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P RE FACE I 

i 

This paper is  based d i r e c t l y  on a small report 1 prepared for 

a consul t ing job f o r  Falconbridge Nickel  Mines i n  Vancouver and 

dated December 7th 1983. The work was done a t  the reques t  o f  Dr 
J.F.  Gammon under the  d i r e c t i o n  of D r  L E l l i o t t  . I n  my opinion 
t h i s  work was s u i t a b l e  for pub l i ca t ion  from t he  viewpoint o f  

a conceptual approach t o  a very small scale s tudy .  This p o s s i b i l i t y  

was mentioned a t  t he  time b u t  no dec is ion  was made. In  the  f a l l  o f  

1982 I received a brochure f o r  t h e  WorkshoptColloquim i n  Los Angeles 

and wrote t o  ask t h e  o rgan i se r  Dr DoCarlisle t o  see i f  any o f  t h r e e  

t i t l e s  which were suggested would be acceptab le  f o r  i nc lus ion  i n  the  

proceedings of the  meetings. A delayed r e p l y  reached me i n  mid 

December 1982 saying t h a t  the  Mimulus g u t t a t u s  Dc study would be 

accepted provided t h a t  t h e  a b s t r a c t  was submit ted within a f e u  days. 

A then ca l l ed  Dr E l l i o t t  and go t  verbal  permission t o  go ahead with 

the  a b s t r a c t  on the understanding t h a t  t h e  paper  would be subn i t t ed  

t o  him and D r  Gammon f o r  comments as soon as completed. I phoned D r  

C a r l i s l e  a t  t h i s  po in t  and during the  conversa t ion  happened t o  mention 

t h a t  I could no t  a t t end  the meeting owing t o  l ack  o f  funds fo r  t rave l .  

He r e p l i e d  t h a t  i f  t r a v e l  funds could be found he  would wave the  e n t r y  

fee of some $550.00 (Canadian). I then decided t o  a t t e n d  t h e  meetings,  
a t  my. own expense. Unfortunately: due t o  c i rcumstances beyond my cont ro l  

( t he  preparat ion of  two r e p o r t s  a t  s h o r t  n o t i c e  and at tendence a t  t he  

Geoscience Appraisal meetings) work on t h e  Mimulus g u t t a t u s  paper d i d  

no t  commence u n t i l  February 4 th  and was completed yesterday.  When t h e  

paper p rep r in t  was completed I phoned D r  Gammon t o  a sk  how I should 

proceed with permission t o  publ i sh  from Falconbridge. He suggested t h a t  

Dr Ray Daykin and Dr Chris  Jennings should be contacted today in 

Toronto regarding t h i s  matter. Consequently two copies  of t h e  p r e p r i n t  
with t h i s  preface have been prepared f o r  t h e  C o m p a p v ~ e s ~  

ohn A. C. Fortescue 
Unti l  May 1982 
Consul t a n t  , Enviroquest , 
Van couve r . 
:. 10/2/83 
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ABSTRACT 

Mimulus q u t t a t u s  DC ( t h e  monkey f l o w e r )  is common i n  
moist places o v e r  a r a n g e  which e x t e n d s  from. t h e  A l e u t i a n  
I s l a n d s  to Mexico. I t  is less common i n  N o r t h e a s t e r n  B r i t i s h  
Columbia where it h a s  been  obse rved  growing  i n  t h e  v i c i n i t y  o f  
m i n e r a l i z e d  s p r i n g s .  I n  August 1981,  a small scale s t u d y  w a s  
c a r r i e d  out i n  t h e  One A c e  Mountain area of B r i t i s h  Columbia 
i n  o r d e r  t o  examine t h e  possible  use  of t h e  p l a n t  as a 
g e o b o t a n i c a l  or b i o g e o c h e m i c a l  i n d i c a t o r .  A f u r t h e r  object o f  
t h e  s t u d y  was to  d i s c o v e r  t h e  most e f f e c t i v e  medium f o r  
g e o c h e m i c a l  p r o s p e c t i n g  i n  t h e  area based  o n  s p r i n g s .  I n  
o r d e r  to do  t h i s ,  f o u r  p lo t s  were l a i d  o u t  and sampled 
a c c o r d i n g  t o  a p r e a r r a n g e d  p l a n .  Three  plots  were l o c a t e d  a t  
known m i n e r a l i z e d  s p r i n g s  and a f o u r t h  some d i s t a n c e  away as a 
c o n t r o l .  Waters, Mimulus g u t t a t u s  mater ia l  and stream 
s e d i m e n t s  were s y s t e m i c a l l y  sampled a t  e a c h  p l o t ,  A l l  samples 
were a n a l y z e d  f o r  24 e l e m e n t s  s i m u l t a n e o u s l y  u s i n g  a n  I C P  
method. I t  w a s  found t h a t  f o l i a g e  (or  roots )  o f  Mimulus 

u t t a t u s  c o u l d  be used  as a s u c c e s s f u l  b i o g e o c h e m i c a l  
h i i c a t o r  f o r  Ag, Pb, Zn and Cu at t h e  m i n e r a l i z e d  s p r i n g s ,  
However, c h e m i c a l  d a t a  o b t a i n e d  from f i v e  s a m p l e s  of s e d i m e n t  
c o l l e c t e d  a t  2m i n t e r v a l s  from s p r i n g s  was found t o  be 
c o n s i d e r a b l y  more e f f e c t i v e  f o r  p r o s p e c t i n g  p u r p o s e s .  I t  is 
c o n c l u d e d  t h a t ,  b e c a u s e  o f  i ts  b r i g h t  c o l o u r ,  Mimulus g u t t a t u s  
c a n - b e  used  t o  s p o t  s p r i n g s  from a h e l i c o p t e r  d u r i n g  t h e  
f l o w e r i n g  s e a s o n -  f rom May to  September.  Such s p r i n g s  may be 
cold or w a r m  w i t h  a n e a r  n e u t r a l  p H .  Once s p o t t e d ,  t h e  
s p r i n g s  p r o v i d e  c o n v e n i e n t  s i t e s  f o r  t h e  c o l l e c t i o n  of  stream 
s e d i m e n t  samples, 

! 
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THE USE OF MIMULUS GUTTATUS DC AS AN AID TO PROSPECTING 

AT SPRINGS IN NORTHERN B R I T I S H  COLUMBIA 

J o h n  A.C. F o r t e s c u e l  and  J i m  McDougal12 

. *  

I n t r o d u c t i o n  

Dur ing  t h e  past  hundred  ' y e a r s ,  s c i e n t i s t s  have  begun t o  

s t u d y  s y s t e m a t i c a l l y  t h e  u s e  o f  p l a n t s  as g u i d e s  t o  m i n e r a l  

d e p o s i t s .  P i o n e e r  s t u d i e s  a l o n g  t h e s e  l i n e s  were completed by 

P r o f e s s o r  H . V .  Warren ,  D r ,  ROE. D e l a v a u l t  and t h e i r  numerous 

co-workers  a t  t h e  U n i v e r s i t y  of B r i t i s h  Columbia d u r i n g  t h e  

1940's and  t h e r e a f t e r .  Both of u s  were s t u d e n t s  o f  P r o f e s s o r  

Warren and w e  are happy t o  make t h i s  p r e s e n t a t i o n  as a t o k e n  

o f  o u r  a p p r e c i a t i o n  of h i s  c o n t r i b u t i o n  to o u r  e d u c a t i o n .  

I n  t h e  f a l l  o f  1 9 8 0 ,  one  of u s  ( J i m  McDougal l )  was claim 

s t a k i n g  i n  t h e  v i c i n i t y  o f  One A c e  Mountain i n  n o r t h e r n  

B r i t i s h  Columbia close t o  t h e  Yukon border ( F i g u r e  1 ) .  S i l v e r  

a n o m a l i e s  i n  stream s e d i m e n t s  and water l e d  t o  t h i s  a c t i v i t y  

and d u r i n g  t h e  i n v e s t i g a t i o n s ,  a l u s h  g rowth  o f  a b r i g h t  

y e l l o w  f l o w e r  was o b s e r v e d  a t  s p r i n g s  which were associated 

w i t h  t h e  h i g h  s i l v e r  v a l u e s .  Samples of t h e  p l a n t s  and 

p i c t u r e s  of t h e  s p r i n g s  were used  to i d e n t i f y  t h e  p l a n t  as 

Mimulus q u t t a t u s  DC,  t h e  monkey f l o w e r ,  which is found i n  

l R e s e a r c h  Geochemis t  , O n t a r i o  G e o l o g i c a l  S u r v e y ,  77 G r e n v i l l e  

2 F a l c o n b r i d g e  N i c k e l  Mines L t d . ,  6415064th S t r ee t ,  Delta,  
S t r ee t ,  T o r o n t o ,  O n t a r i o ,  Canada M5S 183:. 

B r i t i s h  Columbia,  Canada V4K 3N3. 
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F i g u r e  1 Map showing t h e  r a n g e  of Mimulus  g u t t a t u s  i n  British 
C o l u m b i a .  [From Taylor  ( 1 9 7 4 ) ) .  

F i g u r e  2 Yellow monkey-f lower (Mimulus  g u t t a t u s  ) . [From 
T a y l o r  (1974)l . 
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moist p l a c e s  o v e r  a l a r g e  r a n g e  from t h e  A l e u t i o n  I s l a n d s  t o  

Mexico ( V i c k e r y  1 9 5 9 ) .  As a r e s u l t  of t h e s e  o b s e r v a t i o n s  t h e  

second wri ter  ( John  F o r t e s c u e )  was h i r e d  by F a l c o n b r i d g e  

N i c k e l  Mines L t d .  to  complete a small scale s t u d y  d e s i g n e d  t o  

d i s c o v e r  i f  M i m u l u s  g u t t a t u s  c o u l d  be used  as a g e o b o t a n i c a l ,  

or b i o g e o c h e m i c a l ,  i n d i c a t o r  o f  m i n e r a l i z e d  s p r i n g s  i n  t h e  One 

A c e  Mountain area.  The wri ters  are  most g r a t e f u l  t o  D r .  J . F .  . 
Gammon, D r .  I. E l l i o t t  and  F a l c o n b r i d g e  N i c k e l  Mines L t d .  f o r  

p e r m i s s i o n  and encouragement  ' t o  p u b l i s h  t h i s  p a p e r .  

. -  

M i m u l u s  q u t t a t u s  DC 

T a y l o r  ( 1 9 7 4 )  i n  h i s  d e s c r i p t i o n  of t h e  F i g w o r t  f a m i l y  i n  

B r i t i s h  C o l u m b i a  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 : -  

"Annual ,  or p e r e n n i a l  by stems 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  or by s t o l o n s .  Stems s t o u t  and erect  or  
weak and more or less r e c l i n i n g ,  up t o  55 c m  t a l l ,  mostly 
simple, commonly g l a b r o u s  and p u b e r u l e n t  of p u b e s c e n t  above .  
Leaves v a r i a b l e ,  m o s t l y  rounded-ovate  or  ova te -ob long  , u p  t o  
1 5  c m  l o n g ,  many-nerved, c o a r s e l y  and 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  base of t h e  b l a d e :  
pe t io les  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 ,  uppe r  l e a v e s  
sess i le ;  i n t e r n n o d e s  g e n e r a l l y  longer t h a n  t h e  l e a v e s .  
I n f l o r e s c e n c e  m o s t l y  racemose, sometimes s o l i t a r y  or 
few-f lowered;  p e d i c e l s  less t h a n  twice as long  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 g l a b r o u s  or p u b e s c e n t ,  
c a m p a n u l a t e ,  o f t e n  d o t t e d  or t i n g e d  with r e d ,  8-17 mm l o n 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 .  Corolla up to 4 c m  l o n g ,  ye l low,  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  or s h o r t  s t i p i t a t e .  

a l t i t u d e s ;  i n  mountainous r e g i o n s  of wes te rn  Nor th  America 
from A l a s k a  and Yukon, s o u t h  t o  N e w  Mexico. Common t h r o u g h o u t  
t h e  Prov  i nce . 'I 

Common i n  wet p l a c e s  from s e a - l e v e l  t o  moderate 

( p . 9 6- 6 ) 

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  of M i m u l u s  g u t t a t u s  a p p e a r s  

as F i g u r e  1 and h i s  l i n e  d rawing  of the  p l a n t  a p p e a r s  a s  

F i g u r e  2 .  A b r a m s  (1951)  l i s ts  t h r e e  s u b s p e c i e s  and one  
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var ie ty  f o r  the plant and Clark ( 1 9 7 6 )  notes tha t  it is '...a 

very p l a s t i c  species  . . impoverished plants-dwarfed by the  

r e l a t i v e l y  huge flowers - may be only a few inches h i g h  ... 
b u t  i n  wet f e r t i l e  s o i l  robust p lan ts  may approach 3 f e e t ,  

w i t h  succulent ,  hollow, squarish stems as  thick as ones 

thumb ' 
I n  summary, from the viewpoint of geobotanical 

. .  
prospecting the plant  has the advantage of growing na tu ra l ly  

i n  damp places and springs where it is e a s i l y  recognized from 

a he l icopter  by i ts  yellow flowers during its long blooming 

season. A potent ia l  disadvantage is tha t  it is not l i k e l y  to  

be spec i f i c  t o  mineralized spr ings and i t s  var iab le  growth 

habi t s  appear not to  be re la ted  to  mineral izat ion.  

Consequently, the  One Ace Mountain study was planned as  a 

biogeochemical ra ther  t h a n  a geobotanical inves t iga t ion .  

EXPERIMENTAL D E S I G N  

The s t u d y  of landscape fo r  descr ip t ive  and comparative 

purposes associated w i t h  mineral explorat ion is f a c i l i t a t e d  by 

u s i n g  a generalized conceptual model as a guide for  sampling 

procedures. The model is designed p r io r  to  co l l ec t ion  of 

samples and applied systematical ly  a t  each of severa l  s i t e s .  

Then the in te rpre ta t ion  of the da t a ,  w i t h i n  s i t e ,  and from 

s i t e  t o  s i t e ,  is r e l a t ive ly  rigorous even though t h e  sampling 

plan does not include s u f f i c i e n t  numbers of samples of each 

type t o  perform formal s t a t i s t i c a l  ana lys i s .  The model m u s t  

be r i g i d  enough to  provide comparable s e t s  of ana ly t i ca l  data  

but f l ex ib l e  enough to cope w i t h  var ia t ions  i n  loca l  s i t e  

cond it  ions. 
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Figure 3 Pre-planned conceptual model used i n  t h e  One Ace Mountain 

s tudy  . 
. 

PLOT A PLOT B PLOT C PLOT D 

Figure 4 Applicat ion of t he  conceptual model t o  the  f o u r  p l o t s  

inc luded  i n  the  One Ace Mountain s tudy 



The c o n c e p t u a l  model drawn up f o r  t h e  One A c e  Mounta in  

p ro jec t  is i l l u s t r a t e d  i n  F i g u r e  3 ,  I t  is a r e c t a n g u l a r  p l o t  

d i v i d e d  i n t o  f o u r  q u a r t e r s  p o s i t i o n e d  so t h a t  t h e  s p r i n g  b e i n g  

i n v e s t i g a t e d  is a t  t h e  c e n t r e  of one s h o r t  s i d e  of t h e  p l o t ,  

Water samples are  collected a t  t h e  s p r i n g  and s e d i m e n t  samples 

are  t a k e n  a t  r e g u l a r  i n t e r v a l s  across. t h e  p lo t  t o  make a t o t a l  

of f i v e  a l t o g e t h e r .  P l a n t  samples are collected f rom e a c h  

p l o t  quar te r  making a t o t a l  o f  f o u r ,  or less i f  t h e  p l o t  is 
- *  

n o t  e n t i r e l y  c o v e r e d  w i t h  t h e  p l a n t  o f  i n t e r e s t .  A t  t h e  f i e l d  

s i t e  t h e  p lo t  is marked o u t  u s i n g  rods, t h e n  p h o t o g r a p h s  are  

t a k e n ,  f o l l o w e d  by water,  p l a n t  and s e d i m e n t  s a m p l i n g .  I n  t h e  

One A c e  Mounta in  a rea ,  f o u r  p l o t s ,  e a c h  5m x lorn,  were 

s a m p l e d .  

SAMPLING AND CHEMICAL ANALYSIS 

Two p lo ts  ( A  and B )  were located a t  t h e  s p r i n g s  where  

g r o w t h  of Mimulus g u t t a t u s  was o r i g i n a l l y  o b s e r v e d .  A t h i r d  

p l o t  ( C )  w a s  s i t e d  60m down t h e  stream from p l o t  B w h e r e  

c lumps  of Mimulus g u t t a t u s  were growing a l o n g  t h e  stream bed . 
T h i s  p l o t  was located to  s t u d y  t h e  g e o c h e m i s t r y  of a n  

e n v i r o n m e n t  w i t h  Mimulus g u t t a t u s  i n  a stream some d i s t a n c e  

from a m i n e r a l  s p r i n g .  P l o t  D was s i ted  i n  a c o n t r o l  area 

s e v e r a l  km t o  t h e  west of t h e  o t h e r s ,  N o  m i n e r a l  i n d i c a t i o n s  

were known i n  t h e  c o n t r o l  a r ea .  The f i e l d  p ro jec t  was 
. 

completed by t h r e e  people d u r i n g  August  1 4 t h  and 1 5 t h ,  1 9 8 1 ,  

Two 1 l i t r e  water s a m p l e s  were c o l l e c t e d  f rom e a c h  p l o t .  

Both were f i l t e r e d  a t  t h e  s i t e  and one was a c i d i f i e d  w i t h  

n i t r i c  acid.  P l o t  maps and photographs were used  to  p r e p a r e  

t h e  s t y l i z e d  d i a g r a m s  of the f o u r  p lo ts  ( F i g u r e  4 ) .  A t  each 



T a b l e  1 The p e r f o r m a n c e  of t h e  ICP a n a l y t i c a l  method ( a l l  values i n  ppm e x c e p t  where  o t h e r w i s e  
i n d i c a t e d ) .  

h u b l i s h e d  v a l u e  
2Values f o r  d u p l i c a t e  s o l u t i o n s  i n c l u d e d  i n  t h e  One Ace M o u n t a i n  sample b a t c h .  
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p l o t ,  samples of Mimulus q u t t a t a s  were washed and s e p a r a t e d  

i n t o  f o l i a g e  and roots pr ior  t o  b a g g i n g  fo r  t r a n s p o r t  to t h e  

labora tory .  Sed imen t  samples were collected i n  s t a n d a r d  

g e o c h e m i c a l  s a m p l i n g  b a g s  and  l a t e r  a i r  d r i e d  p r i o r  to  b e i n g  

s i e v e d .  The -80 mesh mater ia l  was used  f o r  c h e m i c a l  

a n a l y s i s .  The p l a n t  samples were f i r s t  a i r  d r i e d ,  a n d ,  l a t e r ,  

oven  d r i e d  a t  8 O o C  prior  t o  b e i n g  subsampled  f o r  c h e m i c a l  

a n a l y s i s .  The pH and t e m p e r a t u r e  of t h e  s p r i n g  waters w a s  

measured  a t  t h e  t i m e  of s a m p l i n g .  

-.  

Because  t h e  p u r p o s e  of t h e  s t u d y  was t o  examine  Mimulus 

g u t t a t u s  as  a b i o g e o c h e m i c a l  i n d i c a t o r  p l a n t  fo r  s i l v e r  and  

associated e l e m e n t s  a s i n g l e  m u l t i e l e m e n t  s p e c t r o c h e m i c a l  

method was selected for  t h e  c h e m i c a l  a n a l y s i s  of t h e  waters,  

p l a n t s  and  s e d i m e n t s  f rom t h e  One A c e  Mounta in  Area. Chemica l  

a n a l y s e s  were carried o u t  by ACME I n d u s t r i e s  (852  E. H a s t i n g s  

S t ree t ,  Vancouver ,  B r i t i s h  Co lumbia )  u s i n g  a J a r r e11  Ash 

ATOMCOMP ICP  e m i s s i o n  s p e c t r o g r a p h i c  system. The method 

i n v o l v e s  t h e  e x t r a c t i o n  of t h e  p l a n t  ( o r  s e d i m e n t )  mater ia l  

u s i n g  a HCl/HN03/water m i x t u r e  f o r  1 h o u r  a t  90°C i n  a water 

b a t h .  The r e s u l t i n g  s o l u t i o n s ,  t o g e t h e r  w i t h  water samples 

(wh ich  a r e  u n t r e a t e d )  a re  t h e n  a n a l y s e d  f o r  24 e l e m e n t s  d u r i n g  

a 2 m i n u t e  b u r n  time. The company r e a l i z e d  t h a t  t h e  

e x t r a c t i o n  of C a ,  P, Mg, A l ,  T i ,  L a ,  and W from s e d i m e n t  

s a m p l e s  is p a r t i a l  b u t  claim t h a t  data  for Ag, M o ,  Cu, Pb, Zn, 

N i ,  C o ,  Mn, F e ,  A s ,  U ,  Th ,  Cd, Sb, B i ,  V and  B are r e l i a b l e  

f o r  g e o c h e m i c a l  e x p l o r a t i o n  purposes. Two t y p e s  o f  q u a l i t y  

c o n t r o l  were used on  t h e  One Ace Mounta in  samples. ACNE 

I n d u s t r i e s  p u b l i s h  d a t a  f o r  a r e f e r e n c e  s t a n d a r d  s o l u t i o n  

which is i n c l u d e d  w i t h  unknowns f o r  r o u t i n e  q u a l i t y  c o n t r o l  
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p u r p o s e s .  T h i s  was a n a l y s e d  i n  d u p l i c a t e d  w i t h  t h e  b a t c h  of 

54 One A c e  M o u n t a i n  samples. I n  a d d i t i o n ,  unknown to  ACME, a 

water sample, a Plimulus g u t t a t u s  f o l i a g e  sample, and  a 

s e d i m e n t  s a m p l e  were r ep l i ca t ed  t h r e e  times w i t h i n  t h e  b a t c h  

o f  unknowns.  The p e r f o r m a n c e  of t h e  a n l y t i c a l  me thod  f o r  

selected e l e m e n t s  is i n d i c a t e d  o n  T a b l e  1. I t  was 

c o n c l u d e d  t h a t  for  c o m p a r a t i v e  p u r p o s e s  Zn, Cu, Sb, C a ,  Mg and  

Mn d a t a  f o r  waters m i g h t  b e  u s e d ;  f o r  Mimulus  g u t t a t u s  Ag, Pb,  

Zn, Cu, M o ( ? ) ,  B i ,  B ,  C a ,  Mg, Fe ,  Mn, N i  and  C o  c o u l d  b e  

u t i l i z e d  and  fo r  stream s e d i m e n t s  A s ,  Sb,  W c o u l d  be a d d e d  t o  

t h e  p l a n t  l i s t  ( w i t h  Mo r e m o v e d ) .  T a b l e  1. The  d a t a  o n  T a b l e  

1 a r e  c o n s i d e r e d  adequate for  c o m p a r a t i v e  p u r p o s e s  a l t h o u g h  

t h e y  may be s u b j e c t  to  b i a s  and s h o u l d  n o t  be c o n s i d e r e d  as 

q u a n t i t a t i v e .  Even so,  t h e  d a t a  were c o n s i d e r e d  q u i t e  

s u i t a b l e  for  t h e  small scale One A c e  M o u n t a i n  s t u d y .  

R e s u l t s  

DESCRIPTION OF THE PLOTS 

G e n e r a l i z e d  p l o t  maps appear as F i g u r e  4 .  B r i e f l y ,  t h e  

w h o l e  area i n  w h i c h  t h e  s p r i n g s  o c c u r  is c o v e r e d  w i t h  g l a c i a l  

mater ia l  w h i c h  is h i g h l y  c a l c a r i o u s .  A l t h o u g h  t h e r e  is r e l i e f  

of u p  t o  50m i n  t h e  v i c i n i t y  of t h e  s p r i n g s ,  o u t c r o p s  a re  f e w :  

a n d  t h e  m i n e r a l i z e d  z o n e s  are n o t  e x p o s e d .  

PLOT A 

The s p r i n g  flows from t h e  b o t t o m  o f  a d r i f t  c o v e r e d  

s lope ,  wh ich  forms t h e  l i m i t  o f  N o r t h e r n  of t h e  f l o o d p l a i n  of 

A l b e r t  C r e e k  i n  wh ich  t h e  o r i g i n a l  s e d i m e n t  g e o c h e m i c a l  

a n o m a l i e s  were f o u n d .  I n  t h e  f l o o d p l a i n  t h e r e  is a h e a l t h y  



.t 

g r o w t h  of b l a c k  s p r u c e  Picea m a r i a n a  a n d  a Sphagnum moss 

c o v e r s  t h e  f o r e s t  f l o o r .  Downst ream f r o m  t h e  p l o t  t h e  s p r i n g  

o u t f l o w  passes t h r o u g h  a g r a s s y  area w i t h  n o  trees. On s i t e  

measuremen t  o f  t h e  pH was 6 . 4  a t  t h e  s p r i n g  w i t h  a t e m p e r a t u r e  

o f  16OC. No i r o n  or manganese  s t a i n i n g  was o b s e r v e d  a t  t h e  

s p r i n g .  Herbarium s p e c i m e n s  of p l a n t s  w i t h i n  a l l  t h e  p lo t s  

were collected f o r  r e f e r e n c e  p u r p o s e s .  - .  

PLOT B 

W i t h i n  t h e  p l o t  a s p r i n g  ( 1 . 5 m  bed  w i d t h )  i s s u e s  from a 

d r i f t  c o v e r e d  s l o p e  s i t u a t i o n  s imi l a r  t o  t h a t  i n  P l o t  A. A 

l a r g e  c lump  of  Mimulus g u t t a t u s  c o v e r s  almost t h e  e n t i r e  

p l o t .  The c o v e r  o f  t h e  f l o o d p l a i n  is s i m i l a r  to  t h a t  i n  t h e  

v i c i n i t y  o f  p lo t  A e x c e p t  t h a t  some w i l l o w  o c c u r s  n e a r  p lo ts  

B. The Mimulus g u t t a t u s  p l a n t s  g r e w  w e l l  a t  t h i s  s i t e  a n d  

were some 50cm h i g h .  The t e m p e r a t u r e  of t h e  s p r i n g w a t e r  was 

8OC w i t h  a pH o f  6 . 3 .  

PLOT C 

S i t u a t e d  60m d o w n s t r e a m  form P l o t  B,  P l o t  C was located 

t o  i n c l u d e  t w o  p a t c h e s  of Mimulus g u t t a t u s .  The  smal l  c r e e k  

bed  w i t h i n  p l o t  C was f u l l  of b o u l d e r s  w i t h  t h e  water f l o w i n g  

b e t w e e n  them. The t e m p e r a t u r e  of t h e  water was 8OC w i t h  a p H  

of 6 . 1 .  The g r o w t h  o f  Mimulus g u t t a t u s  i n  p l o t  C was poor 

compared  w i t h  t h a t  i n  p l o t  B. 

PLOT D 

T h i s  p l o t  was s i t u a t e d  o n  a slope w h i c h  s u p p o r t e d  many 

s p r i n g s  w i t h  t u f a  associated w i t h  them. The  s p r i n g  sampled 
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FOLIAGE 
Ag 
Pb 
Zn 
c u  
B 

Mg 
' *  Ca 

A 1  
Fe 
Mn 

P 
Ni 
Bi 
Ba 

ROOTS 
Ag 
Pb 
Zn 
c u  
B 

Mg 
Ca 
A 1  
F e  
Mn 

P 
Ni 
B i  
Ba 

1 

PLOT 3 
BFBD BFBA BFBB BFBC 

3.7 1.1 0.64 0.66 
2.8 1.5 0.87 0.35 

90.0 66.0 55.0 55.0 

35.0 34.0 34.0 38.0 
9.9 8.9 8.2 10.0 

13,000.0 13,000.0 12 ,000 . 0 11,000 . 0 
100.0 1 0 0  . 0 1 0 0  . 0 100.0 

4,200.0 2,500 0 3,100.0 2,800 0 

1 9 0  . 0 240.0 210  . 0 180.0 
6.7 - 3.5 1.2 1.7 

3,800 . 0 3,600 . 0 2,900.0 2,900.0 
1.1 0.5 0.9 0.7 
1.6 1 .4  1.0 1.0 

200 . 0 100  . 0 100 . 0 100  . 0 

29.7 25.7 21.7 21.0 
131.0 152.0  183.0  101.0 

915.0 700.0 
33.0 29.0 30.0 16.0 

19.0 

13,000.0 9,400 .O 7,100.0 5,700.0 

484 . 0 4 9 1  . 0 

9.6 1 . 3  12.0 

26,000.0 24,000.0 16 ,000 .O 
2,500.0 2,300.0 1 ,800 .O 800.0 

65.0 

31,000.0 

5,100.0 5,100.0 3,700.0 1,900.0 

1,400.0 1,600 .O 2,000.0 1,900.0 

200 . 0 200 . 0 200 . 0 200.0 

133.0 136 .0  123.0  

7.1 9.9 7 .1  3.2 
2.6 2.7 1.9 1.4 

A 

Table 2 Chemical data f o r  fol iage and roots of M i m u l u s  
gu t t a tus  co l lec ted  from Plot  R (ppm oven d r y  weight). 



. .  

- 1 2  - 

was i n  woodland w i t h  r e l a t i v e l y  l u s h  u n d e r s t o r y  v e g e t a t i o n  

u n d e r  a m a t u r e  b l a c k  s p r u c e  f o r e s t  w i t h  trees s e v e r a l  t e n s  of 

metres h i g h .  The t e m p e r a t u r e  o f  t h e  s p r i n g  w a s  13OC w i t h  a pH 

o f  7 . 2 .  N o  marl or i r o n  s t a i n i n g  w a s  o b s e r v e d  w i t h i n  t h e  p l o t  

area a l t h o u g h  it was q u i t e  common a t  o t h e r  s p r i n g s  nea rby .  

The g rowth  o f  Mimulus g u t t a t u s  v a r i e d  c o n s i d e r a b l y  form 

p lo t  t o  p lo t  and t h e  form of i n d i v i d u a l  p l a n t s  w i t h i n  p lo ts  . 
a lso  v a r i e d  c o n s i d e r a b l y .  These  v a r i a t i o n s  were a p p a r e n t l y  

n o t  associated w i t h  t h e  p r e s e n c e  o f  m i n e r a l i z a t i o n  i n  t h e  

s p r i n g s .  

DESCRIPTION OF THE RESULTS OF CHEMICAL ANALYSIS 

The r e l a t i o n s h i p  be tween  t h e  l e v e l s  o f  1 4  e l e m e n t s  i n  

roots a n d  f o l i a g e  o f  Mimulus g u t t a t u s  collected from t h e  f o u r  

q u a r t e r s  o f  P l o t  B are shown on  Tab le  2 .  B r i e f l y ,  samples 

BFBA and  BFBB a re  t a k e n  f rom t h e  p r o x i m i t y  o f  t h e  s p r i n g  and  

BFBC and  BFBD f rom 5-10m down c h a n n e l  f rom t h e  s p r i n g .  I n  t h e  

, 

case of t h e  f o l i a g e  t h e  v a l u e s  f o r  t h e  p r i n c i p a l  e l e m e n t s  of 

i n t e r e s t ,  s i l v e r ,  lead and  z i n c ,  t h e  p r e c i s i o n  is good and 

t h e r e  is a decrease i n  l e v e l  away from t h e  s p r i n g .  T h i s  

r e l a t i o n s h i p  h o l d s  for s i l v e r  i n  t h e  roots b u t  n o t  f o r  lead 

and z i n c .  I n  g e n e r a l ,  t h e  d a t a  f o r  t h e  f o u r  q u a r t e r s  of t h e  

p l o t  is q u i t e  c o n s i s t a n t .  The low manganese  i n  b o t h  f o l i a g e  

and roots  may be  a s i g n i f i c a n t  f a c t o r  and so may t h e  

r e l a t i v e l y  h i g h  a lumin ium c o n t e n t  of t h e  roots.  Al though  care  

was t a k e n  t o  wash t h e  roots w e l l  a t  t h e  t i m e  of s a m p l i n g ,  some 

m i n e r a l  ma t t e r  may h a v e  got t h r o u g h ;  f o r  example  r e s u l t i n g  i n  

h i g h  c a l c i u m ,  magnesium i n  BFBA. I t  was c o n c l u d e d  t h a t  t h e  
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PLOT A PLOT B PLOT C PLOT D 
AFBA BFBA . CFBA DFBA 

FOLIAGE 
2.1  

1 7 . 0  
136  . 0 

26.0 
46.0 

3 .7  
2.8 

90 .0  
9 .9  

35.0 

0 .22  
1 . 0 0  

68 .0  
6 .2  

45.0 

0 .04  
0 .29  

67 .0  
15 .0  
38 .0  

A9 
Pb 
Zn 
c u  
B 

3 ,800 .0  
1 5 , 9 0 0 . 0  

100  . 0 
300.0 

56.0 

4 , 2 0 0 . 0  
1 3 , 0 0 0  .O 

1 0 0  0 0 
1 9 0 . 0  
. 6 . 7  

3 ,100 .0  
1 2 , 0 0 0  . 0 

100  . 0 
200 . 0 

23 .0  

2 ,800 .0  
2 1 , 0 0 0  . 0 

1 0 0  . 0 
200 . 0 

1 . 9  

Mg 
C a  
A 1  
Fe 
M n  

P 
N i  
B i  
B a  

2 ,500 .0  
1 . 8  
1.1 

400.0 

3 , 8 0 0  .O 
1.1 
1 . 6  

200 .0  

2 ,900  . 0 
0 . 5  
1.1 

100 .0  

2 ,100 .0  
1 . 2  
1 . 5  

300 .0  

ROOTS 
28.7 

600 . 0 
1 , 0 2 6 . 0  

48.0 
15 .0  

29 .7  
1 3 1 . 0  
484 .0  

33 .0  
9 .6  

20.7 
63.0 

381 . 0 
6 .2  

1 6 . 0  

2.7 
5 . 2  

312.0 
1 3 . 0  
1 3 . 0  

A9 
Pb 
Zn 
c u  
B 

1 6 0 , 0 0 0 . 0  
400 ,000  .O 

1 , 4 0 0 . 0  
4 ,900 .0  

751.0 

Mg 
C a  
A 1  
F e  
Mn 

1 3 , 0 0 0  .O 
3 1 , 0 0 0 . 0  

2 , 5 0 0 . 0  
5 , 1 0 0 . 0  

133 .,O 

3 , 2 0 0  .O 
7 , 8 0 0 . 0  

300.0 
900 . 0 

47.0 

3 , 4 0 0 . 0  
5 8 , 0 0 0 . 0  

1 0 0 0 0  
200 . 0 

3.0 

1,400.0 
4.5 
3 .5  

300.0 

1 , 4 0 0 . 0  
7 .1  
2.6 

200 . 0 

P 
N i  
Bi 
B a  

1 , 8 0 0 . 0  
1 . 4  
1 .3  

100  00 

2 , 0 0 0 . 0  
2 .3  
2.0 

1 0 0 . 0  

Table 3 C h e m i c a l  d a t a  f o r  f o l i a g e  a n d  roots of Mimulus 
g u t t a t u s  c o l l e c t e d  from t h e  n e a r  s p r i n g  sample p o i n t s  
in a l l  f o u r  p l o t s  (ppm o v e n  d r y  w e i g h t ) .  



h i g h e s t  amount  of t h e  e l e m e n t s  o f  i n t e r e s t  t e n d  t o  be i n  t h e  

samples co l lec ted  n e a r e s t  t h e  s p r i n g .  

On Tab le  3 are  l i s t e d  t h e  d a t a  f o r  t h e  c h e m i c a l  

c o m p o s i t i o n  o f  t h e  f o l i a g e  a n d  root samples of Mimulus  

g u t t a t u s  collected n e a r e s t  t o  t h e  s p r i n g s  i n  a l l  f o u r  p lo t s .  

A 1 0  f o l d  i n c r e a s e  i n  s i l v e r  o c c u r s  i n  t h e  s p r i n g  f o l i a g e  

mater ia l  compared  w i t h  t h a t  t a k e n  d o w n s t r e a m  ( L e e  P l o t  C )  

w h i l e  t h e  v a l u e s  n a r l y  4 0  t i m e s  lower o c c u r  i n  t h e  c o n t r o l  

( P l o t  D )  . I n  roots t h e  s i l v e r  is h i g h  a t  t h e  m i n e r a l i z e d  

s p r i n g s  ( P l o t s  A a n d  B )  and  i n  t h e  d o w n s t r e a m  c h a n n e l  ( P l o t  

C ) .  S i l v e r  is t e n  f o l d  lower t h a n  i n  t h e  o t h e r  p lo t s  i n  t h e  

c o n t r o l  p l o t  ( P l o t  D ) .  The o t h e r  e l e m e n t s  of i n t e r e s t  t e n d  t o  

m i m i c  t h e  p a t t e r n  f o u n d  f o r  s i l v e r  w i t h  more c o n t r a s t  i n  t h e  

roo ts  t h a n  i n  t h e  f o l i a g e .  I n  g e n e r a l ,  m i n e r a l  s p r i n g  i n  P l o t  

A ca r r ied  h i g h e r  l e v e l s  of t h e  e l e m e n t s  o f  i n t e r e s t  t h a n  p lo t  

B. I t  is c o n c l u d e d  t h a t  e i t h e r  roo ts ,  or  f o l i a g e ,  of Mimulus 

g u t t a t u s  m i g h t  be u s e d  t o  i d e n t i f y  s i l v e r  r i c h  s p r i n g s  i n  t h e  

area o f  One A c e  M o u n t a i n  a n d  t h a t  it is l i k e l y  l e a d ,  z i n c  a n d  

p o s s i b l y  copper may a l so  be u s e d  t o  i d e n t i f y  m i n e r a l i z e d  

s p r i n g s  . 

-- 

-- 

HYDROGEOCHEMISTRY/BIOGEOCHEMISTRY 

The g e o c h e m i c a l  d a t a  f o r  t h e  water samples is l i s t e d  o n  

T a b l e  4 .  B r i e f l y ,  s i l v e r  was n o t  d e t e c t e d  i n  t h e  water 

samples and  l i t t l e  s i g n i f i c a n c e  is p l a c e d  o n  t h e  z i n c  or  

c o p p e r  c o n t e n t  o f  a c i d i f i e d  (o r  n o n - a c i d i f  i e d )  waters a s  

g u i d e s  t o  t h e  m i n e r a l i z e d  s p r i n g s .  C l e a r l y  t h e  u s e  of Mimulus 

g u t t a t u s  is s u p e r i o r  t o  h y d r o g e o c h e m i s t r y  b a s e d  o n  spectro- 

g r a p h i c  t e c h n i q u e  u s e d  for  t h i s  s t u d y .  
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AFWB 

32.2 
19.9 

0 . 2 0 1  
0,003, 
0 .008 

0,005 
0.037 

Ca 
Mg 
Ba 
Mn 
Zn 

cu 
Sb 

BFWA BFWB 

27.9 32.0 
17.5 19.4 

0 . 1 5 1  0.152 
0.004 0.004 
0.022 0.011 

0.014 0.005 
0,096 0.044 

I 1 PLOT A 1 PLOT B I PLOT C 1 PLOT D 

AFWA 

25.9 
18.2 
0.193 
0.004 
0.042 

0 . 0 1 1  
. '0 .042 

CFWA CFWB 

27.7 32.0 
17.3 19.6 

0.154 0.140 
0.004 0.003 
0.012 0.008 

0.005 0.005 
0.059 0.042 

DFtJA DFWB 

34.4 39.2 
12.9 14.2 

0.103 0.092 
0.002 0.003 
0.012 0.003 

0.005 0.003 
0.047 0.064 

Table 4 Geochemical data for water samples collected from One 
Ace Mountain area (All samples filtered in the field 
WA samples acidified WB samples not acidified. All 
elements determined directly by the ICP method levels 
in ppm). 

I 



Mo 
PPm 

0.18' 
0.25 
0.06 
0.33 
0.61 

0.84 
0.90 

Cd 
PPm 

2.0 
2.5 
2.3 
2.1 
1.6 

2.1 
2.3 

Sample 

AACA 
ABCA 

Plot A ACCC 
ADCD 
AECE 

BACA 
BBCB 

Plot B BCCC 
BDCD 
BECE 

Ag 
PPm 

52.5 
55.2 
55.9 
3.0 
22.8 

156.0 
142.0 
119.0 

95.0 
9 4 . 0  

- 
- 
- 
0.28 - 
0.25 - 

1.5 
2.8 
1.8 
8.3 
8.2 

10.0 
9.5 

~~ 

565 
835 
924 
34 
181 

210 
290 
216 
204 
200 

589 
795 
779 
115 
307 

266 
364 
355 
310 
310 

CACA 
CBCB 

Plot C CCCC 
CDCD 
CECE 

DACA 
DBCB 

27.5 105 304 
32.8 142 278 
24.7 143 258 
30.8 195 268 
37.6 165 288 

3..43 12 130 
0.22 4 126 

T PPm PPm T PPm PPm PPm Mn I Ni 
PPm 

5.2 
7.2 
5.8 
29.0 
29.0 

32.0 
30.0 
33.0 
34.0 
34.0 

B 
PPm 

2.7 
3.4 
3.5 
6.2 
6.2 

B i  
PPm 

cu 
PPm 

28 
33 
38 
17 
14 

23 
38 
20 
15 
15 

6 
5 
5 
5 
6 

10 
21 
14 
21 
17 

AS 
PPm 

54 
92 
84 
20 
29 

24 
29 
25 
23 
24 

12.0 
11.0 
12.0 
5.0 
5.0 

602 
1,099 
1,003 
179 
168 

335 5.0 
6.0 
4.0 
4.0 
3.0 

4.8 
7.1 331 I 

l.lol 1.10 
1.8 
1.4 
1.7 

9.2 
9.3 
9.5 

216 
207 
207 

3.5 
3.6 
3.5 

1.5 

1.30 

- I 35 2.0 
2.0 
2.0 
2.0 
2.0 

3*9 
4.2 
4.3 
4.4 
4.5 

15.0 
15.0 
15.0 
15.0 
17.0 

0.50 
0.58 
0.33 
0.58 
0.87 

110 
142 
144 
167 
120 

27 
13 
85 
10 
9 

I 

+ 
0 
I 0.26 - I  1.4 

1.2 
1.1 
1.8 

1.2 
3 . 7  
9.7 
2.6 
4 . 4  

23 
27 
26 
20 

13 
11 
11 

- 
0.02 

- 
0.12 

0.04 1.0 
0.7 
0.6 
0.5 
0.5 

2.6 
2.6 
2.1 
2.2 
2.6 

0.14 
0.14 
0.01 
0.13 
0.12 

9.7 

8.4 
7.8 
9.0 

8.9 
3.8 
3.7 
3.3 

0.131 
lPlot D DCCC 0.21 2 114 

DDCDl 0.191 1 I 1 2 3  1111 3 . 4  
3 . 4  I D E C E ~  0.221 2 1130 

1 I 1 
1 

Table 5 Geochemical data for stream s e d i m e n t  samples collected i n  quintuplicate (parts per 
million oven dry weight I C P  determination). 

I 
J 
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roots from plots A and B and in the sediments from the same 

plots. Boron was variable in both the plants and the 

sediments. Nickel and cobalt were l o w  in the control and 

variable in the mineralized plot samples of sediment (Table 

5). Dilution effects for several elements were seen in the 

sediment data for plot C (e.g. for silver, cadmium and lead). 

It is concluded that Mimulus guttatus roots and/or 

foliage may be used for biogeochemical prospecting for silver 

in the vicinity of One Ace Mountain. Lead, copper, and zinc 

may also be used as guides to mineralized springs using 

biogeochemical data from this plant species. However, if 

stream sediments are used, the mineralized springs may be 

identified on the basis of silver, lead, (zinc), (arsenic), 

cadmium, cobalt, nickel and manganese. Using the methods 

described hydrogeochemical prospecting yielded negative 

results at One Ace Mountain. 

.. 

General Conclusions 

1) The use of a simple conceptual model facilitated rapid 

field appraisal of the possible significance of Mimulus 

guttatus as a geobotanical or biogeochemical indicator 

plant for silver at mineralized springs in Northern 

British Columbia. The model also facilitated sampling 

plants, waters and stream sediments to investigate the 

relative effectiveness of different geochemical 

prospecting techniques in the area. It also allowed for  

the completion of the field work in two days. 



2) The use of a rapid Scan ICP spectrochemical technique 

allowed for the simultanious determination of 22 elements 

in the plant and sediment material. Fifteen of these 

were useful for comparative purposes based on Mimulus 

quttatus. In stream sediments, thirteen trace elements 

were useful for comparative purposes. 

3 )  It w a s  found that Mimulus guttatus foliage, or roots, 

could be used as a basis for biogeochemical surveys to 

determine silver rich springs in the One Ace Mountain. 

The use of the plant as a geobotanical indicator of 

silver mineralization was not proven. 

4 )  Comparative studies indicated that, for practical 

geochemical prospecting, the multielement stream sediment 

approach was superior to the multielement biogeochemical 

approach. A possible exception was surveys aimed at 

silver only when Mimulus guttatus might be used as a 

basis for biogeochemical prospecting. 



z c . . 
I 

I -19 - 

R E F E E E N C E S  

Abrams, L., 1951, Illustrated Flora of the Pacific States 
Washington, Oregon and California, Geraniaceae to 
Scrophulariacease: v.111, Stanford University Press, 
Stanford, California. 

Clark, L.J., 1976, Wild Flowers of the Pacific Northwest from 
Alaska to California: 
Publishing Ltd., Sydney, British Columbia. 

Edited by J.G. Trelawny, Gray's 

Taylor, T.M.C., 1974, The Figwort Family of British Columbia: 
British Columbia Provincial Museum, Victoria, Canada. 

Vickery, R.K. 1959, Barriers to Gene Exchange within Mimulus 
Guttatus (Scrophulariaceae): Evolution v.13, p.300-310. 

\ 

! 




