  modified Method #2 a r e  a l s o  pre- 

sen ted .  The l a t t e r  methods were employed both  i n  t h e  f i e l d  and 

i n  t h e  labora tory  for cold  e x t r a c t i b l e  heavy metal  determinat ions .  

I n  t h e  determinat ion of metals i n  t r a c e  concent ra t ions ,  con- 

tamination due t o  reagents ,  apparatus  and comparable sources  of 

contamination introduce a  s i g n i f i c a n t  degree of e r r o r .  Hence, 

it is  appropr i a t e  t o  d i scuss  means of reducing e r r o r  due t o  such 

sources  of contamination. 

Only a n a l y t i c a l  reagent  grade reagents  should be employed 

wi th  each of t h e  following pracedures.  When order ing  the  

reagents ,  it w i l l  be advantageous t o  request  those reagents  

whose l o t  ana lys i s  i nd i ca t e s  the  lowest heavy metal concentra- 

t i o n  of those l o t s  a v a i l a b l e .  Once rece ived ,  proper precaut ions  

should be taken t o  prevent contamination. 

A l l  apparatus  brought i n t o  d i r e c t  contac t  wi th  the  a n a l y t i c a l  

so lu t ions  and/or reagents  employed must be scrupulously c lean .  

A ho t  chromic a c i d  c lean ing  s o l u t i o n  o r  any comparable c leaning 

s o l u t i o n  should be employed t o  c lean  a l l  glassware p r i o r  t o  use. 

Af t e r  thorough cleaning,  glassware l e f t  i n  contac t  wi th  a  s l i g h t l y  

a c i d i f i e d  ( H C ~ )  s o l u t i o n  of demineralized water w i l l  remain c lean .  



Glassware made of s o f t  g l a s s  should never be employed i n  

t r a c e  element determinat ions .  It has been demonstrated t h a t  

s o f t  g l a s s  provides a s i g n i f i c a n t  source of e r r o r ;  b o r o s i l i c a t e  

g l a s s  such a s  Pyrex i s  b e s t .  

Polyethylene conta iners  should be used i f  s o l u t i o n s  a r e  t o  

be s t o r e d  f o r  any length  of t ime. However, f o r  those s o l u t i o n s  

conta in ing  organic  s o l v e n t s ,  Pyrex con ta ine r s  must be employed. 

Following the  above suggest  ions w i l l  l a r g e l y  prevent  s ig- 

n i f i c a n t  e r r o r s  due t o  adsorpt ion of t h e  conta iner  m a t e r i a l ,  

desorpt ion of  previously absorbed ma te r i a l s  on t h e  con ta ine r  

wal l s  and adsorp t ion  of  m a t e r i a l  from the  a n a l y t i c a l  s o l u t i o n s  

onto t h e  conta iner  wa l l s .  

Contamination which would o r d i n a r i l y  be introduced by rubber 

s toppe r s ,  stopcock l u b r i c a n t s ,  and the  water employed throughout 

the  determinat ions ,  may be prevented by using polyethylene caps,  

t e f l o n  s topcocks,  and demineralized water ,  r e spec t ive ly .  

Ce r t a in  of  t h e  s o l u t i o n s  employed i n  t h e  following procedures 

decompose o r  change concent ra t ion  upon s tanding  and hence should 

be prepared d a i l y ,  immediately p r i o r  t o  use.  Dithizone s o l u t i o n s ,  

e s p e c i a l l y  i n  d i l u t e  concent ra t ions ,  decompose r e a d i l y  i n  t h e  

presence of h e a t ,  l i g h t ,  and mild oxydizing agents .  When prepared,  

d i t h i zone  s o l u t i o n s  should be proper ly  p ro t ec t ed  a g a i n s t  such 

f a c t o r s  i n  order  t h a t  i n c o r r e c t  r e s u l t s  due t o  decomposition of 

t h e  d i th izone  a r e  precluded a s  much as poss ib l e .  

The stannous ch lo r ide  s o l u t i o n  a s  employed i n  t h e  procedure 

f o r  t h e  determinat ion of molybdenum is a l s o  suscep t ib l e  t o  

degradat ion from h e a t ,  l i g h t ,  and oxydizing agen t s ,  though not  



t o  t h e  ex t en t  t h a t  d i th izone  so lu t ions  a r e .  Nevertheless ,  it i s  

advantageous t o  prepare t he  s o l u t i o n  only i n  q u a n t i t i e s  s u f f i c -  

i e n t  f o r  t he  days work. 

Standard so lu t ions  from which the  co lo r ime t r i c  s tandards  

a r e  prepared should be prepared immediately p r i o r  t o  use.  For 

concentrat ions  of  10 rng/ml, adsorpt ion of t he  a n a l y t i c a l  ions  

onto the  conta iner  wal l s  of t h e  volumetric glassware is enough 

t o  induce s i g n i f i c a n t  e r r o r  i n t o  the prepara t ion  of t h e  co lo r i -  

me t r i c  s tandards .  

Tn each of the  following procedures t h e  a n a l y t i c a l  ion (o r  

i ons )  being determined i s  made t o  develop a colored complex wi th  

a n  appropr ia te  co lo r ime t r i c  reagent .  Once the  co lo r  has been 

developed, a q u a n t i t a t i v e  es t imate  of t he  concentrat ion of t he  

metal  i n  the  a n a l y t i c a l  sample i s  determined by v i s u a l  comparison 

t o  s tandards .  Best r e s u l t s  w i l l  be a t t a i n e d  i f  a l l  comparisons 

a r e  made under a  source of good l i g h t i n g  a g a i n s t  a white back- 

ground. Since co lor  development i s  dependent upon t h e  proximity 

of t he  a n a l y t i c a l  system t o  equi l ibr ium,  it i s  necessary t h a t  

f a c t o r s  such a s  shaking time and i n t e n s i t y  of shaking be standard- 

ized i n  order  t h a t  optimum r e s u l t s  a r e  r ea l i zed .  

Diqest ion of Analy t ica l  Samples P r i o r  t o  t he  Determination of 
Copper, Lead, Molybdenum, S i l v e r ,  and Zinc 

The following d i g e s t i v e  procedure was employed t o  d i s so lve  

t h e  samples f o r  t he  subsequent a n a l y s i s  of copper, l ead ,  molybdenum, 

s i l v e r  and zinc.  The f i n a l  so lu t ions  were d i l u t e d  t o  a  volume of 

50 m l  and approximate a l i q u o t s  taken f o r  the  determinat ion of each 

metal .  The procedure has been adapted from t h a t  presented by 

Ginzburg . 
89 



Reaqents : 

Hydrochloric a c i d ,  6 N - To a volume of demineralized 
water ,  add an equal  volume of 
concentrated hydrochlor ic  a c i d .  

N i t r i c  a c i d ,  8 N - To a volume of demineralized 
water ,  add an equal  volume of 
concentrated n i t r i c  ac id .  

Procedure : 

Transfer  0 .1  g. of t h e  -80 mesh a n a l y t i c a l  sample 

t o  a 100 m l  beaker.  Wet t he  sample with  5 m l  of demin- 

e r a l i z e d  water and add 10 r n l  of 6 N HC1 and 5 m l  of 

8N HN03. Evaporate nearly t o  dryness on a h o t p l a t e .  

Add 5 m l  of 8 N  HN03 and 10 m l  of  demineralized water.  

Heat t o  b o i l i n g  and f i l t e r  through a highly r e t e n t i v e  

f i l t e r  paper (Blue Ribbon o r  Whatman No. 4 2 ) .  W:~sh t h e  

f i l t e r e d  res idue  a t  least three times w i t h  hot  demin- 

e r a l i z e d  water,  c o l l e c t i n g  t h e  wash water wi th  t h e  

f i l t r a t e .  Af t e r  the f i l t e r e d  s o l u t i o n  has cooled t o  

room temperature ,  d i l u t e  t o  an appropr ia te  volume wi th  

demineralized water.  

Copper Determination 

The concent ra t ion  of copper i n  t h e  s o i l  samples analyzed 

was determined according t o  t he  following procedure. The method 

o f  a n a l y s i s  i s  t h a t  proposed by t h e  U.S . G . S .  (1963) while the 

d i g e s t i v e  procedure employed was t h a t  adapted from Ginzburq a s  

presented previously i n  t h i s  paper.  A comprehensive study of 

t h e  genera l  a n a l y t i c a l  pracedure employed is  given @y Sandel l  

(1959).  



Reaqents 

2,2 ' -biguinol ine s o l u t i o n ,  0.02% - To 900 ml of 

isoamyl a lcohol  i n  a  beaker ,  add 0.200 g. of 2 , 2 ' -  

biquinol ine  and warm the  mixture on a  steam ba th ,  under 

a fume hood away f  rorn open flames, u n t i l  all of t h e  

2 ,2 ' -b iqu inol ine  i s  disso lved .  Allow t h e  s o l u t i o n  t o  

cool  t o  room temperature and d i l u t e  t o  1 l i t e r  i n  a  

volumetric f l a s k  with  isoamyl a lcohol .  The s o l u t i o n  

should be c o l o r l e s s  ; i f  it is yellow, t h e  2 , 2  ' -b iquinol ine 

is impure and should not be used. 

Copper b u f f e r  s o l u t i o n  - I n  1 l i t e r  of demineralized 

water i n  a  separa tory  funnel ,  d i s s o l v e  400 g .  of sodium 

a c e t a t e  t r i h y d r a t e ,  100 g.  of sodium t a r t r a t e  d ihydra te  

and 20 g. of hydroxylamine hydrochloride.  I f  necessary,  

a d j u s t  the  pH of t h i s  s o l u t i o n  wi th  hydrochlor ic  a c i d  

or  sodium hydroxide so lu t ion  t o  between 6 and 7 using p H  

t e s t  paper.  To t h e  s o l u t i o n  i n  t h e  separa tory  funnel  add 

50 ml of 0.01% di th izone  (diphylthiocarbazono) i n  carbon 

t e t r a c h l o r i d e  and shake. Allow t h e  aqueous and organic  

phases t o  s epa ra t e  and d i sca rd  the  l a t t e r .  Repeat t h e  

process wi th  a d d i t i o n a l  50 m l  po r t i ons  of t h e  d i th i zone  

s o l u t i o n  u n t i l  t h e  discarded organic  phase is green. 

To remove t h e  d i th izone  which is  d isso lved  i n  t h e  b u f f e r  

s o l u t i o n ,  add 50 m l  po r t i ons  of chloroform and e x t r a c t  

a s  above, d i scard ing  the  organic  phase. Repeat t he  

process  u n t i l  the  discarded organic  phase i s  c a l o r l e s s .  

Remove the  dissolved chloroform from the buffer  s o l u t i o n  



by e x t r a c t i n g  with  two 50 m l  po r t i ons  of carbon t e t r a -  

ch lo r ide .  

Standard copper stock s o l u t i o n ,  100 mg/ml - Dissolve 

0.200 g. of cupr i c  s u l f a t e  pentahydrate i n  500 m l  of 0 .1  N 

hydrochlor ic  ac id .  

Standard copper working s o l u t i o n ,  10 mg/ml - Transfer  

10 m l  of  t h e  s tandard copper s tock  s o l u t i o n  t o  a 100 m l  

volumetr ic  flask and d i l u t e  t o  volume with 0 .1  N hydro- 

ch lo r  i c  ac id .  

Procedure 

To a t e s t  tube conta in ing  10 m l  of t he  copper bu f f e r  

s o l u t i o n ,  t r a n s f e r  a 2 m l  a l i q u o t  of t he  sample s o l u t i o n  

t o  be analyzed. Add 2 m l  of t he  2 ,2 ' -b iqu inol ine  s o l u t i o n  

t o  t h e  t e s t  t u b e ,  t i g h t l y  cap and shake vigorously f o r  45 

seconds. 

Af t e r  al lowing t h e  aqueous and organic  phases t o  

s epa ra t e ,  compare the  developed c o l o r  i n  t h e  l a t t e r  phase 

t o  s i m i l a r l y  prepared s tandards  conta in ing  0 ,  0.2, 0.4,  

0.8, 1 .5 ,  3.0, and 6 mg of copper. I f  t h e  c o l o r  developed 

by the  a n a l y t i c a l  sample does not l i e  wi th in  t h e  co lo r  

range of t h e  s tandards ,  repea t  t he  procedure using an 

appropr ia te  a l i q u o t .  

Ca lcu la t e  the  amount of copper found, i n  ppm, accord- 

ing  t o :  

V M ppm Cu = 

where V is  t h e  volume of t h e  o r i g i n a l  sample s o l u t i o n ,  i n  

m l ;  M i s  t h e  mg of copper found by comparison t o  t he  



standaxds; W is  t h e  weight of sample d iges ted ,  i n  g ;  

and A i s  t h e  a l i q u o t  of sample s o l u t i o n  taken f o r  

a n a l y s i s ,  i n  m l .  

Lead Determination 

The following procedure was employed t o  determine the  con- 

c e n t r a t i o n  of lead i n  t he  s o i l  samples s tud ied .  The method of 

ana lys i s  is  t h a t  presented by the  U . S  . G . S .  (1963) while t h e  

d i g e s t i v e  procedure employed was t h a t  adapted from Ginzkurg a s  

discussed previously.  Sandel l  (1959) t r e a t s  t he  genera l  ana- 

l y t i c a l  procedure comprehensively . 
Reaqents 

Dithizone s tock  s o l u t i o n ,  0.01% - Dissolve 0.50 g .  

of d i th i zone  (diphenylthiocarbazone) i n  400 m l  of carbon 

t e t r a c h l o r i d e  i n  a  500 m l  volumetric f l a s k .  D i lu t e  t o  

volume with carbon t e t r a c h l o r i d e .  

Dithizone working s o l u t i o n ,  0.001% - Di lu t e  50 m l  

of  t h e  d i th i zone  s tock  s o l u t i o n  t o  500 m l  wi th  carbon 

t e t r a c h l o r i d e  i n  a  volumetric f l a s k .  

Lead buffer  s o l u t i o n  - Dissolve 50 g .  of ammonium 

c i t r a t e ,  10 g. of potassium cyanide and 8 g .  of 

hydroxylamine hydrochloride i n  800 m l  of demineralized 

water i n  a  two l i t e r  separa tory  funnel.  Add 2 m i  of  

thymol b lue  i n d i c a t o r  s o l u t i o n  and concentrated ammon- 

ium hydroxide, dropwise wi th  shaking, u n t i l  t he  p H  of 

t h e  s o l u t i o n  i s  8.5  as ind ica ted  by t h e  co lo r  change 

from yellow t o  b lue .  



Add 50 m l  of  t h e  d i th i zone  s tock  s o l u t i o n  t o  t h e  

separa tory  funnel  and shake vigorously.  Allow t h e  

aqueous and organic  phases t o  s epa ra t e  and d i sca rd  the  

l a t t e r .  Repeat with  a d d i t i o n a l  50 m l  po r t i ons  of t h e  

d i th i zone  s tock  s o l u t i o n  u n t i l  t he  discarded organic  

phase is  green. 

The d i th i zone  d isso lved  i n  t h e  b u f f e r  s o l u t i o n  

is  removed by e x t r a c t i n g  a s  above wi th  success ive  50 m l  

po r t i ons  of chloroform. Repeat t he  e x t r a c t i o n s  u n t i l  

t h e  organic  phase i s  c o l o r l e s s .  

Remove the  d i sso lved  chloroform from the  aqueous 

phase by e x t r a c t i n g ,  a s  above, wi th  two 50 m l  po r t i ons  

of carbon t e t r a c h l o r i d e .  

D i lu t e  t h e  decontaminated b u f f e r  s o l u t i o n  t o  one 

l i t e r  wi th  demineralized water .  

Potassium cyanide,  0.01% - Dissolve 1 g.  of 

potassium cyanide i n  1 l i t e r  of demineralized water .  

Note, potassium cyanide is  a  very t o x i c  reagent ,  a 

deadly poison under some condi t ions ,  and proper pre- 

cau t ions  should be taken while working with  it. Do 

not  b r ing  it i n  con tac t  wi th  ac id!  - 
Standard lead  stock s o l u t i o n ,  100 mg/ml - Transfer  

0.016 g.  of lead n i t r a t e  which has been dried f o r  one 

hour a t  1100C. t o  a  100 m l  volumetric f l a s k  conta in ing  

approximately 75 m l  of demineralized water and 1 m l  of 

concentrated n i t r i c  a c i d .  Dissolve and d i l u t e  t o  volume 

wi th  demineralized water .  



Standard lead  working s o l u t i o n ,  10 mg/ml - Quan- 

t i t a t i v e l y  t r a n s f e r  10 m l  of the s tandard l ead  s tock  

s o l u t i o n  t o  a 100 mL volumetr ic  f l a s k  conta in ing  1 m l  

of concentrated n i t r i c  a c i d  and about 10 m l  of 

demineralized water.  D i lu t e  t o  volume wi th  demineral- 

i zed  water.  

Thymol b lue ,  0.2% - Dissolve 0 . 2  g. of t h e  sodium 

s a l t  of thymol b lue  ( thymolsulfaphthalein)  i n  100 m l  

of demineralized water .  

Procedure 

Transfer  a 2 m l  a l i q u o t  of t h e  sample s o l u t i o n  t o  

be analyzed t o  a 125 m l  separa tory  funnel  conta in ing  

10 ml of lead b u f f e r  so lu t ion .  Add 2 drops of thymol 

b lue  i n d i c a t o r  and then concentrated ammonium hydroxide, 

dropwise wi th  shaking, u n t i l  t h e  pH of the  s o l u t i o n  i s  

8.5 - 9 a s  evidenced by a co lo r  change from yellow t o  

b lue .  

Add 5 m l  of t h e  d i th izone  working s o l u t i o n  t o  t he  

separa tory  funnel  and shake gen t ly  f o r  15 seconds. 

Allow t h e  aqueous and organic  phases t o  s epa ra t e  and 

t r a n s f e r  t he  l a t t e r  t o  a g l a s s  stoppered 25 m l  graduated 

cy l inde r  containing 10 m l  of 0.1% potassium cyanide 

so lu t ion .  Shake t h e  cy l inde r  gent ly  f o r  5 seconds and 

compare the  developed c o l o r  t o  s i m i l a r l y  prepared 

s tandards  of 0, 1, 2 ,  and 3 mg of lead .  I f  t h e  c o l o r  

developed by t h e  a n a l y t i c a l  sample does not  l i e  wi th in  

t h e  co lo r  range of t h e  s tandards ,  repea t  the  a n a l y s i s  



using an appropr ia te  a l i q u o t .  

Ca lcu la te  t h e  amount of  lead found, i n  ppm, 

according t o  : 

V M ppm Pb = - W A  

where V i s  t h e  volume oE the  o r i g i n a l  sample s o l u t i o n ,  

i n  m l ;  M is  t h e  m g  of l ead  found by comparison t o  t h e  

s tandards  ; W is  t h e  weight of  sample d iges t ed ,  i n  g ; 

and A i s  the  a l i q u o t  of  sample s o l u t i o n  taken f o r  

a n a l y s i s ,  i n  ml. 

Molybdenum Determination 

S o i l  samples analyzed f o r  molybdenum were d iges ted  accord- 

ing t o  t h e  procedure adapted from Ginzburg (1960) .  The follow- 

ing procedure,  which was employed t o  determine t h e  concent ra t ion  

of molybdenum, was a l s o  taken from Ginzburg (1960) .  Sandel l  

(1959) t r e a t s  t h e  genera l  a n a l y t i c a l  procedure comprehensively. 

Reaqents 

Ammonium th iocyana te ,  5% - Dissolve 25  g .  of 

ammonium th iocyanate  i n  500 m l  of demineralized water .  

Isopropyl  e t h e r ,  anhydrous - Note, e t h e r s  are 

p o t e n t i a l l y  hazardous m a t e r i a l s ,  and proper precaut ions  

should be taken t o  insure  s a f e t y .  The e t h e r  employed 

must be peroxide f r e e .  

Standard molybdenum s tock  s o l u t i o n ,  100 mg/ml - 
Dissolve 1.000 g .  of m e t a l l i c  molybdenum i n  10 m l  of 

8 B n i t r i c  ac id .  Add 20  m l  of 18 N s u l f u r i c  a c i d  t o  

t h e  s o l u t i o n  and evaporate on a ho t  p l a t e  t o  whi te  fumes 

of SO3. Af te r  cool ing ,  add 5 m l  of demineralized water 
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and repea t  the evaporat ion.  T o  the evaporated so lu t ion  

add 100 r n l  of  7% (by volume) s u l f u r i c  a c i d  and quant i -  

t a t i v e l y  t r a n s f e r  the  s o l u t i o n  t o  a 1 l i t e r  volumetr ic  

f l a s k .  D i lu t e  t o  volume with 7% s u l f u r i c  ac id  so lu t ion .  

Standard molybdenum working s o l u t i o n ,  10 m g / m l  - 
Q u a n t i t a t i v e l y  t r a n s f e r  10 r n l  of t h e  s tandard molybdenum 

s tock  s o l u t i o n  t o  a  100 r n l  volumetr ic  f l a s k  and d i l u t e  t o  

volume with demineralized water.  

Stannous ch lo r ide  s o l u t i o n ,  10% - Dissolve 1 0  g of 

stannous ch lo r ide  i n  100 m l  of demineralized water .  

Procedure 

To a  t e s t  tube conta in ing  1 0  r n l  of demineralized 

water ,  t r a n s f e r  a  2 m l  a l i q u o t  of the sample s o l u t i o n  

t o  be analyzed. Shake t o  mix. Add 2 r n l  of 5% ammonium 

thiocyanate  s o l u t i o n  and mix thoroughly by shaking. 

Add 2 ml of 10% stannous ch lo r ide  s o l u t i o n  and aga in  

shake t o  m i x .  Add 5 m l  of  isopropyl  e t h e r ,  cap t h e  

t e s t  tube and shake vigarous ly  fo r  30 seconds. Af t e r  

15 minutes compare the  co lo r  o f  the  e t h e r  l aye r  t o  

s i m i l a r l y  prepared s tandards  containing 0 ,  0.2, 0.4, 0.8, 

1.5, and 3.0 rng of molybdenum. I f  t h e  c o l o r  developed 

by t h e  a n a l y t i c a l  sample does no t  l i e  wi th in  t he  co lo r  

range of t h e  s tandards  , repea t  the  ana lys i s  us i n s  an 

appropr ia te  a l i q u o t .  

Ca lcu la te  t he  amount of molybdenum found, i n  ppm, 

according t o  



where V is  the  volume of t h e  o r i g i n a l  sample s o l u t i o n ,  

i n  m L ;  M is t h e  mg of molybdenum found by comparison 

t o  the s tandards ;  W is t h e  weight of  sample d iges ted ,  

i n  g.; and A is  the  a l i q u o t  of  sample s o l u t i o n  taken 

f o r  a n a l y s i s ,  i n  m l .  

S i l v e r  Determination 

The method presented below has been adapted from Ginzburg 

(1960) and Sandel l  (1959) f o r  t h e  determinat ion of s i l v e r .  The 

s o i l  samples were d iges ted  according t o  t h e  procedure descr ibed 

previously i n  t h i s  paper.  

Reasents 

Dithizone s tock  s o l u t i o n ,  0.01% - Dissolve 0.050 g. 

of d i th izone  (diphenylthiocarbazone) i n  400 m l  of carbon 

t e t r a c h l o r i d e  i n  a  500 m l  volumetric f l a s k .  D i lu t e  t o  

volume wi th  carbon t e t r a c h l o r i d e .  

Dithizone working s o l u t i o n ,  0.001% - Q u a n t i t a t i v e l y  

t r a s n f e r  10 ml of  t h e  d i th i zone  stock s o l u t i o n  t o  a 

100 ml volumetric f l a s k  and d i l u t e  t o  volume wi th  carbon 

t e t r a c h l o r i d e .  

Standard s i l v e r  s tock  s o l u t i o n ,  100 mg/ml - Dissolve 

0.158 g.  of s i l v e r  n i t r a t e  i n  20 m l  of  8 N n i t r i c  a c i d  

i n  a one l i t e r  volumetr ic  f l a s k .  D i lu t e  t o  volume wi th  

demineralized water .  

Standard s i l v e r  working s o l u t i o n ,  10 mg/ml - Quan- 

t i t a t i v e l y  t r a n s f e r  10 m l  of  t he  s tandard s i l v e r  s tock  

s o l u t i o n  t o  a 100 r n l  volumetric flask and d i l u t e  t o  

volume wi th  demineralized water .  



S u l f u r i c  a c i d ,  4 N  - To 89 m l  of  demineralized 

water add 11 m l  of concentrated s u l f u r i c  a c i d  and 

shake t o  m i x  thoroughly.  

Procedure 

Transfer  a  2 r n l  a l i q u o t  of t h e  s o l u t i o n  t o  be 

analyzed t o  a  t e s t  tube containing 2 m l  of 4 N  s u l f u r i c  

a c i d  and d i l u t e  t o  16 m l  wi th  demineralized water.  Add 

2 m l  of  t h e  d i th i zone  working s o l u t i o n  and shake vigor-  

ously f o r  30 seconds. Af t e r  t he  aqueous and organic  

phases have separa ted ,  compare the  co lo r  developed i n  

t h e  l a t t e r  t o  s i m i l a r l y  prepared s tandards  containing 

0 ,  1, 2 ,  3 ,  4, and 5 rng of s i l v e r .  I f  t h e  co lo r  

developed by the  a n a l y t i c a l  sample does no t  l i e  wi th in  

the  co lo r  range of the s tandards ,  repea t  t h e  a n a l y s i s  

using an app ropr i a t e  a l i q u o t .  

Ca lcu la t e  t he  amount of s i l v e r  found, i n  ppm, accord- 

ing t o  

V M ppm Ag = - w a  

where V is t h e  volume of t h e  o r i g i n a l  sample s o l u t i o n ,  

i n  m l ;  M i s  t h e  m g  of s i l v e r  found by comparison t o  t h e  

s tandards ;  W is t h e  weight of sample d iges t ed ,  i n  g: and 

A is  t h e  a l i q u o t  of sample so lu t ion  taken f o r  a n a l y s i s ,  

i n  ml. 

Z i n c  Determination 

The concentrat ion of z inc  i n  t he  s o i l  samples s tud ied  was 

determined according t o  the  procedure presented below. The 



procedure i s  t h a t  employed by the  U.S .G.S . (1963) . The a n a l y t i -  

c a l  samples were d iges t ed  according t o  t h e  procedure adapted 

from Ginzburg (1960).  A comprehensive t reatment  of t h e  genera l  

a n a l y t i c a l  procedure has been given by Sandel l  (1959).  

Reaqents 

Dithizone s tock  s o l u t i o n ,  0.01% - Dissolve 0.05 g. 

of d i th i zone  (diphenylthiocarbazone) i n  400 m l  of carbon 

t e t r a c h l o r i d e  i n  a 500 m l  volumetr ic  f l a s k .  D i lu t e  t o  

vo Lume wi th  carbon t e t r a c h l o r i d e .  

Dithizone working s o l u t i o n ,  0.001% - Q u a n t i t a t i v e l y  

t r a n s f e r  50 m l  of t he  d i th i zone  s tock  s o l u t i o n  t o  a 

500 m l  volumetr ic  f l a s k  and d i l u t e  t o  volume with carbon 

t e t r a c h l o r i d e .  

Standard z i n c  s tock  s o l u t i o n ,  100 rng/ml - Dissolve 

0.100 g. of 30 mesh z inc  metal  i n  10 m l  of concentrated 

hydrochlor ic  a c i d  and t r a n s f e r  q u a n t i t a t i v e l y  t o  a 1 

l i t e r  volumetr ic  f l a s k .  D i lu t e  t o  volume wi th  demineral- 

ized water .  

Standard z i n c  working s o l u t i o n ,  10 mg/ml - Quanti- 

t a t i v e l y  t r a n s f e r  10 r n l  of t h e  s tandard  z inc  s tock  

s o l u t i o n  t o  a 100 ml volumetric f l a s k  and d i l u t e  t o  

volume with  demineralized water .  

Zinc b u f f e r  s o l u t i o n  - Add 125 g. of sodium th io -  

s u l f a t e  pentahydrate t o  a 1 l i t e r  separa tory  funnel  con- 

t a i n i n g  about 400 m l  of demineralized water.  Shake t o  

d i s so lve .  

To another  1 l i t e r  separa tory  funnel conta in ing  
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about 400 m l  of demineralized water ,  add 300 g.  of 

sodium a c e t a t e  t r i h y d r a t e .  Dissolve by shaking and 

add 60 m l  of g l a c i a l  a c e t i c  ac id .  

To each s o l u t i o n  add 50 m l  of  t h e  d i th i zone  s tock  

s o l u t i o n  and shake vigorously.  Allow the aqueous and 

organic  l aye r s  t o  s epa ra t e  and d i sca rd  t h e  l a t t e r .  

Repeat wi th  a d d i t i o n a l  50 ml por t ions  of d i th izone  

s tock  s o l u t i o n  u n t i l  t he  discarded organic  phase i s  

green. 

Remove t h e  d i sso lved  d i th izone  from t h e  aqueous 

so lu t ions  by e x t r a c t i n g ,  a s  above, wi th  two 50 m l  

por t ions  of carbon t e t r a c h l o r i d e .  

Combine the  two so lu t ions  and d i l u t e  t o  2 l i t e r s  

wi th  demineralized water .  

Procedure 

Transfer  a  2 m l  a l i q u o t  of t he  sample s o l u t i o n  t o  

be analyzed t o  a t e s t  tube conta in ing  8 ml of z inc  

b u f f e r  so lu t ion .  Add 5 m l  of t h e  d i th izone  working 

s o l u t i o n ,  cap the  tube, and shake vigorously f o r  30 

seconds. Allow the  aqueous and organic  phases t o  

s epa ra t e  and compare t h e  co lo r  developed i n  t h e  l a t t e r  

phase t o  s i m i l a r l y  prepared s tandards  containing 0 ,  1 ,  

3 ,  and 4 mg of z inc .  If t h e  co lo r  developed by the  

a n a l y t i c a l  sample does no t  l i e  wi th in  t h e  c o l o r  range 

of t h e  s tandards ,  repea t  t he  a n a l y s i s  using an appropr ia te  

a l i q u o t .  



Calcu la t e  t h e  amount of z inc  found, i n  ppm, 

according t o  

where V i s  the  volume of t h e  o r i g i n a l  sample solu-  

t i o n ,  i n  ml; M is t h e  mg of z inc  found by comparison 

t o  t he  s tandards  ; W is  t h e  weight o f  sample d iges t ed ,  

i n  g . ;  and A is  t h e  a l i q u o t  of sample s o l u t i o n  taken 

f o r  ana lys i s ,  i n  m l .  

Geochemical Prospect inq:  Univers i ty  of Alaska Method No. 2* 

Scope 

Dithizone w i l l  r e a c t  wi th  many meta l s ,  including 

copper, lead and z inc ,  from an ammonium c i t r a t e  solu-  

t i o n  at a pH of 8.5. Some o the r  r e a c t i n g  metals a r e  

c o b a l t ,  s i l v e r ,  stannous t i n ,  f e r r o u s  i r o n ,  and mangan- 

ese .  However, t h e  r eac t ion  due t o  t h e  presence of t he  

l a t t e r  group of elements i s  i n s i g n i f i c a n t  un less  p re sen t  

i n  l a r g e  concent ra t ions .  

Chloride ion is believed t o  enhance the  e x t r a c t i o n  

of heavy metals i n t o  a aqueous medium. I n  a n  a c i d i c  

medium, ch lo r ide  ion w i l l  form metal-chloride complexes, 

t he  degree of which f o r  any given metal ,  i s  dependent 

upon t h e  p H  of t h e  s o l u t i o n  and t h e  concent ra t ion  of 

ch lo r ide  ion. 

The s o l u b i l i t y  of d i th i zone  i n  branched hydrocarbons 

is very low. Most unleaded white  gaso l ines  c o n s i s t  of a 

- - - - - C - - - - - I - - - - - - - _ I l - - - - - - - - - - - - l - - - - - - - - - - - - - - - - - - - - -  

*Method presented by Mukherjee & Anthony (1957) . 
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mixture of branched hydrocarbons which w i l l  d i s so lve  

d i th i zone  t o  the  e x t e n t  of around 0.01 g .  pe r  l i t e r  

o r  0.001% ( w / v ) .  Hence, a  s a t u r a t e d  s o l u t i o n  of 

d i th izone  i n  white  unleaded gaso l ines  i s  of the  

proper concent ra t ion  t o  serve as  a conveniently pre- 

pared e x t r a c t i n g  s o l u t i o n  a t  room temperatures.  

The following procedure may be employed t o  de t e r -  

mine t h e  r e l a t i v e  concentrat ion of c i t r a t e - s o l u b l e  

heavy metals i n  s o i l s  and waters .  Since t h e  ammonium 

ci t ra te /sodium bicarbonate  system, as employed below, 

w i l l  maintain  t h e  p H  of t he  aqueous so lu t ion  a t  t h e  

proper pH,  t h e r e  is no need f o r  pH adjustment.  

Reaqents 

Conditioning mixture - Fill a 100 m l  graduated 

cy l inde r  t o  t h e  10 m l  mark wi th  sodium bicarbonate .  

I n  the  same manner measure ou t  30 r n l  of s o l i d  sodium 

ch lo r ide  and 60 ml of s o l i d  potassium c i t r a t e .  Add 

a l l  t h r e e  of t h e  measured out f r a c t i o n s  t o  a  c lean  

polyethylene b o t t l e  and mix thoroughly by r o l l i n g  and 

shaking i n  such a manner t h a t  a  homogeneous mixture i s  

a f f e c t e d  wi th  r e spec t  t o  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

It i s  imperative t h a t  a uniform mixture be obtained.  

Dithizone s o l u t i o n ,  s a t u r a t e d  - To approximately 

500 m l  of a  whi te  unleaded gaso l ine ,  add approximately 

0.1 g.  of d i th i zone  (diphenylthiocarbazone) and shake 

vigorously a t  f requent  i n t e r v a l s  over t h e  per iod of a t  

l e a s t  one hour. Allow the  excess d i th i zone  t o  settle 



and decant o f f  t h e  c l e a r  s a t u r a t e d  so lu t ion .  

Procedure 

To a 25 m l  graduated test tube ,  t r a n s f e r  approxi- 

mately 0.25 g. of t h e  condi t ion ing  mixture ( s i z e  of 

h a l f  of an a d u l t  a s p i r i n )  t o  t h e  t e s t  tube and then 

demineralized water up t o  t h e  5 r n l  mark. Add 1 ml of 

t h e  s a t u r a t e d  d i th i zone  s o l u t i o n ,  cap the  tube wi th  a 

polyethylene cap and shake vigorously f o r  one minute. 

Allow the  aqueous and organic  l a y e r s  t o  separa te .  

I f  t h e  organic  phase, a f t e r  s epa ra t ing  o u t ,  i s  

any co lo r  o t h e r  than  t h a t  of t he  o r i g i n a l  green of t h e  

d i th i zone  s o l u t i o n ,  heavy metals  a r e  presen t .  Should 

heavy metals  be p re sen t ,  a d d i t i o n a l  one m l  po r t i ons  of 

t h e  d i th i zone  s o l u t i o n  should be added, wi th  shaking 

a f t e r  each a d d i t i o n ,  u n t i l  a greenish  t i n g e  is  noted 

i n  t h e  organic  l a y e r ,  o r  u n t i l  20 ml have been added. 

Calcu la t ion  

Calcu la te  t h e  "Index Value,"  I ,  according t o  t h e  

following formula : 

I = M - 5  

where M equals  t h e  t o t a l  volume of l i q u i d  contained i n  

t h e  t e s t  tube a t  t he  end of the  determinat ion,  i n  m l .  

Note: I f  20 m l  of t h e  d i th izone  s o l u t i o n  has been added 

t o  t he  t e s t  tube without  reaching an end po in t ,  record 

t h e  "Index Value" a s  20+. 

Commentary 

A l l  apparatus  brought i n t o  d i r e c t  con tac t  wi th  t h e  



a n a l y t i c a l  s o l u t i o n  and/or reagents  employed, must be 

scrupulously c lean .  

Only a n a l y t i c a l  reagent grade reagents  should be 

employed, a s  t h e  reagents  themselves may be a major 

source of contamination.  

The s a t u r a t e d  d i th izone  so lu t ion  should be s t o r e d  

i n  a  Pyrex conta iner .  If t h e  analyses  a r e  t o  be done 

i n  t h e  f i e l d  where g l a s s  conta iners  a r e  imprac t ica l ,  

a polyethylene conta iner  f r e e  from t r a c e  metal  contami- 

na t ion  may be employed. However, whenever poss ib l e  one 

should avoid s t o r i n g  organic  so lvents  i n  polyethylene 

conta iners  because wi th  time t h e  so lven t s  w i l l  d i s so lve  

some of t h e  polyethylene.  Since modern processes  f o r  t h e  

prepara t ion  of  polyethylene employ metal  c a t a l y s t s  t o  

e f f e c t  polymerization,  s o l u t i o n  of t h e  conta iner  w i l l  

r e l e a s e  contaminating metals i n  t r a c e  concentrat ions .  

S o f t  g l a s s  conta iners  should be d e f i n i t e l y  avoided i n  

a l l  t r a c e  ana lys i s  work. 

I f  a s e r i e s  of samples is  t o  be analyzed and t h e  

data subsequently used f o r  explora t ion  work, optimum 

r e s u l t s  w i l l  be obtained when background contamination 

i s  a  cons t an t ,  p r e fe rab le  zero ,  f o r  each ind iv idua l  

a n a l y s i s .  Hence, it is  advantageous t o  know beforehand 

the  number of samples t h a t  a r e  t o  be analyzed i n  order  

t h a t  a  s u f f i c i e n t l y  l a r g e  ba tch  of condi t ion ing  mixture 

may be prepared.  By analyzing a l l  of t h e  samples from 

t h e  same ba tch  of condi t ioning mixture,  f a c t o r s  such a s  



contamination from t h e  mixture i t s e l f ,  p H  of the ex- 

t r a c t i n g  medium and ex ten t  of heavy metals  ex t r ac t ed  

from the  s o i l  w i l l  be he ld  r e l a t i v e l y  cons tan t  pro- 

vided t h e  same amount of condi t ioner  is employed f o r  

each a n a l y s i s  and segrega t ion  of p a r t i c l e  s i z e s  wi th in  

t h e  condi t ion ing  mixture is  prevented.  

It is a l s o  advantageous, when working wi th  a 

s e r i e s  of samples, t o  analyze a l l  of t h e  samples con- 

s ecu t ive ly  wi th in  one per iod  of time. The greenish  

end poin t  t o  which one t i t r a t e s  i s  not  sharp ,  and hence, 

t h e  shade of green which i s  def ined a s  t he  end po in t  

is  a r b i t r a r i l y  designated by the  a n a l y s t .  But t h e  

appearance of any given end po in t  w i l l  vary s i g n i f i -  

c a n t l y  as t h e  l i g h t i n g  condi t ions  vary.  Thus, if a l l  

of  t h e  samples a r e  analyzed wi th in  t h e  same per iod of  

time under a cons tan t  source of good l i g h t i n g ,  s i g n i f i -  

can t  e r r o r s  due t o  t i t r a t i n g  each sample t o  a  d i f f e r e n t  

end po in t  a r e  g r e a t l y  reduced. 

After shaking, some types of s o i l  samples f o r m  an 

emulsion which precludes  determinat ion of t h e  c o l o r  of 

t h e  organic  l a y e r .  Such an emulsion may be broken 

enough t o  determine t h e  c o l o r  of t h e  organic  l a y e r  by 

g e n t l e  s w i r l i n g  and tapping on t h e  s i d e  of t h e  t e s t  

tube.  Normally an emulsion w i l l  not  p e r s i s t  a f t e r  the 

add i t i on  of  a few m l  of  t h e  s a t u r a t e d  d i th i zone  so lu t ion .  

The s a t u r a t e d  s o l u t i o n  of d i th i zone  i n  unleaded 

gaso l ine  should be prepared f r e s h  p r i o r  t o  use.  D i lu t e  



d i th i zone  s o l u t i o n s  a r e  r ead i ly  decomposed by h e a t ,  l i g h t  

and oxid iz ing  agents .  Once degradat ion has been i n i t i a t e d ,  

t h e  s o l u t i o n  decomposes a l l  t h e  f a s t e r  due t o  t h e  e f f e c t s  

of t he  degradat ion products on t h e  d i th izone .  The s o l u t i o n  

should be kept  i n  a  cool ,  dark p lace .  

A common, and not  so  r ead i ly  d e t e c t a b l e ,  source of 

e r r o r  introduced i n t o  t h i s  method of a n a l y s i s  is due t o  

no t  employing a  s a t u r a t e d  s o l u t i o n  of d i th izone .  Since 

the  solubility of dkthizone i n  unleaded gaso l ine  is  so  

low, s a t u r a t i o n  is  approached a t  a  s l o w  r a t e .  It i s  i m -  

p e r a t i v e  t h a t  vigorous and frequent  shaking be  employed 

while prepar ing the  s a t u r a t e d  so lu t ion  of d i th izone  i n  

unleaded gaso l ine .  

Though t h i s  method of ana lys i s  is s e n s i t i v e  t o  t h e  

t o t a l  c i t r a t e - s o l u b l e  copper, l ead ,  and z i n c  i n  a sample, 

t h e  predominance of one o r  another  of t he  t h r e e  metals 

i n  a sample may be determined by the  c o l o r  of  t h e  organic  

layer a f t e r  shaking. A pink o r  v i o l e t  co lo ra t ion  may be 

i n d i c a t i v e  of z inc .  O l i v e  green,  v i o l e t ,  brown o r  yellow- 

brown may be i n d i c a t i v e  of copper, and red o r  pink may be 

i n d i c a t i v e  of l ead .  Ambiguities may be e l iminated by 

adding a f e w  more m l  of t h e  d i th izone  s o l u t i o n  a f t e r  the  

co lo ra t ion  of t he  f i r s t  ml add i t i on  has been determined. 

If copper i s  predominant a brownish f i lm  w i l l  be 

noted a t  t h e  in te rphase  between t h e  aqueous and organic  

l a y e r s .  If lead  is predominant a  reddish f i l m  w i l l  be 

noted a t  t h e  in te rphase .  The reddish f i lm of lead  



d i t h i z o n a t e  w i l l  llcreepl' up t h e  s i d e  of t h e  tube upon stand- 

ing.  I f  z inc  i s  predominant no f i lm  w i l l  be formed a t  t h e  

in te rphase .  

Care must be taken t o  in su re  a g a i n s t  t h e  i n t e r p r e t a t i o n  

of  t h e  o l i v e  green copper d i th i zona te  c o l o r  a s  an end poin t .  

The o l i v e  green complex will change t o  v i o l e t  upon t h e  addi-  

t i o n  of more d i th i zone .  Hence, i f  another  m l  of d i th i zone  

does no t  change t h e  co lo r  t o  v i o l e t  an end po in t  has been 

reached. Conversely, i f  t h e  c o l o r  does change, t h e  end po in t  

has no t  been reached and t h e  t i t r a t i o n  procedure must be 

continued wi th  f u r t h e r  m l  add i t i ons  o f  t h e  d i th i zone  s o l u t i o n .  

F i n a l l y ,  i n  o rde r  t o  he lp  in su re  c o n s i s t a n t  r e s u l t s ,  a l l  

determinat ions  should be made on s o i l  samples of t h e  same 

t e x t u r e ,  p re fe rab ly  -80 mesh. Also the  same amount of shak- 

ing time should be employed f o r  all determinat ions .  

Univers i ty  of Alaska Geochemical Prospectinq Method #2 - Modified 

The following procedure has been succes s fu l ly  employed i n  

p lace  of t h e  Univers i ty  of Alaska Geochemical Prospect ing Method 

#2 t o  determine cold e x t r a c t i b l e  heavy metal conten t .  The U.S.G.S. 

(1963) procedure f o r  decontaminating b u f f e r  s o l u t i o n s  has been 

appl ied  t o  e l imina t e  background contamination from reagents .  

Reaqents 

Conditioning s o l u t i o n  - To 800 r n l  of  demineralized water 

i n  a 1 l i t e r  separa tory  funne l ,  add 5 g.of sodium bicarbonate ,  

15 g .  of potassium c i t r a t e  and 30 g .  of sodium ch lo r ide .  

Shake t o  d i sso lve .  



~ d d  50 m l  of 0.0% di th izone  (diphenylthiocarbazone) 

i n  carbon t e t r a c h l o r i d e  s o l u t i o n  t o  t h e  separa tory  funnel  

and shake vigorously.  Allow the  aqueous and organic  phases 

t o  s epa ra t e  and d i sca rd  the l a t t e r .  Repeat t h e  process 

with  a d d i t i o n a l  50 m l  por t ions  of t h e  d i th izone  s o l u t i o n  

u n t i l  t he  discarded organic  phase is  green. 

Remove t h e  dissolved d i th izone  from the  aqueous solu-  

t i o n  by e x t r a c t i n g ,  a s  above, wi th  50 m l  por t ions  of chloro- 

form. Repeat t he  e x t r a c t i o n s  with a d d i t i o n a l  50 m l  por t ions  

of chloroform u n t i l  t he  discarded organic  phase is c o l o r l e s s .  

Ex t r ac t  t he  d i sso lved  chLoroform from t h e  s o l u t i o n ,  as 

above, with  two 50 m l  por t ions  of carbon t e t r a c h l o r i d e .  

D i lu t e  t he  decontaminated condi t ioning s o l u t i o n  t o  1 

l i t e r .  

Dithizone s o l u t i o n  - To approximately 500 m l  of white 

unleaded gaso l ine ,  add approximately 0 . 1  g. of d i th izone  

(diphenylthiocarbazone) and shake vigorously a t  f requent  

i n t e r v a l s ,  over a  period of a t  l e a s t  one hour. Allow t h e  

excess  d i th i zone  t o  s e t t l e  and decant o f f  t he  c l e a r  

s a tu ra t ed  so lu t ion .  

Procedure 

Transfer  approximately 0 . 1  g .  of t h e  f i n e l y  divided s o i l  

t o  be analyzed, o r  1 m l  of t h e  water sample t o  be analyzed, 

t o  a  25 m l  graduated test tube.  Add condi t ioning s o l u t i o n  

u n t i l  t h e  t o t a l  volume of l i q u i d  i n  t h e  tube i s  5 ml. Add 

1 m l  of t h e  d i th izone  s o l u t i o n ,  cap, and shake vigorously 

f o r  one minute. Allow the  aqueous and organic  phases t o  



sepa ra t e  and no te  t h e  c o l o r  i n  t h e  l a t t e r  phase. I f  a 

d e f i n i t e  green t i n g e  is n o t  no t i ceab l e ,  add another  ml of 

t h e  d i t h i zone  s o l u t i o n  and shake f o r  another  minute. Repeat 

w i th  a d d i t i o n a l  po r t i ons  of t h e  dithizone s o l u t i o n  followed 

by shaking u n t i l  a green end po in t  has  been reached. 

Calculate t h e  index va lue ,  I ,  according t o  

I = V - 5  

where V i s  t h e  t o t a l  volume of l i q u i d  i n  t h e  tube a t  t h e  

end point. 



IBM 1620 FORTRAN I1 TREND ANALYSIS PROGRFLM 
BY 

James E .  Wall is  
M I R L  Research A s s i s t a n t  

GENERAL INFORMATION 

This program provides a r ap id  means of c a l c u l a t i n g  t h e  

frequency with  which one element tends t o  increase  o r  decrease 

i n  concentrat ion a t  t h e  same time another  mineral  i s  increas ing  

o r  decreasing i n  concent ra t ion .  Output is a L i s t i ng  of equal  

t r ends ,  unequal t rends  and i n d e f i n i t e  t r ends .  I n d e f i n i t e  t r ends  

are  s i g n i f i c a n t  of values  which remain equal  for  a number of 

po in ts .  

DESCRIPTION OF PROGRAM SYMBOLS 

D A T A ( 1 , J )  - Input  d a t a ,  5 columns of da ta  per  card .  Maximum 
word length  pe r  column is  8 d i g i t s  wi th  two decimal 
p laces  

NUMONE - 1st v a r i a b l e  t o  be t e s t e d  
NUMTWO - 2nd v a r i a b l e  
SECT - I d e n t i f i c a t i o n  number of s e c t i o n  t e s t e d  
LC - Last  card t e s t  number 
TREND - Equal t rends  
DTREND - Opposite t r ends  
TRIND - I n d e f i n i t e  t r ends  
NPTS - Number of da ta  cards  
X - Counter f o r  t rend  determinat ion 
Y - Counter f o r  t rend  determinat ion 
STV - Counter f o r  equal t rends  
DTV - Counter f o r  oppos i te  t rends  

DATA CARDS 

Data is punched on cards  i n  5F8.2 format. A maximum of 400 

cards  may be processed a t  one time. 

LEAD CARD 

One lead card preceeds the  da t a .  This card ind ica t e s  t h e  

number of data cards  following. FORMAT(I4) 



VARIABLLE CARDS 

These cards  fol low t h e  da t a  cards .  The f i r s t  of t hese  cards  

conta ins  t h e  f i r s t  two v a r i a b l e s  and the i d e n t i f i c a t i o n  number of 

the  s e c t i o n  t o  be  processed.  PORMAT(212,F4.0). The cards  immedi- 

a t e l y  following contain  t h e  remaining v a r i a b l e s  t o  be t e s t e d  - 
t w o  per card.  To s i g n i f y  t he  end of t he  program punch a s i n g l e  

d i g i t  i n  the  10 th  column of t h e  l a s t  v a r i a b l e  card.  

SENSE SWITCHES 

Sense switch 1 i s  t h e  only c o n t r o l  switch used. The console 

typewr i te r  types  t h e  following message a f t e r  completion of v a r i a b l e  

t e s t i n g  : SSW 1 off  f o r  new v a r i a b l e s ,  on f o r  new da ta  . 

OUTPUT 

All output  i s  punched. 

MaCBINE CONFIGURATION 

Minimum requirements are  a  1620 system wi th  40K s to rage  and 

a 1622 card read punch. 



TBM 1 6 2 0  FORTRAN 11 L I S T I N G  TREND COMPARISON PROGRAM 

DIMENSION ~ ~ ~ ~ ( 4 0 0 ~ 5 )  
FIVE VARIABLE TREND COMPARISONS 
READ 1 0 1 , N P T S  
FORMAT ( 1 4 )  
DO 1 I=1, NPTS 
RJ3AD 99,  ( D A T A ( I , J )  ,J=1,5) 
FORMAT ( 5 ~ 8 . 2 )  
READ 98,NUMONE,NUMTWO,SECT,LC 
F O R M A T ( 2 1 2 , F 4 . 0 , 1 2 )  
TREND= 0 . 
DTREND= 0 .  
L=NPTS - 1 
DO 2 I = l , L  
N= I 
M= I+1 
IF(DATA(M,NVMONE)-DATA(N,NUMONE:))~&~ 
x=-1 . 
GO TO 9 
X=50. 
GO TO 9 
X = l  . 
IF(DATA(M,NUMTWO)-DATA(N,NUMTWO)) 6 , 7 , 8  
Y=-1. 
GO TO 10 
Y = 5 0 .  
GO TO 1 0  
Y = l .  

IF(X+Y) 1 2 , 1 4 , 1 2  
S T V = l .  
TREND=TREND+STV 
GO TO 2 
DTV-1. 
DTREND=DTREmDTV 
CONTINUE: 
DL=L 
TRIND=DL- ( T m N W D T R E N D  ) 
IF (SECT)  15,16,15 
PUNCH 9 7 ,  SECT 
FORMAT ( 27HTREND ANALYSIS OF SECTION , F 5  .O) 
PUNCH 9 6 ,  NLTMONE , NUMTWO 
FoRMAT(//~~HVARIABLES TESTED , 2 1 3 )  
PUNCB 95,TFSND 
FoRMAT(/~~HNUMBER OF POINTS FOLLOWING AN EQUAL TREND = , F 5 . 0 )  
PUNCH 9 4 ,  DTREND 



FORMAT(/~~HNUMBER OF POINTS OF OPPOSITE T m N D  =,F5.0) 
PUNCH 9 3, TRIND 
FoRMAT(/~~HNuMBER O F  P O I N T S  W I T H  I N D E F I N I T E  TRENDS =,F5.0) 
IF (LC) 19,20,19 
GO TO 30 
PRINT 92 
PORMAT(44HSSW 1 OFF FOR NEW VARfABLES,ON FOR N E W  DATA,) 
PAUSE 
I F  (SENSE SWITCH 1) 17,18 
GO TO 800 
GO TO 900 
S T O P  
END 



IBN 1620 FORTRAN I T  - CURVE PROFILER 
STANDARD AND FIVE POINT RUNNING AVERAGE METHODS 

BY 
James E.  Wal l i s  

M I &  Research A s s i s t a n t  

GENERAL INFORMATION 

This program p r o f i l e s  by one of two methods 

I. Standard P r o f i l e  Method 
2. 5 Point  Smoothed Average Method 

Sense switch 3 con t ro l s  t h e  method used; i f  o f f  it p r o f i l e s  t h e  

values  d i r e c t l y ,  i f  on it p r o f i l e s  using t h e  Standard 5 Poin t  

Average Method. 

DESCRTPT ION OF PROGRAM SYMBOLS 

D(I1,JX) - Data cards  f u r t h e r  read i n  f o r  t h e  5 Poin t  Method. 
I1 - card number, JX - column numbers I through 9.  

DATA(K) - Data cards  when read i n  f o r  t h e  Standard P r o f i l e  
Method. K - Columns 1 through 9. 

XMAX - Maximum value of X. 
SSC - Subscale ,  con t ro l s  t h e  spacing of t h e  d i g i t s  when 

p l o t t e d ,  may vary from 1 t o  5 d i g i t s .  
ISYM - Number of po in t  plot des i r ed .  
XM - X margin va lue .  
YM - Y margin value.  
XSC - X s c a l e .  
YSC - Y s c a l e .  
XS TZE - S i z e  of map i n  t h e  X d i r e c t i o n .  
YS IZE - Width of p l o t  i n  t h e  Y d i r e c t i o n .  
YS PACE - Value between po in t s  on t h e  o rd ina t e  a x i s .  
YDIST - Value between d i s t o r t i o n  po in t s  on t h e  o rd ina t e  a x i s .  
NYPTS - Number of po in t s  ( s tandard)  on t h e  o rd ina t e  a x i s .  
NDPTS - Number of d i s t o r t i o n  po in t s  on t h e  o rd ina t e  a x i s .  
NX - Card column f o r  x coordinate .  
NY - Card column fox y coordinate .  
NN - Card column f o r  va lue  t o  be p r o f i l e d .  
AVEV - 1st 5 po in t  running average va lue .  
FA - X coordinate  of value t o  be p l o t t e d  f o r  5 Point  Method. 
FB - Y coord ina te  for 5 Poin t  Method. 
VA - 2nd through last running average value.  
A - x coordinate .  
B - y coordinate .  
XMOVE - Corrected d i s t ance  between po in t s  i f  po in t s  vary some- 

what from t h e  same e l eva t ion .  
XRUN - X coordinate  of any p o i n t  cor rec ted  f o r  e l eva t ion .  
VAL - Data t o  be p r o f i l e d  (Standard Prof i l e  Method) . 



LEAD CARDS 

5 lead cards  a r e  used. 

1. XMAX,SSC,ISYM 
FORMAT (F6.0, F 8 . 3 ,  11) 

2 .  XM, YM, XSC, YSC, XSIZE,  YSIZE 
FORMAT ( 2 F 8 . 0 ,  2 F 8 . 5 ,  2 F 8 . 0 )  

3 .  YSPACE , YDIS T I  NYPTS , NDPTS 
FORMAT ( 2 F 8 . 0 ,  2 1 2 )  

4. NPTS 
FORMAT (14) 

5 .  NX, NY, NN 
FORMAT (312) 

These lead cards must be i n  t h i s  o rde r ,  and a r e  followed 

immediately by the  da t a  cards .  

DATA INPUT 

Input  is  by punch cards .  Each da ta  card may have up t o  9 

colwnns of da t a  i n  t h e  following format: ( F 4 . 0 ,  I X ,  2 ( ~ 5 . 0 ,  l ~ ) ,  

OUTPUT 

Output is by on-line p l o t t e r .  The data  fed  i n  is p r o f i l e d  

by one of  t h e  two methods. 

SENSE SWITCEES 

Three sense switches a r e  used. 

SSW 2: On - Scale  l i n e s  a r e  drawn. 
Off - Scale  po in t s  a r e  marked on t h e  y a x i s .  

SSW 3: On - P r o f i l e s  a r e  drawn using t h e  5 Point Running 
Average Method. 

Off - Standard P r o f i l e s  are drawn. 
SSW 4: The console typewr i te r  types  i n s t r u c t i o n s  f o r  t h e  

use of t h i s  switch on completion of t h e  f i r s t  pro- 
f i l e .  S S W  4 ON FOR NEW SECTION, OFF FOR MORE DATA 
and t h e  machine h a l t s .  

I f  t h e  switch is  l e f t  o f f  t h e  machine is ready 
f o r  more da ta  t o  p r o f i l e  on t h e  same s e c t i o n .  Leave 
t h e  f i r s t  3 l ead  cards  o f f .  I f  on, t h e  machine i s  
ready f o r  da t a  fo r  a new sec t ion .  

RESTRICTIONS 

A maximwn of 150 da ta  cards  can be read i n  a t  one time. 



MACHINE CONFIGURATIO?$ 

Minimum requ i remen t s  a re  a 1620 sys tem with a 40 K memory, 

a card read punch and an on-line plotter. 



IBM 1620 FORTRAN I1 LISTING - CURVE PROFILER 

*0808 
DIMENSION D(150,9)  DATA(^) 

C PROFILER..STANDARD AND 5 POINT RUNNING AVERAGE METHODS 
200 READ 99,XMAX,SSC,ISYM 
99 FORMAT (F6.0, F8.3TL) 

READ 97,XM,YM,XSC,YSC,XSIZE,YSIZE 
97 F0RMAT(2F8.0t2F8.5,2F8.0) 

CALL INIT(XM,YM,XSC,YSC,XSIZE~YSIZE) 
READ 95, YSPACE ,YDIST ,NYPTS , NDPTS 

95 FORMaT(2F8.0,212) 
DO 1 I=l,NYPTS 
R= 1 
Y=YS PACE*R 
IF (SENSE SWITCH 2) 57,58 

57 CALL PLOTU (XM,Y ,O) 
CALL PLOTD(XMAX,Y) 
GO TO 1 

58  CALL PLOTU (XM ,Y , ISYM) 
1 CONTINUE 
72 READ 120,NPTS 
120 FORMAT(14) 

READ 98,NX,NY,NN 
98 FORMAT(312) 

IF(SENSE SWITCH 3)81,82 
C 5 POINT RUNNING AVERAGE METHOD 
81 DO80 II=l,NPTS 
80 READ 999, (D(II,JX), 5X=1,9) 
999 F O R M A T ( F ~ . O , ~ X , ~ ( P ~ . O ~ ~ )  I F 3 . 0 1 2 x I F 4 . 0 , ~ ) )  

AVEV= (D(~,NN)+D(~,NN)+D(~,NN)+D(~,NN)+D(~ ,NN) ) /5.  
FA=D(3,NX) 
FB=D(3,NY) 
CALL PLOTU(FA,AVEV,O) 
K=NPTS - 9 
DO 500 IX=l,K 
VA=(D(IX+~,NN)+D(IX+~,NN)+D(IX+~,NN)+D(IX+~,NN)+D(IX+S ,NN) )/5 
A=D(IX+3,NX) 
B=D ( I X + 3  ,NY) 
TF(FB-B)83,84,83 

83 XMOVE=SQRTF ( ( (B-PB) * (B-FB) )+((A-FA) * (A-F) ) ) 
XRUN=FA+XMOVE 
GO TO 500 

84 XRUN=A 
500 CALL PLOTD(XRUN,VA) 

GO TO 59 
C STANDARD PROFILE METHOD 
82 READ ~~,(DATA(K),K=~,~) 
93 F O R M A T ( F ~ . ~ , ~ X , ~ ( F ~ . ~ , ~ X ) , F ~ . O , ~ X , F ~ . O ~ ) , ~ ( F ~ . O ~ ~ ~ ) )  

VAL =DATA (NN) 
FA=DATA ( NX ) 
FB=DATA (NN) 

74 CALL PLOTU(FA,VAL,O) 
188 KPmNPTS-1 

DO 50 P1,KPT 



MAD 92, (DATA(N) ,N=1,9) 
F O R M A T ( F ~ . ~ , ~ X , ~ ( F ~ . ~ , ~ X ) , F ~ . ~ ~ ~ X , P ~ . ~ , ~ ) , ~ ( F ~ . ~ , ~ X ) )  
TVAL=DATA ( NN) 
A=DATA (NX) 
B=DATA (NY) 
IP(A-XlWX)51,51,52 
PRINT 91,A 
FOlW.AT(3OHPOINT OUT OF RANGE X CO ORD = (F8.0) 
GO TO 50 
IF(FB-B)53,54,53 
XMOVE=SQRTF(((B-FB)*(B-FB))+((A-FA)*(A-FA))) 
XRUN=FA+XMOVE 
GO TO 50 
XRUN=A 
CALL PLOTD(XRUN,TVAL) 
CALL PLOTU (XM , YM , 0 ) 
PRINT 90 
FORMAT(42BSSW 4 ON FOR NEW SECTION,OFF FOR MORE DATA) 
PAUSE 
IF (SENSE SWITCH 4) 55,56 
GO TO 200 
GO TO 72 
END 



IBM 1620 FORTRAN I f  STANDARD 5 POINT RUNNING AVERAGE PROGRAM 
BY 

James E.  Wall is  
MIRL Research Ass i s t an t  

GENERAL INFORMATION 

This program c a l c u l a t e s  a s tandard 5 po in t  running average 

f o r  up t o  five va r i ab l e s  a t  one time. 

DESCRIPTION OF PROGRAM SYMBOLS 

V ( I , J )  - Var iab les  - 1 through 5 
AVCU - 5 po in t  running average va lue  f o r  t h e  1st v a r i a b l e  
AVPB - 5 po in t  running average va lue  f o r  the 2nd v a r i a b l e  
AVZN - 5 poin t  running average va lue  f o r  t h e  3rd v a r i a b l e  
AVMO - 5 poin t  running average va lue  f o r  t h e  4 t h  v a r i a b l e  
AVAG - 5 po in t  running average va lue  f o r  the  5 t h  v a r i a b l e  

DATA I N P U T  

Punch card inpu t ,  up t o  5 v a r i a b l e s  per  card.  FORMAT(~~X, 

F4.O,lX,2(F6.0,1X),2(F3.OIlX)) 

OUTPUT 

5 po in t  running averages of up  t o  5 v a r i a b l e s  a r e  punched 

i n  cards .  Same format a s  input .  

MACHINE CONFIGURATION 

Minimum requirements are a 1620 system with  a 20K s to rage  

and a 1622 card read punch. 



IBM 1620 FORTRAN I1 LISTING STANDARD 5 P O I N T  RUNNING AVERAGE 

DIMENS I O N  V ( 5 , 5  ) 
C STANDARD 5 P O I N T  RUNNING AVERAGE 

DO 1 I=1 ,5  
1 READ 99,  ( V ( 1 ,  J) , J=1,5) 
99 FORMAT(21X,F4.0,1X,2(F6.011~)12(~3.0,1X)) 
100 A V C U = ( V ( ~ , ~ ) + V ( ~ , ~ ) + V ( ~ ,  1 ) + ~ ( 4 , 1 ) + ~ ( 5 ~ )  115.  

A V P B = ( V ( ~ , ~ ) + V ( ~ , ~ ) + V ( ~ , ~ ) + V ( ~ ,  2 ) + ~ ( 5 , 2 )  ) / 5 .  
~ ~ ~ ~ = ( ~ ( 1 , 3 ) + ~ ( 2 , 3 ) + ~ ( 3 , 3 ) + ~ ( 4 , 3 ) + v ( 5 ,  3 )  ) /5 .  
~~~0=(~(1,4)+~(2,4)+~(3,4)+~(4~4)+v(5,4) ) / 5 .  
~ ~ ~ ~ = ( ~ ( l , ~ ) + V ( 2 , 5 ) + v ( 3 , 5 ) + ~ ( & 5 ) ~ v ( 5 ~ 5 )  ) / 5 -  
PUNCH 98,AVCU,AVPB,AVZN,AVMO,AVAE 

98 F O R M A T ( ~ F ~ . ~ )  
DO 2 I = = 2 , 5  
DO 2 J = 1 , 5  

2 V ( I - 1 ,  J)=v(~,J) 
READ 9 7 ,  ( V ( 5 , J )  , ~ = 1 , 5 )  

97 FORMAT(~~X,F~.O,~X,~(F~.O,~X),~(F~.O,'~X)) 
I F  ( S E N S E  SWITCH 1) 3,4  

4 GO TO 100 
3 STOP 

END 



IBM 1620 FORTRAN I1 - JWMERICAL POINT PLOT 
AND GRID SYSTEM 

BY 
James E .  Wall is  

PROGRAM DESCRIPTION 

This program draws a  g r i d  system and l a b e l s  t h e  g r i d  va lues .  

Data po in t s  a r e  then p l o t t e d  and t h e i r  values  labe led .  For 

g r e a t e s t  p l o t t i n g  speed it is suggested t h a t  t h e  da t a  cards  be 

so r t ed  on t h e  basis of increas ing  x and then r e so r t ed  on in- 

c reas ing  y coo rd ina t e s .  

PROGRAM SYMBOLS 

Data ( N )  
XMAX 
SSC 

XM 
YM 
XSC 
YSC 
XS IZE 
YSIZE 
GRID 
GORIGIN 

NELSN 
YS PACE 
NX 
m 
NX 

NYPTS 
WPTS 
NBR 
A 
B 
KX 
KY 
mom 

- Data ca rds ,  up t o  10 columns of da t a  per  card.  
- Maximum x - coord ina te .  
- Subscale.  This con t ro l s  t h e  d i s t a n c e  a p a r t  of 

t h e  d i g i t s  when p l o t t e d .  (100 ft. per inch 
s c a l e  r equ i r e s  a  subscale  of 7 o r  8 ) .  

- x margin 
- y margin 
- x s c a l e  
- y s c a l e  
- Map l eng th  i n  t h e  x d i r e c t i o n  
- Map l eng th  i n  t h e  y d i r e c t i o n  
- Grid spacing i n  f e e t .  
- Grid o r i g i n .  For g r i d  systems s t a r t i n g  a t  some 

po in t  o t h e r  than zero ,  t h i s  should be t h e  next  
lowest g r i d  va lue  t h a t  does not  show on t h e  a rea  
t o  be p l o t t e d .  

- Number of g r i d  l i n e s  on t h e  x a x i s .  
- Grid i n  f e e t  a s  measured on t h e  spacing a x i s .  
- Card column on da t a  cards  f o r  x  coordinates .  
- Card column on da ta  cards  f o r  y coordinates .  
- Card column on da t a  cards  f o r  d i g i t s  t o  be p l o t t e d  

a t  a p a r t i c u l a r  da t a  po in t .  
- D i s t o r t i o n  d i s t a n c e  f o r  distorted s c a l e s  on the y 

a x i s  . 
- Number of g r i d  po in t s  on t h e  y a x i s .  
- Number of d i s t o r t i o n  po in t s  on t h e  y a x i s .  
- A s i n g l e  d i g i t  a s  loca ted  by t runca t ing .  
- X coordinate .  
- Y coordinate .  
- Card column f o r  x coordinate  on d a t a  cards .  
- Card colwnn f o r  y coordinate  on da t a  cards .  
- The ca l cu la t ed  d i s t ance  between two po in t s  when 

the  po in t s  l i e  on d i f f e r e n t  e l eva t ions .  

122 



XRUN - The ca l cu l a t ed  va lue  of t h e  x coord ina te .  
TVAL - Value of the d i g i t s  t o  be p l o t t e d  a t  a p a r t i c u l a r  

da t a  po in t .  
NN - Card column on da t a  ca rds  f o r  d i g i t s  t o  be  p l o t t e d  

a t  a p a r t i c u l a r  da t a  p o i n t .  

LEAD CARDS 

9 lead  cards  a r e  used. 

1. X M A X ,  SSC, ISYM 
FORMAT (F6.0, F8.3, 11) 

2.  XM, YM, XSC, YSC, X S I Z E ,  YSIZE 
FORMAT (2F8.0, 2F8.5, 2F8.0) 

3 .  GRID, GORIG, NGLIN 
FORMAT (2F6.0, 14)  

4. YSPACE, YDIST, NYPTS, NDPTS 
FORMAT (2F8.0, 212) 

5.  NPTS 
FORMAT (14) 

6. m, Ky 
FORMAT (212) 

7. m, Jw 
FORMAT (212) 

8 .  NN 
FORMAT (12) 

9. KN 
FORMAT (12) 

DATA INPUT 

Input  is by punch cards. Each da t a  ca rd  may conta in  up t o  

9 columns of da t a  i n  t h e  fol lowing format: FORMAT (F4.0,1XI2 

OUTPUT 

A 1 1  r e s u l t s  a r e  p l o t t e d  by the  on l i n e  p l o t t e r .  On comple- 

t i o n  of p l o t t i n g ,  t he  p l o t t e r  r e t u r n s  t o  t h e  o r i g i n ,  and the f o l -  

lowing message is  typed by t h e  console typewr i te r .  SSW 4 ON FOR 

NEW SECTION, OFF FOR MORE: DATA and t h e  machine h a l t s .  

I f  sense switch 4 is  l e f t  off, e n t e r  more data preceded by 

t h e  l a s t  5 l eade r  ca rds ,  press s t a r t .  



SENSE SWITCHES 

Three sense switches  a r e  used f o r  c o n t r o l .  Sense switch 

1-of f ,  g r i d  lines a r e  drawn and labe led .  On-grid l i n e s  are 

omitted and t h e  data po in t s  p l o t t e d  immediately. 

Sense switch 2 - Off, s c a l e  po in t s  a r e  marked on the  y a x i s .  

- O n ,  g r i d  l i n e s  a r e  drawn p a r a l l e l  t o  t h e  x 

ax i s .  

Sense switch 4 - I n s t r u c t i o n s  a r e  typed v i a  the console type- 

w r i t e r .  

MACHINE CONFIGURATION 

Minimum requirements a r e  a 1620 system with a 40K memory 

unit, a card read punch and an on l i n e  p l o t t e r .  



IBM 1620 FORTRAN I1 - LISTING NUMERICAL 
POINT PLOT AND GRID SYSTEM 

DIMENSION DATA(10) 
NUMERICAL POINT PLOT AND GRID SYSTEM 
READ 99,XMAX,SSC,ISYM 
FORMAT(F6.0,F8.3,11) 
READ 97,XM,YM,XSC,YSC,XSIZEIYSTZE 
FORMAT(2F8.0i2F8.5, 2F8.0) 
CALL INLT(XM,YM,XSC,YSC,XS~.ZE~YSIZE) 
IF (SENSE SWITCH 1) 70,71 
GO TO 72 
READ 96,GRID,WRIG,NGLIN 
FORMAT ( 2F6.0114) 
READ 95 ,YSPACE ,YDIST, NYPTS , NDPTS 
P0RMAT(2F8.Oi2I2) 
DO 1 T=1 ,NYPTS 
R= I 
Y=YS PACE*R 
IF(SENSE SWITCH 2)57,58 
CALL PLOTU (XM ,Y , 0 ) 
CALL PLOTD (XMAX , Y )  
GO TO 140 
CALL PLOTU(XM,Y,ISYM) 
W=Y 
IF(NY/10) 3 , 2 , 3  
C=XM+SSC 
CALL PLQTU (C ,Y ,0) 
CALL NUMB(NY) 
G O T 0 1  
IF (~~/100) 4,5,4 
NBR=NY- (NY/10) *10 
C=XM+ ( 2. * S S C )  
CALL PLOW(C,Y,O) 
CALL NUMB(NBR) 
NBR=W/~O- (NY/LOO) *lo 
C=XM+SSC 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
w T O 1  
IF (NY/LOOO) 6 , 7 , 6  
NBR=NY- (NY/10 ) * 10 
C=xM.t(3.*SSC) 
CALL PLOm(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/~O- (NY/~OO) *lo 
c=m+ (2 .*ssc) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/~OO- (NY/~OOO) *lo 



C=SM+SSC 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
GO TO 1 

6 IF(~~/10000)8,9,8 
9 NBR=NY- (~Y/10) * 10 

C=XM-t (4 .*SCC) 
CALL PLOTU(C,Y,O) 
CALL NUMB(NBR) 
NBR=NY/~O-(NY/~oo)*~o 
c=m+ ( 3. *SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/~OO- (NY/~OOO) * 10 
c=m+ ( 2. *SSC) 
CALL PLOTU (C ,Y (0) 
CALL NUMB(NBR) 
NBR=Ny/lOOO-) NY/lOOOO) * 10 
C=XM+SSC 
CALL PLOTU(C,Y,O) 
CALL NUMB ( NBR) 
GO TO 1 

8 IF (NY/100000) 10,11,10 
11 NBR=NY- (NY/10) *10 

c=m+ (5 .*SSC) 
CALL PLOTU (C,Y ,o) 
CALL NuMB(NBR) 
NBR=NY/~O- (NY/~OO) *lo 
c=m+ (4. *SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB(NBR) 
NBR=Nsr/lOO- (Nsr/lOOO) "10 
C=XM+ ( 3. *SSC) 
CALL PLOTU(C,Y,O) 
CALL WMB ( NBR) 
NBR=NY/~OOO- (m/loooo) *lo 
c=m+ ( 2. *SSC ) 
CALL PLOTU(C,Y,O) 
CALL NWMB (NBR) 
NBR=NY/~OOOO- (NY/~OOOOO) * 10 
C=XM+SSC 
CALL PMTU(C,Y,O) 
CALL NUMB (NBR) 
GO TO 1 

10 IF (NY/1000000) 12,13,12 
13 NBR=NY- (NY/10) *10 

C=XM+ ( 6 .  *SSC ) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/lO- (NY/lOO ) * 10 
C=XM+ (5 . *SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 



NBR=NY/~OO- (m/looo) * 10 
c=m+ (4. *SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/~OOO- (m/ioooo) *lo 
c=m+ (3 .*SSC) 
CALL PLOTU(C,Y,O) 
CAZL NUMB(NBR) 
NBR=NY/~OOOO- (m/iooooo) "10 
C=XM+ ( 2. *SSC) 
CALL PLOTU(C,Y,O) 
CALL WMB ( NBR) 
NBR=NY/~OOOOO- (NY/~OOOOOO) *lo 
C=XMSSSC 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
GO TO 1 
NBR=NY- (NY/10) *10 
c=m+ (7 .*ssc) 

PLOTU(C,Y,O) 
CALL NUMB ( NBR) 
NBR=NY/~ 0- (rn/lo o ) * 10 
C=XM+ (6. *SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/lOO- (NY/lOOO) * 10 
C=XM+ (5 .*SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/~OOO- (m/ioooo) *lo 
c=m+ (4 .*SSC) 
CALL PLOTU(C,Y,O) 
CALL NUMB (NBR) 
NBR=NY/lOOOO- (NY/lO0000) *lo 
C=XW (3.*SSC) 
cam PLOTU(C,Y ,o) 
CALL NUMB (NBR) 
~ ~ ~ = ~ ~ / i o o o o o - ( ~ ~ / ~ ~ o o o ~ o ) * ~ o  
c=m+ ( 2. *SSC) 
CALL PLOTU(C,Y,O) 
CALL WMB ( NBR) 
NBR=NY/~OOOOOO- (NY/IOOOOOOO) *lo 
C=XM+SSC 
CALL PLOTU(C,Y,O) 
CALL NUMB(NBR) 
CONTINUE 
IF(NDPTS-1)88,89,88 
DO 44 JJ=l,NDPTS 
V= JJ 
YJPTLY-k (YDIST*V) 
CALL PLOTU(XM,YJPT,ISYM) 
CONTINUE 



CONTINUE: 
IF (NGLIN) 20,21,20 
W TO 72 
DO 22 L=l,NGLIN 
B=L 
X=GORIG+ (B*GRID) 
CALL PLOTU(X,YM,ISYM) 
LX=X 
IF (~X/10) 23,24,23 
C=X+SSC 
CALL PLOTU(C,YM,O) 
CALL NUMB(LX) 
GO TO 22 
1F(L~/100)25,26,25 
c=x+ (2 .*ssc) 
NBR=LX- (~~/10) "10 
CALL PLOTU(C,YM,O) 
CALL NUMB (NBR) 
NBR=LX/~O- (wr/loo) *lo 
C=X+SSC 
CALL PLOTU(C,YM,O) 
CALL NUMB ( NBR) 
Go TO 22 
IF (LX/1000) 27,28,27 
NBR=LX-(~~/10)*10 
C=X+ (3 .*SSC) 
CALL PLOTU(C,YM,O) 
CALL WMB(NBR) 
NBR=LX/~O- (~x/ioO) *lo 
C=X+ (2 .*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB(NBR) 
NBR=LX/~OO- (Lx/lOOO) * 10 
C=X+SSC 
CALL PLOTU (C , YM , 0 ) 
CALL NUMB(NBR) 
GO TO 22 
IF (L~/10000) 29,30,29 
NBR=LX- (~X/10 ) * 10 
C=X+ (4.*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB (NBR) 
NBR=LX/~~- (=/loo) *lo 
c=x+ (3 .*SSC) 
CALL PLOTU (C ,YM , 0 ) 
CALL NUMB ( NBR) 
NBR=LX/~OO- (LX/lOOO) * 10 
C=X+ (2 .*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB (NBR) 
NBR=LX/~OOO-(~x/~oooo)*lo 
C=X+SSC 
CALL PLOTU(C,YM,O) 



CALL NUMB(NBR) 
GO TO 22 
IF (TX/100000) 31,32,31 
NBR=LX- (LX/10) * 10 
C=X+ (5 .*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB (NBR ) 
NBR=LX/~O- (LX/~OO) *lo 
c=x+ (4.*SSC) 
CALL PMTU(C,YM,O) 
CALL NUMB ( NBR) 
NBR=LX/lOO- (~X/l000) * 10 
C=X+(3.*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB(NBR) 
NBR=LX/~OOO- (LX/LOOOO) *lo 
c=x+ ( 2. *SSC) 
CALL PLOTU (C ,YM , 0 ) 
C U L  NUMB(NBR) 
NBR=LX/10000-(LX/~00000)*10 
C=X+SSC 
CALL PLOTU (C ,YM , 0 ) 
CALL NUMB ( NBR) 
GO TO 22 
NBRZLX- (LX/10) * 10 
C-X+ (6 . * S S C )  
CALL PLOTU (C , YM , 0 ) 
CALL NUMB (NBR) 
NBR=LX/lO- (LX/lOO) * 10 
C=X+ (5. *SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB ( NBR) 
NBR=LX/~OO- (LX/SOOO) *lo 
c=x+ ( 4 .  *ssc) 
CALL PLOTU(C,YM,O) 
CALL NUMB ( NBR) 
NBR=LX/lOOO- (LX/l0000) *10 
C=X+ ( 3. * S S C )  
CALL PLOTU(C,YM,O) 
CALL NUMB ( NBR) 
~ ~ ~ = ~ ~ / ~ o o o o - ( ~ ~ / ~ o o o o o ) * ~ o  
c=x+ ( 2  .*SSC) 
CALL PLOTU(C,YM,O) 
CALL NUMB (NBR) 
NBR=LX/~OOOOO- (~x/~oooooo) *lo 
C=X+SSC 
CALL PLOTU (C , YM , 0 ) 
CALL NUMB ( NBR) 

2 2 CONTINUE 
7 2 READ 120,NPTS 
120 FORMAT ( 14) 
199 READ 101,KX,KY 
101 FORMAT(212) 



RBAD 98,NX,NY 
FORMAT (212) 
READ 94,NN 
FORMAT ( 12) 
READ 111, m 
FORMAT ( 12) 
W A D  93, (DATA(K) ,K=1,9) 
FORMAT(F4.0,1X,2(F5.0l1X)IF3.0I~8F4.08lX,2(F6.OllX)I 

2(F3.011X)) 
VAL=DATA ( KN ) 
FA=DATA ( KX) 
FB=DATA (KY) 
IF (VAL-2000. ) 74,74,75 
CALL PLOTU(FA,VAL,O) 
GO TO 188 
IF(VAL-5000.)59,59,60 
YYV=Y+DIST 
CALL PLOTU(FA,YYV,O) 
GO TO 188 
IF(VAL-25000.)61,61,62 
SW=Y+ ( 2 . *YDIS T ) 
CALL PLOTU (FA, SYV , 0 ) 
GO TO 188 
IF(VAL-100000.)63,63,64 
W=Y+ ( 3. *YDLST) 
CALL PLOTU(FA,TW,O) 
GO TO 188 
EYV=Y+ ( 4. *YDIST) 
CALL PLOTU(FA,FYV,O) 
KPT=NPTS- 1 
DO 50 L=l,KPT 
READ 92,(13ATA(N),N=1,9) 
FORMAT(F4.0,1X,2(F5.081X)IF3.0~F4.0~X,2(F6.ot~X)l 

2(F3.O11X)) 
TVAL=DATA (NN) 
A=DATA ( NX ) 
B=DATA ( NY ) 
IF (A=XMAX) 51,51,52 
PRINT 91,A 
FORMAT(30HPOINT OUT OF RANGE X CO OM3 = ,F8.0) 
GO TO 50 
IF(FB-B)53,54,53 
XMOVE=SQRTF(((B-FB)*(B-FB))+((A-FA)*(A-FA))) 
XRUN=FA+XMOVE 
GO TO 300 
XRUN=A 
CALL PLOTD(XRUN,TVAL) 
CONTINUE 
CALL PLOTU(XM,YM,O) 
PRINT 90 
FORMAT(42HSSV 4 ON FOR NEW SECTION, OFF FOR MORE DATA) 
PAUSE 
IF (SENSE SWITCH 4) 55,56 
GO TO 200 
GQ TO 72 
END 



IBM 1620 FORTM T I  GRID LABEL FOR CONTOURING PROGRAM 
BY 

James E .  Wall is  
MIRL Research A s s i s t a n t  

GENERAL INFORMATION 

This program uses t h e  3rd phase output  da ta  from t h e  Library 

Program - "Automatic Grid Contouring" 1620-MP-O~X(E-~), it p l o t s  

t h e  values  of t h e  g r i d  po in t s  a s  determined by t h e  computer, 

making it poss ib l e  t o  e a s i l y  eva lua te  t he  contour va lues .  

DESCRIPTION OF PROGRAM SYMBOLS 

XM - X margin 
YM - Y margin 
XSC - X s c a l e  
YSC - Y s c a l e  
X SIZE - Length of map i n  t he  X d i r e c t i o n  
Y SIZE - Length of map i n  t he  Y d i r e c t i o n  
SSC - Subscale ,  this nurnSer con t ro l s  the d i s t a n c e  a p a r t  

of d i g i t s  i n  t h e  p l o t .  
TSYM - Ind ica t e s  the  number of t h e  symbol t o  mark g r i d  

po in t s .  
SIZE - Grid S ize  
COLS - Columns 
ROWS - ROWS 
CNBR - Column number 
FROW - F i r s t  row 
ENDR - End row 
VALUE(1) - Grid poin t  values  
Z - Number of rows t h a t  g r i d  values  a r e  loca ted  i n .  
NBR - D i g i t  t o  be p l o t t e d  
X - X coordinate  
Y - Y coordinate  
XX - Corrected X coordinate  f o r  the  d i g i t  p l o t .  
NUMB - Numbers subrout ine 

DATA CARaS 

This program uses t h e  3rd phase output  from the  Grid Value 

Determination program. 1620-MP-O~X(E-~). 

LEAD CARDS 

Two lead cards  a r e  used. The f i r s t  l ead  card c o n t a i ~ s  margin 
131 



coord ina tes ,  X and Y scale, and X and Y s i z e s .  

FORMAT(2F8.O12F8.5,2F8.2) 

The second lead card  conta ins  t h e  subsca le  and the  required 

po in t  p l o t  symbol. 

FoRMAT(F~.O,I~) 

SWITCH CONTROL 

Sense switches 1 and 4 are used. On completion of the f i rs t  

run of data t h e  console typewr i te r  types  the following i n s t r u c t i o n :  

SSW 1 on f o r  more da t a ,  o f f  i f  completed. 

SSW 4 o f f  f o r  margins, on t o  begin p l o t .  

OUTPUT 

Grid values  a re  p l o t t e d ,  t o  a maximum of three d i g i t s .  

MACHINE CONFIGURAT TON 

Minimum requirements are a 1620 system wi th  a 20K s to rage ,  a 

1 6 2 2  card read punch, and an on-l ine p l o t t e r .  



IBM 1620 FORTRAN I1 LISTING GRID LABEL FOR CONTOURING 

DIMENSION VALUES ( 15 ) 
GRID LABEL FOR CONTOURING 
IF (SENSE SWITCH 4) 6,7 
RJ3AD 102,XM,YM,XSC,YSC,XSIZE,YSIZE 
FORMAT (2F8.012P8 .5, 2F8.2) 
CALL INIT (XM,YM,X~C ,YSC ,XSIZE ,YsIZE) 
READ 101,SSC, ISYM 
FORMAT(F4.O1I2) 
READ 99, SIZE , COLS , ROWS 
FORMAT(F5.0,1X,F4.0&F4.0) 
READ 98, CNBR , FROW , ENDR 
F O R M A T ( F ~ . O , ~ X , F ~ . ~ ~ ~ X ~ F ~ . O )  
READ 97, (VALUE(1) ,1=1,15) 
FORMAT ( 15F5.O) 
Z= (ENDR-FROW) +1. 
N=Z 
DO 1 S=l,N 
NVAL=VALUE ( J) 
T= J 
NBR=NVAL- (NVAL/10* 10 
X=XM+ i CNBR*S IZE ) 

m=x+ ( 2. *SSC ) 
CALL PLOTU(XX,Y,O) 
CALL NUMB(NBR) 
NBR=NVAL/~O- (NVAL/~OO) * 10 
MC=x+ssc 
CALL PLOTU(XX,Y,O) 
CALL NUMB (NBR) 
NBR=NVAL/~OO-(NVAL/lOOO)*lO 
CALL PLOTU(X,Y,O) 
CALL NUMB(NBR) 
CONTINUE 
IF (COLS-CNBR) 2,3,2 
GO TO 200 
CALL PLOTU (XM , YM $1 ) 
PRINT 96 
FORMAT(4OHSSW 1 ON FOR MORE DATA, OFF IF COMI?LETED) 
PRINT 95 
FORMAT(39HSSW 4 OFF FOR MARGINS, ON TO BEGIN PLOT) 
PAUSE 
IF (SENSE SWITCH 1 ) 4,5 
GO TO 300 
STOP 
END 


