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A =.OD OF DETEmiININC EPICE3FETIC (A?C.fONIUM C I T U T E  SOLUBLE) Cu AND Zn BY AI\S 

Experimental work has found t h a t  t h e  ammonium c i t r a t e  s o l u b l e  z inc  and copper 
ex t rac ted  i n t o  d i th i zone  can be read d i r e c t l y  by the  AAS un i t .  The z i n c  l e v e l s  
on 40 samples ranged from 0.6 to 3 ppm and t h e  copper l e v e l s  ranged from 0.1 t o  
1.7 ppm. Lezd was n o t  de tec ted  i n  any ssmple. R e p l i c a t e  ana lyses  show good 
precis ion.  However, t h e s e  are pre l iminary  r e s u l t s .  

1 

The a n a l y s i s  cons is ted  of adding 1 5  m l  ammonium citrate t o  0.75 g of sample, 
l e t t i n g  the sample and s o l u t i o n  r e a c t  overnight ,  adding S ml of di thizone-  
e x t r a c t  ( regular  dye s o l u t i o n ) ,  shaking f o r  75  s t r o k e s  and reading AAS absorb.ance 
on the organic  por t ion.  The absorbances a r e  compared to those  of prepared 

' . standard so lu t ions .  

G e  o r i g i n a l  test was t o  compare the f i e l d  r e s u l t s  ( i n  m l  of  dye s o l u t i o n )  on 
, 

t he se  samples t o  t h e  AA q u a n t i t a t i v e  va lues  f o r  Zn and Cu. There should be a 

i correspondence between AA ammonium c i t r a t e  s o l u b l e  Zn and Cu and m l  of dye. The 
-comparison however, was very pooz. We t h e r e f o r e  r e r a n  t h e  samples i n  t h e  lab .  on  

I the d r i e d  and screened s s z p l e s  by t h e  f i e l d  t e s t  and compared those va lues  (d 
of dye) t o  both the  previous f i e l d  tes t -and  t h e  AA a n a l y s i s .  The correspondence 
between AA an9 t h e  new f i e l d  test a n a l y s i s  was b e t t e r  b u t  s t i l l  n o t  good- I 
vould expect  no correspondence between ep igene t i c  and ' syngenet ic  va lues  f o r  the 

' 

obvious reason t h a t  d i f f e r e n t  v a r i a b l e s  are being measured. Table 1 show6 
these  comparisons. 

- 
By Inspec t ion  of Table 1 i t  is seen t h a t  the  c o r r e l a t i o n s  between l a b  vs. f i e l d  
co lo r ime t r i c  and c o l o r i ~ e t r i c  vs.  AA ana lyses  for ammonium citrate s o l u b l e  
metal is n o t  good. I n  o rde r  t o  g e t  a numo,rical e v a l u a t i o n  of t h e  correspondence 
the  c o r r e l a t i o n  c o e f f i c i e n t s  (r) between t h e  va r ious  methods were ca l cu la t ed .  
Tbe c o e f f i c i e n t  of c o r r e l a t i o n  is a numerical va lue  between 0.0 f o r  no c o r r e l a t i o n  + 2 - - -ctatf.h-l.O for  pe r f ec t  co r r e l a t i on .  The c o r r e l a t i o n  c o e f f i c i e n t  squared (r ) t h e s  

. 100 r e s u l t s  i n  a percentage v a l u e  which desc r ibes  t h e  percentage  o f  t h e  v a r i a t i o n  

. - that is explatned by t h e  c o r r e l a t i o n  between t h e  two v a r i a b l e s .  Table 11 lists 
i- 
I the c o r r e l a t i o n s  cxrmined, the  c o r r e l a t i o n  c o e f f i c i e n t s  obtained,  and the  per- 

I 
centage of explained and unexplained va r i a t i ons .  .- C - 



- 
SCME EXPERIMENTS IN THE GEOCHEMISTRY 

OF COPPER AND ZINC 

INTRODUCTION 

I 
The technique of geochemical e x p l o r a t i o n  f o r  subsur face  ore bodies  using streern 
8ediment samples is p r i m a r i l y  based on t h e  theory tha t :  1) ground water s a n p l e s  
the subsurface rock  units by d i s s o l v i n g  heavy metale i n  some reasonable  p ropor t ion  
to their concent ra t ion  in  t h e  rocks,  2) those waters  v i t h  t h e i r  d i sso lved  

I 
I eta18 eventual ly  r each  t h e  s u r f a c e  and c o n t r i b u t e  t o  s t r eam f l o w ,  3): i o n  ex- 

chrnnge forces  of  c lay-s ized p a r t i c l e s  i n  t h e  s t ream beds e x t r a c t  from t h e  wa te r  
a por t ion  of t h e  d i s s o l v e d  metal ,  4) a n a l y t i c a l  techniques  are a v a i l a b l e  which 
determine t he  meta l  l e v e l  i n  t h e  s t ream sediments,  and 5) t h e  coneequence is  

I that  r a t h e r  l a r g e  subsurface rock u n i t s  a r e  sampled and t h e i r  heavy metal con- 
tent Is ind ica ted  from an a n a l y s i s  of  t h e  s t r e a n  sediment. The presence o f  
bidden o r e  bodies  can  then be  i n f e r r e d  by i n t e r p r e t a t i o n  techniques.  Obviously, 
there a r e  a l a r g e  number of uncont ro l led  v a r i a b l e s  such a3 rock u n i t  permea- 

. b i l i t y ,  the  p ropor t ion  of t h e  ground w a t e r  t h a t  reaches  che su r f ace ,  strean 
c h a r a c t e r i s t i c s  such  as g r a d i e n t ,  water  c h a r a c t e r i s t i c s  such as pH and Eh, 
sediment c h a r a c t e r i s t i c s  such as f i n e n e s s  and mineral  con ten t ,  sampling v a r i a t i o n ,  
choice of the a n a l y t i c a l  method and its p rec i s ion  a l l  oE which c o n t r i b u t e  t o  
smearing t h e  r e s u i t i n g  d a t a  and making d a t a  i n t e r p r e t a t i o n  lees r e l i a b l e .  

In  nry conversat ions  with the  f i e l d  g e o l o g i s t s  arid engineers  I can  only conclude 

I that the  con£ idence  i n  t h e  field geochem t e s t  is accoapanied v i t h  many reser- 
vations.  The p r e s e n t  AA a n a l y s i s  f o r  " to t a l "  Cu, Pb, and Zn i s  both a c c u r a t e  
and p rec i se  f o r  the purpose of geochem i n t e r p r e t a t i o n s .  But a ques t ion  a r i s e s  
about t he  u se fu lnes s  of " to ta la '  m e t a l  obtained from a bot a c i d  l e a c h  of the 

I sample. The r eason  f o r  ques t ion ing  the usefu lness  of total metal relates to  
geochem theory. Consider ing t h e  theory  of stream sediment sampling, should w e  
be more i n t e r e s t e d  i n  on ly  that p o r t i o n  of t h e  t o t a l  mecal t h a t  is adsorbed - - - L. -- %WCal. If our purpose is  t o  b e  a b l e  t o  i n f e r  t h e  presence of  subsur face  ore 

I bodies sampled by w a t e r  then  maybe we should be m o r e  i n t e r e s t e d  in  t h e  epi-  
genetic metal ( i o n i c  m e t a l  a t t ached  t o  c lay  p a r t i c l e s  by ion exchange f o r c e s )  
content r a t h e r  t h a n  t o t a l  metal  conten t .  kJith the  above i n  mind I have pe r fomed  
a nmb-er of experiments  which have some bear ing on the ques t ion  of t h e  analytical 

I 
values and use of 1) total  metal (syngenet ic)  by hot a c i d  d i g e s t i o n ,  2) epi- 
genet ic  metal determined by t h e  ammonium c i t r a t e - d i t h i z o n e  xylene  f i e l d  test, 
3) epigenet ic  metal determined by the f i e l d  test a s  run i n  t h e  lab on dried and 
acreened samples, 4)  a method of determining ep igene t i c  metal by AA, and 

I 5) epigen'e t i c /  syngene t ic r a t i o s  . 
m 

TOTAL METAL BY HOT ACID EXTRACTION - 
A method of t o t a l  henvy metal  (Cu, Pb, and Zn) by ho t  a c i d  d i s s o l u t i o n  and 

I - *  reading by AA had been developed. The procedure is fes t  and accura te .  Corn- 
parisons have been made t o  t h e  ana lyses  done by t h e  U.S.G.S. on l a s t , s e a s o n s  . 

samples. The conpa r i sons  ace good and I be l ieve  t h e  X. analyses f r o m  last 

I 
season are p e r f e c t l y  eccep tab le  m d  amenable t o  t h e  narmal " to t a l "  =e t a1  geockea 
In t e rp re t a t i on  methods. Re w i l l  t r y  t o  provide s i m i l a r  ana lyses  on t h i s  y e a r ' s  
samples. 



ANALYTIW COMPARISONS 

I I EPIGENETIC METAL ! 
~ I M O N I ~  CITRATE 

i MI, DYE 1 m W E  i SOLUBLE a* I TOTAL  GAL No* ACID 
SAMPLE NO. FIELD NOTES i IAB RUN i ALL I SOLUBLE BY AA 
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CORRELATION COEFFICIENT DATA 

UNEXPLAINED 
VARU-T ION 
100 - rZ x 100 

EXPLAINED 
VARIATION 
r2 x 100 VARJABLES 

nS dye, f i e l d  vs. m l  dye, lab. . 

m l  dye, f i e l d  vs. ppm 2n + Cu by AAS 

m l  dye, l ab  vs. ppm 2n + Cu by AAS 

mrl dye,  lab vs. ppm 213 by AAS 

m l  dye, l a b  vs. ppm Cu by AAS 

I 

' The c o r r e l a t i o n s  are shockingly poor. There is e s s e n t i a l l y  zero  c o r r e l a t i o n  
between t h e  f i e l d  t e s t  (run I n  the f i e l d )  and the AA a n a l y s i s  f o r  ammonium 
citrate s o l u b l e  metal. Of course, t h e  s a ~ p l e s  had been d r i e d  and screened 
between the time they  were run i n  t h e  f i e l d  and when rhe  AA a w l y s i s  w a s  made. 
TO e l i m i n a t e  t h a t  v a r i a b l e ,  t h e  c o r r e l a t i o n  was found between the AA va lues  

. and new c o l o r i ~ e t r i c  eca lyses  on t h e  d r i e d  - screened samples. There- was+ a I 
+ - - . . . p & g  n t f l c a n t l y  b e t t e r  c o r r e l a t i o n  (19% expla ined)  but still n o t  good. A t  t h i s  

p o i n t  1 have no h i n t  about the nature of t h e  poor c o r r e l a t i o n .  Repl ica te  
analyses by both  t h e  AA and the  c o l o r i n e t r i c  show f a i r l y  good r ep roduc ib i l i t y ,  
a t  1eas t . rnoch .be t t e r  than t he  c o r r e l a t i o n  c o e f f i c i e n t  f o r  "between samples". 

Some other observations zbout the mmoniun citrate - c o l o r i m e t r i c  AAS analysis ' 
were made. A f t e r  e x t r a c t i n g  the  metal 2nd l i n i n g  up the con ta ine r s  according 
t o  Sn tens i ty  of  c o l o r  t h e r e  was a fairly good "eyeball" match between i n t e n s i t y  
of t h e  co lo r  and the t o t a l  n e t a l  de t e ra ined  by AAS. H o ~ e v e r , ~ w h e n  the  e x t r a c t  
bad s tood  overn ight  noqt  of the dye s o l u t i o n s  had bleached o u t  and w e r e  co lor -  

. .  less. Some s o l u t i o n s  had retained %heir co lo r .  Repeat AA analyses showed t h e  
s o l u t i o n s  t h a t  had r e t a ined  t h e i r  c o l o r  had retaiaed t h e i r  metals.  The metal 
had re turned  t o  t h e  2queous phase of t h e  bleached nolucions.  However, t h e  
retained c o l o r  was mostly due  to copper, n o t  zinc, T h e  z i n c  r e l a t i v e l y  qu ick ly  

8 

- (several hours) re turned  +o t he  ~qusous phase; t h e  copper re turned  more slowly. 
Color from z i n c  alone yields a red - purple  c o l o r ;  c o l o r  from copper alone 
yields an orange - brorm dye so lu t ion .  

7 

- 

CORRELATION 
COEFFICIENT 

-0.10 

0.001 

0.44 

0.44 

0.35 

Obviously a good de31 more needs to be known about the f i e l d  test. 



SOME EXPERIlENTS 111 USIMG THE DATA 

Twenty-three of  t h e  samples v e r e  co l l ec t ed  by R, Asher in t h e  area about  t h e  
Big Burrah PUne on t h e  Seward Peninsula  during last field season, The r e s u l t s  
vere p l o t t e d  on maps us ing  t o t a l  metal ,  ep igene t ic  metal, syngenet ic  n e t a l ,  and 
ep igene t ic j syngenet ic  r a t i o s .  Those values  wcre c~mpared  t o  known geo log ica l  
f e a t u r e s  of t h e  area .  Some s t a t i s t i c a l  f e a t u r e s  of t he  geochemical d a t a  are: 
1) There w a s  no sample wi th  an ep igene t i c  metal  va lue  h izhcr  than 3%-above t h e  
mean. 2) There was one s m p l e  wi th  more than 2 r n b o v e  the mean i n  Cu, and two 
semples with no re  than 2 r a b o v e  t h e  mean i n  Zn values .  These d i d  n o t  occur  i n  - 
the same sample. 3) There were no samples as high  as Z ~ a b o v e  t h e  mean i n  Zn 
m d  Cu from t h e  syngenet ic  values .  P l o t s  of syngene t ic  z inc  and copper a r e  
shown i n  Figs. 1 and 2. The area c o n s i s t s  of t h e  B ig  Hurrah Creek wi th  s e v e r a l  
t r i b u t a r i e s .  The g r a i n  of t h e  t r i b u t a r y  drdinage is roughly north-south jo in ing  
the east-west t r end ing  Big Burrzh Creak. The orange l i n e  i s  t h e  approximate 
zone of con tec t  between black s l a t e  oa t h e  w e s t  and s c h i s t  on the  east. The 
B i g  Hurrah Mine occurs  near  the  junc t ion  of Big  Hurrah Creek and L i t t l e  Hurrah 
Ckeek. According t o  tIr. Asher minor mine ra l i za t ion  was observed on t h e  no r th  
s ide  of Big Hurrah Creek j u s t  w e s t  of t he  Big Hurrah Mine, There w e r e  many 
prospec t  p i t s  oa quartz v e i n s  izi the s l a t e  n o r t h  of t h e  Big Hurrah kiine. 

Figure 1 shows c s n t o u r  l i n e s  on t h e  syngenet ic  z i n c  values .  F igu re  2 shows con- 
tour l i n e s  on t h e  copper values.  S imi l a r  t rends  a r e  noced f o r  t h e  z i n c  and cop- 
per values .  Highs occur  near ,  and p a r a l l e l  t o ,  Big Hurrah Creek, w i t h  a broad 
low between. 

3. - -  

Figures  3 and 4 show similar maps of t h e  ep igene t i c  z i n c  and copper as de te r -  
mined by AAS. A s t r i k i n g  d i f f e r e n c e  between t h e  contours  of  t h e  e p i g e n e t i c  
versus  syngevet ic  is apparent.  The ep igene t i c  metal  vdlues  coc tour  w i th  
t rends  a t  r i g h t  angles  to  t h e  syngenet ic  contours.  F igure  5 shows t h e  epi-  

. genetic va lues  contoured on Zn p l u s  Cu. I n  t h i s  case 3 c l o s u r e  forms which 
c e n t e r s  j u s t  w e s t  of But t  Creek approximately p a r a l l e l  t o  t h e  s c h i s t - s l a t e '  - - - . . E l t a c t .  

The r a t i o s  of ep igene t ic / syngenet ic  va lues  were formed f o r  Zn p l u s  Cu as de te r -  
- d n e d ' b y  AA. Thi s  canip.ulat ion i n  e f f e c t  superimposes t he  e p i g e n e t i c  Zn p l u s  
Cu on a zero  syngene t i c  base  and the re fo re  ezphasizes  t h e  metal  con ten t  t h a t  
bas 'come from ground waters .  The r a t i o  va lue  is mul t ip l i ed  by 100 and so t h e  
va lue  p l o t t e d  is the  percentage of t o t a l  metal  t h a t  is epigenet ic .  F igure  6 
shows t h i s  p l o t  which i n d i c a t e s  t h e  highest  e p i g e n e t i c  Zn p l u s  CU is roughly 
along the s l a t e - s c h i s t  con tac t  w i th  a closure .  

Whether t h i s  l a t te r  f i g u r e  is t h e  best p i c t u r e  of t h e  geochemical p r o f i l e  IS, 
. of course ,  con jec tu ra l .  

SUMMARY 
- *, 

These experiments have'shown t h a t  t h e r e  i s  reason  f o r  W i n g  doubts  about  the- 
* s i g n i f i c a n c e  o f  t h e  field t e s t ,  or at l e a s t  confidence i n  t h e  method was not  - ee tab l i shed ,  The e x p e r i c e n t s  have a l s o  shown t h a t  d i f f e r e n t  i n t e r p r e t a t i o n s  of 

the geochemical p r o f i l e  can  be  rr3de depending on the  "type" of n e t a l  de te rn ined  
a n a l y t i c a l l y .  Poss ib ly  n s i u p l e  a n a l y s i s  o i  t o t a l ,  o r  syngenet ic ,  meta l  Is 
not the most irnporranr 'value fo r  cstnblishin:: t h e  geochemical p r o f i l e .  A - 
good d e a l  of wt rk  i n - a r e a s ,  cif '.k"iii& .-signif ican.5 miner2 l i i a t i o n  needs t o  be done 
i n  o r d e r  t o  c s t a b l i s h  thr? cost u s e f u l  geochesical  para=;eters. E f f o r t  needs 
to be expended on e s t a b l i s h i n g  n r e l i a b l e  f i e l d  nethod,  i n  terms of  both the  
type  and q u a l i t y  of the a n a l y s i s ,  as w e l l  a s  i n t e r p r e t a t i o n  procedures.  
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