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A t  t h e  I ' rospec to rs  and  Developers  Pieetine; i n  T o r o ~ t o  i n  

islarch 1981 J i m  Mc Dougall s u g g e s t e d  t o  me t h a t  I might b e  i n t e r -  

e s t e d  i n  i n v e s t i g a t i n 3  a p l a n t  which h e  had observed  i n  t h e  

v i c l n i t y  of c e r t a i n  s p r i n g s  i n  Northern B r i t i s h  Columbia. 

A f t e r  p r e l i m i n a r y  d i s c u s s i o n s  w i t h  D r  I v o r  E L l i o t t  i n  

J u n e  a proposa l  f o r  work was submitter? t o  him which was a c c e p t e d  

by him i n  a l e t t e r  d a t c d  August 4 t h  1981. F i e l d  i n v e s t i g a t i o n s  a t  

t h e  Zap C l a i m s  n e a r  One Ace Mountain I n  Northern B r i t i s h  Columbia 

were completed on August 1 4 t h  and  1 5 t h  1981 w i t h  t h e  h e l p  of Bruce 

Dmnlng and Karl C h r i s t c ~ l s e n .  The sample m a t e r i a l  was brought  t o  

Vancouver and s e n t  t o  t h e  Acne A n a l y t i c a l  L a b o r a t o r l c s  a t  852 

&st H?.;tings S t r e e t  f c r  chemical  i t r ~ a l y s i s  u s i n g  u s i n g  a mul t i -  

el ercent I n d u c t i v e l y  Coupled Plasma ( 1 ~ 1 ' )  t e c h n i q u e .  B r i e f  pre l im-  

i n a r y  r e p o r t s  were prepared describing t h e s e  a c t i v i t i e s .  T h i s  

r e p o r t  i s  t h e  final d e f i n l t i v e  s t a t e m e n t  o f  t h e  i n v e s t i g a t i o n  and  

s u p e r c e e d s  t h e  o t h e r  two which were e s s e n t i a l l y  r e c o r d s  o f  t h e  

i n v e s t i g a t i o n  as it proceeded. 

It h a s  been a p leasure  t o  work on t h i s  i n t e r e s t i n g  i n v e s t i @ t i o n  

and I would l i k e  t o  thank  Ilr J.F. G?~:!on,Dr I v o r  h y l i o t t  and  t h e  

staff o f  k l c o n b r i r i g e  Nickel I l ines 1,tti f o r  t h e i r  h e l p  a n d  

co-opera t ion  wi th  t h e  work as it proceede,l wder  c o n t r a c t .  

,Is:,l::: !-or.tescue 

TT: : : ;~ !  5:) 1: t Geochemist 
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Introc?uction l ' rospectors  i n  many piirts of  thc world have 

uscd p l a n t s  as a i d s  t o  t h e  d iscovery  of m i n ~ r a l  d e p o s i t s  

s i n c e  p r e h i s t o r i c  t imes  bu t  it is only  i n  t h i s  centuary  t h a t  

s c l e n t i s t s  havc researched t h e  d e t a i l s  of such  r e l a t i o n s h i p s .  

Orze of t h e  cc-r?tres of  such re-,:.arch xns t h e  Ud .ve r s i t y  of i3ritish 

Coluiebia i n  t l ~ e  1940' r, at?d 1559's s+lien !Tsb'esror H.V.S1arren, D r  R.E. 

Delavaul t  and t h e i r  co-workers madc p ionccr  i n v e s t i g a t i o n s  i n t o  

biogeochemical prospect ing i n  t h c  province a n d  elsewhere. 

Flmt prospecting methods a rc  d i v i d e d  i n t o  two groups,one 

i n v o l v r s  t h e  at;aict?r,ce arid morphology o f  ~ l r r z t  spec ies  associntcrd 

;:lt.!r, m i n e r a l i ~ a t i o n  XR(? t h e  o t h e r  r c l  l c r  up3n t,hc r e s u l t s  of  

che::iLml awil ysir ,  of c m v d n  rl.ar,t:; f o r  inf'orn- ill.^,:^ reg3rciilr;g t h e  

proximity of rn i r~era l iea t lon  i n  t l r i f t cove re4  areas. The former a r e  

c a l l e d  geobotnnical  methcds ar,d t h o  1at t t : r  blogeocheraical methods. 

Tn B r i t i s ! l  Columbia bisgeocheiniozl methods h a v e  bcen usrd .3urlng 

t?!:, l a s t  .thiraYy years by exp lo ra t ion  ~ ~ > i j c h ~ n l s t : ;  o r t c n  a1ong:;ide 

l a k e  sedimects.  Gccbo tri?ic.al 7t.t.ilocic kxi,;rrl cn Ln,licator p l a n t s  

have been rare so tint : , I I L P  ,Fin H a c P ~ u ~ a i l  st;,-gcztcd t h a t  he had 

observed a n  i n d i c a t s r  p l a n t  near  s i l . vc r  c e 3 r l . n ~  s p r i n g s  research  

was needed t o  t e s t  t h e  v a l i d i t y  of t h i s  hypothesis. 

T h e  p r o j e c t  commesccd by a b r i e f  l! t c r n t u r c  search cuntlrlued 

v!th a two  day f i e l d  i .r?vcstigation arid as._;occlqtcd l a b o r a t o r y  work 

;I::(] cozciu,le:.j xi t h  fu : r ther  rer;e:~rcll I n  *,he l.i1;7'7 r y  and herba r ium 

-Lo ri?;n:! nut t h e  i nva ; t i~x tLc r ! .  Tklr ,  rrr:-r.t c'e.c*riSes activ1tic.s  

05 j e c t  Ivcs  

'The ru s tn rcn  !n.d t t i r ~ c  o b , j c z t l ~ e n  : - 

1 )'.~o provide Snfn:-melt i on  on t ! ~ e  u ;t,  of I:. ~-uit .-> tu-; 3'; n gcobotanical  

i n i l l ca to r  f o r  s i l v e r  mi:ierali.cntio:~ i n  t! i t? Sol-thcrn C o r d i l l e r a  

2) ' fo  provido inf'or.:cntion on t t ~ r  u.-0 c f  ::. -- r u t , t r ~ t u r ,  a:; n blogeochrrnicnl 

i z f i l c a t c r  ~ P I -  : ; i lvcr ginera1 i;--it i c.::: i:. t h e  r;zrthb?y~l Cord i l l c r a .  



P r e l i m i n a r y  Research During p r e l i m i n a r y  d i scuc , s ions  w i t h  Jim Mac Dougal l  

i n  J u n e  1981 h e  p r e s e n t e d  me u i t h  c o p i e s  o f  pho tographs  o f  i ' , l .guttatus 

growing i n  t h e  v i c i n i t y  of s p r i n g s  i n  t h e  Zap c l a i m s  a r e a .  He a l s o  ment ioned 

t h a t  t h e  p l a n t  was known t o  o c c u r  i n  t h e  v i c i n i t y  o f  h o t  s p r i n g s  i n  t h a t  

part o f  t h e  C o r d i l l e r a .  

T.M.C. ~ a f l o r ( 1 9 7 4 )  i n  h i s  d e s c r i p t i o n  o f  t h e  Figwort  Ehmily i n  

B r i t i s h  Columbia d e s c r i b e d  t h e  p l a n t  as f o l l o w s  I -  

1-limulus g u t t a t u s  DC Annua1,or p e r e n n i a l  by s t e m s  r o o t i n g  a t  t h e  nodes ,  
by c r e e p i n g  r o o t s t o c k s , o r  by s t o l o n s .  Sterns s t o u t  a n d  e r e c t  o r  weak and  
more o r  less r e c l i n i n g , u p  t o  55cm t a l 1 , m o s t l y  s i m p l e , c o ~ n m 9 i l l ~  g l a b o u s  a n d  
p u b e r u l e n t  o r  pubescent  ab0ve.Leave.s v a r i a b l e , m o s t l y  r o u n d e d - o m t e  o r  
o b n t e  ob long ,  u p  t o  15cm long,many-nerved,coarsely a n d  i r r e g u l a r l y  d e n t a t e  
o f t e n  w i t h  small p r o j e c t i o n s  a t  t h e  b a s e  o f  t h e  b l a d e ;  p e t i o l e s  u s u a l l y  much 
l o n g e r  t h a n  t h e  b l a d e s , u p p e r  l e a v e s  s e s s i l e ;  i n t e r n o d e s  g e n e r a l l y  l o n g e r  t h a n  
t h e  l e a v e s .  Inflorescence mos t ly  r ~ c e m o s e , s o m e t i r n e s  s o l i t a r y  o r  f e u  f l o w e r e d ;  
p e d i c e l s  l e s s  t h a n  t w i c e  a s  l o n g  as t h e  c a l y x  , r a r e l y  s l e n d e r  and e l o n g a t e d .  
Calyx c l a b r o u r  o r  pubescent,camp;tnulate.oftan d o t t e d  o r  t i n g e d  w i t h  r e d  8-17 
inn l c r ~ g , l o n g e r  and  much i n f l a t e d  i n  f r u i t , t e e t h  s h o r t , u p p e r  t o o t h  l o n g e r .  
C o r o l l a  up t o  4cm l o n g , y e l l o w , t h e  t h r o a t  u s u a l l y  s p o t t e d  w i t h  r e d , r i d g e s  
d e n s e l y  h a i r y , n e a r l y  c l o s i n g  t h e  t h r o a t , s t r o n g l y  2 - l ipped .  Capsu le  b r o a d l y  
o b l o n g , c o n s t r i c t e d  a t  o r  s h o r t  s t i p i t a t e .  

Coinmon i n  wet p l a c e s  of  Western North  America from Alaska a n d  Yukon 
s o u t h  t o  N e w  i4exico. Common t h r o u g h o u t  t h e  Erov ince .  (pp  95 & 97) .  
T a y l o r ' s  map f o r  t h e  d i s t r i b u t i o n  o f  !,I. g u t t 9 . t ~ ~  is. reproduced  as  F i g u r e  1 

a n d  his drawing o f  t h e  p l a n t  as Figure 2. 

O t h e r  writers on t h e  s p e c i e s  inc1udir:g I 'orsiltl  ( 1 9 7 4 ) , ~ l a ~ k ( 1 9 ? 6 )  and  

~ b r a r n s ( l 9 5 1  j were c o n s u l t e d  f o r  f u r t h e r  i n f o r m a t i o n  and t h e  a s p e c t s  

of t h e  p l a n t  i m p o r t a n t  i n  r e l a t i o n  t o  p r o s p e c t i n g  a r e  r -  

1 1.;. r u t t a t u s  is a common p l a n t  i n  damp areas .  u h i c h  is found  by  m i n e r a l  
o r .  It bloorris from i t y  t o  ~ ~ p t e i l , b e r ( ~ l a r h ) .  It can be 

I d e n t i f i e d  a s  p a t c h e s  o f  i n t e r i s e  ye l low f a r  up on t h e  f a c e s  o f  c l i f f s  
and  i n  A l p i n e  : ~ l e a d o ~ r s ( ~ l a r k ) .  

2)14. p u t t a t u s  is  a very  v a r i ; t b l e  s p e c i e s .  For exqn~ple  ~ b r a r n s ( 1 9 5 1 )  !lists 
t t l r e e  s u b s p e c i e s  and one v a r i e t y  of t h e  p l a n t .  ~ l a r k ( l 9 7 6 ) n o i . e ~  t h a t  
i t  is  a ' v e r y  p l a s t i c  s p e c i e s  . . . . iml \over ishcd p lan t s -dwar fed  by 
t h e  r e l a t i v e l y  huge f lowers - in~y  be o n l y  7 Tev: i n c h e s  h i g h  . . . b u t  i n  
wet a n d  f e r t i l e  s o i l  r o b u s t  p l a n t s  may xppro7ch 3 f e e t , w i t h  s u c c u l e n t ,  
ho l low,  s q u a r i s h  sterns 3 s  t h i c k  a s  o n e ' s  thu:rtb.' 

I n  s~m:anry,fro!n t h e  v i e w p o i ~ t  o f  gc-.oh,ot.tnlc:tl prospectin$ t h e  p l a n t  h a s  

t h e  s d v n n t a g e  of l i v i n g  i n  dnrnp a r e a s  a n d  nc.3.r minera l  s p r i n g s , i t  is 

e a s i l y  r e c o g n i s e d  by its yel low f ' l o x e r s  nnri it blooms t h r o u g h o u t  t h e  

summer. D i s a d v a n t a f ~ e s  are t h a t  it is fodnd i n  any  wet p l a c e  and  n o t  

specl f  i c n l l y  a rcund  minera l  z p r i n g s  o r  shoirings . An3tht?r p o t e n t i a l  

d i s a d v a n t a g e  i s  t h a t  t h e  p l a n t  is v e r y  w r i n b l e  i n  form b e i n g  l a r g e  

o r  small w i t h  considerab1.e v a r i a t i o n  i n  t h e  f(3r.n o f  p a r t i c u l a r  o rgans .  

Consequen t ly ,  u n l e s s  a ve ry  s p e c i f i c  f o r m ( ~ n d / ' o r  c o l o u r  ) o f  t h e  p l a n t  



Figure 1 P a p s h o w i r e  t h e  range of lviirnulun putiatu; TE in S r i t i s h  
--&-- 

1 1 ~ 1  uvbL;c T Tn yl or ( I  97.9 ) 

fi:;ure 2 Yellow I ; !cnicy i l u * t ? r  $,i:iui~p-Et;,til- W: ) (from Ta.glor 1974) - 



i s  a s s o c i a t e d  with minera l iza t ion  it would be  d i f f i c u l t  t o  use a s  a 

s p e c i f l c  geobotanical  i n d i c a t o r  spec ies .  

From t h e  viewpoint of biogeocilemical prospect in^ t h e  p l an t  has  

s e v e r a l  advantages.  It is  e a s i l y  recognised on the ground or ,under  

favoura.ble condit ions,from a h e l i c o p t e r .  The p l an t  grows i n  clumps 

which a.re s u i t a b l e  f o r  sampling throu,nhout t h e  summer and no t  j u s t  

a t  one per iod  of t h e  sumrner,and enough of t h e  materJa l  f o r  a chemica.1 

a n a l y s i s  can f r equen t ly  be go t  frcrn a srn311 number of  i nd iv idua l  

p l a n t s  . 
These cons ide ra t ions  were considered t o g e t h e r  dur ing  t h e  planning 

of t h e  f i e l d  i n v e s t i g a t i o n  t o  be conpleted i n  a  ma.ximun of two days 

a t  t h c  Z - p  c la ims  a rea .  

2 ) ~ h e  F i e l d  and Laboratory I n v e s t i g a t i o n  

The f i e l d  a c t i v i t y  was designccl t r ~  c s t 3 b l i s h  i f  i*I.guttatur, could 

be  used a s  t h e  basis f o r  a p l an t  prospec t ing  method f o r  s i l v e r ( a n d ,  

poss lb ly  o t h e r  e1einents)in i ; ~ r t h e r n  B r i t i s h  Coluqbin and t h e  ad j acen t  

Yukon. Frel iminary d iscuss ions  suggested t h a t  a t  l e a s t  two s p r i n g s  

occurred i n  t h e  Zap claims area where Pi. g u t t a t u s  was common and 

high s i l v e r  and o t h e r  metals were known i n  t h e  ...raters. T t  was a l s o  

ev iden t  t h a t  t h e  p l an t  &as found i n  the v l c i n i t y  of o t h c r  sp r ings  

i n  t h e  same area which were not  knoxn t o  be a s s o c i a t e d  wi th  mine ra l i za t ion ,  

The problem reso lved  i t s e l f  i n t o  t h e  design of  a  s u i t a b l e  conceptual model 

which could be used t o  sample rnineral ised an,i  c o n t r o i  s p r i n e s  i n  exac t ly  

t h e  same manner i n  order  t o  produce eviilcncc f o r  t h e  use  of I-1.guttatus 

as a g e o b j t a n i c a l  o r  ' - I i ) g e ~ ~ t i ~ m i c ~ ~ ~  i rC:Icn tor a n d  1:1 doing s o  t o  d iscover  

o t i ~ c r  :,lants a s s o c i a t e d  with i . I . ~ u t t ~ t u r ,  -- w!;ich ! ? i ; r i - i t  be i n d i c a t o r s  therr,- 

~ e l v e r  . -- 
'iile cg?ceptunl model is shown i n  >~GI!?-c 3. I t  n l l a u s  f o r  t h e  pos i t i on ing  

of a g r i d  arm (markcd with r o p e s )  nt  rr s~,rl!y; o r i Z i n ( c r  a long  a creek)  

5m wide and 10m long. The c r i d  a r e a  i s  dlvic1r.A i ? t o  f o u r  q u i r t e r s  t o  

f ac i l3 t a t . e  r a p i d  ecologica l  mapping . Is was planned t o  co l l  t:ct t h e  

fo l lowing  szmples f o r  c h e ~ ~ i c a l  a n a l y s i s  from cnch p l o t  I -  

A ) T W O  1 1 samples of water from t h e  zpt-ing(or stream)one 
t o  be acidified w i t ! ~  !!:;O1 a t  t h e  slte and t h e  o t h e r  
nllowcd t o  rernin  i t 1  it:;'n-itural s t a t e .  30th samples 
t o  be  f i l t e r e d  cr! s i t e  throut?h a f i l t e r  paper. 

B ) F ~ V C  sainplcs of  s t r c n n  se l i n c r r t  t o  l e  c 9 l l e c t u d  a t  2m i n t e r v a l s  
cioxnst rc-%?m f'rov  ti.^ r;rr!;~r; 9 :-1-.>r s t i ie p lo t .  



Figure  3 Idea l i zed  conceptual model of c8mple p l o t .  

~ ) ~ n e  , o r  more,samples of  f o l i a g e  a.nd r o o t s  of 
PI. g u t t a t u s  

I n  a d d i t i o n  a p l o t  map(supported by coloured p i c t u r e s  i f  l i g h t  

c o n d i t i o n s  a r e  favourable ) ,an  e s t i m a t e  of  t h e  tempera ture  o f  t h e  

s p r i n g  water  a t  t h e  o r i ~ i n , n n d  a se t  of' i1crbrlriu:n p l a n t  samples 

f o r  compari t ive purposes. 



The F i e l d  I n v e s t i g a t i o n  The f i e l d w o r k  was completed on August 

l b t h  and  1 5 t h  1981. On t h e  f i r s t  day t h e  t r i p  t o  t h e  Zap c l a i m s  

was made by road from Watson Lake .  T h a t  day t h r e e  p l o t s  were 

sampled;  P l o t  A l o c a t e d  a t  a s m a l l  s p r i n g  j u s t  b e s i d e  DDH A 1  

on L i n e  5 West ; P l o t  B l o c a t e d  a t  a l a r g e  s p r i n g  a t  l i n e  5W 
lO+7O N ,  and F l o t  C l o c a t e d  some 60 1.1 down t h e  o u t f l o w  s t ream 

from t h e  s p r i n g  i n  P l o t  B ( b 7 5 ~  h 8 0 h ' ) .  

On t h e  second day a h e l i c o p t e r  was used t o  examine a marl 

l a k e  a n d  a canyonsldc  s p r i n g  at t h e  a l u e  R i v e r  C l a i m  g r o u p  

i n  s e a r c h  of a c o n t r o l  p l o t .  E v e n t u a l l y  M .  g ~ t t n t u s  was s p o t t e d  

i n  t h e  t u f a  d e p o s i t  s o u t h e a s t  o f  One Ace i4ountain where F l o t  D 

wan l o c a t e d  2t59.50/127.32 c l o s e  t o  t h e  d r l l l  road. (Nap l).* 

i + ~ p  (1) Xerox of ttlc 1 :25CI,0r)C, 5 ~ - 7  1 (! to r*op, rzy i i ic  map of  t h e  
b e  Ace 1,lount.n .in aytz:r r,t~.:!w i t : k -  ( 1  ) LQC;? t i o n  of p l o t s  
4 , H  a.nd C, (?) l .oc?t lc ,n  of p l o t  3 ;IF..! ( ? )  21-ea 5:here 
3 ,I. cut ta . tur ,  was 1ccate:j. 

Y 

T h e  f 5 x a c t  1 ~ C n t i o ~ : -  of the :;~ri.r!i.js an!"lot-, :;:+xr:fi?ri on d e t a i l e d  
Cornj:ixny rnal:s ~ h i c h  a r e  no t  i n c l u , l e d  i n  t h i s  r e r o r t .  



Descr ip t ion  of  t h e  Sampled I ' lots Using t h e  c o n c o p t w l  model ( ~ i ~ u r e  3)  as 

a gu ide  s s e r l e s  of p l o t  maps were cirnwn t o  i l l u s t r a t e  t h e  g e ~ e r a l  f e a t u r e s  

o f  each of t h e  f o u r  p l o t s  and  t o  i n d i c a t e  t h e  sampling p o l n t s  wi th in  then. 

These maps a r e  supplimented by coloured p l a t e s  which were chosen t o  provide 

f u r t h e r  j n fo rna t ion  on each a r e a  s tudied .  

P l o t  A The s p r i n g  i s s u e s  from t h e  bottcrn o f  a d r i f t  covered s l o p e  which forms 

t h e  l i m i t  o f  t h e  f l oodp la in  of t h e  Albe r t  Creek. Beyond t h e  p l o t  t h e  c reek  

outf low f lows  i n t o  a g ra s sy  a r m  with no t r e e s .  Otherwise t b e  are2 is covered 

wi th  a b lack  spruce f o r e s t  10-l5m high which does n o t  form a. c losed  canopy. 

The Sphagnum moss cover of t h e  f o r e s t  f l o w  can be seen i n  t h e  background 

of  F igure  5. The a r e a  c lone  t o  t h e  s p r j n g  was d i s tu rbed  by l ~ u l l d o z i n g  and 

diamond d r i l l i n g  opera t ions  about a y e l r  p r i o r  t o  t h e  simpling. S ince  than  

t h e  s p r i n g  has  formed a d e f i n i t e  ch:tnnel wi th in  kihlch two clumps of Iil. 

g u t t z t u s  were groxinc  ( ~ i g u r e  5. 
Using a simple tt~erinorr.e+,cr t h e  temperature of  t h e  sp r ing  outflow was 

measured as 16O~,wi th  a pH of 6.4(measured by ph papers) .  There was no i r o n  

s t a i n i n g  o r  tufa a s s o c i a t e d  with t h i s  spring, .%nples of ~ a t e r , s e d i m e n t  and 

p l a n t  m a t e r i a l  were c o l l e c t e d  f o r  chenica l  a n a l y s i s  and a s e t  o f  herbarium 

p l a n t s  wrt-e col1ectu.f x i t h i n  t h e  p l o t .  

P l o t  3 Here a l a r g e  sp r ing  with a cha:lnt?l b c l  n e a r l y  5m ~ i d c  a t  t h e  source 
E , o r a s  x rni111 creek which f lows i ~ t o  t h e  Eilber-t Cree':. A t  t h e  sp r ing  t h e r e  

is a l a r g e  clunp of M. g u t t a t u s  which was simp'-ed i n  each q u a r t e r  of t h e  

p l o t  ( ~ i g u r e  4>. The a r e a  is  covered with blxck sp ruc~?  f o r e s t  with t h e  

bes t  t r e e  growth on t h e  bank above t h e  spr ing .  In ttrc f l oodp la in  t h e  

outflow of t h e  sp r ing  flows through spruce with willow and sphagnum moss 

cover.  Tlte a rea  of t h e  sp r ing  appeared t o  be l i t t l e  d i s t u r b e d  al though 

t h e r e  had  been b l a s t i n g  f u r t h e r  up t h e  slo:-e. ?'he p l o t  a r e  was an i d e a l  

:me fo?. t h o  c o l l e c t i o n  of Ei.gutQtus becsuse t k e  pplzntr, were 38-50cm high. 
Q 

The tcmpernttire of  t h i s  s p r i n g  1~1s mra?surcd a t  8 C with no i ron  

s t a i n i n g  o r  t u f a  i n  t h e  imnedinte v i c j n i t y  of t h e  s r a . i r . ~ .  The I4.guttat .u~ 

were corimon f u r t h c r  dorsn t h e  r.rer~k kc-d tcycnd t h e  p l o t  a s  i n d i c a t e d  on 

Fi6;ure 6. 

I l o t  C I l o t  C  as l oca t ed  about 60 m 3o\r:::;tre-1rrl i n  t h n  channel of t h e  

P l o t  B spr lce ; .  'l'hls p l o t  w:~.; loca ted  t o  dis-,..cjver jf the expected geochemical 

anomaly I n  t h e  sprlrl:; watcl-r,, .-eLiiment nrli? i l . s u t  t;t tu:;  C O L I ~ I ~ .  bc de tec t ed  

avay frm the saurcc. I l o t  C K ; ~ S  1ocxtc. j  ~ c c ' ~ u ' ; c ?  1 L ir.\:luded. tr;o small  

clumps gf  i~i .gutt t i tur ,  - :;hick) xcre sult3t.1 e f q r  , -q l r . i ) lL r ! . j .  r i k ~ ~  c reek bed a t  

t h i s  po in t  was f u l l  cf 3oul:iers x i t h  t h e  w ? t ~ .  rli:i:;lr.& i r i  betwt?en then 

( F I ~ U ~ ~  11) (F'lgure 7).  A green moss with Sl;tcX root;; !n t h e  streambed was 



Figure  4 

Sketch maps of  
t h e  f o u r  sampled 
p lo t s .  For 
i n t e r p r e t a t i o n  
of symbols s e e  
conceptual  
n~odel  F igure  3. 



Figure 5 V i e w  of Plot A from the  northwest showing 

background. Note t h e  large area of M. guttatus t o  the  
r ight  o f  the photograph which extends t o  the spring 



F- 7 Vw. f m  the &re of plot  C lookhg downstream. 
Note the xa& h the setreambed and the patch of 5 ,mttatus 

#< 

- near the plet mrker. 

Figure 8 f l a k  Dzooking towards the spring which l ies  behind 
the log u p s ~ k u ~  fron the patch of !4.guttatus . Note the lush 
herb vegetation a t  thfs sits conpared with the  others. 



sampled from t h i s  p l o t  f o r  cbernicnl annlysls. Tile t e inpcra tu re  of t h e  water 
0 

i n  i h e  p l o t  was 8 C w i t h  a ph o f  6.1. I n  gcncral t h e  growth o f  M.gut ta tus  

i n  p l o t  C was poor cornpcrzd wi th  t h a t  i n  p l o t  3 .  

p l o t  D T h i s  p l o t  is s i t u a t e d  some d i s t a n c e  from t h e  o t h e r  t h r e e  (Nap I). 

1 r I s e l e c t e d  f o r  sampling i s  one o f  a s e r f e s  which a re  f o m d  i n  

t h e  a r e a  which a l s o  i n c l u d e s  marl and  t u f a  d e p o s i t s .  M.gu ts t tus  was 

d i f f i c u l t  t o  f i n d  i n  Slooin i s  t h e  arc1 e x c e p t  undcr  a d e n s e  f o r e s t  w i t h  

a w e l l  developed h e r b  v e g e t a t i o n  layer(~igure 8).  P r a c t i c a l  d i f f i c u l t i e s  

r e s u l t e d  i n  t h e  p o s i t i o n i n g  of t h e  p l o t  w i t h  t h e  s p r i g g  o u t f l o w  w i t h i n  

t h e  p l o t  a r e 3 ( ~ i g u r e  4). Although t h e  v e g e t a t i o n  a t  p l o t  D was d e c i d e d l y  

more l u s h  t h a n  i n  t h e  o t h e r  t h r e e  p l o t s  it was c o n s i d e r e d  a s u i t a b l e  

c o n t r o l  p l o t  f o r  c o n p - r r i t i v c  purposes ,  

The t e m p e r a t u r e  of t h e  s p r i n g  was rna:;urcd t o  be ? ~ O C  w i t h  a pH o f  t h e  

w a t e r  o i  7.2. 3pcau;c t h e  s p r i n g  was l o c a t e d  w i t h i n  t h e  p l o t  twc samples  of 

s t r e z m  sed iment  were c o l l e c t e d  o u t s i d e  t h e  p l o t  margin downstream from it. 

No marl was found i n  t h e  immediate v i c i n i t y  o f  t h e  p l o t  b u t  w i t h i n  t h e  

g e n e r a l  area e x t e n s i ~ e  d e p o s i t s  o f  marl an4 t u f a  were observed  in small 

c r e e k  beds which were common i n  t h e  area, 

Snmpie F r e p r - a t i o n  and C h e m i ~ q l  A n a l y s i s  

Hczixirium specimens were c ~ l l e c t e d  f r o n  each o f  t h e  f o u r  p l o t s  i n  

o r d e r  t o  e s t a \ ~ l i s i \  t h ?  gencrnl  v e g e t a t i o n  cover  t y p e s  invo lved  and, more 

i m p o r t a n t ,  t o  d i s c o v e r  i f  any  ra re  p l a n t s  ucre a s s ~ c i a t e d  w i t h  M. g u t t a t u s  

i n  p l o t s  A ,B  and  C. The p l a n t s  were d r i e d  and  prersed and s e t  a s i d e  f o r  

i d e n t i f  i c n t i o n  by i)r C. Hrnjrshaw a t  the U r i  t 1 st1 Colum bla I l -ov inc ia l  :.luseum 

i n  V i c t o r i a  

S m p l e s  of f o l i a g e  o f  il.Gutt;ttus t iere placed In p ~ ~ r  bags  and a l l o w e d  

t o  become a i r  dry  xitkiout irr.oulding by f r e q u ~ n t  chances o f  bags.  Samples of 

i i .  g u t t a t u z  r o o t  m s t e r l a l  Kerf> fount1 t o  be mattecr t c z e t h e r  and  mixed w i t h  

m i n e r a l  rna t t e r  of t h e  stream bed. Crude  washi?? rta s compl e t e d  i n  t h e  s t r e a m  

i n  t h e  f i e l d  and  a n o t h e r  washing w i t h  metal fr-crs wtor %as c a r r i e d  o u t  a f t e r  

d r y i n g  and d i s e c t i n g  the  r o o t  l n ~ s s i n  t h e  Inborztoz-y . St re ; tn  sediment  samples  

were oven d r i e d  and  t h e n  p1:;sccI ttiroll!:h nn 80 r~c:-h :;levu. 'The -80 mesh m a t e r i a l  

w a s  e x t r a c t e d  wi th  n. mixture  oi' h o t  n i t r i c  ;in4 ! iyc i r .~ch lor ic  acid  p r i o r  t o  

c h e m i ~ ~ l  a n a l y s i s  o f  t h e  e x t r a c t .  THO s-implez T J ~  t,ufa f'ron t h e  v i c i n i t y  o f  

p l o t  D u c r e  c o l l e c t c t l  fox- che[nlcxl nnaly:; !~. S 7 1 ~ ~ p l e s  of w a t e r  % e r e  k e p t  

c a o l  and  clivided 1::to tkio prtr,. Clr. p.rt ::,I:; re17 intlrl 2 t  3 l c o n b r i d e c  

( ~ e l t n )  o f f i c e s  2nd t h e  dtt inr !zl<:? e 1 LO I i C i l ~ ;  Ir: !u;t?-!c.s f o r  chc;nical a n a l y s i s .  



The f o l l o ~ q i n g  sarnples were s u b m i t t e d  f o r  chemical  a n a l y s i s  by ACME I n d u s t r i e s  

Water Samples ( ~ i l t e r e d  i n  t h e  f l e l d , o n e  
a c i d i f i e d  and one n a t u r a l  
frorn each plot)--------------- 8 samples  

b l .gut ta tus  snrnples 
foliage----------------------- 11 samples  
roqf,q ........................ 11 samples  

Stream Sediment ( f i v e  samples  f r o ?  each  p l o t )  20 samples  

bloss samples  (from P l o t  C only)-------------- 2 samples  

~ u f a / ~ a r l  (from P l o t  D a r e a  only)------------ 2 samples  

'To-tal 54 samples  

Sample p r e p a r a t i o n  

Waters  were a n a l y s e d  by ICP w i t h o u t  p r e c o n c e n t r a t i o n .  
P l a n t  n 3 t e r i n l  was d r i e d  a t  80°c. O.jg of d r i e d  m a t e r i a l  

di6;csted wi th  3ml 3:1 HPiO / ~ ~ l / w a t e r  ( I  : I  : I )  a t  90°c f o r  1 hour .  
Sediment and  Tufa  m a t e r i a l  c rusded ,  passed  a n  80 nesh  s i e v e ,  e x t r a c t i o n  

a n d  d e t e r m i n a t i o n  i d e n t i c a l  w i t h  t h e  method f o r  p l a n t  m a t e r i a l .  

Chemical  A n a l y s i s  

Chemical  a c a l y s i s  of  t h e  w a t e r s  a n d  e x t r ~ c t s  was c a r r i e d  o u t  i n  ACME 

I n d u s t r i e s  l a b o r a t o r i e s ,  852 E. I i as t ines  S t .  V7ncouver. De te rmina t ion  of 

elernen t c o n c e n t r a t i o n s  was done by a n  ICI '  I n s t r u n e n  t ( , ~ a r r e l l - A  s h  ATOMCOMP 

sys tem) .  F u r t h e r  in fo rmat ion  r e g a r d i n g  t h e  n a t u r e  acd performance o f  t h i s  

i n s t r u . n e n t  is i n c l u d e d  i n  Appendix B. RCi.!X industries s t r e s s  t h a t  t h e  

t e c h n i q u e  used  i n v o l v e s  a p z r t i a l  e x t r a c t i o n  f o r  Ca,P,I.Ig,A1,Ti,La and W 

a n d  a t o t a l  e x t r a c t i o n  f o r  Ag, !-lo, Cu, Fb, Zn, N i ,  Co, Mn, Fe , A s ,  U ,  Th, Cd, Sb,Bi ,  

V,and B. A l l  t h e s e  elernent c o n t e n t s  a r e  d e t e r m i n e d  s i m u l t a n i o u s l y  by 

t h e  i n s t r u m e n t  d u r i n g  a two minute  p e r i o d .  Such a method is i d e a l  f o r  

t h e  ! l . g u t t a t u s  p r o j e c t  because  it p r o v i d e s  jnfcrnr7.tion on s o  many 

e lex len t s  some of which may b e  below c le tcc t lon  I n  t!lc p l a n t  m a t e r i a l  

u n l e s s  i',l.,quttatcs is a n  a c c u n u l a t o r  p l a n t .  

The perform:ince o f  t h e  Scan ICI' a r z ~ l y s e s  c-orrpl *:td or, t h e  M.gu t t a tus  

by ACi'lE I r ~ d u s t r i e s  is  evic!e:it from laLle  1. Ti..z.c~e r c r : l i c a t e s  o f  each of 

t h r e e  samples  a wnte r , a  is?. g ~ : t t s t u c ;  f o l  ! . n i . c b  r,?nrl'le and a s t r e a m  sediment  

were dor;e and plote t l  on ttie tab le .  Tlic rr.~~!ic;ttc: c~)l:r;i l c r e d  s u i t a b l e  f o r  

compnta t ive  purposes  (ur.rferl !zed on t h o  t a b 1  c )  a r c  'N'sters -Zn,Cu,Sb,Mg,Ca, 

iir,!.:r. ; ;.!. cu t ' ln tus  ( f o l  i a ~ ; ~ )  -Pg,E b,%n,Cu,3i , ; j , ; ,~,y,?2 ,Al,Dx,Fe,i:n,?!i, F ; 

an(! S t r rn r .  Serlirncr~tr; - t h o s e  f ~ r  1.1. p t t a  t ; t e ,  y l u r .  i:,Co,V,U,'Th,L;t ,anrlCd. 

I n  sum-22:-y t h e  w a t e r  cxnl)l es were s l i i t ? b l e  fcr 7 e l e m c n i s ,  t h e  1,l.gutta t u s  
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( f o l l n y e )  14 e lements  a n 3  t h e  s t rearn  seciirncnt 21 e le inents .  T h i s  data s e t  

p r o v i d e s  a n  in ter -cs t ix ig  ir , t rbductio:l  t o  t h e  wide  s c o p e  o f  t h e  ICI)  mt:thoc! 
i 

anci i t s  pcrforrnance u i t h  r e s p e c t  t o  i .nri icular el.ements. 

DISJUSSIGN OF REULTS -------.----- ----- -- - - - 

:)I. g u t t n t u s  a s  a g e o b o t a n i c z l  i n d i c a t o r  p l a n t  111 Wor theas te rn  B.C. 

G t h e r  w r i t c r s  ( ~ a ~ l o r ( 1 9 7 4 ) ,  F o r s i l d  (1974) ) have n o t c d  t h a t %  

g u t i a t u s  is  found i n  damp p l a c e s  a.cd i n  t h e  v i c i n i t y  o f  m i n e r a l  

sp r i l igs .  The s t u d y  o f  t h e  four  p l o t s  s u p p o r t s  t h e s e  g e n e r a l  o b s e r v a t i o n s .  

I n  a d d i t i o n  o u r  investigation i n d i c a t e d  t h a t  t h e  p l a n t  grows n e a r  

w a r m  s p r i n g s  w i t h  pH i n  t h e  ranee 6 . C  - 7.5. t k p e r i ~ n c e  w i t h  t h e  

f a u r  p l o t s  s u g g e s t s  t h a t  t h e  p r e s e n c e  ,sr abc,ence,of t h e  p l a n t  

a t  a. s p r i n g  is n o t  d i r e c t l y  r c l z t e d  t o  tile prcser,ce o f  s i l v e r  i n  

x a t e r s .  It is l i k e l y  t h a t  w s t e r  tcmpcmature and  pn s r e  a l s o  i m p o r t a n t  

I n  d e f i n i n g  t h e  h a b i t a t  f o r  t h e  p lar ' t  t o  l i v e  i n  t h e  a r e a .  We conc lude  

t h a t  a l t h o u g h  M.gut ta tus  may o c c u r  a t  s i l v e r  r i c h  s p r i n g s  i n  t h e  a r e a  

it is n o t  a. s p e c i f i c  i n d i c a t o r  o f  t h i s  ele:~e!it because  it is found ir, 

rprincs x l t h  low a n o u n t s  ol" t h i s  e? encrit.  

If wc a.cci?pt t h e  p-oy;oslticlr. t h x t  r:. ;,.uttxtu!; gr.:,ws where t h e r e  

is s i g n i f i a n t  s i l v e r  i n  t h e  --ltcrs and xiicre s i l v e r  is minimal t h e  

n e x t  p o i n t  is t o  examine t h e  fern of i n d i v l ( ? x a l  p l a n t s  taken from t h e  

f o u r  p l o t s  I n  order  t- 2 i s c o v c r  i f  s o r ~ e  c ~ s i l y  r c c o g n i s n h l e  f e a t u r e  

of c . l a n t s  from s i l v e r  r i c h  s p r i ~ g s  can be f o u x l .  C l e a r l y , w e  must be 

c a r e f u l  h e r e  because 211 writers xho descritic j4 .gut ta tus  from a 

bot?nlcal viewpoint  n o t e  t h a t  t i l e  fcrin of tnc p l a r , t  is very v a r i a b l e .  

EJght  Irtc!ividuzl p l a n t s  fron r l o t  A ( c c e  S'igurz 9 h 5 )  were prepared 

2 s  i i r r t -ar iun silzclxczs ( ~ ? ~ ! l r e  9 2 10). Xerox cop lc s  o f  t h e  p r e s s e d  

plal:ts 1rcx.e reduced 60$ twice tc; pya:-iur:e -these E'lgures. It is e v i d e n t  
8 

t h a t  t h e z c  ci$;t  p l a n t s  i j~ . .?  br:):c:fly ::1%l'.nr t o  t h e  spaclmen of  M. g u t - t a t u s  

on h'lgure 2. The o n l y  obv lous  ~ l c ~ ; ~ : . t u ~ c  Tron t h c  g e n e r a l  f'orm of t h e  

s p c c i ~ ~ e i l s  is Iiu h ' j ( ~ ~ ~ u r e  9 )  xh! cit h:lz I:\:.gt:*- l e 3 v e s  and fewer f l o w e r s  

thnn t!;e o t h e r s .  The s p c c l n e n s  f ron  P l s t  b(? i&ure  11) are  similar t o  

t h o s e  from p l o t  A excep t  t t :a t  tile p l a n t . .  ?re so:newhat t h i ~ n e r .  So 

f a r  s o  good we hxve n !'OT,I nf ;I.gutt;. ',us - t y p i c a l  of' c , i lvr?r  r i c h  s p r i n g s .  

F u r t h ~ r  downstrram frsa El,?'+. d ;it i l3% C we f i l ~ l ( t . i ~ u r c  1 2 )  r e p r e s e n t a t i v e s  

of  t i i t ]  differc:: t  fez-n: of i.1. & ~ t i - : t u ;  -- cr:e ( i ; ~ c i u t i i n ~ <  ~ 5 . ~ 6 ~ ~ 7  R: c~I) with 

S I C - : ~ ~  ~terns 3-13 Iczvc; - ln? tnc: othr:r (i:::?.i[:;~r;. C ' ? , C l C , C l I ,  !i ~ 1 2 )  w i t h  

* 
A more t!etnilcd d e s c r l n t i o n  o f  t h c  r1;lts I n  T a b l e  i 2 p p e a r e d  in a 

. 1 -  . , . . . .  , ,  9 1 - . r v r  



Figure 9 Xerox c o p i e s  of f o u r  ? ,pccigiens  of i,i. g u t t a t u s  from p l o t  
( ~ h e  d i a m e t e r  of t t l t >  r . l r c l c  is 5cm, 



Figu re  10 Xerox c o p i e s  of f o u r  s p e c i m e n s  cf 11. m ~ t t a t u s  f r o n  p l o t  A 
( ~ i r c l  e d i z r n e t e r  5 r  n )  





Fi ; ; u~c  12 Xerox copier, of s r c c i ~ c n ?  of  i.1. r ru t l ' l tuc ,  f r o m  p l o t  C 
---i--- 

( c i r c l e  dlnrneter .5 c;n). 



F'igure 13 Xerox ccp ies  of spcclmcns  sf i.:. ~ d t t ~ t u s  fl-cn riot I) 
( c i r c l e  eiainetc.? ;:-.::; ). 



t h i c k  s t e m s  a n d  big l c n v e s .  T h i s  is a good e>xarnple o f  morpho log ica l  v a k l a t i o n  

d i s c u c s e d  by o t h e r  w r i t e r s .  The  S~;CC~T(:!IG f r o n  l l c t  D ( ~ i g u r e  13) a r e  poor  

from the p l o t  i t s e l f ( p r o b ~ ' o l y  due t o  lnck of s u r f i c i e n t  l i g h t  F i g u r e  8 )  b u t  

s t r o n g  a n d  h e a l t h y  f u r t h e r  down t h e  o u t f l o w  channel  where c o n d i t i o n s  are 

more f a v o u r a b l e  ( ~ 5 0  & D 5 1  F igure  13). Although t h e s e  o b s e r v a t i o n s  a re  madt 

from f o u r  p l o t s  o n l y  we conclude t h a t  e a s i l y  r c c o g n i s a b l e  morpho log ica l  f e a t u r e s  

do e x i s t  i n  specimens  of M.guttatus w i t h i n  t h e  p l o t s  b u t  t h e y  a r e  n o t  d i r e c t l y  

a s s o c i a t e d  w i t h  t h e  s i l v e r  c o n t e n t  o f  t h e  unicrs.  Furt l ler  resesrch a t  o t h e r  

sprizgs i n  t h e  ares  is  r e q u i r e ?  t o  e z t z b l i s h  t!;e val l d i t y  of' t h i s  c o n c l u s i o n  

a n d  t h a t  i n  t h e  p recced ing  paragrapn.  

G e n e r a l  Conc lus ion  M . ~ u t t a t u s  i n  Northern  B.C. appears t o  b e  an i n d i c a t o r  

of w a r m  s p r i n g s  w i t h  a l k a l i n e  t o  n e u t r a l  pH. Tile p r e s e n c e  o f  s i l v e r  i n  t h e  

s p r i n g  water-s a p p e a r s  n o t  t o  a f f e c t  t t ic!  cror; t l l ,or  f o r n  o f  t h e  p l a n t  i n  

t h i s  area. 

b)~.!. ta t u s  as a b i ~ g c o c h e m l ~ l  i n d i e n . t o r  p l a n t  for  s i l v e r  i n  N o r t h e a s t e r n  B.C. 

Ln all 11 samples  of f o l i a g e  and r o o t s  of X. guttx'itus were p r o c e s s e d  and  

agxlyccd usw~y;  t h c  ICP tec t~niqu:?  ciescribel above. 1~. this discusc,io3 we 

Ac, t b,Zn,Cu,A 

T h i s  q r o u p  of e l  emr: ts mii-;ht rcasijr:ably u r l  3 ;.-u.fi~<! t o  be a s s o c i a t e d  w i t h  

m i n e r a l i z a t i o n  i n  t h e  Zap C l a i n s  r \TCmr.  ?fie : - i l v r l r  r l7 t torn  i n  thm f o l i - l p e  

s a m p l e s  1s ; \ lmost  i d p a l .  'dl th t h ~  hlf.h?;t \ r i i l ~ ~ ' ~  a t  t!:? arz.-'r r 7 q  j r -  i l o t  

A (2.1 nl';n)and I ' iot  ~(3.7 ppm). I n  t h t ' s e  p l o t s  ti:c s i l v e r  c o r ~ t e n t  decl-eased 

with i r ,  a few m e t r e s  from t h e  s o u r c e  w h i r h  ir:c!ic:qtes t h n t  i f  I.1. g u t t a t u s  

i s  used f o r  p r o s p c c t i K g  s21nple-, shou ld  be c??lecter!  a t  t h e  s p r i n g  i t s e l f .  

1,ciJcr v a l u e s  w~r(? f o u r ~ d  ( i o w ~ s t r e a m  f ro3  T l n t  E ir. F l o t  C and  much lower  

v n l : > c r ;  i n  i Lot  TI thr. r9: l trol  p1r.t. riir :;:I vr?- i,, yo~t:; n ; i r s l l c l e d  t h e  p a t t e r n  

in t t le  fc,! i a f : ~  b u t  t r l ~ ~ c ! t ~ t l  t o  be l c z s  rc1n:; l t ivt .  to c~ i i znp : r~s  i i n  c o n d i t i o n s  w i t h i n  

t h e  plot:;. 'I'f~c highel- vn1ut.s i:; t h e  r o s t s  ?rcJ pr.ol:?bl:y d u e  t o  s l l v c r  i n  t h e  

pia.nt  t i$ ; r ,ue  a.nr1 n o t  i n  ti;(. min!?r".l r n n t t ; ? r  !:: rr::?tc;. !;om.- icIe2 o f  t h e  r l i f f i c u l t y  

- in  :;el!-irntine mincl-:~-L n ~ : i t t e . r  !'rf:o! t h e  i n - t t t  , i  r';tut:; ~ x n  ix! oi!ta.inetl from 

exrr , in . t . t inn  o f  t h e  m r l t  o f  root..c, con p l n n t  A23 (F!!~.i~re 1 0 ) .  

sil vex  e x c e p t  l e a d  w: ues a:-:? k:L~:her ti1 i n  c.> ;,c.ctr.! I:1 C'.:1,3, DFbi3 ar!d ~ ~ ; X ( ~ a b l e  

2 ) .  Lezd is o f t e n  rtccuniu!atc:i !n t h e  r c a t s  ::f rl:t!:tc >n.i t h i s  1 s t h e  c n s e  w i t h  

1.1. put tn tur  ( ' I 3 b l i . 1  2 ) .  A:] ur?+:xr,l-! i . rc~i o h ~ c r v ? ~ : f : n  is :.rlly t!:~: hl,yi;est, le3.3 

f,,...,.' I.,. . r!c)t ir! t'l o t  B 7:: c.?:pt:ctc~! Su? i n  !.lo!, A . f>t!lcr:;.:i:r t j'.e yrzttc3rn for 1 cad  i n  

rest-, n i : r ~ i c s  t h n t  f o r  s i l  L C I  Ir! f o l  iaye.  



U 
111 
rx 
a 

rn 
Eli 12 
i2if " 

4 
n 
b4 a 

m 
n 
G- 

t Y l l  U 
I1 

cJ l l  
&I1 

.r5 

Cf;] 
U 

0 

G 
:n 

c, 
N 
G, 
19 

"11 
El! 
t 311 
LL(I m 

N 
b8 
m 

6 
m 
G. 
m 

m 
h 
C. 

-- I1 
II 

+.I1 
&I1 4 

N> 
Cz. 
< 

L 7 1  

C? 

N 0 
.-4 m 

0 .  
N W  . . N . - raC-\m 0 0 0 0 .  0 4 4 0  

'0 --in 0 0 0  N U  0 C] 
C? O N -3 U\ F 
(73 .- 

CU 

-3 0 .- N . . 2 + N  . . 
C ? C F \ * b  OC3OO(V O + d C  
u-v\ o o c > o  c> 0 

C U 0 + ( <  d P 
C?Q (\I 

N 

;f O\ 
0 N m NU\ 

- *  . . 

u 
3 U) . . 

N b O r .  YN. 
Cnr-c?' 0 0 0 0  O.-iCUO 
C\1 O O O N  l C3 0 

4 N .-.I 
('l CL .- 

'G 
u\ 07 

I .  
a\ 4 3 . . C\nC'\a' o c  o c3 r-c O ~ N O  

U\ -4 .-i CT e C) c7 0 
r\ 0 C U d N N  5 .- 4 

C? U\ 

b N . . 0 0 0  . . 

-5 

k '  
b- 4 
0 
Cr CJ E j 

11 

U d c \  0 0 0 0  0 0 
m a . - N  4 (7 
cu .- N 

N 

N O  

?'T: ': r . .- . 
C ? C 7 b N  0 O O C ) b  00.-'a 

P- 3 O O O O N  c, 
onO.- iv+  c\r PJ 
F\ N \ u 

4 

N C> 
N O  N u- 4 . -  . . 

" C O V 3 ' n  O O O O c ?  O O r - c O  
u3 - = t O O O C > ( V C 3  0 

d O d N  o\ 7 1  

C3 N N 
- 4  

Q 'm 
'-0 C\ 0 C L  b CS . .  . . 

'I\ c9 CK' 0 0 0 13 d 0 0 -4 0 
U\ -+ ( r \  OOCJO' 0 0 

> ci\ d 

CU 1-r PJ 
1-r 

.=t c' 
N '? ("! . (4 O \ 0  . . u\COd O O O O d  - 0 0  O O d O  

do-+(\! (7 
m O 

(7N .+ 
T - 4  (V 

- 4  0\ . . . m u;< 
. - i + \ ~ m ; t  o o n o c ?  oor(c,  

u3 ('3 0 0 0 3  0 C )  
4 w rl 
N c? ('1 .- 

-a> q r- du3 
0 .  . .  

C \ C \ I O O \ L . ~ \  O O C > O \ D  o.+.+o 
0. C? ooocn c, a 

N O - + . +  C;, N 
-3 c\ r\ " 

" 3. C )  <' . . 
. - O \ C T C N  O O C , O ; ~  0 4 - 4 0  

( r -(7 0 0 0 0 C ' \  C-1 o y?-r--lC7 ' r )  P \ 
\Ci N 

.--I 

4 C> CT + . . . . 
N P. \i, \D C> o c:, C> ,D C> - 4  .-I ( 1  

+ ( l i N 3  OOL'<"r\  c )  
4 ~ r n d f ' ,  u\ -1 

r ' n  C.1 
.-I 

,r, c 3 L a ,--{ a L: ., I . r ~  fl 
- f  1, N c ~ t r )  . [ . 1 ;  'I 3 

4 . -  0 0 
P \ 

C 
=tD.-JN 0 .-i 
C' 6" 
'i \ 

N 

02 '9 0 0 . . 
O r n C . - * j  ; t C O O O  OO.-.IO 
d T \ U I  ri O O C > O N  O 

(r\ 
0 

(7 C' N 2 \l) -4 
CJ \D - I  

C\- cu 3 c\ . . 
Or\.- \UQ O C > O O &  O . - i d O  
NU03 r-c 0 C 7 0 0 3  0 

(7 
0 

(U 33 ('\ O\ (U 4 
F \  C' 4 

C> N j  . . 
4 d C) \3 c7\ i> C2 0 0 0 CC) (? .- o 
r \ l O C ) + d  C-,C~C>OW 

4 c, c> 
0 O\ 
U\Yl .- N 

.-.I .. 4 

& + P  

rdC\u\C>C\1 O O O C > F \  C D - d O  . . 
CO,' ( ' - \ ._  C ) q o o N  O  .- Lb 0 

d c, (3 b 4 0 N 
- 3 . - C \  cv 

cu 
c'- cc\ ( rb . . 
~\N.-~u\.-I o o o o u  0~~~ 
(-4 U3 (3.. OJ c3 0 a C> C\ 0 

d 3  
C> 

-3 (J (-1 .-I 4 a N ~ , \ n  N m 4 
c\1 

c'- \O 

~ . - ~ ~ : c \ o  4a . .  
J r O O O C > T \  O D - N O  3 C ,  0 C > O  C1 0 0 

O O U \ d - +  3 cu 
J ,I 
d m  

i I \  bu3  . . 
( n - + \ ~ a ? t u  o o r ~ o c ,  c ( p d o  
U \ - + \ O 3  - 00 C > < J  a C, 

C i \  G 
C J  

0 C )  P - i l  ( J  CU C1\ 
O C ~ N U ' T .  4 
CIT u\ 
.-4 --f 

C L  

cn C )  \i < O a m C j  '2 ? 
CJ < > C d y  :; C , L >  CJ > i i )  '-> 

\U C- c > c , -) '1 c x  .JL 0 
-2 1 c C7\ 

-4 

' C  r i  
r ' 3 

t11 Ll c: :J t - d r {  + La .r( .-i -. . N r-) 71 - - I -  - FA. ; - $3 :$ 



The z i n c  i n  f o l i a g e  r a n g e s  from 55 t o  70 ppm i n  a l l  b u t  t h r e e  sa:nples 

4FBA ,,IF!3i3 a n d  BFi3A ( ~ n b l e  2 )  .whcre t n c  i n c r e a s e  i s  n e a r l y  twofo ld .  I n  r o o t s  

t h e  background z i n c  c o n t e n t  is  some 300-350 ppm with, h l g h e r  v a l u e s  by a f a c t o r  

of t h r e e  i n  F l o t  A s n d x l . 5  and x3.0  i n  F l o t  B. 

Copper v a l u e s  rat lge from a h i g h  o f  26 ppm t o  a low o f  6.2 i n  f o l i a g e  a n d  

a h i g h  of 48 and  a low o f  4.8 i n  r o o t s ( ~ a b 1 e  2 ) .  In  g e n e r a l  t h e  copper  was 

h i g h e r  i n  r o o t s  t h a n  i n  f o l i a g e  and h i g h e s t - i n  F l o t  A a n d  l o w e s t  i n  P l o t  C. 

As e x p e c t e d  w i t h  a. l n i c r o n u t r i e n t  boron was hlg;her i n  t h e  foliage t h a n  i n  t h e  

r o o t s ( ~ a b 1 e  2 ) .  Boron a p p e a r s  t o  b e  a n  e lement  n o t  r e l a t e d  t o  m i n e r a l i z a t i o n  

b e c a u s e  it v a r i e s  w i t h o u t  a p a t t e r n  i n  H. g u t t a t u s  f o l i a g e  and r o o t s .  

Mg,Ca,Al, Fe,Mn 

I n  t h e  f o l i a g e  l e v e l s  of  rnagnesiwn a ~ d  ca lc ium a r e  r e l a t a v e l y  uniform 

i n  a l l  p l o t s  e x c e p t  t h a t  hJgh magnesium and c a l c i w  were found i n  r o o t s  of 

p l a n t s  growing a t  s p r i n g s  su[:e,esting some secondary  p r e c j p i t a t e s  of these 

c lernents  n c a r  t h e  cr3gi.n cf sprjngc:. r h i s  e f f e c t  was n o t  found i n  t h e  

f o l i a g e  sarnples( ' rable  2 ) .  Aluminium was low i n  t h e  p l a n t s  b u t  r e l a t i v e l y  

h i g h  i n  t h e  samples  from p l o t s  A a n d  B. I r o n  was s l i g h t l y  h i g h e r  i n  F l o t  

A f o l i a g e  a n d  t h i s  t r e n d  was a l s o  observeti  i n  t h e  r ~ o  ts from p l o t s  A ,  B and C 

comp~rcd with t h e  c o n t r o l  p l o t  D. Kangancse va7.ues ~ . r o v l t l e d  a n  i n t e r e s t i n g  

p t t e r n  i n  b o t h  f o l i a g e  zrld r o o t s .  I n  f o l i a g e  low va lucs  were found i n  P l o t s  

A ant1 C an.! very lorz t n l u e s  i n  p l o t s  13 and D su!?pi.:;tinq a manganese def i c i e n c y  

i n  t h e  pla1:ts. In  t h e  r o o t s  manganese was l o w c s t  i n  p l o t  D and n e x t  l o w e s t  i n  

F l o t  C .  ( ~ 3 b l e  2 ) .  

F,'!i,Ei,Ba 

i hos2horus  was h i g h e r  i n  t h e  f o l i a g e  thqn  i n  t h e  r o o t  m a t e r i a l   able 2 )  

b u t  no  t r e r , d  i n  t h e  d a t a  were a p p a r e n t .  h'ickel w?; an  example of a non- 

n u t r i c n t  t r a c e  e len~e i l t  which ncpc:\red fiat t o  b v  rel7tcri t o  m i n e r a l i z a t i o n .  

Bismuth was a s u r p r i s e  because  t h e r c  was no p - a t t e r : ~  i n  t h e  p l a n t  m a t e r i a l ,  

t.11e l e v e l  wa s s l i g h t l y  h i g h e r  i n  =mplc s  cf 1-3ots f r c n  n o t  A .   able 2 ) .  

~ h r i u m  ttar, a s i r n i l n r  r a t t e r -n  t o  b ismuth a n d  is n o t  cons i t i e red  t o  b e  

: ; i ~ n i f  i c a n t  from ttlc viewpoln t o f  pr\?;pcc t i n &  cln t h e  basis o f  plnr: t i n a t e r i a l .  

Genera l  Concl u s l o n  

I t  scerrls c l e r i r  t h a t  1 l .gut tn tus  f o l  i n ~ e ( o r  r q o t s )  c o u l d  b e  user1 f o r  

e x p l o ~ a t l o n  f o r  s i l v c l -  i n  the Zqp c1al:ns :rrea. Pant:; c ~ u l d  a l s c  be used 

f o r  p r o s p e c t i n g  f o r  Ic.rd,;.,i:~c ant i  c c ~  p c r  a n  ! for sone unexp la ined  reason 

nanpncse  3150 fo l lo i j ed  t h e  -?Tne p ? t t V > ?  n. F,II. clo~;coc' tcmic;t l  p rosnec t i cp :  

t h ~  siqqples cf ? . ~ u t t : : t u s  zhould be  c->2lcctcl  - 1 . .  r,q?r LQ t!ie o r i r i n  of a 

s p r i n g  .;as ~ . r a c t S c a l  x i 1  or .e ,cr  two c t h e r  s-i:~pie:; 2 t 10 m i n t e r v a l s  

downstream i f  t h i s  is p r a c t i a l .  We a l s o  con(-luec: t f i q t  n icke1,bisrnuth  and  



barium s h o u l d  a l s o  be determined i n  r o o t  m a t e r i a l .  

THE RE;LriTITIE EI;'F'EC'l'IVL?,',T.:ESS OF T.llf\N'rS CO;,IIAREI) XITH WATI:RS A N D  ST3EXII SEDIF1E:IT 

FOR F P,OSi'W,TINC I N  THE FOUIl I-LOTS 

The c o l l e c t i o n  of  w a t e r  samples  and f i v e  samples  o f  s t r e a m  sed iment  from 

e a c h  o f  t h e  f o u r  p l o t s  enabled a compzrison of t h o  r e l a t i v e  e f f e c t i v e n e s s  

o f  t h e  d i f f e r e n t  media f o r  p r o s p e c t i n g  i n  t h e  Za? C l a i m s  a r e a  t o  be drawn. 

U a t e r  Samples 

The I C P  d a t a  f o r  d i r e c t  a n a l y s i s  o f  w a t e r s  is l i s t e d  on T a b l e  3. It should 

b e  s t r e s s e d  t h a t  t h e  wa te r  samples  were r u n  w i t h o u t  a p r e c o n c e n t r a t i o n  s t e p  

and,consequectly,represent a first approx imat ion  on ly .  

As expected i n  a n  area o f  rleutral t o  h i ~ h  pI1 t h e  dominant c a t i o n s  i n  

t h e  r;ate_rs were calciuin and  mngnesiilrn. Thc  acidified w a t e r s  provideti  a 

u ~ , e f u I .  c h ~ c %  on t h e  perform~r~,:c o f  t h e  method and  provided slightly lower  

v a l u e s  f o r  t h e s e  clernel;.ts corn{wrec-l wi th  t h e  natur-a.1 wqte r s .  In  g e n e r a l  t h e  

calcium was found t o  be s l i g h t l y  l o w e r  and t h e  magnesium s l i g h t l y  h i g h e r  i n  

t h e  c o n t r o l  p l o t  w a t e r s  compareti w i t h  t h o s e  fron the o t h e r  p l o t s .  T h l s  might  

b e  l o o k e d  i n t o  as  a d i a g n o s t i c  t o o l  f o r  s p r i n g s  i n  t h e  a r e a .  Earlurn v a l u e s  

were  similar i n  t h e  two wa te r  samples  c o l l e c t e d  f r o x  each s i t e  w i t h  s l i g h t l y  

l o x e r  v a l u e s  f r o 3  P l o t  D samples.  I:m~;ancse was tuliforrr,ly low i n  a.11 t h e  

samples  which might be  p r e d i c t e d  from t h e  d a t a  f o r  PI.~.;ut,tstus on T a b l e  2. 

Copper v a l u e s  were h i g h e r  i n  t h e  a c i d i f i e d  s?;npLcs f r o x  P l o t  A and  B ,o the r -  

w i s e  t h e  l e v e l s  were s i m i l a r  i n  a.11 pl .ots .  Ttie ant imony m l u e s  were a  s u r p r i s e  

an,! s u g g e s t  t h a t  t h i s  element may h :~ve  a r e g i o n a l  h i e h  i n  t h e  a r e a .  

Conc lus ion  

The d i r e c t  a n a l y s i s  o f  ~ a t e r s  w i t h o u t  p r c c o n c e n t m t i o n  p rov ided  r e l a t i v e l y  

' l i t t l e  i n f o r m a t i o n  o f  i n t e r e s t  i n  e x p l o r a t i o n  i n  san;ples  from t h e  Zap c l a i m s  

21-ea. With r e s p e c t  t o  t h e  n3,jor e l e m e n t s  t h c  ~ n / i a : ~  r a t i o  n i g h t  b e  used a s  a 

t i i ; l c~ ;os t i  c t o o l  f o r  t h e  d i s c o v e r y  of c p r i n q r ,  wllich ;+ere minera Lised.  Other-  

wise t h e  elemen t s  11s te.3 provide l i t t l e  infcrm? t  lo:^ e r ,pecia . l ly  a s  t h e  e l e m e n t s  

of major i n t e r e s t  - s i l v e r , l  cncl ,bisrri.lth anti  tur:r:r,tcr. - wcz't! n o t  de te rmined  by 

t h i s  tcchr i iquc.  

' 3  tre?ra Se t  inlent Samples 

The p l o t  a p p r o ~ c h  p r o v i d e  i nn excellent c:t!art:mity t o  e x ~ m i n e  in d e t a i l  

t h e  performance of t h e  s t l - t ; in \  scc!l!ncnt j r ~ : ; ~ i : c t i n ~  rncthorl a t  each  of  t h e  f o u r  

s p r i n f s .  ':'he ICP i?ata f o r  t ! , r j  :;teanq sc>rlimcr.t:s is r l o ~ , t c d  on T a b l e  14. When 
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<,n? I : l t : l r y  '; HI:; os t :~ ined  i n  40 n i r ? u t e s  some 

ide.4 o f  t i l c  p o t e ! ? t i , l l  o f  t h e  1Ci' method is 

o b h l n c d .  2 1  the n e , ~ i t i v e  side some o f  t h e  

cleinet~t c!nt.rr sets a p p e a r  s u s p e c t .  For example 

t h e  v e r y  high Cx v a l u e s  f o r  the s e d i m e n t s  

of 1'1 ot n. If t h e s e  a r e  t r u e  v a l u e s  t h e n  

on@ m i g h t  cxy'c't th-i-t, son?+ genersl i n t e r -  

i'er-inccs rnigi~t occun--fox e x a m p l ~  i n  t h e  

d n t ?  f o r  !a ( ' sab le  5).  However from t h e  

v i c w ~ o l n t  of t k  is st.udy we xssume t h a t  

t h e  geac?:onlr:i?. d a t a  f o r  t h e  s e d i m e n t s  is 

co l - r r r t .  

I n  ge:!v:.> ! tilo g2 ttern f c r  t h e  e1eincr:t.s 

de l e rmlne . i  i n  t h e  fo l iage  and r o o t s  o f  

P l .~ut , t ; t tus  ('i'xble 2 )  is s i m i l a T  t o  that 

l i s t r d  on T z b l e s  4&5. I n  p l r t i c u l a r  t h e  

rc l t tcyr i s  for the n u t r i e n t  e l e m e n t  manganese 

a r e  clr?.i.!ar i n  ttls r o o t s  a n d  the se:! inents  

' 1  i Gcoc!!cnic>l C:ts fi:l:: i n  wtrlcii t hey  grgt:. 
Str-s:; r n  St:?; m t n t  i';r:???er, : 
f.l.tno,:~.r,e:;e, L ' t ~ f  hririum and Bir t 1:m 

'I'hft Ag p t t e n ?  i n  t h e  :;edimen-ts shows 2 d~cl-t-?sil :( :  6:mdient p z t t e r n  qway 

?run the source. T!lc pzittrrr, Is.in gcneml vnr -y  c l . m i l - l r  t o  t t ~ t  found i n  t h e  

~ . c n i c  R I ? ~  i ' o l i a ~ c  of  i . ; . ~ u t t . ~ i t u s  ( ~ a . b l e  2 ) .  ::l.e?r.ly st?-c?m s e d i n c . z t s  a r e  a. 

3 .  b 1: o . ; t ?  t o c l  i n  thi:; arc?. 

Tb :r,nr! %n s!:o?4 2, ~ . - l n i l a r  ;.rrttern I n  r;cii i :n;l tr ,  c?f p!ots A I3 and C ( ' i 'able 4 ) .  

I r !  !l:,t D t h e  di.cr~.x:;c in iS is mucti i-iorc (!r.; i l;~~f,Lr t l~.-.n f o r  Zn. ( Iq~nt ined  w i t h  

t h e  (7ata f r j :  Ap thc:;n p.ttctrn:-,  r,cil;~*~r;t t k c t  i i:c sin;:-;:tJ i:; mirisr-:;liz.ltil;!? w f t h  

- -  n 1 . A -, e r , ; . c * c : t c : , j  !:(I h-4 :; :3 ::3.;.1 i l :i.r p?.-t! ~:r:! tllc::c i I - ) r t $ r ?  i.l c i n c n t s  
. . 

b u t  A,;,;:u nr,d )lo appt:ar t o  ca t in re1  n t o t l  to :t. n L  i .n ( l  'ri :*?so b-tve 7 d i s t i n c t  

~ ~ n c i  i . n t e r c : ; t i n g  pzttenl  w i t t j  i:!,?:? fiI !ri I ! o t . ,  11 ar!:I TI ,?;1i1 h i g h  Gi i n  I ' f c t  3.Tne 

.- . .21:1. . lyit.,ic;l of th!! ::eji.rnent r;:ar:p? I-,: br !!-.?.; t!nn::.c: 7-1 t t e rns  o u t  v e r y  w e 1  



/ ~ ' d  
~ v i d t : n c /  Co xr.d 7: b u t  n o t  rri!!t.?nt.re which n p y a r s  t o  rcach a maximum 

ar~cr,d 5n from t h e  s p r i n g  and th:n decrezse r ~ n i d i y .  A s i m i l a r . , b u t  l e s s  w e l l  

del.clvpcd t r end  is found f o r  t t ' e  :c: t ! l cqc i? t~  Pn P l o t  3. A 1 1  t h e s e  e l e m e n t s  

are  r c l a t i v c l y  low i n  ?Lot D. As ln t h c  <:a:.e of t h e  p r e v i o u s  group tire 

r e p l l e a t e d  strc-sm sctlime:~ t sfimp1 i n &  p r o v i d e s  c i e t a l l s  of t h e  abu!~danee b e h a v i o u r  

of the::e e l e m c n t s  i n  Lhe diff 'crent  p l o t s .  

I I i!lc;c c5lernents were a l l  dztc:-mlncd i n  t!;c :;etllment a a t c ? r i a l .  Boron w t t e r n s  

a r e  i ! ~ l z r e s t i r . g  b e c a u s e  t h e y  &I-t; s l i g h t l y  cr:t~:~.nced -111 I ' l o t s  A , B  and  D near 

s p r i n g s  rrnci t h r e e  t i m e s  'Lower i n  l l o t  C on t h e  o u t f l o w  channe l  from t h e  

s p r i n g  I n  P l o t  B. Although Hn. da tn Is l i s t e d  i n  pt:rccnt it indic.-r tes t h a t  

t h e  e l e m e a t  is s l i g h t l y  enhanceri In   lots I! and B c~mp?rect w i t h  v o l t s  C a n d  

D. L~rith~inurn is an elernelit ~ h i c . h  rnlyht bc exncctcti t o  )lave a uniform l e v e l  of 

e o n c c n t r i t l o n  ir, t h e  r o c k s  of t h e  are-1. 'Lkir, is Sound i n  P l c t s  B ar,d C.  In  

I l o t  ,I t ? i a  d a t a  is v a r i ~ b l  e b u t  ;u'-;p,t'st:; :I I,? t to?:; s i n i l a r  t o  t h ? t  f o r  manganese. 

I n  i ' l o t  3 t h l s  e lement  is i n  low concentr:*tiori. 'l'?c-cvalues w.ry l i t t l e  from 

plot t o  p l o t .  I n  p l o t  A a p o s i t i v e  graciient ;:wzy from t h e  s p r i n g  is  i n d i c a t e d  

 wit:^ t i le  oppg.; i te  i n  p l o t  0 .  I'hc ':'I1 i r ;  :;ury:-i:;Int.;ly unlforrr, i n  P l o t s  C and D 

w i t h  c o n s i s t ; i n t i y  lowt:r I e v c l  i n  ! l o t  3. 

(;a !4g A 1  F Ti 

l a  t t c rx : ;  for tho:;(> elern?:lts in s o . l i m c ~ n t s  31-e lL;ztn,i as percent and p r o v i d e  

n. t- tckground t o  t!;e t n c c  elcrncnt r!;tt;r ilstt?! i ibcve. 'The very h i g h  i n d i c a t e d  

Ca In E-lot I) h s a  'seen t i lccur;spd a l r t  scly. 1 , o w t e s t  1 , : ~  w - i s  found i n  F l o t  D which 

!nay be s i g n i f i c a n t .  I',Ti a n d  A 1  :11c 2 1 1  lo,; ir. ! i o t  D camp~red  w i t h  t h e  o t h e r  

p l o t s .  The re1ati.1-el y hi{:!: )\I I n  i l o t  3 lr1iy b.2 r,i ,-?if ' lc?nt. 

General Conc lus ion  
- 
! .TGIT~   ti:^ v i e w p o i i ~ t  of  ~l;eo::hcrnirzl pro:;pectir~:: thc s t r e a m  sed iment  was 

xupcrici t o  usir ,g I.I.gutb.tus o r  h-r? t.er:;. LTsirng tk,c 17F' t e c h n i q u e  more e l e m e n t s  

were dctcrinlr ,ud I n  t h c  st.tiimi.rt?.s cspce!aIl j- r;o2c of Li:e rdre ones suck1 as B i  

anti  k' ii!riutl axe i n c o r t a n t  i n  t::.;p'!or;!tion. The? -rc;;!l i c a t c d  a t  2m i n t c r m l s  i n  

al'b f c u r  plot:; prc,vld(?(: a: !!r:.i(-;,'lt to t!~,? !,,~:!i,tvi:)i.!r- o f  lr ,divfdu:~.I.  el r!-ner~ts 

in \mcdla t ly  a f t e r  p ~ s s i n g  o u t  of t h e  sp:-lr.;-. C;:>inc e i c m e n t s  decrerised come 

inc res . sed  and still o t h t ~ r s  !-r:nr.i int:ci a t  tilt: :-:::7rcb T e k  e l  o f  conzentr-at ion. It 

was ccni:! udctl t h z  t t h i z  ! ~-c:.rc:du:.n bt? :I(::,! t c l i i  fa- uth5.r : ; p r i n ~ r ,  i:: tt;e %lp 

c ? ~ i a c  :\ri.:i 2.; ;lyl a i d  t(; ;.o: :::!'ctl.:'. I .'. 



' r he  sn.4 1 ? : ; c , F ~  c r t1.;(>,i ~ C I I  pro . j t - c t  .'cl ;cr  ibtvl i r l  thi:; r e l ~ o r t  11.1 :; p r o v i ~ l e d  

s i g n i f i c a n t  inrormic t i o n  rc:: i rtiinrq t k c  t r , r t . e  o u , j e c i i v e s  l i s t e d  011 [ n z e  1 . I n  

g e n e r a l  t h t ~  i n f o r ~ n # l t i o r :  p,~ir,ecl on t h e  p l - n t  ! - l . q u t t a t u s  h a s  focut;sed i ~ t t r n t i o n  

o n  i t s  u s e  i n  t h e  pro:;pc.ctint: p r o c e s s  an11 t h e  s u p p o r t i n g  d a t a  f o r  s j l r i r l p  

uater : ;  and : ; t rea~i ,  s c4 i : ncn t  h i s  i r l ( i i c ; ~ t ~ c i  t h e  r r l n t i v e  e f f e c  t i v t : n e s s  o f  t h e  

t h r e e  p r o s p e c t i n ; :  !r!etho,i., w i t h i n  t h e  conf ' ines o f  ttlc f o u r  p l o t s  s t u d i e d .  The 

p r o j e c t  h a s  also detnon:;tr-i ted t h e  e f f e c t i v ~ : i e s s  o f  t h e  ICP m u l t i e l  erncnt 

a p p r o a c h  t o  cheinic. 1 1  , l n d l  y .;is ~ h i ( . h  is  vtary s u l t i i b l e  f o r  a prr?l i rni . lnrv 

i n v e s t i g a t i o n  of t!? i ; i y [ ) ( l .  

As n r e s u l t  01' the i r ~ v r t s t i ~ r ; i t i o n  a t  t h e  f o u r  p l o t s  t h e  f ' o l lowing  

c o n c l u s i o n s  H e r < -  ( i r< ihn  : - 

1 ) ~ . ~ u t t a t u s  i s  n o t  a :;recif'ic i n d i c a t o r  p l a n t  for s i l v e r  a 1  t h o u g h  i n  the  
z a p  C l a i m s  arc1 it:; jjresencc ir, ~ s s o c l a t t t d  w i t h  w t e r s .  o f  hif:h pH (6-7.5) 
w a r m  s p r i n g s  ( t e m p e r a t u r e  (3' - 1 6 ' ~ )  

2 ) ~ h i s  p r e l i m i n a r y  i n v e : ; t i p ; i ~ t i o n  c o n f i r m e d  t h e  web1 known f a c t  tki:it  t h t ?  f o r m  
o f  1 Y . g u t t a t u s  - is mri ; lb le  e v e n  a t  t h e  snme s a m p l e  p o i n t  ( ~ i ~ u r c  1 2 , p . l R )  Our  - 
i n v c s t i ~ a t i o n  d i d  n o t  i n d i c a t e  t h - l t  t h e  r t rowth  form o r  t h e  n ' l an t  uas  
d i r r c t l y  r c l n t c t l  t o  :;ilvr:r r n l n l - r a l i z z l t i o r ,  I n  t h e  r ; p r i n g s .  

3 ) ; * i . g ~ t t ; t t ~ s  f o l i n $ c  cou l l l  h;3 v e  b e e n  used  a s  a b i o g e o c h e m i  c a 1  inclI.cn t o r  
p l a n t  i n  t h e  Z a p  c l a i n i s  ~ t rea  w h c r e  hick1 s i l v e r ( a n d  o t h e r  e l e m c n  ls-Zn a n d  
I-'b)were f o u n d  i n  t n e  s t r e a m  s e d i m e n t  and I n  t h e  p l a n t s .  However f rom 
t h e  v i e w p o i n t  o f  p r n c t i  cal p r o s p r c t i n g  st ream s e d i m e n t  material was 
shown t o  be more r e l i ab l e  t h a n  t h e  p l a n t s  a n d  t o  i n v o l v e  more  a n o m a l o u s  
e l e m e n t s  t h a n  t h e  f o l i a g e  o f  s l t t a t u s .  

14) t - ~ . ~ u t t a t u s  r o o t  s a m p l e s  cou ld  : i l s o  h a v e  b e c n  u s e d  a s  a b i o ~ c o c t i e m i c a l  
i n d i c a t o r .  'rt?ey x p p o a r  t o  be  mcre e f f e c t I v c :  t h a n  t h e  foliate L u t  l e s s  s o  
t h a n  t h e  siream s e d i m e n t  material. 

5 ) ~ i r e c t  c h e m i c a l  i1naly:;is of waters b y  t h e  ICP m e t h o d  u s e d  i n  t h i s  r e s e a r c h  
( a f t e r  f i l t e r i n g  a n d  w i t h , o r  w i t h o u t , t h e  a t l d i t i o n  o f  n i t r i c  a c i d  t o  s-,n;.loles 

i n  t h e  f i e l d ; . w a s  i n f e r i o r  t o  e i t h e r  M . g u t t a t u s  o r  stream s e d i m e n t  a s  a 
p r o s p e c t i n g  media  i n  t h i s  area. ( ~ o t e  i f  p r e c o n c e n t r a t i o n  o f  t h e  waters 
was carr ied o u t  p r i o r  t o  a n a l y s i s  by  ICP t h f s  s t a t e m e n t  m i g h t  r e q u i r e  
m o d i f  ics t i o n ) .  ~ a l c i  u m / ~ a ~ n ~ s i u m  r a  tic:; i n  waters !n igh t  p r o v l  tie u s e f u l  l c - l d s  i n  t h  

a re%. 

6 ) ~ t r ~ ? m + ~ ~ ! f i _ i ~ ~ n f ~ -  -- ---- s;;_ll_nr,!.Lb-tg-?t. ---- _ ----- 2 ~ -  _ i n _ t c ~ ~ l r , - f ~ r -  ------ _- -. - ~ O ~ - f ~ o m - ~ ~ r i n t :  _S;=iz_==== o r i g i n s - J r ;  - 
rgccmxnn_dec-;l-, -t_hg-n~ont_ ef f ~ g f i ~ _ v ~ + ~ n d . - y e l _ > ~ ~ ~ e _ -  mt.thofi- _of -ten_chg&n%l 
------------------I- - ----------- - --L -_--  ---  --_-" --------- 
E ~ % E E s $ ~ Q ~ , % ~ ~ ~ I ~ z ~  ~gt~.=!.J,!&f ,~:EL$! 52 rnLzr~r!Xd. U s i n g  t h e  s m n  1CI' method  
Ag Pb Zn Cu As B i  Cd K O  W F e  Mn N i  Co V B 131 l,a Th a n d  m a j o r  e l e m e n t s  Ca Mg 
,I1 P a n d  T i  a n  b e  d e t e r m i n e d  s i m u l t a n i o u s l y  i n  stream s e d i m e n t  material 
from t h e  Zap C l a i m s  arc:L. A l t h o u g h  t h e  t n a j o r  e l e m e n t  data is s e m i - q m n t i t a  t i v e  
d u e  t o  t h e  c x t r n c t i o : ~  t e c h n i q u e  u s e d  it d o e s  p r o v i d e  g e n e r a l  I n f o r n : j t i o n  
p e r t i n e n t  t o  p r t i  ,: c i i n g  j n tht.  are:?. 



T t  Is reccomended t h a t  I n  future. pro:;pecting ba:;etl on s p r i n g s  

i n  t h e  a r e a  t h e  f o l l o w i n g  g u i d e l i n e s  st.~c)uld be obse rved  :- 

~)s t r eam sed iments  s h o u l d  be c o l l e c t e d  a t  2M i n t e r v a l s  f o r  10m 
a t  a l l  s p r i n g s  t h e  sedlmunt  m a t e r i a l  s h o u l d  b e  a . ~ a l y s e d  f o r  
many e l e m e n t s  by a n  I C P  t e c h n i q u e  such  a s  t h a t  d e s c r i b e d  h e r e .  

i 3 ) ~ h e  p r e s e n c e , o r  a b s e n c c , o f  M . g u t t n t u s  a t  s p r i n g s  s h o u l d  b e  n o t e d  
and if p r a c t i c a l  a ne r tn r ium co l l ec t ion  of t h e  p l a n t s  s h o u l d  b e  
made w i t h  r e p r e s e n t a t i v e s  from a l l  springs.  

c)'I'ernperature and  pH measureme!lts shoul t l  be made a t  a l l  s p r i n g s  
and f i l t e r e t i  w a t e r s  s h o u l d  be c o l l e c t e d  f ' o r  d e t e r m i n a t i o n  of 
c ~ / M ~  r a t i o ;  i n  them. 

~ ) l ' h e  c o l o u r  o f  t h e  w a t e r s  as sampled s h e u l d  a l s o  be no ted .Th i s  
may be i m p o r t a n t  in a c i d  s p r i n g s  d r a i n i n g  a r e a s  rich i n  o r g a n i c  
m a t t e r .  

I n  g e n e r a l  it is  reccomended t h a t  - M.put tn tus  be s t u d i e d  

f u r t h e r  i n  t h e  area i n  o r d e r  tr, v e r i f y  t h e  p r e l i m i n a r y  f i n d i n g s  

of t h i s  r e p o r t  o r  t o  modify thern i f '  e x p e r i e n c e  w a r r e n t s  t h i s  t o  

b e  done.  
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Hcfercnccs 

11lustr .a t e d  Flora. o f  the I'acific. Sta tes  Washington, 
Oregon and C a l i f o r n i a  Volune I T  I Geran iaceae  t o  
Scrophula r ineeae  S t an fo rd  Un ive r s i t y  Press, 
S tanford ,CaZi forn ia  

C l a r k  L.J. (1976) 

Vild Flowers of the Pacific Fiorthwest from Alaska  
t o  Cal i f o r n i i r  L!:d ,l.G. T re l awny  G l - ay ' s  Fubl i s h i n g  
J,td, Sydney, B r i t  i s h  Columbia 

Rocky Mountain Wild Flowers 
Nat ional  >lur;ewn of  Natural Scicnccs,National Museums 
of  Canada and l a r k s  Canada Dept. of I n d i a n  and 
Northern A f f a i r s  

The  F'igwort If : lmily of flri L i s t 1  Columbia 
U r i t i s h  Col clnbjn 1'rovirici;tl Ilusaum, V i c t o ~  l,i Canada 



Jnfor1n:ttion on t h c  TCl' i n ~ t r ~ l e l l t i i  tion ( ~ a r r e l l - ~ s h )  

Jarrell-Ash Plasma AtomComp 
Direct-Reading Spectrometer System 

What can you expect f rom a 
Plasma AtomComp? 
Outstanding analytical performance plus 
speed, economy, and vcrsatrllty - features 
that assure your lab efflclent operatlon and 
dependable analyses. 

Analytical performance: 
Sens~t~v~ty  to parts per bllllon 
Preclslon lo - 1'0 RSD (relative standard 
dcvlatlon) for most elements at the 10 
ppm concentratlon level 
Stability to + 2'0 or better for 3 hours and 
longer for most elements at the 10 ppm 
concentratlon level 
V ~ r l ~ ~ n l l y  no cheni~cdl ~ntcrfcrcnces 
Aulornat~c correct~on lor lnterelement 
interferences 
Llnearlly over entlre concenlrat~on range 
for all elements (curve, below left) 

Speed: 
Completely automated operation glves 
you prlnled results for a 61-element 
analysls In less than 1 mlnute 
No operator preparation of lndlvldual 
channels or manual swltchlng between 
channels Choose the program you want 
and all necessary element channels are 
ready for operatlon 
Srmple, qu~ck standardrzatlon wlth up to 
SIX standards, a blank, and keyboard 
commands. 

Economy: 

lricxpens~ve and easlly available stan- 
dards Because the system analyzes 
aqueous solut~ons, you can make your 
own standards. 

Versatility: 
Analyzes over a dynnmlc concentratlon 
ranqe greater than 100,000 In a slngle 
sample wlth no change In operating 
parameters or operator lnterventlon 
Sequentla1 analysls of wldely dlfferent 
concentrations from same cal~brat~on. 

= Results prlnted out In ppm, ppb. 
concentratlon, etc You may have differ- 
en1 elements In same sample prlnted out 
r r i  dlfferent units 
Excellent res~rlts for both water and many 
organlc samples even most aclds 
above 25*0 strength 

Consider these accessories: 
= Autoniat~c background correct~on . . . 

slngle or niult~plc polnt 
Varlety of optlonal software packages are 
invaluable for handllng large amounts of 
arialyt~cal data 
Varlable wavelength channel 
especially useful when arialyzlng 
unknowns or for wavelength scanning. 

= Aulosdmplcr conipat~b~l~ty for qulck 
sample throuyliput 
Multiple-source capability ICAP/spark 
arid ICAP/arc source comblnatlons 
extend the AtornColnp s utll~ty to other 
sample forms and appllcat~ons. 

Rapid sample processing Increases load 
capability, decreases personnel needs 
. . . saves trme and money 
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001 0 1  1 10 100 1000 

Concentration i n  So lu t~on,  ~ g / r n l  

Detection Limits in Water1 

Element /*g/l ( P P ~ )  Element pg/ l  (ppb) Element ~ g / l  (ppb) Element pg/ l  (ppb) 
- - . - 

Ag 3 E u 2 Nb 20 S I 5 
Al 25 F e 5 Nd 10 S m 10 
As 50 Ga 20 N I 10 Sn 30 
Au 4 Gd 10 0 s  50 Sr 1 
B 4 Ge 100 P 60 Ta 20 

Ba 1 H 53 30 P b 2 5 Te 60 
Be 1 In 10  Pd 40 T h 30 
BI 30 I r 2 0 Pr 20 TI 2 
Ca2 10 K 300 PI 30 TI 50 
Cd 2 La 2 Re 10 U 100 

Ce 30 LI 4 Rh 10 V 1 
Co 3 Mg2 20 R u 50 W 50 
C r 5 M n 1 Sb 50 Y 1 
C u 2 Mo 5 Sc 1 Zn 4 

Curve ~lluslrates the Ihriear~ly - charactcrlsl~c of DY 3 Na 10 Se 50 Zr 3 
Plasma AtomCornp analysrs - for six reprcscn  IT^,^^ the standard devlatlon of the b/ar,k 

- 

( A '  Cd Cr M0 Pd ar'd PI) Over  a 2 D ~ t a  are lor normal ar~atyt~cal  bne, not the most sensltlve 11ne 
0 02 1000pg/rnl cor~centrallon range For Al Cr. 
and Mo llnearlly extends even fuflher (below Note These values represent Jarrell Ash product~or~ quality ~0fI l r01 S p e ~ l f l ~ a l l ~ n S  and are 
graph to 0 001) guaranteed Detect~on Iirn~ts are b u n g  lrnproved cont~nually Check with your Jarrell-Ash 

representat~ve for the most up to-date values 
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Lqyout diaqram f o r  a n  I C i '  aytern arid l a b o r a t o r y  


