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ABSTRACT 

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

and p a l y n o l o g i c s t u d i e s were c a r r i e d out i n the P r i n c e t o n 

c o a l f i e l d , B. C. Three l a t e P l e i s t o c e n e l a k e s on the 

Tulameen R i v e r , Whipsaw Creek and G r a n i t e Creek are 

d e s c r i b e d f o r the f i r s t time. 

Previ o u s workers have d e s c r i b e d the P r i n c e t o n 

Group as b e i n g made up of three u n i t s , an upper and lower 

v o l c a n i c r ock u n i t separated by a sedimentary u n i t . Shaw 

( 1 9 5 2 ) names these u n i t s ; the Lower V o l c a n i c Formation 

( o l d e s t ) , the A l l e n b y Formation (sediments), and the Upper 

V o l c a n i c Formation ( y o u n g e s t ) . The p r e s e n t work i n d i c a t e s 

t h a t the Upper V o l c a n i c Formation i s interbedded w i t h b a s a l 

A l l e n b y Formation sediments and i s t r a n s i t i o n a l downward 

i n t o the Lower V o l c a n i c Formation. The r e v i s e d s t r a t i g r a p h i c 

sequence h e r e i n proposed i s the Lower V o l c a n i c Formation 

( o l d e s t ) , the Upper V o l c a n i c Formation, and the A l l e n b y 

Formation ( y o u n g e s t ) . 

The A l l e n b y Formation i s composed of interbedded 

conglomerates, a r k o s i c and t u f f a c e o u s sandstones, s h a l e , 

c o a l y s h a l e , c o a l , and minor amounts of l i m e s t o n e , b e n t o n i t e , 

d i a t o m i t e and ash. 

Except f o r the b a s a l A l l e n b y Formation sediments 

which a p p a r e n t l y formed as t a l u s accumulations, the bulk of 

the coarse c l a s t i c sediments were d e r i v e d from a g r a n i t i c 

t e r r a n e . The shales c o n t a i n s i l t s i z e g r a i n s of m i c r o c l i n e , 

quartz and p l a g i o c l a s e s i m i l a r to the c o a r s e r e l a s t i c s , 



s u g g e s t i n g t h a t they are f i n e g r a i n e d e q u i v a l e n t s of the 

c o a r s e r e l a s t i c s . Evidence i s presented to show t h a t the 

a r k o s i c sediments were d e r i v e d from the Osprey Lake 

I n t r u s i o n . 

A s e c t i o n of the A l l e n b y Formation a t V e r m i l i o n 

B l u f f s i s unique i n t h a t i t i s composed of a b a s a l s i l i c i f i e d 

d i a t o m i t e o v e r l a i n by a s i l i c i f i e d d o l o m i t i c l i m e s t o n e and 

s h a l e . Evidence i s presented to show t h a t the sequence 

r e p r e s e n t s an a n c i e n t s p r i n g d e p o s i t . 

The P r i n c e t o n c o a l f i e l d c o n s i s t s of two s t r u c t u r a l 

lows, separated by a s m a l l t r a n s v e r s e a n t i c l i n e . 

N i n e t y - t h r e e p l a n t m i c r o f o s s i l s p e c i e s are 

d e s c r i b e d and i l l u s t r a t e d . Some of these are i d e n t i c a l 

w i t h p r e v i o u s l y d e s c r i b e d m a t e r i a l from the Green R i v e r 

Formation and the F o r t Union Formation o f the U n i t e d S t a t e s , 

and the Burrard Formation of B r i t i s h Columbia. F o r t y 

s p e c i e s of spores and p o l l e n are abundant i n the P r i n c e t o n 

m a t e r i a l . 
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INTRODUCTION 



GENERAL STATEMENT 

Many i s o l a t e d occurrences of T e r t i a r y sediments 

and v o l c a n i c s have been mapped throughout B r i t i s h Columbia. 

The absence of d i a g n o s t i c f o s s i l s i n many of these occur

rences has l e d to datings r a n g i n g from Eocene to Miocene. 

A t P r i n c e t o n , p l a n t m e g a f o s s i l s and i n s e c t s were thought 

to be of Oligo-Miocene age ( R i c e , 1947, pp. 30-31) whereas 
t r o g o s i n e t i l l o d o n t f o s s i l s were co n s i d e r e d to be of Middle 

Eocene age ( R u s s e l l , 1935, pp. 54-55, Gazin, 1953, p. 43). 
Rouse and Mathews (1961) c o l l e c t e d b i o t i t e from an ash and 

obtained a potassium-argon date f o r the P r i n c e t o n c o a l f i e l d 

of 48 m i l l i o n y e a r s . 

The purpose of t h i s p r o j e c t i s to study the 

g l a c i a t i o n , s t r a t i g r a p h y , s t r u c t u r e , and to c o l l e c t and 

d e s c r i b e the m i c r o f l o r a of the P r i n c e t o n c o a l f i e l d . I t i s 

intended t h a t t h i s work w i l l p r o v i d e a m i c r o f l o r a l assemblage 

which may be used f o r c o r r e l a t i o n purposes. 

LOCATION AND ACCESS 

The map a r e a l o c a t e d a t P r i n c e t o n , B. C. (see 

l o c a t i o n map p.2) i s bounded on the south by Whipsaw Creek, 

and extends some t e n m i l e s n o r t h of P r i n c e t o n . The width 

Increases from about f o u r and a h a l f m i l e s at the n o r t h e r n 

end to about s i x m i l e s a t the southern l i m i t . At P r i n c e t o n , 

the east and west boundaries are two m i l e s east and f o u r 

m i l e s west of P r i n c e t o n r e s p e c t i v e l y . 





The H o p e - P r i n c e t o n Highway, Whipsaw Creek t o 

P r i n c e t o n , c r o s s e s t h e s o u t h e r n h a l f o f the map a r e a i n a 

n o r t h - s o u t h d i r e c t i o n . The P r i n c e t o n - M e r r i t t Highway 

extends n o r t h w a r d from P r i n c e t o n a c r o s s the n o r t h e r n h a l f o f 

the map a r e a . Secondary r o a d s l e a d o f f the main highways 

and p r o v i d e a c c e s s t o a l l p a r t s o f the c o a l f i e l d . 

PREVIOUS WORK 

Coal i n the P r i n c e t o n c o a l f i e l d was f i r s t r e c o r d e d 

by Bauerman (I860) w h i l e d o i n g r e c o n n a i s s a n c e mapping a l o n g 

the 4 9 t h p a r a l l e l . Dawson (1887-8) r e c o r d e d the p r e s e n c e o f 

l i g n i t e and i n s e c t f o s s i l s on Lamont Creek ( N i n e M i l e ) . A t 

the same ti m e he n o t e d the c o l o r and s t r o n g s i l i c i f i c a t i o n 

a t V e r m i l i o n B l u f f s . The s i l i c i f i c a t i o n , he s u g g e s t e d , may 

be r e l a t e d t o a s i l i c e o u s s p r i n g . 

C a m s e l l (1907) p u b l i s h e d the f i r s t l a r g e s c a l e 

map o f t h e a r e a ( l " - •§• m i l e ) . I n t h i s r e p o r t C a m s e l l 

o u t l i n e d the a r e a e n c l o s i n g c o a l b e a r i n g s t r a t a and n o t e d 

l o c a t i o n s o f l i g n i t e o u t c r o p s . He i n d i c a t e d t h a t t h e sed

iments a r e u n d e r l a i n and o v e r l a i n by T e r t i a r y v o l c a n i c r o c k s . 

R u s s e l l (1935) examined two mammal's t e e t h found 

by C. R. Stubb i n the W. R. W i l s o n Coal Mine ( P l e a s a n t 

V a l l e y C o a l Mine) s i t u a t e d on the s o u t h bank o f the Tulameen 

R i v e r , about a m i l e west o f the Canadian P a c i f i c R a i l w a y 

t u n n e l a t P r i n c e t o n . He p r o v i s i o n a l l y r e f e r r e d the t e e t h 

to Trogosus m i nor and s u g g e s t e d t h a t t h e p r e s e n c e o f t h e s e 



t e e t h i n d i c a t e d a Middle Eocene age f o r the P r i n c e t o n 

c o a l f i e l d . 

R i c e ( 1947) began systematic f o u r m i l e mapping 

of the P r i n c e t o n area i n 1939. In h i s r e p o r t , R i c e compiled 

a l l the a v a i l a b l e i n f o r m a t i o n on the P r i n c e t o n c o a l f i e l d , 

and made s e v e r a l p l a n t and i n s e c t f o s s i l c o l l e c t i o n s , which 

were i d e n t i f i e d by Dr. W. A. B e l l and P r o f . P. M. Carpenter 

r e s p e c t i v e l y . B e l l concluded t h a t the p l a n t s are Upper 

Oligocene or Lower Miocene age, while Carpenter s t a t e d w i t h 

regard to the i n s e c t s : " . . . t h a t they are c l e a r l y T e r t i a r y , 

and almost c e r t a i n l y Oligocene or Miocene." (G.S.C. Memoir 

243, p. 30-31.) 

R i c e (1947, p. 31) i n summarizing the age of the 

P r i n c e t o n Group s t a t e s : 

"Some c o n f l i c t , t h e r e f o r e , e x i s t s i n attempts to 
f i x the age of the P r i n c e t o n group as between the 
evidence of the f o s s i l p l a n t s and i n s e c t s and t h a t 
of the mammal t o o t h . There i s a bare p o s s i b i l i t y 
t h a t the P r i n c e t o n c o a l b a s i n c o n t a i n s sediments 
of both ages, separated by an unconformity that 
has not y e t been r e c o g n i z e d , but t h i s e x p l a n a t i o n 
i s improbable. The f i n a l s o l u t i o n of the problem 
w i l l have to await f u r t h e r study, but i n view of 
the cumulative evidence of the p l a n t and i n s e c t 
m a t e r i a l t h a t has been made a v a i l a b l e , the younger 
age i s p r o v i s i o n a l l y accepted." 

In 1951 and 1952 Shaw mapped the c o a l b e a r i n g 

sedimentary rocks and presented a s t r u c t u r a l and s t r a t i 

g r a p h i c i n t e r p r e t a t i o n of the c o a l f i e l d (Shaw, 1952). 
G a z i n (1953) t e n t a t i v e l y a s s i g n e d the two t e e t h 

p r e v i o u s l y d e s c r i b e d by R u s s e l l (1935) and a jaw fragment 
from the P r i n c e t o n c o a l f i e l d to Trogosus (?) l a t i d e n s . 



R u s s e l l (1955-56) r e p o r t e d on the m o l l u s c a n f o s s i l s 

of the c o a l f i e l d . However, as a l l of the specimens were 

new s p e c i e s of gastropods, l i t t l e was c o n t r i b u t e d i n the way 

of d a t i n g the A l l e n b y Formation sediments. 

Rouse and Mathews (1961), i n an attempt to s e t t l e 

the age c o n f l i c t , obtained b i o t i t e from an ash ( P r i n c e t o n 

Ash) interbedded w i t h A l l e n b y Formation sediments, which 

gave a potassium-argon date of 48 m i l l i o n y e a r s . T h i s i s 

c o n s i d e r e d i n the l i g h t of c u r r e n t data to correspond to a 

Middle Eocene Age (Kulp, 1961). 

PHYSIOGRAPHY 

Regional S e t t i n g 

The topography of the I n t e r i o r h i g h l a n d s o f B. C , 

w i t h i n which the P r i n c e t o n c o a l f i e l d i s l o c a t e d , i s r o l l i n g 

and ranges i n a l t i t u d e from 4000 to 6000 f e e t . The upland 

s u r f a c e i s i n c i s e d by deep v a l l e y s . Camsell (1913, pp. 21-
22) s t a t e s of the nearby Tulameen map a r e a : 

" I f the whole area were covered w i t h water to 
the 4500 contour, so t h a t a l l deep v a l l e y s were 
submerged, we should have exposed an u n d u l a t i n g 
s u r f a c e w i t h rounded summits and dome-shaped 
h i l l s r i s i n g to h e i g h t s of 500 to 1500 f e e t above 
the water. A l l the slopes from these summits 
would appear easy and g e n t l e and no sharp crags 
nor p r e c i p i t o u s b l u f f s would be seen. The whole 
exposed topography would be t h a t of mature 
e r o s i o n . 

"Below the 4500 f o o t contour the angle of slope 
of many of the h i l l s steepens, so t h a t the c l i f f s 
f l a n k e d by t a l u s slopes are of common occ u r r e n c e . 
While t h i s i s not true of every h i l l , i t i s t r u e 
of so many that i t becomes a n o t i c e a b l e f e a t u r e . " 



- 6 -

I s o l a t e d peaks or monadnocks r i s e above the g e n e r a l l e v e l . 

The p l a t e a u a t the l a t i t u d e of P r i n c e t o n i s l e s s than one 

hundred m i l e s wide i n an east-west d i r e c t i o n . I t merges 

to the east w i t h the Columbia Mountains, and to the south 

and west w i t h ranges o f the Cascade Mountains. Nowhere i s 

the change from p l a t e a u to mountain range abrupt, but there 

i s r a t h e r a zone of t r a n s i t i o n where the two types of 

topography b l e n d . 

The h i g h l a n d continues northward from the P r i n c e t o n 

area some 500 m i l e s . The w i d t h of the h i g h l a n d decreases 

a b r u p t l y southward, and terminates a g a i n s t the Cascade 

Mountains b e f o r e r e a c h i n g the 4 9 t h p a r a l l e l . 

The Cascade Mountains t r e n d northward from t h e i r 

southern e x t r e m i t y i n Northern C a l i f o r n i a , through Oregon 

and Washington i n t o B r i t i s h Columbia. T h i s chain of moun

t a i n s d i v i d e s i n t o two ranges n o r t h of the 4 9 t h p a r a l l e l . 

One range, the Okanagan Mountains, extends northeastward to 

Keremeos where i t g r a d u a l l y merges i n t o the p l a t e a u . The 

other extends northward and i s d i v i d e d i n t o two ranges, the 

S k a g i t and the Hozameen, separated by the deeply i n c i s e d 

S k a g i t R i v e r . The Hozameen Range merges w i t h the p l a t e a u 

i n the r e g i o n of the headwaters of G r a n i t e Creek, whereas 

the S k a g i t extends northward under v a r i o u s names such as the 

Hope Range as f a r as the Thompson R i v e r . Where the Cascades 

cross the 4 9 t h p a r a l l e l , peaks are as h i g h as 9 0 0 0 f e e t : 

f o r t y m i l e s to the n o r t h , however, they are no more than 

7600 f e e t . 
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Of the more rec e n t p h y s i o g r a p h i c h i s t o r y of the 

a r e a , Rice (1947, p. 4) s t a t e s : 

" T h e . . . h i s t o r y of the area i n c l u d e s the f o l l o w i n g 
events: (1) the e r o s i o n i n p r e - G l a c i a l time of 
the l a n d s u r f a c e to t h a t of a mature, g e n t l y 
u n d u l a t i n g p l a i n ; (2) the e l e v a t i o n of the area 
as a whole, and r e j u v e n a t i o n of the drainage; 
(3) a c t i v e e r o s i o n by the r e j u v e n a t e d streams, 
r e s u l t i n g i n the deepening of the main v a l l e y s 
but c e a s i n g b e f o r e a l l of the p l a t e a u area was 
a f f e c t e d ; (4) the advent of the Ice Age w i t h the 
consequent d i s l o c a t i o n of drainage, overdeepening 
of some v a l l e y s and incomplete f i l l i n g of o t h e r s ; 
and (5) r e - e s t a b l i s h m e n t of the drainage w i t h 
a c t i v e e r o s i o n of the bottoms of c e r t a i n of the 
v a l l e y s , and the development, i n p l a c e s of post-
G l a c i a l canyons." 

L o c a l Features 

The P r i n c e t o n c o a l f i e l d may a p t l y be d e s c r i b e d 

as a b a s i n w i t h i n a b a s i n . The low c e n t r a l p a r t , u n d e r l a i n 

by the A l l e n b y Formation sediments, i s f l a n k e d by o l d e r -

v o l c a n i c r o c k s of the Lower V o l c a n i c Formation, the Upper 

V o l c a n i c Formation and the N i c o l a Group, and i s separated 

from them by abrupt w a l l s . Abrupt w a l l s of the o l d e r rocks 

separate the c e n t r a l p a r t of the P r i n c e t o n c o a l f i e l d from 

the outer p a r t s , c r e a t i n g the impression that the topo

g r a p h i c low i s c o n f i n e d to the area of sediments. However, 

a topographic cross s e c t i o n shows t h a t surrounding rocks too 

are somewhat lower than the general h i g h l a n d s u r f a c e . 

Topography i n the c e n t r a l p a r t i s g e n t l e and 

almost p l a i n l i k e , e s p e c i a l l y i n the n o r t h e r n h a l f . T h i s 

s u r f a c e i s cut by the steep walled v a l l e y s of the Similkameen 



and the Tulameen R i v e r s , and i n t e r r u p t e d i n many p l a c e s by 

k e t t l e s and meltwater channels. North and south of 

P r i n c e t o n , k e t t l e s are more than a hundred f e e t deep and 

s e v e r a l hundred f e e t a c r o s s . K e t t l e s are a l s o numerous 

alo n g the Coalmont road on the western edge of the c o a l 

f i e l d . Many dry channels r e c o r d the d i v e r s i o n of the 

Tulameen d u r i n g l a t e g l a c i a l s t a g e s . 

I n the n o r t h e r n h a l f of the P r i n c e t o n c o a l f i e l d , 

and on the upper slo p e s of Mt. Kennedy, bedrock i s exposed 

as elongate n o r t h - s o u t h r i d g e s , which mark the d i r e c t i o n 

of i c e movement durin g the l a s t g l a c i a t i o n . Whereas these 

r i d g e s are g e n e r a l l y c o n f i n e d to rocks o l d e r than the 

A l l e n b y Formation sediments, some sandstone members form 

s i m i l a r r i d g e s w i t h i n the c o a l f i e l d . 

Drainage 

The Similkameen and Tulameen R i v e r s and many of 

t h e i r t r i b u t a r i e s meet i n a s m a l l area i n the v i c i n i t y of 

the Town of P r i n c e t o n . The Similkameen has i t s headwaters 

south of the P r i n c e t o n c o a l f i e l d i n the Cascades. In the 

P r i n c e t o n c o a l f i e l d , where i t i s j o i n e d by the Tulameen, 

i t changes i t s course a b r u p t l y , l e a v e s the c o a l f i e l d i n an 

e a s t e r l y d i r e c t i o n , and e v e n t u a l l y swings southward a g a i n . 

The Tulameen, w i t h i t s headwaters i n the Hozameen Mountains, 

c o n t r o l s the drainage i n the southwestern p a r t of the 

P r i n c e t o n c o a l f i e l d a r e a . I t s main t r i b u t a r i e s are G r a n i t e 
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Creek, which flows i n t o I t from the south, and O t t e r Creek 

from the n o r t h . Drainage from the n o r t h i s c o n t r o l l e d by 

thr e e streams, A l l i s o n , Summers and Hayes Creeks, A l l i s o n 

Creek d r a i n s a s e r i e s of l a k e s and f o r the most p a r t occupies 

a v a l l e y w i t h steep w a l l s but w i t h a f l a t f l o o r . Where the 

v a l l e y i s broad, the stream meanders. S e v e r a l l a k e s ( A l l i s o n , 

Borgeson, Dry, L a i r d ) i n the upper p a r t of A l l i s o n Creek 

owe t h e i r e x i s t e n c e to the damming a c t i o n of t r i b u t a r y 

a l l u v i a l f a n s . Were one stream i t s e l f s t i l l a c t i v e enough 

to c ut and keep c l e a r i t s v a l l e y , such l a k e s could not form; 

i t i s concluded, t h e r e f o r e , t h a t i n i t s upper p a r t a t l e a s t 

A l l i s o n Creek i s a m i s f i t . S e v e r a l f a u l t s ( R i c e , 1947) are 

mapped p a r a l l e l i n g the stream, and w i t h i n the v a l l e y , 

s uggesting that the stream i s i n p a r t s t r u c t u r a l l y c o n t r o l l e d 

and hence a subsequent stream. Summers Creek j o i n s A l l i s o n 

Creek s i x m i l e s n o r t h of P r i n c e t o n . A l l i s o n Creek then 

flows d i a g o n a l l y across the c o a l f i e l d and empties i n t o the 

Similkameen one m i l e below the Town of P r i n c e t o n . Where 

the creek has cut down i n t o the sediments, i t has l e f t a 

number of t e r r a c e s w i t h w e l l preserved meander s c a r s . 

Summers Creek, which enters the c o a l f i e l d from the n o r t h , 

f o l l o w s the co n t a c t between the N i c o l a Group and the younger 

P r i n c e t o n sediments and hence, i n i t s lower reaches a t 

l e a s t , i s s t r u c t u r a l l y c o n t r o l l e d . 

The v a l l e y of Hayes Creek i n i t s upper reaches i s 

broad, w i t h g e n t l y s l o p i n g w a l l s which r e f l e c t g l a c i a t i o n 

( P l a t e 1, f i g . 1). The general trend i s southwestward. 
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East of J u r a the d i r e c t i o n of the creek changes a b r u p t l y to 

the south, and continues i n t h i s d i r e c t i o n u n t i l i t j o i n s 

the Similkameen R i v e r . Below t h i s change of d i r e c t i o n , the 

v a l l e y becomes steep w a l l e d and d i s t i n c t l y V-shaped ( P l a t e 

1, f i g . 2 ) . 

A p r o j e c t i o n of the trend of the upper p a r t of Hayes 

Creek southwestward c o i n c i d e s w i t h a topographic d e p r e s s i o n 

extending from the p o i n t of abrupt change of d i r e c t i o n of 

Hayes Creek, through J u r a , S e p a r a t i o n Lakes, and j o i n s 

A l l i s o n Creek j u s t west of B e l f o r t . I t i s probable t h a t 

t h i s r e p r e s e n t s a former channel of Hayes Creek t h a t has 

subsequently been d i v e r t e d to the e a s t , where i t has become 

trapped i n the harder bedrock. 



PART I 

GLACIATION 
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The f o l l o w i n g i s a summary of the evidence of 

l a t e g l a c i a l a c t i v i t y taken from a l i t e r a t u r e review of 

p r e v i o u s work, f i e l d o b s e r v a t i o n s , a e r i a l photograph and 

contour map s t u d i e s . F i e l d o b s e r v a t i o n s were r e s t r i c t e d 

to an area w i t h i n ten m i l e s of P r i n c e t o n . For areas such as 

the headwaters of the Tulameen R i v e r , Whipsaw Creek and 

G r a n i t e Creek, data were taken from a i r photos and contour 

maps. I n t e r p r e t a t i o n s are based on abandoned meltwater 

channels, s t r a n d l i n e s , a g g r a d a t i o n a l t e r r a c e s , d i s s e c t e d 

v a l l e y f i l l s , d e l t a s , p i t t e d outwash, g l a c i a l grooves and 

s t r i a e . 

The b e s t developed meltwater channels are a l o n g 

the western s i d e of the P r i n c e t o n c o a l f i e l d , south of the 

Tulameen R i v e r . Others, such as Roany Creek and the head 

of Lamont Creek are not as w e l l developed and have not been 

v i s i t e d . 

Strand l i n e s were observed a t three l o c a l i t i e s : 

(see G l a c i a l Map, p. 20) ( l ) northwest slopes of Whipsaw 

Creek three m i l e s above C o r r a l Creek, a l t i t u d e about 4700 
f t . ( v e r i f i e d by Mr. T. L o r d , F e d e r a l S o i l s Survey, p e r s o n a l 

communication); (2) east slope of G r a n i t e Creek j u s t n o r t h 

west of the headwaters of Lamont Creek, a l t i t u d e about 

4700 f t . (presence v e r i f i e d by Dr. W. H. Mathews, p e r s o n a l 

communication).-; ( 3) on the east slopes of the Tulameen 

v a l l e y , o p p o s i t e Jim K e l l y Creek, a l t i t u d e 4000 to 4300 f t . 

( v e r i f i e d by Mr. T. Lord, F e d e r a l S o i l s Survey, p e r s o n a l 
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communication), and p o s s i b l y a second at a lower l e v e l at 

the same p l a c e . 

P i t t e d outwash i s w e l l developed a t s e v e r a l 

l o c a l i t i e s i n the P r i n c e t o n a r e a : ( l ) immediately n o r t h 

and south of P r i n c e t o n , (2) south of the Tulameen R i v e r a t 

P a r r , (3) on the Coalmont road about three m i l e s west of 

P r i n c e t o n , and (4) on Whipsaw Creek a t the mouth of C o r r a l 

Creek. 

Two non-paired d e g r a d a t i o n a l benches ( P l a t e 2, 

f i g . 1) and a t l e a s t one a g g r a d a t i o n a l t e r r a c e can be seen 

west of B e l f o r t S t a t i o n on the K e t t l e V a l l e y R a i l r o a d . The 

t e r r a c e d f i l l extends a t l e a s t as f a r south as P r i n c e t o n 

( P l a t e 2, f i g . 1 and 2 ) . I t s upper s u r f a c e a p p a r e n t l y 

s l o p e s g e n t l y southward from about 2400 f t . i n the n o r t h to 

about 2300 f t . i n the south. J u s t n o r t h of P r i n c e t o n i t s 

otherwise continuous s u r f a c e i s broken by s e v e r a l l a r g e 

k e t t l e s , s e v e r a l hundred f e e t a c r o s s and more than a hundred 

f e e t deep. T h i s t e r r a c e d f i l l p robably r e p r e s e n t s m a t e r i a l 

d e r i v e d from both the wasting P l e i s t o c e n e i c e f r o n t and the 

Tulameen R i v e r . 

The upper benches west of B e l f o r t are a p p a r e n t l y 

d e g r a d a t i o n a l stream benches of l a t e g l a c i a l age, and 

presumably antedate the lower outwash t e r r a c e . They l a c k 

the g l a c i a l e r r a t i c s common at hi g h e r a l t i t u d e s and on 

non-bench or t e r r a c e a r e a s . S e v e r a l small oxbows which 

c o n t a i n water d u r i n g e a r l y s p r i n g months, and many meander 

sca r s are s t i l l w e l l p r e s e r v e d . About two m i l e s south of 
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the K e t t l e V a l l e y Sawmill (see map) the P r i n c e t o n - M e r r i t t 

Highway f o l l o w s one such meander i n order to a v o i d a r a t h e r 

sudden break i n s l o p e . 

T e r r a c e d f i l l i s found a t s e v e r a l l o c a l i t i e s on 

the Tulameen R i v e r , G r a n i t e Creek and Whipsaw Creek. The 

b e t t e r developed t e r r a c e d f i l l s are a t the head of Whipsaw 

Creek above the 4400 f t . contour; the h i g h e s t i s a t about 

4600 f t . (presence confirmed i n the f i e l d by Mr. P. Read of 

Texas G u l f S u l f u r , p e r s o n a l communication)• Normally these 

f e a t u r e s are not l a r g e enough to be recorded on the contour 

map, but are r e a d i l y r e c o g n i z a b l e on the a i r photos. Many 

f i l l s are m o d i f i e d by post g l a c i a l e r o s i o n and occur o n l y 

as s m a l l remnants al o n g one s i d e of the v a l l e y . 

A study of c r o s s - s t r a t i f i c a t i o n and pebble 

o r i e n t a t i o n o f the outwash g r a v e l s at P r i n c e t o n i n d i c a t e s 

t h a t m a t e r i a l was d e r i v e d b o t h from the n o r t h and from the 

Tulameen R i v e r to the west. 

Ric e (1947, p. 4) s t a t e s t h a t the e n t i r e P r i n c e t o n 

map area has been g l a c i a t e d to an a l t i t u d e of 8600 f t . 

Daly (1912, pp. 591-595) r e c o r d s the upper l e v e l of g l a c i a -

t i o n i n the Okanagan Range as 7800 f t . , the Hozameen Range 

as 6850 f t . , and the S k a g i t Range as 7000 f t . Dr. W. H. 

Mathews ( p e r s o n a l communication) suspects t h a t the evidence 

of g l a c i a t i o n a t h i g h e r e l e v a t i o n s ( i . e . 8600 f t . ) r e f l e c t s 

an o l d e r g l a c i a t i o n about the e q u i v a l e n t of the Tahoe 

r a t h e r than the Tioga Stage ( c f . Blackwelder, 1931). R i c e , 

(Map 889A, 1947) on the b a s i s of g l a c i a l s t r i a e , s t a t e s 
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t h a t the i c e moved i n a s o u t h e r l y d i r e c t i o n as f a r as 

P r i n c e t o n . He suggests that as the s t r i a e d i v erge from 

t h i s p o i n t , the i c e s p l i t ; one tongue continued southeast 

over Mt. Darcy, and the other southwest a l o n g the P r i n c e t o n 

c o a l f i e l d , a c r o s s Whipsaw Creek i n the g e n e r a l d i r e c t i o n of 

Three Bro t h e r s Mountain. F i e l d o b s e r v a t i o n s i n the area 

c o n f i r m t h a t t h i s d i r e c t i o n o f movement i s not onl y evident 

i n the s t r i a e , but a l s o i n the p a t t e r n of bedrock exposures, 

most of which are elongate i n the d i r e c t i o n of g l a c i a l 

movement. T h i s p a t t e r n i s s t r i k i n g on Mt. Kennedy and 

alon g the n o r t h e a s t r i m of the P r i n c e t o n c o a l f i e l d . 

Mathews (1944, p. 42) s t a t e s : 
"During the l a t e g l a c i a l time the i c e r e t r e a t e d 
northward or northeastward, e v i d e n t l y p e r s i s t e d 
f o r some time i n the P r i n c e t o n b a s i n and 
d e f l e c t e d the waters of the Similkameen eastward 
i n t o the v a l l e y s of Wolfe and W i l l i s Creek, and 
thence to the lower p a r t of the Similkameen which 
had a p p a r e n t l y been vacated by the i c e . " 

T h i s d i v e r s i o n took p l a c e by s u c c e s s i v e l y lower 

passes; ( l ) V i c t o r Lake O u t l e t , (2) L o s t Horse Gulch, 

(3) Verde Creek O u t l e t , and (4) Smelter Lake Pass. Although 

Mathews e x p l a i n e d the l a t e P l e i s t o c e n e h i s t o r y of the 

Similkameen drainage s a t i s f a c t o r i l y , i t i s o n l y now i n the 

l i g h t of the present study that the h i s t o r y of the Tulameen 

R i v e r i s b e g i n n i n g to be understood. 

I t now appears that l a k e s e x i s t e d not only i n the 

Upper Similkameen V a l l e y , as o u t l i n e d by Mathews (1944), 
but a l s o i n the v a l l e y s o f Whipsaw Creek, G r a n i t e Creek and 

the headwaters of the Tulameen R i v e r . The evidence f o r these 



l a k e s has a l r e a d y been p r e s e n t e d . 

Although i t cannot be e x a c t l y determined when 

these l a k e s came i n t o b e i n g , how many of them were p r e c i s e l y 

contemporaneous or how l o n g they endured, many of the 

broader aspects are e v i d e n t . The f o l l o w i n g i s the w r i t e r ' s 

i n t e r p r e t a t i o n , which i t i s hoped may be used as a b a s i s 

f o r a more d e t a i l e d f i e l d study of the area i n v o l v e d . 

For the l o c a t i o n of the o u t l e t channels 1, 2, 

3..., r e f e r to the G l a c i a l Map on page 20. 

• Water from the Upper Tulameen R i v e r V a l l e y i n 

the i n i t i a l stages of i c e r e t r e a t a p p a r e n t l y d r a i n e d south

ward to (1) S k a i s t R i v e r (pass e l e v a t i o n about 4950 f t . ) , 

l a t e r escaped westward to (2) Snass Creek (pass e l e v a t i o n 

about 4850 f t . ) , and (3) v i a Podunk V a l l e y (pass e l e v a t i o n 

about 4750 f t . ) to Sowaqua Creek and (4) V u i c h Creek (pass 

e l e v a t i o n about 4550 f t . ) . With f u r t h e r r e t r e a t , the o u t l e t 

channels s h i f t e d northward. L a t e r l a k e l e v e l s are recorded 

by a w e l l developed s t r a n d l i n e (about 4200 f t . ) east of 

Jim K e l l y Creek and t e r r a c e d f i l l a t about the 3950 f t . 

e l e v a t i o n on the Tulameen R i v e r . F u r t h e r r e t r e a t allowed 

the Tulameen to d r a i n n o r t h and eastward along the f r o n t of 

the i c e . T h i s o u t l e t connected w i t h G r a n i t e Creek and 

e v e n t u a l l y the western edge of the P r i n c e t o n c o a l f i e l d and 

out i n t o the l a k e which occupied the Upper Similkameen 

V a l l e y (see Mathews, 1944). Blakeburn Creek (54)(pass 

e l e v a t i o n about 4200 f t . ) , (5) the n o r t h f o r k of Holmes 

Creek (pass e l e v a t i o n about 3800 f t . ) , and (6) Roany Creek 
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(pass e l e v a t i o n about 3250 f t . ) are examples of t h i s 

d r a i n a g e . 

G r a n i t e Creek, l i k e the Tulameen, drained south

ward (pass e l e v a t i o n about 5350 f t . ) , e n t e r i n g the waters 

of (7) the Tulameen R i v e r a t the head of S k a i s t R i v e r . 

With r e t r e a t of the i c e f r o n t , a lower o u t l e t (pass e l e v a 

t i o n about 5050 f t . ) which lea d s across the d i v i d e i n t o 

(8) Lamont Creek was f r e e d and water d r a i n e d to the e a s t . 

The r e s u l t was a l a k e w i t h a s u r f a c e a t an e l e v a t i o n 

somewhere c l o s e to 5050 f t . With f u r t h e r r e t r e a t , a lower 

pass was opened to the no r t h , and the l a k e l e v e l f e l l to 

about 4700 f t . T h i s l e v e l i s marked by a w e l l developed 

s t r a n d l i n e and remnants of one or two d e l t a s . The o u t l e t 

i s not apparent on e i t h e r the a i r photos or the contour map, 

and t h e r e f o r e , i s presumed to be an i c e co n t a c t channel 

which may have flowed wholly or i n p a r t on the i c e . 

Whipsaw Creek i n the e a r l y stages of development 

dra i n e d southward (pass e l e v a t i o n about 4650 f t . ) i n t o 

(9) Copper Creek, and thence to the l a k e ( e l e v a t i o n about 

4250 f t . ) i n the Similkameen V a l l e y . T h i s o u t l e t channel 

cr o s s e s i n t o Copper Creek about two and a h a l f to three 

m i l e s west of F r i d a y Mountain. The e l e v a t i o n (about 4250 
f t . ) of the l a k e on the Similkameen i s recorded by a l a r g e 

d e l t a which has been p a r t i a l l y d e stroyed by subsequent 

e r o s i o n . A s t r a n d l i n e (about 4250 f t . ) on the n o r t h slopes 

of Copper Creek about three m i l e s east of the Hope-Princeton 

Highway may a l s o r e c o r d the same l a k e l e v e l . 
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The Copper Creek outlet drained the lake on 

Whipsaw Creek u n t i l the i c e retreated north of Friday 

Mountain. Here the break i n slope allowed drainage to flow 

into the lake on the Similkameen via (10) Friday Creek. 

A small delta remnant on Friday Creek indicates that the 

Similkameen lake s t i l l rose to about the 4250 f t . l e v e l . 

With further retreat the Friday Creek outlet was 

replaced by (11) Deep Gulch Creek. The next lower well-

marked channel i s on (12) Mt. Kennedy at about the 3950 f t . 

l e v e l . By th i s stage drainage a l l flowed into the lake on 

the Upper Similkameen. 

Further retreat of the ice tongue which s t i l l 

existed i n the Princeton c o a l f i e l d i s now indicated by a 

series of well developed meltwater channels. The f i r s t of 

these channels starts at (14) Bromley Creek at an a l t i t u d e 

of about 3500 f t . , continues along the west boundary of the 

Princeton c o a l f i e l d , and joins Whipsaw Creek v a l l e y at 

about 3300 f t . The lake on Whipsaw Creek then had i t s 

outlet across the nose of (13) Mt. Kennedy at about 3300 f t . 

The corresponding outlet f o r the Similkameen lake was v i a 

Smelter Lakes. As the ice retreated further, the Tulameen 

River was diverted down (15) Whipsaw Creek. The Similkameen 

lake at t h i s time extended into the Princeton c o a l f i e l d . 

As the i c e melted, channels were shifted successively north

ward. At about the same time that the Tulameen River 

occupied (16) Lower Lamont Creek, the waters of Whipsaw 

Creek attained t h e i r present course. 
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Next, a channel was developed h a l f a m i l e n o r t h 

of (17) Lamont Creek, then the channel now occupied by 

(18) Dalby Creek. The waters made co n t a c t w i t h the i c e 

sheet near what i s now Stevenson Lake, and were d i v e r t e d 

south, e n t e r i n g the Similkameen l a k e a m i l e n o r t h of Lamont 

Creek. F i r s t , Bromley Creek to (19) Stevenson Lake and then 

F i n d l a y Creek as f a r as (20) Bromley served as the next 

channels. The f o l l o w i n g s h i f t of the Tulameen R i v e r brought 

i t back to the south s i d e of i t s o r i g i n a l ( p r e - g l a c i a l ) 

channel. The area extending as f a r south as Bromley Creek 

and perhaps a m i l e and a h a l f west of P r i n c e t o n was s t i l l 

o ccupied by i c e . The e a s t e r n l i m i t of the i c e i s not known, 

but i t s t i l l a cted as a dam to the Similkameen R i v e r . 

The l a s t channel (21) occupied before the Tulameen 

R i v e r r e t u r n e d to i t s o r i g i n a l channel i s recorded by a 

t e r r a c e ( e l e v a t i o n 2850-2750 f t . ) along the south r i m of 

i t s p r e s e n t v a l l e y which extends from above P a r r S t a t i o n 

east and s l i g h t l y south to a p o i n t j u s t n o r t h of where 

Bromley Creek crosses the Hope-Princeton Highway. Here, 

i t i s evident t h a t a d e l t a of sand was b e i n g b u i l t forward 

so t h a t the Similkameen l a k e i t s e l f must s t i l l have e x i s t e d , 

presumably d r a i n i n g v i a Smelter Lake ( e l e v a t i o n 2650 f t . ) . 

I f f u r t h e r d i v e r s i o n channels were occupied they have been 

o b l i t e r a t e d by subsequent e r o s i o n . 

The p o s i t i o n of the i c e f r o n t and the p o i n t at 

which the i c e dam b l o c k i n g the Similkameen disappeared i s 

not c e r t a i n . I t appears, however, that i t may have 
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p e r s i s t e d f o r some time a f t e r the Tulameen had r e t u r n e d to 

i t s o r i g i n a l c h a n n e l . T h i s c o n c l u s i o n i s based on the 

presence of s i l t s and t e r r a c e remnants about one hundred 

f e e t above the p r e s e n t bed of the Similkameen R i v e r 

( e l e v a t i o n about 2300 f t . ) , and approximately continuous 

w i t h the outwash g r a v e l s n o r t h of P r i n c e t o n . T h i s c o n c l u s i o n 

i n t u r n i s c o n s i s t e n t w i t h that of Mathews (1944, p. 4 2 ) , 

who p o s t u l a t e d the p e r s i s t e n c e of an i c e dam near the mouth 

of Hayes Creek. 

The o n l y r e c o r d s of the l a t e g l a c i a l h i s t o r y i n 

the n o r t h e r n h a l f of the c o a l f i e l d are the r i v e r benches 

and outwash m a t e r i a l s a l r e a d y mentioned. The sequence i s 

i n t e r p r e t e d as a p e r i o d of channel c u t t i n g i n the i n i t i a l 

stages of i c e r e t r e a t , f o l l o w e d by a g g r a d a t i o n d u r i n g the 

l a t e r s t a g e s . 

The l a r g e k e t t l e s immediately n o r t h of P r i n c e t o n 

are i n t e r p r e t e d as the remnants of a s t a g n a t i n g i c e b l o c k 

which was imbedded i n the outwash. 

S u b s t a n t i a t i o n of the f o r e g o i n g r e c o n s t r u c t i o n 

r e q u i r e s much more d e t a i l e d work. P o s s i b i l i t i e s of other 

o u t l e t s , f o r example R a i l r o a d Creek pass which may have 

c a r r i e d the Tulameen R i v e r water westward, must be 

i n v e s t i g a t e d ; Newton Creek on the b a s i s of i t s s u r p r i s i n g l y 

l a r g e meanders appears to be a r e l i c of a much l a r g e r 

stream; and f i n a l l y , the sequence of the development of 

Hayes Creek deserves f u r t h e r work. 



L a t e G l a c i a l D i v e r s i o n Channels 
of the Similkameen R i v e r , Tulameen R i v e r , 

G r a n i t e Creek and Whipsaw Creek 

H i l l s - b l a c k l e t t e r i n g 
D i v e r s i o n Channel 

( 1 ) Tulameen R i v e r to S k a i s t R i v e r (Pass e l . ca. 4950 f t . ) 
(2) Tulameen R i v e r to Snass Creek (Pass e l . ca. 4850 f t . ) 
(3) Tulameen R i v e r v i a Podunk V a l l e y (Pass e l . ca. 4750 f t . ) 

to Sowaqua Creek 
(4) Tulameen R i v e r to V u i c h Creek (Pass e l . c a . 4550 f t . ) 
( 5̂ 1) Tulameen R i v e r to Blak'eburn Creek (5)> n o r t h f o r k of 

Holmes Creek (Pass e l . c a . 4200 f t . ) 
(6) Tulameen R i v e r to Roany Creek (Pass e l . c a . 32 50 f t . ) 
(7) G r a n i t e Creek to the headwaters of the Tulameen R i v e r 

(Pass e l . ca. 5350 f t . ) 
(8) G r a n i t e Creek to Lamont Creek (Pass e l . ca. 5050 f t . ) 
(9) Whipsaw Creek to Copper Creek (Pass e l . ca. 4650 f t . ) 

(10) Whipsaw Creek to F r i d a y Creek 
(11) Whipsaw Creek to Deep Gulch Creek 
(12) Whipsaw Creek a c r o s s Mt. Kennedy to Similkameen l a k e 

(Pass e l . ca. 39 50 f t . ) 
(13) Whipsaw Creek ac r o s s Mt. Kennedy to Similkameen l a k e 

(Pass e l . c a . 3300 f t . ) 
(14) Tulameen R i v e r to Whipsaw Creek a l o n g western edge of 

c o a l f i e l d a t ca. 3500 f t . 
(15) Tulameen R i v e r down Whipsaw Creek 
(16) Tulameen R i v e r down lower Lamont Creek 
(17) Tulameen R i v e r J m i l e n o r t h of Lamont Creek 
(18) Tulameen R i v e r to Stevenson Lake v i a Dalby Creek 
(19) Tulameen R i v e r to Bromley Creek to Stevenson Lake 
(20) Tulameen R i v e r to F i n d l a y Creek to Bromley Creek 

(21) L a s t r e c o r d e d d i v e r s i o n channel of the Tulameen 

S t . L. 1, 2, 3... Strand L i n e s 

Mathews - r e d l e t t e r i n g 
D i v e r s i o n Channels 

(1) V i c t o r Lake O u t l e t 
(2) L o s t Horse Gulch 
(3) Verde Creek O u t l e t 
(4) Smelter Lake Pass 

R i c e (1947) - i n green 
G l a c i a l S t r i a e 

Base Map and Topography 
by 

Surveys and Mapping Branch 
Dept. of Mines and Tech. Surveys, 1957 

S c a l e 1 i n c h s 4 m i l e s 





PLATE 1 

Hayes Creek 

P i g . 1: View from southwest showing the g e n t l y s l o p i n g w a l l s 

of upper p a r t of v a l l e y . 

P i g . 2: View of j u n c t i o n w i t h the Similkameen. Note t h a t 

the w a l l s are ste e p e r than i n f i g . 1. 





PLATE 2 

Ter r a c e s along A l l i s o n Creek 

P i g , 1: View l o o k i n g south from a p o i n t j u s t west of B e l f o r t , 

The lower s u r f a c e i s the same t e r r a c e as t h a t seen i n the 

p i c t u r e below, A h i g h e r , more r e s t r i c t e d t e r r a c e i s seen on 

the l e f t . At l e a s t three t e r r a c e s can be seen i n the f i e l d 

a t t h i s p o i n t . 

P i g . 2: View l o o k i n g n o r t h a c r o s s the Similkameen about 

3/4 of a m i l e east of P r i n c e t o n . T e r r a c e formed by outwash 

g r a v e l s . 





PLATE 3 
Pleistocene Exposures Near Princeton 

F i g . 1: View to the north. Outwash materials on the Hope-
Princeton Highway at Whipsaw Creek. Boulders are predominantly 
derived from the granule to pebble conglomerates of the 
Allenby Formation with minor amounts of coaly shale. 

F i g . 2 : A channel cutting gently dipping Allenby Formation 
sediment which has been clogged by g l a c i a l debris. Outcrop 
i s on the Princeton-Merritt Highway about four miles north 
of Princeton. View looking west. 





PART I I 

STRATIGRAPHY 
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GENERAL STRATIGRAPHY 

The bedrock w i t h i n the P r i n c e t o n c o a l f i e l d crops 

.out- , p o o r l y . For t h i s reason o n l y a composite s t r a t i g r a p h i c 

column can be g i v e n . 

P r e v i o u s workers (Camsell, 1907; R i c e , 1947; Shaw, 

1952) i n t e r p r e t e d the s t r a t i g r a p h y as c o n s i s t i n g of an upper 

and lower v o l c a n i c sequence separated by the P r i n c e t o n 

sediments. Shaw (1952) proposed s u b d i v i d i n g the P r i n c e t o n 

c o a l f i e l d as f o l l o w s : 

P e r i o d Epoch Formation L i t h o l o g y  
T e r t i a r y Miocene ? 'Upper Dark brown, grey, 

V o l c a n i c ' v e s i c u l a r and amyg-
d a l o i d a l b a s a l t i c l a v a s 
and b r e c c i a s  

Unconformity  
Oligocene ? A l l e n b y B u f f - c o l o r e d , g r a n u l e -

and pebble-conglomerate; 
sandstone; massive to 
f i s s i l e s h a l e s ; massive 
c l a y , i n c l u d i n g benton-
i t e ; c o a l 

'Lower Brown, r e d , and grey, 
V o l c a n i c ' p a r t l y banded, i n p l a c e s 

v e s i c u l a r , b a s a l t and 
a n d e s i t e 

Unconformity 
T r i a s s i c Upper N i c o l a Group M a i n l y v o l c a n i c rocks 
(mainly) T r i a s s i c (mainly) (mainly) 

(mainly) 

1 See R i c e , 1947, p. 6, f o r d e t a i l s 

The r e v i s e d s t r a t i g r a p h i c s e c t i o n i s as f o l l o w s : 



FORMATIONS OF THE ALLENBY GROUP 

A l l e n b y Formation 
( M i d d l e Eocene) 

Upper V o l c a n i c 
Formation 
(Middle Eocene) 

Lower V o l c a n i c 
Formation 
(Middle Eocene 
or e a r l i e r ) 

N i c o l a Group 
(Upper T r i a s s i c ) 

1000' - 6000' ( o n l y 1000' measured) 
b u f f , brown, yellow-orange, white 
a r k o s i c pebble to granule conglomerates, 
sandstones, t u f f s , t uffaceous sand
stones, shales (massive to f i s s i l e ) , 
c o a l and b e n t o n i t e . 

100-120' 
P r i n c e t o n Black Coal Seam 

P r i n c e t o n Ash 

500-1000' grey, dark brown, blac k , 
v e s i c u l a r to amygdaloidal, f l a g g y or 
columnar j o i n t e d , massive to flow 
banded b a s a l t , l a v a s or b r e c c i a s ; 
phenocrysts of o l i v i n e l o c a l l y 
abundant; interbedded w i t h A l l e n b y 
sediments• 

- A r b i t r a r y Contact-

Brown, red, grey, green, amygda
l o i d a l to v e s i c u l a r predominantly 
b r e c c i a s but l o c a l l y contains 
numerous flows 
(pp. 6-7) 

A f t e r Shaw. 

•Unconformable 

See Rice, 1947, ( p . 7). 

Osprey Lake I n t r u s i o n 
( J u r a s s i c or l a t e r ) 

R i c e , 1947 

.^1 
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The present work i n d i c a t e s t h a t the Upper 

V o l c a n i c Formation i s interbedded w i t h the lower s t r a t a of 

the A l l e n b y Formation (see s e c t i o n s BBj_ and CC-j_, page 65). 

T h i s r e l a t i o n s h i p can be shown at three l o c a l i t i e s : 

(1) on e i t h e r s i d e of the Tulameen R i v e r about two and a 

h a l f m i l e s west of P r i n c e t o n , (2) on Whipsaw Creek about 

h a l f a m i l e west of the Hope-Princeton Highway, and (3) on 

the east s i d e of the Similkameen R i v e r about a m i l e n o r t h 

of Whipsaw Creek. 

The s t r a t i g r a p h i c p o s i t i o n of the Upper V o l c a n i c 

Formation on Summers Creek i s not d e f i n i t e l y known. A 

c a r e f u l s e a r c h of the a r e a covered by these v o l c a n i c s f a i l e d 

to show any sediments t h a t d e f i n i t e l y o v e r l i e them. T h e i r 

s t r a t i g r a p h i c p o s i t i o n , t h e r e f o r e , can only be i n f e r r e d by 

c o r r e l a t i o n w i t h those of a known s t r a t i g r a p h i c p o s i t i o n . 

The s t a t u s of the Upper V o l c a n i c Formation i s i n 

doubt. At pres.ent i t seems to r e p r e s e n t t r a n s i t i o n from a 

v o l c a n i c to a sedimentary environment. The reasons f o r 

doubt a r e : (1) i t i s interbedded w i t h the b a s a l A l l e n b y 

Formation; (2) where a s s o c i a t e d w i t h the A l l e n b y Formation, 

the Upper V o l c a n i c Formation does not form a l a t e r a l l y 

continuous u n i t but a s e r i e s of d i s c o n t i n u o u s flows and 

f l o w b r e c c i a s which occupy r o u g h l y the same s t r a t i g r a p h i c 

p o s i t i o n ; (3) the contact of the Upper V o l c a n i c Formation 

w i t h the Lower V o l c a n i c Formation i s t r a n s i t i o n a l and i s , 

t h e r e f o r e , a r b i t r a r y ; (4) both the Upper V o l c a n i c s and the 

A l l e n b y Formation appear to o v e r l i e the Lower V o l c a n i c 



Formation conformably. 

I f the Upper V o l c a n i c Formation i s to r e t a i n i t s 

s t a t u s as a f o r m a t i o n , a l l t h a t i s necessary i s to i n c l u d e 

i n the d e f i n i t i o n i t s i n t e r t o n g u i n g r e l a t i o n s h i p w i t h Lower 

A l l e n b y Formation sediments. 

The f o l l o w i n g c r i t e r i a were used f o r r e c o g n i t i o n 

of the Upper V o l c a n i c Formation: the presence of c o a l i f i e d 

or p e t r i f i e d wood, grey or g r e y - b l a c k c o l o r , h i g h l y v e s i c u l a r 

to amygdaloidal s t r u c t u r e , o l i v i n e p h e o c r y s t s , a tendency 

towards s p h e r o i d a l weathering, f l a g g y or columnar j o i n t i n g , 

and g e n e r a l l y f r e s h appearance. The Lower V o l c a n i c Formation 

l a c k s c o a l i f i e d or p e t r i f i e d wood and phenocrysts of o l i v i n e , 

tends towards a n g u l a r fragments on weathering w i t h r e d and 

brown c o l o r s predominating, c o n t a i n s more amygdules than 

v e s i c l e s , and l a c k s columnar or f l a g g y j o i n t s . B r e c c i a s 

appear to be more common In the Lower V o l c a n i c Formation, 

and i n g e n e r a l they are much more a l t e r e d than those of the 

Upper V o l c a n i c Formation. 

ALLENBY FORMATION 

The A l l e n b y Formation as d e f i n e d by Shaw (1952, 

p. 8) i s best exposed a l o n g the Similkameen a t A l l e n b y . 

He s t a t e s t h a t a t l e a s t 3500 f t . of sediments are exposed 

at t h i s l o c a l i t y . Present work i n d i c a t e s t hat the f o r m a t i o n 

may be as much as 6000 f t . t h i c k , although exposures are 

too l i m i t e d to warrant d e t a i l e d s t r a t i g r a p h i c measurements. 



The A l l e n b y Formation sediments are d e s c r i b e d 

under the v a r i o u s rock types p r e s e n t , v i z . conglomerates, 

b r e c c i a s , sandstones, limestones and s h a l e s . The P r i n c e t o n 

Ash, V e r m i l i o n B l u f f s , and the Summers Creek s e c t i o n s w i l l 

be d e s c r i b e d i n d e t a i l , the ash because of i t s s i g n i f i c a n c e 

as a source o f b i o t i t e f o r age d a t i n g , the V e r m i l i o n B l u f f s 

because i t i s no t a b l e f o r the presence of lim e s t o n e , dolomite 

and chalcedony. They are, however, only minor components 

of the A l l e n b y Formation. The A l l e n b y Formation on Summers 

Creek d i f f e r s somewhat from the t y p i c a l A l l e n b y sediments 

of the southern h a l f of the c o a l f i e l d . T h e r e f o r e , i t w i l l 

be d e s c r i b e d s e p a r a t e l y . 

Conglomerates 

Conglomerates a r e found throughout the e n t i r e map 

a r e a . There i s , however, a decided p a r t i c l e s i z e v a r i a t i o n 

from n o r t h to south. Known outcrops of cobble-boulder 

conglomerates are r e s t r i c t e d to the extreme n o r t h e r n p a r t 

o f the P r i n c e t o n c o a l f i e l d , whereas the granule-pebble 

conglomerates outcrop throughout the map a r e a , but a p p a r e n t l y 

becoming l e s s abundant i n the south. T h i s apparent decrease 

i n the abundance of granule-pebble conglomerates to the 

south may be the r e s u l t of poor exposure, however, d r i l l 

h o l e l o g s ( R i c e , 1947, pp. 117-123) i n d i c a t e t h i s tendency. 

Cobble-Boulder Conglomerate;- About 100 f e e t of 
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cobble-boulder conglomerate i s wel l exposed on Summers Creek 
about three miles upstream from i t s junction with A l l i s o n 
Creek. The predominant size range of the fragments i s from 
20 cm. to 50 cm., with an occasional boulder ranging upward 
to 90 cm. There i s a continuous size gradation from the 
f i n e s t to the coarsest p a r t i c l e s . Cobbles and boulders 
comprise 50 percent or more of the t o t a l volume of the 
conglomerate. A cobble and boulder count gave the following 
composition: 95 percent c r y s t a l l i n e igneous rocks, of which 
granite and quartz monzonite are the most abundant; 3 per
cent highly altered volcanic rocks (red i n c o l o r ) ; and 2 
percent rock of si m i l a r composition to the associated 
arkosic sandstone. A single cobble of banded chalcedony 
was found i n one count. The cobbles and boulders are 
predominantly well rounded with a few that are sub-rounded 
to sub-angular. The matrix i s arkosic i n composition, with 
a high microcline-microperthite content very s i m i l a r to 
granule-pebble conglomerates which are common i n the southern 
h a l f of the area. 

Individual beds are f i v e feet or more i n thickness. 
Bedding i s marked by either alternating cobble-boulder and 
granule-pebble conglomerate beds, or interbedded lenses of 
sandstone. Imbrication i s a common feature of the cobble-
boulder conglomerates, whereas c r o s s - s t r a t i f i c a t i o n i s 
common In the granule-pebble conglomerates. 

Five t h i n sections were made from representative 
cobbles and boulders. Quartz, microcline-microperthite, 
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p l a g i o c l a s e (An.35)» b i o t i t e , sphene, a p a t i t e and magnetite 

are p r e s e n t i n a l l t h i n s e c t i o n s , T e x t u r a l l y , the r o c k s 

v a r y from f i n e g r a i n e d to coarse g r a i n e d , and not i n f r e 

q u e n t l y c o n t a i n l a r g e m i c r o c l i n e - m i c r o p e r t h i t e phenocrysts, 

r a n g i n g upward to 2.5 cm. or more. The m i c r o c l i n e -

m i c r o p e r t h i t e f e l d s p a r s tend to be f r e s h . The p l a g i o c l a s e 

i s , however, predominantly a l t e r e d to epidote or white 

mica. P l a g i o c l a s e g r a i n s are g e n e r a l l y 1-g- mm. or l e s s i n 

s i z e , whereas m i c r o c l i n e - m i c r o p e r t h i t e tends to be l a r g e r 

than 1 mm. The quartz i s predominantly c o a r s e - g r a i n e d , 

r a n g i n g from 1 mm. to 3 or 4 mm., and o f t e n shows u n d u l a t o r y 

e x t i n c t i o n . Myrmekitic t e x t u r e i s common. 

Granule-Pebble Conglomerate;- Samples f o r 

l a b o r a t o r y study of the granule-pebble conglomerate were 

taken from rock outcrops a t the r e a r of the Caribou 

Brewery ( P r i n c e t o n , B. C.) and west along the Tulameen 

R i v e r . 

In weathered outcrops, the granule-pebble 

conglomerate i s tan to b u f f and not i n f r e q u e n t l y y e l l o w 

s t a i n e d . Outcrops are r e s t r i c t e d to r i v e r , creek or road 

cuts . 

Sieve a n a l y s i s of 4000 gms. of the granule-

pebble conglomerate i n d i c a t e s t h a t on an average 50 p e r c e n t 

(range 33-75 percent) by weight of the t o t a l ( t e x t , f i g . 2) 
sample was c o a r s e r than 2 mm. ( t e x t , fig.3-4). The average 

median diameter ( m a t r i x included) of the 4000 gms. was 2.1 
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mm. (range of 1.12 to 3.35). The granule-pebble conglom

e r a t e s are moderately w e l l s o r t e d (Krumbein and S l o s s , 1956, 

p. 73). The p r e s e n t s t u d i e s i n d i c a t e t h a t the conglomerate 

i s unimodal. 

The m a t r i x i s predominantly c l a s t i c , g r a d i n g 

p r o g r e s s i v e l y from a coarse sand through f i n e sand to a 

s i l t , w i t h p o s s i b l y minor amounts of c l a y . L o c a l l y , the 

granule-pebble conglomerate has a carbonate or s i l i c a 

cement. The carbonate i s r e s t r i c t e d to c o n c r e t i o n s , whereas 

the s i l i c a i s r e s t r i c t e d to those areas a d j a c e n t to the 

v o l c a n i c r o c k s a s s o c i a t e d w i t h sediments. Most of the 

granule-pebble conglomerates a r e extremely f r i a b l e . 

The degree of roundness v a r i e s w i t h the s i z e 

f r a c t i o n . The c o a r s e r m a t e r i a l , g r e a t e r than 1 mm., i s 

g e n e r a l l y sub-rounded to rounded. Fragments s m a l l e r than 

1 mm. are sub-angular and t r a n s i t i o n a l to angular i n 

m a t e r i a l l e s s than \ mm. 

Both t h i n s e c t i o n and s t a i n s t u d i e s were c a r r i e d 

out. The t h i n s e c t i o n s t u d i e s were of n e c e s s i t y r e s t r i c t e d 

to carbonate or s i l i c a - c e m e n t e d r o c k s . Where the m a t r i x 

was c l a s t i c , the rocks tended to be f r i a b l e , and f o r these, 

s t a i n techniques were used. In a l l i n s t a n c e s the g r a n u l e -

pebble conglomerate was a r k o s i c , w i t h the predominant 

m i n e r a l s b e ing m i c r o c l i n e , q u a r t z , and p l a g i o c l a s e (An35), 

w i t h minor amounts of b i o t i t e , sphene, a p a t i t e , hornblende, 

magnetite, c h e r t , chalcedony (banded), and a few g r a i n s of 

a v o l c a n i c r o c k . 
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Although the m a t e r i a l i s a r k o s i c throughout i t s 

e n t i r e s i z e range, there i s c o n s i d e r a b l e v a r i a t i o n i n 

the f e l d s p a r t q u a r t z r a t i o w i t h change i n s i z e . 

T able 1 - Composition of the Granule-Pebble Conglomerates:-

S i z e M i c r o c l i n e P l a g i o c l a s e Quartz Composite # 
M i c r o p e r t h i t e  

10 mm 20 mm 57.5 22.5 20.0 
5 mm 10 mm 54.5 26 19.5 
4 mm 5 mm 54.5 35 10.5 
1.56 mm 4 mm 52.5 18 29.5 
.833 mm 1.56 mm 45.00 22.5 32.5 
.589 mm .833 mm 45.50 15.0 39.5 
.417 mm .589 mm 43.00 26.0 31.0 
.295 mm .417 mm 40.00 38.0 22.0 
;208 mm .295 mm 35.00 49.0 16.0 

See a l s o f i g . 5 

•» Composite g r a i n s are those which are an 
aggregate of more than one m i n e r a l , i . e . quartz, 
m i c r o c l i n e and p l a g i o c l a s e 

Table 1 and t e x t , f i g . 5 are based on a count 

of 200 to 1000 g r a i n s per s i z e range i n each of e i g h t 

samples of the granule-pebble conglomerate. 

The s i g n i f i c a n c e of these data i s t h a t they show 

a v a r i a t i o n i n composition t h a t i s not random but i s a 

r e f l e c t i o n of the s i z e range of the component m i n e r a l s i n 

the source r o c k . A b r i e f d i s c u s s i o n of the mineralogy of 

the boulders and cobbles from the n o r t h end of the map area 

has a l r e a d y been g i v e n (page 26-7). Thus i t w i l l be seen 

t h a t the s i z e range of the m i n e r a l s of the pebble and 

granule conglomerate i s very s i m i l a r to t h a t of the cobble-
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b o u l d e r conglomerate on Summers Creek. F u r t h e r , the 

mineralogy, f e l d s p a r composition and myrmekitic t e x t u r e a r e 

i d e n t i c a l , hence i t can be concluded t h a t the bulk of these 

m i n e r a l s are from the same source. 

Sandstone 

Sandstone i s not common i n the P r i n c e t o n c o a l f i e l d . 

M i n e r a l o g i c a l l y , i t i s i d e n t i c a l to the granule-pebble 

conglomerates. I n a number of g r a i n s , remnants of myrmekitic 

t e x t u r e were observed. Only a l i m i t e d number of g r a i n 

counts were made; they too show the v a r i a t i o n i n composition 

t h a t has. been p r e v i o u s l y d e s c r i b e d f o r the granule-pebble 

conglomerates. The m a t r i x i s c l a s t i c w i t h l o c a l l y a 

carbonate or s i l i c a (chalcedony) p r e s e n t . 

B r e c c i a s 

Both v o l c a n i c and sedimentary b r e c c i a s are p r e s e n t 

w i t h i n the P r i n c e t o n Group. Many of the lowermost 

exposures of the A l l e n b y Formation are b r e c c i a s . The 

fragments range from sand s i z e to b l o c k s s e v e r a l f e e t 

a c r o s s . The b l o c k s are unsorted as to s i z e . 

Bedding i s p r e s e n t only on a l a r g e s c a l e , but may 

be marked i n p l a c e s by l e n s e s of f i n e r m a t e r i a l or a l a v a 

f low ( p l a t e 4, f i g s . 1 and 2). 

The b r e c c i a s , which are always l o c a t e d along the 
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edge of the c o a l f i e l d , are d e r i v e d e n t i r e l y from the 

surrounding v o l c a n i c r o c k s . They appear to be of a 

composition s i m i l a r to the rock u n d e r l y i n g them, i . e . , i f 

they are u n d e r l a i n by N i c o l a , then the fragments tend to 

be N i c o l a . 

An e x c e l l e n t example of the l o c a l source of the 

b r e c c i a s i s a roadcut exposure on the P r i n c e t o n - M e r r i t t 

Highway about 6§ m i l e s n o r t h of P r i n c e t o n * Here, about 60 

f t . o f s e c t i o n composed e n t i r e l y of fragments d e r i v e d from 

the N i c o l a Group i s exposed. Rocks of the N i c o l a are found 

w i t h i n 200 to 300 f t . of the exposure. The m a t r i x i s 

predominantly c l a s t i c . However, a c h a l c e d o n i c or carbonate 

cement i s p r e s e n t l o c a l l y . An e x c e l l e n t example of the l a t t e r 

i s found on the south s i d e of the Tulameen R i v e r about two 

m i l e s west of P r i n c e t o n . 

Shales 

P e t t i j o h n (1957, p. 341) d e f i n e s a s h a l e as: 

"a laminated or f i s s i l e c l a y s t o n e or s i l t s t o n e . " On the 

same page he m o d i f i e s t h i s statement by saying t h a t : 

" S i l t s t o n e s , u n l i k e s h a l e s , are commonly bonded by chemical 

cements, are cross-bedded on a small s c a l e . . . " 

I n t h i s study, the term " s h a l e s " i n c l u d e s laminated 

and f i s s i l e c l a y s t o n e s and s i l t s t o n e s , which may l o c a l l y 

c o n t a i n some carbonate cement. 

In weathered outcrop the s h a l e s are m u l t i c o l o r e d , 
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w i t h browns, grey-browns and b l a c k predominating. L o c a l l y 

they are r e d , grey-blue to w h i t e . A t h i n s e c t i o n o f the 

r e d s h a l e s shows o x i d i z e d remnants of p y r i t e c r y s t a l s which 

impart the r e d c o l o r . Red sh a l e s c o n t a i n l e s s o r g a n i c 

matter than do the darker ones. P l a n t or f i s h impressions 

are the o n l y evidence o f o r g a n i c remains i n red s h a l e s , 

whereas the dark ( b l a c k or grey) s h a l e s f r e q u e n t l y c o n t a i n 

c o a l i f i e d m a t e r i a l s . 

The shales are laminated or very t h i n bedded. 

S e v e r a l occurrences of extremely f i n e l a m i n a t i o n s (about 2 0 -

30 per centimeter) were observed i n the n o r t h e r n h a l f of 

the c o a l f i e l d . The f i n e l y laminated s h a l e s tend to be 

w e l l i n d u r a t e d , whereas shale a s s o c i a t e d w i t h c o a l seams 

i s more f r i a b l e . 

Mud cracks were seen a t s e v e r a l l o c a l i t i e s , and 

w e l l p r e s e r v e d r a i n drop p r i n t s were observed a t one 

l o c a l i t y on Whipsaw Creek. 

L o c a l b u r n i n g of c o a l seams i n p l a c e has melted 

some of the s h a l e s , producing a porous g l a s s y mass not 

u n l i k e a s c o r i a c e o u s v o l c a n i c r o c k . 

Two t h i n s e c t i o n s o f shal e show the s i l t f r a c t i o n 

to make up as much as 50 p e r c e n t . Grains of q u a r t z , 

m i c r o c l i n e and p l a g i o c l a s e make up the s i l t - s i z e f r a c t i o n . 

The presence of these m i n e r a l s suggests t h a t the sh a l e s 

r e p r e s e n t f i n e g r a i n e d e q u i v a l e n t s of the co a r s e r e l a s t i c s . 
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L i m e s t o n e 

The o c c u r r e n c e o f l i m e s t o n e and d o l o m i t e i n the 

V e r m i l i o n B l u f f s i s d e s c r i b e d on pages 4 6 - 5 0 . A t two o t h e r 

l o c a l i t i e s , dark a r g i l l a c e o u s l i m e s t o n e s were found (1) on 

the r o a d up Whipsaw Creek, about §• m i l e from t h e Hope-

P r i n c e t o n Highway, and (2) \ m i l e e a s t o f the Copper 

M o u n t a i n R a i l r o a d , about 3 m i l e s s o u t h o f A l l e n b y . T h e i r 

s t r a t i g r a p h i c r e l a t i o n s h i p i s not known because o f the 

i s o l a t e d and r e s t r i c t e d n a t u r e o f the o u t c r o p s . 

B e n t o n i t e s 

L e n t i c u l a r b e n t o n i t i c beds ( f - 2 " t h i c k ) o b s e r v e d 

i n t h e f i e l d a r e g e n e r a l l y a s s o c i a t e d w i t h s h a l e s or c o a l y 

s h a l e s . Shaw (1952, p. 8) r e p o r t e d two beds 15 f t . i n 

t h i c k n e s s , but t h e s e were not seen d u r i n g p r e s e n t f i e l d work. 

F o r a more d e t a i l e d d e s c r i p t i o n o f t h e b e n t o n i t e s , the 

r e a d e r i s r e f e r r e d t o R i c e ( 1 9 4 7 ) , Shaw ( 1 9 5 2 ) , Spence 

(1923, 1924) and Spence and L i g h t ( 1 9 3 0 ) . 

P r i n c e t o n Ash 

The P r i n c e t o n A s h i s exposed a t f o u r l o c a l i t i e s 

(P.A. 1-4, Map p. 4 1 ) . Three o f t h e s e (P.A. 1-3) a r e r o a d -

c u t e x p o s u r e s , whereas the f o u r t h (P.A. 4) i s i n p a r t 
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n a t u r a l and i n p a r t r o a d c u t . The ash i s a minimum of 20 f t . 

t h i c k (P.A. 4), and i s 100 to 120 f t . s t r a t i g r a p h i c a l l y 

below the P r i n c e t o n Black Coal seam (see Map ) . Nowhere 

i s the top or bottom of the ash v i s i b l e . At P.A. 1 i t i s 

o v e r l a i n and u n d e r l a i n by interbedded s h a l e s , c o a l y s h a l e 

and minor l e n s e s of c o a l . 

The ash forms conspicuous white to grey outcrops 

w i t h a b l o c k y or s l a b - l i k e f r a c t u r e p a t t e r n . 

Exposure P.A. 2 can be s u b d i v i d e d i n t o an upper 

and lower u n i t separated by a w e l l d e f i n e d u n d u l a t o r y 

s u r f a c e ( P l a t e 7, f i g . 2, P l a t e 8 , f i g . l ) , marked by the 

development of a | i n c h l a y e r or l e s s of b e n t o n i t e . Table 

2 i s a l i s t of f e a t u r e s which suggest t h a t the upper u n i t 

l i e s d i sconformably on the lower u n i t . 

Upper U n i t 

(1) M e g a s c o p i c a l l y bedded 
( P l a t e 7, f i g . 2) 

(2) Shows graded bedding 

(3) Very f i n e g r a i n e d 

(4) P l a t e l i k e f r a c t u r e 
p a r a l l e l to bedding 
( P l a t e 7, f i g . 2) 

(5) C l a s t i c dykes and 
s i l l s not observed 

( 6 ) W e l l p r e s e r v e d p l a n t 
l e a v e s and twigs 
(Metasequoia sp.) ' 

Lower U n i t 

M i c r o s c o p i c a l l y bedded 
( P l a t e 8 , f i g . 2) 

None observed 

Coarser g r a i n e d 

Blocky f r a c t u r e 
( P l a t e 7, f i g . 1 and 2) 

C l a s t i c dykes and s i l l s 
p r e s e n t 

I r r e g u l a r carbonaceous 
s t r e a k s o n l y 

Table 2 - C o n t r a s t i n g Features of the Upper and Lower 
U n i t s a t P.A. 2 
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The significance of t h i s disconformity i s not 

known. However, for the following reasons i t i s suggested 
that the disconformity i s l o c a l i n extent: (1) the 
s i m i l a r i t y of the mineralogy i n the upper and lower u n i t s , 
(2) there i s no evidence of contamination by Allenby 
Formation sediments along the contact surface. 

C l a s t i c dikes and s i l l s are common i n the lower 
unit of P.A. 2. The s i l l s are seen i n t h i n section to be 
intr u s i v e p a r a l l e l to oriented b i o t i t e grains, causing 
l i t t l e r e orientation of the b i o t i t e , whereas along the dikes 
the b i o t i t e grains are reoriented and frequently p a r a l l e l 
the dike contact. The dominant minerals of the dikes and 
s i l l s are too fine to be determined i n th i n section. 
Xenoliths of b i o t i t e and plagioclase feldspar are common 
i n both the dikes and s i l l s . 

Exposure P.A. 4 i s t e n t a t i v e l y correlated with the 
lower unit of P.A. 2. I t i s characterized by lack of 
megascopic bedding, blocky fracture, the unrecognizable 
carbonaceous materials, and a coarse grain s i z e . 

Andesine (An4o) and b i o t i t e are the most common 
minerals i n the ash. Quartz, hornblende (oxyhornblende), 
apatite and epidote are present i n minor amounts. Several 
fragments of chert and a fine grained volcanic rock were 
encountered (Plate 10, f i g . 2, Plate 11, f i g . l ) . Volcanic 
glass In the form of p a r t i a l l y d e v i t r i f i e d shards i s present 
i n amounts from 40 to 60 percent. L o c a l l y a carbonate i s 
present i n fractures. 
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Boundary of Tertiary sediments 

Contour on pavement of Princeton-Black coal 
seam (defined, approximate, assumed, 
vertical interval 200 feet) 

Fault zone 

Bore-hale , . , , . 

Proposed bore-hole 

Outline of mine workings , 

Mine entry and mam heulageways . . 

Mine reference number . 

Scale of Miles 

A/W/ /WV 
eBH 5 

. oB 

M6 

PA 1,2,3,4 PRINCETON ASH 

MOOIFIFf> TO SHOW PRINCETON AftH . 
Figure IB SHAW 1052 

Structural contour map of southern half of Princeton coalfield 
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B i o t i t e i s the o n l y m i n e r a l r e c o g n i z a b l e i n hand 

specimen. I t i s p r e s e n t i n a l l outcrops, but l o c a l l y i t i s 

r a r e , and nowhere does i t exceed 5 p e r c e n t . In t h i n s e c t i o n 

the b i o t i t e i s p l e o c h r o i c dark brown to l i g h t brown. L o c a l l y 

i t i s corroded ( P l a t e 10, f i g . 1) and the g r a i n borders 

under crossed n i c o l s remain a dark y e l l o w i s h to r e d d i s h 

orange on r o t a t i o n of the microscope stage. 

The andesine i s g e n e r a l l y f r e s h , but l o c a l l y 

shows some a l t e r a t i o n to epidote ( ? ) . Many f e l d s p a r s show 

c o r r o s i o n rims ( P l a t e 9, f i g . l ) , others have been p a r t i a l l y 

r esorbed a l o n g f r a c t u r e s ( P l a t e 13, f i g . l ) . Almost 100 

p e r c e n t of the c r y s t a l s are b r e c c i a t e d ( P l a t e 11, f i g . 2, 

P l a t e 12, f i g . l ) . The fragments are g e n e r a l l y sharp and 

angular but some may be sub rounded to rounded. Zoned 

f e l d s p a r s ( P l a t e 9, f i g . 1) and g l o m e r o p o r p h y r i t i c t e x t u r e 

( P l a t e 12, f i g . 2) were observed i n a s i n g l e s e c t i o n from 

the lower 5 f t . of the exposure a t P.A. 4. F e l d s p a r micro-

l i t e s are l o c a l l y abundant. 

A sawn s l a b of the ash was etched w i t h hydro

f l u o r i c a c i d , then was t e s t e d f o r potash f e l d s p a r and quartz 

w i t h sodium c o b a l t i n i t r i t e . The r e s u l t i n g d i f f u s e y e l l o w 

s t a i n suggests a potash r i c h g l a s s m a t r i x . S e v e r a l c l e a r 

g l a s s y g r a i n s of quartz were observed. 

In summary, the ash i s a minimum of 20 f t . t h i c k 

and i s composed of v o l c a n i c g l a s s and c r y s t a l fragments of 

andesine, b i o t i t e and minor amounts of q u a r t z . S t a i n i n g 

i n d i c a t e s a h i g h potash content and minor amounts of 
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c r y s t a l l i n e q uartz i n the g l a s s . 

Summers Creek S e c t i o n 

The f o l l o w i n g t h i c k n e s s c a l c u l a t i o n s are based 

on contour map and barometer r e a d i n g s : -

Formation L i t h o l o g y 

Upper 
V o l c a n i c 

A l l e n b y 

Lower 
V o l c a n i c 

150 f t . , grey brown, f l a g g y , h i g h l y v e s i c u l a r 
to amygdaloidal b a s a l t and/or a n d e s i t e . 
O l i v i n e phenocrysts present l o c a l l y . 

700 f t . , b o u l d e r - c o b b l e - p e b b l e - g r a n u l e 
conglomerates, a r k o s i c sandstone, t u f f a c e o u s 
sandstone, t u f f , and minor amounts of s h a l e . 
The f i n e r sediments are s t r i k i n g l y white i n 
c o l o r and onl y l o c a l l y the b u f f or brown 
c o l o r t y p i c a l of the s e c t i o n f u r t h e r s outh. 
Bedding i s g e n e r a l l y very t h i c k , but 
l a m i n a t i o n s are present i n the f i n e r 
sediments. 

200 f t . or more, dense to v e s i c u l a r , 
f r e q u e n t l y amygdaloidal (chalcedony; b a s a l t 
and/or a n d e s i t e . Grey, r e d , brown or green 
i n c o l o r . Both flows and b r e c c i a s are 
p r e s e n t . 

O v e r l i e s N i c o l a Group on the n o r t h and west, 
Summers Creek i n t r u s i v e body on the e a s t . 

Unconformity  
N i c o l a or Summers Creek I n t r u s i o n . 

Lower V o l c a n i c Formation:- For d e s c r i p t i o n o f the 

Lower V o l c a n i c Formation see page 21. 

The c o n t a c t between the Osprey Lake I n t r u s i o n and 

the Lower V o l c a n i c Formation was not seen. However, a t 

one l o c a l i t y only a few f e e t separated outcrops of each. 
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Here t h e l a v a s show no e v i d e n c e o f c o n t a c t metamorphism. 

T h i s c o n t a c t c o u l d be i n t e r p r e t e d as e i t h e r a 

f a u l t o r a n o n c o n f o r m i t y . The A l l e n b y F o r m a t i o n w h i c h 

appears t o c o n f o r m a b l y o v e r l i e t h e Lower V o l c a n i c F o r m a t i o n 

has been d e r i v e d from the Osprey Lake I n t r u s i o n . I t i s , 

t h e r e f o r e , s u s p e c t e d t h a t t h e c o n t a c t s u r f a c e between the 

Lower V o l c a n i c F o r m a t i o n and the Osprey Lake I n t r u s i o n i s 

n o n c o n f o r m a b l e . 

A l l e n b y F o r m a t i o n ; - The A l l e n b y F o r m a t i o n i s made 

up o f b o u l d e r t o g r a n u l e c o n g l o m e r a t e s , t u f f s , t u f f a c e o u s 

s a n d s t o n e s , a r k o s e s , and minor amounts of s h a l e . ( F o r a 

d e s c r i p t i o n o f the c o n g l o m e r a t e s , see page 25.) 

U n l i k e t h e a r k o s i c sediments f u r t h e r s o u t h w h i c h 

a r e t y p i c a l l y b u f f c o l o r e d , t h e t u f f s , t u f f a c e o u s sandstones 

and a r k o s e s are s t r i k i n g l y w h i t e on t h e weathered s u r f a c e 

( P l a t e 13, f i g . 2, P l a t e 14, f i g . 1 and 2 ) . 

I n handspecimen th e t u f f s cannot be r e a d i l y t o l d 

from t h e a r k o s i c s e d i m e n t s . I n t h i n s e c t i o n t h e r e appears 

t o be a g r a d a t i o n between t h e two end members, t u f f and 

a r k o s e . 

The t u f f s on Summers Creek a r e v e r y s i m i l a r t o the 

P r i n c e t o n Ash i n many r e s p e c t s , n o t a b l y the f o l l o w i n g : 

(1) h i g h p r o p o r t i o n o f g l a s s m a t r i x , (2) a n g u l a r i t y o f 

the c r y s t a l f r a g m e n t s , (3) v a r y i n g amounts of b i o t i t e 

p r e s e n t , and (4) p r e s e n c e of such t e x t u r e s as r e s o r b e d 

b i o t i t e and b r o k e n , p a r t i a l l y r e s o r b e d or welded c r y s t a l s . 
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There a r e both v e r t i c a l and h o r i z o n t a l changes 

from t u f f s to t u f f a c e o u s sandstone. To the n o r t h and east 

the t u f f s and t u f f a c e o u s sandstones g i v e way l a t e r a l l y to 

a r k o s i c granule-pebble conglomerates and sandstones. The 

t r a n s i t i o n zone i s p o o r l y exposed and cannot be r e a d i l y 

observed i n the f i e l d . The ash appears to be absent a l o n g 

the n o r t h e a s t e r n margin of the c o a l f i e l d . 

The Summers Creek t u f f , however, d i f f e r s from the 

P r i n c e t o n Ash i n t h a t : ( l ) i t i s much c o a r s e r , w i t h the 

p a r t i c l e s i z e r a n g i n g upward to 4 mm., while t h a t of the 

P r i n c e t o n Ash i s i n a l l i n s t a n c e s l e s s than 2 mm.j ( 2 ) i t 

has been reworked by stream a c t i o n ; ( 3) i t contains much 

more q u a r t z ; ( 4 ) i t l a c k s the i r r e g u l a r carbonaceous remains 

found i n the P r i n c e t o n Ash; (5 ) i t l a c k s zoned p l a g i o c l a s e 

c r y s t a l s ( i n three t h i n s e c t i o n s s t u d i e d ) ; and ( 6 ) i t 

con t a i n s a h i g h e r percentage of rounded g r a i n s ( p o s s i b l y 

the r e s u l t of the reworking and the l a r g e r p a r t i c l e s i z e ) . 

Upper V o l c a n i c Formation:- These v o l c a n i c r o c k s , 

which have been p a r t i a l l y removed at the present e r o s i o n 

s u r f a c e , have a maximum measured t h i c k n e s s of 150 f t . , and 

are of l i m i t e d h o r i z o n t a l d i s t r i b u t i o n . The upper s u r f a c e 

i s the p r e s e n t e r o s i o n s u r f a c e . They c o n t a i n no interbedded 

sediments, and sedimentary beds are not known to occur 

above them. They are t y p i c a l l y grey to grey-black or brown 

i n c o l o r , and are v e s i c u l a r or amygdaloidal ( c h a l c e d o n i c ) 

t e x t u r e d l a v a s . Weathering produces a s e r i e s of p l a t e - l i k e 
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s l a b s which may be o n l y one to two inches t h i c k and a f o o t 

or more i n diameter. No b r e c c i a s were seen. Columnar 

j o i n t i n g i s p r e s e n t , but not w e l l developed. L o c a l l y , 

phenocrysts of o l i v i n e are p r e s e n t . 

These v o l c a n i c s appear to l i e w i t h a s l i g h t angular 

unconformity on the u n d e r l y i n g sediments. The unconformity 

i s p r o b a b l y a r e f l e c t i o n of the nature of the c o a l f i e l d and 

the source of the sediments, and t h e r e f o r e , i s not i n t e r p r e t e d 

as a p e r i o d of n o n - d e p o s i t i o n or e r o s i o n . 

No A l l e n b y Formation sediments were found over

l y i n g the Upper V o l c a n i c Formation at t h i s p o i n t . The 

Upper V o l c a n i c Formation has, i n the p a s t , been i n t e r p r e t e d 

as post A l l e n b y Formation sediments. However, the presence 

of t u f f s and t u f f a c e o u s sandstone i n the sedimentary 

i n t e r v a l between the Lower V o l c a n i c and Upper V o l c a n i c 

Formations i n d i c a t e s that there was continued v o l c a n i c 

a c t i v i t y i n the i n t e r v a l between the Lower V o l c a n i c Formation 

and the Upper V o l c a n i c Formation. 

V e r m i l i o n B l u f f s S e c t i o n 

The V e r m i l i o n B l u f f s s e c t i o n ( P l a t e 16, f i g . 2) 

c r o s s e s the Tulameen R i v e r about a m i l e west of P r i n c e t o n . 

The s e c t i o n , which i s about 95 f e e t t h i c k , i s composed of 

a b a s a l s i l i c i f i e d p y r o c l a s t i c rock o v e r l a i n by interbedded 

s i l i c i f i e d d i a t o m i t e , l i m y c h e r t , s i l i c e o u s and d o l o m i t i c 

l i m e s t o n e , s h a l e , c o a l y s h a l e and minor amounts of b e n t o n i t e . 
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The h i g h l y s i l i c i f i e d members predominate i n the l o w e r p a r t 

o f the s e c t i o n and t h e s i l i c e o u s and d o l o m i t i c l i m e s t o n e i n 

the c e n t r a l p a r t . The s h a l e s and c o a l y s h a l e s a r e p r e s e n t 

t h r o u g h o u t the e n t i r e s e c t i o n , i n c r e a s i n g upwards u n t i l the 

e n t i r e s e c t i o n i s composed o f t h i s member. 

The r o c k s o f t h e V e r m i l i o n B l u f f s range i n c o l o r 

f r om b r i c k r e d i n the l o w e r p a r t t o red-brown, orange, t a n 

o r y e l l o w h i g h e r i n t h e s e c t i o n . R i c e (1947, p. 28) 

a t t r i b u t e s t h e c o l o r t o t h e pr e s e n c e o f o c h e r . 

I n d i v i d u a l beds o f the s i l i c i f i e d d o l o m i t i c -

l i m e s t o n e a r e l e n t i c u l a r ( P l a t e 17, f i g . 2, P l a t e 18, f i g . 1) 

and g e n e r a l l y have a maximum t h i c k n e s s o f l e s s t h a n 3 f e e t , 

b u t beds o f 6 f e e t were seen. Some beds a r e m a s s i v e , o t h e r s 

a r e i n t e r n a l l y l a m i n a t e d . The l a m i n a t i o n s , marked by 

carbonaceous m a t t e r , a r e i n p l a c e s p a r a l l e l t o , and a t 

o t h e r s p e r p e n d i c u l a r t o l a r g e s c a l e b e d d i n g . 

W e a t h e r i n g produces an a l t e r n a t i n g s e r i e s o f 

p r o j e c t i n g l e d g e s o f s i l i c i f i e d l i m e s t o n e and r e c e d i n g 

beds o f s h a l e ( P l a t e 16, f i g . 2 ) . S e v e r a l o f the l i m e s t o n e 

members show an i r r e g u l a r w e a t h e r i n g p a t t e r n s i m i l a r t o 

r e c e n t t u f a d e p o s i t s ( P l a t e 18, f i g . 2 ) . 

I r r e g u l a r c h e r t n odules a r e p r e s e n t t h r o u g h o u t 

t h e s e c t i o n , but a r e more common i n t h e b a s a l members. 

They a r e p r e s e n t i n a l l r o c k t y p e s except the s h a l e s o r 

c o a l y s h a l e s . I n t h i n s e c t i o n the n o d u l e s a r e seen to be 

composed o f f i b r o u s c h a l c e d o n y and v e r y f i n e q u a r t z , w i t h 

numerous i m p u r i t i e s such as carbonaceous m a t t e r o r a 
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carbonate. R e l i c t bedding i s f r e q u e n t l y i n d i c a t e d i n the 

c h e r t nodules by o r i e n t e d carbonaceous matter. 

B o t r y o i d s of c a l c i t e are p r e s e n t i n the upper 

p a r t of the s e c t i o n . On the south s i d e of the Tulameen 

R i v e r they occur i n a l e n s which has a maximum t h i c k n e s s 

of 2 f e e t and extends h o r i z o n t a l l y 50 f e e t or more, 

whereas on the n o r t h s i d e they occur as random i n d i v i d u a l s . 

They range i n s i z e from mm. to 8 ram., w i t h the m a j o r i t y 

from 5 mm. to 7 mm. I f they occur en masse they e x h i b i t 

an e x t e r n a l form s i m i l a r to t h a t of p o l y h e d r a l p i s o l i t e s 

(Schrock, 1930) , whereas i n d i v i d u a l s are s p h e r i c a l or sub-

s p h e r i c a l . The s u r f a c e of the b o t r y o i d s i s e i t h e r smooth 

or e x h i b i t s s m a l l e r b o t r y o i d s . In t h i n s e c t i o n they are 

s t r u c t u r e l e s s and l a c k the c o n c e n t r i c l a y e r s of p o l y h e d r a l 

p i s o l i t e s . None was observed w i t h a n u c l e u s . I n t h i n 

s e c t i o n i t i s o f t e n d i f f i c u l t to d e l i m i t i n d i v i d u a l 

b o t r y o i d s from the m a t r i x which i s of s i m i l a r composition 

and t e x t u r e . O c c a s i o n a l l y , the b o t r y o i d s are darker than 

the surrounding m a t r i x . 

The gastropod Physa saxarubensis i s present i n the 

l i m y p a r t of the s e c t i o n , but i s most common i n the b a s a l 

members. The gastropod i s c a l c i t i c i n c h e r t y zones, whereas 

i n some of the l i m y members i t has been s i l i c i f i e d . 

The l i m e s t o n e i s impure. Carbonaceous matter, 

chalcedony, f i n e g r a i n e d q u a r t z , diseminated l i m o n i t e (?) 

and p y r i t e can be r e c o g n i z e d i n t h i n s e c t i o n . The l i m e s t o n e 

occurs as a n h e d r a l , f i n e g r a i n e d masses or as euhedral 
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c r y s t a l s l i n i n g c a v i t i e s . Intergrown w i t h the f i n e g r a i n e d 

c a l c i t e a r e r a d i a t i n g masses of chalcedony and i n p l a c e s 

f i n e g r a i n e d q u a r t z . 

The dolomite occurs as g r a n u l a r to euhedral 

c r y s t a l s ( P l a t e 19, f i g . 1) w i t h a random d i s t r i b u t i o n . 

I t g e n e r a l l y comprises l e s s than 10 p e r c e n t , but l o c a l l y 

may c o n s t i t u t e 50 p e r c e n t or more of the carbonate f r a c t i o n . 

A c a v i t y f i l l i n g sequence of euhedral dolomite 

to f i b r o u s chalcedony to quartz and o c c a s i o n a l l y an i n n e r 

chalcedony l a y e r i s common. F r e q u e n t l y the i n n e r c h a l c e d o n i c 

l a y e r and the f i n e g r a i n e d quartz are absent (see P l a t e s 

19 and 2 0 ) . 

The s i l i c i f i e d d i a t o m i t e occurs -as t h i n beds i n 

the b a s a l p a r t of the s e c t i o n o n l y . I t v a r i e s from dark 

grey to brown to almost b l a c k . L o c a l l y the diatoms are 

f a i r l y w e l l p r e s e r v e d , but t h e i r presence may be i n d i c a t e d 

o n l y by dark s p h e r i c a l bodies i n otherwise massive c h e r t 

( P l a t e 21, f i g . 2 ) . 

S e v e r a l f a c t o r s l e a d the w r i t e r to conclude that 

the V e r m i l i o n B l u f f s s e c t i o n r e p r e s e n t s an a n c i e n t s p r i n g 

d e p o s i t , and t h a t the s p r i n g was e i t h e r i n t e r m i t t e n t or 

i n t e r m i t t e n t l y inundated by l a k e waters. The evidence f o r 

i t s o r i g i n as a s p r i n g d e p o s i t l i e s i n the f o l l o w i n g : 

(1) the l o c a l d i s t r i b u t i o n of the d e p o s i t , (2) the 

i r r e g u l a r i t y of l a r g e s c a l e bedding, (3) the i n t e r n a l f i n e 

l a m i n a t i o n s which do not n e c e s s a r i l y p a r a l l e l l a r g e s c a l e 

bedding, (4) the o r i g i n a l h i g h p o r o s i t y of the l i m e s t o n e , 
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( 5) the i r r e g u l a r weathering p a t t e r n s u g g e s t i v e of t u f a , 

( 6 ) the composition, and ( 7 ) the b a s a l d i a t o m i t e . 

P e t r o g r a p h i c and f i e l d s t u d i e s of the d e p o s i t 

suggest t h a t : ( 1 ) the s p r i n g was o r i g i n a l l y s i l i c e o u s i n 

nature, ( 2 ) i t became p r o g r e s s i v e l y more c a l c a r e o u s , ( 3 ) i t 

r e v e r t e d to the o r i g i n a l s i l i c e o u s c h a r a c t e r . The evidence 

f o r t h i s sequence i s : ( 1 ) the b a s a l s i l i c i f i e d d i a t o m i t e 

which c o n t a i n s o n l y minor amounts of c a l c i t e , ( 2 ) the 

i n c r e a s e i n lim e s t o n e h i g h e r i n the s e c t i o n , and ( 3 ) the 

sequence of c a v i t y f i l l i n g . 

Thus the d e p o s i t s are thought to r e p r e s e n t a 

s i l i c i f i e d t u f a or s i l i c e o u s s i n t e r . The s p r i n g g i v i n g 

r i s e to the d e p o s i t s was o r i g i n a l l y s i l i c e o u s , p r o v i d i n g an 

environment i n which diatoms t h r i v e d . L a t e r the amount of 

s i l i c a decreased, limestone i n c r e a s e d , and gastropods 

became abundant. In the f i n a l stages, the s p r i n g r e v e r t e d 

to i t s o r i g i n a l s i l i c e o u s n a t u r e . At i r r e g u l a r i n t e r v a l s , 

throughout i t s h i s t o r y , the normal d e p o s i t s were i n t e r r u p t e d 

by e i t h e r d r y i n g up of the s p r i n g or d e p o s i t i o n of mud and 

orga n i c m a t t e r . 

The o r i g i n of the dolomite, whether i t i s primary 

or secondary, i s not known. However, i t was observed to 

r e p l a c e gastropod s h e l l s , s u g g e s t i n g that i t i s a secondary 

replacement of limestone or a r a g o n i t e . 

Source of the A l l e n b y Formation A r k o s i c Sediments 

Shaw ( 1952) s t a t e s : 
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"Where exposures are l a r g e , the c o a r s e - g r a i n e d 
sedimentary beds a r e almost i n v a r i a b l y seen to 
be l e n t i c u l a r . Rough counts made on the granule-
conglomerate from s e v e r a l p a r t s of the f o r m a t i o n 
i n d i c a t e a content of 60 to 80 percent c l a s t i c 
fragments and 20 to 40 percent c l a y m i n e r a l s , 
which form the m a t r i x . Angular to subrounded 
g r a i n s of f e l d s p a r comprise 20 to 30 p e r c e n t of 
the rock, and angular to subrounded g r a i n s of 
q u a r t z , some of which are s t r a i n e d , from 20 to 
30 p e r c e n t . Fragments of g r a n i t e and grano-
d i o r i t e c o n s t i t u t e as much as 40 percent, and 
v a r i o u s v o l c a n i c m a t e r i a l s from 10 to 25 p e r c e n t . 
I t i s apparent t h a t these m a t e r i a l s were 
d e r i v e d from a dominantly g r a n i t i c t e r r a i n and 
s u f f e r e d l i t t l e a b r a s i o n i n p a s s i n g from the 
source to the s i t e of d e p o s i t i o n . The wide 
areas i n which the Coast i n t r u s i o n s and younger 
i n t r u s i v e rocks a r e exposed are the obvious 
s o u r c e s . The v o l c a n i c content has undoubtedly 
been p r o v i d e d by the nearby l a r g e areas of the 
dominantly v o l c a n i c N i c o l a group and Cretaceous 
v o l c a n i c rocks that now occupy l e s s e r a r e a s . " 

Shaw does not s t a t e any p a l e o c u r r e n t d i r e c t i o n , 

nor does he i n d i c a t e whether the source i s from a s i n g l e 

i n t r u s i o n or from more than one of the surrounding 

i n t r u s i o n s . (See Map 888A, Appendix I, Rice, 1947.) 

I t i s the purpose of t h i s d i s c u s s i o n to present evidence 

that the source area l a y to the n o r t h e a s t of the c o a l f i e l d , 

and that the Osprey Lake I n t r u s i o n was the source of these 

sediments. 

Before e l a b o r a t i n g on the source of the a r k o s i c 

sediments, i t should be s t a t e d that many of the b a s a l 

A l l e n b y Formation sediments are composed of v o l c a n i c rock 

fragments which have been d e r i v e d from the N i c o l a Group, 

the Lower V o l c a n i c Formation or the Upper V o l c a n i c 

Formation. The bulk of the sediments have, however, been 

d e r i v e d from a g r a n i t i c t e r r a n e . 
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The mineralogy of coarse conglomerates through 

p r o g r e s s i v e l y f i n e r e l a s t i c s to s h a l e has a l r e a d y been 

d i s c u s s e d . The mineralogy, t e x t u r e s , s i z e range of 

i n d i v i d u a l m i n e r a l s , and the percentage of v a r i o u s m i n e r a l s 

i n d i c a t e t h a t the m a j o r i t y o f the n o n - v o l c a n i c e l a s t i c s 

have as a common source the Osprey Lake I n t r u s i o n . 

S e v e r a l l i n e s of evidence i n c l u d i n g c r o s s -

s t r a t i f i c a t i o n , i m b r i c a t i o n , g r a i n s i z e v a r i a t i o n , m i n e r a l o 

t e x t u r e s of i n d i v i d u a l m i n e r a l s and aggregate g r a i n s , the 

s i z e range of s p e c i f i c m i n e r a l s , and the f i n d i n g of the 

a r k o s i c sediments l a p p i n g upon the Osprey Lake I n t r u s i o n , 

are used as evidence i n determining the source of the 

A l l e n b y Formation sediments. 

M i c r o c l i n e - M i c r o p e r t h i t e t - Probably the most 

s i g n i f i c a n t s i n g l e c r i t e r i o n of the source of the sediments 

' I s the abundance and s i z e of m i c r o c l i n e - m i c r o p e r t h i t e 

g r a i n s . The l a r g e g r a i n s r a n g i n g up to, and i n some cases 

exceeding 2.5 cm., immediately a t t r a c t e d a t t e n t i o n . The 

Osprey Lake I n t r u s i o n i s the only source i n the area of 

l a r g e m i c r o c l i n e - m i c r o p e r t h i t e c r y s t a l s known to the w r i t e r 

C r o s s - S t r a t i f i c a t i o n ; - The term c r o s s - s t r a t i f i c a 

t i o n as d e f i n e d by McKee and Weir (1957, p. 82) " . . . i s the 

arrangement of l a y e r s a t one or more angles to the dip of 

the f o r m a t i o n . . . o r . . . i s one w i t h l a y e r s deposited a t an 

angle to the o r i g i n a l d i p of the f o r m a t i o n . " 
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Cross-bedding and c r o s s - l a m i n a t i o n s have been 

used as synonyms f o r c r o s s - s t r a t i f i c a t i o n . However, the 

terms bed and l a m i n a t i o n c a r r y a d e f i n i t e t h i c k n e s s conno

t a t i o n , and t h e r e f o r e , McKee and Weir (1957) suggest t h a t 

these terms be r e s t r i c t e d and used only i n t h i s t h i c k n e s s 

sense. 

On the b a s i s of the c h a r a c t e r of the lower bounding 

s u r f a c e ( r e g i o n a l s t r a t i f i c a t i o n ) McKee and Weir (1957) 
s u b d i v i d e c r o s s - s t r a t i f i c a t i o n i n t o three b a s i c t y p e s : 

(1) simple, lower bounding s u r f a c e i s n o n - e r o s i o n a l 

(common synonym t a n g e n t i a l ) ; (2) p l a n a r , any c r o s s - s t r a t a 

i n which the lower s u r f a c e i s n o n - d e p o s i t i o n a l (common 

synonyms are angular, t o r r e n t i a l , and r e g u l a r ) ; and 

(3) trough, any c r o s s - s t r a t a i n which the lower s u r f a c e i s 

e r o s i o n a l (common synonym f e s t o o n ) . The present t h e s i s 

w i l l f o l l o w t h i s c l a s s i f i c a t i o n . 

As the A l l e n b y Formation has been f o l d e d i t 

i s n ecessary to remove the t i l t i n order to use c r o s s -

s t r a t i f i c a t i o n data f o r p a l e o c u r r e n t d i r e c t i o n a l purposes. 

S t e r e o g r a p h i c methods i n v o l v i n g r o t a t i o n about the a x i s 

of r e g i o n a l s t r a t i f i c a t i o n b r i n g i n g i t i n t o a h o r i z o n t a l 

p o s i t i o n and c o r r e c t i n g the c r o s s - s t r a t i f i c a t i o n by a 

s i m i l a r amount, were used f o r t h i s purpose. T h i s i s the 

method t h a t has been used by K a p s t e i n (1954), B r e t t (1955), 

P e t t i John (1957), P e l l e t i e r (1958), and o t h e r s . 

R e c e n t l y , Ramsay (1961) questioned t h i s method 

and has p o i n t e d out t h a t the above technique can be a p p l i e d 
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o n l y to those sedimentary s t r u c t u r e s which have been 

c o n c e n t r i c a l l y f o l d e d about a h o r i z o n t a l a x i s . He s t a t e s 

t h a t i n order to c o r r e c t f o r plunge, an a d d i t i o n a l step 

which f i r s t removes the plunge i s necessa r y . The t i l t can 

then be removed by the standard r o t a t i o n about the r e g i o n a l 

s t r a t i f i c a t i o n p l a n e . 

The c h o i c e of technique used on the A l l e n b y 

Formation sediments i s f u r t h e r complicated by the l a c k of 

d e t a i l e d s t r u c t u r a l c o n t r o l . F o l d i n g i s c o n c e n t r i c . 

However, the a t t i t u d e o f the a x i s of f o l d i n g cannot be 

determined from the presen t s t u d i e s . T h e r e f o r e , i n t h i s 

t h e s i s i t i s assumed that the a x i s i s h o r i z o n t a l . 

S t a t i s t i c a l methods o f determining s i g n i f i c a n t 

d i r e c t i o n a l data as o u t l i n e d by Reiche (1938) and Raup and 
Miesch (1951) were not a p p l i e d to the A l l e n b y Formation 

sediments• 

Simple, p l a n a r and trough c r o s s - s t r a t i f i c a t i o n s 

are common i n the co a r s e r sands and granule-conglomerates. 

The p l a n a r type Is perhaps the more common. Simple and 

trough c r o s s - s t r a t i f i c a t i o n are pr e s e n t i n about equal 

numbers. Trough c r o s s - s t r a t i f i c a t i o n was not used i n t h i s 

study u n l e s s the a x i a l d i r e c t i o n of the channel c o u l d be 

determined. 

C r o s s - s t r a t i f i c a t i o n i s most f r e q u e n t l y accompanied 

by a change of g r a i n s i z e , g rading from coarse m a t e r i a l 

a t the bottom and becoming p r o g r e s s i v e l y f i n e r . Not 

i n f r e q u e n t l y , the c r o s s - s t r a t a l a c k e d a d e f i n i t e b a s a l 
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t e r m i n a t i o n . What appeared to be simple or p l a n a r c r o s s -

s t r a t a on the upper s u r f a c e would grade downward i n t o the 

lower s u r f a c e and l a c k a d e f i n i t e b a s a l bounding p l a n e . 

The a t t i t u d e of c r o s s - s t r a t a l a c k i n g a d e f i n i t e 

b a s a l plane was checked and found to correspond to simple 

and p l a n a r c r o s s - s t r a t a w i t h i n the same outcrop. There

f o r e , d i r e c t i o n a l measurements were not r e s t r i c t e d to 

c r o s s - s t r a t a h a ving d e f i n i t e b a s a l t e r m i n a t i o n s . 

S t r i k e measurements taken on s e v e r a l c r o s s - s t r a t a 

w i t h i n a s e t v a r i e d as much as 3 0 ° . The h e i g h t of the 

c r o s s - s t r a t i f i c a t i o n v a r i e d from m i c r o s c o p i c i n the f i n e 

s i l t s to three or four f e e t i n the granule-conglomerates• 

The t h i c k n e s s of the c r o s s - s t r a t a v a r i e d from l e s s than 

one centimeter to g r e a t e r than two c e n t i m e t e r s . T h e r e f o r e , 

both cross-laminae and cross-beds are i n v o l v e d . The angle 

between the r e g i o n a l and c r o s s - s t r a t a v a r i e d from 12° to 

32°, w i t h the m a j o r i t y l e s s than 20°. The 32° angle was 

a s s o c i a t e d w i t h a coarse granule-pebble conglomerate w i t h a 

h i g h r e g i o n a l dip ( 4 5 ° ) and may suggest some i n t e r n a l 

d eformation. I t i s , however, w i t h i n the angle of repose 

f o r such m a t e r i a l s . 

D e s p i t e the s p a r s i t y of s t r u c t u r a l data and 

s t a t i s t i c a l s t u d i e s , c o n s i s t e n t r e s u l t s were o b t a i n e d . 

The p a l e o c u r r e n t d i r e c t i o n shows a marked south to south

w e s t e r l y trend (see Trend Map, t e x t , f i g . 7 ) . The absence 

of data s u g g e s t i n g d i f f e r e n t p a l e o c u r r e n t d i r e c t i o n s i s 

s t r i k i n g . 
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I m b r i c a t i o n ; - I m b r i c a t i o n i s the p r e f e r r e d 

o r i e n t a t i o n of f l a t t e n e d or elongate pebbles producing the 

o v e r l a p p i n g or so c a l l e d " s h i n g l i n g " or " i m b r i c a t e s t r u c t u r e . " 

Becker (1893) r e c o g n i z e d the s i g n i f i c a n c e o f , and 

e x p l a i n e d the manner of f o r m a t i o n of i m b r i c a t e s t r u c t u r e . 

Imbricate s t r u c t u r e s were observed and measured 

only i n the extreme n o r t h e r n p a r t of the c o a l f i e l d ( t e x t , 

f i g . 7)» The f r i a b l e to s e m i - c o n s o l i d a t e d nature of the 

rock p e r m i t t e d e x t r a c t i o n of the pebble or boulder on which 

measurements were being made. Only those cobbles or 

boulders having a l o n g a x i s i n t e r m e d i a t e a x i s r a t i o of a t 

l e a s t 1§:1 were used. The measurements made were: 

(1) r e g i o n a l bedding, (2) s t r i k e of i n t e r m e d i a t e a x i s 

( p e r p e n d i c u l a r to d i r e c t i o n o f p a l e o c u r r e n t ) , (3) t r e n d of 

the l o n g a x i s , and (4) angle ( d i p ) and d i r e c t i o n o f i n c l i n a 

t i o n of the l o n g a x i s (sense of d i r e c t i o n o f the p a l e o c u r r e n t ) . 

Measurement (3) served as a check on (2). The s t r i k e of 

the i n t e r m e d i a t e a x i s and the dip of the l o n g a x i s were 

r o t a t e d to c o r r e c t f o r r e g i o n a l dip i n the same manner as 

f o r c r o s s - s t r a t i f i c a t i o n . The v a r i a t i o n i n p a l e o c u r r e n t 

d i r e c t i o n obtained was a maximum of 30° i n a s i n g l e o u t c r o p . 

The angle of the i n c l i n e d pebble w i t h the r e g i o n a l bedding 

v a r i e d from 7 to 15°. L i k e c r o s s - s t r a t i f i c a t i o n , the 

i m b r i c a t e s t r u c t u r e of the conglomerates i n d i c a t e d a source 

area to the n o r t h or n o r t h e a s t . 

S e v e r a l readings were taken which suggested 
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r e v e r s a l s i n the c u r r e n t d i r e c t i o n . These a b e r r a n t r e a d i n g s 

were u s u a l l y a s s o c i a t e d w i t h i r r e g u l a r l y shaped pebbles 

and are probably not t r u e i m b r i c a t e s t r u c t u r e . 

P a r t i c l e S i z e : - I t has a l r e a d y been s t a t e d (page 

25) t h a t there Is a s i z e g r a d a t i o n from cobble-boulder 

conglomerates i n the n o r t h to granule conglomerates i n the 

southern h a l f o f the a r e a . No outcrops of pebble or c o a r s e r 

conglomerate o f a r k o s i c composition are known from the 

southern h a l f of the map a r e a . Thus, the s i z e range of the 

co a r s e r e l a s t i c s support a n o r t h e r n source f o r the sediments. 

S i z e of I n d i v i d u a l M i n e r a l s : - The r e l a t i v e s i z e s 

of the v a r i o u s m i n e r a l s and the corresponding s i z e r e l a t i o n 

s h i p found i n the Osprey Lake I n t r u s i o n has a l r e a d y been 

d i s c u s s e d on page 21, 

M i n e r a l o g i c a l A n a l y s i s : - The predominant m i n e r a l s 

i n the arkose are m i c r o c l i n e - m i c r o p e r t h i t e , quartz and 

p l a g i o c l a s e (An35)• The a c c e s s o r y m i n e r a l s are b i o t i t e , 

sphene, a p a t i t e and magnetite. A l l are present i n the 

Osprey Lake I n t r u s i o n . S e v e r a l s l a b s were cut from specimens 

of the I n t r u s i o n and s t a i n e d . The percentages of the 

m i c r o c l i n e - m i c r o p e r t h i t e , quartz and p l a g i o c l a s e agree very 

c l o s e l y w i t h the r e l a t i v e abundance of these m i n e r a l s i n 

the a r k o s i c sediments. 
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Textures;- As previously stated, such features 
as myrmekitic texture (Plate 22, f i g s . 1 & 2), replacement 
(?) microperthite (Plate 23, f i g . l ) , undulatory extinction 
i n quartz, and the d e f i n i t i o n of grain boundaries are 
common to both the Osprey Lake Intrusion and the arkosic 
sediments. 

Sediments Lapping onto the Osprey Lake Intrusion:-
The find i n g of coarse arkosic sediments lapping onto the 
Osprey Lake Intrusion east of Summers Greek provides strong 
evidence i n favor of this i n t r u s i o n being the source of the 
Allenby Formation sediments. 

Thus, c r o s s - s t r a t i f i c a t i o n , imbrication, mineralog 
grain s i z e , mineral size range, textures and the presence 
of the arkosic sediments lapping upon the Osprey Lake 
Intrusion a l l c l e a r l y show that t h i s i n t r u s i o n was the 
p r i n c i p a l provenance of the Allenby Formation sediments, 
and that the currents carrying the sediments flowed i n a 
south to southwesterly d i r e c t i o n . 



PART I I I 

STRUCTURE 
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The regional structure of the Princeton c o a l f i e l d 

was described by Rice (1947, p. 52-54). He indicates that 

the southern h a l f of the c o a l f i e l d i s flanked by two major 

f o l d axes i n the T r i a s s i c rocks, a syncline to the east, 

and an a n t i c l i n e to the west. For detai l s of these f o l d 

axes see Plate 24. 

The northern h a l f i s bounded on the east i n part 

by rocks of the Nicola Group, and i n part by the Osprey 

Lake Intrusion. On the west i t i s bounded by rocks of 

the Nicola Group. 

According to the present interpretation of the 

stratigraphy and structure, the Princeton c o a l f i e l d i s made 

up of two r e l a t e d s y n c l i n a l basins separated by an a n t i c l i n e . 

The a n t i c l i n e trends across the c o a l f i e l d i n a northwesterly 

d i r e c t i o n from Rainbow Lake (about 1-g- miles northeast of 

Princeton) and disappears i n the older Nicola Group rocks 

to the west of the c o a l f i e l d . Sediments of the Allenby 

Formation dip gently (15 - 30°) away from this f o l d a x i s . 

Exposure i s l i m i t e d and l i t t l e can be said of the magnitude 

of the f o l d except that i t completely crosses the c o a l f i e l d . 

Shaw (1952, p. 10-11) described the i n t e r n a l d e t a i l 

of the southern h a l f of the c o a l f i e l d based on the Princeton-

Black Coal-bearing zone as: 

"A large b a s i n - l i k e structure into which project 
three large a n t i c l i n a l noses disposed at random 
about the periphery... 

"...The interference of these a n t i c l i n a l structures 
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w i t h i n the main b a s i n area has r e s u l t e d i n a 
r a t h e r p e c u l i a r c o n f i g u r a t i o n t h a t i s s t r o n g l y 
r e m i n i s c e n t of a dumbell i n p l a n . The l o n g 
a x i s of the dumbell trends e a s t . " 

The three a n t i c l i n a l noses p r o j e c t i n g i n t o the c o a l f i e l d 

a r e : (1) about 2 m i l e s west of P r i n c e t o n t r e n d i n g across 

the Tulameen a t about S 10° E (here r e f e r r e d to as the 

Tulameen a n t i c l i n e ) , (2) j u s t south of A l l e n b y ( A l l e n b y 

a n t i c l i n e ) , (3) i n the southwestern corner of the map area 

i n the v i c i n i t y of the Blue Flame Mine (see Shaw, 1952, 

p. 41). 
Present work i n d i c a t e s t h a t f a u l t i n g (see map 

p. 63) has a f f e c t e d both the Tulameen and the A l l e n b y 

a n t i c l i n e s . A f a u l t which may have c o n s i d e r a b l e d i s p l a c e 

ment crosses the Tulameen about 3 m i l e s west of P r i n c e t o n . 

T h i s f a u l t i s a normal f a u l t w i t h the west s i d e down. I t 

i s i n d i c a t e d by c o n s i s t e n t d i p s w i t h i n the A l l e n b y sediments 

which would, i f p r o j e c t e d , d i p under the nose of N i c o l a . On 

the south s i d e of the Tulameen, south and west of Parr 

S t a t i o n , A l l e n b y sediments are v e r t i c a l . 

D r i f t cover prevents the t r a c i n g of t h i s f a u l t 

i n t o the c o a l f i e l d . However, Shaw (1952) s t a t e s that a 

s e r i e s of normal f a u l t s of s m a l l displacement were encountered 

a t the western e x t r e m i t y of the Pleasant V a l l e y Company 

Mine. The s t r i k e of the f a u l t i s a p p a r e n t l y about S 20 -

30° W. The d i p i s unknown. I t i s p o s s i b l e t h a t these 

f a u l t s are r e l a t e d to the f a u l t c r o s s i n g the Tulameen. 

They may a l s o i n d i c a t e t h a t a s e r i e s of small f a u l t s , 
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r a t h e r than a s i n g l e f a u l t , i s i n v o l v e d . 

P o s s i b l e e f f e c t s of f a u l t i n g were observed i n the 

a x i a l area of the A l l e n b y a n t i c l i n e . F a u l t i n g was i n d i c a t e d 

by an abrupt change of a t t i t u d e from 40° N to v e r t i c a l over 

a d i s t a n c e of 100 f e e t or l e s s . The p o i n t a t which the 

change of a t t i t u d e took p l a c e i s not exposed, and t h e r e f o r e , 

the p o s s i b i l i t y of f o l d i n g cannot be e l i m i n a t e d . 

The s t r u c t u r e of the n o r t h e r n h a l f of the c o a l f i e l d 

i s not as w e l l known as the southern h a l f . T h i s i s the 

r e s u l t of poorer exposure i n g e n e r a l , and to a g r e a t e r extent 

on l e s s e r amounts of c o a l e x p l o r a t i o n . The e a s t e r n l i m i t 

of the n o r t h e r n h a l f of the c o a l f i e l d i s based on topography 

and s c a t t e r e d o u t c r o p s . The change from p r e v i o u s l y mapped 

l i m i t s of the c o a l f i e l d at J u r a i s the r e s u l t of a t e s t 

h o l e d r i l l e d by Kennco E x p l o r a t i o n Company i n I960. T h i s 

d r i l l h o l e encountered s e v e r a l hundred f e e t of s t e e p l y 

d i p p i n g (,55° to 65°) A l l e n b y Formation sediments. The 

western l i m i t from about 6 m i l e s n o r t h of P r i n c e t o n south 

i s based e n t i r e l y on topography, outcrops of the Lower 

V o l c a n i c Formation, and rocks of the N i c o l a Group. 

Dips as h i g h as 55° were recorded along the 

western margin of the c o a l f i e l d 6 m i l e s n o r t h of P r i n c e t o n . 

These dips a p p a r e n t l y decrease p r o g r e s s i v e l y away from the 

margin of the c o a l f i e l d to 15° or l e s s a t B e l f o r t S t a t i o n . 
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PLATE 4 

Sedimentary B r e c c i a s 

P i g . 1: Crude s t r a t i f i c a t i o n i n sedimentary b r e c c i a s 

d e r i v e d from N i c o l a v o l c a n i c s . Photo taken about \ m i l e 

n o r t h of the K e t t l e V a l l e y Sawmill on A l l i s o n Creek. 

P i g , 2: Close-up of the b r e c c i a s showing the a n g u l a r i t y 

and the wide range i n the s i z e of the fragments. 





PLATE 5 

Sedimentary Textures 

P i g . 1: Large a n g u l a r much f r a c t u r e d quartz g r a i n . Cement 

i s a carbonate. Crossed n i c o l s , X 55. 

P i g . 2: Photo of a t h i n s e c t i o n taken from a c o n c r e t i o n . 

Note the extreme a n g u l a r i t y of the g r a i n s . Large g r a i n i n 

the ce n t e r i s q u a r t z . The cement i s a carbonate which has 

a p p a r e n t l y r e p l a c e d much of the o r i g i n a l m a t r i x as few of 

the g r a i n s are a c t u a l l y i n c o n t a c t . Crossed n i c o l s , X 55. 





PLATE 6 

Sedimentary Textures 

P i g . 1: Remnant of a f e l d s p a r c r y s t a l almost completely 

r e p l a c e d by carbonate. S e c t i o n taken from outcrop a t the 

r e a r of the Caribou Brewery a t P r i n c e t o n . Crossed n i c o l s , 

X 55. 

P r i n c e t o n Ash 

P i g . 2: P r i n c e t o n Ash exposed on the Tulameen R i v e r . E n t i r e 

exposure i s ash. The change i n weathering c h a r a c t e r i s t i c s 

i n the upper p a r t probably r e f l e c t s the f a c t t h a t the lower 

p a r t has been only r e c e n t l y exposed by road work. T h i s i s 

the l o c a l i t y where a b i o t i t e sample was obtained f o r potassium-

argon d a t i n g . 





PLATE 7 

P r i n c e t o n Ash 

P i g . 1: Blocky f r a c t u r e of the P r i n c e t o n Ash below the 

unconformity. Photo from the outcrop immediately west of 

the Tulameen b r i d g e . 

P i g . 2: Unconformity w e l l marked by change of f r a c t u r e and 

bedding. S e c t i o n of P r i n c e t o n Ash immediately west of the 

Tulameen b r i d g e . Both the beds above and below the unconformity 

are ash. 





PLATE 8 

P r i n c e t o n A s h 

P i g . 1: Close-up o f t h e u n c o n f o r m i t y i n the P r i n c e t o n A s h . 

P i c k i s d r i v e n i n t o the b e n t o n i t i c l a y e r . 

P i g . 2: P h o t o m i c r o g r a p h o f the P r i n c e t o n Ash showing 

p a r a l l e l i s m o f b i o t i t e and e l o n g a t e c r y s t a l f r a g m e n t s . 

S e c t i o n cut f r o m t h e l o c a l i t y i m m e d i a t e l y west o f t h e 

Tulameen b r i d g e and from below the u n c o n f o r m i t y . X 30. 





PLATE 9 

P r i n c e t o n Ash 

P i g . 1: Corroded f e l d s p a r fragment of P r i n c e t o n Ash 

surrounded by g l a s s and l e s s e r fragments. Crossed n i c o l 

X 55. 

F i g . 2: Zoned f e l d s p a r from the base of the exposure of 

P r i n c e t o n Ash on the Tulameen R i v e r . Crossed n i c o l s , X 



W 



PLATE 10 

P r i n c e t o n Ash 

P i g . 1: Corroded b i o t i t e g r a i n from the P r i n c e t o n Ash under 

crossed n i c o l s . L i g h t e r i n d i s t i n c t p a t c h i n the upper l e f t 

i s an i n c l u s i o n . X 55« 

P i g . 2: I n c l u s i o n i n P r i n c e t o n Ash of l a v a with m i c r o l i t e s 

of f e l d s p a r , but the boundaries not d i s t i n c t , f a d i n g 

g r a d u a l l y i n t o the surrounding g l a s s . X 55» 





PLATE 11 

Princeton Ash 

Pig, 1: Small i n c l u s i o n of a volcanic with feldspar micro-

l i t e s i n the Princeton Ash, Boundary of i n c l u s i o n d i s t i n c t . 

Dark spherical bodies represent l o c a l i z e d areas of 

d e v i t r i f i c a t i o n . X 55. 

F i g . 2: Coarse feldspar fragments from the Princeton Ash 

showing minor amounts of rounding but l i t t l e or no corrosion. 

Fragments surrounded by glass, dark minerals, b i o t i t e and 

organic matter. X 55* 





PLATE 12 

P r i n c e t o n Ash 

P i g . 1: Sharp an g u l a r f e l d s p a r fragments from the P r i n c e t o n 

Ash showing no rounding or c o r r o s i o n , completely surrounded 

by v o l c a n i c g l a s s . Dark g r a i n s are b i o t i t e . Minor p a r a l l e l i s m 

of g r a i n s . X 55 • 

P i g . 2 : G l o m e r o p o r p h y r i t i c t e x t u r e of the P r i n c e t o n Ash 

surrounded by g l a s s c o n t a i n i n g f e l d s p a r m i c r o l i t e s . Note the 

zoning and s t r o n g i n t e r f e r e n c e , one c r y s t a l w i t h another. 

Taken from the Tulameen R i v e r s e c t i o n of the P r i n c e t o n Ash. 

Crossed n i c o l s , X 55. 





PLATE 13 

P r i n c e t o n Ash 

P i g . 1: A rounded f e l d s p a r fragment from the P r i n c e t o n Ash 

which has been b r e c c i a t e d and then cemented by v o l c a n i c 

g l a s s . F e l d s p a r fragments are i n o p t i c a l c o n t i n u i t y . I t 

appears t h a t some of the g r a i n may have been r e p l a c e d ( o r 

p a r t l y f u s e d a l o n g cracks) by the g l a s s . Crossed n i c o l s , 

X 55. 

Summers Creek S e c t i o n 

F i g . 2: T u f f s and t u f f a c e o u s sandstone outcrops on Summers 

Creek about t h r e e m i l e s above j u n c t i o n w i t h A l l i s o n Creek. 





PLATE 14 

Summers Creek S e c t i o n 

P i g . 1: Weathering p a t t e r n of t u f f s , t u f f a c e o u s sandstones 

on Summers Creek. 

P i g . 2: Same outcrop as f i g . 1, showing the minor amounts 

of s h a l y m a t e r i a l a t the base o f the c l i f f s . 





PLATE 15 

Summers Creek S e c t i o n 

P i g . 1: P e t r i f i e d wood found i n g l a c i a l d r i f t , but 

a s s o c i a t e d w i t h ' t u f f a c e o u s sandstones s i m i l a r to those on 

Summers Creek west of the exposure photographed i n P l a t e 14. 

P i g . 2: L o c a l i t y as above i n g l a c i a l d r i f t . The c e n t r a l 

dark area i n the round-sandstone e r r a t i c i s p e t r i f i e d wood. 

The r a d i a t i n g rays are zones of s i l i c i f i c a t i o n ( c h a l c e d o n i c ) 

which a p p a r e n t l y r e p r e s e n t the r o o t system or branching of 

the c e n t r a l t r e e . The main mass i s coarse t u f f a c e o u s sandstone 

which has been s i l i c a cemented. I t appears t h a t the t r e e 

trunk acted i n some manner as a p r e c i p i t a t i n g agent f o r the 

s i l i c a . 





PLATE 16 

Summers Creek S e c t i o n 

F i g . 1: P e t r i f i e d t r e e base from t u f f a c e o u s sandstone on 

Summers Creek. 

V e r m i l i o n B l u f f s S e c t i o n 

F i g . 2: V e r m i l i o n B l u f f s l o o k i n g n o r t h e a s t shows the 

i r r e g u l a r nature of the bedding, and the p r o j e c t i n g 

c h a r a c t e r i s t i c o f the s i l i c i f i e d l i m e s t o n e . 





PLATE 17 

V e r m i l i o n B l u f f s S e c t i o n 

P i g . 1: Chert nodule i n b e n t o n i t i c m a t e r i a l s immediately 

below p e n c i l . Band i n the upper r i g h t hand corner i s f i b r o u s 

c a l c i t e . Prom lowermost f i v e f t . of s e c t i o n . 

P i g . 2: R e s i s t a n t beds are d o l o m i t i c l i m e s t o n e s , whereas 

r e c e s s i v e beds are s h a l e . 





PLATE 18 

V e r m i l i o n B l u f f s S e c t i o n 

P i g . 1: Bedding of the c e n t r a l p a r t of the b l u f f s . Note 

the l e n t i c u l a r nature of the bed of s i l i c i f i e d l i mestone t o 

the l e f t of the p i c k . 

P i g . 2: Weathered s u r f a c e of a li m e s t o n e band which appears 

very s i m i l a r to r e c e n t t u f a d e p o s i t s i n general appearance. 





PLATE 19 

V e r m i l i o n B l u f f s S e c t i o n 

P i g . 1: Euhedral dolomite (?) c r y s t a l s ( l i g h t grey) i n the 

c e n t e r . The o r i g i n a l porous nature of the rock i s a g a i n 

suggested by the l o c a l i z a t i o n of the euhedral c r y s t a l s which 

a p p a r e n t l y l i n e d the c a v i t y and were coated by chalcedony. 

Crossed n i c o l s , X 55» 

P i g . 2: Prom V e r m i l i o n B l u f f s , c a v i t y f i l l e d p r i n c i p a l l y by 

quartz surrounded by a d i s c o n t i n u o u s band of chalcedony, 

which i n t u r n i s surrounded by an i n t i m a t e i n t e r g r o w t h of 

anhedral c a l c i t e and chalcedony i n equal amounts. Crossed 

n i c o l s , X 30. 





PLATE 20 

V e r m i l i o n B l u f f s S e c t i o n 

P i g . 1: A few euhedral c r y s t a l s of dolomite f o l l o w e d by 

f i b r o u s chalcedony and an i n n e r zone of f i n e q u a r t z . 

Crossed n i c o l s , X 30. 

P i g . 2: Prom V e r m i l i o n B l u f f s , t r i a n g u l a r carbonate fragment 

b e i n g r e p l a c e d by f i b r o u s chalcedony. Crossed n i c o l s , X 30. 





PLATE 21 

V e r m i l i o n B l u f f s S e c t i o n 

P i g . 1: View of the V e r m i l i o n B l u f f s s e c t i o n showing 

i r r e g u l a r i t y of the l a m i n a t i o n w i t h i n the l a r g e r u n i t s ( t o 

r i g h t of p i c k h a n d l e ) . 

P i g . 2 : Diatoms from the lowermost exposed p o r t i o n of 

V e r m i l i o n B l u f f s . X 55. 





PLATE 22 

Myrmekitic Texture 

P i g . 1: Myrmekitic t e x t u r e from a boulder of the conglomerates 

on Summers Creek. Crossed n i c o l s , X 55* 

P i g . 2: Myrmekitic t e x t u r e taken from a s e c t i o n of the Osprey 

Lake I n t r u s i o n . Crossed n i c o l s , X 55» 





PLATE 23 

M i c r o p e r t h i t e 

P i g . 1: Replacement (?) m i c r o p e r t h i t e seen i n the Osprey 

Lake I n t r u s i o n . A l s o found i n the boulder and granule 

conglomerates of the P r i n c e t o n c o a l f i e l d . Crossed n i c o l s , 

X 55. 

F a u l t i n g 

P i g . 2: Small f a u l t i n V e r m i l i o n B l u f f s s e c t i o n w i t h east 

s i d e down. View l o o k i n g n o r t h . 





PLATE 24 

REGIONAL STRUCTURE 

OP THE PRINCETON COALFIELD 

A f t e r R i c e (1947) 

S c a l e - l " a 4 m i # 
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COLLECTION O P SAMPLES 

I t was f e l t t h a t to be of g r e a t e s t v a l u e , both 

f o r a g e o l o g i c a l c o r r e l a t i o n t o o l and f o r a f l o r a l a n a l y s i s , 

the s t r a t i g r a p h i c r e l a t i o n s h i p of one sample to another 

should be known. For t h i s reason, remapping of the P r i n c e t o n 

c o a l f i e l d was undertaken. 

Samples were taken from 2 5-foot s t r a t i g r a p h i c 

i n t e r v a l s wherever exposure p e r m i t t e d . In many cases where 

only s c a t t e r e d outcrops of 5 to 20 f e e t s t r a t i g r a p h i c were 

exposed, separate samples were c o l l e c t e d from each outcrop. 

Samples were not c o l l e c t e d from coarse sandstones 

u n l e s s they contained l e n s e s of sh a l y m a t e r i a l . Coal seams 

were c o l l e c t e d s e p a r a t e l y from s h a l e i f p o s s i b l e , as coal 

r e q u i r e s a d i f f e r e n t treatment from s h a l y or s i l t y m a t e r i a l , 

and r e p r e s e n t s d i f f e r e n t e c o l o g i c a l and sedimentary 

c o n d i t i o n s . 

Samples of unknown s t r a t i g r a p h i c r e l a t i o n s h i p 

were taken from mine workings on Lamont Creek (Blue Flame) 

and on the Similkameen a t A s h n o l a . 

In order to e l i m i n a t e the p o s s i b i l i t y of r e c e n t 

contamination, the outer s i x to e i g h t inches were removed. 

The samples were then taken from the i n n e r f a c e of the 

channel. I f there was s t i l l a p o s s i b i l i t y of contamination, 

the samples were washed thoroughly b e f o r e maceration. 
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TREATMENT OP SHALES, SILTS AND PINE SANDSTONES 

S e v e r a l methods have been employed i n the past 

to separate f o s s i l spores and p o l l e n from the enveloping 

r o c k . Raistrick(1934) m o d i f i e d the then c u r r e n t method of 

peat treatment to c o a l s . Subsequent to t h i s work, numerous 

improvements, changes and new techniques have a r i s e n . The 

reader i s r e f e r r e d to the f o l l o w i n g f o r f u r t h e r d e t a i l s : 

Arms, I960; Erdtman, 1943; Funkhouser and E v i t t , 1959; 
H o i s t , 1954; J e f f o r d s and Jones, 1959; R a i s t r i c k and 

Simpson, 1933; R a i s t r i c k , 1934, 1937; S t a p l d n et a l , I960; 
Tschudy, 1958, I960; Wilson, 1946, 1959; Wodehouse, 1933. 

The g e n e r a l method used f o r the P r i n c e t o n shales 

i n v o l v e d macerating the shale or c o a l to a s i z e range of 

l / l 6 to 1/4 i n c h , t a k i n g care not to powder the sample. 

The samples were then t r e a t e d w i t h HCI to remove any 

carbonate, HP to remove i n o r g a n i c matter, HNO^ and a 

m o d i f i e d S c h u l t z e ' s s o l u t i o n to o x i d i z e the carbonaceous 

fragments, and K2CO3 to d i s s o l v e o x i d i z e d o r g a n i c matter. 

S e v e r a l experiments were c a r r i e d out to t e s t the 

e f f e c t i v e n e s s of v a r y i n g c o n c e n t r a t i o n s of a c i d s , t h e i r 

e f f e c t on spore and p o l l e n g r a i n s , and to see i f any one 

treatment could be adopted f o r the P r i n c e t o n s h a l e s . The 

f o l l o w i n g i s an o u t l i n e of such experiments and t h e i r 

r e s u l t s • 
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H y d r o c h l o r i c A c i d 

As the sediments are d i f f e r e n t i a l l y cemented 

w i t h carbonate i t i s necessary to t r e a t every sample wi t h 

h y d r o c h l o r i c a c i d p r i o r to the h y d r o f l u o r i c a c i d treatment. 

While some samples r e q u i r e d l i t t l e or no h y d r o c h l o r i c a c i d 

treatment, many were s t r o n g l y e f f e r v e s c e n t . I t i s recom

mended t h a t a ten to twenty percent s o l u t i o n be used and 

allowed to stand f o r s e v e r a l hours, p r e f e r a b l y o v e r n i g h t . 

The r e a s o n f o r not u s i n g a h i g h e r c o n c e n t r a t i o n f o r a 

s h o r t e r l e n g t h of time i s : ( l ) i f the sediment i s h e a v i l y 

carbonated, v i o l e n t r e a c t i o n ensues; (2) carbonate from 

l a r g e r fragments may not be d i g e s t e d as the a c i d may not 

have time to p e n e t r a t e ; and (3) the sludge formed by thorough 

removal of carbonate i s more r e a c t i v e and t h e r e f o r e r e q u i r e s 

l e s s time f o r the h y d r o f l u o r i c a c i d treatment. The amount 

of d i l u t e h y d r o c h l o r i c a c i d added should vary depending 

on the p e r c e n t of carbonate p r e s e n t . A check should always 

be made to ensure complete removal of carbonate b e f o r e 

h y d r o f l u o r i c a c i d i s added. 

H y d r o f l u o r i c A c i d 

Shales, s i l t s and f i n e sandstones a l l r e q u i r e 

the same treatment. Each sample should be immersed i n a 

volume of h y d r o f l u o r i c acid:sample of not l e s s than 5:1 

and p r e f e r a b l y 10:1, and allowed to stand f o r at l e a s t 24 
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h o u r s . Longer p e r i o d s of time may serve to remove minor 

s i l i c e o u s m a t e r i a l s , and as h y d r o f l u o r i c a c i d i s non-

r e a c t i v e to carbonaceous matter, i t i s i n no way d e t r i m e n t a l . 

I f t h i s treatment i s incomplete i t w i l l be found t h a t a 

thorough washing and retreatment w i t h h y d r o f l u o r i c a c i d 

w i l l be more e f f e c t i v e and w i l l r e q u i r e l e s s time than 

a d d i t i o n of a f r e s h a c i d to an a l r e a d y spent s o l u t i o n . 

I f o n l y a minor amount of s i l i c e o u s m a t e r i a l 

remains, i t may be e f f e c t i v e l y removed by proper 

c e n t r i f u g i n g . I f the s i l i c a f r a c t i o n i s g r e a t e r than the 

o r g a n i c matter, then retreatment i s recommended. I f s t r o n g 

or even m i l d e f f e r v e s c e n s e s are noted on f i r s t adding 

h y d r o f l u o r i c a c i d , incomplete removal of carbonate i s 

i n d i c a t e d . I f the r e a c t i o n proceeds f o r any l e n g t h of time, 

the m a t e r i a l should be d i s c a r d e d , as the calcium f l u o r i d e 

c r y s t a l s produced are i n s o l u b l e and may completely mask 

any spore or p o l l e n g r a i n s p r e s e n t . I f the r e a c t i o n becomes 

v i o l e n t i t may generate enough heat to melt the p o l y e t h y l e n e 

c o n t a i n e r . C autions: H y d r o f l u o r i c a c i d should never be 

poured i n t o other than a p o l y e t h y l e n e , copper or l e a d 

c o n t a i n e r ; h y d r o f l u o r i c a c i d should not be added to any 

m a t e r i a l that has not been checked and rechecked f o r the 

presence of a carbonate; always dampen the sample w i t h 

water and add h y d r o f l u o r i c a c i d s l o w l y . 
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N i t r i c A c i d 

A r a t i o of 2:1 of n i t r i c a c i d to water f o r 

f i f t e e n to s i x t e e n hours i s recommended f o r treatment of 

carbonaceous m a t e r i a l s from P r i n c e t o n . Concentrated n i t r i c 

a c i d r e q u i r e s o n l y f o u r to s i x hours. The advantage of 

u s i n g 2/3 s t r e n g t h i s t h a t i t may be l e f t f o r s e v e r a l days 

without a p p a r e n t l y a f f e c t i n g spore and p o l l e n g r a i n s , 

whereas an hour may be c r i t i c a l when u s i n g concentrated 

n i t r i c a c i d or S c h u l t z e ' s s o l u t i o n . 

Treatment w i t h S c h u l t z e ' s s o l u t i o n ( n i t r i c a c i d 

p l u s potassium c h l o r a t e p l u s water) i s not recommended, as 

i t i s d i f f i c u l t to gauge when the r e a c t i o n has gone f a r 

enough. In a d d i t i o n , i n c r e a s e d d e n s i t y and v i s c o s i t y l e a d 

to d i f f i c u l t y i n proper c e n t r i f u g i n g . 

Potassium Carbonate 

Potassium carbonate s o l u t i o n was used to d i s s o l v e 

o x i d i z e d m a t e r i a l i n a l l p r e p a r a t i o n s . The s t r e n g t h of the 

s o l u t i o n was v a r i e d from three to t e n percent on the same 

specimen i n order to compare r e s u l t s . In the case of 

s t r e n g t h s below f i v e p e r c e n t , incomplete d i s s o l u t i o n was • 

noted f o r s h o r t p e r i o d s , i . e . l e s s than three to f o u r hours. 

For s t r e n g t h s g r e a t e r than f i v e p e r c e n t , the carbonate 

s o l u t i o n could be added, a g i t a t e d and washed immediately. 
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The i n c r e a s e d d e n s i t y r e s u l t i n g from the high e r 

c o n c e n t r a t i o n s f o l l o w e d by improper c e n t r i f u g i n g r e s u l t e d 

i n a h i g h l o s s o f spore and p o l l e n g r a i n s . I t i s , 

t h e r e f o r e , recommended t h a t a s t r e n g t h of f i v e to s i x 

percent potassium carbonate not be exceeded. 

S c h u l t z e ' s S o l u t i o n 

Many of the samples, a f t e r h a v i n g r e c e i v e d the 

above treatment, s t i l l r e q u i r e d f u r t h e r treatment to c l e a r 

spore and p o l l e n g r a i n s of carbonaceous c o a t s . S e v e r a l 

samples were d i v i d e d , and one - h a l f t r e a t e d w i t h concentrated 

n i t r i c a c i d , the other h a l f w i t h a m o d i f i e d dry S c h u l t z e ' s 

s o l u t i o n ( 2 to 3% potassium c h l o r a t e c r y s t a l s p l u s 

concentrated n i t r i c a c i d ) . In a l l cases the n i t r i c a c i d 

was not con s i d e r e d a s t r o n g enough o x i d i z i n g agent, while 

i n the case of the dry S c h u l t z e ' s s o l u t i o n , e x c e l l e n t 

r e s u l t s were obtained i n m a t e r i a l s t r e a t e d f o r one to two 

hours. I t i s , t h e r e f o r e , recommended t h a t i f i n i t i a l 

treatments w i t h n i t r i c a c i d are i n s u f f i c i e n t , the a d d i t i o n 

of a smal l amount of potassium c h l o r a t e w i l l g r e a t l y 

improve the p r e p a r a t i o n . 

I f too much potassium c h l o r a t e i s added, the 

d e n s i t y of the r e s u l t a n t l i q u i d , combined w i t h f i l m s of 

r e l e a s e d gas c l i n g i n g to the s u r f a c e of organic p a r t i c l e s , 

w i l l r e s u l t i n a f r o t h forming on the s u r f a c e of the 

l i q u i d . In some cases, there i s a s e l e c t i v e removal of 
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extraneous carbonaceous matter which may simply be 

d i s c a r d e d . In many cases, however, spores are a l s o f l o a t e d 

to the s u r f a c e . In such cases i t i s necessary to cause 

p r e c i p i t a t i o n . T h i s may be done by adding water and a g i t a t i n g , 

or by s p r a y i n g the s u r f a c e w i t h e t h y l a l c o h o l . 

The treatment w i t h S c h u l t z e ' s s o l u t i o n should be 

f o l l o w e d by a second treatment w i t h potassium carbonate. 

However, i n s e v e r a l cases i t was found that simply washing 

i n hot water gave the d e s i r e d e f f e c t , and t h a t the a d d i t i o n 

of potassium carbonate provided l i t t l e or no e f f e c t . 

C aution: The f r o t h should not be d i s c a r d e d without f i r s t 

h a ving checked i t f o r spores and p o l l e n g r a i n s ; the sample 

should not be l e f t i n S c h u l t z e ' s s o l u t i o n f o r lo n g e r than 

two hours, as i n some cases complete d i g e s t i o n of both 

extraneous matter and spores and p o l l e n occurs i n three to 

f i v e hours. 

Washing 

Washing of the sample i s a ve r y important f e a t u r e 

i n o b t a i n i n g good microfos<sil p r e p a r a t i o n s . For example, 

much f i n e o r g a n i c matter can be removed from the prepara

t i o n a f t e r n i t r i c a c i d treatment simply by washing i n hot 

water, f o l l o w e d by c e n t r i f u g i n g . T h i s allows the potassium 

carbonate to r e a c t w i t h i t h i n f i l m s surrounding m i c r o f o s s i l s 

and r e s u l t s i n . c l e a n e r , l e s s obscured spores and p o l l e n . 

Combined w i t h c e n t r i f u g i n g , washing cannot i n any way harm 



the p r e p a r a t i o n , and i s b e n e f i c i a l i n most cases 

C e n t r i f u g i n g 

Prom the s e r i e s of experiments performed on the 

P r i n c e t o n samples i n the l a b o r a t o r y , i t was concluded t h a t 

c e n t r i f u g i n g i s pro b a b l y one of the most important steps 

i n the treatment. I f c e n t r i f u g i n g i s too slow, too l i t t l e 

or employs too l a r g e a tube, e n t i r e p r e p a r a t i o n s can be 

l o s t . However, much of the f i n e r o r g a n i c matter t h a t i s 

f r e e , and which would tend to mask other m a t e r i a l s on the 

s l i d e , can simply be removed by r e g u l a t i n g the time and 

speed a t which c e n t r i f u g i n g i s c a r r i e d out. Incompletely 

d i g e s t e d s i l i c a g r a i n s can be e f f e c t i v e l y removed by 

c e n t r i f u g i n g . T h i s i s done by f i r s t washing a l l the 

m a t e r i a l i n t o one c e n t r i f u g e tube. The s i l i c a g r a i n s are 

h e a v i e r and w i l l s e t t l e f i r s t , r e s u l t i n g i n a l a y e r e d 

c o n d i t i o n i n the c e n t r i f u g e tube ( t e x t , f i g . 8 ) . 

L p M Organic Matter 
\_V I n o r g a n i c Matter 

Text, f i g . 8 - S e p a r a t i o n o f organic and i n o r g a n i c 
matter i n the c e n t r i f u g e tube. 

S e p a r a t i o n i s c a r r i e d out by simply a g i t a t i n g 

the s u r f a c e l a y e r and p o u r i n g o f f the r e s u l t a n t mixture, 
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which co n t a i n s the spore and p o l l e n . I f i t i s suspected 

t h a t the i n o r g a n i c f r a c t i o n c o n t a i n s a h i g h organic content, 

f u r t h e r s e p a r a t i o n may he obtained by r e p e a t i n g the p r o c e s s . 

Using too l a r g e a c e n t r i f u g e tube or too s h o r t a 

c e n t r i f u g e time or too slow a r e v o l u t i o n can r e s u l t i n 

extremely h i g h l o s s o f both spore and p o l l e n . I t i s , t h e r e 

fore, recommended t h a t when t r e a t i n g new m a t e r i a l s , checks 

a t s e v e r a l l e v e l s i n the c e n t r i f u g e tube should be made 

be f o r e d i s c a r d i n g the l i q u i d . T h i s can be done by i n s e r t i n g 

an eye dropper to v a r i o u s l e v e l s and sucking up some of 

the m a t e r i a l . 

— a 
- b 

Text, f i g . 9 - The f i r s t sample 
should be drawn from the t o p . 
Suc c e s s i v e samples should be taken 
p r o g r e s s i v e l y lower. Sample "e" 
should not be taken too c l o s e to 
the sediment as some of the l i g h t e r 
m a t e r i a l s may be drawn up. 

By t h i s method one can l e a r n to gauge c e n t r i f u g i n g so t h a t 

there i s no e x c e s s i v e l o s s o f spores and p o l l e n . I f spores 

are s t i l l i n suspension, they may be removed by: ( l ) i n c r e a s 

i n g the speed of r e v o l u t i o n , (2) i n c r e a s i n g the l e n g t h of 

time of c e n t r i f u g i n g , and (3) d e c r e a s i n g the d e n s i t y o f 

the l i q u i d . In some cases a l l three are r e q u i r e d , as i n 

the case of u s i n g ten p e r c e n t s o l u t i o n of potassium 

carbonate f o r d i s s o l v i n g o x i d i z e d m a t e r i a l s . Caution: 

h y d r o f l u o r i c a c i d should be d i l u t e d before c e n t r i f u g i n g 
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i n a g l a s s tube; improper c e n t r i f u g i n g can r e s u l t i n the 

l o s s of an e n t i r e sample. Always check be f o r e d i s c a r d i n g . 

When u s i n g l a r g e c e n t r i f u g e tubes, i t i s recommended t h a t 

l/4 to l/2 i n c h o f l i q u i d be r e t a i n e d above the p r e c i p i t a t e . 

V i b r a f l u t e 

The v i b r a f l u t e , developed by Tschudy (i960) 

may be used to s u c c e s s f u l l y remove calcium f l u o r i d e or 

other i n s o l u b l e s . I f the sediment c o n t a i n s s i l i c a , i t i s 

best to t r e a t a g a i n w i t h h y d r o f l u o r i c a c i d . The onl y 

disadvantage of the v i b r a f l u t e i s t h a t i t i s ve r y slow; 

however, i n the event t h a t the o r i g i n a l m a t e r i a l i s l i m i t e d , 

i t may be used very e f f e c t i v e l y i n c l e a n i n g up p r e p a r a t i o n s 

c o n t a i n i n g an excess of i n s o l u b l e m a t e r i a l s . 

TREATMENT OP COAL 

The treatment of P r i n c e t o n c o a l r e q u i r e s an 

e n t i r e l y d i f f e r e n t treatment than the s h a l e s , s i l t s or f i n e 

sands. As only a few samples^of c o a l were t r e a t e d , the 

f o l l o w i n g recommendations may not be a p p l i c a b l e to a l l 

c o a l s from the P r i n c e t o n c o a l f i e l d , but should be g e n e r a l l y 

e f f e c t i v e . 
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H y d r o c h l o r i c A c i d 

T h i s treatment can be c a r r i e d out as i n the 

treatment of s h a l e s , e t c . 

H y d r o f l u o r i c A c i d 

In the case of P r i n c e t o n c o a l s there i s always 

some sand p r e s e n t . Because of t h i s i t i s recommended t h a t 

h y d r o f l u o r i c a c i d be added i n the f i n a l stages of treatment 

a f t e r the n i t r i c a c i d . The reason f o r t h i s i s t h a t 

carbonaceous matter surrounds sand g r a i n s and prevents the 

d i g e s t i o n o f the sand. A f t e r the n i t r i c a c i d treatment, 

these g r a i n s are f r e e d o f the c o a t i n g , and may r e a d i l y be 

d i g e s t e d . 

N i t r i c A c i d 

Prom samples t r e a t e d , i t has been found that 

c o n c e n t r a t e d n i t r i c a c i d i s not s t r o n g enough to o x i d i z e 

c o a l p a r t i c l e s , and i t i s recommended t h a t S c h u l t z e ' s 

s o l u t i o n be used i n i t s p l a c e . The l e n g t h of time r e q u i r e d 

f o r the S c h u l t z e ' s treatment v a r i e s from seven to s i x t e e n 

hours• 



- 77 -

D i s s o l v i n g O x i d i z e d Coals 

As f o r s h a l e s , s i l t s and sandstones, potassium 

carbonate was used and found to be a s a t i s f a c t o r y agent. 

I f the sample has been thoroughly o x i d i z e d , i t may be 

washed immediately. 

Washing and C e n t r i f u g i n g 

Washing and c e n t r i f u g i n g f o r c o a l s i s the same 

as f o r s h a l e s except t h a t more washings are u s u a l l y r e q u i r e d . 

F u r t h e r , the r a t i o of spores to extraneous organic matter 

Is lower than i n shales and more care must be taken t h a t 

the m i c r o f o s s i l s are not l o s t d u r i n g washing. 

While s u i t a b l e m a t e r i a l f o r study may be obtained 

from the P r i n c e t o n c o a l s , the p r e s e r v a t i o n i s not as good 

as i n s h a l e s . Many spores and p o l l e n are broken or 

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

s h a l y p a r t i n g s y i e l d b e t t e r p r eserved m i c r o f o s s i l s . 

B e n t o n i t i c C l a y 

While no s p e c i f i c t e s t s were made on b e n t o n i t i c 

c l a y s , i t was observed that t h i s m a t e r i a l r e q u i r e s more 

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

t h e r e f o r e , a d v i s a b l e i n sampling t h a t t h i s m a t e r i a l be 
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excluded from samples. 

S e v e r a l b e n t o n l t e s were analyzed, and the micro-

f o s s i l y i e l d was found to be very low. I t i s recommended, 

t h e r e f o r e , t h a t b e n t o n i t i c m a t e r i a l s be excluded as samples 

u n l e s s they occur i n beds of at l e a s t s e v e r a l f e e t t h i c k n e s s . 

Such beds may re p r e s e n t a c o n s i d e r a b l e gap i n time, and 

may have m i c r o f o s s i l - b e a r i n g l a y e r s , i n which case they 

would p r o v i d e v a l u a b l e i n f o r m a t i o n concerning the f l o r a s 

and ecology. 

PHOTOMICROGRAPHY 

Photomicrographs were taken w i t h a LeiC,a 35 mm. 

camera mounted on a L e i t z GmbH Wetzlar microscope ( S e r . 

#533387)-. The camera mount was a L e i t z Wetzlar attachment 

w i t h a monocular a d j u s t i n g eye p i e c e . Both Adox KB14 and 

Duko Pan f i l m were used and found to be s a t i s f a c t o r y . 

However, the Duko Pan f i l m i s slower and appears to g i v e 

b e t t e r r e s u l t s than Adox KB14 where m i c r o f o s s i l s have not 

taken the s t a i n . The m a j o r i t y of the photographs were taken 

w i t h a green f i l t e r i n s e r t e d i n the l i g h t s o u r c e . A t e s t 

r o l l u s i n g Duko Pan f i l m without the green f i l t e r i n d i c a t e d 

t h at s a t i s f a c t o r y r e s u l t s on very low c o n t r a s t m i c r o f o s s i l s 

(non-stained) c o u l d be o b t a i n e d . T h i s method should be 

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

do not take the s t a i n . 
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TAXONOMIC REMARKS 

In the f o l l o w i n g d e s c r i p t i o n of the m i c r o f o s s i l s 

from the P r i n c e t o n c o a l f i e l d , many have been a s s i g n e d to 

modern genera, whereas others have been assigned to f o s s i l 

genera. Those f a l l i n g i n t o the second category ( i . e . form 

genera) can be s u b d i v i d e d i n t o two groups: (a) those of 

suspected modern a f f i l i a t i o n s , and (b) those of unknown 

modern a f f i l i a t i o n s . S e v e r a l have been l i s t e d simply as 

u n i d e n t i f i e d as they cannot be a s s i g n e d to e i t h e r a modern 

genus or to a p r e v i o u s l y d e s c r i b e d f o s s i l genus. Both the 

f o s s i l s of known modern a f f i l i a t i o n s and those of suspected 

modern a f f i l i a t i o n s have been d e s c r i b e d and mounted on the 

p l a t e s i n a p h y l o g e n e t i c sequence as o u t l i n e d by Rouse 

( 1 9 5 7 , 1 9 5 9 ) . Those known onl y by a f o s s i l genus w i l l be 

d e a l t w i t h i n a l p h a b e t i c a l o r d e r . Those t h a t have not 

been i d e n t i f i e d or a s s i g n e d to a f o s s i l genus w i l l be 

i n c l u d e d on the p l a t e s as u n i d e n t i f i e d spores or p o l l e n 

w i t h o n l y a b r i e f d e s c r i p t i o n i n the t e x t . 

A designate system was not used, except where 

f o s s i l s have been a s s i g n e d a designate by p r e v i o u s workers 

( i . e . P i s t i l l i p o l l e n i t e s m c g r e g o r i i , Rouse, 1 9 6 2 , designate 

Q 4 7 ) . While a designate system has not been used i n t h i s 

t h e s i s , i t i s not meant to imply t h a t designates are not 

of v a l u e . On the c o n t r a r y i t i s f e l t t h a t where one i s 

d e a l i n g w i t h a l a r g e number of unknowns, a designate system 
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p r o b a b l y p r o v i d e s the b e s t method of s u b d i v i d i n g them. For 

the l i m i t e d number of unknowns d e s c r i b e d here, i t i s not 

f e l t t h a t a designate system i s r e q u i r e d . F u r t h e r , a 

designate system can be more e a s i l y a p p l i e d to graphs and 

c h a r t s than the a c t u a l name of the f o s s i l . 

spores and p o l l e n to s p e c i e s , but r a t h e r to a s s i g n them 

to the c l o s e s t modern genus, and i f p o s s i b l e , s p e c i e s . An 

e x t e n s i v e review of p r e v i o u s l y d e s c r i b e d Eocene m i c r o f o s s i l s 

has been made. Where the r e i s l i t t l e or no doubt t h a t the 

P r i n c e t o n sample i s i d e n t i c a l w i t h the p r e v i o u s l y d e s c r i b e d 

f o s s i l , i t has been assigned to t h a t genus and s p e c i e s 

( i . e . Alnus q u a d r i p o l l e n i t e s , Rouse, 1962, Pinus s t r o b i p i t e s , 

Wodehouse, 1933)• Although some o f the f o s s i l s d e s c r i b e d 

and assigned to a genus r e p r e s e n t new s p e c i e s , no attempt 

has been made to a s s i g n them s p e c i e s names. The reason f o r 

t h i s i s t h a t the w r i t e r would l i k e to make a more thorough 

review of the l i t e r a t u r e before a s s i g n i n g s p e c i e s names to 

a v o i d the problem of synonymy. 

The f o l l o w i n g t a b l e i s the taxonomic c l a s s i f i c a t i o n 

used by Rouse (1959): 

I t i s not the purpose here to i d e n t i f y the v a r i o u s 

D i v i s i o n C l a s s 

Bryophyta Hepaticae 
Anthocerotae 
Musci 

P s i l o p h y t a P s i l o p h y t o p s i d a 
P s i l o t o p s i d a 

Lepidophyta L y c o p s i d a 
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D i v i s i o n C l a s s 

Calamophyta Sphenopsida 

Pterophyta P i l i c o p s i d a 

Spermatophyta Pteridospermopsida 
Gymno sp ermop s i da 
Angiospermopsida 

PLANT MICROPOSSIL DESCRIPTIONS 

D i v i s i o n FUNGI IMPERFECTI 

Order MONILTALES 

Family DEMATACEAE 

Genus BRACHTSPORIUM Saccardo 

BRACHYSPORIUM sp. 

P l a t e 2 5 , f i g . 1 - 2 . 

The spores a s s i g n e d to t h i s genus probably belong 

to two s p e c i e s . 

- 3:1 - 2 : 1 ; m u l t i c e l l u l a r w i t h a t l e a s t three p e r f o r a t e 

c r o s s w a l l s . There i s a su g g e s t i o n of a pore a t the base 

( s m a l l e s t c e l l ) . T h i s , however, may only r e p r e s e n t the 

o r i g i n a l p o i n t of attachment. The cross w a l l s are b i l o b e d 

and t r i a n g u l a r , and are of v a r i a b l e t h i c k n e s s ( l - 3ju) 

w i t h the w a l l forming the a p i c a l c e l l being the t h i c k e s t . 

The a p i c a l c r oss w a l l may re a c h 7 - 8Uin t h i c k n e s s . 

(1 ) v a r i a t i o n i n the a p i c a l c e l l s i z e ( e i t h e r l a r g e s t o f 

a l l c e l l s or s m a l l e s t c e l l , ( 2 ) the general shape ( e i t h e r 

D i a g n o s i s : Spores 20 - 5 0 M long; l e n g t h : w i d t h 

The reasons f o r s u g g e s t i n g two s p e c i e s a r e : 
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g l o b u l a r or e l o n g a t e - f u s i f o r m ) . 

The o n l y comparative f o s s i l m a t e r i a l known to the 

w r i t e r i s the specimen r e f e r r e d to as Brachysporium sp., 

Wilson and Webster (1946). While the shape and s i z e of the 

l a r g e r g l o b u l a r spore ( P l a t e 25, f i g . 1) i s ve r y s i m i l a r , 

the t r i a n g u l a r cross w a l l s a r e d i r e c t e d forward, whereas 

the specimen d e s c r i b e d by Wilson and Webster c l e a r l y shows 

the t r i a n g u l a r w a l l p o i n t i n g towards the base. 

Genus DESMIDIOSPORA Thaxter 

DESMIDIOSPORA sp. ( M i c r o c o n i d i a ) 

P l a t e 25, f i g . 3. 

D i a g n o s i s : Spore sma l l 16 - 20LX, edges convolute, 

w i t h no obvious openings or p o r e s . The conidium w a l l i s 

t h i c k (1 - 2JJ0 , h y a l i n e and p s i l a t e . Of the two c o n i d i a 

observed one s t i l l r e t a i n e d the co n i d i o p h o r e . 

Cf. Desmidiospora sp. 

Bar n e t t , 1955, p. 134, 1st ed. 

Bar n e t t , I960, p. 126, 2nd ed. 

D i v i s i o n MYCOTA 

S u b d i v i s i o n EUMYCOTA 

Cl a s s ASCOMYCETES 

Remarks: Spores b e l o n g i n g to the Ascomycetes are 

ve r y common i n the P r i n c e t o n m a t e r i a l s , and range i n s i z e 

from l e s s than 5yL>to 35,0. While chains o f spores i n d i c a t i n g 

the arrangement i n the ascus are uncommon i n the f o s s i l 
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m a t e r i a l , they were observed i n enough i n s t a n c e s f o r the 

w r i t e r t o s t a t e w i t h confidence that the s i n g l e spores 

which are g l o b u l a r i n shape, t h i c k w a l l e d (2 - 3JLL t h i c k ) , 

and w i t h one or two areas s l i g h t l y f l a t t e n e d , a c t u a l l y 

belong to t h i s c l a s s . I t i s a l s o probable t h a t those 

s p e c i e s d e s c r i b e d as I n a p e r t i s p o r i t e s l a e v i g a t u s and I . 

globossus by Rouse (1962) are a c t u a l l y spores b e l o n g i n g to 

f u n g i of t h i s c l a s s . S e v e r a l spores w i t h i n a s i n g l e ascus 

were measured and found to range from 12 - 18^.. Although 

t h i s p r o b a b l y r e p r e s e n t s an immature ascus, the wide range 

of spore s i z e w i t h i n one ascus p o i n t s out the problem of 

r e l y i n g on s i z e as a c r i t e r i o n f o r the r e c o g n i t i o n of 

s p e c i e s of Ascomycetes spores. 

Genus INAPERTISPORITES Van der Hammen 1955 
ex Rouse 1959 

INAPERTISPORITES sp. (?) 

P l a t e 2 5 , f i g . 4 - 5 . 

D i a g n o s i s : S i z e 5 - s p h e r i c a l , i n a p e r t u r a t e , 

t h i c k w a l l e d ( l j ^ t ) ; h y a l i n e . These small spores were 

observed on s e v e r a l s l i d e s , but only on those c o n t a i n i n g 

l i t t l e extraneous o r g a n i c matter. 

INAPERTISPORITES GLOBOSSUS Rouse 1962 

P l a t e 2 5 , f i g . 6 . 

There i s no doubt that the specimens from the 

P r i n c e t o n are i d e n t i c a l w i t h those from the B u r r a r d . The 
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s i z e of the P r i n c e t o n specimens ranges from 25 - 35/^which 

i s some 5/xless than the maximum r e p o r t e d by Rouse. 

INAPERTISPORITES LAEVTGATUS Rouse 1959 

P l a t e 25, f i g . 7. 

Specimens from P r i n c e t o n , which are i d e n t i c a l i n 

a l l r e s p e c t s to those r e f e r r e d t o as I . l a e v i g a t u s (Rouse, 

1959) are common f u n g a l components of the P r i n c e t o n micro

f l o r a . I t has a l r e a d y been p o i n t e d out, however, t h a t i n 

a s i n g l e c h a i n the s i z e was observed to range from 12 - 18o. 

INAPERTISPORITES sp. 

P l a t e 25, f i g . 8. 

D i a g n o s i s : Elongate, c a . 1^ times as l o n g as 

wide (16̂ <-X 12ju); ends d i s t i n c t l y f l a t t e n e d . Spore w a l l 

l a e v i g a t e and ca. 1^ - 2JJ. t h i c k . 

Whether t h i s specimen i s d i s t i n c t from those 

p r e v i o u s l y d e s c r i b e d i s not c e r t a i n . I t may r e p r e s e n t a 

f l a t t e n e d specimen of I . l a e v i g a t u s . The extreme f l a t t e n i n g 

on the p o l e s i s not a c h a r a c t e r i s t i c of I . l a e v i g a t u s . 

Division BRYOPHYTA 

C l a s s MTJSCI 

Order SPHAGNALES 

' Fam i l y SPHAGNACEAE 

Genus SPHAGNUM E h r h a r t 1870 
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SPHAGNUM sp. 

P l a t e 25, f i g . 9 - 11. 

D i a g n o s i s : Spores t r i l e t e w i t h the rays extending 

at l e a s t 2/3 of the d i s t a n c e to the equator. The t e x t u r e 

i s f a i n t l y to b r o a d l y punctate to g r a n u l a r ( ? ) • A l l the 

g r a i n s observed were t r i a n g u l a r i n o u t l i n e w i t h the corners 

w e l l rounded. The s i z e range (max. dimension) observed 

v a r i e d from 28 - 32pi. The w a l l i s 1 - 2/x t h i c k . 

There i s l i t t l e doubt t h a t t h i s g r a i n i s a 

d i f f e r e n t s p e c i e s than t h a t d e s c r i b e d as S. a n t i q u a s p o r i t e s , 

Wilson and Webster (1946), but i s very s i m i l a r to S. 

p u n c t a e s p o r i t e s , Rouse (1959). Lack of comparative m a t e r i a l 

prevents comparison w i t h modern s p e c i e s , although the specimens 

are w e l l preserved and would l e n d themselves to comparison. 

D i v i s i o n PTERIDOPHYTA 

Order EQUISETALES 

Fam i l y EQUISETACEAE 

Genus INAPERTUROPOLLENITES Thompson and 
P f l u g 1953 

INAPERTUROPOLLENITES sp. 

P l a t e 25, f i g . 12. 

D i a g n o s i s : Grains 40 - 44yU i n diameter; s p h e r i c a l ; 

a f o l d or pseudomonolete u s u a l l y present; w a l l t h i c k n e s s 

l e s s than IJJL; t e x t u r e g r a n u l a r to l e v i g a t e . 

Of the comparative m a t e r i a l a v a i l a b l e (Populus, 

Cupressaceae and Equisetum) the specimens observed most 

c l o s e l y resemble Equisetum. The presence of l a r g e numbers 
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of m a c r o f o s s i l s of Equisetum suggests that the i d e n t i f i c a 

t i o n i s not unwarranted. 

D i v i s i o n PTEROPHYTA 

Cl a s s PILICOPSIDA 

Order PILICALES 

Family OSMUNDACEAE 

Genus OSMUNDACIDITES Couper 1953 

OSMUNDACIDITES sp. 

P l a t e 25, f i g . 13 - 15. 

D i a g n o s i s : Spores l a r g e , 68 - 14/LA ( observed); 

s p h e r i c a l ; t r i l e t e w i t h rays extending c a . l / 2 the d i s t a n c e 

to the margin. The t e x t u r e i s v e r m i c u l o p a p i l l a t e w i t h the 

maximum observed l e n g t h of p a p i l l a e about 3y>L. The w a l l i s 

r e l a t i v e l y t h i n (l^jj) • Many of the g r a i n s a re f o l d e d and 

appear p r o l a t e i n shape. 

These g r a i n s a re not u n l i k e 0. j a v a n i c a d e s c r i b e d 

and i l l u s t r a t e d by Macko (1959). 

OSMUNDACIDITES sp. 

P l a t e 25, f i g . 16. 

D i a g n o s i s : Spores c a . 44̂ LA long; t r i l e t e w i t h 

l a e s u r a e extending almost to the p e r i p h e r y ; p a p i l l a t e w i t h 

p a p i l l a e c a . 2 - 3//. i n l e n g t h and rounded i n t r a n s v e r s e 

s e c t i o n ; g r a i n s almost i n v a r i a b l y f o l d e d . 

These g r a i n s compare f a v o r a b l y w i t h the modern 

s p e c i e s 0. cinamomea and the f o s s i l Osmundacidites p r i m a r i u s , 
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D i v i s i o n PTERIDOPHYTA 

C l a s s PILICALES 

Order OPHIOGLOSSALES 

Family OPHIOGLOSSACEAE 

Genus BOTRYCHIUM Swartz 1906 

BOTRYCHIUM sp. 

P l a t e 25, f i g . 17 - 18. 

D i a g n o s i s : Spores t r i l e t e ; c a . 32 - 36^; rounded 

t r i a n g u l a r ; w a l l s c a . 1 - l^ju t h i c k ; t e x t u r e of low, 

rounded, w a r t - l i k e p r o j e c t i o n s whose o u t l i n e i s such t h a t 

a r e t i c u l a t e p a t t e r n i s observed when the i n t e r - p r o j e c t i o n 

areas are i n f o c u s . 

Modern comparative m a t e r i a l was l i m i t e d to 

B. pinnaturn, B. ternatum and B. lanceolatum. Of the three, 

the f o s s i l most c l o s e l y resembles B. pinnaturn i n s i z e , 

shape and s u r f a c e t e x t u r e . However, i t i s s u f f i c i e n t l y 

d i f f e r e n t to suggest t h a t f u r t h e r comparisons should be 

made be f o r e c o n c l u d i n g t h a t i t s c l o s e s t modern co u n t e r p a r t 

i s B. pinnaturn. The major d i f f e r e n c e s l i e i n : (a) the 

t r i l e t e of the f o s s i l spore i s l o n g e r and i n general not 

as w e l l developed, and (b) the warty s u r f a c e , while v e r y 

s i m i l a r , i s l e s s pronounced i n the f o s s i l . 

F a mily POLYPODIACEAE 

Genus LAEVIGATOSPORITES (Ibrahim) 
Schopf, Wilson and B e n t a l l 1944 
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LAEVIGATOSPORITES ALBERTENSIS Rouse 1957 

P l a t e 25, f i g . 19 - 20. 

Designate: Oj_. 

Remarks: T h i s specimen i s undoubtedly i d e n t i c a l 

w i t h those r e p o r t e d from the Oldman f o r m a t i o n of Southern 

A l b e r t a by Rouse (1957) and a g a i n from the Burrard (Rouse, 

1962). The c l o s e s t a f f i l i a t i o n s are p o s s i b l y w i t h 

D r y o p t e r i s and A s p l e n i t e s (Rouse, 1962). 

LAEVIGATOSPORITES DISGORDATUS Thompson and P f l u g 1953 

P l a t e 25, f i g . 21 - 22. 

Designate: Oy. 

Remarks: I d e n t i c a l specimens have been r e p o r t e d 

from the Oldman fo r m a t i o n , Rouse (1957), and the B u r r a r d 

formation, Rouse (1962). Rouse (1962) s t a t e s : "The 

c l o s e s t a f f i l i a t i o n appears to be w i t h D r y o p t e r i s , p a r t i c u 

l a r l y D. l a t i f r o n s . " 

LAEVIGATOSPORITES GRACILIS Wilson and Webster 1946 

P l a t e 25, f i g . 23. 

Remarks: With the e x c e p t i o n of the monolete mark 

which i s more pronounced than t h a t r e p o r t e d by W i l s o n and 

Webster (1946), the spore i s i d e n t i c a l . The spores appear 

s i m i l a r to A c r o s t i c u m parridum i n shape, s i z e and l e v i g a t e 

s u r f a c e . The monolete mark i s much more pronounced i n the 

f o s s i l . F u r t h e r , the w a l l t h i c k n e s s of A c r o s t i c u m parridum 

i s c a . t h i c k e r . P o s s i b l e a f f i l i a t i o n s w i t h t h i s genus 
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cannot be ov e r l o o k e d . W i l s o n and Webster (1946) s t a t e o f 

L. ovatus and L . g r a c i l i s ; 

"The i n c l u s i o n of the above two species of spore 
i n the genus L a e v i g a t o s p o r i t e s i s not e n t i r e l y 
s a t i s f a c t o r y , f o r there i s l i t t l e doubt t h a t 
the spores belong to e i t h e r T h e l y p t e r i s , 
Asplenium, Athyrium, Aspidium or Blechnum..." 

LAEVIGATOSPORITES OVATUS Wi l s o n and Webster 1946 

P l a t e 25, f i g . 24 - 25. 

Remarks: There i s no doubt t h a t the spores are 

i d e n t i c a l w i t h L. ovatus as d e s c r i b e d by Wilson and Webste 

( 1 9 4 6 ) . 

Family POLYPODIACEAE ( ?) 

P l a t e 25, f i g . 26. 

D e s c r i p t i o n : Small (28 x 24//) , v e r r u c a t e , with 

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

Remarks: Only a s i n g l e specimen was found. 

F a m i l y SCHIZACEAE 

Genus LYGODIUM Swartz 1806 

LYGODIUM sp. 

P l a t e 25, f i g . 27. 

D i a g n o s i s : Spores s u b t r i a n g u l a r to rounded; 

c a . 40 - 45//J t r i l e t e w i t h r a y s i n d i s t i n c t and extending 

to the equator; w a l l s ca. 1 - l^ju t h i c k ; the s u r f a c e i s 

covered w i t h low rounded warts. 

Remarks: T h i s g r a i n i s very s i m i l a r to the 
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Botrychium s p e c i e s a l r e a d y d e s c r i b e d . I t d i f f e r s p r i m a r i l y 

i n the l a r g e r s i z e and the absence of a r e t i c u l a t e i n t e r a r e a 

p a t t e r n . 

Genus ANEMIA Swartz 1806 

ANEMIA P00LENSIS Chandler 1955 

P l a t e 25, f i g . 28 - 32. 

Remarks: There i s no doubt that t h i s i s the same 

spore as d e s c r i b e d by Chandler. The s i z e range i s extremely 

v a r i a b l e w i t h the m a j o r i t y of g r a i n s i n the 50 - 54^6 range. 

The observed range was 36 to 60yU which i s i d e n t i c a l w i t h 

the s i z e range recorded by Chandler (1955). 

ANEMIA (?) sp. 

P l a t e 25, f i g . 34. 

D i a g n o s i s : Spores l a r g e , c a . 50ju; t r i l e t e , w i t h 

narrow rays which extend 2/3 the d i s t a n c e to the equator; 

the spore w a l l i s about 1 - t h i c k ; t e x t u r a l l y i t 

e x h i b i t s a f a i n t r e t i c u l a t e p a t t e r n ; i n shape the g r a i n i s 

rounded t r i a n g u l a r . 

Remarks: Only a s i n g l e g r a i n of t h i s type was 

observed. I t s a f f i l i a t i o n w i t h Anemia i s q u e s t i o n a b l e . 

Order HYDROPTERIDALES 

Family SALVINICCEAE 

Genus AZOLLA Lamarck 1783 
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AZOLLA PRIMAEVA (Penhallow) A r n o l d 

P l a t e 25, f i g . 33, P l a t e 25, f i g . 35 - 36, P l a t e 

26, f i g . 1 - 9 . 
Remarks: A z o l l a micro and megaspores from P r i n c e t o n 

were d e s c r i b e d by A r n o l d (1955). A s e r i e s of photographs 

has been taken to show v a r i a t i o n i n m i c r o s p o r e s . A l s o , 

the arrangement of the microspores i n the sporangia i s 

c l e a r l y shown i n P l a t e 26, f i g . 4. Observed s i z e range 

f o r the microspores was 2 0 - 26/i, while the range f o r the 

megaspores was 150 - 350yU.. The s m a l l e r s i z e i s thought 

to r e p r e s e n t immature i n d i v i d u a l s . The megaspores are 

d i s t i n c t l y t r i l e t e w i t h the rays extending l/3 - l/2 the 

d i s t a n c e to the equator. 

The megaspore w a l l of A z o l l a primaeva i s composed 

of s e v e r a l l a y e r s . The i n n e r l a y e r i s t h i n , ca. 1 -

smooth to f i n e g r a n u l a r , shows no t r i l e t e mark, and when 

observed separated from the outer w a l l ( s ) was p o o r l y 

preserved and much f o l d e d (see P l a t e 26, f i g . 6). 

The i n n e r w a l l of A. primaeva has been compared 

to Magnosporites s t a p l i n i i , Rouse (1962) and found i d e n t i c a l . 

T h i s suggests t h a t M. s t a p l i n i i i s a c t u a l l y the inn e r w a l l 

of an A. primaeva megaspore. 

D i v i s i o n SPERMAT OPRYTA 

Clas s GYMNOSPERMOPSIDA 

Order GINKGOALES 

Family GINKGOACEAE 

Genus GINKGO Kampfer 
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GINKGO sp. 

P l a t e 27, f i g . 1 - 3 . 

D i a g n o s i s : P o l l e n monosulcate; broad; and p r o l a t e 

to s u b s p h e r i c a l ; 39 - 41/-* l o n g ; the s u r f a c e t e x t u r e i s 

smooth to g r a n u l a r . 

Remarks: There i s no doubt t h a t the p o l l e n g r a i n 

belongs to Ginkgo. S i m i l a r forms have been r e p o r t e d as 

Cycadopites, Wodehouse (1933), Cycadopites f o l l i c u l a r i s , 

W ilson and Webster (1946), and Rouse (1962) i d e n t i f i e d 

g r a i n s from the B u r r a r d which he s t a t e s are i d e n t i c a l w i t h 

€. f o l l i c u l a r i s . 

F amily PINACEAE 

Genus LARIX M i l l e r 1754 

LARIX PLICATIPOLLENITES Rouse 1962 

P l a t e 27, f i g . 4. 

Remarks: These g r a i n s are i d e n t i c a l w i t h those 

r e p o r t e d from the B u r r a r d by Rouse (1962) w i t h the e x c e p t i o n 

of a s m a l l e r s i z e range. The observed s i z e range f o r the 

P r i n c e t o n specimens was 53 to 63^. 

Genus TSUGA C a r r i e r e 1855 

TSUGA VIRIDIFLUMINIPITES Wodehouse 1933 

Not photographed. 

Remarks: With the e x c e p t i o n of s i z e ( c a . 55 -

60yu) the specimens observed from P r i n c e t o n are i d e n t i c a l 

w i t h those d e s c r i b e d by Wodehouse. Rouse (1962) d e s c r i b e d 
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s i m i l a r specimens from the Burrard f o r m a t i o n and gave the 

s i z e range as 47 -70//.' The P r i n c e t o n specimens are 

i d e n t i c a l w i t h those d e s c r i b e d by Rouse, except p o s s i b l y i n 

the s i z e of the c o n v o l u t i o n s , 

TSUGA sp. 

P l a t e 27, f i g . 5 - 10. 

D i a g n o s i s : Grains l a r g e , 68 - lOOju; c h a r a c t e r 

i s t i c a l l y dish-shaped; f r e q u e n t l y w i t h two well-developed 

b l a d d e r s , i f t h e r e are more than two they are p o o r l y 

developed. A number of g r a i n s were observed w i t h a narrow 

border only; the s u r f a c e t e x t u r e v a r i e s from coarse 

r e t i c u l a t e i n the c e n t e r of the g r a i n , becoming p r o g r e s s i v e l y 

f i n e r towards the border, where i t i s c h a r a c t e r i s t i c a l l y 

c o a r s e - g r a n u l a r . The borders or b l a d d e r s are o f f s e t from 

the body by a d i s t i n c t break i n the convex nature of the 

body. 

Remarks: There i s l i t t l e doubt t h a t the v a r i a t i o n s 

observed i n the f o s s i l p o l l e n g r a i n are i d e n t i c a l w i t h 

v a r i a t i o n s i n the modern T. p a t t o n i a n a as d e s c r i b e d by 

Erdtman (1943) and Macko (1957 and 1959), and t h a t t h i s 

p o l l e n i s c l o s e l y r e l a t e d to the modern s p e c i e s . 

Genus PINUS Linnaeus 1753 

PINUS sp. 

P l a t e 27, f i g . 11 - 12. 

D i a g n o s i s : Bladdered, w i t h bladders and body 
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about equal i n s i z e ; body s u b - s p h e r i c a l w i t h the cap coarse 

g r a n u l a r or r e t i c u l a t e ; observed body diameter 55 - 6Qju+ 

Germinal furrow 8 - lO^u wide, and smooth to f i n e g r a n u l a r . 

The b l a d d e r attachment a t the proximal r o o t i s more or 

l e s s c o n v o l u t e , while the d i s t a l r o o t i s s t r a i g h t . The 

bladders are c o a r s e l y r e t i c u l a t e , becoming f i n e r towards 

the p o l l e n body. 

T h i s g r a i n i s very s i m i l a r to those d e s c r i b e d 

as Pinus p a l u s t r i s by Macko (1959, P l a t e 6, f i g . 1 - 2 ) 

w i t h the e x c e p t i o n of body shape. Those d e s c r i b e d by 

Macko are elongate i n the d i r e c t i o n of the b l a d d e r s , w h i l e 

those from P r i n c e t o n are almost s p h e r i c a l . 

PINUS sp. 

P l a t e 27, f i g . 13 - 14. 

D i a g n o s i s : Bladdered; body ca. 50 x 34^; bladder 

ca. 29yW.. The b l a d d e r s are c o a r s e l y r e t i c u l a t e ( t o 6 or 

becoming p r o g r e s s i v e l y f i n e r towards the p o l l e n body. The 

cap i s moderately coarse r e t i c u l a t e ( 3y>-or l e s s ) . The 

germinal furrow i s c a . 5/* and smooth to f i n e g r a n u l a r . 

Remarks: There i s a s t r o n g tendency f o r the cap 

to c u r l towards the d i s t a l s u r f a c e , b r i n g i n g the bladders 

i n t o d i r e c t c ontact and o b s c u r i n g the germinal furrow. 

T h i s g r a i n i s v e r y s i m i l a r i n a l l r e s p e c t s to the modern 

Pinus c o n t o r t a . 
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PINUS TUBERCULIPITES Wodehouse 1933 

P l a t e 27, f i g . 15. 

Remarks: T h i s specimen v e r y c l o s e l y resembles 

those d e s c r i b e d by Wodehouse, and has been assigned to 

Pinus t u b e r c u l i p i t e s . 

PINUS STROBIPITES Wodehouse 1933 

P l a t e 27, f i g . 16 - 21. 

Remarks: A number of p o l l e n g r a i n s were observed 

which can be as s i g n e d t o Wodehouse's P. s t r o b i p i t e s w i t h a 

f a i r degree o f c o n f i d e n c e . 

PINUS TENUEXTIMA Tra v e r s e 1955 

P l a t e 28, f i g . 1. 

Remarks: The c o r r e l a t i o n o f the P r i n c e t o n specimens 

w i t h P. tenuextima i s onl y t e n t a t i v e . While the g r a i n s a r e 

ve r y s i m i l a r i n t e x t u r e , the P r i n c e t o n specimens appear to 

be narrower than those d e s c r i b e d by T r a v e r s e . D e t a i l e d 

comparison i s hampered by the s c a r c i t y of g r a i n s o f t h i s 

t y p e. 

PINUS sp. 

P l a t e 28, f i g . 2. 

D i a g n o s i s : Bladders c a. 2/3 the s i z e of the bodyj 

body ca. 64 x 52/i. Both the d i s t a l and proximal r o o t s form 

a smooth l i n e . The bladders are attached a t op p o s i t e ends 
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of the s h o r t a x i s of the body. The germinal furrow i s 

broad (10 - 12/x) and smooth to f i n e g r a n u l a r . The w a l l s of 

both the body and the bla d d e r s are l e s s than 2JJL» The 

bladders are moderately r e t i c u l a t e (3/-<max.) becoming 

p r o g r e s s i v e l y f i n e r towards the body. 

Remarks: These g r a i n s are s i m i l a r to those 

p r e v i o u s l y d e s c r i b e d as P. p a l u s t r i s , but d i f f e r i n the 

o r i e n t a t i o n and shape of the body and the convolute d i s t a l 

r o o t . 

Genus PICEA D i e t r i c h 1824 

PICEA ALIPOLLENITES Rouse 1962 

P l a t e 28, f i g . 3 - 7 . 

Remarks: The c o r r e l a t i o n o f the P r i n c e t o n 

specimens w i t h those from the Burrard formation i s t e n t a t i v e . 

They agree i n s i z e , shape and t e x t u r e , and t h e r e f o r e , have 

been a s s i g n e d to the s p e c i e s . 

PICEA sp. 

P l a t e 28, f i g . 8. 

D i a g n o s i s : Bladders broader than body; observed 

range f o r bla d d e r s 64 x 81ju to 72 x 81/1. The bla d d e r s are 

at t a c h e d a t the ends of the l o n g a x i s of the body (84 x 

65yu) • The germinal furrow i s very narrow ( or l e s s ) 

and may be r e p r e s e n t e d o n l y by the l i n e of suture o f the 

b l a d d e r s . The cap i s f i n e l y r e t i c u l a t e to g r a n u l a r , w h i l e 

the b l a d d e r s are moderate to f i n e l y r e t i c u l a t e {2\LLOY l e s s ) . 
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Remarks: No s i m i l a r g r a i n s have been d e s c r i b e d 

to the w r i t e r ' s knowledge, nor has he been a b l e to r e l a t e 

the g r a i n to a modern s p e c i e s . At l e a s t s i x g r a i n s a l l 

answering the above d e s c r i p t i o n were observed, and t h e r e 

f o r e , there i s l i t t l e doubt that i t i s a d i s t i n c t p o l l e n 

s p e c i e s • 

PICEA (?) sp. 

P l a t e 28, f i g . 9. 

D i a g n o s i s : Bladdered, w i t h one bladder much 

l a r g e r and p a r t i a l l y e n c l o s i n g the second b l a d d e r . Body 

95 - 100// i n l e n g t h . Bladders 66 - 73/̂  i n l e n g t h . The 

t e x t u r e of the bladders i s f i n e to c o a r s e l y r e t i c u l a t e , 

w h i l e the body i s g r a n u l a r to f i n e l y r e t i c u l a t e . The 

germinal furrow was not observed, but must be curved and 

v e r y narrow. Cap only s l i g h t l y t h i c k e n e d . 

Remarks: T h i s p o l l e n type was a s s i g n e d to P i c e a 

because of i t s s i z e , t e x t u r e and the nature of the cap. 

PICEA ( ?) sp. 

P l a t e 28, f i g . 10. 

Remarks: Only two g r a i n s of t h i s type were 

observed. They were f i r s t a ssigned to Podocarpus, but 

u n l i k e Podocarpus the attachment of the b l a d d e r s i s not a 

d i s t i n c t s u t u r e . U n l i k e Cedrus and A b i e s , the cap i s not 

a p p r e c i a b l y t h i c k e n e d , and i t s s i z e i s l a r g e r than any 

Pinus sp. observed by the w r i t e r . 
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The specimens are c h a r a c t e r i z e d by a l a r g e 

(67 x s u b - s p h e r i c a l body; the bladder dimensions are 

c a . 50 x 80//. The bl a d d e r s a re c o a r s e l y r e t i c u l a t e , 

becoming p r o g r e s s i v e l y f i n e r and g r a d u a l l y b l e n d i n g i n t o 

the body. The germinal furrow i s c a . QjU and f i n e l y 

g r a n u l a r . 

While t h i s g r a i n resembles P i c e a a l i p o l l e n i t e s , 

i t i s d i s t i n c t l y broader and the r e t i c u l a t i o n i s h e a v i e r 

and c o a r s e r . 

Order COM FERAL ES 

P l a t e 28, f i g . 11. 

Remarks: Only a s i n g l e g r a i n of t h i s type was 

observed. I t i s c h a r a c t e r i z e d by a l a r g e body .(110 x 78//) 

and two ve r y s m a l l b l a d d e r s . The t e x t u r e of the bl a d d e r s 

i s moderately r e t i c u l a t e ( J>JUL or l e s s ) . The germinal furrow 

i s smooth. 

Macko (1957, P l a t e 11, f i g . 4 - 12) d e s c r i b e s a 

s i m i l a r g r a i n as Tsuga p a t t o n i a n a . 

F amily PODOCARPACEAE 

Genus PODOCARPUS L ' H e r i t i e r ex Persoon 
1807 

PODOCARPUS sp. 

P l a t e 28, f i g . 12. 

Remarks: A specimen of Podocarpus has been 

i d e n t i f i e d from the Bur r a r d by Rouse (1962). L i k e the 

Bur r a r d specimen, the P r i n c e t o n specimens ( f i v e ) compare 
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favorably with a Miocene po l l e n grain referred to as 

Podocarpus nageia R. Browning, by Macko (1959, Plate 39, 

f i g . 9 ) . 

Family TAXODIACEAE 

Genus METASEQUOIA Miki ex Hu et Cheng 1948 

METASEQUOIA PAPILLAPOLLENITES Rouse 1962 

Plate 29, f i g . 1. 

Remarks: The only difference between the species 

described by Rouse (1962) i s the size of the pollen body. 

The maximum size observed i n the Princeton material was 

22 , while Rouse indicates a size range of 24 - 26 for the 

Burrard specimens. 

Only three grains were encountered i n the Princeton 

material, and the s i z e observed (20 - 22//) may not be 

representative. I f the above size i s t y p i c a l , i t i s suggested 

that the size range be extended to include a l l grains from 

20 - 26/x. 

Genus TAXODIUM Richard 1910 

TAXODIUM HIATIPITES Wodehouse 

Plate 29, f i g . 2. 

Remarks: There i s considerable v a r i a t i o n i n the 

shape, texture and c h a r a c t e r i s t i c s p l i t t i n g of the grains 

assigned to t h i s species. While there i s l i t t l e doubt that 

some are i d e n t i c a l with those referred to as T. h i a t i p i t e s , 

Wodehouse (1933), also Rouse (1962) and Wilson and Webster 



- 100 -
(1946), there i s a s u g g e s t i o n t h a t many of the g r a i n s are 

more c l o s e l y a l l i e d w i t h Libocedrus« The reasons f o r t h i s 

are the shape and c h a r a c t e r of the r u p t u r e , and many small 

s c a l e - l i k e f l e c k s on the exine when viewed under o i l 

immersion. I t may be that both Taxodium and L i b o c e d r u s 

are p r e s e n t . 

Genus SCTADOPITYS 

SCIADOPITYS sp. 

P l a t e 29, f i g . 3. 

D i a g n o s i s : Grains l a r g e (44 - 48//), s p h e r i c a l , 
w i t h the s u r f a c e covered w i t h s h o r t (I^JJ) broad p a p i l l a e . 

The p a p i l l a e appear to be a l i g n e d i n t o rows. 

Remarks: The g r a i n s resemble S c i a d o p i t y s  

v e r t i c i l l a t a . I t d i f f e r s from i l l u s t r a t i o n s of S c i a d o p i t y s 

p o l l e n f i g u r e d by Erdtman (1943) i n the development of the 

p a p i l l a e . A c c o r d i n g to Erdtman the p a p i l l a e are low and 

rounded and more w a r t - l i k e , whereas those of the f o s s i l 

specimens are l o n g e r than broad and stand e r e c t as w e l l 

d e f i n e d p r o j e c t i o n s . 

While the specimens of t h i s type have been 

assign e d to S c i a d o p i t y s , t h e r e i s enough d i f f e r e n c e 

between the modern and f o s s i l to suggest t h a t f u r t h e r 

comparisons should be made. I t i s , however, beyond the 

scope here to attempt f u r t h e r comparisons, and the problem 

w i l l be a s s i g n e d to f u t u r e work. 
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Family CUPRESSACEAE 

Genus INAPERTUROPOLLENITES Thompson and 
P f l u g 1953 

INAPERTUROPOLLENITES sp. 

P l a t e 29, f i g . 4 - 5 . 

D i a g n o s i s : Grains s p h e r i c a l , 20 - 30jUin diameter, 

t h i n - w a l l e d (ly/.or l e s s ) , exine smooth to g r a n u l a r . 

Remarks: These g r a i n s are very s i m i l a r to p o l l e n 

of Chamaecyparis, alt h o u g h there are other members of the 

Cupressaceae to which i t could a l s o be a s s i g n e d . 

D i v i s i o n SPERMATOPHYTA 

Cl a s s ANGIOSPERMOPSIDA 

Sub-class DICOTYLEDONIDAE 

Order FAGALES 

Family BETULACEAE 

Genus ALNUS M i l l e r 1754 

ALNUS QUADRIPOLLENITES Rouse 1962 

P l a t e 29, f i g . 6. 

Remarks: P o l l e n of t h i s s p e c i e s i s r a r e i n the 

P r i n c e t o n m i c r o f l o r a . There i s , however, no doubt t h a t 

the specimens observed are i d e n t i c a l w i t h the Burrard 

specimens. While no comparative m a t e r i a l i s a v a i l a b l e , 

i t a l s o may be t e n t a t i v e l y c o r r e l a t e d w i t h the f o u r - p o r e d 

specimens from the Green R i v e r which Wodehouse (1933) 
lumped wi t h the f i v e - p o r e d and r e f e r r e d to as Alnus  

s p e c i i p i t e s . Macko (1959, P l a t e 19, f i g . 6 - 11) r e f e r r e d 
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s i m i l a r p o l l e n g r a i n s from the Miocene to the modern s p e c i e s 

A. m a r i t i m a . 

ALNUS QUINQUEPOLLENITES Rouse 1962 

P l a t e 29, f i g . 7 - 10. 

Remarks: Rouse (1962) gives a s i z e range f o r the 

s p e c i e s of 20 - 22/ ,̂ whereas the P r i n c e t o n specimens have a 

s i z e range of 20 - 33/̂ -. Other f e a t u r e s ( a r c i , pores) are 

i d e n t i c a l , and i t i s on the b a s i s of these f e a t u r e s that 

the specimens have been assig n e d to the p r e v i o u s l y d e s c r i b e d 

s p e c i e s • 

Genus BETULA Linnaeus 1753 

BETULA CLARIPITES Wodehouse 1933 

P l a t e 29, f i g . 11 - 12. 

Remarks: P o l l e n t h a t can be d e f i n i t e l y assigned 

to B e t u l a a r e not common i n the P r i n c e t o n m i c r o f l o r a . 

While the angular nature of the one specimen photographed 

( P l a t e 29, f i g . 12) i s not mentioned by Wodehouse, h i s 

d e s c r i p t i o n f i t s e x a c t l y other specimens observed a t 

P r i n c e t o n . 

Genus CARPINUS Linnaeus 1753 

CARPINUS ANCIPITES Wodehouse 1933 

P l a t e 29, f i g . 13 - 17. 

Remarks: The observed s i z e range f o r the P r i n c e t o n 

specimens was 30 - AOjU.. While three-pored g r a i n s are the 
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most common, f o u r and f i v e - p o r e d specimens were obser v e d 

( s e e P l a t e 29, f i g . 16 and 1 7 ) . The w r i t e r has no doubt 

t h a t the specimens obse r v e d a r e i d e n t i c a l w i t h t h o s e 

d e s c r i b e d by Wodehouse ( 1 9 3 3 ) . 

F a m i l y FAGAGEAE 

Genus CASTANEA T o u r n e f o r t 

CASTANEA s p . 

P l a t e 29, f i g . 18. 

D i a g n o s i s : G r a i n s s m a l l (16 - 18pd, t r i c o l p o r a t e 

w i t h c o l p a e e x t e n d i n g a l m o s t to t h e p o l e s . Each c o l p a e 

e n c l o s e s a w e l l marked g e r m i n a l pore and t r a n s v e r s e f u r r o w . 

The e x i n e i s smooth even under o i l immersion. 

Remarks: These g r a i n s a r e n o t common, b u t e a s i l y 

r e c o g n i z e d because o f t h e c o m b i n a t i o n o f pores and t r a n s v e r s e 

f u r r o w s . The w r i t e r s u s p e c t s t h a t t h i s i s a new s p e c i e s , 

but would r e s e r v e t h i s d e c i s i o n u n t i l a more t h o r o u g h 

s e a r c h o f t h e l i t e r a t u r e can be made. 

The a f f i l i a t i o n w i t h t h e modern genus Castanea 

i s undoubted, and except f o r i t s s l i g h t l y l a r g e r s i z e , i s 

i d e n t i c a l w i t h g r a i n s o f C. d e n t a t a . 

Order JUGLANDALES 

F a m i l y JUGLANDACEAE 

Genus CARYA N u t t a l l 1818 

CARYA JUXTAPORIPITES Wodehouse 1933 

P l a t e 29, f i g . 19. 
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D i a g n o s i s : 24 - 32^i(?); subrounded to sub-

t r i a n g u l a r , t r i p o r a t e , pores d i s t i n c t round to o v a l w i t h 

o n l y a s l i g h t t h i c k e n i n g of the e x i n e . The w a l l s are 1 -

\\jJ-thick and smooth. 

Remarks: These g r a i n s are v e r y s i m i l a r to C. 

j u x t a p o r i p i t e s Wodehouse (1933) and to the B u r r a r d specimens 

as d e s c r i b e d by Rouse (1962). These g r a i n s are v e r y s i m i l a r 

to some s p e c i e s of Corylus and were at f i r s t a s s o c i a t e d 

w i t h t h a t genus. However, the absence of d i s t i n c t a r c i 

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

Genus PTEROCARYA 

PTEROCARYA sp. 

P l a t e 29, f i g . 20 - 23. 

D i a g n o s i s : Observed s i z e 28 - 38//J v a r i a b l e 

number of pores (6 - 9), with pores c o n f i n e d to a s i n g l e 

p l a n e . The shape i s d i s t i n c t l y angular w i t h the number 

of s i d e s depending on the number of p o r e s . The pores are 

d i s t i n c t , s p h e r i c a l to o v a l i n o u t l i n e , w i t h l i t t l e or no 

t h i c k e n i n g of the e x i n e . 

Remarks: There i s a d i s t i n c t s i z e break between 

the l a r g e r and s m a l l e r s i z e g r a i n s , w i t h a tendency f o r the 

g r a i n s to be c l o s e to e i t h e r end of the range. T h i s 

s t r o n g l y suggests t h a t two s p e c i e s are p r e s e n t . 

Order MALVALES 

Family TILIACEAE 

Genus TILIA Linnaeus 1753 

file:////jJ-
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TILIA CRASSIPITES Wodehouse 1 9 3 3 

P l a t e 2 9 , f i g . 24. 

Remarks: P o l l e n g r a i n s of t h i s type are r a r e i n 

the P r i n c e t o n m a t e r i a l . There i s no doubt of the c o r r e l a t i o n 

w i t h T. c r a s s i p i t e s . 

The specimen very c l o s e l y resembles the modern 

sp e c i e s T. americana to which s p e c i e s Macko (1959, P l a t e 

17, f i g . 17 - 19) assign e d s i m i l a r Miocene f o s s i l s . 

Order RHAMNALES 

Family RHAMNACEAE 

Genus RHAMMJS Linnaeus 1753 

RHAMNUS sp. 

P l a t e 29, f i g . 25. 

D i a g n o s i s : P o l l e n small ( c a . 18//), t r i a n g u l a r 

w i t h s i d e s u s u a l l y concavej t r i p o r a t e w i t h deep, narrow 

openings. The w a l l i s ca. lju. t h i c k and smooth. 

Remarks: Only a s i n g l e specimen was seen, but 

there i s l i t t l e doubt t h a t i t belongs to Rhamnus. I t 

c l o s e l y resembles R. p e r s h i a n a , the onl y modern m a t e r i a l 

a v a i l a b l e f o r comparison. 

Order SALIGALES 

Fam i l y SALICACEAE 

Genus SALIX Linnaeus 1753 

SALIX DISCOLORIPITES Wodehouse 1933 

P l a t e 29, f i g . 26 - 27. 
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Remarks: A f f i l i a t i o n s w i t h S a l i x a re undoubted, 

and as the s i z e and t e x t u r e are i d e n t i c a l w i t h t h a t g i v e n 

f o r S. d i s c o l o r i p i t e s , Wodehouse (1933), i t has been 

assign e d to t h a t s p e c i e s . 

SALIX sp. 

P l a t e 29, f i g . 28 - 29. 

D i a g n o s i s : T h i s g r a i n i s very s i m i l a r to S a l i x  

d i s c o l o r i p i t e s a t f i r s t appearance, but c l o s e r i n s p e c t i o n 

i n d i c a t e s t h a t i t probably belongs to a d i f f e r e n t s p e c i e s . 

The g r a i n s are t r i c o l p a t e w i t h colpae extending almost to 

the p o l e s ; s u b - p r o l a t e to p r o l a t e ( l e n g t h : w i d t h s 1^:1); 
the exine i s c o a r s e l y r e t i c u l a t e ; observed s i z e range 28 -

32//. I t d i f f e r s from S. d i s c o l o r i p i t e s i n i t s s i z e and i n 

the much c o a r s e r r e t i c u l a t e ornamentation. . The coarse 

r e t i c u l a t e p a t t e r n i s very s i m i l a r to the extant S. 

hookeriana. I t i s , however, much l a r g e r than p o l l e n g r a i n s 

of t h i s s p e c i e s . I t i s onl y s l i g h t l y l a r g e r than S. n i g r i c a n s . 

SALIX sp. (?) 

P l a t e 29, f i g . 30 - 31. 

D i a g n o s i s : Dimensions ca. 24 x 18A<; s u b - p r o l a t e 

to p r o l a t e ; t r i c o l p a t e w i t h the colpae extending almost to 

the p o l e s ; the exine i s only f a i n t l y r e t i c u l a t e ; w a l l 

t h i c k n e s s ca. ±ju. 

Remarks: The main f e a t u r e which sets t h i s g r a i n 

o f f from the two p r e v i o u s s p e c i e s i s the f a i n t r e t i c u l a t e 
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p a t t e r n , otherwise i t i s very s i m i l a r t o S. discoloripites» 

Genus INAPERTUROPOLLENITES Thompson and 
P f l u g 1953 

INAPERTUROPOLLENITES sp. 

P l a t e 29, f i g . 32. 

D i a g n o s i s : Grains s p h e r i c a l , 30 - 36jx i n diameter; 

i n a p e r t u r a t e . The exine i s extremely t h i n (0.5//), and 

p s i l a t e to almost l e v i g a t e . 

Remarks: T h i s g r a i n resembles some sp e c i e s of 

Populus and i t i s t e n t a t i v e l y a f f i l i a t e d w i t h t h i s genus. 

Order SAPINDALES 

Family ACERACEAE 

Genus ACER (Tourn.) Linnaeus 1753 

ACER sp. 

P l a t e 29, f i g . 33 - 34. 

D i a g n o s i s : S i z e 33 - 36/A?); s p h e r i c a l i n p o l a r 

view and p r o l a t e to s u b - p r o l a t e i n e q u a t o r i a l view; t r i -

c o l p a t e w i t h colpae w e l l developed but extending o n l y c a . 

3/4 the d i s t a n c e to the p o l e ; exine c a. l y ^ t h i c k , t h i n n i n g 

somewhat towards the colpae; smooth to v e r y f i n e g r a n u l a r . 

Remarks: Less than a dozen p o l l e n g r a i n s of t h i s 

type were seen. They are norm a l l y p o o r l y p r e s e r v e d , f o l d e d 

and/or broken. 
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ACER sp. 

P l a t e 29, f i g . 35 - 39. 

D i a g n o s i s : Grains s u b - p r o l a t e to s u b - s p h e r i c a l 

i n e q u a t o r i a l view; t r i c o l p a t e w i t h colpae extending 3/4 

of the d i s t a n c e from the equator to the p o l e s ; s i z e 26 - 30// 

i n diameter; w a l l ca. IJJ.thick, smooth to g r a n u l a r . There 

i s a pronounced t h i n n i n g of the exine towards the c o l p a e . 

Remarks: T h i s s p e c i e s i s d i s t i n g u i s h a b l e from the 

p r e c e d i n g by s i z e a l o n e . P r i o r to the p r e s e n t s t u d i e s , 

there had been no mention of Acer i n the P r i n c e t o n specimens. 

During the course of f i e l d work f o u r Acer samaras were 

c o l l e c t e d . 

F amily HIPPOCASTAWACEAE 

Genus AESCULUS Linnaeus 1753 

AESCULUS sp. 

P l a t e 29, f i g . 40-41. 
D i a g n o s i s : Grains small (22 - 28//) p r o l a t e ; 

t r i c o l p a t e w i t h the colpae w e l l d e f i n e d , narrow and extend

i n g almost to the p o l e s . In w e l l p r e s e r v e d specimens and 

where the c o l p a area can be observed, i t i s covered by 

s m a l l s p i n e s . The w a l l e x c l u s i v e of the colpae areas i s 

smooth to f i n e g r a n u l a r i n t e x t u r e and l e s s than ~LJJL t h i c k . 

Remarks: Less than s i x p o l l e n g r a i n s of t h i s 

type were seen. There i s no doubt, however, o f t h e i r 

i d e n t i t y . 
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Order ERICALES 

Family ERICACEAE 

Genus ERICIPITES Wodehouse 1933 

ERICIPITES sp. ( ? ) . 

P l a t e 29, f i g . 42. 

Remarks: Wodehouse (1933) d e s c r i b e d two p o l l e n 

g r a i n s from the Green R i v e r f o r m a t i o n which appear to be 

v e r y c l o s e l y a l l i e d to the two g r a i n s found i n the P r i n c e t o n 

m a t e r i a l . The w r i t e r cannot say anything which has not 

been p r e v i o u s l y s t a t e d by Wodehouse. 

Family CARYOPHYLLACEAE ( ?) 

Genus ( ?) 

P l a t e 29, f i g . 43. 

D i a g n o s i s : S p h e r i c a l , ca. 36 - 38/U i n diameter; 

c r i b e l l a t e w i t h the pores r o u g h l y s p h e r i c a l and not marked 

by a m a r g i n a l r i m . The pore a r e a i s f l e c k e d w i t h numerous 

g r a n u l e s . The exine i s r e t i c u l a t e to g r a n u l a r . 

Remarks: U n l i k e the Caryophyllaceae they l a c k 

the d i s t i n c t border around the pores. In t h i s r e s p e c t they 

are very s i m i l a r to Liquidambar. The r e t i c u l a t e p a t t e r n of 

the exine i s not c h a r a c t e r i s t i c of Liquidambar. 

These specimens are r a r e as o n l y three were observed. 

Genus PISTILLIPOLLENITES Rouse 1962 

PISTILLIPOLLENITES MCGREGORII Rouse 1962 
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P l a t e 29, f i g . 44 - 46. 

Remarks: The P r i n c e t o n samples are i d e n t i c a l w i t h 

those d e s c r i b e d by Rouse (1962) from the Burrard f o r m a t i o n . 

Observations on s e v e r a l g r a i n s suggested t h a t the ape r t u r e s 

were simple, s h o r t (2 - 3yUmax.) areas of t h i n n i n g next to 

one of the club-shaped p a p i l l a . F u r t h e r , there i s a sugges

t i o n t h a t the papillaemay be arranged i n a d e f i n i t e p a t t e r n , 

forming a s e r i e s o f p a r a l l e l l i n e s r a t h e r than a c l u s t e r . 

A s i n g l e t e t r a d w i t h three of the g r a i n s s t i l l i n c o n t a c t 

was observed. A c l u s t e r of g r a i n s measured 160//in l e n g t h , 

( P l a t e 29, f i g . 46) and contained a t l e a s t 30 p o l l e n g r a i n s . 

Sub D i v i s i o n MONOCOTYLEDONIDAE 

Order NAJADALES 

Fami l y POTAMOGETONACEAE 

P l a t e 29, f i g . 47-49. -
D i a g n o s i s : Grains c a . 21jU; s p h e r o i d a l w i t h a 

s i n g l e d e p r e s s i o n (monocolpate) which giv e s the g r a i n the 

appearance of having been f l a t t e n e d on one s i d e . The exine 

i s r e t i c u l a t e w i t h a more or l e s s beaded appearance. 

Remarks: P o l l e n g r a i n s of t h i s type resemble some 

Potamogeton s p e c i e s , but s t i l l r e t a i n a s u f f i c i e n t degree 

of d i f f e r e n c e to cause h e s i t a t i o n i n a s s i g n i n g them to t h a t 

genus. The resemblances suggest t h a t they may belong to a 

sp e c i e s not presen t i n the modern p r e p a r a t i o n s , or a t l e a s t 

to a very c l o s e l y r e l a t e d p l a n t . I t i s f o r t h i s r e a s on 

t h a t the g r a i n s have been r e f e r r e d only to the f a m i l y . T h i s 

g r a i n appears to be very s i m i l a r to P. p e r f o l i a t u s as 
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d e s c r i b e d by Erdtman (1943, p. 6 3 ) . 

Order PENDALES 

F a m i l y SPARGANIACEAE 

Genus SPARGANIUM (Tourn.) L. 

SPARGANIUM sp . 

P l a t e 30, f i g . 1 - 2 . 

D i a g n o s i s : G r a i n s s p h e r i c a l t o s u b - s p h e r i c a l ; 

24 - 3 0 ^ i n d i a m e t e r ; e x i n e r e t i c u l a t e w i t h a mesh d i a m e t e r 

o f c a . 1 - 2ju. The f o s s i l g r a i n s f r e q u e n t l y have an 

i r r e g u l a r l y shaped a r e a where the e x i n e i s p a r t i a l l y o r 

w h o l l y d i s i n t e g r a t e d . T h i s appears t o be an a r e a o f 

t h i n n i n g f o r the germ p o r e . 

Remarks: The g r a i n s a r e f a i r l y common. The 

s m a l l e r g r a i n s o c c a s i o n a l l y show a s m a l l t r i l e t e mark, the 

r a y s o f which e x t e n d about l / 2 the d i s t a n c e t o the e q u a t o r . 

A comparison of t h e s u r f a c e t e x t u r e o f the t r i l e t e and a l e t e 

g r a i n s l e a v e s l i t t l e doubt t h a t t h e g r a i n s a r e borne by a t 

l e a s t v e r y c l o s e l y r e l a t e d s p e c i e s . I t i s s u s p e c t e d t h a t 

those showing th e t r i l e t e a r e immature specimens. T h i s 

c o n c l u s i o n i s s u p p o r t e d by the f a c t t h a t t h e t r i l e t e mark 

i s r e s t r i c t e d t o t h e s m a l l e r g r a i n s . The p o s s i b i l i t y o f 

h a v i n g two s p e c i e s cannot be e l i m i n a t e d . 

The p o l l e n o f Sparganium resembles p o l l e n g r a i n s 

d e s c r i b e d h e r e as b e l o n g i n g t o the f a m i l y Potamogetonaceae. 

The open r e t i c u l a t e p a t t e r n o f Sparganium compared w i t h t h e 

d i s t i n c t l y p e b b l y appearance o f the Potamogetonaceae , 
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m i c r o f o s s i l s , makes the d i f f e r e n t i a t i o n easy. 

Order PRINCIPES 

Family PALMACEAE 

Genus SABAL Adamson 1763 

SABAL GRANOPOLLENITES Rouse 1962 (?) 

P l a t e 30, f i g . 3. 

Remarks: While the specimen found a t P r i n c e t o n 

i s v e r y s i m i l a r to the g r a i n d e s c r i b e d by Rouse (1962), 

i t i s a s s i g n e d to t h a t genus w i t h some r e s e r v a t i o n s . A 

s i n g l e specimen only was found a t P r i n c e t o n . 

ALGAE 

That the f o l l o w i n g belong to the algae i s 

u n c e r t a i n . They have been assig n e d to t h i s group w i t h many 

m i s g i v i n g s . However, the c l o s e s t comparative m a t e r i a l 

appears to be w i t h the a l g a e . The use of modern g e n e r i c 

names f o r s e v e r a l of these forms i s not meant to imply 

complete i d e n t i f i c a t i o n , but only to suggest b o t a n i c a l 

a f f i l i a t i o n . 

D i v i s i o n CHLOROPHYTA 

Family MESOTAENIACEAE 

Genus G0NAT0ZYG0N DeBary 1856 

P l a t e 30, f i g . 4. 

D i a g n o s i s : F i l a m e n t at l e a s t ten times as l o n g 

as broad; c i r c u l a r i n c r o s s - s e c t i o n . The w a l l i s densely 
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p a p i l l a t e and t h i c k ( c a . 2JJ) . The t r a n s v e r s e w a l l i s 

p e r p e n d i c u l a r to the main body w a l l . The papillate are \\ -

2 ^ i n l e n g t h . Only a s i n g l e specimen was observed, which 

measured 150 x 15/^ 

The above d e s c r i p t i o n compares f a v o r a b l y with the 

median l a y e r of the c e l l w a l l of Gonatozygon as d e s c r i b e d 

by Smith (1950). 

Genus BOTRYOCOCCUS K u t z i n g 1849 

BOTRYOCOCCUS sp. (?) 

P l a t e 30, f i g . 6 - 14. 

D i a g n o s i s : 20 - 5 0 ^ i n l e n g t h and of v a r i a b l e 

width ( l e n g t h : w i d t h « J : l to 1:1). The body shape i s t h a t 

of a dumbbell. The c o n s t r i c t i o n angle v a r i e s from acute 

(30°) to obtuse (160°). The body w a l l i s smooth to roughened 

and seldom p u n c t a t e . Those c e l l s w i t h the roughened w a l l s 

appear to be made up of a s e r i e s o f o v e r l a p p i n g elongate 

hexagonal (?) p l a t e s . The apex of these c e l l s i s normally 

ragged, whereas those w i t h smooth outer w a l l s a re terminated 

w i t h a symmetrical curve. A p a r t i a l or complete w a l l 

separates the two ends of the dumbbell. T h i s phenomena i s 

ver y s i m i l a r to the cross w a l l s of some desmids. A dark 

c r o s s bar p r o j e c t s p e r p e n d i c u l a r l y to t h i s c ross w a l l . In 

some i n s t a n c e s the c o n s t r i c t i o n appears to be much l i k e one 

would get by i n f l a t i n g a b a l l o o n and then p i n c h i n g i t a t 

the equator. In other i n s t a n c e s i t appears to be r e l a t e d 

to a pore (?) which connects the two s e m i - c e l l s ( p a r t i a l 
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w a l l development between two r e l a t e d c e l l s ) , and may 

r e p r e s e n t an opening which o r i g i n a l l y connected the two 

s e m i - c e l l s . A v a r i a t i o n was observed i n which two cross 

bars were p r e s e n t . In t h i s case the bars were o r i e n t e d a t 

90° to each other, and 45° to the cr o s s w a l l . 

Remarks: These fragments are very common i n the 

r o o f shales of the P r i n c e t o n Black Goal zone on the south 

s i d e of the Tulameen R i v e r . I t i s noteworthy t h a t where 

they are pre s e n t , spores and p o l l e n are extremely r a r e . 

The v a r i a t i o n i n form and t e x t u r e w i t h l i t t l e or 

no t r a n s i t i o n between them suggests to the w r i t e r t h a t a t 

l e a s t two genera are i n v o l v e d : (a) those w i t h the smooth 

outer w a l l , and (b) those w i t h the w a l l made up of over

l a p p i n g p l a t e s . T h i s s u g g e s t i o n i s f u r t h e r supported by 

the way i n which the c e l l s d i v i d e . In the case of the 

smooth w a l l e d specimens ( a ) , a mother c e l l undergoes 

d i v i s i o n to produce f o u r daughter c e l l s . These c e l l s 

i n i t i a l l y are i n a s i n g l e plane, but w i t h f u r t h e r develop

ment the c e l l s on the diag o n a l s f u s e , w i t h a corresponding 

s h i f t i n t o two planes (see P l a t e 3 0 , f i g . 1 0 ) . 

At t h i s stage or s h o r t l y t h e r e a f t e r , the mother 

c e l l w a l l breaks down and the two dumbbell shaped i n d i v i d u a l s 

become separated ( P l a t e 30, f i g . 1 0 ). In the case of those 

w i t h the roughened p l a t y w a l l s ( b ) , the sequence of develop

ment cannot be as e a s i l y demonstrated. However, i t appears 

t h a t f o l l o w i n g the f o u r c e l l d i v i s i o n s producing the 

daughter c e l l s , the f u s i o n i s not ac r o s s the d i a g o n a l s , 
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but r a t h e r s i d e by s i d e . The end r e s u l t i s t h a t the f o u r 

daughter c e l l s remain i n the same plane u n t i l the 

d i s i n t e g r a t i o n of the mother c e l l w a l l . T h i s l a t t e r type 

of d i v i s i o n i s s i m i l a r to the d i v i s i o n d e s c r i b e d f o r 

Botryococcus and i s the main reason f o r sug g e s t i n g t h a t 

t h i s i s p o s s i b l y a f o s s i l r e p r e s e n t a t i v e of t h i s genus. 

Botryococcus has been i d e n t i f i e d i n the f o s s i l form by a 

number of w r i t e r s : Blackburn and Temperly (1936), Cookson 

(1953), J e f f r e y (1910), Rao and M i s r a (1949), Tra v e r s e 

(1955), Vimal (1953). 
A more complete r e c o n s t r u c t i o n seems to be 

p o s s i b l e w i t h the m a t e r i a l a v a i l a b l e . I t i s the w r i t e r ' s 

i n t e n t i o n to attempt t h i s a t a f u t u r e date. 

D i v i s i o n CHLOROPHYTA 

C l a s s CHLOROPHYCEAE 

Order CHLOROCOCCALES 

Fami l y HYDRODICTYACEAE 

Genus PEDIASTRUM West and F r i t s c h 1932 

C f . PEDIASTRUM KAIJAITES W i l s o n and H o f f m e i s t e r 1953 

P l a t e 30, f i g . 15. 

Remarks: The P r i n c e t o n m a t e r i a l i s much sm a l l e r 

than P. k a i j a i t e s , a lthough i t resembles t h i s s p e c i e s 

c l o s e l y i n other f e a t u r e s . T h i s form i s known onl y from a 

s i n g l e specimen. I t i s 23 - 24/t<long; contains 12 or more 

coenocytes which are d i s t i n c t l y bean-shaped and about 8 -

9yU i n l e n g t h . 
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C f . PEDIASTRUM PALEOGENEITES Wilson and H o f f m e i s t e r 1953 

P l a t e 3 0 , f i g ' . 16. 

Remarks: The w a l l s of t h i s a l g a (?) are too 

h i g h l y corroded to r e c o n s t r u c t anatomical d e t a i l s . They 

s u p e r f i c i a l l y resemble P. p a l e o g e n e i t e s . The observed s i z e 

range f o r the P r i n c e t o n m a t e r i a l was from 50 - IQjU, 

a l t h o u g h fragments of what must have been much l a r g e r 

coenobia were found. 

T h i s a l g a ( ?) i s r a r e , and i s i n an extremely 

poor s t a t e of p r e s e r v a t i o n . 

Genus ALTERNOSEPTITES Rouse 1962 

ALTERNOSEPTITES sp. 

P l a t e 30, f i g . 17. 

D i a g n o s i s : Elongate s e r i e s of unbranched ( ?) 

r e c t a n g u l a r c e l l s which are almost square, ca. 12 - lAju. 

along the s i d e ; f i l a m e n t p a r a l l e l s i d e d with o n l y a s l i g h t 

c o n s t r i c t i o n a t each cross w a l l ; cross w a l l p e r p e n d i c u l a r 

to outer w a l l , two-layered w i t h every second w a l l p e r f o r a t e . 

The p e r f o r a t e w a l l s tend to be t r i a n g u l a r , but t h i s may be 

a compression phenomena. 

Remarks: These f i l a m e n t s are r a r e i n the P r i n c e t o n 

sediments. They resemble the p r e v i o u s l y d e s c r i b e d s p e c i e s 

of Brachysporium i n the t r i a n g u l a r nature of the p e r f o r a t e 

w a l l s . They d i f f e r i n t h a t t h e i r c r o s s w a l l s are only 

a l t e r n a t e l y p e r f o r a t e , while i n Brachysporium every w a l l i s 
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p e r f o r a t e . They d i f f e r a l s o i n the v a r y i n g t h i c k n e s s of 

the cross w a l l s of Brachysporium. F u r t h e r , the shape i s 

so d i f f e r e n t t h a t t h e r e i s l i t t l e doubt but t h a t they 

belong to a d i f f e r e n t genus. 

Rouse ( p e r s o n a l communication) has found s i m i l a r 

f i l a m e n t s from the Bur r a r d f o r m a t i o n and has proposed the 

name A l t e r n o s e p t i t e s . 

FUNGI 

Genus BRACHYSPORIUM Barnett 1955 

Cf. BRACHYSPORIUM sp. 

P l a t e 3 0 , f i g . 18. 

D i a g n o s i s : C o n i d i a dark, 3 - c e l l e d ( ? ) , w i t h a 

somewhat f l a t t e n e d apex; tapers to the p o i n t of o r i g i n a l 

attachment to the conidiophore; c a . 26 x 12/i; w a l l s heavy, 

c a . 2ju; cross w a l l s (2) ca. 2-g- - 3/x. The t e x t u r e i s s t r i a t e -

g r a n u l a r • 

Remarks: Only a s i n g l e c o n i d i a of t h i s type was 

observed i n the P r i n c e t o n m a t e r i a l . 

Genus Cf. TRICHOTHECIUM B a r n e t t 1955 

P l a t e 3 0 , f i g . 1 9 . 

D i a g n o s i s : Two-celled with the a p i c a l c e l l l a r g e 

and bulbous; h y a l i n e ; outer w a l l "Ljj. or l e s s t h i c k . The 

cross w a l l i s ca. 2ju and norm a l l y i s marked by a s l i g h t 

c o n s t r i c t i o n i n the outer w a l l . 
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C f . W2q Rouse 1962 

P l a t e 30, f i g . 20 - 25. 

Remarks: There i s a wide range of form i n t h i s 

f o s s i l . There i s no doubt, however, t h a t they a l l belong 

to the same genus. They are c h a r a c t e r i z e d by t h e i r m u l t i 

c e l l u l a r n a ture, s i n g l e germinal pore; an expanding nature 

so that the a p i c a l c e l l i s the l a r g e s t ; cross w a l l s 

becoming p r o g r e s s i v e l y t h i c k e r towards the apex; a l l w a l l s 

h y a l i n e to dark. They a r e f r e q u e n t l y hook-shaped. The 

germinal pore i s of v a r i a b l e width, s u g g e s t i n g t h a t d e t a i l e d 

work may show t h a t more than a s i n g l e s p e c i e s i s i n v o l v e d . 

S e v e r a l were observed w i t h a h y a l i n e sheath which c h a r a c t e r 

i s t i c a l l y d i d not take the s a f r a n i n s t a i n . 

I t i s not known whether t h i s a c t u a l l y r e p r e s e n t s 

a f u n g a l or a l g a l spore. The h i g h degree of p r e s e r v a t i o n 

and the abundance of these spores warrant a more d e t a i l e d 

study than has been undertaken. 

MUSCI (?) 

P l a t e 30, f i g . 26 - 27. 

D i a g n o s i s : Grains s p h e r i c a l , 22 - 28/^ i n diameter; 

i n a p e r t u r a t e ; e n t i r e s u r f a c e covered b y a dense mat of f i n e 

h a i r s which p r o j e c t 2 - 3Mbeyond the margins of the g r a i n s ; 

w a l l ca. lju» 

Remarks: These g r a i n s resemble some moss spores 

d e s c r i b e d by McClymont (1954) and have t e n t a t i v e l y been 
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a s s i g n e d t o t h a t o r d e r . F u r t h e r s t u d i e s a r e hampered by 

l a c k o f modern moss spores f o r comparison. 

INCERTAE SEDIS 

Genus DELTOIDOSPORA M i n e r 1935 

DELTOIDOSPORA sp. 

P l a t e 30, f i g . 28. 

D i a g n o s i s : G r a i n s 30 - 34yW; t r i l e t e , l a e s u r a e 

e x t e n d i n g t o t h e c o r n e r s , open o r marked by a w e l l d e f i n e d 

f o l d . The c o r n e r s a r e o n l y s l i g h t l y rounded and a r e 

c h a r a c t e r i z e d by a t h i c k e n i n g o f the e x i n e . The s i d e s o f 

the t r i a n g l e t e n d t o be concave. The t e x t u r e i s p s i l a t e . 

G r a i n s a r e sometimes s p l i t a l o n g t h e t r i l e t e . 

Remarks: W h i l e t h e s e g r a i n s a r e d i s t i n c t and 

a r e r e a d i l y r e c o g n i z a b l e i n t h e f o s s i l form, they cannot 

be a s s i g n e d d e f i n i t e l y t o a modern genus. They appear t o 

be c l o s e l y a l l i e d t o e i t h e r G l e i c h e n i a o r P t e r i d i u m . 

DELTOIDOSPORA s p . 

P l a t e 30, f i g . 29 - 30. 

D i a g n o s i s : G r a i n s 20 - 26/^, t r i l e t e w i t h the 

l a e s u r a e smooth o r ragged, e x t e n d i n g a l m o s t t o t h e p e r i p h e r y ; 

t h e c o r n e r s o f t h e t r i a n g l e s a r e rounded; t h e w a l l i s c a . 

\jj t h i c k ; p s i l a t e . 

Remarks: T h i s i s s i m i l a r t o the p r e c e d i n g 

s p e c i e s . I t d i f f e r s i n a number o f r e s p e c t s ( i . e . r o u n d i n g 

o f c o r n e r s , s i z e , and t h e d e t a i l o f t h e l a e s u r a e ) . I t i s 
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of unknown modern a f f i l i a t i o n and the w r i t e r has not been 

a b l e to c o r r e l a t e i t w i t h any p r e v i o u s l y d e s c r i b e d f o s s i l 

DELTOIDOSPORA sp. 

P l a t e 30, f i g . 31. 

Remarks: T h i s f o s s i l i s known from only a s i n g l e 

specimen. I t i s c h a r a c t e r i z e d by the s i d e s forming almost 

a p e r f e c t e q u i l a t e r a l t r i a n g l e ; t r i l e t e w i t h the l a e s u r a e 

s t r a p - l i k e and extending to the equator where they form a 

no t c h i n the c o r n e r s . The w a l l i s ca. l^ju.thick, p s i l a t e 

to f i n e l y g r a n u l a r . 

(1962). 

DELTOIDOSPORA sp. (?) 

P l a t e 30, f i g . 32 - 34. 

D i a g n o s i s : S i z e c a . 45U, rounded t r i a n g u l a r ; 

t r i l e t e w i t h l a e s u r a e w e l l d e f i n e d and extending more than 

3/4 the d i s t a n c e to the equator. Two wedge-shaped p a r a l l e l 

f o l d s extend a l o n g the d i s t a l s u r f a c e o f the g r a i n . The 

w a l l i s t h i n ( l e s s than In), p s i l a t e to l e v i g a t e . 

common to r e c o g n i z e t h a t i t i s a d i s t i n c t type. O c c a s i o n a l l y 

one of the f o l d s i s much s h o r t e r and narrower than the 

o t h e r . ( P l a t e 30, f i g . 34.) While the f o l d s may not be a 

f e a t u r e of the o r i g i n a l g r a i n , they most c e r t a i n l y r e f l e c t 

some c o n s i s t e n t weakness i n the w a l l . Modern a f f i l i a t i o n s 

T h i s specimen i s s i m i l a r to D. microforma, Rouse 
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are not known to the w r i t e r . 

Genus DIPORITES van der Hammen 1956 

DIPORITES sp. 

P l a t e 30, f i g . 35. 

D i a g n o s i s : P o l l e n g r a i n s elongate, f u s i f o r m ; 

w i t h two d i a m e t r i c a l l y opposed c o s t a t e pores; pores elongate 

and p r o j e c t i n g w e l l i n t o the w a l l ; w a l l c a . l§/<, smooth; 

s i z e c a . 36yU* 
Remarks: T h i s d i f f e r s from the f o l l o w i n g s p e c i e s 

i n s i z e and the shape of the pore. 

DIPORITES sp. 

P l a t e 30, f i g . 36 - 37. 

D i a g n o s i s : G r a i n s i z e 60 - 63/A ?); elongate, 

f u s i f o r m , two pores d i a m e t r i c a l l y opposed, c o s t a t e , and 

shallow. The w a l l i s c a . 1 - IzJA t h i c k and smooth. 

Remarks: Both s p e c i e s o f D i p o r i t e s observed a t 

P r i n c e t o n are r a r e . Two-pored p o l l e n g r a i n s are known 

i n the modern f a m i l i e s L i l i a c e a e , Onagraceae and Proteaceae. 

Genus TRICOLPOPOLLENITES Thompson and 
P f l u g 19 53 

TRICOLPOPOLLENITES sp. 

P l a t e 30, f i g . 38 - 39. 

D i a g n o s i s : T r i c o l p a t e w i t h colpae extending 

almost to the p o l e s ; p r o l a t e ; s i z e ca. 27 x 16//. Exine 

d i s t i n c t l y g r a n u l a r under o i l immersion but appearing 
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smooth under h i - d r i j w a l l thickened towards the co l p a e . 

Remarks: T h i s p o l l e n g r a i n i s r a r e and may 

r e p r e s e n t a compressional form of A c e r . 

TRICOLPOPOLLENITES sp. 

P l a t e 30, f i g . 40. 

D i a g n o s i s : Grains 25 - 35//J s u b s p h e r i c a l ; t r i 

c o l p a t e , w i t h colpae s h o r t and p o o r l y developed. Exine 1/x 

or l e s s t h i c k , smooth to f i n e g r a n u l a r . 

Remarks: The p o l l e n g r a i n bears some resemblances 

to C e r c i d i p h y l l u m , but cannot d e f i n i t e l y be assigned to 

t h a t genus a t t h i s time. P o l l e n g r a i n s of t h i s type are 

r a r e u n l e s s some of the g r a i n s t h a t appear to be a l e t e 

a c t u a l l y belong to t h i s s p e c i e s . 

TRICOLPOPOLLENITES sp. 

P l a t e 30, f i g . 41. 

D i a g n o s i s : Grains s m a l l ( c a . 20//), t r i c o l p a t e 

w i t h colpae extending about 3/4 of the d i s t a n c e to the 

p o l e s . The exine i s t h i c k ( c a . l^u) and e x h i b i t s a f a i n t 

r e t i c u l a t e p a t t e r n . 

Remarks: T h i s g r a i n resembles t h a t of S a l i x 

s i t c h e n s i s . As only a s i n g l e g r a i n of t h i s type was seen, 

i t has been r e f e r r e d to T r i c o l p o p o l l e n i t e s u n t i l f u r t h e r 

comparisons can be made. 
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TRIGOLPOROPOLLENITES Thompson and P f l u g 
1953 

TRICOLPOROPOLLENITES sp. 

P l a t e 3 0 , f i g . 42. 

D i a g n o s i s : Grains ca. 22 x 16/i; t r i c o l p o r a t e ; 

p r o l a t e ; w a l l ca. 0.5ju g r a n u l a r to f a i n t l y r e t i c u l a t e under 

o i l immersion; colpae broad and extending almost to the 

p o l e s ; pores w e l l d e f i n e d . 

Remarks: Except f o r small d i f f e r e n c e s i n the pore, 

t h i s g r a i n i s i d e n t i c a l w i t h the p o l l e n of Cornus mas. 

There seems l i t t l e doubt t h a t the specimens belong to Cornus, 

although f u r t h e r work w i l l have to be done be f o r e t h i s can 

be d e c i d e d . 

TRICOLPOROPOLLENITES sp. 

P l a t e 3 0 , f i g . 4 3 . 

D i a g n o s i s : T r i c o l p o r a t e , w i t h the colpae broad, 

open, and extending almost to the p o l e s . The pores are 

e q u a t o r i a l l y l o c a t e d and i n d i s t i n c t . The g r a i n s are l a r g e 

( 50 - 55/<) and p r o l a t e . The exine i s t h i c k • The 

areas between the colpae are c o a r s e l y r e t i c u l a t e , becoming 

p r o g r e s s i v e l y f i n e r towards t h e c o l p a e . The colpae are 

smooth to f i n e g r a n u l a r . 

Remarks: Only two specimens of t h i s type were 

observed, and they both o c c u r r e d i n shales u n d e r l y i n g the 

P r i n c e t o n Black Coal seam on the south s i d e of the Tulameen 
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R i v e r , 

TRIPLANOSPORITES Thompson and P f l u g 1953 

TRIPLANOSPORITES sp. 

P l a t e 30, f i g . 44 - 45. 

Remarks: These specimens can undoubtedly be 

r e f e r r e d to the genus T r i p l a n o s p o r i t e s , but n e i t h e r the 

sp e c i e s nor i t s modern a f f i l i a t i o n s can be suggested a t the 

present t i m e . 

Genus INAPERTISPORITES van der Hammen 

ex Rouse 1959 

INAPERTISPORITES ELONGATUS Rouse 1962 

P l a t e 30, f i g . 46. 

Remarks: Spores o f t h i s type are f a i r l y common 

among the f u n g a l elements of the P r i n c e t o n m a t e r i a l . 

INAPERTISPORITES sp. 

Plate- 3 0 , f i g . 47. 

D i a g n o s i s : S u b - s p h e r i c a l , c a . 4yUin diameter, 

i n a p e r t u r a t e (?) and dark i n c o l o r . I t s s u r f a c e i s smooth. 

Remarks: The t e x t u r e , c o l o r and heavy w a l l suggest 

t h a t i t i s a f u n g a l spore. 

INAPERTISPORITES sp. 

P l a t e 3 0 , f i g . 48 - 49. 

D i a g n o s i s : I n a p e r t u r a t e ; s p h e r i c a l c a . 8 - 16/̂ ; 

exine covered by dense g r a n u l a t i o n s ; dark i n c o l o r . 
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Remarks: The specimen i s s i m i l a r to some of the 

f u n g a l spores i l l u s t r a t e d by B a r n e t t (1955; I960). 

INAPERTISPORITES sp. 

P l a t e 3 0 , f i g . 5 0 . 

D i a g n o s i s : G r a i n elongate c a . 54 x 22#; h y a l i n e ; 

w a l l p s i l a t e to l e v i g a t e and i r r e g u l a r l y t h i c k e n e d . Wall 

t h i c k n e s s v a r i e s from 2 -

Remarks: T h i s specimen i s r e a d i l y r e c o g n i z e d by 

the i r r e g u l a r t h i c k e n i n g and t h i n n i n g i n the w a l l . Only a 

s i n g l e specimen was observed. I t i s of unknown a f f i l i a t i o n s . 

INAPERTISPORITES sp. 

P l a t e 3 0 , f i g . 51-52. 
D i a g n o s i s : S p h e r i c a l (?) ca. 14 - 18//in diameter, 

w i t h the e n t i r e s u r f a c e covered by a coarse r e t i c u l a t i o n . 

Remarks: Except f o r s i z e , t h i s g r a i n i s s i m i l a r 

to Lycopodium r e t i c u l u m s p o r i t e s , Rouse (1959). 

Genus INAPERTUROPOLLENITES Thompson and 

P f l u g 1953 

INAPERTUROPOLLENITES sp. 

P l a t e 30, f i g . 53 - 54. 

D i a g n o s i s : Grains s p h e r i c a l to s u b s p h e r i c a l ; 

20 - 30yU i n diameter; i n a p e r t u r a t e ; w a l l l e v i g a t e ca. 0.5 -

"Iju t h i c k . The e n t i r e s u r f a c e i s covered by a s e r i e s of 

s m a l l , i r r e g u l a r f o l d s . 

Remarks: These specimens resemble another s p e c i e s 
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of I n a p e r t u r o p o l l e n i t e s suggested as p o s s i b l y Chamaecyparis. 

I t i s p o s s i b l e t h a t t h i s g r a i n i s simply a much f o l d e d 

Chamaecyparis p o l l e n . 

The use of spores and p o l l e n as a g e o l o g i c a l 

c o r r e l a t i o n t o o l i s r a p i d l y f i n d i n g i t s p l a c e . Of the 

approximately one hundred types i d e n t i f i e d i n t h i s study, 

the f o l l o w i n g are e a s i l y r e c o g n i z e d and occur i n s u f f i c i e n t 

numbers to i n d i c a t e that they may e v e n t u a l l y be used f o r 

c o r r e l a t i o n : 

Sphagnum sp. 

Osmundacidites p r i m a r i u s  

Osmundacidites sp. 

L a e v i g a t o s p o r i t e s ovatus  

L a e v i g a t o s p o r i t e s d i s c o r d a t u s  

L a e v i g a t o s p o r i t e s g r a c i l i s  

L a e v i g a t o s p o r i t e s a l b e r t e n s i s  

Anemia p o o l e n s i s 

A z o l l a primaeva (micro and megaspore) 

Ginkgo sp. - Cycadopites f o l l i c u l a r i s 

L a r i x p l i c a t i p o l l e n i t e s 

Tsuga v e r i d i f l u m i n i p i t e s 

Tsuga sp. 

Pinus spp. 

P i c e a spp. 

Metasequoia p a p i l l o p o l l e n i t e s ( r a r e ) 
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Taxodium h i a t i p i t e s (?) (Libocedrus) 

Alnus q u a d r a p o l l e n i t e s 

Alnus q u i n q u e p o l l e n i t e s 

B e t u l a c l a r i p l t e s 

Carpinus sp. 

Carya sp. 

P t e r o c a r y a sp. 

T i l i a c r a s s i p i t e s 

S a l l x spp. 

Acer spp. 

P i s t i l l i p o l l e n i t e s m c g r e g o r i i  

Sparganium spp. 

A l t e r n o s e p t i t e s sp. ( r a r e ) 

Brachysporium sp. (?) 

D i p o r i t e s spp. 

T r i p l a n o s p o r i t e s sp. 

I n a p e r t i s p o r i t e s globossus and s i m i l a r s p e c i e s 

have not been i n c l u d e d as r e a d i l y r e c o g n i z a b l e f o s s i l s 

because of the wide range of s i z e and the i n a b i l i t y of the 

p r e s e n t w r i t e r to s u b d i v i d e them on any f e a t u r e other than 

s i z e . I t i s recommended t h a t the t o t a l s i z e range be 

r e c o r d e d . Once l a r g e p o p u l a t i o n s are a v a i l a b l e from 

s e v e r a l l o c a l i t i e s , i t may be p o s s i b l e to s u b d i v i d e them 

on more than simply an a r b i t r a r y s i z e range, or p o s s i b l y 

s o r t out s i z e f r e q u e n c i e s which may i n d i c a t e d i s t i n c t 

s p e c i e s . 

The s t a i n r e a c t i o n of the v a r i o u s types of p o l l e n 



- 128 -

g r a i n s to s a f r a n i n i s v a r i e d . I t was noted t h a t while 

some take the dye r e a d i l y , others are u n a f f e c t e d . For 

example, g r a i n s of Pinus sp. are u s u a l l y deeply s t a i n e d , 

while Anemia p o o l e n s i s c h a r a c t e r i s t i c a l l y does not s t a i n . 

The e x p l a n a t i o n of t h i s phenomena i s not known. Two 

p o s s i b l e e x p l a n a t i o n s a r e : (1) the t h i c k e r w a l l of the pi n e 

p o l l e n takes up more s t a i n than the t h i n n e r w a l l of Anemia; 

and (2) there i s a s l i g h t l y d i f f e r e n t chemical composition 

of the w a l l s of the v a r i o u s spore and p o l l e n t y p e s . 

The p o s s i b i l i t y of v a r y i n g composition of the 

w a l l p r e s e n t s i t s e l f as a p o s s i b l e t o o l f o r the p r a c t i c i n g 

p a l y n o l o g i s t . While i t i s beyond the scope of t h i s study, 

i t i s suggested t h a t the chemistry of the spore and p o l l e n 

w a l l be more f u l l y i n v e s t i g a t e d , together with the 

p o s s i b i l i t y o f the a p p l i c a t i o n of s t a i n s to d e t e c t 

d i f f e r e n c e s i n chemical composition i f indeed they e x i s t . 

In the pr e c e d i n g study, the s i z e range of micro

f o s s i l s has been obtained by measuring a number of i s o l a t e d 

i n d i v i d u a l s . In the cases of Acer, Sparganium and 

Qsmundacidites, two s p e c i e s of each have been p o s t u l a t e d 

on the b a s i s of s i z e d i f f e r e n c e s . T h i s does not take i n t o 

account immature i n d i v i d u a l s . There i s no known method o f 

determining an immature i n d i v i d u a l , and there i s always 

a q u e s t i o n of the v a l i d i t y of a s p e c i e s i f on l y small 

d i f f e r e n c e s i n s i z e e x i s t . A worthwhile c o n t r i b u t i o n to 

p a l y n o l o g y would be to t r e a t i n d i v i d u a l s of a modern s p e c i e s 

at s e v e r a l stages i n t h e i r development i n order to o u t l i n e 
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changes as they o c c u r . 

P o l l e n g r a i n s such as Anemia p o o l e n s i s , 

Cycadopites f o l l i c u l a r i s t Sphagnum sp., Alnus q u a d r a p o l l e n i t e s , 

Alnus q u i n q u e p o l l e n i t e s ( c f . Wodehouse Alnus s p e c i i p i t e s ) , 

L a e v i g a t o s p o r i t e s a l b e r t e n s i s , L. d i s c o r d a t u s , L. g r a c i l i s t 

L . ovatus, and Pinus spp. are known from a number of 

l o c a l i t i e s . Comparison and assignment to the genera and 

s p e c i e s are based ( f o r p r a c t i c a l reasons) on photographs 

and w r i t t e n d e s c r i p t i o n s . A s e r i e s o f m i s i d e n t i f i c a t i o n s 

on the p a r t of a s i n g l e i n v e s t i g a t o r may l e a d to erroneous 

c o n c l u s i o n s . I t i s f e l t that t h e r e i s a strong need f o r 

d e t a i l e d and monographic comparisons of such g r a i n s , and 

t h a t f u t u r e i n v e s t i g a t o r s should undertake such a p r o j e c t . 

With the r a p i d l y i n c r e a s i n g amount of data 

a v a i l a b l e to the r e s e a r c h worker, a study of the p a l e o -

c l i m a t e i s a d e s i r a b l e f e a t u r e of any m i c r o f o s s i l study. 

I t i s the impression of the w r i t e r t h a t the P r i n c e t o n p a l e o -

c l i m a t e was warm to c o o l temperate. T h i s statement i s 

based not on a d e t a i l e d study of the f l o r a i n v o l v e d , but on 

a l i m i t e d d i s t r i b u t i o n study of onl y a few genera. In 

order to come up w i t h more than a suggestion or an 

impression of the c l i m a t e , i t would be necessary that the 

v a r i o u s f o s s i l s be r e l a t e d to t h e i r c l o s e s t known modern 

co u n t e r p a r t , and then u s i n g the d i s t r i b u t i o n of these, 

p o s t u l a t e the p a l e o c l i m a t e . The b a s i c assumption i s that 

the f o s s i l s are d e f i n i t e l y a n c e s tors of the modern species 

and that they r e q u i r e d a s i m i l a r h a b i t a t . Such a study i s 
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beyond the scope of t h i s r e p o r t . 

While one of the b a s i c purposes of t h i s study 

was to p r o v i d e a m i c r o f o s s i l assemblage f o r g e o l o g i c a l 

c o r r e l a t i o n , i t i s a l s o beyond the scope here to perform 

such a c o r r e l a t i o n . I t w i l l , however, be the s u b j e c t of 

a f u t u r e paper by the w r i t e r . 

M i c r o f o s s i l z o n a t i o n can be c l e a r l y demonstrated 

w i t h the P r i n c e t o n m a t e r i a l . The reasons f o r t h i s z o n a t i o n 

are not known a t the p r e s e n t time, but i t may be due to one 

or a combination of the f o l l o w i n g : ( l ) changes of 

environment, ( 2 ) e v o l u t i o n of a f l o r a i n a g i v e n a r e a . I t 

i s here suspected t h a t z o n a t i o n i s p r i m a r i l y i n f l u e n c e d by 

ecology. The z o n a t i o n i s of i n t e r e s t f o r c o r r e l a t i o n 

purposes because a s i n g l e sample i s not r e p r e s e n t a t i v e 

of the whole f l o r a . U n f o r t u n a t e l y the s u b j e c t of z o n a t i o n 

cannot be d e a l t w i t h adequately a t the present time, and 

w i l l be r e f e r r e d to f u t u r e work planned by the w r i t e r . 



PART V 

SUMMARY AND CONCLUSIONS 
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GLACIATION 

In addition to the lakes on the Similkameen 

River (Mathews, 1944) i c e dammed lakes were formed on the 

Tulameen River, Whipsaw Creek and Granite Creek. I t i s 

postulated that i n the i n i t i a l stages, these lakes drained 

southward, but with the retreat of the i c e , that outlet 

channels were replaced by more northerly outlets u n t i l the 

present drainage pattern was established. 

STRATIGRAPHY 

The Princeton Group i s made up of three formations, 

the Lower Volcanic Formation ( o l d e s t ) , the Upper Volcanic 

Formation and the Allenby Formation (youngest). 

STRUCTURE 

The Princeton c o a l f i e l d i s a composite basin made 

up of two related s y n c l i n a l basins separated by an a n t i 

c l i n e which crosses the basin about one mile north of 

Princeton. 

ENVIRONMENT AND SOURCE OF SEDIMENTS 

It i s almost cer t a i n that the Allenby Formation 
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i s of f l u v i o - l a c u s t r i n e o r i g i n . The d i r e c t i o n o f the 

p a l e o c u r r e n t was from n o r t h to south, p a r a l l e l to the 

l o n g axes of the pr e s e n t P r i n c e t o n c o a l f i e l d . The w r i t e r 

envisages an environment not u n l i k e t h a t suggested by Shaw 

(1952), of a meandering r i v e r w i t h numerous b o r d e r i n g oxbow 

l a k e s and swampy areas which supported a l u s h v e g e t a t i o n . 

The n o r t h e r n source o f the sediments may e x p l a i n 

the d i s t r i b u t i o n o f c o a l i n the c o a l f i e l d . The c u r r e n t s 

coming from the Osprey Lake I n t r u s i o n , on e n t e r i n g the 

P r i n c e t o n c o a l f i e l d , probably s u f f e r e d a sudden decrease i n 

v e l o c i t y , r e s u l t i n g i n the d e p o s i t i o n of the co a r s e r 

m a t e r i a l . T h i s r a p i d accumulation of coarse d e b r i s would 

tend to make and prevent l a r g e accumulations of o r g a n i c 

d e b r i s , w h i l e to the south the r i v e r was slower and c a r r i e d 

f i n e r d e b r i s . 

Thus, i n the e a r l y stages, accumulations of 

orga n i c d e b r i s took p l a c e i n the southern h a l f o f the a r e a . 

As time p r o g r e s s e d , the coarse d e b r i s advanced f u r t h e r 

and f u r t h e r southward, e v e n t u a l l y encroaching on the swamps 

and oxbow l a k e s and c o v e r i n g the accumulations of org a n i c 

d e b r i s w i t h coarse sandstone's and granule conglomerates. 

A c c o r d i n g t o Shaw (1952) c o a l accumulation occurred l a t e 

i n the h i s t o r y o f the c o a l f i e l d , and the c o a l seams are 

u n d e r l a i n by much coarse d e b r i s . Prom the present s t u d i e s , 

i t appears t h a t w h i l e the c o a l seams are u n d e r l a i n by some 

d e t r i t a l m a t e r i a l , the g r e a t e s t accumulations of sandstones 

and granule conglomerates occur above the c o a l s . Those 
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coarse e l a s t i c s u n d e r l y i n g the c o a l a re d e r i v e d p r i n c i p a l l y 

from the adjacent areas i n the form o f t a l u s , w i t h some 

a r k o s i c sediments brought i n t o the area from the n o r t h . 

MICROPALEOBOTANY 

In the P r i n c e t o n sediments, spores and p o l l e n 

are v e r y w e l l p r e s e r v e d . The s h a l e s , however, are g e n e r a l l y 

too f r i a b l e f o r the s a t i s f a c t o r y c o l l e c t i o n of p l a n t macro-

f o s s i l s . While s e v e r a l l o c a l i t i e s p r o v i d e e x c e l l e n t 

specimens, a t many onl y fragments are found, and these 

n o r m a l l y crumble i f handled, or i f they are exposed to the 

atmosphere. The f r i a b l e nature of the sediments lends 

i t s e l f w e l l , however, to the r e c o v e r y of spores and p o l l e n . 

In the case o f the P r i n c e t o n c o a l f i e l d , spores and p o l l e n 

f a r outnumber the m a c r o f o s s i l s and p r o v i d e a more complete 

p i c t u r e of the f l o r a a t t h a t time. In a d d i t i o n , spores and 

p o l l e n of most s p e c i e s are u s u a l l y found i n l a r g e numbers. 

N i n e t y - t h r e e p l a n t m i c r o f o s s i l s were s t u d i e d . 

Of these, f i f t y - t h r e e can be a s s i g n e d to modern genera, 

t h i r t y to form genera (some of suspected modern a f f i l i a 

t i o n s ) , f o u r to f a m i l y , one to an order, and f i v e a re 

u n i d e n t i f i e d . About f o r t y of these spores and p o l l e n are 

e a s i l y i d e n t i f i a b l e and occur i n s u f f i c i e n t numbers to 

i n d i c a t e p o s s i b l e use i n g e o l o g i c a l c o r r e l a t i o n . S e v e r a l 

specimens are con s i d e r e d i d e n t i c a l w i t h specimens from 

the B u r r a r d Formation, Green R i v e r Formation, and the F o r t 
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Union Formation. 

The potassium-argon age (Rouse and Mathews, 

1961) of Middle Eocene, and the presence of t r o g o s i n e 

t i l l o d o n t remains ( R u s s e l l , 1935; Gazin, 1953) are con

s i d e r e d by the w r i t e r to c l e a r l y i n d i c a t e a Middle Eocene 

age f o r the P r i n c e t o n c o a l f i e l d . The p l a n t m i c r o f o s s i l s 

d e s c r i b e d i n the t e x t are from about 1000 f e e t of s t r a t a 

which encompass the two h o r i z o n s from which age data were 

o b t a i n e d . I t i s , t h e r e f o r e , suggested that the m i c r o f l o r a l 

assemblage h e r e i n d e s c r i b e d may serve f o r g e o l o g i c a l 

c o r r e l a t i o n to o t h e r T e r t i a r y basins i n B r i t i s h Columbia 

from which potassium-argon dates have not been o b t a i n e d . 

With the present knowledge of the p l a n t micro

f l o r a of Middle Eocene age, i t would be p o s s i b l e to make 

a c l i m a t i c a n a l y s i s . 
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PLATE 25 

P i g . 1 - 2 
3 
4 - 5 
6 
7 - 8 
9 - 11 
12 
13 - 15 
16 
17 - 18 
19 - 20 
21 - 22 
23 
24 - 25 
26 
27 
28 - 32 
33 
34 
35 - 36 

Brachysporium sp. 

Desmidiospora sp. 

I n a p e r t i s p o r i t e s sp. 

I . globossus 

I . l a e v i g a t u s  

Sphagnum sp. 

I n a p e r t u r o p o l l e n i t e s sp. 

Osmundacidites sp. 

Osmundacidites sp. 

Botrychium 

L a e v i g a t o s p o r i t e s a l b e r t e n s i s 

L. d i s c o r d a t u s 

L. g r a c i l i s 

L. ovatus 

Polypodiaceae 

Lygodium sp. 

Anemia p o o l e n s i s 

A z o l l a primaeva ( g l o c h i d i a of) 

Anemia sp. (?) 

A z o l l a primaeva microspores 





PLATE 26 

P i g . 1 - 2 A z o l l a primaeva microspores 
3 Massulae 
4 Arrangement of microspores i n microsporangia 
5 A z o l l a primaeva megaspore - note the two-

layered w a l l . X 300 
6 & 9 Inner wall of A z o l l a primaeva megaspore, 

X 300, c f . Magnosporites s t a p l i n i i 
7 & 8 Immature (?) megaspores. X 300 





PLATE 27 

P i g . 1 - 3 

4 

5 - 1 0 

11 - 12 

13 - 14 

15 

16 - 21 

Ginkgo sp. 

L a r i x p l i c a t i p o l l e n i t e s  

Tsuga sp. c f . T. p a t t o n i a n a  

Pinus sp. c f . P. p a l u s t r i s  

Pinus sp. c f . P. c o n t o r t a  

Pinus t u b e r c u l i p i t e s 

P. s t r o b i p i t e s 





PLATE 28 

P i g . 1 P i n u s t e n u e x t i m a 

2 P i n u s sp. 

3 - 7 P i c e a a l i p o l l e n i t e s 

8 P i c e a sp. 

9 P i c e a s p . ( ? ) 

10 P i c e a s p . ( ? ) 

11 C o n i f e r a l e s 

12 Podocarpus s p . c f . P. n a g e i a 





PLATE 29 

1 Metasequola p a p i l l a p o l l e n i t e s 

2 Taxodium h i a t i p i t e s - see a l s o Libocedrus. 

3 S c i a d o p i t y s sp. 

4 - 5 I n a p e r t u r o p o l l e n i t e s sp. 

6 Alnus q u a d r i p o l l e n i t e s 

7 - 10 Alnus q u i n q u e p o l l e n i t e s 

11 - 12 B e t u l a c l a r i p i t e s 

13 - 17 Carpinus a n c i p i t e s 

18 Castanea sp. 

19 Carya j u x t a p o r i p i t e s 

20 - 23 P t e r o c a r y a sp. 

24 T i l i a c r a s s i p i t e s 

25 Rhamnus sp. 

26 - 27 S a l i x d i s c o l o r i p i t e s 

28 - 29 S a l i x sp. c f . S. hookeriana and S. n i g r i c a n s 

30 - 31 S a l i x sp . 

32 I n a p e r t u r o p o l l e n i t e s sp. 

33 - 34 Acer sp. 

35 - 39 Acer sp. 

40 - 41 Aescuius sp. 

42 E r i c i p i t e s sp. c f . E r i c i p i t e s sp., Wodehouse 
(1933) 

43 Caryophyllaceae 

44 - 46 P i s t i l l i p o l l e n i t e s m c g r e g o r i i 

47 - 49 Potamogetonaceae 



3 6 7 | 

O # # • o $ 
10 11 12 13 14 15 

16 17 18 19 20 21 22 23 

24 . 25 26. 27 28 29 30 31 32 

33 __34 135 3j6 37 38 . 39 Uo i4J 

2 
43 44 

49 

48 



PLATE 30 

P i g . 1 - 2 Sparganium sp • 

3 Sabal g r a n o p o l l e n i t e s 

4 c f . Gonatozygon sp. 

5 M u l t i s e r i a t e bordered p i t s 

6 - 1 4 c f . Botryococcus sp. 

15 c f . Pediastrum k a i j a i t e s 

16 c f . Pediastrum p a l e o g e n e i t e s 

17 A l t e r n o s e p t i t e s sp. 

18 c f . Brachysporium sp. 

19 T r i c h o t h e c i u m sp. 

20 - 25 c f . W2q, Rouse 1962 

26 - 27 Musci (?) 

28 D e l t o i d o s p o r a sp• 

29 - 30 D e l t o i d o s p o r a sp. 

31 D e l t o i d o s p o r a sp. c f . D. microforma 

32 - 34 D e l t o i d o s p o r a sp. 

35 D i p o r i t e s sp. 

36 - 37 D i p o r i t e s sp. 

38 - 39 T r i c o l p o p o l l e n i t e s sp. 

40 T r i c o l p o p o l l e n i t e s sp. 

41 T r i c o l p o p o l l e n i t e s sp. 

42 T r i c o l p o r o p o l l e n i t e s sp. 

43 T r i c o l p o r o p o l l e n i t e s sp. 

44 - 45 T r i p l a n o s p o r i t e s sp. 

46 I n a p e r t i s p o r i t e s elongatus 

47 I n a p e r t i s p o r i t e s sp. 



PLATE 30 - cont'd 

48 - 49 I n a p e r t i s p o r i t e s sp. 

50 I n a p e r t i s p o r i t e s sp. 

51 - 52 I n a p e r t i s p o r i t e s sp. 

53 - 54 I n a p e r t u r o p o l l e n i t e s sp. c f . Charaaecyparis 

55 u n i d e n t i f i e d 

56 u n i d e n t i f i e d 

57 u n i d e n t i f i e d 

58 Pern annulus 

59 u n i d e n t i f i e d 

60 u n i d e n t i f i e d 

61 Stone c e l l 




