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Summary 

An o r i e n t a t i o n s u r v e y u s i n g a B a r r i n g e r Hand-Held 
R a t i o i n g Radiometer (HHRR) was co n d u c t e d on t h e Samatosum 
Mt. P r o p e r t y o f Minnova I n c . t o d e t e r m i n e i f m i n e r a l i z e d 
and n o n - m i n e r a l i z e d zones c o u l d be d i s t i n g u i s h e d from t h e 
s p e c t r a l c h a r a c t e r i s t i c s of t r e e s i n the 650 t o 800 
nanometer (nm) range. T h i s s p e c t r a l range c o r r e s p o n d s t o 
t h e c h l o r o p h y l l red-edge c h a r a c t e r i s t i c s of normal green 
v e g e t a t i o n . I n v e g e t a t i o n s t r e s s e d by m i n e r a l i z a t i o n , 
t h e r e i s o f t e n a s h i f t o f t h e red-edge towards t h e b l u e 
o r r e d p o r t i o n o f the spectrum. T h i s o r i e n t a t i o n s u r v e y 
was c o n d u c t e d t o d e t e r m i n e the a p p r o p r i a t e n e s s of an 
a i r b o r n e i maging s u r v e y t o map t h e same e f f e c t , as a 
method o f l o c a t i n g anomalous zones of m i n e r a l i z a t i o n . 

S i x t r e e s p e c i e s were sampled and were a n a l y z e d 
u s i n g t h e HHRR. The s i x s p e c i e s were Engelmann Spruce 
( P i c e a ^ e n g e l m a r c l i ) , A m ^ b i l i s F i r ( A b i e s j m ^ b i l i s ) , A l p i n e 
F i r ( A b i e s f a s i o c a r p ^ - ) , L o dgepole P i n e (jsinus c b n t o r t a ) , 
D o u g l a s - ^ ' i r ( Pseudotsuga m e n z i e s i i ) and T r e m b l i n g Aspen 
( P o p u l u s t r e m u l o i d e s ) . R e t l e c t a n c e d a t a and n o r m a l i z e d 
r e f l e c t a n c e d a t a were a n a l y z e d t o d e t e r m i n e i f t h e r e was 
a s t r o n g v a r i a t i o n between the l e a f - n e e d l e samples o v e r 
m i n e r a l i z e d s i t e s and t h e l e a f - n e e d l e samples o v e r non-
m i n e r a l i z e d s i t e s . 

T ree samples from m i n e r a l i z e d a r e a s were o b t a i n e d 
from s o i l s o v e r l y i n g o r down-slope o f t h e Main 
M i n e r a l i z e d Zone and t h e o r i g i n a l a r s e n i c zone of Rae 
G o l d . The d e p o s i t i s l o c a t e d near t h e c o n t a c t between 
m a f i c v o l c a n i c p y r o c l a s t i c s and a complex s e d i m e n t a r y 
u n i t c o n s i s t i n g o f c h e r t , a r g i l l i t e , s i l t s t o n e and 
s a n d s t o n e . Two major t y p e s o f m i n e r a l i z a t i o n were 
d e t e r m i n e d thus f a r : 

1) bedded p y r i t i c , m a s s i v e t o semi-massive s u l p h i d e s 
w i t h s p h a l e r i t e , t e t r a h e d r i t e , c h a l c o p y r i t e and g a l e n a 

and 

2) m a s s i v e g a l e n a - s p h a l e r i t e ( t e t r a h e d r i t e -
c h a l o c o p y r i t e ) o r e . ( A . J . D a v i d s o n , 1987) 



Summary (c o n t ' d ) 

P o r t i o n s o f t h e p r o p e r t y have been s u b j e c t e d t o 
' s l a s h and burn' and p a r a s i t i c a c t i v i t y was common on 
b r a n c h l e t s o f Engelmann s p r u c e . These parameters and 
o t h e r s may r e s u l t i n n o n - m i n e r a l i z e d a n o m a l i e s ; t h u s , d a t a 
i n t e r p r e t a t i o n w i l l be r e q u i r e d t o d i s t i n g u i s h t h e s e 
anomalous a r e a s . 

The r e s u l t of t h e s u r v e y i s p r e s e n t e d i n a s e r i e s 
o f graphs f o r a l l s i x t r e e s p e c i e s as w e l l as two t a b l e s 
( T a b l e 1 and T a b l e 2 . ) summarizing the s p e c t r a l c h a r a c ­
t e r i s t i c s o f t h e s i x s p e c i e s . Douglas F i r shows a 
b l u e - s h i f t a t t h e red-edge s l o p e o f 3 . 5 t o 4.0 nm ( C h a r t 
3 d J * L o d g e p o l e P i n e shows a r e d - s h i f t a t t h e red-edge of 
"4 nm ( C h a r t I d ) , and T r e m b l i n g Aspen shows a r e d - s h i f t 
a t t h e red-edge s l o p e of 4 nm ( C h a r t 6 d ) . T h i s amount 
of s h i f t i s s i m i l a r t o d a t a o b t a i n e d from o t h e r t r e e 
s p e c i e s from a i r b o r n e / g r o u n d - b a s e d s u r v e y s o f v e g e t a t i o n 
( p e r s . comm. Dr. J . M i l l e r , York U n i v e r s i t y ) and w i l l 
p r o v i d e a c o n t r a s t i n g s p e c t r a l s i g n a t u r e between th e 
m i n e r a l i z e d and background d a t a . I n a d d i t i o n , A l p i n e F i r 
showed a b l u e - s h i f t a t t h e red-edge s l o p e o f 2 t o 3 nm. 

Due t o t h e p r e s e n c e o f t h e s e marked s p e c t r a l 
f e a t u r e s , i t i s recommended t h a t an a i r b o r n e s u r v e y be 
u n d e r t a k e n t o d e t e r m i n e anomalous m i n e r a l i z e d zones. 
S i n c e t h e most f a v o u r a b l e t i m e f o r c o n d u c t i n g a i r b o r n e 
s u r v e y s o f s p e c t r a l r e f l e c t a n c e i n v e g e t a t i o n i s t h e 
"Autumn Window" when s t r e s s e d v e g e t a t i o n undergoes 
" e a r l y l e a f s e n e s c e n c e " , i t i s f u r t h e r recommended t h a t 
t h e a i r b o r n e s u r v e y be u n d e r t a k e n d u r i n g t h e p e r i o d mid-
J u l y t o mid-August a f t e r f u l l - l e a f f l u s h and w e l l - b e f o r e 
any e a r l y f r o s t . 
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INTRODUCTION 

The Minnova I n c . p r o p e r t y i s l o c a t e d about 50 km 
n o r t h e a s t o f Kamloops, B.C. (map i ) and i s a d j a c e n t t o 
j o i n t v e n t u r e p a r t n e r , Rae G o l d . A r a d i o m e t e r o r i e n t a ­
t i o n s u r v e y was conducted u s i n g t r e e s from t h e Samatosum 
M o u n t a i n m i n e r a l i z e d zone and a d j a c e n t backgroud a r e a s 
f o Minnova I n c . (map i i ) . The purpose o f t h e o r i e n t a ­
t i o n s u r v e y was t o d e t e r m i n e i f m i n e r a l i z e d zones and 
n o n - m i n e r a l i z e d zones c o u l d be d i s t i n g u i s h e d from t h e 
s p e c t r a l c h a r a c t e r i s t i c s o f t h e t r e e s . T h i s work was 
done as a p r e l u d e t o u n d e r t a k i n g a remote s e n s i n g s u r v e y 
u s i n g a i r b o r n e i m aging o f t h e s p e c t r a l c h a r a c t e r i s t i c s 
o f v a r i o u s t r e e s p e c i e s as a method o f l o c a t i n g anomalous 
m i n e r a l i z e d zones. A few t r e e s were s u r v e y e d from Rae 
G o l d , as needed ( p e r m i s s i o n by G. E v a n s ) . 

S i x major t r e e s p e c i e s were sampled w h i c h were found 
t o be p r e s e n t i n bot h t h e m i n e r a l i z e d and t h e background 
s i t e s (maps I , I I , I I I i n p o c k e t ) . These were Engelmann 
Spruce ( p i c e a e n g e l m a n i i ) , A m i b i l i s F i r ( A b i e s a m a b i l i s ) , 
A l p i n e F i r ( P seudotsuga m e n z i e s i i ) and T r e m b l i n g Aspen 
( P o p u l u s t r e m u l o i d e s ) . I n a d d i t i o n , o c c a s i o n a l a l d e r and 
cottonwood were p r e s e n t but were not sampled because t h e y 
were not a d e q u a t e l y r e p r e s e n t e d i n e i t h e r o r bot h t h e 
m i n e r a l i z e d and t h e background a r e a s . 

A l a y e r of f i r s t - y e a r growth was a n a l y z e d u s i n g t h e 
B a r r i n g e r Hand-Held R a t i o i n g Radiometer (HHRR) w h i c h was 
f i t t e d w i t h 10 narrow band-width f i l t e r s w h i c h i n c l u d e 
p o r t i o n s o f t h e v i s i b l e s p e c t r a , t h e red-edge s l o p e and 
t h e i n f r a r e d s p e c t r a from 650 t o 800 nm. 

The t e c h n i q u e o f d e t e r m i n i n g v e g e t a t i v e s t r e s s o v e r 
a m i n e r a l i z e d s i t e i s based on t h e p r e s e n c e o f c e r t a i n 
m i n e r a l s w h i c h a c t as t o x i n s . These ' s t r e s s o r ' m i n e r a l s 
w h i c h o c c u r i n bedrock m i g r a t e from t h e m i n e r a l i z e d zone 
t h r o u g h t h e s o i l t o t h e t r e e r o o t s ( M i l l e r , e t a l , 1986). 
These s t r e s s o r m i n e r a l s such as Cu, Pb, Zn, As, e t c a r e 
a s s o c i a t e d w i t h Au and Ag but Au and Ag do not t h e m s e l v e s 
a f f e c t t h e p h y s i o l o g y o f p l a n t s ( G o e t z , e t a l , 1983), 
( S i n g h r o y , e t a l , 1986). 
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I n t r o d u c t i o n ( c o n t ' d . ) 

The Minnova/Rae G o l d p r o p e r t y c o n t a i n s Ag and Au 
a s s o c i a t e d w i t h e l e v a t e d v a l u e s o f As, Cu, Pb, Zn, Sb. 
The m i n e r a l i z e d zone c o n t a i n s abundant copper i n t h e 
form o f m a l a c h i t e , a z u r i t e and some c h a l c o p y r i t e . 
A r s e n i c from a r s e n o p y r i t e i s v e r y abundant as a r e Pb 
from g a l e n a and Zn from 'honey' s p h a l e r i t e ; as w e l l , 
t e n n a n t i t e - t e t r a h e d r i t e p r o v i d e Cu, As and Sb. The 
m i n e r a l i z e d zone d i p s r o u g h l y e a s t and i s o v e r l a i n by a 
t h i c k sequence o f m a f i c v o l c a n i c s w h i ch a r e t h i c k e r i n 
t h e u p - s l o p e d i r e c t i o n . D r i l l i n g has o u t l i n e d t h e 
m i n e r a l i z e d zone t o 800 f t below t h e v o l c a n i c s . ( P e r s . 
comm. G. Evans, p r o j . g e o l . ) 

S t r e s s e d t r e e samples were t a k e n from s o i l s d i r e c t l y 
o v e r l y i n g t h e m i n e r a l i z e d zone, from m i n e r a l i z e d b edrock 
and down-slope o f m i n e r a l i z a t i o n where d i s p e r s i o n h a l o s 
r e s u l t from t h e m i g r a t i o n o f i o n s . U n s t r e s s e d t r e e 
samples were t a k e n from a d j a c e n t a r e a s w i t h a few samples 
f r o m t h e c h e r t y o u t c r o p u p - s l o p e o f t h e main m i n e r a l i z e d 
zone. 

The s t r e s s e d t r e e samples o c c u r i n a r e a s w i t h 
r e l a t i v e l y h i g h a r s e n i c v a l u e s and t h e Samatosum p r o p e r t y 
i n g e n e r a l i s an a r e a o f e x c e p t i o n a l l y h i g h a r s e n i c 
v a l u e s . D r i l l h o l e RG-25 c o n t a i n e d n e a r - s u r f a c e m i n e r a l i ­
z a t i o n o f 16% As, 7% Zn, 5% Pb and 1% Cu. ( P i r i e , 1984 
Company R e p t . ) . S t r o n g s u l p h i d e m i n e r a l i z a t i o n i s v i s i b l e 
i n q u a r t z v e i n s i n t h e main m i n e r a l i z e d zone o f Minnova 
w h i c h i s exposed a t t h e s u r f a c e . T h i s p o r t i o n o f t h e 
p r o p e r t y i s o v e r l a i n by s o i l a p p r o x i m a t e l y 3 meters t h i c k 
and e x t e n d s 100 f t t o t h e so u t h where i t i s o v e r l a i n by a 
sequence o f t h e v o l c a n i c s ( p e r s , comm. G. E v a n s ) . T h i s 
a r e a i s t h u s h e a v i l y m i n e r a l i z e d . The a r e a s a t e l e v a t i o n s 
below t h e m i n e r a l i z e d zones c o n t a i n d i s p e r s i o n h a l o s i n 
s o i l s due t o down-slope m i g r a t i o n o f m e t a l l i c i o n s , and 
a r e a l s o c o n s i d e r e d m i n e r a l i z e d , a l t h o u g h s o i l d a t a was 
not a v a i l a b l e a t t h i s t i m e . 

I n g e n e r a l , w h i l e m i n e r a l i z e d zones may be r e l a t i v e l y 
narrow, s o i l d i s p e r s i o n h a l o s due t o t h e m i g r a t i o n o f i o n s 
f r o m m i n e r a l i z e d a r e a s t h r o u g h t h e s o i l t o t h e r o o t s o f 
t r e e s r e s u l t i n s t r e s s e d t r e e s and t h e d i m e n s i o n s o f t h e 
t r e e s ' c a n o p i e s r e s u l t i n a much w i d e r a r e a b e i n g 
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I n t r o d u c t i o n ( c o n t ' d ) 

a f f e c t e d , t h e r e b y f a c i l i t a t i n g a i r b o r n e d e t e c t i o n . As a 
r e s u l t , t a r g e t s which a r e not v i s i b l e due t o o v e r b u r d e n o r 
t a r g e t s w h i c h a r e narrow can be d e l i n e a t e d by t h e p r e s e n c e 
o f s t r e s s e d v e g e t a t i o n as d e t e r m i n e d from f i e l d r a d i o m e t r i c 
and a i r b o r n e s u r v e y s . 
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TREE SAMPLING AND SAMPLE PREPARATION 

Samp l i n g 

S i x d i f f e r e n t t r e e s p e c i e s were sampled on t h e 
Samatosum Mt. p r o p e r t y . The s p e c i e s sampled were 
Engelmann Spruce ( P i c e a e n g e l m a n i i ) , A m i b i l i s F i r ( A b i e s 
a m a b i l i s ) , A l p i n e F i r ( A b i e s i a s i o c a r p e ) , L o d g e p o l e P i n e 
( P i n u s c o n t o r t a ) , Douglas F i r (Pseudotsuga m e n z i e s i i ) 
and T r e m b l i n g Aspen ( P o p u l u s t r e m u l o i d e s ) . I n a d d i t i o n , 
o c c a s i o n a l a l d e r and cottonwood were p r e s e n t as w e l l as 
t h e v e r y r a r e hemlock. The t r e e s p e c i e s were sampled 
u s i n g a B a r r i n g e r Hand-Held R a t i o i n g Radiometer (HHRR) 
Mark I I i n t h e n o n - r a t i o i n g mode. 

Each s e t of samples was composed o f a s u b - s e t o f 
m i n e r a l i z e d and u n - m i n e r a l i z e d o r 'background' samples. 
A t o t a l o f 57 samples were c o l l e c t e d from s o i l o v e r l y i n g 
t h e main m i n e r a l i z e d zone, from s o i l s below t h e m i n e r a l ­
i z e d zone and t r e n c h e s , and from a d j a c e n t background 
a r e a s . (See maps I , I I , I I I i n p o c k e t ) . L e a f - n e e d l e 
samples were t a k e n o f f u l l b r a n c h l e t s w h i ch i n c l u d e d 
f i r s t and second y e a r growth. The samples were p l a c e d i n 
p l a s t i c bags, m o i s t e n e d w i t h w a t e r w i t h a wet paper t o w e l 
added. 

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

P r e p a r i n g t h e samples f o r a n a l y s i s i n c l u d e d p r o v i d i n g 
a bottom l a y e r composed o f b r a n c h l e t s o f f i r s t and second 
y e a r growth t o b l o c k o u t t h e b l a c k background. T h i s was 
topped by a l a y e r o f f i r s t y e a r growth which f i l l e d t h e 
F i e l d o f View. Samples were r e a d u s i n g t h e HHRR which 
was f i t t e d w i t h 10 narrow-band w i d t h f i l t e r s between 650 
nanometers (nm) t o 800 nm (see below) w h i c h i n c l u d e s 
p o r t i o n s o f t h e v i s i b l e s p e c t r a , t h e red-edge s l o p e , and 
t h e i n f r a r e d s p e c t r a . 
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Tree Sampling and Sample P r e p a r a t i o n ( c o n t ' d ) 

B a r r i n g e r Hand-Held R a t i o i n g R adiometer (HHRR) 

The B a r r i n g e r HHRR i s an e l e c t r o - o p t i c a l i n s t r u m e n t 
w i t h e l e c t r o n i c r e a d o u t d e s i g n e d t o be used i n t h e e a r t h 
s c i e n c e s and was d e v e l o p e d by t h e C a l i f o r n i a I n s i t u t e o f 
Techn o l o g y a t J e t P r o p u l s i o n L a b o r a t o r y , Pasadena d u r i n g 
r e s e a r c h s p o n s o r e d by NASA. I t measures t h e energy 
r e f l e c t e d by a t a r g e t , c o v e r i n g t h e v i s i b l e and s h o r t 
i n f r a r e d r e g i o n s from 0.4 m i c r o n s t o 2.5 m i c r o n s (see 
App e n d i x B ) . 

I t i s a s e l f - c o n t a i n e d , d u a l beam r a t i o i n g 
r a d i o m e t e r w i t h two o p t i c a l t r a i n s d i r e c t e d a t t h e same 
t a r g e t and p r i v i d e s a c o n t i n u o u s d i g i t a l r e a d - o u t of t h e 
r a d i a n c e from two o p t i c a l t r a i n s . Each o p t i c a l t r a i n 
has a s e p a r a t e 5 p o s i t i o n f i l t e r wheel f o r s e l e c t i o n o f 
s p e c t r a l bands. Each i n d i v i d u a l c h a n n e l s i g n a l o r 
t h e r a t i o o f t h e two c h a n n e l s can be d i s p l a y e d f o r 
i d e n t i f i c a t i o n o f a p a r t i c u l a r t a r g e t , on t h e b a s i s o f 
known s p e c t r a l c h a r a c t e r i s t i c s of t h e t a r g e t . The 
i n s t r u m e n t can p r o v i d e p r e - s e l e c t e d narrow bands i n t h e 
s p e c t r a l range from 0.4 t o 2.5 m i c r o m e t e r s . 

I n t h i s s t u d y , t h e i n s t r u m e n t was used i n t h e non-
r a t i o i n g mode and was f i t t e d w i t h 10 narrow band-width 
f i l t e r s a t 650, 680, 685, 703, 713, 733, 743, 753, 782 
and 800 nm. A r e f l e c t a n c e s t a n d a r d made o f F i b e r f a x 
was used w h i c h has a h i g h r e f l e c t a n c e t h r o u g h o u t t h i s 
s p e c t r a l r e g i o n . 

5 



GEOLOGY/SITE DESCRIPTION 

Geology 

The d e p o s i t i s l o c a t e d near t h e c o n t a c t between m a f i c 
v o l c a n i c p y r o c l a s t i c s and a complex s e d i m e n t a r y u n i t 
c o n s i s t i n g o f c h e r t , a r g i l l i t e , s i l t s t o n e and s a n d s t o n e . 
The d e p o s i t appears t o be l y i n g i n t h e " e a s t e r l y 
o v e r t u r n e d l i m b of a n o r t h - w e s t p l u n g i n g s y n c l i n e , " ( A . J . 
D a v i d s o n , 1987) w i t h a s t r i k e l e n g t h o f 450 m, a d i p 
. e x t e n d i n g up t o 150 m, w i t h t h i c k n e s s r a n g i n g from 0.1m 
t o 12 m ( a v e r a g e t h i c k n e s s 4 m). Two major t y p e s of 
m i n e r a l i z a t i o n have been d e t e r m i n e d t h u s f a r : 

"1) bedded p y r i t i c , m a s s i v e t o semi-massive 
s u l p h i d e s w i t h s p h a l e r i t e , t e r t r a h e d r i t e , c h a l c o p y r i t e 
and g a l e n a 

and 

2) m a s s i v e g a l e n a - s p h a l e r i t e ( t e t r a h e d r i t e -
c h a l c o p y r i t e ) o r e . " ( i b i d ) 

S i t e D e s c r i p t i o n 

1.) The Main M i n e r a l i z e d Zone was c o v e r e d w i t h new 
d r i l l r o a d s and d r i l l s i t e s w h i c h have d i s r u p t e d and 
removed some of t h e t r e e s t a n d s . Most o f t h e p r o p e r t y 
has not been d i s t u r b e d by r o a d b u i l d i n g and t h e 
d i s t u r b a n c e f r o m d r i l l r o a d s i s of a l o c a l n a t u r e and i n 
an a r e a . a l r e a d y e x p l o r e d and d r i l l e d and hence i s not 
c r i t i c a l i n t h e a i r b o r n e p o r t i o n as t h e anomalous zone 
has been d e t e r m i n e d . 

2) E l e v a t i o n s range up t o 4500 f t . i n t h e Main 
M i n e r a l i z e d Zone w i t h o v e r b u r d e n v a r y i n g from a few 
m e tres t h i c k o v e r th e M i n e r a l i z e d Zone t o s e v e r a l dozen 
mete r s t h i c k down-slope of t h e t r e n c h e s but s i n c e s e v e r a l 
o f t h e t r e e s p e c i e s have w i d e - r a n g i n g and/or deep r o o t 
s y stems, t h e o v e r b u r d e n i s not a problem. 
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S i t e D e s c r i p t i o n ( c o n t ' d ) 

3.) W i t h i n a f i f t y m i l e r a d i u s o f t h e p r o p e r t y , 
t h e r e a r e two paper m i l l s and t h r e e lumber m i l l s and as 
a r e s u l t t h e r e i s a f r e q u e n t haze due t o smoke and smog. 
The haze i s c o n f i n e d w i t h i n t h e v a l l e y s by t h e s u r r o u n d ­
i n g mountains and i s not e a s i l y d i s p e r s e d . 

W h i l e f l y o v e r m i s s i o n s a r e r e g u l a r l y c o n d u c t e d o v e r 
smog c o v e r e d a r e a s w i t h e x c e l l e n t r e s u l t s , i d e a l c o n d i -
t i o n s o f c l e a r , c l e a n s k i e s a r e p r e f e r r e d . 

4.) P o r t i o n s o f t h e a r e a have been s u b j e c t e d t o 
l o g g i n g and r e c l a m a t i o n o f t h e l a n d by t h e lumber 
companies w h i c h i n v o l v e s b u r n i n g t h e d e b r i s and t r e e 
stumps. I n a t l e a s t one i n s t a n c e t h e 'burn' 'jumped' 
t h e f i r e - l i n e and s c o r c h e d a d j a c e n t t r e e s . An i n v e s t i ­
g a t i o n o f t h i s a r e a showed t r e e s s c o r c h e d f o r o v e r 100 
m e t r e s . No t r e e s were, as a r e s u l t , sampled from t h i s 
a r e a . 

5.) Western Red Cedar ( T h u j a p l i c a t a ) seen above 
t h e Main M i n e r a l i z e d Zone was v e r y r a r e and s h r u b - l i k e . 
E l s e w h e r e on t h e p r o p e r t y , Red Cedar was p r e s e n t i n bot h 
o v e r s t o r y and u n d e r s t o r y b u t were not g e n e r a l l y common. 
T h i s i s f o r t u i t o u s as Red Cedar t r e e s had 20 t o 30% d r y 
l e a f - n e e d l e s due t o l e a f - f a l l o f second and t h i r d y e a r 
g r o w t h . S i n c e Red Cedar was l o c a l i z e d a t lower e l e v a t i o n s 
and was r a r e and s r u b - l i k e (4 t o 5 f t t a l l ) a t h i g h e r 
e l e v a t i o n s i t w i l l n ot be p r o b l e m a t i c f o r an a i r b o r n e 
s u r v e y . 

6.) L o d g e p o l e P i n e i n t h e Kamloops v i c i n i t y was 
s a i d t o be under s t r e s s by t h e p i n e b e e t l e but no 
e v i d e n c e o f any p a r a s i t e was seen i n t h e Lodgepole P i n e s 
i n t h e Samatosum Mt. a r e a . 

7.) An i n t e r e s t i n g f e a t u r e o f t h e a r e a i s t h e 
p r e s e n c e o f t r e e s r o o t e d i n s o l i d b edrock. Some o f 
t h e s e t r e e s such as Douglas F i r s and Lodg e p o l e P i n e s 
were o v e r 80 f t . t a l l . S i n c e t h e depth o f t h e t r e e - r o o t 
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system can not be a s c e r t a i n e d , i f a m i n e r a l i z e d l e n s 
s h o u l d e x i s t a d j a c e n t t o t r e e r o o t s , t h e n t r e e s would 
show up as s t r e s s e d a l t h o u g h t h e upper bedrock s u r f a c e 
may be one c o n s i d e r e d t o be background. L o d g e p o l e P i n e 
sample BLP-003 was t a k e n from background bedrock a l o n g 
w i t h samples BLP-001 and BLO-002, y e t p l o t s much h i g h e r 
i n r e f l e c t a n c e t h a n th e o t h e r two. I n t e r e s t i n g l y enough 
i t i s a t a l l e r t r e e w i t h a c o r r e s p o n d i n g l y l a r g e r r o o t 
s y stem s u g g e s t i n g t h e p o s s i b i l i t y t h a t i t i s a s t r e s s e d 
t r e e due t o p o s s i b l e m i n e r a l i z a t i o n a d j a c e n t t o t h e a r e a 
o r a t d e p t h . 

W h i l e t h i s f e a t u r e o f f e r s an i n t e r e s t i n g t o o l t o 
t h e e x p l o r a t i o n i s t i t s h o u l d a l s o p r o v i d e a c a u t i o n t o 
t h e m i n i n g e n g i n e e r e s p e c i a l l y i n a r e a s of i n c o m p e t e n t 
r o c k . F o r example, a sample of Douglas F i r 90 f t . t a l l 
was t a k e n o v e r m i n e r a l i z e d o u t c r o p . The r o o t system of 
t h e Douglas F i r i s " s t r o n g and w i d e - s p r e a d i n g " and t h e 
t a l l e r and o l d e r t h e Douglas F i r , t h e l a r g e r t h e r o o t 
system. Some Douglas F i r t r e e s a r e o v e r 1000 y e a r s o l d . 
( H o s i e , 1 9 7 9 ) . 

8 



DATA ANALYSIS AND RESULTS 

A s e r i e s o f p l o t s of i n d i v i d u a l c u r v e s o f normal­
i z e d r e f l e c t a n c e d a t a and raw r e f l e c t a n c e d a t a were 
pr o d u c e d . The mean o f t h e m i n e r a l i z e d c u r v e s and t h e 
mean o f t h e background c u r v e s f o r r e f l e c t a n c e d a t a and 
n o r m a l i z e d r e f l e c t a n c e d a t a were p l o t t e d t o d e t e r m i n e i f 
t h e r e was a v a r i a t i o n between t h e t r e e s from m i n e r a l i z e d 
s i t e s and t h e t r e e s from background sample s i t e s . 

I t i s well-documented t h r o u g h f i e l d and l a b o r a t o r y 
s t u d i e s t h a t v e g e t a t i o n s t r e s s can be m a n i f e s t e d as 
changes i n s p e c t r a l r e f l e c t a n c e . Such changes may o c c u r 
i n t h e f o l l o w i n g ways: 

1) i n t h e magnitude o f t h e gr e e n r e f l e c t a n c e a t 
5 50 nm 

2) i n t h e magnitude o f t h e 680 nm r e f l e c t a n c e a t 
t h e c h l o r o p h y l l a b s o r p t i o n maximum 

3) i n t h e p o s i t i o n o r t h e shape o f t h e r e d 
r e f l e c t a n c e edge from 680 t o 800 nm, and/or 

4) changes i n t h e magnitude of t h e i n f r a r e d 
r e f l e c t a n c e s h o u l d e r a t w a v e l e n g t h s g r e a t e r t h a n 780 nm. 

I t i s p o s s i b l e f o r any o r a l l o f t h e s e changes t o 
s e r v e as i n d i c a t o r s of v e g e t a t i v e s t r e s s w h i ch can be 
mapped u s i n g s u i t a b l e f i e l d o r a i r b o r n e remote s e n s i n g 
i n s t r u m e n t s (Hare, e t a l , 1986). 

I n t h e raw r e f l e c t a n c e d a t a o f t h e Samatosum Mt. 
p r o p e r t y v e g e t a t i o n , an a n a l y s i s o f t h e i n f r a r e d s h o u l d e r 
(4 above) was u n d e r t a k e n because i n t h e n o n - n o r m a l i z e d 
d a t a a s i g n i f i c a n t v a r i a t i o n between t h e m i n e r a l i z e d and 
background samples can be d e t e r m i n e d from t h e s e p a r a t i o n 
a t t h e a m p l i t u d e o f t h e i n f r a r e d p l a t e a u ( M i l l e r , e t a l , 
1986). I n t h e n o r m a l i z e d d a t a a s i g n i f i c a n t v a r i a t i o n 
between m i n e r a l i z e d and background samples can be d e t e r ­
mined by a b l u e s h i f t a t t h e red-edge s l o p e o r a r e d -
s h i f t a t t h e red-edge s l o p e . (3 above) (see Appendix A ) . 
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Data A n a l y s i s and R e s u l t s ( c o n t ' d ) 

Data A n a l y s i s 

The d a t a c o n s i s t of i n f o r m a t i o n o b t a i n e d from t h e 
a n a l y s i s o f s i x t r e e s p e c i e s (see above) formed o f two 
s u b - s e t s , one s u b - s e t termed m i n e r a ^ l i z e d and t h e o t h e r 
s u b - s e t termed background samples. A r e f l e c t a n c e 
s t a n d a r d composed o f w h i t e F i b e r f a x was r e a d as w e l l as 
each t r e e sample t o o b t a i n t h e p e r c e n t r e f l e c t a n c e a t 
each w a v e l e n g t h . The r e s u l t s were p l o t t e d on f o u r 
g raphs f o r each t r e e s p e c i e s . 

The f i r s t graphs of each s p e c i e s , l a , 2a, 3a, 4a, 
5a, 6a, show t h e i n d i v i d u a l c u r v e s o f both t h e 
m i n e r a l i z e d and t h e background samples o f ' p e r c e n t 
r e f l e c t a n c e ' v e r s u s 'wavelength'. A s i m p l e mean f o r 
each p o i n t o f t h e m i n e r a l i z e d samples was o b t a i n e d from 
each w a v e l e n g t h and p l o t t e d and a s i m p l e mean o f each 
p o i n t o f t h e background c u r v e s was o b t a i n e d and p l o t t e d 
on graphs f o r each s p e c i e s ( l b , 2b, 3b, 4b, 5b, 6b) as 
two s e p a r a t e c u r v e s t o d e t e r m i n e t h e mean v a r i a t i o n o f 
t h e r e f l e c t a n c e a t t h e i n f r a r e d s h o u l d e r o f m i n e r a l i z e d 
samples v e r s u s background samples. 

A l l o f t h e c u r v e s were n o r m a l i z e d t o a z e r o and a 
'one' by s u b t r a c t i n g t h e l o w e s t v a l u e s from a l l o f t h e 
o t h e r v a l u e s on a c u r v e and by d i v i d i n g t h e d i f f e r e n c e 
o f t h e maximum and t h e minimum i n t o t h e above. The 
n o r m a l i z e d d a t a y i e l d s a c u r v e t h a t has a shape w h i c h i s 
in d e p e n d e n t o f p l a n t morphology and geometry. The 
r e s u l t s o f t h e i n d i v i d u a l c u r v e s a r e p l o t t e d on graphs 
l c , 2c, 3c, 4c, 5c, 6c. 

Mean c u r v e s o f t h e n o r m a l i z e d d a t a were o b t a i n e d 
by t h e same method as used i n t h e raw r e f l e c t a n c e mean 
c u r v e s . The r e s u l t was two mean c u r v e s , one f o r t h e 
background and one f o r t h e m i n e r a l i z e d w h i c h a r e p l o t t e d 
f o r each s p e c i e s on graphs I d , 2d, 3d, 4d, 5d, 6d. 
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R e s u l t s 

L o d g e p o l e P i n e ( P i n u s ^ c o n t o r t a ) 

L o d g e p o l e P i n e ranges o v e r most of B r i t i s h 
C o l u m b i a , from m i d d l e mountain t o s u b - a l p i n e e l e v a t i o n s . 
I t may be found i n pure s t a n d s o r w i t h o t h e r s p e c i e s 
(Hosie,1979) (Lyons,1952.) 

On t h e Samatosum Mou n t a i n p r o p e r t y i t i s one o f t h e 
more common s p e c i e s e s p e c i a l l y a t e l e v a t i o n s i m m e d i a t e l y 
below t h e Main M i n e r a l i z e d Zone. I n t h e o v e r s t o r y i t i s 
f o u n d w i t h Engelmann Spruce, A m i b i l i s F i r and some 
Douglas F i r . L o d gepole P i n e i s found i n a number of 
d i f e r e n t s o i l s but commonly grows b e s t on w e l l - d r a i n e d 
loam. I t i s a l s o found on ' s t o n y r i d g e s ' (Hosie,1979) 
and on t h e Samatosum p r o p e r t y s e v e r a l L o d g e p o l e P i n e s 
were sampled which were growing i n s o l i d o u t c r o p . 

L o d g e p o l e P i n e may a t t a i n h e i g h t s o f 100 f e e t and a 
t r u n k d i a m e t e r o f 2 f e e t ( I b i d ) . T r e e s on t h e p r o p e r t y 
ranged up t o 80 t o 90 f e e t o r more. Some of t h e s e t r e e s 
were sampled, where p o s s i b l e . 

A p l o t o f t h e r e f l e c t a n c e v e r s u s w a v e l e n g t h (nm) i n 
c h a r t l a shows a range i n r e f l e c t a n c e of 42% a t t h e 
i n f r a r e d s p e c t r a ' s h o u l d e r ' f o r t o t a l m i n e r a l i z e d and 
background. Samples B-2 and B - l a r e background samples, 
samples B-3, B-4 and M-2 a r e t h r e s h h o l d samples and 
sample M-l i s a r e l a t i v e l y h e a v i l y s t r e s s e d sample. 

C h a r t l b i s a p l o t of t h e mean r e f l e c t a n c e c u r v e s 
of t h e m i n e r a l i z e d and background samples. The 
s e p a r a t i o n a t t h e i n f r a r e d r e f l e c t a n c e s h o u l d e r i s 22%. 

Samples B - l and B-2 a r e t a k e n from t r e e s g r o w i n g i n 
c h e r t y o u t c r o p . W h i l e t h e y show t h e s t r o n g e s t 
a b s o r p t i o n , i t i s i n t e r e s t i n g t o note t h a t sample B-3 i s 
t a k e n from t h e same bedrock and y e t shows a good d e a l 
l e s s a b s o r p t i o n . I t i s a l s o t h e t a l l e s t o f t h e t h r e e 
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R e s u l t s : L o d g e p o l e P i n e ( c o n t ' d ) 

samples and may have a r o o t system t h a t i s i n t o u c h w i t h 
below s u r f a c e m i n e r a l i z a t i o n . I t p l o t s near sample B-4 
w h i c h i s a s m a l l sample a d j a c e n t t o a r o a d and t h u s may 
have been c o n t a m i n a t e d by r o a d a c t i v i t y o r from a d j a c e n t 
m i n e r a l i z a t i o n w h i c h may have d i s p e r s e d t o t h i s a r e a . 
Both B-3 and B-4 p l o t near m i n e r a l i z e d sample M-2. 

The i n d i v i d u a l c u r v e s were n o r m a l i z e d and p l o t t e d 
a g a i n s t w a v e l e n g t h on c h a r t l c . The range of t h e 
n o r m a l i z e d r e f l e c t a n c e (NR) c u r v e s a t t h e red-edge s l o p e 
i s 9 t o 10 nm. The n o r m a l i z e d r e f l e c t a n c e (NR) mean 
c u r v e s of t h e background and m i n e r a l i z e d samples have a 
4 nm s h i f t a t t h e red-edge ( I d ) towards t h e r e d s p e c t r a 
w h i c h i s s i m i l a r t o ( S i n g h r o y , e t a l , 1986.) They 
f o u n d t h a t J a c k P i n e n e e d l e s showed 'a 5 nm s h i f t toward 
t h e r e d r e g i o n of t h e spectrum.' J a c k P i n e ( P i n u s  
b a n k s i a n a ) i s d e s c r i b e d as 'a c l o s e r e l a t i v e e a s t of t h e 
R o c k i e s o f L o d g e p o l e P i n e ( L y o n s , 1 9 5 2 ) . 

W h i l e S i n g h r o y and h i s c o - w o r k e r s found a '10% 
d e c r e a s e i n a m p l i t u d e a t t h e i n f r a r e d s h o u l d e r ' f o r 
b a c k g round samples, t h e Minnova samples showed a 22% 
d i f f e r e n c e . T h i s v a r i a t i o n may be due t o t h e f a c t t h a t 
t h e L o d g e p o l e P i n e s were i n an a r e a which had s t r o n g 
a r s e n i c m i n e r a l i z a t i o n a l o n g w i t h Cu, Pb, Zn and no 
a r s e n i c m i n e r a l i z a t i o n was r e p o r t e d from t h e N a t a l Lake 
s i t e where J a c k P i n e were sampled. 

12 



Wavelength (nm) — — Mineralized 
Background 



60 

50 

40 

30 

%R 

20 

10 

Lodgepole Pine - %R vs. wavelength 
Mean Curve 

o 1 

640 

F i g u r e l b 

660 680 700 720 740 760 

Wavelength (nm) 

780 

Mineralized 

800 



Lodgepole Pine - Normalized Curve 

640 660 680 700 720 740 760 780 800 

Wavelength (nm) Mineralized 
D ickgr~ , , , ' l 



Lodgepole Pine - Normalized Mean Curve 



R e s u l t s : ( c o n t ' d ) 

A l p i n e F i r ( A b i e s i f e s i o c a r p a ) 

A l p i n e F i r i s common t h r o u g h o u t most of B r i t i s h 
C o l u m b i a and i t o c c u r s from 3500 f e e t and c o n t i n u e s t o 
t h e t i m b e r l i n e e a s t of t h e Cascades. I t i s u s u a l l y mixed 
w i t h o t h e r s p e c i e s such as Engelmann Spruce but i t i s 
a l s o f o u n d w i t h L o d g e p o l e P i n e , A l p i n e L a r c h and, 
sometimes, T r e m b l i n g Aspen. T r e e s n o r m a l l y range from 
50 f e e t t o 75 f e e t i n h e i g h t w i t h t r u n k d i a m e t e r s o f 2 
1/2 f e e t b ut some grow as t a l l as 150 f e e t w i t h t r u n k 
d i a m e t e r s o f 4 f e e t . The r o o t system i s s h a l l o w and 
w i d e - s p r e a d i n g and t h e t r e e i s not w i n d - f i r m (Hosie,1979) 
( L y o n s , 1 9 5 2 ) . 

A l p i n e F i r i n t h e Samatosum p r o p e r t y o c c u r s w i t h 
L o d g e p o l e P i n e , Engelmann Spruce and A m a b i l i s F i r . A 
p l o t o f t h e r e f l e c t a n c e v e r s u s w a v e l e n g t h shows a range 
i n t h e i n f r a r e d s h o u l d e r o f a p p r o x i m a t e l y 15% w i t h no 
s e g r e g a t i o n between t h e m i n e r a l i z e d samples and t h e 
background samples ( C h a r t 2 a ) . The mean c u r v e s show a 
s e p a r a t i o n o f 4% (2b) between t h e background and 
m i n e r a l i z e d c u r v e s . 

A p l o t o f t h e n o r m a l i z e d r e f l e c t a n c e (NR) c u r v e s a t 
t h e 0.5 NR p o i n t shows a range a t t h e red-edge o f 4 nm 
(2c) and a p l o t o f t h e n o r m a l i z e d mean r e f l e c t a n c e (NR) 
of t h e background and m i n e r a l i z e d samples shows a s h i f t 
a t t h e red-edge o f 2 t o 3 nm towards t h e b l u e s p e c t r a 
(2d) w h i c h i s w i t h i n - s p e c i e s v a r i a t i o n and hence not a 
t r u e s h i f t a t t h e red-edge. I n g e n e r a l , t h e t r e e 
samples were r e l a t i v e l y s h o r t w i t h consequent s h a l l o w -
r o o t systems and hence may not have been i n t o u c h w i t h 
m i n e r a l i z a t i o n . 
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R e s u l t s : ( c o n t ' d ) 

Douglas F i r ( P s e u d o t s u g a m e n z i e s i i ) 

Two v a r i e t i e s o f Douglas F i r a r e g e n e r a l l y r e c o g n i z e d , 
a c o a s t a l and an i n t e r i o r . The c o a s t a l t r e e grows t o 300 
f e e t w i t h a t r u n k d i a m e t e r o f 9 f e e t w h i l e t h e s t o c k i e r 
i n t e r i o r t y p e seldom exceeds 140 f e e t ( H o s i e , 1 9 7 9 ) . I t s 
upper a l t i t u d i n a l range i n t h e s o u t h e r n i n t e r i o r i s 3500 
f e e t . I t i s a s s o c i a t e d w i t h hemlock, cedar and A m a b i l i s 
F i r ( Lyon,1952). Lyons c o n s i d e r s t h a t t h e d i f f e r i n g 
f e a t u r e s a r e v e r y s l i g h t and t r e a t s o n l y one t r e e . I t i s 
d e t e r m i n e d t h a t on t h e Samatosum Mou n t a i n p r o p e r t y , t h e r e 
i s o n l y t h e i n t e r i o r Douglas F i r v a r i e t y . A l l o f t h e t r e e 
s p e c i e s c o n s i d e r e d i n t h i s r e p o r t a r e t r e a t e d a t t h e 
s p e c i e s l e v e l and do not i n c l u d e v a r i e t y d i s t i n c t i o n s . 

D o uglas F i r on t h e Samatosum p r o p e r t y was found w i t h 
L o d g e p o l e P i n e , A m a b i l i s F i r , Engelmann Spruce and A l p i n e 
F i r . I n t h e l o w e r p o r t i o n s o f t h e p r o p e r t y , below t h e 
Johnson Lake Road, Red Cedar o c c u r s w i t h Douglas F i r and 
Engelmann Sp r u c e . The t a l l e s t Douglas F i r sampled was 
o v e r 80 f t . t a l l . 

A p l o t o f r e f l e c t a n c e v e r s u s w a v e l e n g t h g i v e s a range 
o f 10% a t t h e i n f r a r e d s h o u l d e r (3a) w i t h t h e mean c u r v e s 
showing a 4% s e p a r a t i o n a t t h e r e f l e c t a n c e s h o u l d e r when 
a l l samples a r e c o n s i d e r e d . When a s e l e c t e d s u b - s e t 
c o n t a i n i n g a b a l a n c e of samples i s c o n s i d e r e d , t h e 
r e f l e c t a n c e s h o u l d e r has a 10% range ( 3 a a ) . There i s a 
mean a m p l i t u d e change o f 5% (3bb) a t t h e i n f r a r e d s h o u l d e r 
w i t h t h e m i n e r a l i z e d c u r v e showing a s t r o n g e r a b s o r p t i o n . 

There i s a 5 nm range a t t h e 0.5 RN l e v e l o f t h e 
n o r m a l i z e d c u r v e s (3c) and i n t h e b a l a n c e d s u b - s e t ( 3 c c ) . 
The mean n o r m a l i z e d c u r v e s show a 1.5 nm s h i f t toward b l u e 
a t t h e red-edge (3d) w h i c h i s w i t h i n - s p e c i e s v a r i a t i o n . 
The b a l a n c e d s u b - s e t shows a 3.5 t o 4 nm s h i f t (3dd) w h i c h 
i s somewhat l a r g e r t h a n s p e c i e s v a r i a t i o n and i s a t r u e 
s h i f t o f t h e red-edge. The m i n e r a l i z e d s t r e s s e d t r e e s a r e 
s h i f t e d towards t h e b l u e p o r t i o n of t h e spectrum. 
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R e s u l t s : Douglas F i r ( c o n t ' d ) 

The Douglas F i r samples were t a k e n from c h e r t y 
o u t c r o p ( B - l , B-2), from s o i l s o v e r l y i n g m i n e r a l i z e d 
s c h i s t s (M-2, M-3, M-4) and from down-slope m i n e r a l i z e d 
s o i l s ( M - l , M-5). Tree h e i g h t s v a r i e d from 45 f t t o o v e r 
80 f t w i t h c o r r e s p o n d i n g r o o t systems i n c o n t a c t w i t h 
m i n e r a l i z e d and n o n - m i n e r a l i z e d s u b - s t r a t e . A c omparison 
o f t h e samples w i t h t h e h i g h e s t r e f l e c t a n c e v e r s u s t h e 
samples w i t h t h e l o w e s t r e f l e c t a n c e o r h i g h e s t a b s o r p t i o n 
i s d e p i c t e d i n c h a r t DF-1. (See f i g u r e 3 a ) . 

sample 
# 

c h e r t y 
o u t - c r o p 

m i n e r a l i z e d m i n e r a l i z e d 
s c h i s t downslope s o i l 

T ree 
H e i g h t ( f t ) 

H i g h e s t 
R e f l e c t a n c e B - l X 60 

M - l X 45 

M-3 X 80 

B-2 X 60 

M-2 X 80 

M-4 X 80 

Lowest 
R e f l e c t a n c e 
( G r e a t e s t 
A b s o r p t i o n ) 

M-5 X 60 

C h a r t DF-1 
P e r c e n t R e f l e c t a n c e a t t h e I n f r a r e d ' S h o u l d e r 1 

S i n c e t h e t h r e e t y p e s of t e r r a i n gave d i f f e r i n g 
r e f l e c t a n c e r e s u l t w i t h i n t h e s u b - s e t s of Douglas F i r 
sampled, i t appears t h a t s p e c t r a l r e f l e c t a n c e changes a r e 
n o t due t o r o c k t y p e and r e l a t e d s o i l s but r a t h e r a r e due 
t o m i n e r a l i z e d s t r e s s o r s i n c o n t a c t w i t h t r e e r o o t s . 
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R e s u l t s : Douglas F i r ( c o n t ' d ) 

A c o m p a r i s o n of t h e samples w i t h t h e g r e a t e s t b l u e -
s h i f t (M-5, M-3) a t t h e red-edge and t h e samples w i t h t h e 
l e a s t b l u e - s h i f t (B-2) a t t h e red-edge s l o p e i s d e p i c t e d 
i n c h a r t DF-2 w i t h t h e c o r r e s p o n d i n g s a m p l i n g t e r r a i n and 
t r e e h e i g h t s (See 3 c ) . 

sample c h e r t y m i n e r a l i z e d m i n e r a l i z e d Tree 
# o u t - c r o p s c h i s t downslope s o i l H e i g h t ( f t ) 

L e a s t 
B l u e - s h i f t B-2 X 60 

M-l X 45 

B - l X 60 

M-4 X 80 

M-2 X 80 

M-5 X 60 
G r e a t e s t M-3 X 80 

B l u e - s h i f t a t 
t h e red-edge 

s l o p e  

C h a r t 
DF-2 

B l u e - s h i f t a t t h e Red-Edge v s . G e o l o g i c a l T e r r a i n 

S i n c e t h e t h r e e t y p e s o f t e r r a i n sampled gave 
d i f f e r i n g s p e c t r a l r e s u l t s f o r Douglas F i r s sampled w i t h i n 
t h e s e s u b - s e t s , i t can be c o n c l u d e d t h a t t h e s p e c t r a l 
r e f l e c t a n c e changes a r e due t o m i n e r a l i z e d s t r e s s o r s i n 
c o n t a c t w i t h t r e e r o o t s and not t h e s u r f i c i a l o r bedrock 
t y p e . 
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R e s u l t s : Douglas F i r ( c o n t ' d ) 

C h a r t DF-1 and f i g u r e 3a show t h a t Douglas F i r 
samples from a l l t h r e e t e r r a i n s p l o t w i t h i n 3% o f each 
o t h e r on t h e i n f r a r e d r e f l e c t a n c e s p e ctrum (samples B - l , 
M - l , M-3) showing t h a t t h e t e r r a i n i n q u e s t i o n w i l l not 
s u b s t a n t i a l l y a l t e r t h e r e f l e c t a n c e o f t h e t r e e s u n l e s s 
m i n e r a l i z e d s t r e s s o r s a r e p r e s e n t . 

C h a r t DF-2 and f i g u r e 3c show t h a t t h e t r e e samples 
a r e b l u e - s h i f t e d a t the red-edge r e g a r d l e s s of t e r r a i n and 
t h u s , t h e b l u e - s h i f t a t t h e red-edge s l o p e i s due t o 
m i n e r a l i z e d s t r e s s o r s a t t h e t r e e r o o t s . 

Thus, a n o r m a l i z e d p l o t of t h e two maximum s h i f t e d 
m i n e r a l i z e d samples (M-5, M-3) v e r s u s a p l o t o f t h e two 
background samples ( B - l , B-2) as shown i n f i g u r e 3cc w i l l 
p r o v i d e t h e n o r m a l i z e d mean c u r v e s o f t h e m i n e r a l i z e d 
v e r s u s background Douglas F i r s as shown i n f i g u r e 3dd 
w h i c h shows a b l u e - s h i f t a t t h e red-edge o f 3.5 nm t o 
4.0 nm wh i c h i s g r e a t e r than normal s p e c i e s range. 
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R e s u l t s : ( c o n t ' d ) 

A m a b i l i s F i r ( A b i e s a m i b i l i s ) 

A m i b i l i s F i r which i s o f t e n m i s t a k e n f o r Balsam F i r 
( A b i e s balsamea) o c c u r s o n l y i n B r i t i s h C olumbia and 
Balsam F i r o n l y o c c u r s e a s t o f B r i t i s h C o l u m b i a . A m i b i l i s 
F i r can o c c u r a t any e l e v a t i o n from s e a - l e v e l t o 4500 f e e t 
and i s g e n e r a l l y above t h e Douglas F i r e l e v a t i o n s a l t h o u g h 
i t can o c c u r w i t h Douglas F i r . I t i s a l s o a s s o c i a t e d w i t h 
Engelmann Spruce, S i t k a Spruce, Western Hemlock and 
Western White P i n e . A t m a t u r i t y i t a t t a i n s h e i g h t s o f 125 
f e e t and t r u n k d i a m e t e r s o f 3 f e e t . (Hosie,1979) (Lyons,1952) 

On t h e Samatosum Mou n t a i n p r o p e r t y , A m i b i l i s F i r 
o c c u r s w i t h Engelmann Spruce, T r e m b l i n g Aspen, L o d g e p o l e 
P i n e and A l p i n e F i r . T r e e s sampled ranged from 12 f e e t t o 
50 f e e t w i t h most samples i n t h e 35 t o 40 f t range. 

A p l o t o f t h e r e f l e c t a n c e v e r s u s w a v e l e n g t h shows a 
range o f 16% r e f l e c t a n c e a t t h e i n f r a r e d s p e c t r a ( 4 a ) , 
i n d i c a t i n g t h a t t h e t r e e i s s e n s i t i v e t o s t r e s s , a l t h o u g h 
t h e r e i s no c l e a r s e g r e g a t i o n o f m i n e r a l i z e d and background 
samples. T h i s i s c l e a r l y d e p i c t e d i n t h e c h a r t of t h e mean 
c u r v e s ( 4 b ) . There i s o n l y a 2% r e f l e c t a n c e s e p a r a t i o n a t 
th e i n f r a r e d s h o u l d e r between t h e m i n e r a l i z e d and t h e 
background samples. A p l o t o f t h e n o r m a l i z e d c u r v e s shows 
t h a t a t t h e 0.5 NR t h e r e i s an 8 t o 9 nm range ( 4 c ) . The 
n o r m a l i z e d mean c u r v e s (4d) p l o t w i t h i n 1 nm o f each 
o t h e r showing v i r t u a l l y no s h i f t a t t h e red-edge. 

A n & b i l i s F i r t r e e s on t h e Samatosum Mt. p r o p e r t y a r e 
a t t h e i r maximum range o f 4500 f t e l e v a t i o n as w e l l as 
b e i n g o u t s i d e o f t h e i r u s u a l c l i m a t i c range. N o r m a l l y 
t h e y a r e c o n f i n e d t o t h e Coa s t F o r e s t R e g i o n and c o a s t a l 
p a r t s of t h e S u b - A l p i n e F o r e s t R e g i o n a t e l e v a t i o n s of 
l e s s t h a n 4500 f t ( H o s i e , 1 9 7 9 ) . 

On t h e Samatosum Mt. p r o p e r t y , t h e o n l y a r e a where 
A m i b i l i s F i r was seen i n t h e o v e r s t o r y was below t h e 
Johnson Creek Rd. a t e l e v a t i o n s o f 3500 f t and t h e s e t r e e s 
were g e n e r a l l y shaded by Engelmann Spruce, Douglas F i r and 
Red Cedar. Most of t h e A m i b i l i s F i r t r e e s seen were i n 
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R e s u l t s : A m a b i l i s F i r ( c o n t ' d ) 

t h e u n d e r s t o r y o r as immature t r e e s i n t h e o v e r s t o r y . 
T r e e s sampled ranged from 2" t o 14" i n t r u n k d i a m e t e r . 
Mature t r e e s g r o w i n g under i d e a l c o n d i t i o n s o f t e n a t t a i n 
d i m e n s i o n s g r e a t e r than 3 f t i n t r u c k d i a m e t e r and up t o 
and g r e a t e r t h a n 125 f t i n h e i g h t . 

I t i s c o n c l u d e d from t h e s e f a c t o r s t h a t t h e A m a b i l i s 
F i r i n t h i s a r e a i s a l r e a d y under s t r e s s because i t i s a t 
i t s maximum e l e v a t i o n range and o u t s i d e o f i t s normal 
c l i m a t i c range. 

The n o r m a l i z e d mean c u r v e s (4d) w h i c h p l o t w i t h i n 1 
nm o f each o t h e r a r e r e f l e c t i n g t h e s t r e s s a l r e a d y p r e s e n t 
i n b o t h m i n e r a l i z e d samples and n o n - m i n e r a l i z e d samples o f 
A m a b i l i s F i r t r e e s ; t h u s , when a t r e e i s a t i t s maximum 
ran g e s s t r e s s from m i n e r a l i z a t i o n w i l l be masked and w i l l 
n o t p r o v i d e a u s e f u l s p e c t r a l s i g n a t u r e . 
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R e s u l t s : ( c o n t ' d ) 

Engelmann Spruce ( P i c e a e n q e l m a n n i i ) 

Engelmann Spruce u s u a l l y grows a t e l e v a t i o n s between 
3000 and 6000 f e e t but i s o f t e n found a l o n g streams 
f u r t h e r down. I t may form pure s t a n d s but i t i s o f t e n 
mixed w i t h f i r s , hemlocks, l a r c h e s and p i n e s . T r e e s 
n o r m a l l y r e a c h 100 t o 120 f e e t w i t h t r u n k d i a m e t e r s of 3 
f e e t and may r e a c h 180 f e e t i n h e i g h t w i t h 6 f t t r u n k 
d i a m e t e r s . On t h e Minnova p r o p e r t y , Engelmann Spruce i s 
f o u n d i n t h e o v e r s t o r y w i t h L o d g e p o l e P i n e , and Douglas 
F i r . The o c c a s i o n a l Western Hemlock was p r e s e n t , as w e l l . 

A p l o t o f t h e r e f l e c t a n c e v e r s u s w a v e l e n g t h (5a) 
shows a range a t t h e i n f r a r e d s h o u l d e r o f 25% w i t h no 
d i s t i n c t s e p a r a t i o n between t h e m i n e r a l i z e d and t h e 
b a ckground samples. The mean c u r v e c o n f i r m s t h i s w i t h 
o n l y a 1% s e p a r a t i o n i n t h e background (5b) and 
m i n e r a l i z e d c u r v e s . 

A p l o t o f t h e n o r m a l i z e d c u r v e s shows a range of up 
t o 11 nm a t t h e 0.5 NR l e v e l i n d i c a t i n g a c e r t a i n measure 
o f s e n s i t i v e r e s p o n s e i n t h e t r e e s p e c i e s a l t h o u g h t h e 
mean o f t h e n o r m a l i z e d c u r v e s p l o t r e l a t i v e l y c l o s e 
t o g e t h e r and w e l l - w i t h i n s p e c i e s - v a r i a t i o n range. 

Engelmann Spruce was under s t r e s s by a p a r a s i t e w h i c h 
was endemic t o t h e t r e e s p e c i e s (not Spruce Budworm) and 
w h i c h was p r e s e n t i n a l l t r e e s sampled. The t r e e s , 
whether o v e r a m i n e r a l i z e d o r a n o n - m i n e r a l i z e d s i t e w i l l 
n o t , as a r e s u l t , g i v e a d i s t i n c t s p e c t r a l s i g n a t u r e ; t h e 
mean n o r m a l i z e d c u r v e s of t h e m i n e r a l i z e d v e r s u s non-
m i n e r a l i z e d samples (5b) p l o t l e s s t h a n 1 nm a p a r t w h i c h 
i s e s s e n t i a l l y no s h i f t a t t h e red-edge s l o p e . 

The Engelmann Spruce samples do not show a c l u s t e r i n g 
due t o t e r r a i n and hence r o c k c h e m i s t r y i s r e l a t i v e l y 
u n i m p o r t a n t i n terms of s t r e s s . F o r example, f o u r samples 
t a k e n from s o i l s from t h e main m i n e r a l i z e d zone (MES-001, 
MES-002, MES-003, MES-005) ( C h a r t 5a) show a 13% range i n 
r e f l e c t a n c e . Two background samples t a k e n from t h e same 
a r e a (BES-004, BES-005,) a l s o show a 13 range i n 
r e f l e c t a n c e ; t h u s i t i s c o n c l u d e d t h a t t h e s e e f f e c t s a r e 
due t o p a r a s i t e s t r e s s l e v e l s and not t o r o c k g e o c h e m i s t r y 
o r m i n e r a l i z a t i o n . 
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R e s u l t s : ( c o n t ' d ) 

T r e m b l i n g Aspen ( P o p u l u s t r e m u l o i d e s ) 

\ T r e m b l i n g Aspen i s d e s c r i b e d as an abundant t r e e 
t h r o u g h o u t B r i t i s h Columbia e a s t o f t h e Cascade Mountains 
where i t e x t e n d s from v a l l e y bottoms t o 4000 f e e t e l e v a t ­
i o n s . I n t h e d r y i n t e r i o r i t g a t h e r s , i n g r o v e s 20 t o 30 
f e e t h i g h and i n w e t t e r r e g i o n s t r e e s up t o 80 f e e t h i g h 
a r e common (Ly o n s , 1 9 5 2 ) . The r o o t system i s v e r y s h a l l o w 
and w i d e - s p r e a d i n g and commonly produces r o o t s u c k e r s o r 
s h o o t s . F o l l o w i n g d i s r u p t i o n o f an a r e a w h ich i s 
f a v o u r a b l e t o t h e p r o d u c t i o n o f r o o t s u c k e r s f T r e m b l i n g 
Aspen w i l l produce s u c k e r s i n g r e a t abundance, r e f o r e s t ­
i n g an e n t i r e a r e a . ( H o s i e , 1 9 7 9 ) . 

I n t h e Samatosum Mt. p r o p e r t y g r o v e s o f immature 
T r e m b l i n g Aspen under 20 f e e t a r e p r e s e n t i n a r e a s w i t h no 
o v e r s t o r y w h i c h i s t o be e x p e c t e d as T r e m b l i n g Aspen i s 
v e r y s e n s i t i v e t o shade. Mature T r e m b l i n g Aspen i s 
p r e s e n t i n t h e o v e r s t o r y as s c a t t e r e d t r e e s , o c c u r r i n g 
w i t h L o d g e p o l e P i n e , Engelmann Spruce, A m i b i l i s F i r and 
Douglas F i r . 

A p l o t o f r e f l e c t a n c e v e r s u s w a v e l e n g t h gave a 22% 
range i n r e f l e c t a n c e a t t h e i n f r a r e d s h o u l d e r (6a) w i t h 
mean c u r v e s showing a 7% d e c r e a s e i n a m p l i t u d e o f t h e 
background r e l a t i v e t o t h e m i n e r a l i z e d mean c u r v e ( 6 b ) . A 
p l o t o f t h e n o r m a l i z e d c u r v e s shows a 10 nm range a t t h e 
0.5 NR l e v e l (6c) w h i l e t h e n o r m a l i z e d mean c u r v e s show a 
4 nm s h i f t towards t h e r e d s p e c t r a a t t h e red-edge a t t h e 
0.5 NR l e v e l ( 6 d ) . 

An a i r b o r n e s u r v e y c o n d u c t e d a t N a t a l Lake, O n t a r i o 
o f T r e m b l i n g Aspen u s i n g t h e PMI gave a 10% i n c r e a s e i n 
r e f l e c t a n c e o f t h e m i n e r a l i z e d samples as d i d t h e r e s u l t s 
o f l a b o r a t o r y work w i t h a SPECTRON SE 590 s p e c t r o r a d i o m e t e r 
( S i n g h r o y , 1 9 8 6 ) . S i n g h r o y , e t a l , found t h a t "clumps of 
T r e m b l i n g Aspen growing i n m i n e r a l i z e d s o i l w h i c h showed 
e v i d e n c e o f s t r e s s i n t h e l a b o r a t o r y and PMI s p e c t r a l d a t a 
d e m o n s t r a t e d h i g h r e f l e c t a n c e v a l u e s on t h e MEIS I I 
imagery." ( I b i d ) 
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R e s u l t s : T r e m b l i n g Aspen ( c o n ' t d ) 

The 10% i n c r e a s e i n r e f l e c t a n c e i s s i m i l a r t o what 
was found on t h e Samatosum p r o p e r t y . 

A t t h e A r n p r i o r s i t e i n E a s t e r n O n t a r i o , S i n g h r o y and 
h i s c o - w o r k e r s found a 10% i n c r e a s e i n r e f l e c t a n c e and "no 
b l u e - s h i f t a t t h e r e d r e f l e c t a n c e edge was o b s e r v e d . . . " 
( I b i d ) . The d a t a i n t h i s s t u d y was n o n - n o r m a l i z e d and 
t h e r e f o r e does not r e l a t e t o t h e n o r m a l i z e d d a t a d e t e r m i n e d 
f r o m t h e Samatosum Mountain p r o p e r t y . T h i s d a t a i s 
o b t a i n e d u s i n g t h e HHRR shows a r e d s h i f t a t t h e red-edge 
o f 4 nm i n t h e n o r m a l i z e d d a t a a t t h e 0.5 NR l e v e l . 

I n summary: 

S i n g h r o y and h i s c o-workers found a t t h e N a t a l Lake 
s i t e a b l u e - s h i f t a t t h e red-edge f o r t r e m b l i n g Aspen 

- t h e N a t a l Lake s i t e c o n t a i n e d Cu f N i , Co, Pb, C r , Mn 
w h i l e t h e Minnova s i t e d c o n t a i n e d As, Cu, Pb, Zn, Ba 
and i t may be t h i s d i f f e r e n c e t h a t has r e s u l t e d i n a 
r e d - s h i f t a t t h e red-edge. 

- no s h i f t a t t h e red-edge s l o p e was r e p o r t e d f o r 
A r n p r i o r f o r T r e m b l i n g Aspen where m i n e r a l s 
r e p o r t e d were Cu, Zn, Ba, S r . 

- T h e i r White Lake s i t e w h i c h has Zn, Cu, Pb ( s o i l s 
r e p o r t e d t o be 150 t o 3000 ppm's) showed t h e 
p r e s e n c e o f a ' b l u e - s h i f t 1 and changes i n t h e 
magnitude of t h e i n f r a r e d s h o u l d e r . S i n c e t h e i r 
d a t a was n o n - n o r m a l i z e d t h e y cannot be c o r r e l a t e d 
w i t h t h e Minnova d a t a . As w e l l , no As was p r e s e n t . 

A r s e n i c v a l u e s a t t h e Minnova/Rae G o l d p r o p e r t y s i t e s 
a r e u n u s u a l l y h i g h . One d r i l l h o l e c o n t a i n e d a near-
s u r f a c e r e s u l t (40 f t ) o f o v e r 16% A r s e n i c (RG-25) a l o n g 
w i t h e l e v a t e d v a l u e s o f Ag, Au, Zn, Pb, and some Cu 
( P i r i e , I.,1984, company r e p o r t ) . A r s e n i c was p r e s e n t i n 
t r e n c h e s and exposed bedrock i n a r s e n o p y r i t e and 
t e n n a n t i t e - t e t r a h e d r i t e . B a r i t e was a l s o p r e s e n t i n h i g h 
c o n c e n t r a t i o n s . 

Thus t h e p r e s e n c e of abundant As has r e s u l t e d i n a 
r e d - s h i f t a t t h e r e d edge s l o p e r a t h e r t h a n t h e b l u e - s h i f t 
r e p o r t e d i n t h e S i n g h r o y , e t a l s i t e s . 
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CONCLUSION 

The r e s u l t s o f t h e ground r e f l e c t a n c e r a d i o m e t e r 
s u r v e y show t h a t t h r e e o f t h e t r e e s p e c i e s sampled a r e 
e f f e c t i v e i n d i c a t o r s of anomalous m i n e r a l i z e d zones and 
w i l l p r e s e n t r e m o t e l y sensed s p e c t r a l images t h a t w i l l 
d i f f e r f rom images o f t r e e s i n non-anomalous zones. 
( T a b l e 1., T a b l e 2.) 

Lo d g e p o l e P i n e i s one o f t h e most common t r e e s on t h e 
Minnova p r o p e r t y and i t s r e s u l t a n t r e d - s h i f t a t t h e 
red-edge makes i t a t r e e s p e c i e ^ t h a t i s u s e f u l f o r an 
a i r b o r n e remote s e n s i n g s u r v e y . 

D o uglas F i r i s l e s s common on t h e Minnova p r o p e r t y 
and shows a 3.5 t o 4 nm b l u e - s h i f t a t t h e red-edge which 
i s g r e a t e r t h a n w i t h i n - s p e c i e s v a r i a t i o n and hence, i s a 
t r e e s p e c i e s t h a t i s u s e f u l f o r an a i r b o r n e remote s e n s i n g 
s u r v e y . W h i l e i t was r e p o r t e d t h a t Douglas F i r was under 
s t r e s s by Spruce Budworm t h i s season, a l l o f t h e Douglas 
F i r s sampled appeared t o be q u i t e h e a l t h y and on t h e 
Samatosum Mt. p r o p e r t y were not a f f e c t e d by p a r a s i t e s . 

T r e m b l i n g Aspen o c c u r s i n pure s t a n d s w i t h no 
o v e r s t o r y o r as i s o l a t e d t r e e s i n t h e o v e r s t o r y s i n c e i t 
r e q u i r e s abundant sun and i s q u i t e i n t o l e r a n t o f shade. 
I t s r e d - s h i f t a t t h e red-edge w i l l r e s u l t i n a s p e c t r a l 
s i g n a t u r e w h i c h w i l l p r o v i d e u s e f u l i m a g i n g d a t a d u r i n g an 
a i r b o r n e m i s s i o n o f m i n e r a l i z e d v e r s u s background a r e a s . 

I t s h o u l d be note d t h a t t h i s s t u d y c o n c e n t r a t e d on 
i n d i v i d u a l b r a n c h l e t s w h i l e t h e a i r b o r n e s u r v e y w i l l be 
l o o k i n g a t l a r g e t r e e s c a n o p i e s and w i l l be a b l e t o see 
s p a t i a l p a t t e r n s not e v i d e n t i n t h e i n d i v i d u a l t r e e s ; 
f u r t h e r m o r e , t h e s p e c t r a l d a t a from t h i s s u r v e y shows t h a t 
t h e r e ' s s p e c t r a l changes i n t h e i n d i v i d u a l t r e e s . 
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RECOMMENDATION 

S i n c e t h r e e s p e c i e s o f t r e e s show s h i f t s a t t h e r e d -
edge s l o p e i n samples from m i n e r a l i z e d a r e a s o v e r t h e 
samples from n o n - m i n e r a l i z e d a r e a s as w e l l as a f o u r t h 
b o r d e r l i n e s p e c i e s ( A l p i n e F i r ) , t h e r e i s enough v a r i a t i o n 
i n t h e s e two s u b - s e t s o f d a t a t o recommend an a i r b o r n e 
s u r v e y . The d a t a o b t a i n e d h e r e i n s u g g e s t s t h a t t h e s e 
s p e c t r a l changes w i l l be d e t e c t a b l e from a s u i t a b l e 
a i r b o r n e imaging s e n s o r t h e r e b y d e l i n e a t i n g anomalous 
m i n e r a l i z e d zones. T h i s w i l l be e s p e c i a l l y so i n a r e a s 
n o t a d j a c e n t t o a r e a s s u b j e c t e d t o ' s l a s h and b u r n ' . Due 
t o t h e s e n s i t i v e r e s p o n s e o f Engelmann Spruce (5c) 
w h i c h n o n e t h e l e s s , l a c k s a good s p e c t r a l s i g n a t u r e , some 
c a u t i o n i n i n t e r p r e t a t i o n o f s p e c t r a l d a t a w i l l be 
r e q u i r e d . These param e t e r s and o t h e r s may r e s u l t i n non-
m i n e r a l i z e d a n o m a l i e s ; t h u s , d a t a i n t e r p r e t a t i o n w i l l be 
r e q u i r e d t o d i s t i n g u i s h t h e s e anomalous a r e a s . 

I t i s recommended t h a t an a i r b o r n e s u r v e y be under­
t a k e n t o d e t e r m i n e m i n e r a l i z e d anomalous zones and t h a t 
such a s u r v e y be u n d e r t a k e n d u r i n g t h e p e r i o d m i d - J u l y t o 
mid-August a f t e r f u l l - l e a f f l u s h and d u r i n g t h e 'Autumn 
Window' when s t r e s s e d v e g e t a t i o n undergoes ' e a r l y l e a f 
s e n s c e n c e ' . I t i s f u r t h e r recommended t h a t a d e t a i l e d 
s i t e r e p o r t be p r e p a r e d a t t h e t i m e o f t h e f l i g h t i n o r d e r 
t o document any change i n c o n d i t i o n s o f t h e s i t e . 
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Appendix A 
N o r m a l i z e d and R e f l e c t a n c e Data 

A - l 



lodge.dat Wed Sep 16 14:45:06 1987 1 

Sample 6 5 0 . 00 6 8 0 . 00 6 8 5 . 00 7 0 3 . 00 7 1 3 . 00 7 3 3 . 00 7 4 3 . 00 7 5 3 . 00 7 8 2 . 00 8 0 0 . 00 
m l p - 0 0 1 7 . 26 6 . 43 6. 52 1 5 . 73 2 6 . 92 5 2 . 21 5 9 . 95 6 5 . 03 6 9 . 10 6 7 . 42 
m l p - 0 0 2 6. 36 5 . 98 6. 31 1 6 . 19 2 7 . 34 4 4 . 14 4 8 . 45 5 1 . 25 5 4 . 01 5 3 . 18 

Mean 6 . 81 6. 21 6. 42 1 5 . 96 2 7 . 13 4 8 . 17 5 4 . 20 5 8 . 14 6 1 . 55 6 0 . 30 

b l p - 0 0 1 5 . 27 4 . 58 4 . 66 9 . 21 1 4 . 87 2 4 . 55 2 7 . 76 2 9 . 44 3 1 . 22 3 0 . 88 
b l p - 0 0 2 3 . 26 2 . 79 3 . 16 8 . 66 1 6 . 03 2 0 . 62 2 3 . 21 2 4 . 56 2 6 . 36 2 6 . 75 
b l p - 0 0 3 4 . 90 4 . 12 4 . 26 1 1 . 37 1 9 . 71 3 9 . 26 4 0 . 85 4 3 . 47 4 5 . 87 4 5 . 58 
b l p - 0 0 4 5 . 97 4 . 65 5 . 02 1 7 . 84 3 0 . 03 4 3 . 56 4 7 . 49 4 9 . 95 5 1 . 65 5 0 . 90 

Mean 4 . 85 4 . 03 4 . 28 1 1 . 77 2 0 . 16 3 2 . 00 3 4 . 83 3 6 . 86 38 . 78 3 8 . 53 
\032 



lodge.nor 

Sample 
m l p - 0 0 1 
m l p - 0 0 2 

Mean 

b l p - 0 0 1 
b l p - 0 0 2 
b l p - 0 0 3 
b l p - 0 0 4 

Wed Sep 16 

6 5 0 . 0 0 6 8 0 . 0 0 
0 . 0 1 3 3 0 . 0 0 0 0 
0 . 0 0 7 9 0 . 0 0 0 0 

0 . 0 1 0 6 0 . 0 0 0 0 

0 . 0 2 5 9 0 . 0 0 0 0 
0 . 0 2 0 0 0 . 0 0 0 0 
0 . 0 1 8 8 0 . 0 0 0 0 
0 . 0 2 8 0 0 . 0 0 0 0 

4:45:08 1987 

6 8 5 . 0 0 7 0 3 . 0 0 
0 . 0 0 1 5 0 . 1 4 8 5 
0 . 0 0 6 9 0 . 2 1 2 6 

0 . 0 0 4 2 0 . 1 8 0 5 

0 . 0 0 3 0 0 . 1 7 3 8 
0 . 0 1 5 9 0 . 2 4 9 2 
0 . 0 0 3 5 0 . 1 7 3 7 
0 .0078 0 . 2 8 0 7 

1 

7 1 3 . 0 0 7 3 3 . 0 0 
0 . 3 2 6 9 0 .7304 
0 . 4 4 4 7 0 .7946 

0 . 3 8 5 8 0 .7625 

0 . 3 8 6 3 0 .7496 
0 . 5 6 1 8 0 .7564 
0 .3734 0 .8417 
0 . 5 3 9 9 0 .8279 

7 4 3 . 0 0 7 5 3 . 0 0 
0 . 8 5 4 0 0 .9350 
0 .8844 0 .9427 

0 . 8 6 9 2 0 .9388 

0 . 8 7 0 3 0 .9330 
0 . 8 6 6 3 0 . 9 2 3 7 
0 .8797 0 .9426 
0 . 9 1 1 6 0 .9638 

7 8 2 . 0 0 8 0 0 . 0 0 
1 .0000 0 .9731 
1 .0000 0 .9828 

1 .0000 0 .9779 

1 .0000 0 .9872 
1 .0000 1 .0165 
1 .0000 0 .9931 
1 .0000 0 .9840 

Mean 
\032 

0 . 0 2 3 2 0 . 0 0 0 0 0 . 0 0 7 6 0 . 2 1 9 3 0 .4654 0 .7939 0 . 8 8 2 0 0 .9408 1 .0000 0 .9952 



alpine.dat Mon Sep 21 22:08:44 1987 1 

Sample 650 .00 680 . 0 0 685 .00 703 .00 7 1 3 . 00 733 .00 7 4 3 . 00 753 .00 7 8 2 . 00 8 0 0 . 00 
m a f - 0 0 6 4 .56 3 . 88 3 .98 12 . 0 1 2 1 . 90 41 . 3 9 4 6 . 95 50 . 43 5 4 . 12 5 3 . 81 
m a f - 0 0 3 4 .58 3 . 70 3 . 79 11 . 0 3 2 0 . 05 37 . 9 0 4 3 . 76 47 . 50 5 1 . 23 5 0 . 40 
m a f - 0 0 4 5 .52 4 . 3 7 4 .60 14 .72 2 6 . 34 48 . 66 5 5 . 12 58 . 9 9 6 3 . 20 6 1 . 66 

Mean 4 . 89 3 . 98 4 .12 12 . 59 2 2 . 77 42 . 6 5 4 8 . 61 52 .30 5 6 . 19 5 5 . 29 

b a f - 0 0 4 3 .48 3 . 2 7 3 . 65 11 . 73 2 2 . 55 48 . 84 5 7 . 86 63 .12 6 7 . 95 6 7 . 92 
b a f - 0 0 5 3 . 0 9 2 . 7 7 3 . 00 9 . 66 1 9 . 04 39 . 7 0 4 5 . 96 50 .00 5 4 . 19 5 3 . 39 

Mean 3 . 2 9 3 . 0 2 3 .33 10 . 6 9 2 0 . 80 44 .27 5 1 . 91 56 . 56 6 1 . 07 6 0 . 66 
\032 



alpine.nor Mon Sep 21 22:09:22 1987 1 

Sample 6 5 0 . 0 0 6 8 0 . 0 0 6 8 5 . 0 0 7 0 3 . 0 0 7 1 3 . 0 0 7 3 3 . 0 0 7 4 3 . 0 0 7 5 3 . 0 0 7 8 2 . 0 0 8 0 0 . 0 0 
m a f - 0 0 6 0 . 0137 0 . 0000 0 .0020 0 .1618 0 .3588 0 . 7465 0 .8571 0 . 9264 1 . 0000 0 . 9937 
m a f - 0 0 3 0 .0184 0 . 0000 0 .0017 0 .1540 0 .3440 0 . 7195 0 .8429 0 . 9215 1 . 0000 0 . 9824 
m a f - 0 0 4 0 . 0196 0 . 0 0 0 0 0 .0039 0 .1760 0 . 3735 0 . 7529 0 .8627 0 . 9284 1 . 0000 0 . 9739 

Mean 0 . 0172 0 . 0 0 0 0 0 .0025 0 . 1639 0 .3587 0 . 7396 0 .8542 0 . 9254 1 .0000 0 . 9833 

b a f - 0 0 4 0 . 0032 0 . 0 0 0 0 0 .0058 0 . 1309 0 . 2 9 8 1 0 . 7046 0 .8441 0 . 9254 1 .0000 0 . 9996 
b a f - 0 0 5 0 .0064 0 . 0 0 0 0 0 .0046 0 .1340 0 . 3165 0 . 7182 0 .8400 0 . 9185 1 .0000 0 . 9844 

Mean ' 0 . 0048 0 . 0 0 0 0 0 .0052 0 .1324 0 . 3073 0 . 7114 0 .8421 0 . 9219 1 .0000 0 . 9929 



douglas.dat Mon Sep 21 21 :34: 40 1987 1 

Sample 650 . 0 0 6 8 0 . 0 0 685 . 0 0 703 .00 7 1 3 . 00 733 .00 7 4 3 . 00 753 .00 7 8 2 . 00 8 0 0 . 00 
m d f - 0 0 1 4 . 3 7 3 . 6 6 3 . 92 12 .27 2 3 . 80 45 .42 5 3 . 08 58 . 20 6 2 . 97 6 2 . 23 
m d f - 0 0 2 5 . 1 9 4 .12 4 . 2 3 13 . 5 9 2 3 . 49 44 .16 4 9 . 12 52 . 3 0 5 5 . 54 5 4 . 90 
m d f - 0 0 3 5 . 1 5 3 .98 4 . 3 3 15 .85 2 8 . 31 48 .58 5 4 . 12 56 . 80 6 0 . 32 6 0 . 00 
m d f - 0 0 4 4 . 8 2 3 .98 4 . 1 1 12 .87 2 2 . 59 41 . 86 4 7 . 36 50 .82 5 4 . 11 5 3 . 60 
m d f - 0 0 5 6 . 1 1 5 . 0 6 5 . 0 5 14 .04 2 3 . 89 42 . 0 5 4 6 . 33 50 . 0 0 5 2 . 94 5 2 . 76 

Mean 5 . 1 3 4 . 1 6 4 . 3 3 13 .72 2 4 . 42 44 . 4 1 5 0 . 00 53 .62 5 7 . 18 5 6 . 70 

b d f - 0 0 1 4 . 8 7 4 . 0 9 4 . 3 2 13 . 71 2 5 . 71 48 . 2 1 5 4 . 52 59 . 1 9 6 3 . 29 6 2 . 51 
b d f - 0 0 2 4 . 6 3 3 . 9 2 3 . 9 8 12 .22 2 2 . 12 45 .12 5 1 . 35 55 . 2 1 5 9 . 36 5 8 . 76 

Mean 
\032 

4 . 7 5 4 . 0 1 4 . 1 5 1 2 . 9 6 2 3 . 9 1 4 6 . 6 7 5 2 . 9 3 5 7 . 2 0 6 1 . 3 2 6 0 . 6 3 



douglas.nor Mon Sap 21 21:34:42 1987 1 

Sample 6 5 0 . 0 0 6 8 0 . 0 0 6 8 5 . 0 0 7 0 3 . 0 0 7 1 3 . 0 0 7 3 3 . 0 0 7 4 3 . 0 0 7 5 3 . 0 0 7 8 2 . 0 0 8 0 0 . 0 0 
m d f - 0 0 1 0 . 0120 0 . 0000 0 .0044 0 . 1452 0 . 3396 0 . 7 0 4 1 0 .8333 0 . 9197 1 .0000 0 . 9877 
m d f - 0 0 2 0 .0207 0 . 0000 0 .0020 0 . 1 8 4 1 0 .3766 0 . 7787 0 .8752 0 . 9370 1 .0000 0 . 9877 
m d f - 0 0 3 0 . 0207 0 . 0000 0 .0062 0 . 2107 0 .4318 0 . 7 9 1 6 0 .8900 0 . 9375 1 .0000 0 . 9943 
mdf -004 0 . 0 1 6 9 0 . 0000 0 .0027 0 .1774 0 . 3713 0 . 7 5 5 5 0 .8652 0 . 9344 1 .0000 0 . 9898 
m d f - 0 0 5 0 . 0 2 1 9 0 . 0000 - . 0002 0 . 1875 0 .3933 0 . 7726 0 . 8 6 1 9 0 . 9386 1 .0000 0 . 9961 

Mean 0 .0184 0 . 0 0 0 0 0 .0030 0 .1810 0 . 3825 0 . 7605 0 . 8 6 5 1 0 . 9334 1 .0000 0 . 9911 

b d f - 0 0 1 0 . 0 1 3 3 0 .0000 0 .0040 0 . 1625 0 .3652 0 . 7 4 5 3 0 .8518 0 . 9308 1 .0000 0 . 9869 
b d f - 0 0 2 0 . 0 1 2 9 0 . 0000 0 .0010 0 .1497 0 . 3283 0 . 7 4 3 2 0 . 8556 0 . 9252 1 .0000 0 . 9892 

Mean 0 . 0 1 3 1 0 . 0000 0 . 0025 0 . 1 5 6 1 0 .3467 0 . 7442 0 .8537 0 . 9280 1 . 0000 0 . 9880 
\032 



douglas.dat Tue Sep 22 08 15: 13 1987 1 

Sample 650 .00 6 8 0 . 00 685 00 703 .00 713 00 733 00 743 00 753 00 782 00 800 00 
m d f - 0 0 3 5 .15 3 . 98 4 33 15 . 8 5 28 31 48 58 54 12 56 80 60 32 60 00 
m d f - 0 0 5 6 .11 5 . 06 5 05 14 .04 23 89 42 05 46 33 50 00 52 94 52 76 

Mean 5 63 4 . 52 4 69 14 .95 26 10 45 32 50 23 53 40 56 63 56 .38 

b d f - 0 0 1 4 87 4 . 09 4 32 13 . 7 1 25 71 48 21 54 52 59 19 63 29 62 51 
b d f - 0 0 2 4 63 3 . 92 3 98 12 .22 22 12 45 12 51 35 55 21 59 36 58 76 

Mean 4 75 4 . 01 4 15 12 .97 23 92 46 67 52 94 57 20 61 33 60 64 
\032 



douglas.nor Tue Sep 22 08:15:15 1987 1 

Sample 
m d f - 0 0 3 
m d f - 0 0 5 

6 5 0 . 0 0 
0 .0208 
0 . 0 2 1 9 

6 8 0 . 0 0 
0 . 0 0 0 0 
0 . 0 0 0 0 

6 8 5 . 0 0 
0 . 0 0 6 2 
- . 0 0 0 2 

7 0 3 . 0 0 
0 . 2 1 0 7 
0 . 1 8 7 6 

7 1 3 . 0 0 
0 . 4 3 1 8 
0 . 3 9 3 3 

7 3 3 . 0 0 
0 . 7 9 1 6 
0 . 7 7 2 6 

7 4 3 . 0 0 
0 . 8 9 0 0 
0 . 8 6 1 9 

7 5 3 . 0 0 
0 . 9 3 7 5 
0 . 9 3 8 6 

7 8 2 . 0 0 
1 .0000 
1 .0000 

8 0 0 . 0 0 
0 . 9 9 4 3 
0 . 9 9 6 2 

Mean 0 . 0213 0 . 0 0 0 0 0 . 0 0 3 0 0 . 1991 0 . 4 1 2 6 0 . 7 8 2 1 0 . 8760 0 . 9381 1 .0000 0 . 9953 . 

b d f - 0 0 1 0 . 0132 0 . 0000 0 . 0 0 3 9 0 . 1625 0 . 3 6 5 2 0 .7453 0 . 8519 0 . 9307 1 .0000 0 . 9868 
b d f - 0 0 2 0 . 0128 0 . 0000 0 . 0 0 1 1 0 .1497 0 . 3 2 8 3 0 . 7431 0 . 8555 0 . 9251 1 .0000 0 . 9892 

Mean 0 . 0130 0 . 0000 0 . 0 0 2 5 0 .15.61 0 . 3 4 6 7 0 .7442 0 . 8537 0 . 9279 1 .0000 0 . 9880 
\032 



amibilis.dat Mon Sep 21 21:35:10 1987 1 

Sample 650 .00 680 .00 685 .00 703 .00 713 .00 733 .00 743 .00 7 5 3 . 00 782 .00 800 .00 
m a f - 0 1 0 4 . 9 7 4 .17 4 . 28 12 . 8 9 24 .10 46 .22 52 . 51 5 6 . 79 60 .70 60 . 51 
m a f - 0 0 1 4 . 7 0 4 .07 4 . 26 11 .18 20 .06 37 .72 45 .00 5 0 . 75 56 .36 56 .56 
m a f - 0 0 2 6 . 52 5 . 41 5 . 77 15 .24 25 .24 42 .00 47 .00 5 0 . 50 53 .30 53 . 20 
m a f - 0 0 5 4 . 92 4 .50 4 . 6 3 11 . 81 20 .32 36 .15 40 .96 4 3 . 98 46 .84 45 . 8 5 
m a f - 0 0 7 5 . 2 5 4 .92 4 . 98 12 .55 22 . 7 9 45 . 1 1 52 .38 5 6 . 16 59 .86 59 .88 
m a f - 0 0 8 4 . 64 4 . 3 1 4 . 46 12 . 59 22 .84 41 .46 46 .62 4 9 . 68 52 .35 52 . 3 5 
m a f - 0 0 9 4 . 3 2 3 . 30 3 . 4 2 11 .68 21 .77 43 .48 49 .93 5 3 . 76 57 . 81 57 .46 
m a f - 0 1 1 4 . 2 7 3 . 65 3 . 7 9 9 . 86 17 .80 34 . 49 39 .47 4 2 . 78 45 .75 45 . 4 0 

Mean 4 . 9 5 4 . 2 9 4 . 4 5 12 . 23 21 .86 40 . 83 46 . 73 5 0 . 55 54 .12 53 . 90 

b a f - 0 0 6 4 . 1 0 3 . 3 9 3 . 4 8 9 . 20 17 .85 33 .12 38 . 21 4 1 . 96 44 .85 44 . 6 2 
b a f - 0 0 7 4 . 1 1 3 .42 3 . 5 1 10 .50 18 .95 36 .35 41 .23 4 4 . 29 47 .47 47 . 26 
b a f - 0 0 8 4 . 2 5 3 .64 3 . 5 5 9 .52 18 . 00 39 .42 46 .33 5 0 . 98 55 .60 55 .37 
b a f - 0 0 1 4 . 4 1 4 .47 4 . 3 9 12 .05 22 .45 38 . 8 9 44 .68 4 9 . 17 51 . 69 51 . 1 1 
b a f - 0 0 2 4 . 7 0 4 . 5 5 4 . 4 5 12 . 4 6 23 .64 41 . 80 47 .44 5 1 . 40 55 . 76 54 . 2 3 
b a f - 0 0 3 4 . 7 0 4 .06 4 .14 11 .87 23 . 09 44 . 00 50 . 29 5 4 . 91 58 .90 58 .08 

Mean 4 . 3 8 3 .92 3 . 9 2 10 . 93 20 . 66 38 . 9 3 44 . 70 4 8 . 78 52 .38 51 .78 
\032 



amibilis.nor Mon Sap 21 21:35:14 1987 1 

Sample 650.00 680.00 685.00 703.00 713.00 733.00 743.00 753.00 782.00 800.00 
maf-010 0 .0142 0. 0000 0. 0020 0. 1544 0 .3525 0. 7439 0. 8550 0. 9307 1 .0000 0. 9966 
maf-001 0 .0122 0. 0000 0. 0036 0. 1361 0 .3058 0. 6436 0. 7827 0. 8926 1 .0000 1. 0037 
maf-002 0 .0231 0. 0000 0. 0075 0. 2052 0 .4139 0. 7640 0. 8684 0. 9415 1 .0000 0. 9979 
maf-005 0 .0098 0. 0000 0. 0030 0. 1727 0 .3737 0. 7475 0. 8610 0. 9323 1 .0000 0. 9766 
maf-007 0 .0060 0. 0000 0. 0011 0. 1390 0 .3253 0. 7315 0. 8639 0. 9327 1 .0000 1. 0003 
maf-008 0 .0069 0. 0000 0. 0031 0. 1723 0 .3857 0. 7734 0. 8808 0. 9445 1 .0000 1. 0000 
maf-009 0 .0188 0. 0000 0. 0023 0. 1538 0 .3389 0. 7372 0. 8555 0. 9256 1 .0000 0. 9935 
maf-011 0 .0149 0. 0000 0. 0034 0. 1476 0 .3361 0. 7326 0. 8510 0. 9294 1 .0000 0. 9918 

Mean 0 .0133 0. 0000 0. 0033 0. 1601 0 .3540 0. 7342 0. 8523 0. 9287 1 .0000 0. 9951 

baf-006 0 .0171 0. 0000 0. 0023 0. 1402 0 .3489 0. 7172 0. 8399 0. 9303 1 .0000 0. 9946 
baf-007 0 .0156 0. 0000 0. 0019 0. 1608 0 .3525 0. 7474 0. 8583 0. 9278 1 .0000 0. 9952 
baf-008 0 .0118 0. 0000 0016 0. 1133 0 .2764 0. 6888 0. 8216 0. 9111 1 .0000 0. 9958 
baf-001 - .0013 0. 0000 -. 0017 0. 1605 0 .3807 0. 7289 0. 8514 0. 9465 1 .0000 0. 9877 
baf-002 0 .0029 0. 0000 0021 0. 1544 0 .3727 0. 7274 0. 8377 0. 9149 1 .0000 0. 9703 
baf-003 0 .0117 0. 0000 0. 0013 0. 1424 0 .3470 0. 7283 0. 8429 0. 9272 1 .0000 0. 9850 

Mean 0 .0096 0. 0000 0. 0000 0. 1453 0 .3464 0. 7230 0. 8420 0. 9263 1 .0000 0. 9881 
\032 



engleman.dat Wed Sep 16 14:43:35 1987 1 

Sample 650. 00 680 .00 685. 00 703. 00 713. 00 733. 00 743. 00 753. 00 782. 00 800. 00 
mes-001 4. 40 3 .42 3. 52 10. 76 19. 87 46. 02 53. 62 58. 22 62. 78 62. 33 
mes-002 5. 42 4 .23 4. 56 13. 64 22. 91 40. 33 45. 56 48. 29 51. 31 51. 53 
mes-003 5. 70 4 .66 4. 65 12. 78 21. 83 37. 62 43. 12 46. 41 49. 68 49. 07 
mes-004 4. 30 3 .57 3. 78 10. 04 17. 71 35. 38 40. 53 44. 33 47. 78 46. 50 
mes-005 8. 13 6 .29 6. 76 19. 33 31. 46 47. 52 52. 32 55. 19 59. 12 58. 08 
mes-006 5. 29 4 .09 4. 31 13. 27 21. 99 38. 96 43. 26 46. 24 49. 46 48. 96 
mes-007 5. 43 4 .42 4; 68 13. 90 23. 35 36. 36 40. 46 43. 24 45. 28 44. 84 
mes-009 5. 28 4 .58 4. 68 12. 97 22. 69 41. 46 47. 33 50. 49 53. 94 53. 49 
mes-010 5. 29 4 .28 4. 54 13. 97 23. 86 42. 42 47. 21 50. 06 52. 59 52. 32 
=========*== ======= === » = = ===== ==== ==s ===== === ===== ===== ==== === ==== === ===== === ===== === ==== :== 
Mean 5. 47 4 .39 4. 61 13. 41 22. 85 40. 68 45. 93 49. 16 52. 44 51. 90 

bes-001 4. 96 4 .54 4. 60 10. 65 19. 48 39. 60 47. 48 52. 54 56. 53 55. 46 
bes-002 4. 54 4 .01 3. 92 9. 65 16. 87 32. 92 38. 73 42. 68 46. 05 46. 43 
bes-003 5. 40 4 .42 4. 70 11. 47 19. 26 38. 79 44. 19 47. 19 49. 85 49. 58 
bes-004 6. 86 5 .75 6. 21 18. 13 30. 41 48. 20 52. 97 56. 11 59. 72 58. 29 
bes-005 4. 27 3 .81 4. 21 14. 05 24. 34 37. 07 41. 18 43. 67 46. 86 46. 44 
bes-006 6. 78 6 .65 7. 02 12. 85 18. 36 32. 13 34. 36 36. 02 37. 75 39. 45 
bes-008 5. 40 4 .25 4. 66 14. 24 24. 63 45. 78 51. 91 56. 47 60. 20 59. 66 
bes-007 5. 11 4 .36 4. 67 11. 74 20. 50 41. 14 47. 72 51. 98 56. 37 56. 04 
s s s s s s s s = = » ======= === === ==== ===== === ==== === ==== === ==== === ===== === ===as ==== === 
Mean 5. 41 4 .72 5. 00 12. 85 21. 73 39. 45 44. 82 48. 33 51. 67 51. 42 
\032 



engleman.nor Wed Sep 16 14:43:40 1987 1 

Sample 650.00 680.00 685.00 703.00 713.00 733.00 743.00 753.00 782.00 800.00 
mes-001 0. 0165 0. 0000 0. 0016 0. 1237 0. 2771 0. 7177 0. 8458 0. 9232 1 .0000 0. 9924 
mes-002 0. 0253 0. 0000 0. 0069 0. 2000 0. 3967 0. 7669 0. 8779 0. 9360 1 .0000 1. 0048 
mes-003 0. 0231 0. 0000 -. 0001 0. 1803 0. 3814 0. 7321 0. 8541 0. 9273 1 .0000 0. 9863 
mes-004 0. 0166 0. 0000 0. 0047 0. 1464 0. 3199 0. 7193 0. 8358 0. 9219 1 .0000 0. 9709 
mes-005 0. 0349 0. 0000 0. 0089 0. 2469 0. 4763 0. 7804 0. 8713 0. 9254 1 .0000 0. 9802 
mes-006 0. 0265 0. 0000 0. 0049 0. 2024 0. 3946 0. 7686 0. 8634 0. 9291 1 .0000 0. 9890 
mes-007 0. 0247 0. 0000 0. 0064 0. 2320 0. 4634 0. 7818 0. 8821 0. 9501 1 .0000 0. 9893 
mes-009 0. 0141 0. 0000 0. 0019 0. 1699 0. 3667 0. 7471 0. 8661 0. 9300 1 .0000 0. 9907 
mes-010 0. 0209 0. 0000 0. 0055 0. 2007 0. 4054 0. 7896 0. 8887 0. 9476 1 .0000 0. 9944 
========= ======== ===== :== ===== :== ===== :== ===== :== ===== :== ===== ===== === ====== ====== -—= ==== 
Mean 0. 0225 0. 0000 0. 0045 0. 1891 0. 3868 0. 7559 0. 8650 0. 9323 1 .0000 0. 9887 

bes-001 0. 0081 0. 0000 0. 0012 0. 1174 0. 2873 0. 6743 0. 8258 0. 9233 1 .0000 0. 9793 
bes-002 0. 0125 0. 0000 -. 0022 0. 1341 0. 3059 0. 6878 0. 8260 0. 9199 1 .0000 1. 0092 
bes-003 0. 0216 0. 0000 0. 0062 0. 1552 0. 3266 0. 7564 0. 8755 0. 9413 1 .0000 0. 9940 
bes-004 0. 0206 0. 0000 0. 0086 0. 2293 0. 4570 0. 7865 0. 8750 0. 9330 1 .0000 0. 9734 
bes-005 0. 0107 0. 0000 0. 0094 0. 2378 0. 4770 0. 7726 0. 8681 0. 9259 1 .0000 0. 9903 
bes-006 0. 0040 0. 0000 0. 0117 0. 1994 0. 3766 0. 8193 0. 8910 0. 9446 1 .0000 1. 0549 
bes-008 0. 0206 0. 0000 0. 0075 0. 1785 0. 3644 0. 7423 0. 8520 0. 9334 1 .0000 0. 9904 
bes-007 0. 0143 0. 0000 0. 0060 0. 1419 0. 3103 0. 7072 0. 8338 0. 9156 1 .0000 0. 9937 

Mean 0. 0141 0. 0000 0. 0060 0. 1742 0. 3631 0. 7433 0. 8559 0. 9296 1 .0000 0. 9982 
\032 



tremble.dat Hon Sep 21 21:34:10 1987 1 

Sample 650 .00 680 .00 685 .00 703 .00 713 .00 733. 00 743. 00 753. 00 782 .00 800. 00 
mta-001 5 .68 4 .73 4 .68 14 .31 28 .43 54. 64 62. 03 67. 04 70 .13 68. 92 
mta-002 5 .92 4 .96 5 .24 15 .91 31 .20 53. 60 59. 43 62. 43 65 .25 63. 78 
mta-003 5 .67 4 .75 4 .84 15 .55 30 .88 56. 44 63. 40 67. 65 70 .00 69. 13 
mta-004 6 .08 5 .77 6 .20 13 .21 25 .16 52. 44 58. 75 62. 79 65 .35 64. 99 

Mean 5 .84 5 .05 5 .24 14 .75 28 .92 54. 28 60. 90 64. 98 67 .68 66. 70 

bta-001 6 .28 5 .51 6 .45 16 .18 28 .71 52. 45 56. 67 59. 31 60 .47 60. 84 
bta-002 6 .25 5 .56 5 .86 17 .52 31 .49 44. 61 48. 10 50. 11 50 .18 50. 11 
bta-003 6 .00 5 .08 5 .30 16 .90 32 .50 56. 27 61. 58 64. 78 66 .10 66. 30 
bta-004 6 .62 6 .52 7 .01 18 .89 34 .40 56. 83 61. 89 65. 40 67 .35 67. 04 

Mean 6 .29 5 .67 6 .15 17 .37 31 .78 52. 54 57. 06 59. 90 61 .02 61. 08 
\032 



tremble.nor Mon Sep 21 21:34:12 1987 1 

Sample 650.00 680.00 685.00 703.00 713.00 733.00 743.00 753.00 782.00 800.00 
mta-001 0 .0146 0 .0000 - .0007 0 .1465 0 .3624 0 .7631 0. 8762 0. 9527 1 .0000 0. 9816 
mta-002 0 .0161 0 .0000 0 .0048 0 .1817 0 .4353 0 .8068 0. 9035 0. 9533 1 .0000 0. 9756 
mta-003 0 .0141 0 .0000 0 .0014 0 .1655 0 .4005 0 .7923 0. 8989 0. 9640 1 .0000 0. 9866 
mta-004 0 .0052 0 .0000 0 .0072 0 .1249 0 .3255 0 .7832 0. 8892 0. 9570 1 .0000 0. 9939 

Mean 0 .0125 0 .0000 0 .0032 0 .1547 0 .3809 0 .7864 0. 8919 0. 9568 1 .0000 0. 9844 

bta-001 0 .0139 0 .0000 0 .0171 0 .1941 0 .4222 0 .8541 0. 9308 0. 9789 1 .0000 1. 0068 
bta-002 0 .0154 0 .0000 0 .0067 0 .2681 0 .5810 0 .8752 0. 9533 0. 9984 1 .0000 0. 9984 
bta-003 0 .0151 0 .0000 0 .0036 0 .1937 0 .4494 0 .8390 0. 9260 0. 9783 1 .0000 1. 0034 
bta-004 0 .0016 0 .0000 0 .0080 0 .2034 0 .4584 0 .8272 0. 9103 0. 9680 1 .0000 0. 9950 

Mean 0 .0115 0 .0000 0 .0088 0 .2148 0 .4777 0 .8489 0. 9301 0. 9809 1 .0000 1. 0009 
\032 
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SECTION 1 - INTRODUCTION 

The Hand H e l d R a t i o i n g Radiometer (HHRR) i s an e l e c t r o - o p t i c a l 
i n s t r u m e n t w i t h e l e c t r o n i c r e a d o u t d e s i g n e d p r i m a r i l y f o r use 
i n t h e E a r t h S c i e n c e s f o r the c l a s s i f i c a t i o n o f v a r i o u s r o c k 
t y p e s , d e t e c t i o n o f ro c k type changes c a u s e d by m i n e r a l i z a t i o n , 
c l a s s i f i c a t i o n o f c l a y s and s h a l e s , and v a r i o u s o t h e r u s e s . 
The i n s t r u m e n t was d e v e l o p e d by the C a l i f o r n i a I n s t i t u t e } o f 
T e c h n o l o g y a t J e t P r o p u l s i o n L a b o r a t o r y , Pasadena d u r i n g 
r e s e a r c h s p o n s o r e d by NASA. The HHRR i s man u f a c t u r e d and s o l d 
by B a r r i n g e r under an e x c l u s i v e l i c e n s e from t h e C a l i f o r n i a 
I n s t i t u t e R e s e a r c h F o u n d a t i o n and i s p r o t e c t e d by p a t e n t s f i l e d 
i n v a r i o u s c o u n t r i e s . 

The HHRR i n s t r u m e n t measures the ene r g y r e f l e c t e d by a t a r g e t 
scene o f i n t e r e s t . V a r i o u s m a t e r i a l s r e f l e c t sun r a d i a t i o n i n 
d i f f e r e n t and c h a r a c t e r i s t i c f a s h i o n , t h i s i n s t r u m e n t c o v e r i n g 
t h e v i s i b l e and s h o r t i n f a r e d r e g i o n s from a p p r o x i m a t e l y 0.4 t o 
2.5 m i c r o n s . The HHRR i n s t r u m e n t when p o i n t e d a t a t a r g e t 
scene a n a l y z e s t he r e c e i v e d r a d i a t i o n i n two p r e s e t 
w a v e l e n g t h s , t h e w a v e l e n g t h s b e i n g p r e s e t by the s e l e c t i o n o f 
narrow band f i l t e r s c o n t a i n e d on two f i l t e r wheels w i t h i n t h e 
i n s t r u m e n t . The i n c o m i n g r a d i a t i o n i s t h e r e f o r e a n a l y z e d a t 
two q u i t e s e p a r a t e and d i a g n o s t i c o p t i c a l w a v e l e n g t h s which a r e 
the n r a t i o e d by the i n s t r u m e n t t o p r o v i d e a number i n d i c a t i v e 
o f t h e m a t e r i a l s a n a l y z e d . 

The HHRR i s th u s a b l e t o r e m o t e l y c l a s s i f y v a r i o u s rock t y p e s 
and c l a y s by a n a l y s i s o f t h e i r c h a r a c t e r i s t i c s p e c t r a l peaks 
and t h e r e b y g r e a t l y a s s i s t i n g f i e l d g e o l o g i s t s i n rock mapping 
and l a n d u t i l i z a t i o n mapping. S i n c e m i n e r a l and o i l 
e x p l o r a t i o n a c t i v i t i e s a r e c r i t i c a l l y dependent upon a n a l y s i s 
of r o c k t y p e s and sediment c o m p o s i t i o n , t h i s i n s t r u m e n t g r e a t l y 
f a c i l i t a t e s f i e l d e x p l o r a t i o n and o t h e r f i e l d work where such 
c l a s s i f i c a t i o n i s r e q u i r e d . 
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The i n s t r u m e n t as shown i n F i g 1 has been d e s i g n e d t o be f u l l y 
l i g h t w e i g h t f o r hand h e l d use and b a t t e r y powered f o r easy 
f i e l d o p e r a t i o n . An o u t p u t j a c k i s a v a i l a b l e on t h e i n s t r u m e n t 
so t h a t i t s r e a d i n g s can be r e c o r d e d on a d a t a l o g g e r or on an 
a n a l o g c h a r t r e c o r d e r i f a permanent r e c o r d o f the measurements 
a r e r e q u i r e d . 

A t e c h n i c a l d e s c r i p t i o n o f the i n s t r u m e n t , i t s o p e r a t i o n and 5 

b r i e f a p p l i c a t i o n notes a r e / p r o v i d e d h e r e i n , t o g e t h e r w i t h 
m a i n t e n a n c e p r o c e d u r e s . A B i b l i o g r a p h y i s p r o v i d e d f o r more 
d e t a i l e d r e f e r e n c e s t o a wide body o f l i t e r a t u r e and r e f e r e n c e s 
d e a l i n g w i t h r e f l e c t a n c e s p e c t r a . 
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SECTION 2 - TECHNICAL BACKGROUND 

2.1 CONCEPT 

The i n s t r u m e n t i s a s e l f - c o n t a i n e d , d u a l beam r a t i o i n g 
r a d i o m e t e r w i t h two o p t i c a l t r a i n s d i r e c t e d a t a common t a r g e t 
a r e a . I t p r o v i d e s a c o n t i n u o u s d i g i t a l r e a d o u t o f r a t i o v a l u e s 
from the two o p t i c a l t r a i n s each o f w h i ch i n c l u d e s a s e p a r a t e 
f i l t e r f o r s e l e c t i o n o f the narrow s p e c t r a l bands t o be r,atioed 
f o r i d e n t i f i c a t i o n o f t h e p r e s e n c e o f a p a r t i c u l a r t a r g e t , on 
t h e b a s i s o f known s p e c t r a l c h a r a c t e r i s t i c s o f the t a r g e t . I n 
a d d i t i o n t o the r a t i o o f t h e two c h a n n e l s , each c h a n n e l can 
a l s o be d i s p l a y e d s e p a r a t e l y . 

P o s i t i v e t a r g e t i d e n t i f i c a t i o n can be a c h i e v e d by m e a s u r i n g the 
r a t i o o f the two most p r o m i n e n t s p e c t r a l peaks c h a r a c t e r i z i n g 
t h e t a r g e t . The i n s t r u m e n t can p r o v i d e a p r e s e l e c t e d r a t i o o f 
s u ch s p e c t r a l peaks i n any o f up t o 25 p a i r s o f p r e s e l e c t e d 
narrow bands i n the s p e c t r a l range from 0.4 m i c r o m e t e r s t o 2.5 
m i c r o m e t e r s . T h i s s p e c t r a l range can be e x tended from 0.3 t o 
3.5 m i c r o n s i f r e q u i r e d , but r e q u i r e s s p e c i a l IR d e t e c t o r s . 

The 25 r a t i o s are the r e s u l t o f r a t i o i n g any one f i l t e r o f 5 on 
t h e f i r s t wheel a g a i n s t any one o f 5 on the second w h e e l , i . e . 
a maximum o f 5 x 5 r a t i o c o m b i n a t i o n s . 

2.2 DESIGN FEATURES 

The major d e s i g n f e a t u r e s i n c l u d e : 

Two b a l a n c e d d e t e c t o r s s i m u l t a n e o u s l y measure r a d i a n c e 
t h r o u g h p a i r s o f r e f e r e n c e f i l t e r s , p r e s e l e c t e d f o r t h e i r 
s p e c t r a l p o s i t i o n and mounted i n t o t h e two f i l t e r wheels 
which a r e i n d e p e n d e n t l y r o t a t a b l e about a common a x i s . 
The PbS d e t e c t o r s d e t e c t the r e c e i v e d r a d i a t i o n and 
c o n v e r t t h i s i n t o e l e c t r i c a l s i g n a l s a m p l i f i e d by t h e 
p r e a m p l i f i e r ; each c h a n n e l has i t s own d e t e c t o r - p r e a m p . 
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FIGURE 2 
SCHEMATIC DIAGRAM 
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FIGURE 3 
ELECTRONICS SIGNAL PROCESSING 
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