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. . . 
PREFACE 

The 1985 Summit-Nass Geological  Report combines c u r r e n t  and 

previous e x p l o r a t i o n  work t o  provide an assessment o f  t h e  geology, coal 

q u a l i t y  and resource p o t e n t i a l  o f  t h e  Summi t-Nass Area. 
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The Gulf Canada Limited Mount Klappan property i s  composed of 211 

crown l i c e n c e s ,  comprising 56 194 hec ta res  of land. I t  i s  loca t ed  i n  

t h e  Bowser Basin of northwestern British Columbia approximately 150 

ki lometres  no r theas t  of Stewart.  

In  1984 the Mount Klappan property was divided i n t o  t h r e e  a r ea s  t o  

f ac i  1 i t a t e  explora t ion  a c t i v i t i e s  and 1 ogi s t i c s .  Those a r ea s  included 

the Hobbi t-Broatch Area, the Lost-Fox Area and the Summi t-Nass-Skeena 

Area. During the 1985 f i e l d  program explora t ion  was c a r r i e d  o u t  only 

on the Lost-Fox Area and the Summit-Nass Area, the l a t t e r  t o  which this 

r e p o r t  pe r t a in s .  

Combined exp lo ra t i on  a c t i v i t y  on the Mount Kl appan property during 

1985 comprised mining of over 135 000 tonnes of raw coal from a t e s t  

p i t ,  d r i l l  i ng  34 diamond d r i  11 ho les ,  f o r  6 146 metres ,  and excavat ing ' 

45 t renches.  In add i t i on ,  the property was mapped a t  s c a l e s  of 

1:2 500, 1:5 000 and 1:10 000 and new a i rpho to  coverage a t  a s c a l e  of 

1:8 000 was produced f o r  the Lost-Fox and Hobbit-Broatch Areas. 

Sedimentary rocks of the Mount Klappan property range i n  age from 

Upper J u r a s s i c  t o  Lower Cretaceous and a r e  subdivided i n t o  fou r  

sequences which, i n  ascending o rde r ,  a r e  the S p a t s i z i ,  Klappan, Malloch 

and Rhondda. The K l  appan Sequence is  the main coal-bear ing u n i t  and i s  

i n t e r p r e t e d  a s  being up t o  900 metres th ick .  In t h e  Summit-Nass Area 

the S p a t s i z i ,  Klappan and Malloch sequences a r e  exposed w i t h  the 

Klappan Sequence occupying t h e  l a r g e s t  area.  

S t r u c t u r a l l y  the sedimentary rocks wi th in  the property have 

- 1 -  



undergone two d i  s t i  n c t  episodes o f  deformation r e s u l t i n g  i n  

northwest-southeast t rend ing  phase one f o l d s  and east-west t rend ing  

second phase f o l  ds. Thrus t ing  i s associated w i t h  both compressional 

events, however s t r i k e - s l i p  and h igh  angle normal f a u l t s  are 

i n t e r p r e t e d  t o  be the  r e s u l t  o f  a l a t e r  extensional event. 

The Mount Klappan proper ty  contains a t o t a l  i n - s i t u  measured 

resource o f  64.4 m i l  1 i o n  tonnes from 20 p o t e n t i a l l y  mineable coal seams 

ranging, l o c a l l y ,  up t o  6.75 metres i n  thickness. 

Add i t iona l  resources a t  l e s s e r  l e v e l  s o f  confidence i n d i c a t e  a 

t o t a l  p roper ty  resource p o t e n t i a l  o f  6 154.9 m i l  l i o n  tonnes. The 

Summit-Nass Area cont r ibu tes  3 960.8 m i l l i o n  tonnes, o f  l a r g e l y  

speculat ive resource t o  the  t o t a l  p o t e n t i a l  (Tab1 e 1 .I). 

Table 1.1 

Coal Resource Summary 

- (MT) 

Mount K l  appan Property Sumni t-Nass Area 

Measured 

I ndi  cated 

I n f e r r e d  

Speculat ive 

Tota l  



2.0 RECOMMENDATIONS 

Based on the  compilation and i n t e r p r e t a t i o n  of explora t ion  data  

from the Summi t-Nass Area the  fol  1 owi ng recommendations a r e  proposed: 

1. I n i t a t e  a mechanical t renching program i n  southern Summit t o  

f a c i l  i t a t e  seam c o r r e l a t i o n s  from exposures i n  the va l ley  

north of Marshal 1-Layton Ridge t o  coal seams i n  Summit South. 

2. Continue del i neat ion of t h e  K l  appan coal -bear ing sequence 

through de ta i  1 ed mappi ng and s t r a t i g r aphy  in  cen t r a l  and 

northwestern Nass. 

3. Relinquish l i c ences  8049, 8050, 8051, 8052, 8053 which a r e  

i n t e r p r e t e d  a s  ly ing  w i t h i n  the middle t o  upper Spa t s i z i  

Sequence and which do not contain exposed coal seams. 



3.0 INTRODUCTION 

3.1 Mount Klappan Coal Project  

3.1.1 Locat ion 

The Mount Klappan coal l i cences  are s i t u a t e d  i n  

northwest B r i t i s h  Col umbi a. approximately 930 k i  1 ometres nor th  

o f  Vancouver, 150 k i lomet res  nor theast  o f  Stewart and 530 

k i l  ometres northwest o f  PrSnce George (F igure 3.1 1. 

Geographical ly the coal l i cences  are a t  the nor thern 

ex t rem i t y  o f  the Skeena Mountains between 57" 06' and 57" 23' 

n o r t h  l a t i t u d e ,  and 128" 37' and 129" 15' west longi tude,  and 

cover  the headwaters o f  the K l  appan, L i t t l e  K l  appan, ' Spatsi  z i  

and Nass Rivers. 

I s k u t  (popu la t ion  500) i s  the nearest community to the 

proper ty  loca ted  100 k i l ome t res  t o  the northwest on the 

Stewart-Cassier Highway (Hwy 37). 

3.1.2 Access 

The Mount K l  appan proper ty  s t radd l  es the p a r t i a l  l y  

completed B r i t i s h  Columbia Railway 1 i n e  between Pr ince  George 

and Dease Lake (F igure  3.2). P r i o r  t o  cessat ion o f  work on 

t h e  cons t ruc t i on  o f  the l i n e ,  s teel  was l a i d  to w i t h i n  80 

k i lomet res  south o f  the property.  With the except ion o f  a 24 

k i l ome t re  s t r e t c h  nor th  o f  the K l  uatantan River,  the ra i lway  



-- 

FIGURE 3.1 

MOUND #LAPPAM C O A L  PROPERTY 
LOCATION MAP 

b 
8 

\ OEASE 
LAKE 

MT. KLAPPAN LICENCE AREA 
OUF CANADA RESOURCES INC. 
10/01/85 



FIGURE 3.2 

HOUND #LAPPAM COAL PROPERTY 

I PROPERTY ACCESS I 

; . :  

LEGEND 
ROAD ACCESS - EXISTING RAILWAY 

t + -I- EX I ST I NG RA I LWAY SUBGRADE 

-& MT. KLAPPAN LICENCE AREA 

C5?:r?05.!57!8?3' ' 'C tF i .1  0C 

SCALE 

@@ G U F  CANADA RESOURCES INC. 
IW02/85 - 



subgrade was constructed through and beyond the proper ty  t o  

t h e  S t i k i n e  R ive r  j u s t  south o f  Dease Lake. 

Road access t o  the proper ty  from Highway 37, v i a  Eal ue 

Lake Road, i s  provided along the  B r i t i s h  Columbia Railway 

subgrade. Three br idges were constructed along the subgrade 

e a r l y  i n  1984 t o  permi t  surface access t o  the  property.  Road 

d is tances from Terrace and Stewart t o  the proper ty  are 575 

k i l  ometres and 426 k i  1  ometres respec t ive ly .  

F ixed  wing a i r c r a f t  prov ide access by a i r  and use the 

1000 metre Summit A i  r s t r i p  l oca ted  a1 ong the  ra i lway  subgrade 

i n  the  cen t ra l  reg ion  o f  the property.  

3.1.3 Property Desc r i p t i on  

The Mount Klappan proper ty  comprises 211 coal l i cences  

t o t a l l i n g  56 194 hectares o f  land  (Appendix B; F igure  3.3). 

The proper ty  was acquired i n  f i v e  separate app l i ca t i ons  from 

1981 t o  1985. 

3.1.4 Ownership 

Gu l f  who1 l y  owns the coal l i cences  comprising the 

Mount K l  appan property.  

3.1.5 Geography and Biophysica l  Environment 

The Mount Klappan proper ty  i s  loca ted  a t  the head- 

waters o f  the L i t t l e  Klappan, Klappan, Nass, Skeena, and 
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Spats iz i  Rivers (F igure 3.1). This area i s  w i t h i n  the 

nor thern extremi ty  o f  the Skeena Mountains physiographic 

region. The regional physiography i s  o f  mountainous t e r r a i n  

w i t h  broad northwest t o  southeast t rending va l l eys  o f  the 

aforementioned r i v e r s .  

Elevat ions on the proper ty  range from 991 metres i n  

t he  K l  appan R iver  Val l e y  t o  over 2000 metres on Mount K l  appan 

and the adjacent r i dge  tops. 

The c l i m a t i c  regime o f  the area i s  i n  the Northern and 

Central  Plateau and Mountai n Zone. Preci p i  t a t i o n  val ues 

average 300 t o  400 mm per year w i th  mean d a i l y  temperatures 

comparable t o  F o r t  Nelson and Pr ince George. This 

in format ion i s  der ived from weather s ta t i ons  Jocated on the 

nor theastern edge o f  the proper ty  which have been monitored'  

monthly since t h e i r  i n s t a l l a t i o n  three years ago. 

Tree l i n e  i n  the area i s  a t  approximately 1500 metres. 

Va l ley  bottoms are p a r t i a l l y  covered w i t h  scat tered 

coni ferous fo res ts ,  grasses, shrubs, meadows, and bogs. The 

h ighe r  e levat ions are character ized by a1 p ine tundra. 

3.2 Summit-Nass Area 

3.2.1 Locat ion 

The Mount Klappan proper ty  has been d iv ided i n t o  f i v e  

p r o j e c t  blocks t o  f a c i l  i t a t e  exp lora t ion  expansion and 

subsequent l o g i s t i c s .  The Summit-Nass Area encompasses the 



northwestern and southwestern quadrants o f  the Mount Klappan 

proper ty  (F igure  3.4). 

The Summit Area i s  c u t  by the L i t t l e  K l  appan R iver  t o  

t he  nor theast  and extends t o  the southwest i n t o  a 'ser ies o f  

r idges. The Nass Area has a common nor theast  boundary w i th  

Summit south wh i l e  i t s  western and southern borders are 

bounded by several small i c e  f i  e l  ds. Drainage val l eys  o f  the 

Klappan and Nass Rivers occupy a l a r g e  p o r t i o n  o f  the Nass 

Area. 

3.2.2 Access 

The low l y i n g  po r t i ons  o f  the Summit Area are 

accessib le by t ruck  along the  B r i t i s h  Columbia Railway 

subgrade. Exp lo ra t i on  a t  h igher  e leva t ions  o f  Summit and t o  

a l l  pa r t s  o f  the Nass Area requ i re  h e l i c o p t e r  support from 

t h e  Didene Creek base camp. 

3.2.3 Area Desc r i p t i on  

The Summit-Nass Area covers 30 440.5 hectares and 

inc ludes  112 o f  the 211 l i cences  comprising the Mount Klappan 

Coal P r o j e c t  (Appendix 0).  O f  the 54 l i cences  ( t o t a l i n g  

14 142.5 hectares)  o f  the  Summit block, two l icences,  7171 

and 7173, are d i v i ded  i n  t he  southwest corner between the 

Summi t-Nass Area and the Lost-Fox Area. The Nass block 

conta ins  58 coal l i cences  equa l l i ng  16 298.0 hectares. 
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3.2.4 Biophysica l  Environment 

The regional  physiography o f  the Summit-Nass Area i s  

one o f  mountainous t e r r a i n  and broad northwest t o  southeast 

t r e n d i  ng val 1 eys. 

Vegetat ion i s  va r i ab le  w i t h  a1 p i  ne tundra 

cha rac te r i z i ng  h i  gher e l  evat ions above t ree1 i n e  and t h i c k  

con i  f e r i o u s  fo res ts ,  shrubs, meadows and bogs occupying 

v a l l e y  f l oo rs .  E levat ions range from 1 036 metres i n  the 

Nass Va l l ey  t o  over 2 100 metres i n  the Summit Area. 

The headwaters o f  the  L i t t l e  Klappan, Klappan and Nass 

R ivers  a1 1 occur w i  t h i  n the  Summi t-Nass 1 i cence boundary. 

These r i  vers are general l y  broad and meandering forming 

sporadic deep gorges only  when c u t t i n g  through steep 

t e r r a i n  .. 

Heavy p r e c i p i t a t i o n  and ground fog  occurred on 7 

percent  o f  the f i e l d  days. Por t ions  o f  the  Summit and 

nor thern  Nass Areas, depending on weather condi t ions,  may 

remain snow covered year around. Several small i c e  f i e l d s  

a re  loca ted  j u s t  beyond the  western proper ty  boundary i n  

Summit and the  nor thern proper ty  boundary i n  Nass. 



4.0 EXPLORATION HISTORY 

4.1 Mount Klappan Property 

4.1.1 Exp lora t ion  P r i o r  to G u l f ' s  Acqu is i t ion  

V.H. Dupont made the f i r s t  publ ished descr ip t ion  o f  

coal i n  the Northern Bowser Basin i n  1900 f o r  the Canadian 

Department o f  Railways and Canals (F igure 6.1). I n  h i s  

repor t ,  he describes a coal outcrop near the confluence o f  

Didene Creek and the Spats iz i  River. This outcrop i s  now 

recognized as p a r t  o f  the K l  appan coal occurrences. 

The Geological Survey o f  Canada has i n i t i a t e d  f i v e  

- exp lo ra t i on  programs i n t o  the area. The f i r s t ,  i n  1911, was 

l e d  by G.S. Malloch (Malloch, 1914) who undertook a geo- 

l o g i c a l  evaluat ion o f  the Bowser Basin concentrat ing 55 

m i les  t o  the south o f  Mount Klappan i n  the Groundhog Coal 

Measures. The second, i n  1948, was l e d  by Buckham and Latour  

(Buckham and Latour,  1950) which a lso concentrated i n  the 

Groundhog area. The t h i r d  study i n  1957 was c a l l e d  "Opera- 

t i o n  St ik ine" .  The fou r th  and f i f t h  programs, which broadly 

covered the K l  appan coal measures, were l e d  by Eisbacher i n  

1974 and i n  1981. These programs resu l ted  i n  some o f  the 

f i r s t  s t r a t i g r a p h i c  and s t r u c t u r a l  studies o f  the area. I n  

add i t ion ,  E i  sbacher t r i e d  to re1 a te  the deposi t ional  h i  s to ry  

o f  the Bowser Basin t o  the tec ton ic  h i s t o r y  o f  the area. 

I n  1979, Richards and G i l c h r i s t  from the B.C. 

Department o f  Mines publ ished s t r a t i g r a p h i c  s tudies p r i m a r i l y  



i n  the Groundhog area. However, they a lso inc luded reference 

t o  the coal sequences o f  the Northern Bowser Basin. 

Fu r the r  i n t e r e s t  i n  the Klappan coal occurrences 

du r i ng  the l a t e  1970's resu l t ed  i n  both Esso Minera ls  and 

P e t r o f  i na acqu i r i ng  1 i cences i n  the area. These 1 i cences 

were al lowed t o  lapse i n  1980 f o l l o w i n g  minimal geological  

e x p l o r a t i o n  o f  the area. 

I n i t i a l l y ,  Gu l f  entered the Bowser Basin i n  1979 

concent ra t ing  on the Panorama-Groundhog Coal Measures. This 

was fo l lowed i n  1981 by the a c q u i s i t i o n  o f  the Mount Klappan 

proper ty .  

4.1.2 Summary o f  Exp lo ra t ion  1981.-1984 

P r i o r  t o  1985, Gu l f  undertook s i x  separate exp lo ra t i on  

programs on the Mount Klappan property.  The exp lo ra t i on  

i nc l  uded geologica l  mapping, hand trenching, mechanical 

t renching,  diamond d r i l l  ing, r o t a r y  d r i l l  i n g  and adi  t 

driveage, as summarized i n  Table 4.1. The r e s u l t s  o f  these 

e x p l o r a t i o n  a c t i v i t i e s  have been documented i n  s i x  separate 

r e p o r t s  : 

Mount Klappan Coal P r o j e c t  - Geological Report 1981 

Mount Klappan Coal P r o j e c t  - Geological Report 1982 

Mount Klappan Coal P r o j e c t  - Geological Report 1983 

Mount Klappan Coal P r o j e c t  - Lost-Fox Area 1984 

Mount K l  appan Coal P r o j e c t  - Hobbi t -Broatch Area 1984 

Mount K l  appan Coal P r o j e c t  - S u m i  t-Nass-Skeena Area 1984 



Table 4.1 

MOUNT KLAPPAN COAL PROJECT 
EXPLORATION SUMMARY 1981 TO 1984 

Adi t s  
Number 
Tonnes 

Di  amond D r i l l  Holes 
Number (HQ) 
Total  Metres 

Number (AIX)  
Total  Metres 

Rotary D r i l l  Holes 
Number 
Total  Metres 

Hand Trenching 
Number 
Total  Metres 

Mechanical Trenches 
Number 
Total  Metres 

Measured Sections 
Number 
Total  Metres 

Geol ogi c a l  Mappi ng 
Scal es 

Total 

1 
39.2 

18 
3 333 

6 
126 

17 
89 7 

263 
1 321 

128 
1 041 

13 
2 736 



4.2 Sunnnit-Nass Area 

4.2.1 Summary o f  Exp lora t ion  1981-1984 

Exp lora t ion  work i n  the Summit-Nass Area commenced i n  

1981 and has continued annual l y  , dur ing summer fi e l  d  seasons, 

u n t i l  the  present .  The programs consisted o f  a i r  photo 

i n t e r p r e t a t i o n ,  geol ogic mappi ng, hand t renching and di  amond 

d r i l l i n g  (Tab le  4 .2) .  



Table 4.2 

SUMMIT-NASS AREA EXPLORATION SUMMARY 1981 -1984 

Summit Area 

1981 1982 1983 1984 Total  

Hand Trenches 

Number 

Length ( m )  

Diamond Dril Holes 

Number 

Length ( m )  

Nass Area 

Hand Trenches 

Number 

Length ( m )  



. . 

5.0 1985 EXPLORATION PROGRAM 

5.1 Program Object ives 

The ob jec t i ves  o f  the  1985 e x p l o r a t i o n  program f o r  the  

Summi t-Nass Area were: 

1. To r e f i n e  geological  mapping o f  t he  Summit-Nass Area a t  

scales o f  1:5 000 and 1:10 000 f o r  f u r t h e r  de l i nea t ion  o f  

coal  -bear ing s t ra ta .  

To concentrate on s t r u c t u r a l  mapping and hand t rench ing 

programs i n  p o t e n t i a l  resources areas. 

To f u r t h e r  de f i ne  the  s t ra t i g raphy  through de ta i  1 ed 

examinat ion o f  c o l l e c t e d  species o f  f l o r a  and fauna 

macrofossi 1 s. 

5.2 Sumnary o f  Explorat ion  

5.2.1 Mount Klappan Coal P r o j e c t  

I n  f i v e  years o f  exp lo ra t i on  programs on the Mount 

K l  appan property,  Gul f has advanced through reg iona l  i n v e s t i  - 
gat ions  t o  seam t rac ing ,  d r i l l i n g ,  and a d i t  dr iveage (Table 

5.1). Whi 1 e new areas are constant ly  being inves t iga ted,  

e x p l o r a t i o n  i s  focussed on those areas which have immediate 

economic i n t e r e s t .  



Adi t s  
Number 
Tonnes 

Diamond D r i l l  Holes 
Number (HQ) 

Total  Metres 

Number (AIX)  

Total  Metres 

Rdtary D r i l l  Holes 
Number 

Total  Metres 

Mechanical Trenches 
(Seam Tracing) 
Number 

Total  Metres 

Hand Trenches 
Number 
Total  Metres 

Measured Sections 
Number 
Total  - Metres 

Table 5.1 

MOUNT KLAPPAN COAL PROJECT 
EXPLORATION SUMMARY 1981 TO 1985 

Geol ogical Mapping 
Scales 1:lO 000 

Total 

1 
39.2 

52 

9479 

6 

126 

23 

1517 

128 

1041 

308 
1499 

31 
6083 



ga t i ons  t o  seam t r a c i n g ,  d r i l l i n g ,  and a d i t  dr iveage (Tab le  

5.1). Wh i l e ' new  areas a re  c o n s t a n t l y  be ing  i nves t i ga ted ,  

e x p l o r a t i o n  i s  be ing  focus on those areas which have 

immediate economic i n t e r e s t .  

Both a  w i n t e r  and summer program were run  d u r i n g  t h i s  

p a s t  year .  The w i n t e r  program r e s u l t e d  i n  the comple t ion  o f  

15 diamond and 6 r o t a r y  d r i l ' l  ho les  i n  the  Lost -Fox Area. A 

w i n t e r  e x p l o r a t i o n  road, about 8.0 k i l  ometres i n  l eng th ,  was 

cons t ruc ted  i n  l a t e  1984 from the  B r i t i s h  Columbia Rai lway 

subgrade up t he  backs ide o f  L o s t  Ridge t o  p rov ide  t r u c k  and 

c a t  access t o  t he  c e n t r a l  Lost-Fox Area. The Didene Creek 

Camp p rov ided  l o d g i n g  and work ing space f o r  up t o  50 G u l f  and 

suppor t  personnel d u r i n g  the  program. Geolog ica l  as w e l l  as 

d r i l l i n g  and suppor t  crews were t r anspo r ted  t o  t h e i r  work 

s t a t i o n s  from camp v i a  4 x  4 veh i c l es .  D r i l l  equipment was 

sk idded  from s i t e  t o  s i t e  u s i n g  e i t h e r  a  D-6 o r  a  D-8 

Ca te rp i  11 a r  and the  r i g  was se rv i ced  by four-wheel - d r i v e  

veh i c l es .  

The summer program i nc l uded  geo log i ca l  mapping o f  the  

Lost-Fox, Summit and Nass Areas, i n i t i a t i o n  o f  a  d e t a i l e d  

c o r e  study, and d r i l l i n g  19 diamond d r i l l  ho les.  E x t r a c t i o n  

o f  t r i a l  cargoes f rom the  Lost-Fox Area was undertaken d u r i n g  

t h e  autumn, and a t  the  t ime o f  w r i t i n g ,  ope ra t i ons  assoc ia ted  

w i t h  t h i s  a re  ongoing. 

The w i n t e r  access road was upgraded t o  a year  round 

hau l  road f o r  the  excava t ion  program. Th i s  road p rov ided  

easy access t o  t h e  c e n t r a l  Lost-Fox Area. Geolog ica l ,  



To accommodate the expanded a c t i v i t i e s  on the 

proper ty ,  the Didene Creek Camp was en1 arged t o  prov ide 

l odg ing  and working space f o r  up t o  150 Gul f  and support 

personnel. 

The B r i t i s h  Col umbia Rai 1  way subgrade provided good 

access through the property,  j o i n i n g  w i t h  Highway 37 v i a  the 

Eal ue Lake Road (F i  gure 3.2). A four-wheel -d r i ve  Emergency 

Transportat ion Vehicle was on standby a t  a l l  times f o r  use i n  

a  medical emergency. 

Commercial as we1 1 as char te r  f i x e d  wing a i r c r a f t  

l i n k e d  the Summit A i r s t r i p  on the proper ty  t o  major centres 

and provided convenient a i r  t r anspor ta t i on  f o r  personnel and 

cargo throughout the exp lora t ion  program. 

5.2.2 Summi t-Nass Area 

Exp lora t ion  o f  the Summit-Nass Area began on J u l y  15, 

1985 and was completed August 28, 1985. A summary o f  the 

Summit-Nass exp lora t ion  a c t i v i t i e s  i s  ou t l i ned  i n  Table 5.2. 

The 1985 Summi t-Nass repo r t  contains geologic 

i nte rp re ta t i ons  based on a1 1  expl o r a t i o n  in fo rmat ion  

c o l l e c t e d  t o  date. 

5.3 Cartography 

Topographic maps used i n  t h i s  exp lora t ion  program are a t  

1:5 000 and 1: 10 000 scales. The 1:5 000 met r ic  maps were pre- 



Table 5.2 

SUMMIT-NASS AREA EXPLORTION SUMMARY 

1985 

1981-1985 

1985 Total 

Diamond Drill Holes ( H Q )  

Number 

Total Metres 

Hand Trenches 

*Number 

Total Metres 

Measured Sections 

Number 

Total Metres 

*Includes trenches that have been re1 ogged. 



. 
pared from 1:30 000 B r i t i s h  Columbia Government a i r  photos f lown 

p r i o r  t o  subgrade construct ion.  For the areas o f  northwestern 

Summit and western Nass where 1:5 000 map coverage d i d  no t  e x i s t  

1:50 000 imper ia l  Government topographic maps were blown up t o  

1:10 000 scale. 

5.4 Geologic Mappi ng 

Reconnaissance and de ta i l ed  geol og ica l  mappi ng were c a r r i e d  

ou t  a t  scales o f  1:5 000 and 1:10 000. The Summit-Nass Area was 

mapped on a p r i o r i t y  basis  commencing w i t h  Summit south, nor thern 

Nass, in termediate and per ipheral  areas; the l a t t e r  was mapped on 

1:50 000 government a i r  photos and p l o t t e d  on 1:50 000 imper ia l  

topographic maps. 

Three crews cons i s t i ng  o f  a geo log is t  and a geological 

a s s i s t a n t  wece responsible f o r  the areas. Transportat ion o f  crews 

t o  the f i e l d  was provided by he l i cop te r  and i n  some instances by 

t ruck.  

5.5 Trenching 

Twelve trenches comprising a t o t a l  thickness o f  47.5 metres 

were excavated i n  the Summit-Nass Area. Coal exposures i n  excess 

o f  0.5 metres were logged a t  t r u e  thickness and sampled dur ing 

d a i l y  traverses. 

Tables 6.7 and 6.9 summarize 1981-1985 trench information. A 

more de ta i l ed  desc r ip t i on  o f  coal t rench data i s  contained 

i n  Appendix I. 



5.6 Data Management 

Throughout the 1985 exp lo ra t i on  program, an HP 9816 microcom- 

pu te r  was u t i l i z e d  f o r  cos t  accounting and'budget cont ro l .  During 

t h e  f i e l d  season i t  also served as an on s i t e  data storage system 

which f a c i l  i t a t e d  the up1 oading o f  outcrop, trench, d r i l l  ho le 

coal qua1 i t y  and washab i l i t y  data onto G u l f ' s  mainframe Coal Data 

Base, se t  up on an AMDAHL V8 computer, i n  Calgary. System 2000 

data base management and Act  1 software provided data entry,  

r e t r i e v a l  and manipulat ion o f  s tored data on the mainframe 

computer. 

5.7 Reclamation 

The Summi t-Nass exp lo ra t i on  program produced very m i  nor  

environmental d i  sturbances. Most hand excavated trenches were 

b a c k f i l  led. 

Construct ion o f  the t r a i l e r  camp on a s i t e  south o f  Didene 

Creek was f u l l y  permitted. 

5.8 Additional Studies 

Several s tudies have been undertaken i n  previous years on the 

Mount K l  appan proper ty  i nc lud ing  regional s t r u c t u r a l  analyses, 

microscopic conglomerate c o r r e l  a t i ons  and pal eoenvironmental 

i n te rp re ta t i ons .  I n  addi t ion,  samples have been co l l ec ted  dur ing 

previous exp lo ra t i on  programs s p e c i f i c a l l y  f o r  petrography and 

pa l  eontology studies. Macrofossi l  f l o r a  and fauna inden. t i f i ca t ion ,  

d i s t r i b u t i o n  and c o r r e l  a t i o n  has provided a deta i  1 ed proper ty  



s t r a t i g r a p h y  gui del  i ne f o r  f u t u r e  e x p l o r a t i o n  programs. Resul t s  

o f  the  pa leonto logy study are o u t l i n e d  i n  Sec t ion  6.3 o f  the  

Geolog ica l  Report. A pe t rograph ic  i n t e r p r e t a t i o n  o f  the sediments 

i s  conta ined i n  Sec t ion  6.4.4. 

5.9 Project Management and Contractors 

The 1985 e x p l o r a t i o n  program was co-ord inated by V. Duford o f  

G u l f  Canada L im i ted .  F i e l d  operat ions i n  t he  Summit-Nass Area 

were supervised by K. Jenner w i t h  ass is tance from S. MacLeod. Coal 

qua1 i ty analyses were performed by L o r i n g  Labora to r ies  and 

i n t e r p r e t e d  by J. I nn i s .  D.E. Pearson and Associates L i m i t e d  

conducted coal  pe t ro l ogy  s tud ies.  The r e p o r t  was w r i t t e n  by K. 

Jenner and S. MacLeod. 

The f o l  1  owing personnel c o n t r i b u t e d  t o  the  Summi t-Nass 

e x p l o r a t i o n  program. 

V. Duford 

K. Jenner 

S. MacLeod 

K. Foe1 lmer  

B. Buhay 

L. Stewart  

K. Hunter 

A. Ledda 

K. Groves 

J  . Lemon 

Co-ordi nator ,  Coal Geol ogy 

Geo log is t  

Geol o g i  s t  

Geol og i  s t  

Geo log is t  

Geological  Ass i s tan t  

Geological  Ass i s tan t  

Geological  Ass i s tan t  

Geological  A s s i s t a n t  

~ e o l  og i ca l  Assi  s t a n t  



A. S a l i  Admi n i  s t r a t o r  

T. Sampietro 

C. Ear le  

S. Lee 

C. I r e l a n d  

G. G i l l i k  

C. Archibal d 

Camp Manager 

F i  e l  d Accountant 

Computer Operator 

Secretary 

He l icopter  P i l o t  

F i r s t  A id  Attendant 

R. Bonang Cook 

The f o l  1 owing companies provided services and/or suppl i es to 

the  Summi t-Nass exp lora t ion  program. 

Canadi an F r e i  ghtways Ltd. Cal gary, A1 be r ta  

Centra l  Mountain A i r  Services Ltd. ' Smi thers, B.C. 

D.E. Pearson & Associates Ltd. Cal gary , A1 be r ta  

Kenn Borek A i r  Cal gary, A1 be r ta  

L o r i  ng Laborator ies Cal gary , A1 be r ta  

Nevi1 1 Crobsy Inc. Vancouver, B.C. 

Northern Mountain He1 i cop te rs  Inc. Prince George, B.C. 

Northmount camp Services 

(1975) Ltd. Vancouver, B.C. 



Paci fi c Western Ai r l  i nes Vancouver, B.C. 

S t a r r  I n d u s t r i e s  L td .  F o r t  S t .  John 

Ter race  Totem Ford Terrace,  B.C. 

Trans-Provi nc i  a1 A i  rways Terrace,  B.C. 

Westcan E l e c t r o n i c  Serv ices L td .  Cal gary,  A1 b e r t a  



6.0 GEOLOGY 

6.1 Introduction 

~ e o l  og ica l  mappi ng and hand t renching a c t i v i t i e s  were 

undertaken i n  the Summit, Nass and Lost-Fox areas o f  the Mount 

Klappan proper ty  dur ing the 1985 exp lo ra t i on  program. I n  

add i t ion ,  r o t a r y  d r i l l  ing ,  diamond d r i l l  i n g  and t r i a l  cargo 

operat ions proceeded on the Lost-Fox Area. The r e s u l t s  o f  t h i s  

exp lo ra t i on  program combined w i th  previous years'  work provided 

the  basis  f o r  geological i n t e r p r e t a t i o n s  presented i n  t h i s  

repor t .  

The Mount K l  appan proper ty  i s  under1 a i  n by uppermost Jurassic  

t o  Lower Cretaceous s t r a t a  which cons is t  o f  marine t o  non-marine 

sediments deposited i n  the Bowser Basin o f  nor thcentra l  B r i t i s h  

Columbia. The s t r a t a  have been subjected, reg iona l ly ,  t o  two 

successive non-coaxial phases o f  deformation, F1 and F2, which 

r e s u l t e d  i n  f o l d i n g  and f a u l t i n g  t rend ing  i n  NW-SE (F1) and E-W 

(F2) d i rec t ions .  (See 1:50 000 Regional Geology Map located i n  

Appendix I ) . 

The coal seams o f  the Mount Klappan proper ty  occur p r i m a r i l y  

i n  the Klappan Sequence; i n  addi t ion,  some minor seams have been 

trenched i n  the Spats iz i  and Malloch Sequences. Coal seams up t o  

6.75 metres i n  thickness e x i s t  i n  the Lost-Fox Area and are 

usua l l y  found t o  be l a t e r a l l y  continuous over broad areas although 

some seams t h i n  l o c a l l y .  



. . 

6.2 Basi nal Geologic Sett ing 

The coal measures o f  the Mount Klappan proper ty  are contained 

w i t h i n  sediments ranging i n  age from uppermost Jurassic  t o  Lower 

Cretaceous. These sediments were deposited i n  the Bowser Basin, a 

successor basin t o  the volcanogenic Hazel ton Trough (T ipper  and 

Richards 1976). The Bowser Basin i s  bounded to the nor th and 

south by the S t i k i n e  and Skeena Arches respect ive ly ,  and to the 

eas t  by the Columbia Orogen (Omineca C r y s t a l l i n e  B e l t ) .  The 

western margin i s  thought t o  have been open t o  the sea a t  the t ime 

o f  Bowser sediment deposi t ion (F igure 6.1). 

The formation and development o f  the Bowser Basin was 

con t ro l  l e d  by the "col 1 i sion and subsequent i s o s t a t i c  up1 i f t  o f  

several c rus ta l  b locks '  i n  the Cord i l l e ron  Orogen o f  western 

Canada" (Ei sbacher, 1981 1. ~ h e s e  c r u s t a l  blocks i n c l  ude the 

S t i k i n e  Terrane (vo lcan ic  arc complex) which d i r e c t l y  under l ies  

the  Bowser sediments, the At1 i n  Terrane (remnant oceanic c rus t )  

and the Omineca C r y s t a l l i n e  B e l t  (western margin o f  the North 

American Craton) . 

During the Middle Jurassic ,  the Skeena Arch was up1 i f t e d  and 

the  subsidence o f  the S t i k i  ne Terrane d iv ided the Hazel t on  Trough 

i n t o  the Bowser Basin to the nor th and the Nechako Basin t o  the 

south. Up1 i f t  o f  the At1 i n  Terrane t o  the nor th and nor theast  o f  

t he  Bowser Basin, coupled w i th  continued subsidence o f  the S t i k i n e  

Terrane and c o l l i s i o n  and su tur ing  o f  both these terranes w i th  the 



FIGURE 6.1 
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Omineca Crysta l  1 i n e  Be1 t (Ei  sbacher, 1981) resul  t ed  i n  a 

progradat ion o f  non-marine over marine sediments w i  t h i n  the 

basin. 

Pal eocurrent  measurements i nd i ca te  a cen t r i pe ta l  f low 

i n t o  the Bowser Basin from highlands to the north, northeast, 

and south. 

Bowser Basi n sediment source rocks o r i  g inate w i t h i n  

t h e  A t l i n  Terrane (h igh  chert ;  low volcanic content) f o r  the 

nor th  and northeastern margins o f  the Basin, and from the 

remnant vo lcanic arc assemblage o f  the S t i k i n e  Terrane, (h igh  

volcanic; low c h e r t  content) f o r  the southern po r t i on  o f  the 

Basin. Sediments from the Lower Cretaceous (youngest marine 

succession o f  the Bowser Basin) through to the Paleocene are 

found only on the eastern, and i n  par t ,  the southern marg.ins 

o f  the Basin. 

Geologic s tudies i n  the southern and nor thern Bowser 

Basin sediments have resu l ted  i n  several repor ts  and 

descr ip t ions  o f  the sedimentary package associated w i th  the 

Mount Klappan Area. ' These studies are summarized i n  Table 

6.1. 

S t ruc tu ra l  deformation o f  Bowser Basin sediments 

r e s u l t e d  from i n t e r m i t t e n t  tec ton ic  stresses a t  the western 

c ra ton i c  margin from Cretaceous t o  recent  time. The 

deformation -produced an extensive, shallow decol lement, 

recumbent fo lds,  and l o c a l  t h r u s t  f a u l t s  extending a few 

k i l  ometers a1 ong s t r i k e  (Ei  sbacher, 1976). 
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The l a r g e  scale forces r e s u l t i n g  from c o l l i s i o n  o f  a 

remnant vo lcanic  arc and c ra ton i c  margin subjected the area 

t o  northeast-southwest compression (F1) c r e a t i n g  the 

general s t r u c t u r a l  t r end  o f  northwest-southeast. 

L a t e r  p o s i t i o n  o f  the former vo lcanic  arc t e r r a i n  

northwards a1 ong i n t e r 1  aced ri ght  l a t e r a l  h i  gh angle f au l  t s  

(Eisbacher, 1981) may account f o r  the l a t e r  north-south 

compressional (F2) event. This  deformation event resu l t ed  

i n  genera l ly  broad, open NE t o  SW t rend ing  f o l d s  w i th  

re1 a t i v e l y  rare,  f l a t  l y i n g  t h r u s t s  expressed i n  k l  ippen 

f a u l  t s t ruc tu res .  

The f i  nal  deformational event which produced 

s t r i  ke-s l  i p and some d i  p-sl  i p fau l  ti ng may have resu l t ed  from 

a change i n  the r o t a t i o n a l  component o f  the western c rus ta l  

block, t e rm ina t i ng  compression. 

6.3 Mount Klappan Coal Project  Geology 

6.3.1 S t ra t ig raphy  

Based on c o l l e c t e d  species o f  p l a n t  macrofossi l  s and 

fauna, the sediments under ly ing  the Mount K l  appan proper ty  

range from uppermost Jurass ic  t o  Lower Cretaceous i n  age 

(Sec t ion  6.3.2). Thi s sedimentary package has been 

subdivided i n t o  f ou r  sequences which, i n  ascending order, are 

t h e  Spatsi  z i  , K l  appan, Ma1 1 och and Rhondda sequences (F igure  

6.2). These conformable sequences occur w i t h i n  approximately 

3 000 metres o f  sec t ion  and represent a gradual marine 
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regression. Table 6.2 b r i e f l y  out1 ines  the sediment01 og ica l  

c h a r a c t e r i s t i c s  observed w i t h i n  each sequence. 

6.3.1.1 Spatsi z i  Sequence 

The Spats iz i  Sequence i s  the lowest 

s t r a t i g r a p h i c  u n i t  w i t h i n  the Mount K l  appan property.  

Approximately 600 metres o f  t h i s  sect ion have been 

measured and although the base has not  been observed 

the s t r a t i g r a p h i c  thickness i s  estimated t o  be i n  

excess o f  1 200 metres. Interbedded mudstones, 

s i l t s t o n e s  and sandstones are found throughout the 

sequence wh i l e  t h i n  coal seams and massive 

conglomerates e x i s t  w i t h i n  the upper por t ion.  The 

o v e r a l l  t rend i s  a coarsening upward sequence w i t h  

marine cond i t ions  ev ident  throughout and increasing 

coasta l  environment in f luences toward the upper 

t r a n s i t i o n a l  contact  w i th  the K l  appan Sequence. 

Exposures o f  the Spats iz i  Sequence are 

l oca ted  i n  the western and nor thern Summit Area and 

i n  the nor thern Nass Area o f  the Mount Klappan 

property.  

6.3.1.2 K l  appan Sequence 

The K l  appan Sequence, the mi n coal -bearing 

u n i t ,  conformably over1 i e s  the Spats iz i  Sequence and 

occurs over the ma jo r i t y  o f  the property.  It 

represents a t r a n s i t i o n  from marine condi t ions,  a t  the 
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base o f  the u n i t ,  t o  more coastal  in f luenced sediments 

toward the top. The s t ra t i g raphy  cons is ts  o f  c y c l i c  

packages o f  interbedded f i n e  t o  coarse-grai  ned 

sandstones, s i l t s t o n e s ,  mudstones, l a t e r a l l y  

discont inuous conglomerates and abundant coal seams. 

A t  l e a s t  25 coal seams w i th  i n d i v i d u a l  thicknesses up 

t o  6.75 metres e x i s t  w i t h i n  the Klappan Sequence. The 

sequence i s  i n t e r p r e t e d  t o  a t t a i n  a thickness o f  up t o  

900 metres. 

6.3.1.3 Mal loch Sequence 

The Ma1 1 och Sequence conformably over1 i e s  the 

Klappan Sequence and outcrops i n  the cen t ra l ,  western 

and southeastern areas o f  the property.  The s t r a t a  

c o n s i s t  o f  interbedded a r g i l  1 aceous sandstone, 

s i l t s t o n e  and mudstone w i t h  the development o f  t h i n  

coal  seams toward the base o f  the sequence. Chert  

pebble congl omerates are 1 a t e r a l  l y  d i  scon t i  nuous . 
Approximately 700 metres o f  Mal loch Sequence i s  

exposed w i t h i n  the Mount Klappan property.  

6.3.1.4 Rhondda Sequence 

The Rhondda Sequence i s  the h ighes t  

s t r a t i g r a p h i c  package on the Mount K l  appan proper ty  

and has a gradat ional  and conformable contact  w i t h  the 

under ly ing  Ma1 loch  Sequence. Outcropping Rhondda 

Sequence s t r a t a  i s  r e s t r i c t e d  t o  the southeast o f  the 

proper ty  i n  the  Skeena Area. L i  t ho log i ca l  l y  t h i s  



u n i t  cons is ts  o f  t h i ck ,  l a t e r a l l y  extensive che r t  

pebbl e congl omerates. Thi n in terbeds o f  sandstones, 

s i l  ts tones and mudstones increase i n  th ickness toward 

t h e  bottom o f  'the sequence. The top o f  the Rhondda 

has no t  been 'observed bu t  approximately 500 metres o f  

exposed sec t ion  e x i s t s  w i t h i n  the K l  appan property.  

It i s  i n t e r p r e t e d  t h a t  the Rhondda Sequence represents 

a prograding a1 l u v i a l  fan system over a t r a n s i t i o n a l  

coastal-marine environment. 

6.3.2 P lan t  Macrofoss i l  and F o s s i l  Fauna D i s t r i b u t i o n  

Dur ing the  1984 and 1985 f i e l d  seasons a minimum o f  

476 specimens o f  f o s s i l  f l o r a  and fauna were c o l l e c t e d  from 

235 s i t e s  on the  Mount. Klappan proper ty  dur ing  r o u t i n e  

t raverses  and the d r i l l  core logg ing  program. Forty-seven 

species o f  f o s s i l  fauna and nineteen species o f  p l a n t  

macrofossi 1 s were co l  1 ected, descr ibed and i d e n t i f i e d  w i th  

t h e  purpose o f  a id ing  i n  s t r a t i g r a p h i c  de l i nea t i on  and 

c o r r e l  a t i on ,  age determi na t i on  and pal eoenvi ronmental 

i n t e r p r e t a t i o n s .  The 1985 F o s s i l  Loca t ion  Map i n  Appendix I 

documents a1 1 co l  1 e c t i o n  s i  tes. 

6.3.3 Foss i l  D i s t r i b u t i o n  and Pal eoenvi ronmental 

Imp1 i c a t i o n s  

6.3.3.1 Spatsi  z i  Sequence 

Marine b iva lves,  p a r t i c u l  a r l y  Laevi tri goni a, 

Ostrea, S t a f f  i nel  1 a and Herzogi nay ex i  s t  w i t h  



belemni t e s  ( ~ e l e m n o ~ s i  s su lca tus)  , and fo ramin i fe ra  

(Globul a r i  a) i n  the predominantly marine Spa ts i z i  

Sequence (Table 6.3). No p l a n t  f o s s i l s  are found 

except a t  the  upper con tac t  zone where cond i t ions  are 

i n t e r p r e t e d  t o  have been t r a n s i t i o n a l  between marine 

and t e r r e s t r i a l .  Abundant f resh  and brack ish water 

and mari ne b i  va l  ves, t r a c e  f o s s i  1 s (Helmi nthopsi  s, 

D i  p l  oc ra te r ion ,  and Scol i thos)  , t u r r i  t e l l  i d snai 1 s , - 
minor p l a n t  macrofoss i ls  and belemnites are found i n  

c l ose  p rox im i t y  i n  t h i s  zone. 

The conglomerate near the top o f  the sequence 

was formed i n  environments no t  conducive t o  

preservat ion,  there fo re  t h i s  p o r t i o n  o f  the s t r a t a  i s  

r e l a t i v e l y  barren. 

A complete l i s t i n g  o f  f o s s i l s ,  t h e i r  ' 

geographic l oca t i ons  and s t r a t i  graphic p o s i t i o n  may be 

found i n  Appendix E. 

6.3.3.2 Klappan Sequence 

A l l  bu t  three o f  the  species found on the 

proper ty  are represented i n  the Klappan Sequence bu t  

i n  l esse r  numbers than i n  the lower Malloch Sequence 

(Table 6 .4 ) .  Below seams E and F the d i v e r s i t y  and 

t o t a l  popu la t ion  o f  p l a n t  f o s s i l s  decreases and 

i ncreases f o r  b i  va l  ves and belemni tes. Mari ne forams 

(Gl obul a r i a ) '  and brack i  sh water b i  val  ves (Modiol us and 

Ostrea) a re  a lso present. This  f o s s i l  d i s t r i b u t i o n ,  
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together  w i th  such sedimentary s t ruc tures  as wave 

r i p p l e s  i n  clean, t h i c k  bedded sandstones, suggests a 

p a r t l y  coastal  marine in f luence near the base o f  the 

Klappan Sequence. 

The coal-bearing s t r a t a  above seams E and F 

appear t o  have been deposited i n  and adjacent t o  

swamps i n  a f l  uvio-del t a i c  environment. Root m o t t l i n g  

and burrowing ( i e  Helminthopsis) i n d i c a t e  non- 

transported, indigenous vegetat ion and shallow water 

w i t h  minimal wave o r  cur ren t  in f luence such as may be 

found i n  a poor ly  drained swamp. The p l a n t  populat ion 

i s  o f  a h igh  d i v e r s i t y ,  has r e l a t i v e l y  l a r g e  

populat ions and i s  we l l  preserved i n  the anaerobic and 

- reducing cond i t ions  o f  standing water. 

Near the channels, i n  wel-l drained swamps, 

t he  sediments are coarser, t h i c k e r  bedded and cross- 

bedded. These d i  scont i  nuous swamps woul d be expected 

t o  have a smal ler and less  d iverse p l a n t  populat ion, 

which would be more fragmentary i n  nature. 

Preservat ion would be poorer due t o  the l oss  o f  

organic mater i  a1 i n  o x i d i z i n g  condi t ions.  The 

v a r i a t i o n  i n  the d i v e r s i t y  and preservat ion o f  the 

p l a n t  populat ion found w i t h i n  the K l  appan Sequence 

supports t h i s  environmental i n te rp re ta t i on .  

6.3.3.3 Ma1 1 och Sequence 

The Ma1 loch  Sequence t y p i c a l l y  has a h igh 



The Malloch Sequence t y p i c a l l y  has a h igh  

d i v e r s i t y  o f  p lan ts  bu t  they are fragmentary i n  nature 

and few i n  numbers. The d i v e r s i t y  and numbers are 

h igher  i n  the lower Malloch and they peak a t  the 

Ma1 loch Klappan contact  zone. The most dominant 

species are C l  adophl eb i  s v i  r g i  n iens i  s, Baiera furcata,  

G i  nkgo nana, Czekanowski a r i  g i  da and P terophyl  1 um 

rectangul are. No b iva lves  o r  o ther  fauna are 

documented. Fossi 1 and sediment01 og ica l  evidence 

(Sect ion 6 . 3 . 3 )  suggest t h a t  the sequence was the 

r e s u l t  o f  d i s t a l  por t ions  o f  a1 l u v i a l  fans prograding 

over  a d e l t a  p la in .  Congl omerate dominated 

deposi t i o n a l  environments such as a1 1 u v i a l  fans resul  t 

i n  reworking and non-preservation o f  p lan ts  near the 

' top  o f  the Ma1 loch  Sequence. The lower energy de l ta  

p l a i n  environment, i n t e r p r e t e d  f o r  sediments nearer 

t h e  Malloch-Klappan contact zone, i s  more conducive t o  

a h igher  p l  an t  d i v e r s i t y  and b e t t e r  preservat ion. 

Marine fauna are absent i n  the Malloch Sequence. 

6 .3 .3 .4  Rhondda Sequence 

The Rhondda Sequence contains minor 

q u a n t i t i e s  o f  C l  adophlebi s v i  r g i  n iens i  s, Czekanowskia 

r i  g i  da, N i l  ssonia n i  gracol l e n s i  s and the c o n i f e r  

P i  tyophyl 1 um nordenskiol  d i  i . The low d i  vers i  ty and 

numbers and the fragmentary nature o f  the p lan ts  i s  

probably due t o  reworking and non-preservation i n  h igh 



energy deposi t ional  environments such as a l l u v i a l  

fans. 

The Malloch-Rhondda contac t  zone conta ins an 

add i t i ona l  f ou r  species. The broad-1 eafed con i f e r ,  

Podozami t e s  1 anceol atus, the c o n i f e r  P i  tyophyl 1  um 

nordenskiol  d i  i , N i l  ssoni a  canadensi s  and Equi s e t i  t es  

lye11 i are a1 1 present i n  minor quant i t ies .  

Only Equ ise t i t es  l y e l l i  i s  unique t o  t h i s  

zone bu t  t h i s  may be due t o  i t s  low populat ion 

compared t o  o ther  f l o r a .  The increase i n  p l a n t  

species as a whole, i n  t h i s  zone, i s  r e f l e c t e d  i n  the 

change o f  the depos i t iona l  environment i n t e r p r e t e d  f o r  

sediments near the base o f  the Rhondda where there i s  

an increase i n  s i l t s t o n e ,  channe l l ing  and' t h i n  

carbonaceous bands. The p lan ts  are l ess  fragmentary 

i n  nature and are found predominantly i n  the nodular, 

orange-weathered, 1 ami nated s i  1  tstone, mudstone u n i t s  

and i n  the  r o o f  and f l o o r  o f  t h i n  coal and 

carbonaceous mudstone bands. 

6.3.4 Age I m p l i c a t i o n  o f  Foss i l  D i s t r i b u t i o n  

Nineteen species o f  p l a n t  macrofossi 1  s, documented 

predominantly i n  the K l  appan and Ma1 1 och sequences i n d i c a t e  

t h a t  the Cretaceous boundary should be placed w i th in ,  o r  i n  

c l ose  prox imi ty  to,  the K l  appan-Spatsi z i  contact  zone ( F i  gure 

6.2). This 100 t o  300 metre sec t ion  i s  loose ly  def ined as a 

zone w i th  s t r a t i  graphic c h a r a c t e r i s t i c s  and foss i  1 contents 



which are t r a n s i t i o n a l  i n  nature between the marine condi t ions 

o f  the Spats iz i  Sequence and the predominantly f l u v i o - d e l t a i c  

cond i t ions  o f  the K1 appan Sequence. Marine b i  val  ves, 

gastropods and belemni t es  are found i n  close prox imi ty  t o  

t e r r e s t r i a l  p l a n t  f o s s i l s  i n  t h i s  zone. 

~ i ~ e  o f  the nineteen p l a n t  macrofossi l  s contained 

w i t h i n  the s t r a t i g r a p h i c  package are not  d e f i n i t i v e l y  Lower 

Cretaceous i n  age and may be confused w i t h  Jurassic  

counterpar ts  when examined macroscopical l y  . These i n c l  ude the 

gymnosperms Czekanowskia r i g i d a ,  Bai era furcata,  Ni  1 ssoni a 

n i  g raco l l  ensi s, Podozami tes  1 anceol atus, and Cteni s boreal i s .  

S ing le  species col  l e c t i o n s  are rare, however, and f l o r i s t i c  

comparisons w i t h  o ther  western Canadian formations w i t h  

s i m i l  a r  co l  l e c t i o n s  (Table 6.5) suggest t h a t  the Klappan 

Sequence i s  predominantly Lower Cretaceous i n  age. The 

Kootenay and Blairmore Formations o f  Lower Cretaceous 

(NecomianIBarremi an-A1 b ian)  age conta in 14 o f  the 19 species 

from Mount K l  appan. 

6.3.5 L im i ta t i ons  to  Use o f  Foss i l s  as Index F o s s i l s  

F o s s i l  c o l l e c t i o n s  from the 1984 and 1985 f i e l d  seasons 

have demonstrated a few key trends which, i n  combination w i th  

1 i tho1 og ica l  patterns, a i d  i n  the del i neat ion o f  s t r a t i  graphic 

boundaries. These f o s s i l  t rends are documented i n  Table 6.6. 

I n  general, the Spats iz i  Sequence i s  the only  Mount 

Klappan s t r a t a  character ized by the presence o f  Ly toce ra t i d  

ammoni tes, a re1 a t i  ve abundance o f  be1 emni t es  and marine 
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b i v a l v e s  and an absence o f  p l a n t  f o s s i l s .  The Klappan 

Sequence, i n c l u d i n g  the con tac t  zone, con ta ins  the on l y  f r esh  

water  b i  va l  ves (Ferganoconcha) and b rack ish  water b i va l ves  

such as Ostrea and Modiolus. The Ma1 l o c h  Sequence con ta ins  no 

b i v a l v e s  o r  o the r  fauna, t o  date, b u t  has a h igh  d i v e r s i t y  and 

popu la t i on  o f  p l a n t  f o s s i l s  p a r t i c u l a r l y  i n  the middle and 

lower  po r t i ons .  The Rhondda Sequence i s  d i s t i n c t i v e  i n  i t s  

general l a c k  o f  f l o r a  and fauna. 

Many o f  the  species, documented a t  Mount Klappan i n  

s p e c i f i c  hor izons,  span the  e n t i r e  Lower cretaceous p e r i o d  i n  

o t h e r  western Canadian coal  -bear i  ng format ions. Th is  suggests 

t h a t  the  presence o r  absence o f  f o s s i l s  w i t h i n  the  s t r a t a  i s  

contro.11 ed l a r g e l y  by depos i t iona l  environments r a t h e r  than 

s t r i c t l y  by age. For  t h i s  reason, .s ing le  species documented 

a t  a l i m i t e d  number o f  l o c a t i o n s  should no t  be considered as 

i n d i c a t i v e  o f  a s p e c i f i c  age, g iven  the  present  c o n t r o l .  

6.3.6 S t r u c t u r e  

Deformat ion o f  sediments w i t h i n  t he  Mount K l  appan 

p rope r t y  i s  the  r e s u l t  o f  two phases o f  non-coaxial s t ress  

which postdate sediment deposi t ion.  The dominant s t r u c t u r a l  

f ea tu res  are t h e  Bei rnes Sync l inor ium and the  Nass R i ve r  

An t i c l i no r i um,  both o f  which t r end  northwest - southeast. 

These major f o l d s  and assoc ia ted s t r u c t u r e s  were formed 

d u r i n g  the f i r s t  deformat ional  phase, F1. On t he  Klappan 

p rope r t y  t he  sync1 i no r i um a x i s  can be observed i n  the  

competent Rhondda s t r a t a  as a broad, open, u p r i g h t  feature.  

Fo lds  t o  the  eas t  o f  the sync l ino r ium have axes which d i p  

westward k h i l e  f o l d s  west o f  the  snyc l ino r ium have e a s t e r l y  
- 4 8 -  



d ipp ing  axes. A s i ng le  a n t i c l  inor ium ax is  cannot be 

observed. Instead the exposed a n t i c l  inor ium l i e s  w i t h i n  l'ess 

competent Ma1 loch  s t r a t a  where f o l  ds are i ncons i s ten t l y  

u p r i g h t  and overturned. 

Pervasive F1 cleavage i s  we1 1 developed i n  a1 1 f i n e  

grained li thologies.  It has been observed as both ax ia l  

plane d ivergent  and convergent cleavage and trends a t  135 

degrees. 

Only m i  nor southwest d ipp ing  t h r u s t s  w i th  

displacements o f  tens o f  metres are associated w i th  the f i r s t  

deformational event. 

The second deformational phase, F2, p r i m a r i l y  

produced low amp1 i tude, long wavelength f o l  ds . t rend ing  

nor theas t  - southwest. Very l o c a l  i zed  t i g h t ,  overturned f o l  d 

s t y l e s  o f  F2 generat ion have a lso been observed. The 

o v e r p r i n t i n g  o f  second stage f o l d s  onto the o r i g i n a l  

deformational phase i s  seen as a ser ies  o f  plunge reversals  

averaging from 8 t o  10 degrees t o  the northwest and 

southeast. 

F2 generat ion cleavage can be seen i n  most f i n e  

gra ined li thologies.  It fans both outward and inward w i th  

respect  t o  the ax ia l  plane o f  the f o l d  w i th  vary ing trends 

from 30 t o  110 degres. 

Several nor th - south trending, h igh  angle normal 

f a u l t s  w i th  displacements o f  one t o  t h i r t y  metres are 

a t t r i b u t e d  t o  a s t r u c t u r a l  event which occurred l a t e r  than 
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. . 

those prev ious ly  described. Large f r a c t u r e  zones t rend ing  

eas t  - west are a lso bel ieved t o  be p a r t  o f  t h i s  younger 

event. 

6.4 Sumni t-Nass Area Geology 

6.4.1 In t roduc t i on  

The s t ruc tu re  and s t ra t ig raphy observed i n  the Summit 

and Nass Areas only  d i f f e r s  s l i g h t l y  from t h a t  described i n  

t h e  1984 repor t .  Deta i led  s t r u c t u r a l  s tudies completed i n  

Summit i d e n t i f i e d  f o l d s  where two t h r u s t  f a u l t s  were 

o r i g i n a l  l y  placed. S i m i l a r l y  , ground work and a i r  photo 

i n t e r p r e t a t i o n  resu l ted  i n  the i n t roduc t i on  o f  f o l d s  where 

the  Nass t h r u s t  once existed. Lastly,. s t r a t a  west o f  Nass 

Lake which were prev ious ly  i n t e r p r e t e d  as Spats iz i  sediments 

a re  now considered t o  be Malloch Sequence sediments, based on 

numerous p l a n t  species i d e n t i f i c a t i o n .  

A t  l e a s t  1 500 metres o f  combined Spats iz i  , K l  appan 

and Malloch Sequence s t ra t ig raphy i s  exposed i n  the 

Summit-Nass Area ranging from upper Jurassic  t o  Lower 

Cretaceous i n  age. This  sec t ion  represents a  marine 

regression w i  th  small sporadic transgressions documented 

throughout the package. 

6.4.2 Summit Area 

6.4.2.1 Spatsi z i  Sequence 

Four hundred and f i f t y  metres o f  upper Spats iz i  - 50 - 



Sequence sediments outcrop along the western proper ty  

boundary o f  the Summit Area. It i s  p resent ly  

i n t e r p r e t e d  t h a t  Spats iz i  s t r a t a  may e x i s t  i n  Summit 

North bu t  de ta i l ed  s t r a t i g r a p i c  work i s  needed t o  

conf i rm th i s .  

L i  tho1 og ica l  l y  the sec t ion  cons is ts  

predominantly o f  10 t o  30 metre coarsening upward 

cyc les  o f  laminated dark grey mudstones and t h i n l y  

bedded t o  laminated medium grey s i l  ts tones capped by 

f i ne-grai ned, grey sandstones. Each cyc le  i s  

gradat ional  ending w i t h  a sharp upper contact.  

Sandstone u n i t s  o f ten  d i  sp l  ay 1 ow angl e cross-beddi ng 

and where they are t h i n l y  bedded w i th  s i l  ts tones they 

a re  usual l y  burrowed. Small sandstone channel s are 

1 a t e r a l l y  d i  scontinuous and conta i  n ri p-up c l  as ts  and 

scour surfaces a t  t h e i r  base. B iva lve  hash i s  'common. 

Coal and carbonaceous zones are absent. 

Spa ts i z i  Sequence sediments form the lowest 

package o f  a marine regression which cont inued 

through t o  Lower Cretaceous time. 

6.4.2.2 Klappan Sequence 

Coal -bearing K l  appan Sequence sediments 

occupy most o f  the Summit Area reaching a thickness o f  

500 t o  600 metres. The sequence has been subdivided 

i n t o  three in formal  u n i t s  on the basis o f  coal 

th ickness and qua l i t y ,  f o s s i l  content and, t o  a lesser  



extent ,  1 i thotypes. Boundaries between u n i t s  are 

sub jec t i ve  and t r a n s i t i o n a l .  

The lowermost 150 metres o f  Klappan Sequence 

s t r a t a  contains t h i n  coal seams t e n t a t i v e l y  co r re la ted  

w i t h  the lowermost seams o f  Lost  Ridge. A sedimento- 

1 og ica l  l y  simi 1 a r  package -exposed nor th  o f  Layton 

Ridge may a1 so be equivalent  lower K l  appan Sequence 

s t ra ta .  

Deposi t ion o f  these sediments i n  a marginal 

marine environment i s  supported by the presence o f  

gastropods, be1 emni tes, an abundance o f  marine 

b iva lves,  and a general lack  o f  i n - s i  t u  p l a n t  f o s s i l s .  

I n te r tongu i  ng o f  marine and non-marine f l  uv i  a1 s t r a t a  

has produced a we1 1 developed t r a n s i t i o n a l  sedimentary 

package between K1 appan and under ly ing Spatsi z i  

Sequence sediments. 

L i  tho1 og ica l  l y  t h i s  lower u n i t  i s  character- 

i z e d  by grey t o  black, t h i n l y  i n t e r c a l a t e d  mudstones 

and s i l t s t o n e s  w i th  lesser  amounts o f  tan t o  grey 

weathering, medium t o  f i  ne-grained sandstones. 

Len t i cu l  ar,  discontinuous che r t  pebble and granul e 

conglomerates up t o  four  metres i n  thickness e x i s t  

l o c a l l y .  Thin, d i r t y  coal seams are present i n  

assoc ia t ion  w i  t h  f i  ne-grai  ned sediments. 

Sandy packages commonly conta i  n ri ppl e 

cross-bedding and, where graded t r a n s i t i o n s  i n t o  f i  ner  



1 i tho1 ogies ex i  s t ,  b io tu rba t i on  and worm burrows are 

frequent.  Coarsening up cycles are present but  not  

we1 1 de f i  ned. 

P l a n t  f o s s i l  remains are ra re  and poor ly  

preserved bu t  numerous b iva lves  species are present. 

I n d e n t i f i e d  species are o f  marine, f resh  and brackish 

water o r i g i  n. 

The middle 200 t o  250 metres o f  the Klappan 

Sequence grades upward from under ly ing s t r a t a  and i s  

d is t ingu ished from the l a t t e r  by the presence o f  t h i c k  

continuous coal seams. Exposures o f  t h i s  u n i t  are 

found on Marshal 1-Layton Ridge and Summit South, the 

predominant areas o f  focus i n  the Summit Area. 

The sediments are i n t e r p r e t e d '  to have been 

deposited i n  a t e r r e s t r i a l  f l u v i a l  environment w i th  a 

moderate marine del t a i c  i n f l  uence. F l u v i a l  i n t e r -  

a c t i o n  produced t h i n l y  interbedded, o f ten  r i p p l e  

laminated, brown to dark grey o r  orange weathering 

s i l t s t o n e ,  mudstone and f ine-gra ined sandstone 

sequences i n te r rup ted  by massive t o  t h i c k l y  bedded, 

medium-grained sandstone beds up t o  20 metres i n  

thickness. The f i  ne-grained sequences f requent ly  

e x h i b i t  co l  our banding weathering pa t te rns  resul  ti ng 

i n  a " t i ge r - s t r i ped"  appearance. Such a pa t te rn  i s  

bes t  exh ib i t ed  i n  the v i c i n i t y  o f  TRC85001. 

Sandstones o f ten  d isp lay  medium t o  l a r g e  



scale, tabu1 a r  and trough cross-bedding, pebble lags 

and basal scouring i n  small coarsening and f i n i n g  

upward sequences. These features are we l l  i l l u s t r a t e d  

i n  measured sec t ion  OTC84009. 

The numerous coal seams are f requent ly  capped 

and under1 a i  n by t h i c k  bedded, medi um-grai ned 

sandstones. 

Th i r teen p l a n t  species associated p r i m a r i l y  

w i t h  f ine-gra ined l i t ho types ,  are not  as common as i n  

t h e  ove r l y i ng  u n i t  a1 though they are o f  a great 

d i v e r s i t y .  Ferns are the best represented p l a n t  group 

w i t h  N i l sson ia  tenu icau l i s ,  one o f  the few f o s s i l s  

cons i s ten t l y  associated w i t h  roo f  rock sandstones, 

being widespread i n  Sumrni t North and South. A s i m i l a r  

d i v e r s i t y  o f  b iva lves  e x i s t s  i n  t h i s  u n i t ,  w i th  s ing le  

c o l l e c t i o n s  y i e l d i n g  f i v e  o r  more species. Rare 

belemnites are l i m i t e d  t o  the lower u n i t  and the t race  

f o s s i l  Helminthopsis i s  common. 

The upper 200 t o  300 metres o f  the Klappan 

Sequence i s  a dominantly recessive package lack ing  

coal.  This  barren zone i s  exposed i n  the northern 

p a r t  o f  Layton Ridge. It cons is ts  o f  red, brown or  

b lack weathering mudstones, i n t e r r u p t e d  by t h i c k  

bedded orange weatheri ng f i  ne-grai ned sandstones and 

medium -grained grey t o  brown sandstones. The f ines,  

which occur i n  5 t o  15  metre f i n i n g  upward packages, 

comprise approximately 75 percent o f  the s t ra ta .  



A co r re l  a t i o n  between cent ra l  and southern 

Summit i s  tenuous due t o  the lack  o f  geological data. 

A 200 metre sect ion o f  medium grained sandstones and 

1 e n t i c u l  a r  conglomerates interbedded w i th  orange-brown 

weathering s i  1 ts tones i s  c h a r a c t e r i s t i c  o f  cent ra l  

Summit. Thin, poor qual i ty coal and carbonaceous 

mudstone bands are associated w i th  the f i n e  grained 

sediments which comprises 70 percent  o f  the s t ra ta .  

The Klappan Sequence i s  thought t o  be 

t h i c k e s t  i n  the cent ra l  Summit Area. I n  southeastern 

Summit, where coal seams are we1 1 developed and 

1 a te ra l  l y  continuous , re1 a t i  vel y barren upper K l  appan 

Sequence s t r a t a  have been eroded reducing the ove ra l l  

s t r a t i  graphic thickness o f  the coal.- bear ing packag.e. 

6.4.2.3 Coal Seam Devel opment 

6.4.2.3.1 Klappan Sequence 

The Summit South area, and to a 

l esse r  extent,  Marshal l  Ridge and Layton 

Ridge cont inue t o  be o f  greatest  i n t e r e s t  i n  

t he  Summit Area. Summit South o f f e r s  

favourable s t r u c t u r a l  condi t ions and th ick ,  

1 a te ra l  l y  extensive coal seams. Marshal 1 and 

Layton Ridges expose abundant, t h i c k  seams o f  

h igh  qual i t y  coal bu t  s t ruc tu ra l  complexity 

and erosion makes c o n t i n u i t y  o f  seams 

problematic. 



I n  t o t a l  57 hand trenches have 

been excavated t o  date, 10 i n  the 1985 f i e l d  

season (Table 6.7). They have del ineated 4 

seams o f  6.08 metres t o t a l  thickness on 

Layton Ridge and a cumulat ive interseam 

th ickness o f  approximately 100 metres. This  

package dips cons i s ten t l y  a t  15 t o  20 degrees 

t o  the south - southeast, b u t  has no t  been 

t raced l a t e r a l l y  due t o  eros ion and an 

e x i s t i n g  g lac ie r .  A f u r t h e r  two seams, 4.37 

and 3.15 metres i n  thickness, exposed i n  

trenches TRC85002 and TRC83075, respect ive ly ,  

e x i s t  i n  the Marshal 1 - Layton Val ley 

northwest o f  Summit South. Each seam' i s  o f  a 

h igh  coal q u a l i t y  and a low ash content. 

These seams have been t e n t a t i v e l y  co r re l  a ted 

w i t h  seams .G (4.9 metres t o t a l  thickness)- and 

F (2.15 metres t h i c k )  both in te rsec ted  i n  

DDH83003. The c o n t i n u i t y  o f  each seam has 

been t raced by spo i l  showings f o r  a minimum 

distance o f  500 metres w i t h i n  the 

Marshal 1 /Layton Val l e y  and each i s  be1 ieved 

t o  extend i n t o  Summit South. These seams are 

i n t e r p r e t e d  t o  be separated from the 4 seams 

o f  Layton Ridge by a maximum interseam o f  

approximately 75 metres. Two diamond d r i  11 

holes, DDH83003 and DDH82007, both d r i  11 ed i n  

t he  Summit South area, in te rsec ted  a t o t a l  o f  

7 seams i n  add i t i on  t o  the 4 seams exposed i n  

outcrop i n  the Marshal 1 /Layton area (F igure 



Year 

1981 

Trench 

81007 

81008 

82035 

82039 

83048* 

83049 

83051 

83052 

83054 

83055 

83056 

83057 

83058 

83059 

83060 

83061 

83062 

83063 

83064 

83065 

83066 

83067 

83074 

Table 6.7 

SUMMIT AREA TRENCH SUMMARY 

Sequence 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

Klappan - 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

*retrenched (85003) t he re fo re  no t  inc luded i n  average coal seam 

th ickness 



Table 6.7 

Cont'd 

SUMMIT AREA TRENCH SUMMARY 

Year Trench 

1983 ( con t ' d )  83075 3.1513 .25 

83078 0.60/0.60 

83079 0.70/0. 70 

83080 0.5010. 50 

83081 0.80/0.80 

83089 0.1510.15 

83090 3.7514.85 

Sequence 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 



Table 6.7 

Cont 'd  

SUMMIT AREA TRENCH SUMMARY 

Year 

1985 

Trench Sequence 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

+re1 ogged t rench 83048 
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D i  amond d r i  1  1 ho l  e DDH83003 

in te rsec ted  6 seams w i th  a t o t a l  t r u e  

thickness o f  10.42 metres and a t o t a l  

interseam thickness o f  116.28 metres. Seams 

t e n t a t i v e l y  co r re la ted  w i th  Ph, G upper, G 

lower, F, E, D and C were i n te rsec ted  

i n c l u d i n g  2 seams in te rp re ted  from coal 

loss. .  

Diamond d r i l l  ho l  e  DDH82007 

i ntersected four  seams t e n t a t i  vel y desi gnated 

as seams E, D, C and B o f  Los t  Ridge (Table 

6.8). They have a t o t a l  t r u e  thickness o f  

8.36 metres and a t o t a l  interseam o f  70.11 

metres. The nomenclature changes introduced 

s ince the 1984 f i e l d '  season are subject  t o  

conf i rmat ion  by a de ta i l ed  core study i n  

1986. 

The s t r a t i g r a p h i c  p o s i t i o n  o f  the 

two shallow seams exposed i n  Repeater Val l e y  

i n  trenches TRC84076 and TRC83060 has not  y e t  

been determined. Very poor outcrop exposure 

makes a s t r i c t  s t r a t i g r a p h i c  c o r r e l a t i o n  

between these seams and those in te rsec ted  i n  

DDH83003 tenuous. The favourabl e s t r u c t u r a l  

cond i t ions  o f  the 3.32 metre seam ( f o r  

TRC83060) emphasizes the need f o r  f u r t h e r  

seam t rac ing ,  and hand t renching i n  1986. 



Table 6.8 

Summary o f  Summit Area 
D r i l l e d  Seam Intersections 

D r i  11 
Hole Seam 

E 

D 

C'  

B 

ph 

Gu 

G1 

F 

E 

D 

C 

D r i l l e d  Seam True 
Interval  Thickness 

(m) (m) 

I n  casing 0.47 

40.30 - 42.05 1.72 

44.80 - 48.00 3.20 

I nterseam 
True 

Thickness 
(la) 

33.85 

21.41 

14.85 

27.34 

2.71 

32.59 

4.20 

39.79 

9.15 

* Spudded i n t o  seam, coal unconsolidated and represents a minimum thickness. 
** Seam designations are subject  t o  conf i rmat ion by de ta i l ed  core study. 

Coal (m)/ 
Coal + Rock 

Coal Loss 

0.8011 .29 

Coal Loss . . 
Coal Loss 

1 .O6/l .26 



6.4.2.4 St ruc ture  

Summit Area s t r a t a  have been folded, and t o  a 

minor extent,  f a u l t e d  dur ing a t  l e a s t  two d i s t i n c t  

phases o f  non-coaxial compression resul  t i n g  i n  f o l  d 

pa t te rns  tending northwest-southeast (F1) and 

nor theast  - southwest (F2). This pa t te rn  i s  also 

recognizable on a regional scale throughout the Mount 

K l  appan property.  Pronounced east  - west trends, 

i n t e r p r e t e d  as being unre lated t o  F1 and F2 

deformational events, are l oca l  l y  d i s t i n c t .  

An equal area p l o t  o f  poles t o  bedding planes 

i n  the Summit Area demonstrates three prominent f o l d  

d i r e c t i o n s  (F igure 6.4). The sca t te r  o f  p o i n t s .  ( n  = 

696) does not  a l low graphical determinat ion o f  F1 o r  

F2 average plunges but  . Figures 6.5 c l e a r l y  e x h i b i t s  

a shallow plunge, 2 t o  5 degrees f o r  the east - west 

t r e n d i  ng f o l  d d i  rec t ion .  

Regional F1 f o l d s  are t y p i c a l l y  up r igh t  t o  

overturned t o  the nor th w i th  a shallow southeaster ly 

plunge o f  5 t o  6 degrees. Axia l  planes commonly d ip  

s teeply t o  moderately t o  the southwest w i th  nor thern 

f o l d  l imbs general ly  steeper than southern limbs. I n  

i ncompetent 1 i tho1 ogies, where f o l  d sty1 es are t i g h t e r  

and o f  h igher  amplitudes, plunges may l o c a l l y  steepen 

t o  28 degrees. 

Second phase f o l d s  which t y p i c a l l y  t rend 
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northeast  - southwest are o f  l i m i t e d  ex ten t  throughout 

most o f  the Summit region, bu t  are s i g n i f i c a n t  l o c a l l y  

a t  the east end o f  Marshal 1 Ridge and i n  Summit South, 

southwest o f  DDH83003. Plunges appear to  be shal lower 

than those measured on F1 s t ruc tures ,  a1 though t h i s  

observat ion may be biased by the competency o f  the 

s t r a t a  i n  which they are contained. Axia l  planes are 

commonly moderately t o  s teeply d ipp i  ng. 

Small scale l o c a l i z e d  fau l  t i n g  associated 

w i t h  F1 o r  Fp compressional events i s  o f  minimal 

s i g n i  f icance. Dextra l  s t r i k e - s l  i p  and normal f a u l t s  

w i t h  displacements o f  less  than 10 metres have been 

observed. 

Thrus t  f a u l t i n g  i s  bel ieved t o  . be o f  a 

smal ler  scale than prev iously  in te rpre ted .  The t h r u s t  

f a u l t  o r i g i n a l l y  located west of Marshall Ridge and 

extending through Repeater Val l e y  has been 

r e i n t e r p r e t e d  as a syncl ine t rend ing  103 degrees and 

p l  ungi ng 20 degrees t o  the southeast. We1 1 developed 

a x i a l  p lanar  cleavage which fans from near v e r t i c a l  i n  

t he  core t o  15 degrees on the l imbs supports t h i s  

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

The low angle t h r u s t  f a u l t  i n  Summit South 

has been re in te rp re ted  as a broad a n t i c l i n e  west o f  

TRC83060, a1 though outcrop exposure i s  very poor. 

Where t h i s  t h r u s t  t race  f a l l s  between TRC83052, 

TRC83054, and TRC85011, recen t l y  co l l ec ted  data 

suggests t h a t  a ser ies  o f  t i g h t l y  folded, overturned, - 66 - 



northwest and southeast plunging an t i c1  ines  o f  F1 

generat ion ex i s t .  Ax ia l  planes d ip southeast w i th  

f o l d  vergence t o  the northeast. 

A shal lowly south d ipping t h r u s t  has been 

observed on Repeater Ridge w i t h  an i n f e r r e d  

displacement o f  tens o f  metres. T i g h t l y  hinged drag 

f o l d s  w i t h  axes p a r a l l e l  to the d i r e c t i o n  o f  movement 

o f  the t h r u s t  sheet, and amp1 i t udes  between 30 and 60 

metres, e x i s t  immediately above and below the shear 

p l  ane. 

6.4.3 Nass Area 

6.4.3.1 Spats iz i  Sequence 

The Spats iz i  ' Sequence i s  the lowest 

s t r a t i g r a p h i c  mapped u n i t  o f  the Mount Klappan 

property.  The base o f  the sequence has not  been 

observed i n  the study area bu t  the s t r a t a  are 

i n t e r p r e t e d  to reach a thickness o f  900 metres. 

L i  tho1 og ica l  l y  the sequence consi s t s  o f  

t h i n l y  1 ami nated, dark grey mudstones interbedded w i th  

tan  weathering s i l  tstones, t h i n  to t h i c k  bedded, f i n e -  

grained, grey sandstones and massive, che r t  pebble 

congl omerates which become we1 1 devel oped i n  Spatsi z i  

Park i n  the middle to upper po r t i on  o f  the sequence. 

Poor ly  developed, t h i n  coal seams e x i s t  a t  the very 

top  o f  the un i t .  An ove ra l l  coarsening upward t rend 



i s  recognized w i th  i nd i v idua l  75 metre cycles grading 

from basal mudstone t o  sandstone and conglomerate, the 

1 a t t e r  d i  spl  a y i  ng sharp upper contacts. Sandstones 

and s i l  ts tones are predominant i n  the middle o f  the 

Spats iz i  Sequence and general ly  lack  primary 

sedimentary s t ruc tures ;  small channel sands and 

c u r r e n t  r i p p l e s  are common higher  i n  the sequence. 

Mudstones usual l y  conta i  n b i  val  ve horizons but  r a r e l y  

h o s t  belemnites. Plants and wood fragments e x i s t  only  

a t  the top o f  the Spats iz i  Sequence i n  close prox imi ty  

t o  carbonaceous zones and coal seams. 

The Spats iz i  Sequence i s  i n t e r p r e t e d  t o  

represent  a marine regression ranging from marine 

in f luenced sedimentation t o  deposi t ion r e s u l t i n g  from 

coasta l  processes. Consequently, a t r a n s i  t i o n a l  zone 

o f  a t  l e a s t  200 metres, between marine and t e r r e s t r i a l  

deposi t ional  environments j o i n s  the Spatsi z i  and 

o v e r l y i  ng K l  appan Sequences. 

The co l  1 ec t i on  o f  Be1 emnopsi s su l  catus, 

Laevi tri ogni a, Herzogi na and S t a f f  i nel 1 a and the 

absence o f  p l a n t  macrofossi 1 s i nd i ca tes  an upper 

Jurassic  age f o r  the Spats iz i  Sequence. 

A v e r t i c a l  d i s t r i b u t i o n  o f  Spats iz i  Sequence 

sediments i s  shown i n  F igure 6.6. These sediments are 

w e l l  exposed i n  the northwestern corner o f  the Nass 

Area a1 ong Glac ie r  Ridge and Kay Ridge. 
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6.4.3.2 Klappan Sequence 

The Klappan Sequence i s  the ma 

u n i t  o f  the Mount Klappan property.  

reg ion  the coal -bearing s t r a t a  outcrop 

n coal -bearing 

I n  the Nass 

i n  the va l leys  

o f  the Klappan River, Nass Lake, and lower Helm Creek. 

The lack  o f  exposure i n  these vegetated areas prevents 

sec t ion  measurements bu t  a s t r a t i g r a p h i c  thickness o f  

up t o  400 metres i s  expected. Midway w i t h i n  the 

t r a n s i t i o n a l  zone j o i n i n g  the Spatsi z i  and K l  appan 

Sequences l i e s  the base o f  the Klappan Sequence. A 

conformable and gradat ional upper contact  i n t o  

ove r l y i ng  Ma1 1 och s t r a t a  i s  a1 so observed. 

L i  tho1 og ica l  l y  K1 appan Sequence sediments 

c o n s i s t  o f  small f i n i n g  upward cycles o f  l a t e r a l l y  

discont inuous che r t  pebble conglomerates, t h i  n bedded, 

medi um grey s i  1 tstones, 1 ami nated dark grey mudstones 

and coal. B iva lves and burrows occur sporad ica l l y  i n  

the  basal mudstones; belemnites are rare. I n  the 

middle o f  the sequence coal seams are we1 1 developed 

and p l a n t  macrofossi 1 s, roo t1  e t s  and wood fragments 

a re  preval ent. Sandstones d i sp l  ay undul a to ry  cur ren t  

r i p p l e s  and small scale channel ing. 

Klappan Sequence sediments are i n te rp re ted  t o  

represent  lowermost a1 1 u v i a l  fan o r  coastal  p l a i n  

deposi t s  w i  t h  marine i n f l  uences. The marine regres- 

s ion  observed i n  the Spatsi z i  Sequence continued 

through Klappan and Mal loch Sequence time. Thick coal 



seams i n  the middle o f  the Klappan Sequence maintain 

the  same c y c l i c i t y  throughout the package but become 

t h i n n e r  and more carbonaceous h igher  i n  the sequence. 

Sediments are moderately sandier and the u n i t  i s  

vo id  o f  b i  val  ves. 

D i s t i n c t i v e ,  medium-grained, l i g h t  grey 

weathering sandstones, associated w i th  coal, occur 

i n t e r m i t t e n t l y  from the Nass Val ley t o  Los t  Ridge; a 

probab1.e r e s u l t  o f  s i m i l a r  environmental processes 

e f f e c t i v e  dur ing deposit ion. For t h i s  reason Klappan 

s t r a t a  i n  the Nass Area are i n t e r p r e t e d  t o  be 

1 a te ra l  l y  equivalent  t o  the 1 ower coal -bear i  ng 

sediments o f  the Klappan Sequence on Los t  Ridge. 

Based on c o l l e c t i o n s  o f  f o s s i l  fauna and 

p l a n t  macrofossi 1 s the K l  appan Sequence spans upper 

most Jurassic  and Lower Cretaceous time. 

6.4.4.3 Malloch Sequence 

The Ma1 loch  Sequence gradat ional l y  and 

conformably ove r l i es  the Klappan Sequence. It has 

l i m i t e d  d i s t r i b u t i o n  i n  the study area but  800 metres 

o f  Malloch sect ion are exposed on the r idges j u s t  east 

and west o f  Nass Lake. 

Ma1 loch Sequence sediments are comprised o f  3 

t o  1 5  metre f i n i n g  upward cyc les o f  l a t e r a l l y  

d i  scontinuous che r t  pebble conglomerates 

- 71 - 
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i n t o  f ine-grained, t h i n  t o  t h i c k  bedded, grey 

sandstones and dark grey, laminated to t h i n  bedded 

s i l  tstones. B r i g h t  orange weathering s i  1 tstones, some 

o f  which are calcareous, are d i s t r i b u t e d  throughout 

the sequence. Dark grey, laminated mudstones form the 

t o p  o f  most cyc les grading i n t o  coal, lower i n  the 

Mal loch and becoming s i l t i e r  up section. Sandy and 

i n t e r l a y e r e d  s i l t y  un i ts ,  up t o  15  metres th ick ,  

become s i l t  dominated a t  the top o f  the cycle, i n  the 

basal Malloch, and sandier h igher  i n  the sequence. 

La te ra l  fac ies  changes over 500 metres from coarser t o  

f i n e r  sediments are common. 

Channel sandstones and conglomerates e x i s t  

throughout the Ma1 1 och Sequence. They are 1 a t e r a l  l y  

discont inuous over 20 t o  200 metres and o f ten  d isp lay  

p l  anar and trough cross-beds, scour surfaces, graded 

bedding and pebble lags. Transported woody fragments 

are  commonly found randomly o r i en ta ted  i n  these 

anc ien t  channel s. Conglomerates form the widest 

channels which become more prevalent  up section. 

Excel l e n t  exposures o f  obl i que l y  stacked channel s can 

be observed on Rhondda Ridge and Mari t ime Mountain. 

The upper Malloch contact  i s  placed beneath the f i r s t  

1 a te ra l  l y  continuous conglomerate i n  excess o f  ten 

metres. 

It i s  i n te rp re ted  t h a t  the Malloch Sequence 

represents deposi t ion o f  the middle t o  d i s t a l  p o r t i o n  

o f  an a1 l u v i a l  fan complex reworked by r i v e r  systems. 



Landward t ransgress ion observed, i n  the lower sequences 

cont inued through Ma1 1 och t ime marked by sporadic 

regress ions a1 1 owing f o r  the  development o f  coa ly  

zones i n  the middle Malloch. A v e r t i c a l  d i s t r i b u t i o n  

o f  the Ma1 l och  Sequence i s  shown i n  F igure 6.7. 

P l a n t  macrofossi 1 s are abundant throughout 

t he  Ma1 1 och, the most common inc lud ing  C l  adophl eb i  s 

v i g i n i e n s i s ,  Ginkgo - nana and Czekanowskia r i g i d a .  

Based on these and o ther  species the Ma1 loch  Sequence 

spans Lower Cretaceous time. 

6.4.3.4 Coal Seam Devel opment 

6.4.3.4.1 Spats iz i  Sequence 

Thin coal seams, usua l l y  l ess  than 

one metre, e x i s t  on ly  a t  the very top o f  the 

Spa ts i z i  Sequence. The one t rench excavated 

i n  t h i s  lower sequence, TRC84004 ret renched 

a t  TRC85010, conta ins d i r t y  coal w i th  a coal 

t o  coal + rock r a t i o  o f  3.1514.47 metres. 

Because o f  the predominantly marine character  

o f  the Spa ts i z i  sediments the coals  observed 

i n  t h i s  sequence are no t  expected t o  be o f  

economic importance. 

6.4.3.4.2 Klappan Sequence 

Wi th in  the Nass region a t o t a l  o f  
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twenty- four  trenches have been excavated i n  

t h e  Klappan Sequences ranging from 0.80 t o  

3.96 metres i n  thickness (Table 6.9). The 

average thickness o f  a l l  o f  the seams i s  1.9- 

metres. 

The lower coal -bearing sec t ion  

outcropping predominantly a1 ong Helm Creek i s  

i nte rp re ted  t o  extend westward surrounding 

t h e  K l  appan River  and southward under1 y i  ng 

Nass Lake (see 1985 Geology Map, Appendix 

I ) .  

Due t o  the l ack  o f  outcrop and 

d r i l l  ho le  in fo rmat ion  i n d i v i d u a l  seam . 
c o r r e l a t i o n s  are tenous, bu t  based on the 

s t ra t i g raphy  the sediments are i n t e r p r e t e d  t o  

be l a t e r a l l y  equ iva len t  t o  the lower 

coal -bearing K l  appan Sequence o f  the Lost  

Ridge. 

6.4.3.4.3 Malloch Sequence 

F i v e  trenches have been excavated 

i n  the Malloch Sequence and no t  exceed two 

metres i n  thickness (Table 6.9). I n  the Nass 

Area seams only  occur i n  the basal Malloch 

and are genera l l y  t h i nne r  and l ess  f requent  

than those i n  the under ly ing Klappan 

Sequence. To date a seam c o r r e l a t i o n  has no t  

been development. 
- 75 - 



Table 6.9 

Year 

1982 

NASS AREA TRENCH SUMMARY 

Trench Sequence 

K l  appan 

K l  appan 

K l  appan 

K 1  appan- 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

Ma1 1 och 
Ma1 1 och 
K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

Ma1 1 och 
Spatsi  z i  

K l  appan 

K l  appan 

K l  appan 



Table 6.9 

Cont'd 

Year Trench 

NASS AREA TRENCH SUMMARY 

' re t rench o f  82021 

* re t rench o f  83073 

+ ret rench o f  83071 

O re t rench o f  82072 

- ret rench o f  84004 

Sequence 

Ma1 1 och 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

Spats i  z i  

K l  appan 



6.4.3.5 S t ruc ture  

S t ruc tu ra l  deformation w i t h i n  the Nass Area 

i s  the r e s u l t  o f  two phases o f  non-coaxial stress. 

The domi nant s t ruc tu ra l  features resul  ti ng from the 

f i r s t  deformational phase (F1) are the Beirnes 

Sync1 i norium and, outs ide the western proper ty  

boundary, the Nass R i  ver a n t i  c l  i n o r i  um. The 

syncl inor ium i s  eas i l y  i d e n t i f i e d  on Beirnes Ridge as 

a sha l l  ow d i  sh t rend ing  northeast - southwest w i t h i n  

competent upper Malloch and lower Rhondda s t ra ta .  The 

souther ly  plunge o f  the s t ruc tu re  exposes lower 

Spa ts i z i  sediments t o  the nor th and Rhondda Sequence 

s t r a t a  t o  the south. East o f  the syncl inor ium ax is  

f o l  ds verge northeast w i th  general l y  long sha l l  owly 

d ipp ing  southwest l imbs and shor t  northeast l imbs. 

West o f  the ax i s  f o l d s  d isp lay  a southwesterly 

vergence. See Figure 6.8. I n  the area surrounding 

t h e  syncl i n a l  ax is  f o l d  s t y l e s  vary bu t  tend t o  be 

upr igh t .  

The an t i c l i no r i um ax is  i s  not  as e a s i l y  seen 

due t o  the incompetency o f  the Malloch s t r a t a  i n  which 

i t  i s  exposed. S i m i l a r i l y  a s ing le  ax is  o f  the 

syncl i n o r i  urn disappears w i t h i n  Ma1 loch  sediments and a 

zone o f  up r igh t  t o  overturned fo lds  verging both east 

and west can be recognized. This s t y l e  i s  

p a r t i c u l  a r l y  not iceable on Caribou R i  dge. Far ther  

away from the ax is  f o l d  amplitudes increase and hinges 

tend t o  be higher.  I n  l oca t i ons  where Klappan s t r a t a  
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are  exposed f o l d  wave1 engths a re  l a r g e r  and amp1 i tudes 

sma l l e r  than those observed i n  Mal loch s t r a ta .  The 

p r imary  s t r u c t u r a l  t r end  i s  130 degrees w i t h  plunges 

rang ing  from 14 degrees northwest t o  10 degrees 

southeast. L o c a l l y  plunges can be very steep. 

Thrus t ing ,  r e l a t e d  t o  the  f i r s t  deformat ional  

event, i s  o f  minor importance. Two t h r u s t  f a u l t s  have 

been recognized i n  t he  Mal loch Sequence, on the 

western and southern boundaries o f  the Nass Area, each 

d ipp ing  southwest and each w i t h  displacements o f  tens 

o f  metres. 

Pr imary cleavage i s  we1 1 developed throughout 

t h e  Nass Area, p a r t i c u l a r l y  i n  f i n e  gra ined 

l i t h o l o g i e s .  It commonly occurs i n  an a x i a l  p lane 

convergent o r  d ive rgen t  p a t t e r n  and t rends a t  130 

degrees. 

The second deformat ional  event, F2, 

produced broad, open f o l d  s t y l e s  which can be 

i d e n t i f i e d  as plunge reversa l  s on pr imary f o l ds .  

A x i a l  t rends vary from 90 t o  110 degrees and have been 

t r a c e d  f o r  a maximum o f  300 metres. 

S t r i k e  s l i p  f a u l t s  t r end ing  from 10 degrees 

t o  40 degrees eas t  are be l i eved  t o  be assoc ia ted w i t h  

e i t h e r  the  second deformat ional  phase o r  a l a t e r  

s t r u c t u r a l  event. La te ra l  t rans1  a t i o n  o f  sediments up 

t o  75 metres i s  common. On a sma l le r  sca le  s t r i k e  



s l i p  f a u l t s ,  w i t h  10 t o  30 metres displacement, 

ou tc rop  southeast o f  the  major f a u l t s  compl i ca t ing  the 

c o r r e l  a t i o n  o f  several  l o c a l  coal trenches. Las t l y ,  

smal l  h i gh  angle normal f a u l t s  w i t h  displacements o f  

l e s s  than 1 metre t o  10 metres are found throughout 

t h e  study area. 

F2 cleavage i s  ev iden t  i n  many l o c a l i t i e s  

b u t  i s  b e t t e r  developed w i t h i n  s i l  t s t ones  and 

mudstones. It i s  a x i a l  p lane convergent and d ivergen t  

and p a r a l l e l s  a x i a l  t races  which vary  from 10 t o  110 

degrees. 

6.4.4 Summi t-Nass Area Sandstone Pet ro logy  

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

Dur ing  the  1983 and 1984 f i e l d  seasons 

sandstones and s i  1 ts tones,  predominant ly w i  t h i  n the 

K l  appan Sequence, were sampled from outcrop. Th in  

sec t i ons  were analyzed f o r  composit ion, t e x t u r a l  

re1  a t i  onshi ps and d i  agenet ic  fea tu res  w i t h  the  purpose 

o f  determin ing t he  appl i c a b i l  i ty o f  sandstone 

p e t r o l  ogy i n  the l a t e r a l  c o r r e l  a t i o n  o f  s t r a t i  graphy . 

6.4.4.2 Pr imary Mineralogy 

The pr imary mineralogy o f  t he  m a j o r i t y  o f  the  

samples i s  remarkably s i m i l  ar ,  w i t h  major changes i n  

pe t ro l ogy  be ing  re1 a ted  t o  d iagenet i c  features.  



Sandstones a re  p r i m a r i l y  c h e r t  o r  f e l d s p a t h i c  

1  i tha ren i  t e s  charac te r i zed  by the presence o f  cher t ,  

p l  ag i  o c l  ase, po tass i  um f e l  dspar and vo lcan ic  and 

sedimentary rock fragments. Minor  q u a n t i t i e s  o f  

muscovi te o r  b i o t i t e  and opaque minera ls  such as 

d e t r i t a l  hemat i te  may be present. Var ious amounts o f  

o rgan ic  mat te r  a re  present  i n  sands i n  c lose  p rox im i t y  

t o  coal  seams. 

6.4.4.3 Tex tu ra l  Features 

The sandstones s tud ied  d i sp lay  a g rea t  

v a r i a t i o n  i n  tex tu re .  Most samples are immature t o  

submature w i t h  poor s o r t i n g  and a h i gh  degree o f  g r a i n  

angu la r i t y .  Tex tu ra l  invers ions ,  i n  which angular  

qua r t z  and f e l  dspars c o e x i s t  w i t h  we1 1 . rounded c h e r t  

g r a i  ns , i n  otherwise immature sandstones, are common. 

These i nve rs i ons  suggest t h a t  the  che r t s  have been 

rounded i n  a  prev ious sedimentary cyc le .  

6.4.4.4 Sandstone Diagenesis 

D iagenet i c  fea tu res  i nc l ude  megaquartz growth 

f rom Si02 matr ices,  c h e r t  r e c r y s t a l l  i z a t i o n  t o  

megaquartz, s e r i c i  ti z a t i o n  o f  f e l  dspars, 

do1 omi ti za t ion ,  c a l c i t e  and s i d e r i t e  cementation and 

t h e  fo rmat ion  o f  authogenic c h l o r i t e  and hemati te.  I n  

genera l ,  t h e r e  appears t o  be an enrichment o f  

carbonates c lose  t o  mudstone contacts.  O f  the samples 

s tud ied ,  t h i n l y  in terbedded sequences o f  mudstones and 



sandstones o r  s i l t s t o n e s  are commonly h i g h l y  c a l c i f i e d  

suggest ing the importance o f  mud as a  supply o f  ions 

f o r  cementation. Nass R i ve r  f ine-gra ined,  c h e r t  

a ren i  t e s  are p a r t i c u l  a r i l y  we1 1  ' c a l c i f i e d  i n  t h i n l y  

bedded middle Ma1 1  och s t r a ta .  

6.4.4.5 Appl i c a t i o n  o f  Pe t ro logy  

Tex tu ra l  re1 a t ionsh ips ,  d iagenet i c  fea tu res  

and pr imary m i  ne ra l  ogy do n o t  change systemat ica l  l y  

w i t h  depth f o r  t he  small popu la t ion  o f  samples. 

Ma1 l o c h  and K l  appan sediments from var ious Summi t-Nass 

Area l o c a t i o n s  have s i m i l a r  pr imary mineralogy and 

a1 t e r a t i o n  features.  It i s  no t  poss ib l e  t o  determine 

the. s t r a t i g r a p h i c  p o s i t i o n  o f  a  g iveh sample s t r i c t l y  

on the  bas i s  o f  sandstone pe t ro logy ,  a1 though 

c o r r e l a t i o n  on t he  bas i s  o f  s p e c i f i c  l o c a l i z e d  

d i agene t i c  fea tu res  may be use fu l .  



7.0 RESOURCES 

7.1 Mount Klappan Coal Project  

7.1.1 Summary 

The i n - s i t u ,  l a r g e l y  specu la t i ve  l e v e l  o f  coal 

resources o f  the Mount Klappan Coal P r o j e c t  t o t a l  6.1 b i l l i o n  

tonnes i n  seams grea ter  than 0.5 metres i n  th ickness t o  a 

maximum depth o f  500 metres below surface. O f  t h i s  t o t a l  

p o t e n t i a l ,  64.4 m i l  1 i o n  tonnes are def ined as being measured 

resources. The f o l  1 owing tab1 e summarizes the  resource 

c o n t r i b u t i o n s  from each area o f  the proper ty  as wel l  as the  

representa t ion  by resource category. The 1:50 000 Coal 

Resource Map (Append'ix I) presents the d i s t r i b u t i o n  o f  

resources over the Mount K l  appan property.  

Table 7.1 

MOUNT KLAPPAN COAL PROJECT 

COAL RESOURCES (MT) 

Category 

Area Measured Indicated Inferred Speculative 

Lost-FOX 52.3 50.7 86.1 717.9 

Hobbi t -Broatch 12.1 24.5 369.1 613.3 

Summi t - - - - 35.8 2 254.0 

Nass - - - - - - 1 706.8 

Skeena - - - - - - 232.3 

Tota l  64.4 75.2 491 .O 5 524.3 

Total Coal Resource Potential : 6 154.9 



The coal seams o f  i n t e r e s t  are contained w i t h i n  the 

s t r a t a  o f  the Klappan Sequence. Coal measures o f  the Malloch 

and Spa ts i z i  Sequences are no t  p resent ly  considered to  be o f  

economic importance and therefore,  were no t  inc luded i n  

resource ca l cu la t i ons .  

The parameters w i t h i n  which the  coal resources were 

c l  ass i  f i ed and the procedures u t i  1 i zed i n  resource 

c a l  cu l  a t i ons  are out1 i ned i n  Sect ion 7.3.3. 

7.2 Summi t-Nass Area 

7.2.1 Summary 

The m a j o r i t y  o f  the 3 996.6 b i l l  i o n  tonnes o f  coal 

resource i n  the Summit-Nass Area i s  a t  the speculat ive l e v e l  

(Table 7.2). A t  the i n f e r r e d  l e v e l ,  35.8 m i l l  i o n  tonnes o f  

resource l i e s  w i t h i n  the southern p a r t  o f  Summit i n  three 

separate resource areas. 

Two i n f e r r e d  resource areas are based on diamond d r i l l  

ho le  seam in te rsec t i ons  (DDH82007 and DDH83003) which have 

been t e n t a t i v e l y  designated as Klappan Sequence seams E t o  B 

and Ph t o  C respecive ly .  A t h i r d  i n f e r r e d  resource area i s  

based on th ree  hand trenches (TRC84026, TRC84027 and 

TRC83060B) which expose two seams s i t u a t e d  i n  a shallow, 

near-surface bowl i n  c lose  prox imi ty  t o  DDH83003 (Table 7.3). 

No over lap was inc luded between these two adjacent resource 

areas due t o  the lack  o f  outcrop con t ro l  and the uncer ta in ty  

o f  the s t r a t i g r a p h i c  p o s i t i o n  o f  the seams exposed i n  the 

trenches. 
- 85 - 



Summit Area 

Nass Area 

Table 7.2 

SUMMIT-NASS AREA 

COAL RESOURCES 

(in million tonnes) 

Measured I n d i c a t e d  I n f e r r e d  Specul a t i  ve 

T o t  a1 - 

7.3 Procedures and Parameters 

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

I n - s i t u  coal  resources a re  de f ined  as i n  p lace  coal  

(coa l  and p a r t i n g s )  conta ined i n  seams occur ing  w i t h i n  

s p e c i f i e d  l i m i t s  o f  th ickness  and depth from surface. 

Resources a re  f u r t h e r  de f ined  through c l a s s i f i c a t i o n  i n t o  

"measured" , " ind ica ted" ,  " i n f e r red " ,  and "specu la t i ve"  

ca tego r i es  based on the  ex is tence  and r e l a t i v e  spacing o f  

coa l  seam e x p l o r a t i o n  data. 

The procedures f o r  t he  resource ca l  c u l  a t i  ons i n c l  ude 

s tandard methods u t l  i z i  ng geo log ica l  cross-sect ions and maps 

as descr ibed i n  Sec t ion  7.3.2. 

The Energy Mines and Resources Report ER79-9: Coal 

Resources and Reserves o f  Canada out1 i n e s  guide1 i nes  f o r  coal 



Table 7.3 
SUMMIT AREA INFERRED RESOURCE DATA POINTS 

D r i l l e d  True Interseam True Coal (m) 
Data Source Seam Interval  Thickness Thickness Coal + Rock 

(m) (m) (ml (m) 

ph i n  casing 0.47* 

GU 40.30 - 42.05 1.72 

2.3113.91 

1.9512.71 

Coal Loss 

0.8011 .29 

0.47/0.47* 

1 .O5/l .72 

1.9313.20 

Coal Loss 

Coal Loss 

1 .O6/l .26 

1 .Og/l.40 

"Spudded i n t o  seam, unconsolidated there fore  minimum thickness; average thickness i n  surface 
exposures i s  0.50 m 

+ s t r u c t u r a l l y  thichened seam conservat ized by 25 percent 
. ++same seam; min i  mum seam thickness 



resource c a l c u l a t i o n s  i n  the  C o r d i l l  eran Region. These EMR 

parameters were mod i f i ed  f o r  use i n  the  Mount Klappan 

Coal P r o j e c t  as o u t l i n e d  i n  Sec t ion  7.3.2. 

The parameters u t i  1 i zed f o r  the  1985 Mount K l  appan 

Coal P r o j e c t  a re  descr ibed i n  Sect ion 7.3.3. 

7.3.2 Procedures 

A d i s t r i b u t i o n  o f  v a l i d  data p o i n t s  f o r  each seam was 

es tab l  i shed  through diamond d r i l l  ho le  i n t e r s e c t i o n s  and 

trenches. Based on maximum a1 1 owabl e data po i  n t  spaci ng 

resources were c a l c u l a t e d  f o r  a s p e c i f i c  category. 

Measured and i n d i c a t e d  resource f i g u r e s  are der i ved  

f rom polygons cons t ruc ted  h o r i z o n t a l  l y  around va l  i d  data 

p o i n t s  w i t h i n  t he  resource area. To 'date, i n  the Summit 

Area, on ly  i n f e r r e d  resources have been es tab l i shed  due t o  

t h e  ex is tence  o f  j u s t  one data p o i n t  i n  t he  resource area. 

I n  t h i s  case a h o r i z o n t a l  c i r c l e  was drawn around the  data 

p o i n t  , and p ro jec ted  pe rpend i cu la r l y  onto the cross- 

sec t i ons (s )  i n t e r s e c t i n g  the c i  r c l  es area o f  i n f l  uence. The 

seam l e n g t h  was then measured w i t h i n  these l i m i t s .  

I n  the Sumni t Area s i n g l e  diamond ho le  data p o i n t s  

e x i s t  f o r  each seam i n  two o f  the th ree  resource areas. The 

t h i r d  resource area i s  comprised o f  two seams based on th ree  

c o r r e l a t a b l e  hand trenches. A l l  areas have been assigned a 

one k i l  ometre rad ius  o f  i n f l  uence. 



The t h i r d  dimension requ i red  f o r  coal volume 

c a l c u l a t i o n  a f t e r  seam thickness and 1 ength have been 

determined i s  " s t r i k e  length"  o r  " in f luence"  o f  the seam. 

Th i s  measurement usua l l y  equal s the cross-sect ion spacing i f  

i t  i s  less  than o r  equal t o  the requ i red  data p o i n t  spacing 

f o r  the resource category under considerat ion. Where a seam 

p r o j e c t s  t o  the  surface w i t h i n  the  i n f l uence  boundary the 

i n f l u e n c e  i s  measured t o  the p o i n t  o f  outcrop. 

To c a l c u l a t e  coal tonnage i n  a l l  categor ies a weight 

average o f  Mount Klappan coal qua1 i t y  data provided a 

s p e c i f i c  g r a v i t y  o f  1.68 tonnes per cubic  metre. 

The resource ca l  c u l  a t i  on procedure i s  summarized by 

t h e  f o l l  owing equation: 

Tonnes o f  Coal = 

Seam Thickness x Seam Length x I n f l uence  x S p e c i f i c  Grav i t y  

(m) (m) (m) (mtlm3) 

Specul a t i  ve resources were ca l  cu l  a ted  us i  ng a s l  i g t h l y  

d i f f e r e n t  procedure. The areal extent,  on the 1:50 000 

Regional Geology Map (Appendix I), o f  the Klappan Sequence 

ou ts ide  areas o f  a h igher  resource confidence was 

p l  animetered. The representa t i ve  seam thickness app l ied  t o  

t h i s  area was 25 percent o f  the average t o t a l  aggregate coal 

th ickness from the Lost-Fox (50.21 metres) and Hobbi t -Broatch 

(26.40 metres) Areas. This f i g u r e  appears t o  be a reasonable. 

es t imate  o f  the thickness o f  the  coal-bearing sec t ion  w i t h i n  

t h e  speculat ive resource area. 



The prev ious ly  determined s p e c i f i c  g r a v i t y  o f  1.68 

tonnes per cubic metre was used i n  the f o l l o w i n g  equat ion 

summari z i  ng specul a t i  ve resource cal  c u l  a t ions.  

Tonnes o f  Coal = P l  animetered Area x 9.58 x 1.68 

(m2) ( m )  (mt/m3) 

7.3.3 Parameters 

Resource parameters descr ibed below were used 

throughout the  property,  however due t o  data p o i n t  densi ty  

on l y  i n f e r r e d  and speculat ive resources apply d i r e c t l y  t o  the 

Summi t-Nass Area. The c l a s s i f i c a t i o n  scheme i s  ill us t ra ted  

i n  F igure  7.1. 

Seams w i  t h  thicknesses greater  than 0.5 metres were 

proj .ected t o  a maximum depth o f  500 metres f o r  resource . 

ca l cu la t i ons .  

7.3.3.1 Measured Resources 

Measured resources i n c l  ude those resources 

del i neated through establ  i shment o f  exp lo ra t i on  data 

p o i n t s  and there fo re  repor ted w i t h  confidence as t o  

t he  character  and c o n t i n u i t y  o f  the coal seams. The 

maximum dis tance between data po in ts ,  which may 

i nc l  ude adi  t s ,  d r i l l  holes, trenches and outcrops, i s  

300 metres. 



FIGURE 7.1 
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7.3.3.2 I nd i ca ted  Resources 

Ind i ca ted  resources i n c l  ude resources which 

a re  del i nea td  using establ ished data po in t s  as we1 1 as 

reasonable geologica l  p ro jec t ions .  The maximum 

d is tance between data po in t s  i s  600 metres. 

7.3.3.3 ' I n f e r r e d  Resources 

I n f e r r e d  resources 'i nc l  ude resources which 

a re  del i neated u t i  1 i z i  ng regional  geol og i ca l  data 

p o i n t s  which a i d  i n  the p r e d i c t i o n  o f  coal seam 

c o n t i n u i t y .  Report ER79-9 does no t  s t a t e  a data p o i n t  

spacing f o r  t h i s  category. For the purposes o f  

s tandard iza t ion  f o r  t he  1985 Mount Klappan Coal 

P r o j e c t  resource cal  cu l  a t ions ,  a maximum data p o i n t  

spacing o f  2000 metres was used f o r  the i n f e r r e d  

1 eve1 . The i n f e r r e d  resource summary f o r  the Summit 

Area i s  given i n  Table 7.4. 

I n f e r r e d  resources w i t h i n  the  Sumrni t-Nass 

Resource Areas were based on seams conta in ing  60 

percent  coal.  Where a coal zone contained two 

d i s t i n c t  seams, thicknesses were summed. 

7.3.3. 

c a l  cu l  

areas 

4 Specul a t i  ve Resources 

Specul a t i  ve Resources i n c l  ude those resources 

ated from a few sca t te red  coal occurrences i n  

o f  1 i t t l e  o r  no geologic data where the 



Table 7.4 
INFERRED RESOURCE DATA SUMMARY TABLE 

(Seam Tonnage i n  M i l  1 i o n  Tonnes) 

DDH82007 Resource Area 

Tota l  
Sect ion 5 5 0 0 ~  6000N (per seam) 

Seam 

Tot  a1 3.03 4.16 7.31 
(per  sect ion)  

Tota l  I n f e r r e d  Resource f o r  DDH82007 Resource Area: 7.19 m t  

DDH83003 Resource Area 

Total  
Sect ion 9000N 95000N 10OOON 10 500N (per seam) 

Seam 

Tota l  6.23 8.04 5.65 1.96 21.88 
(per  sect ion)  

Tota l  I n f e r r e d  Resource f o r  DDH83003 Resource Area: 21.88 m t  

TRC84026-TRC84027-TRC83060 Resource Area 

Tota l  
Sect ion 9500N 10 OOON 10 500N (per  t rench)  

Tota l  
( per sec t ion  ) 

To ta l  I n f e r r e d  Resource f o r  TRC84026-TRC84027-TRC83060B Resource Area: 
6.71 m t  

Summit Area Tota l  I n f e r r e d  Resource: 35.78 m t  



coal -bearing sequence i's i n te rp re ted  t o  ex i s t .  There 

i s  no maximum spacing i n  t h i s  category. 

7.4 D i  scussi on 

A comparison o f  1984 and 1985 Summit Area resource f i gu res  

shows a 10 percent drop i n  tonnage f o r  the l a t t e r  period. Several 

f a c t o r s  have cont r ibu ted  t o  t h i s  decl ine, a l l  o f  which can be 

a t t r i b u t e d  t o  the geological r e i n t e r p r e t a t i o n  o f  Summit South, 

based on add i t iona l  de ta i l ed  work completed dur ing the 1985 

exp lo ra t i on  program. Most s i g n i f i c a n t l y  the low angle t h r u s t  

sheet, p rev ious ly  i n te rp re ted  as l y i n g  w i t h i n  the resource area, 

in t roduced the c o r r e l a t i o n  o f  two t h i c k  coal seams across the 

shear plane. Measurements obtained i n  t h i s  area the fo l l ow ing  

year  resu l ted  i n  the replacement o f  the t h r u s t  w i th  a syncl ine 

b r i n g i n g  the seams to  the surface and making them uncorre latable 

w i t h  seams 500 metres westward. The e x i s t i n g  s t ruc tu ra l  gap 

between these coal exposures, which caused the reduct ion o f  

i n f e r r e d  resources, can be closed w i th  f u t u r e  refinement o f  the 

Summi t South geol ogy . 



8.0 COAL QUALITY 

8.1 Summary 

The 1985 coal  qual i t y  program f o r  the  Summit-Nass Area 

cons i s ted  o f  proximate, gross c a l o r i f i c  and su lphur  analyses f o r  

t e n  hand trenches. V i  tri n i  t e  r e f l  ectance determi na t i ons  were 

performed on 8 o f  these samples (Table 8.1). 

Coal qual i ty analyses were performed by L o r i n g  Labora to r ies .  

D. E. Pearson and Associates L i m i t e d  conducted coal  pe t ro l ogy  

s tud ies.  

8.2 Procedures and Parameters 

Access ib le  coal  exposures g rea te r  than 0.5 metres i n  t r u e  . 
th ickness  were trenched, logged i n  d e t a i l  and channel sampled 

d u r i n g  the  course o f  the  r o u t i n e  t raverse.  Sample i n t e r v a l  s were 

chosen from the  d e s c r i p t i v e  l o g  and r e f l e c t e d  changes i n  the 

cha rac te r  o f  the  coal  seam. Subs tan t ia l  p a r t i n g s  and obvious 

d i f f e r e n c e s  i n  coal  composit ion were sampled i n d i v i d u a l  l y  t o  

enable t r a c i n g  o f  these v a r i a t i o n s  throughout the  seam. 

Appendix I con ta ins  a l l  o f  the  coal  q u a l i t y  data f o r  the 1985 

trenches. 

8.3 Sumni t Area 

Ten trenches were excavated i n  cen t ra l  Summit and Summit 

South t o  f u r t h e r  de f i ne  e x i s t i n g  resource p o t e n t i a l  . S ix  seams 

were analysed f o r  proximate, gross c a l o r i f i c  and su lphur  values; 

a1 1 o f  these seams underwent v i  tri n i  t e  r e f l  ectance s tud ies  (Tab1 e 

8.2). 



T a b l e  8.1 

No. o f  trenches analysed 

No. o f  analyses 

SUMMIT-NASS AREA 

TRENCH AVERAGE 

COAL QUALITY SUMMARY 

1985 

Proximate analys is  

Residual Moisture ( % )  

Ash (%)  

V o l a t i l e  Mat ter  (%)  

F ixed Carbon (%)  

Tota l  Sulphur (%)  

Gross Cal o r i  f i c Val ue ( c a l  /gm) 

V i  tri n i  t e  Ref1 ectance 

Nass 

* The v o l a t i l e  matter contents are very h igh  due t o  the h i g h l y  ox id ized 

nature  o f  the  samples. V i  tri n i  t e  re f lec tance conf irms t h a t  these 

seams are a c t u a l l y  o f  an th rac i t e  rank. 



T a b l e  8.2 

SUMMIT-NASS AREA 

ASH AND REFLECTANCE SUMMARY 

1985 

Area Loca t ion  Ash ( % )  Ref lectance 

Nass TRC85010 44.91 3.80 

TRC85018 7.85 4.60 

Sequence 

K l  appan 

K1-appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

K l  appan 

Spats i  z i  

K l  appan 



The head ash l e v e l s  o f  Summit samples range from 19.75 t o  

24.32 percen t  w i t h  a 21.78 percent  average. These ash values are 

a r t i  f i c i  a1 l y  depressed and cannot be consi  dered t o  represent  the 

t r u e  ash con ten t  o f  unox id ized coal .  They should no t  be compared 

w i t h  analyses o f  coal  from d r i l l  core. One b iased grab sample o f  

h i g h  v i t r a i n  coal  from p a r t  o f  a seam, y i e l d e d  an ash o f  9.47 

percen t  b u t  was n o t  i nc l uded  i n  ash con ten t  averaging. 

Ref lectance values vary w i t h i n  the  Summit Area b u t  are 

con ta ined  w i t h i n  the range o f  3.17 t o  3.53 percent .  They have 

been used i n  con junc t ion  w i t h  macro foss i l  i d e n t i f i c a t i o n s  and 

e x i s t i n g  d r i l l  h o l e  i n fo rma t i on  as a general i n d i c a t o r  o f  the  

s t r a t i  graphic  p o s i t i o n  o f  coal  seams. When compared w i t h  

a d d i t i o n a l  ' re f1  ectance val  ues from throughout the  proper ty ,  Summit 

da ta  i n d i c a t e s  t h a t  t he  seams trenched dur ing  the  1985 e x p l o r a t i o n  

program may l i e  w i t h i n  t he  middle , t o  lower p o r t i o n  o f  t he  Klappan 

Sequence. 

8.4 Nass Area 

Two seams excavated i n  the  Nass Area were analysed f o r  

proximate, gross c a l o r i f i c ,  su lphur  and re f l ec tance  values (Table 

8.1). 

Large d i f fe rences  i n  coal composit ion e x i s t  between the two 

trenches. Coal sampled from TRC85010, which i s  i n t e r p r e t e d  t o  l i e  

w i t h i n  the  marine Spa ts i z i  Sequence, i s  d i r t i e r  and y i e l d s  a 

h i g h e r  head ash and lower  gross c a l o r i f i c  value than TRC85018 o f  

t h e  Klappan Sequence. 



Relectance values have n o t  been used as a s t r a t i g r a p h i c  

i n d i c a t o r  f o r  coal seams i n  the  Nass Area due t o  the  small 

popu la t i on  o f  values from both t he  S p a t s i z i  and Mal loch Sequences 

( r e f e r  t o  Appendix 111 Volume I 1  o f  the 1984 Summit-Nass-Skeena 

Geolog ica l  Report) .  U n t i l  more data i s  c o l l e c t e d  the  normal range 

o f  r e f l e c t a n c e  values f o r  each o f  these sequences can no t  be 

re1  i ably  determined. 
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Appendix B 

Summit Area 

Licence 

7171* 

7173* 

7174 

7176 

7177 

7 382 

7383 

7 384 

7385 

7 386 

7387 

7 388 

7389 

7390 

7391 

7392 

7423 

7424 

7425 

7426 

7726 

7727 

7728 

7729 

7730 

MOUNT KLAPPAN COAL PROJECT LICENCES 

1985 

Ef fect ive  
Date 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/82 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Jan. 10/84 

Jan. 10/84 

Jan. 10/84 

Jan. 10/84 

Jan. 10184 

Hectares 

140.5 

140.0 

280.0 

277.0 

280.0 

280.0 

108.0 

281.0 

204.0 

280.0 

280.0 

172 .O 

275.0 

280.0 

115.0 

260.0 

281 .O 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

Series 

104-H-7 

104-H -7 

104-H-7 

104-H-7 

104-H-7 

104-H-6 

104-H-6 

- 104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104 -H -7 

104-H-7 

104 -H -7 

104-H-7 

104-H-7 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

Block 

D 

D 

D 

D 

D 

H 

H 

D 

D 

D 

D 

D 

D 

D 

E 

E 

D 

D 

D 

D 

A 

A 

A 

A 

A 



Summi t Area (cant' d) 

Licence Ef fect ive  
Date 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10/84 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Mar. 29/85 

Mar. 29/85 

Hectares 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

280.0 

261 .O 

280.0 

280.0 

280.0 

154.0 

274.0 

280.0 

280.0 

280.0 

280.0 

Series 

104-H-6 

104-H-6 

104-H -6 

104-H-6 

104-H -6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104 -H -6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

104-H -6 

104-H-6 

104-H -6 

104-H-6 

104-H-6 

104-H-6 

104-H-6 

* Licence s p l i t  between Summit-Nass-Skeena and Lost-Fox Areas. 

Summi t Area Tota l  Hectares = 14 142.5 

Block 

A 

A 

A 

A 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

D 

D 

A 

A .  



Nass Area 
L f cence 

7150 

7 154 

7421 

7422 

7427 

7428 

7429 

7430 

7431 

7432 

7487 

7488 

7 505 

7506 

7507 

7 508 

7509 

7510 

7511 

7512 

7513 

7514 

7515 

7516 

7517 

7518 

7519 

7520 

Effective 
Date 

Sept. 1/81 

Sept. 1/81 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Hectares 

28 1 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

28 1 

281 

28 1 

281 

281 

281 

281 

281 

28 1 

281 

28 1 

281 

281 

281 

Series 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H -3 

104-H-3 

104-H-3 

104-H-3 

104-H -3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H -3 

104-H-3 

104-H-3 

104-H-3 

Block 



Nass Area (cont'd) 

Licence Ef fect ive  
Date 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Mar. 29/85 

Nass Area To ta l  Hectares = 

Hectares 

28 1 

281 

28 1 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

28 1 

281 

281 

281 

281 

281 

16 298.0 

Summit-Nass Area To ta l  Hectares = 30 440.5 

Series 

104-H-3 

104-H-3 

104-H -3 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H -3 

104-H-3 

104-H-3 

104-H'3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104-H-3 

104 -H -3 

104-H-3 

104-H-3 

104-H-3 

104-H -3 

104-H-6 

104-H -6 

104-H-6 

104-H-6 

104-H-6 

Block 

I 

I 

I 

L 

L 

L 
L 
L 
L 
L 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

B 

B 
B 

B 
B 



Hobbi t-Broatch Area 

Licence Ef fect ive  
Date 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Dec. ' 31/82 

Sept. 1/84 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Mar. 18/82 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

Mar. 15/83 

June 30183 

Hectares 

281 

281 

3 2 

224 

281 

281 

98 

281 

28 1 

281 

281 

281 

281 

281 

281 

281 

281 

61 

167 

26 5 

281 

281 

257 

281 

281 

281 

281 

278 

281 

2 2 

Series 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-7 

104-H-7 

104-H-7 

104 -H -7 

104-H-7 

104-H-7 

104-H-2 

104-H -2 

104-H-2 

104-H -2 

104-H-2 

104-H-2 

104-H-7 

Block 

J 

J 

J 

J 

J 

J 

J 

J 

J 

K 

K 

K 

K ' 

K 

K 

K 

K 

B 

B 

B 

C 

C 

C 

J 

J 

J 

J 

J 

J 

B 



Hobbi t-Broatch Area (cont ' d l  

L i  cence Ef fect ive  Hectares Series Block 
Date 

7 560 June 30183 153 104-H-7 C 

7723 Jan. 10184 281 104-H-2 J 

7724 Jan. 10184 250 104-H-2 J 

7725 Jan. 10184 7 104-H-2 J 

Hobbit-Broatch Area Tota l  Hectares = 7 996.0 



Lost-Fox Area 

Licence E f fec t ive  
Date 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Dec. 31/82 

Sept. 1/81 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Sept. 1/81 

Sept. 1/81 

Dec. 31/82 

Dec. 31/82 

Dec. 31/82 

Hectares 

281 

28 1 

281 

281 

281 

281 

28 1 

281 

28 1 

281 

281 

281 

281' . 

281 

281 

281 

281 

281 

281 

281 

281 

280 

280 

280 

75 

142 

28 1 

281 

140.5 

Series 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H -7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H-7 

104-H -7 

104-H-7 

104-H-7 

104-H-7 

104-H-7. 

Block 

K 
K 

K 
K 

K 

K 

K 
K 

K 

K 
K 

L 

L 
L 

L 

L 

L 

L 

C 

C 

C 

C 

C 

C 

C 

C 

D 

D 

D 



Lost-Fox Area (cont ' d) 

Licence Ef fect ive  Hectares Series Block 
Date 

7172 Dec. 31/82 280 104-H -7 D 

7173* Dec. 31/82 140 104-H-7 D 

7175 Sept. 1/81 94 104-H-7 D 

7527 Oct. 21/82 281 104-H-2 K 

7529 Oct. 21/82 281 104-H-2 L 

7561 June 30/83 21 104-H-7 C 

* Licence s p l i t  between Lost-Fox and Summit-Nass-Skeena Areas 

Lost-Fox Area To ta l  Hectares = 8 757.5 



Skeena Area 
Licence Ef fect ive  

Date 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 ' 

Oct. 21/82 

Oct. '21182 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Oct. 21/82 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Jan. 10184 

Hectares 

282 

282 

282 

282 

282 

282 

282 

282 

281 

281 

281 

281 

281 

281 

28 1 

281 

28 1 

281 

28 1 

281 

281 

281 

281 

281 

281 

281 

281 

281 

281 

Series 

104-H -2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104-H-2 

104-H-3 

104-H-3 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H-2 

104-H -2 

104 -H -2 

104-H -2 

Block 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

J 

K 

K 

K 

K 

K 

L 

F 

F 

F 

G 

G 

G 

G 
G 

G 



Skeena Area (cont'd) 

Licence Ef fect ive  Hectares Series Block 
Date 

7720 Jan. 10184 281 104-H-2 G 

7721 Jan. 10184 281 104-H-2 G 

7722 Jan. 10184 28 1 104-H-2 G 

Skeena Area Tota l  Hectares = 9 000.0 



APPENDIX C 

DISTRIBUTION OF WORK BY LICENCE 



APPENDIX C 
DISTRIBUTION OF WORK BY LICENCE 

1985 

TRENCH NUMBER LICENCE NUMBER 
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SUMMIT AREA 

INFERRED RESOURCES 



Sean Ssction Sean Seam In!! uence Specific lYillion 
Thickness Length Gravity Tonner 

Tota! inferred resource t h i s  section: 5 . 2 M  

Total inferred resource t h i s  section: 3 ,041~ t  

Tota! i n k r e d  resource t h i s  sectian: 5.65.t 

E !!JS$$H 2. !5 400 
D 1.20 000 
C 1,40 i025 

Total inferred resource t h i s  section: 1.70st 



DDH32007 RESOURCE BREA 

Tota! i n f e r r e d  resource  this sec t ion :  4.15d 

Tota l  i n f e r r e d  resource  this area: 5 . 7 h t  

SOZMIT AREA TOTAL INFERRED RESOURCE: 35.732t 



SUMMIT-NASS AREA 

SPECULATIVE RESOURCES 
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IST OF F AUNA UACROFOSSILS FRO1 
1984 - 1985 

M MOUNT KL 'PAN 

SPECIMEN NUMBER 

GD8400310A 

GD8400310B 

GD8400411 

GD8400506 

LOCATION 

Sumni t North 

Summit North 

Summit North 

Sumnit North 

Sumnit North 

W.Nass - new 
1 eases 

STRATIGRAPHIC POSITION IDENTIFICATION 
(Ste lck)  

Lowermost Klappan Sequence Herzo i n a  sp., S t a f f i n e l l a  sp; 
[upper Spats iz i  Sequence(?)] be strea  sp; As tar te  sp. A., 

As ta r te  

Zy opleura, t u r r l  t e l l  i d  sna i l  , 
€ & X K Z Z s ,  ( ? I  ammonite (un- 
i dent i  f I ed) 

Lowermost Klappan Sequence Herzogina sp., S t a f f i n e l l a  sp., 
[upper Spa ts i z i  Sequence ( ? ) I  belemni t e  ( u n i d e n t i f i e d )  

Lowermost Klappan Cup e r  5 S t a f f i n e l l a  sp. 
Spatsi z i  Sequence ( ? )  

COMMENTS 

Marine Associat ion 
*Forami n i  f e r a  

Marine Associat ion 

Same beds as GD8403108, 
Same speci es as GD8400310A ,B 

Lowermost K l  appan [upper Isocy r i n a  trans. t o  Venericy r i n a  S i m i l a r  associat ion as 
Spatsi z i  Sequence ( ? ) ]  7+- s t rea  sp., Entol ium G08400310A 

S t a f f i n e l  1 a so.. Herzoai na 

Lowermost K l  appan - [upper Modiol us sp; Ostrea sp. 
Spatsi z i  Sequence ( ? )  1 

Spats iz i  . Sequence (poss ib ly  Buchi a sp. cf .  B. mosquensi s, 
Kl  appan Seauence) m u m  SD. E o G l i s t a  so.. 

Brackish water (poss ib l y  
es tua r ia l  ) associat ion 



SPECIMEN NUMBER 

GD8423060A 
( o r  OTC8405) 

LOCAT I ON STRATIGRAPHIC POSITION 

Spats iz i  Park Uppermost Spats iz i  Sequence 

Summit NW-just Spats iz i  Sequence 
o f f  proper ty  

Sumni t NW-just Spatsi z i  Sequence 
o f f  property 

Summit NW-just Spats iz i  Sequence 
o f f  proper ty  

Repeater R i  dge Spatsi z i  -Kl appan 
Boundary Region 

Sumi  t North Lower K l  appan Sequence ( ?) 

Sumni t North Lower K l  appan Sequence ( ? )  

Spats iz i  Park Spats iz i  Sequence 
east; same 
r i dge  as SR6 

IDENTIFICATION 
(Ste lck)  

COMMENTS 

Paratancredi a ( ? I ,  Laevi dental  i urn, Simi 1 a r  associat ion as 
As ta r te  sp., Glycimerid indet., SM84009 
S t q f f i n e l l a  sp., t u r r i t e l l i d  
gastropod 

Acesta ( ? )  sp. A., Hypoxytoma sp., S im i l a r  associat ion as 
concentr ica var. e r r i  ngtoni  SM8400401 and KJ8400806 

Acesta sp. B 

Fragment o f  Ly toce ra t i d  ammonite 

Oxytoma inequ iva lu i  s, Camptonectes Shal low marine associat ion 
sp., P l  euromya sp., P l  euromya showing very l i t t l e  h i n t  
subcompressa o f  lessening of s a l i n i t y  

Acesta, Entol ium sp., Ostrea 
Gryphaea-ul a 

P la  iostoma, Monotid, P t e r i a  sp., * 
P l  euromya sp., Quenstedt i  a a f f .  Same be1 emni t e  speci es 
T n s i  s, Pseudobol us, as GD8400118 
m e m n o  s i s  su lcatus trans. 
d s  



SPEC IMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(Ste lck)  

COMMENTS 

, SR6 Spats iz i  Park Spatsi z i  Sequence 
east  side; 
same r i dge  as 
SR5 and SR7 

P l  euromya, Astarte, Reduced sal i n i  ty - 
Limopsi s , 

Myrene 

same Spats iz i  Park Spatsi z i  Sequence 
east side; 
same r i dge  as 
SR5 and SR6 

Ferganoconcha Fresh water JT8400511F Between Knooph Uppermost coal -beari  ng 
Hi 11 and M t .  K l  appan Sequence 
K l  appan 

TRC8360 Summit South M i  dd le K l  appan Sequence E o c a l l i s t a  sp. c f .  - E. r e g u l a r i s  

~ e l e m n o ~ s i s  sp. c f .  - B. su lca ta  Same as SR5 GD84001-18 Spatsi z i  Park Upper Spatsi z i  Sequence 

Laevi tri onia sp. A a f f .  L. 16b-9A - 
g osa, ypoxytoma 

Same as SR7 6084001 -18 Spats iz i  Park Upper Spatsi z i  Sequence 

ES840403 NE Nass Lower Klappan Sequence Anopaea, I socyp r i  na sp. 

OTC8405A Spats iz i  Park Upper Spats iz i  
( o r  GD8423) 

As ta r te  sp., Dental i um sp., 
L Z i i E p s  sp. 

GS840702 NE o f  Didene Middle K l  appan Sequence 
Creek 

Ferganoconcha sp. 



SPECIMEN NUMBER LOCATION 

KJ 8400806 Los t  Ridge-E 
end 

DDH84004 Hobbi t -Broatch 

SM8400401 Summit North 
W. end near 
BCR, above 
"G seam" 

SM840916 Summit North 

SM8401006 Nass j u s t  N 
o f  new leases 

STRATIGRAPHIC POSITION 

K l  appan Sequence i n  v i c i n i t y  
o f  P seam 

Mid Klappan Sequence between 
Seams F and H 

IDENTIFICATION 
(Ste lck )  

Acesta ( ? )  sp. B 

Ferganoconcha sp. 

COMMENTS 

Lower-mi ddl  e K l  appan Sequence Sarnapecten sp., Acesta sp. A Same as GD842407 and 
KJ.840406 

Lower-mi ddl e K l  appan; 
1 ower than SM840401 

Spats iz i  Sequence 

P l  euromya sp., Laevi tri on i  a rabe Laevi tri onia species same 
sp. cf . A af f - 

glHe;;;hi na *;i;;Aspeci es Laevi denta l  i um SD.. same as 

sp. A. a f f .  L. - Same as 

sp. A. a f f .  L. - Same as 

SR7 and SM8400916 

SR7 and SM8400916 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION 

SM0515106 Sumni t North ; Lower-mi ddl e K l  appan 
Layton Ridge Sequence 

SM851206 Horseshoe Ck.; Klappan Sequence 
Nass 

SM852304 Summi t North ; M i  ddl e-1 ower K l  appan 
Marshal 1 Ridge Sequence 
N. Face 

KG850205 Summit South Middle K l  appan Sequence 

SM852402 Surmi t North ; M i  ddl e-1 ower K l  appan 
Val l e y  N o f  Sequence 
Layton Ridge 

SM852301 Summi t North ; M i  ddl  e-1 ower K l  appan 
Marshal 1 Ridge Sequence 

SM8530 Summit South M i  ddl  e-1 ower K l  appan 
Sequence 

SM863101-04 Dante Creek, Lower Klappan Sequence 
Sumni t South 

OTC84003 Summit North ; M i  ddl  e-1 ower K l  appan 
Marshal 1 Ridge Sequence 

IDENTIFICATION 
(MacLeod) 

Ostrea ( ? )  

B i  val  ves - 3-5 species , uni  dent i  f - 
i ed 

Bivalves, u n i d e n t i f i e d  

Bivalves, u n i d e n t i f i e d  

He1 m i  n t h o ~ s i  s 

He1 m i  nthopsi s , Scol i thos 

He1 m i  nthopsi s 

B i  val  ves ( u n i d e n t i f i e d )  , hor- 
i zontal  worm burrow 

Be1 emnopsi s 

COMMENTS 

Trace f o s s i l  

Trace f o s s i l  s 

Trace f o s s i l  

Cross-section only o f  
be1 emni t e  



SPECIMEN NUMBER 

SM8532106 

LOCATION 

Summit North; 
Layton r i d g e  

Jus t  W o f  
S p a t s i z i  R i v e r  

Ridge W o f  
Helm Creek 

W Nass, n o r t h  
o f  Klappan 
R i ve r  

Spa ts i z i  Park 

S p a t s i z i  Park 
W o f  But1 e r  
Creek 

Summit Nor th  

Above Helm 
Creek i n  NW 
Nass 

STRATIGRAPHIC POSITION 

M i  ddl  e-1 ower K l  appan 
Sequence 

S p a t s i z i  - K l  appan Boundary 
area 

K l  appan - Spats i  z i  Boundary 
area 

Spa ts i z i  Sequence 

Upper Spats i  z i  Sequence 

Uppermost Spatsi  z i  -Lower 
K l  appan Sequence 

Uppermost S p a t s i z i  - lower  
Klappan Sequence 

K l  appan Sequence 

Kay Ridge; J u s t  Upper S p a t s i z i  - lower  
N o f  Nass K l  appan Sequence 
1 i cences 

IDENTIFICATION 
(MacLeod) 

V e r t i c a l  and angular burrows (un- 
i d e n t i f i e d )  , b i v a l v e s  ( u n i  d e n t i  f - 
i ed) 

He1 mi n thops i  s 

Be1 emno s i  s , b i  va l  ves (un i  den t i  f - -+ 
Bivalves;  u n i d e n t i f i e d  

Biva lves;  u n i d e n t i f i e d  

B i v a l  ves; u n i d e n t i f i e d  

Ostrea, S t a f f i n e l  l a ,  o the r  un- 
if i ed b i  va l  ves 

Helmi n th0  s i  s, b i  va l  ves (un- d 

COMMENTS 

Trace f o s s i l  

Occurs w i t h  p l a n t  hash 

Be1 emni t e  

Occurs w i t h  minor coal -  
i f i e d  p l a n t  m a t e r i a l  



SPEC IMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

COMMENTS 

Spats iz i  Park; 
Ridge W o f  
B u t l e r  Creek 

Uppermost Spats iz i  - lower 
K l  appan Sequence 

Be1 emnopsi s . Be1 emni t e  

Spats iz i  Park Spatsi z i  Sequence Trace f o s s i l  

Trace f o s s i l  

Be1 emni t e  

Spats iz i  Park 

Sumni t North 

Spatsi z i  Sequence Helminthopsi s 

Be1 emno~si  s Middle - lower K l  appan 
Sequence 

Bivalves, u n i d e n t i f i e d  Summit North Middle - lower Klappan 
Sequence 

Spats iz i  Park Spatsi z i  Sequence Be1 emnopsi s 

Bivalves, u n i d e n t i f i e d  

Bivalves, u n i d e n t i f i e d  

Be1 emni t e  

~1 appan ( ? Sequence Sumni t North 

K l  appan ( ? )  Sequence NW Nass, N o f  
K l  appan R i  ver 

Trace foss i  1 s GD840924 NW Nass, N o f  K l  appan ( ? )  Sequence Dip1 ocrater ion,  Skol i thos 
K l  appan R i  ver 

GD841 108 Skeena Area Ma1 1 och Sequence Bi  val ves, u n i d e n t i f i e d  

GD841704 Skeena Area Ma1 1 och Sequence Sko l i thos  burrow Trace f o s s i l  



SPECIMEN NUMBER LOCATION 

GS 840702 Didene Creek 

SM842701 Summit North 
j u s t  N o f  
Layton Ridge 

OTC8401 Summi t North 

OTC8405 Spatsi z i  Park 

KJ 840806 Lost  Ridge 

SM841116 W. Nass 

STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

Middle ( ? )  Klappan Sequence Bivalves, u n i d e n t i f i e d  

Lower-middl e K l  appan Bivalves, u n i d e n t i f i e d  
Sequence 

M i  ddl e-1 ower K l  appan Bivalves, un iden t i f i ed  
Sequence 

Spatsi z i  - K l  appan Boundary Belemno s i s ,  b iva lves  (un 
region ~zmkn 
Middle K l  appan Sequence Bivalves, un iden t i f i ed  

K l  appan Sequence Bivalves, u n i d e n t i f i e d  

COMMENTS 

Be1 emni t e  



L I S T  OF PLANT MACROFOSSILS FROM MOUNT KLAPPAN 
1984 - 1985 

STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod ) 

COMMENTS SPECIMEN NUMBER 

DDH84006 

LOCAT I ON 

Lost  R i  dge 
top box 50, 
116 m from 
top 

Zone I i n  middle K l  appan 
Sequence - between I seam 
and bentoni te 

S heno t e r i  s bru lensis,  N i l  ssonia h i i k i ~ ~ l  i s 

Czekanowski a c f  . r f g i  da Lost  Ridge 
box 16, 32-33111 
from top 

Be1 ow G ph and above Gu 
seam i n  mid K l  appan Sequence 

Ma1 1 och Sequence about 300 
m from contact  

Clado h l e b i s  v i r  i n i e n s i s  same loca t ion  as SR1 
mar t in  ana, Gin o nana, N i lsson ia  _gr_~'TSB-- sp., Pityophy urn n ~ n s k i o l d i i  

M t .  Klappan 

Lost  Ridge 
W end 

K l  appan Sequence above 
seam F 

N i l  ssoni a c f .  tenuicaul i s, 
P i  t y o  hyTl um nordenskiol di i , 6 c f .  r ictida. 

t e r o  h y l  1 um rect-re k&mg& 
Lost  Ridge 
hogbacks 

K l  appan Sequence be1 ow 
seam J 

Czekanowskia c f .  r i  ida, -+ Ptero hyl lum rectan u are, Baiera && -- 
v i  r g i  n i  ens1 s 

S heno t e r i s  brulensis, N i lsson ia  
*wskia cf .  r i g i d a  

Lost  R i  dge K l  appan Sequence between 
seams I & 3 

*See accompanying map KPN85004 f o r  f oss i  1 1 ocations. 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

COMMENTS 

SM8500303 Los t  Ridge 
W end 

Be1 ow I seam i n  middle 
Klappan Sequence 

N i l sson ia  sp. A., Baiera c f .  
t u rca ta ,  C z e k a n o w s m .  r i g i  da 

~ ~ 8 5 0 0 4 0 1  Knooph H i l l  
(OTC85004) top 

Malloch w i t h i n  200 - 300 
m ( t r u e  thickness) o f  
K l  appan content  

N i l  ssonia sp., Clado h l e b i s  
v i  r i n i e n s i s ,  ze anows l a  c f .  + c-+T- 

n o nana, r i t  o hy l lum 
%%i&kd,TEFro y urn 
rectangulare 

+ 
Ma1 1 och Sequence ( ?) Un iden t i f i ed  s ec ies ( c f .  

Podozami t e s )  , 1 ado h l e b i  s L c f .  
w g O ,  C+. ITpld:, 
VterODnv um rectanau are 

SM85005 Knooph H i l l  
( OTC85005 ) f r o n t  face, 

E end 

N i  I ssbn'i a schaumber~ensl s; Baiera 
ct .  t u rca ta  

Knooph H i l l  
beds co r re l  a t -  
eable w i t h  OTC 
85004 

Czekanowskia c f .  r i i d a  , 97-* *Abundant 
T iK  rectangu are** 

P- v i r  i n i e n s i  s* , 
**Just downsection 

*b. 
Ma1 1 och Sequence 

" 
P i  tyopny I I urn n o r a e n s ~ i  o I a1 i 

Broatch Creek 
before a n t i -  
c l  i ne c loses t  

H i l l ;  to Knoogh a ove 
coal 

Lower Ma1 1 och Sequence Ginkgo nana, Baiera c f .  furcata,  
rectangul are, 
v i r g i n l e n s i s  

Horseshoe 
Ridge 

M i  ddl  e Ma1 1 och Sequence Baiera, c f .  furcata,  N i l  ssonia, ' *Very abundant; 
-011 ens1 sx, ~ z e k a n o w s ~ i  a c f .  Ni  1 ssoni a n i  racol  1 ensi s 
r r  g i  aa, c 1 adophl ebi  s v i  r g i  n iens i  s abundance ecreases an 
iKW3Ki ana 

ae----h 
C l  ado h l  eb i  s v i  r i n i  ensi s 
i i i d k - m w h  

C l  adophl eb i  s v i  r g i  n i  ensi s, A l l  abundant 
CzeKanowsKi a c t  . ri g i  aa , 
P teropny I I urn rec tWi7 j IXre  

Knooph H i l l  
beds l a t e r a l  l v  

Lower-mi ddl e Ma1 1 och 
Sequence 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION 

M i  d-1 ower Ma1 1 och Sequence 

IDENTIFICATION 
(MacLeod) 

COMMENTS 

Knooph H i l l  
j u s t  be1 ow 
OTC85004 

*Abundant throughout, 
C c f .  - 

Broatch Creek 
j u s t  down- 
sect ion from 
OTC85005 

Lower Ma1 1 och Sequence Podozami tes  c f .  1 anceol atus, 
CzeKanowsKl a c f .  ri a1 da 
t I aaopn I e ~ i  s v i  rg-i s 

Broatch Creek 
about 230 m 
down creek 

Lowermost Ma1 1 och Sequence Ginkgo nana*, Baiera fu rca ta  

Broatch Creek 
ESE o f  ho - 
backs on ! 
side o f  creek 

Lower Malloch Sequence Gink o nana, Baiera furcata,  
d o m a  m g i  aa 

Broatch Creek 
j u s t  down- 
sec t ion  from 
SM851002 

Lower Ma1 1 och Sequence N i l sson ia  canadensis, Czekanowskia 
c t .  r i i aa, roaozami t e s  c t .  
lanceo - 4 ~  a us, v t e r o p n y ~ ~ u m  
rectangulare 

Tah tsed l  e Ck. 
area near 
Horseshoe 
R i  dge 

Lower-mi ddl  e Ma1 1 och 
Sequence 

Czekanowskia c f .  r i  g i  da, Ginkgo Both abundant 
nana - 

Tah tsed l  e Ck. 
j u s t  down- 
sec t ion  from 
l a s t  l o c a t i o n  

Lower-mi ddl e Ma1 1 och 
Sequence 

Czekanowski a c f .  r i  g i  da, Ginkgo 
nana, N I  I ssoni a n i  gracol I ens1 s - 



SPECIMEN NUMBER 

SM851103 

LOCAT ION 

Tah tsed l  e Ck. 
Horseshoe 
Ridge area 

Horseshoe Ck. 
Tah tsed l  e Ck. 
area 

Summit North 
Marshal 1 Ridge 

Summit North 
Layton Ridge 

STRATIGRAPHIC POSITION 

Lower-mi ddl e Ma1 1 och 
Se uence down sect ion from 
~ ~ h 1 1 0 2  

K l  appan Sequence 

Lower-mi ddl e K l  appan 
Sequence 

Middle Klap an Se uence - 
underlying 7 RC830 8 9 

Los t  Ridge Middle K l  appan Sequence 
Haul Road near coaster zone 

IDENTIFICATION 
(MacLeod) 

N i  1 ssoni a tenui  caul i s 

C l  a d o ~ h l  ebi  s v i  r a i  n i  ensi s*. " 
R i  l ssoni a Canadens1 sX, 
P i  tyopny I I um noraenski 01 d i  i 

N i  1 ssoni a tenui  caul i s 

Ginkgo nana - 
South of 
Survey P t  
297 1 

SM851903 
Lost 

M i  ddl e K l  appan Sequence Czekanowskia c f .  r i  i d a  
Haul Roa near G seam 
j u s t  above 

lTi7 ssoni a schaumb*d',i 
P i  tyophy I l um nor ens i o 

TRC85029 

COMMENTS 

Decrease i n  mudstone and 
s i l  t s tone downsection and 
p lan ts  associated w i th  
them; Clado h l e b i s  + v i r  i n  ensis ecomes one +ties found i n  
abundance 

ove ra l l  very few p l a n t  
f o s s i l s  i n  t h i s  po r t i on  o f  
the middle K l  appan 
Sequence - abundant b i -  
valves ( u n i d e n t i f i e d )  
present 



SPECIMEN NUMBER 

SM852403 

LOCATION 

Sumni t North; 
val 1 ey be1 ow 
fac ing  BCR 

Summit North 
Val 1 ey be1 ow 
fac ing  BCR 

Summit North 
Val 1 ey be1 ow 
fac ing  BCR 

Summit South 
N o f  DDH82002 

STRATIGRAPHIC POSIT I O N  

M i  ddl e-1 ower K l  appan 
Seauence 

IDENTIFICATION 
(MacLeod) 

Czekanowski a c f .  r i  i da 
P i  t v o m v  I I um nor 69rl ens i o d i  i 

M i  ddl e-1 ower K l  appan Ginkgo nana ( ? )  - 
Sequence 

M i  ddl  e-1 ower K l  appan N i  1 ssonia tenuicaul  i s, 
Sequence F l i  lssonia scnaumbergensis 

M i  ddl e-1 ower K l  appan Ni  1 ssonia tenuicaul  i s 
Sequence 

Summit South M i  ddl e-1 ower K l  appan 
T i  aer s t r i  ~ e d  Seauence 
u n i t  ove r lg i  ng 
coal i n  TR 

N i l sson ia  schaumbergensis, 
LzeKanowsKi a c t .  r;qi aa, 
N i  I ssonia tenuicau I s 

COMMENTS 

Very l a rge  

Repeater Ridge Lowermost Klappan Sequence N i l sson ia  tenu icau l is ,  Occurs w i th  abundant b i  - 
Summit North R i  lssonia scnaumbergensis, valves ( u n i d e n t i f i e d )  and 

C I adopn l ebl  s v i  r g i  n i  ens1 s Helmi nthopsi s 

SW Nass, R ipp le  Up e r  Klappan - Lower ! *Minor - l a t t e r  5 s ec ies  
Creek Ma loch  Sequence 

bottom o f  sect ion 
P m i  nor  and e x i s t  on y a t  



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION 

OTC85014 Lost  Ridge Upper Klappan Sequence - 
probably around 0 seam 

SM85340307 SW Nass-out- Lower Rhondda Sequence 
side o f  l i c -  
ences 

SM842905A, D Summi t South M i  ddl e K l  appan Sequence 
SM842906 

SD840107 -- - - 
SD840202 Tahtsedl e Ck . M i  ddl e Ma1 1 och Sequence 

area 

SD840301 - - - - 
SD841001 -- - - 

SM843202A Summi t North Lower-mi ddl e K l  appan 
SM843202E Sequence 

IDENTIFICATION 
( MacLeod ) 

S heno t e r i s  c f .  bru lensis,  Aere--h 1 ssonia sc aumbergensis";, 
N7 I ssoni a tenuicau I is+. 
i t y o  ny l l um nordensui 01 d i  i *, 

' A t a ,  YOdOZaml res  c f .  
l a n c e o l a t u s , t e n i  s borea I i s 

Czekanowski a cf.  r i  g i  da, 
L I adopn l e m  s v i  r g i  n iens is  

Gink o nana, Clado h l e b i  s 
- i m s  A 

.I 

ebl s v i  r g i  n i  ensi s acuta 
%%%&Ti. 

C l  adophl eb i  s v i  r g i  n i  ensi s 

, N i  1 ssoni a n i  gracol 1 ensi s 

C l  adophlebis v i  r g i  n iens is  

N i lsson ia  sp., N i lsson ia  
ron n i  a r t i  , CzeKanows~i a c f  . "g- r i g 1  a 

N i  1 ssoni a sp. 
N i  I ssoni a b rongn ia r t i  

COMMENTS 

*Abundant 
+Very abundant 

a1 so associated w i th  2 
beds o f  b ivalves and 
Helminthopsi s 

Overal l  very few plants; 
C. c f .  r i  i d a  increases 
mwnsec 9- i o n  



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

COMMENTS 

SM840916 S Nass Area Ma1 1 och Sequence Czekanowskia c f .  r i  ida, 
Poaozami t e s  c f .  1 -% anceo atus 

SM842 703 S u m i  t North Lower-mi ddl e K l  appan 
j u s t  W o f  Sequence 
Marshal l  and 
Layton Ridges 

C l  adophl eb i  s v i  r g i  n i  ensi  s 

Czekanowskia c f .  r i g i  da SW Nass-off Upper Klappan - lower 
1 eases; R ipp le  Ma1 1 och Sequence 
Creek 

SW Nass-off Up e r  K l  appan - 1 ower 
leases; R ipp le  Ma l och  Sequence 
Creek 

P Czekanowski a c f .  r i  g i  da, 
C I aaoDh I ebl  s v i  r a i  n i  ensi  s 

SW Nass-off Up e r  K l  appan - lower 

Creek 
Y leases; R ipp le  Ma loch  Sequence 

Czekanowski a c f  . r i  a i  da. 
c f .  R%l&is, 
v i r a i n i e n s i s .  Baiera " 

r a c i  I 1 s NI I ssoni a 
c T *  schaum * ergensis,  r te rophy l lum 
rectanaulare 

SW Nass-off Lower Rhondda Sequence 
leases 

Czekanowski a c f .  r i  g i  da M i  nor  

SW Nass-off Lower Rhondda Sequence 
1 eases 

C l  adophl eb i  s v i  r g i  n i ens i  s M i  nor  

SW Nass-off Lower Rhondda Sequence 
1 eases 

Czekanowskia c f .  r i  g i  da 

Tah tsed l  e Ck . K l  appan Sequence 
area, Horse- 
shoe Creek 

N i l  ssonia tenuicaul  i s 

C l  ado h l  eb i  s v i  r i n i e n s i  s, A+ 
Poaozami t e s  c f .  lanceolatus.  

Knooph H i  11 ; Lower Ma1 1 och Sequence 
c i rque  N face 

1nK o c t .  lepida, r te ropny i lum 
%aul a re  



SPECIMEN NUMBER LOCAT ION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

Knooph Hi1 1 - 
c i rque N face 

Lower Malloch Sequence C l  ado h l  ebi  s v i  r i n i  ensi s, A* 
Knooph H i l l  - 
c i rque N face 

Lower Ma1 1 och Sequence C l  ado h l  eb i  s v i  r i n i  ensi s, A& 
Knooph Hi1 1 - 
c i rque N face 

Lower Ma1 1 och Sequence N i l sson ia  schaumbergensis 

Lower Ma1 loch-upper Klappan 
Sequence 

Czekanowskia cf .  r i  i d a  4-? A1 1 abundant 
e m s  v i r  i n  ensis, 

b i i  

Broatch Creek 

Broatch Creek Lower Ma1 1 och-upper K l  appan 
Sequence 

Czekanowski a c f .  r i  g i  day 
CI aaom I e ~ i  s v i  r a i  n i  ensi s " 
N i  l ssoni a SchaumDergensi s 

Broatch Creek Lower Ma1 1 och-upper K l  appan 
Sequence 

Broatch Creek Lower Ma1 1 och-upper K l  appan 
Sequence 

Ginkgo nana, Bai era fu rca ta  

Ginkgo - nana, ~ a i e r i  f u rca ta  Broatch Creek Lower Malloch-upper Klappan 
Sequence 

Broatch Creek Lower Ma1 1 och-upper K l  appan 
Sequence 

Ginkgo nana, Baiera fu rca ta  
CXXZToWSKla C t . a i  da 

Broatch Creek Lower Ma1 1 och-upper K l  appan 
Sequence 

Gink o nana, Baiera fu rca ta  
d o m a  m g i  da 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

SM851004 Broatch Creek Lower Malloch-upper Klappan Ni lssonia canadensis, Czekanowskia 
Sequence c t .  r l  I cia, Podozaml t e s  c t .  

1 anceo +T a us ,T teropny ~Tum 
rectangulare 

SM851005 Broatch Creek Lower Ma1 1 och-upper K l  appan Ginkgo nana, Baiera cf. furcata 
Sequence 

COMMENTS 



SPEC IMEN NUMBER LOCATION 

JT85A 

JT85001 

JT8502 
(Ju ly  2) 

JT85B 

JT8507 

JT843605A ,C 

JT850511F 

J T84L RA 
JT84LRB 

JT842501 

Lost  Ridge - 
f r o n t  E slope 

Los t  R i  dge 

Lost Ridge 
DDH85003 

Lost  Ridge 
M i  ddl e-west 
end 

Lost near S C ~  

M t .  Klappan 

Knooph H i l l  

Lost  Ridge 

Lost  Ridge 

STRATIGRAPHIC POSITION 

Upper Klappan Sequence 
around M seam 

Klappan Sequence around 
seam N 

K l  appan Sequence over1 y i  ng 
K seam by 10-20m 

K l  appan Sequence j u s t  be1 ow 
G seam 

Klappan Sequence near J 
seam 

K l  appan Sequence 

K l  appan Sequence 

K l  appan Sequence 

K l  appan Sequence 

IDENTIFICATION 
(MacLeod) 

P i t  o h l l u m  nordenskio ld i i ,  
1 ssoni a canadensl s, ~i l ssoni a I+=-- 

-.%%- 
o ozami es c f .  lanceoiatus, 

' R i  I ssoni a schaumbergensi s, 
R i  I ssoni a tenui  cau i i s, 
Pteropnyl lum rectangulare 

C l  adophl ebi  s v i  r g i  n iens i  s f i sher i  

nordenskiol d i  i , ., LzeKanowsKla c f .  

COMMENTS 

Occurs w i th  abundant 
b iva lves  (un iden t i f i ed )  

S ~ h e n o ~ t e r i  s c f .  b r u l  ensi s. 
eb is  v i  r i niens* *~ i l  sson- 

*s+u;-rect - 
an u lare,  r i t y o p  y urn nor 
- h i  i - 
S heno t e r i  s c f  . bru lens i  s, P-F-~T- erop y um rectangulare 

N i  1 ssoni a tenui  caul i s ,  C l  adophl ebi s 
v i  r a i  n i  ens1 s 

N i lsson ia  tennu icau l is  

N i l sson ia  schaumbergensis 
m i  i ssoni a Drongni a r t 1  

Ginkgo nana - 



COMMENTS SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

JT844004 Los t  Ridge M i  ddl e K l  appan Sequence Baiera sp. 

MB85001 Lost  Ridge E 
s ide 

Klappan Se uence between 3 seams K an M 
Ginkgo p l  u r i  p a r t i  t a  

MB85001 Lost  Ridge E 
s i  de 

Klappan Sequence s l  i g h t l y  - 
above N seam 

N i l sson ia  sp. 

BL8401 N o f  G r i z z l y  
Creek 

Malloch Sequence Ctenis bo rea l i s  

M i  ddl  e-1 ower Ma1 1 och 
Sequence 

N i l sson ia  n ig raco l lens is ,  
C ten i s  Doreal is,  cze~anowskia 

b r u  I ensi s 

KJ85013-2 Bei rnes Ridge 

Czekanowski a c f .  r i i d a  Podozami tes  & ct. lanceolatus, a op l eD ls  
v i  r a i  n i  ens1 s mar t i n i  ana . 

Caribou Ridge M i  ddl e-upper Ma1 1 och 
Sequence 

eDi s v i  r I n i  ensi s acuta, 
'*&i- 

Ridge W o f  
Nass Lake 

M i  ddl e-upper Ma1 1 och 
Sequence 

Czekanowskia c f .  r i  i d a  
&+I um nor ens i o d i  i , 

*Very l a r g e  

Clado h l e b i s  v i r  i n i ens i s ,  +& Knooph H i l l  Lower Malloch Sequence 



SPECIMEN NUMBER LOCATION 

Rhondda Ridge 
SW Nass-off 
1 eases 

Mari t ime 
Mountain 

Mari t ime 
Mountain 

Caribou R i  dge 

Spatsi z i  Park 

J u s t  W o f  
Spatsi z i  River  

Spatsi z i  Park; 
r i d  e E o f  
But  i' e r  Creek 

STRATIGRAPHIC POSITION 

Uppermost Malloch Sequence - 
1 ower Rhondda 

Ma1 1 och Sequence 

Malloch Sequence 

Lower Ma1 1 och Sequence 
Close t o  Klappan Contact 

Spatsi z i  - K l  appan Boundary 
Area 

Spatsi z i  - K l  appan Boundary 
Area 

Spatsi z i  -Kl appan Boundary 
Area 

IDENTIFICATION 
(MacLeod) 

COMMENTS 

N i  1 ssoni a canadensi s. P i  t v o ~ h v l  1 um *Very abundant 
nordenski o I d l  1 ~ d o z a m i  te< c t  . **i nckeases downsec t i o n  
lanceolatus; d z e ~ a n o w s ~ i a  c t .  
r i  a1 da. t a u i  set1 tes  I vet I i stem. 
-1 e6i s - v i  r g i  n i e k i  s 
iiimihr 
Czekanowski a c f .  r i  g i  da 

C l  adophlebi s v i r g i n i e n s i  s 

Sphenopteri s c f .  b r u l  ensi s 

N i l sson ia  sp: , P i  t yophy l l  urn 
nordensklol  d l  i 

P i  t y o  h y l  lum nordenskiol d i  i , 
b g r a c o t  Iensi  s, t i inkgo 
nana - 
Pterophyllum rectangulare 



COMMENTS STRATIGRAPHIC POSITION IDENTIFICATION 
( MacLeod) 

SPEC IMEN NUMBER LOCAT I ON 

Caribou Ridge M i  d-1 ower Ma1 1 och Sequence Czekanowski a c f .  r i  g i  da 

K l  appan Sequence Conio t e r i  (?) ,  P t i lophy l lum 
-&) 

E end o f  Lost  
R i  dge 

Ski Ridge 
SW Nass 

M i  ddl e-1 ower Ma1 1 och 
Sequence 

Czekanowski a c f .  r i g i  da 

Ski Ridge 
SW Nass 

M i  ddl e-1 ower Ma1 1 och Czekanowski a cf.  r i  g i  da 
Sequence 

Ski Ridge 
SW Nass 

M i  ddl e-1 ower Ma1 1 och Czekanowski a c f  . ri  a i  da. 
Sequence Poaozami t e s  c f .  13i&ZYTatus, 

adoph I ebi s v i  r g i  n i  ens1 s 

Ski Ridge 
SW Nass 

M i  ddl e-1 ower Ma1 1 och 
Seauence 

Czekanowskia c f .  r i  ida, + P i  t v o ~ n v  I I um nrdens l o  d i  i 
c I adophi ebl s v i  r g i  n i  ens1 s 

Ski Ridge 
SW Nass 

M i  ddl e-1 ower Ma1 1 och Ginkgo nana - 
Sequence 

M i  ddl e-1 ower Ma1 1 och Podozami tes  c f .  1 anceol atus 
Sequence 

Ski Ridge 
SW Ridge 

KJ85026-3 E Nass-W o f  Ma1 1 och Sequence 
Horseshoe Ridge 

Czekanowskia cf .  r i ida,  
Poaozami tes  c f .  1 -eT anceo atus 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION 

KJ 85026-4 E Nass-W o f  Ma1 1 och Sequence 
Horseshoe Ridge 

KJ 85062 -5 E Nass-W o f  Mal loch Sequence . 
Horseshoe R i  dge 

KJ 85027-5 W Nass, ou t -  Malloch Sequence 
s ide  o f  leases 

IDENTIFICATION 
(MacLeod) 

C l  ado h l  eb i  s v i  r g i  n i  ensi  s 
iiimhr 

Czekanowski a c f .  r i  ~i da. 
e m s  v i r  I n l e n s i s ,  

C * n b y o p h y l  1 um 
nOrdenSK1 o I a1 i 

COMMENTS 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

COMMENTS 

LS850210-11 S Nass Area Middle ( ? )  Malloch Sequence Clado h l e b i s  v i r  i n i e n s i s  
&&Cf. 

M i  nor  
outs ide o f  
1 eases m d o z a m i  t- anceol atus 

LS840110 SE Nass Area Middle Ma1 loch  Sequence Czekanowskia c f .  r i  i day Ni  1 ssoni a 
j u s t  W o f  Nass ron  n i  a r t 1  Podozami -%- es c t  . 
Lake, ou ts ide  Pi t;opgilun, :If. 
o f  lease bound- noraensK1 o l d i  i & r e c t a n ~ ~ u a r e , ~ ~ ~ ~  op, ;,I; 

v i r  en ensis  i s  e r i  a o h l e b i s  b acura. Ni  ssonia 

S Nass Area 
j u s t  S o f  
1 ease bound- 
a rY 

S Nass Area 

! u s t  S of 
ease bound- 

a rY 

LS850211 S Nass Area 
j u s t  S o f  
1 ease bound- 
a ry  

88850502 W Nass, ou t -  
s ide o f  1 eases 

BB850504 W Nass, out-  
s ide o f  leases 

GD8413B12113 E l l i s  Ridge 

GD840202 Spatsi z i  Park 

D842201-09 Horsehoe Ridge 
Area . . 

M i  ddl e Ma1 1 och Sequence C l  adophl ebi  s v i  r g i  n iens i  s, Ginkgo 
nana 

Ma1 1 och Sequence C l  ado h l  eb i  s v i  r g i  n i  ensi s A 

Malloch Sequence 

Ma1 1 och Sequence 

Malloch Sequence 

Ma1 1 och Sequence 

Spatsi z i  -Kl appan Boundary 
Zone 

Ma1 1 och Sequence 

Czekanowskia c f .  r i  ida,  + Poaozami tes  c f  . 1 anceo atus 

Czekanowski a cf .  r i  g i  da 

Podozami tes  cf .  1 anceol atus, 
CzeKanowsKi a c f .  r i  g i  aa 

Clado h l e b i s  v i r  i n i e n s i s  f i s h e r i  , A& 
Clado h l e b i  s v i r g i n i e n s i s  
i imdb -  
C l  adophlebi s v i  r g i  n i  ensi s 



SPECIMEN NUMBER 

GD841914 

LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

COMMENTS 

Czekanowski a c f  . r i  g i  da Skeena, j u s t  
W o f  lease 
boundary 

Rhondda Sequence 

Skeena, j u s t  
W o f  lease 
boundary 

Rhondda Sequence Ni  1 ssonia n i  gracol 1 ensi s , 
C I aaom I ebsl s v i  r a i  n i  ensi s 

C l  adophl eb i  s v i  r g i  n i  ensi s 

C l  a d o ~ h l  eb is  v i  r ~ i  n iens i s  

Skeena, j u s t  
W o f  lease 
boundary 

Rhondda Sequence 

K l  appan Sequence 

Klappan Sequence 

Ma1 1 och Sequence 

Nass 

Ginkgo nana Nass 

Close t o  
E l l i s  Ridge 

P i  tyophyl 1 urn nordenski 01 d i  i 

E l l i s  Ridge 
Area 

Ma1 1 och Sequence 

Spats iz i  - K l  appan boundary 
zone 

Klappan Sequence 

Ginkgo nana 

Ginkgo nana - Spats iz i  Park 

N i  1 ssoni a n i  g raco l l  ensi s W Nass-Kl appan 
R iver  Area 

W Nass-just 
o f f  leases 

Ma1 1 och Sequence Czekanowski a c f  . ri g i  da 

W Nass-just 
o f f  leases 

Ma1 1 och Sequence C t e n i  s boreal i s 

C l  adophlebi s v i  r g i  n iens i  s f i s h e r i  W Nass-just 
o f f  leases 

Ma1 1 och Sequence 



COMMENTS SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION IDENTIFICATION 
(MacLeod) 

N i  1 ssoni a n i  g raco l l  ensi s Ridge E o f  Up e r  Klappan-close t o  
Nass Lake Ma ! loch boundary 

C l  a d o ~ h l  ebi  s v i  r a i  n iens i  s Nass K l  appan Sequence 

N w  Nass, lust K l  appan ( ?) Sequence 
N o f  new eases 

P i  t y o  h y l l  um nordenskiol d i  i 
A t a ,  einKgo nana - 
Ginkao nana Horseshoe M i  ddl e Ma1 1 och Sequence 

Ridge-E Nass #il3%7%5anadensi s, G i  nkgo - nana 
R i  I ssoni a n i  araco I I ens1 s " 
CzeKanowskla c t .  r i  l d a  TP- R i I ssoni a n i  graco ens1 s 
h i  I ssoni a n i  graco l l ensi s 

C l  adophlebi s v i  r g i n i e n s i  s 
mar t i n i  ana, h i  nKgo nana 

v i  r g i  n i W E i  s acuta 
v i  r g i n i e n s i  s acuta 

W Nass, j u s t  Malloch Sequence 
S o f  1 ease 
boundary 

- - 

Ginkao nana E Nass, N K l  appan Sequence 
o f  Horseshoe 
Ridge 

Clado h l e b i s  v i r  i n i e n s i s  f i s h e r i  , 
P m + i y m b  

E Nass, N K l  appan Sequence 
o f  Horseshoe 
Ridge 

N i  1 ssonia n i  a raco l l  ensi s E Nass, N K l  appan Sequence 
o f  Horseshoe 
Ridge 



SPECIMEN NUMBER LOCATION STRATIGRAPHIC POSITION 

ES84270203 E Nass, N Klappan Sequence 
o f  Horseshoe 
R i  dge 

SF840214 Horseshoe R i  dge Ma1 1 och Sequence 

SF84021.5 Nass Area 

SR2 M t .  Klappan Ma1 1 och Sequence 

SF 8403 M t .  Klappan Ma1 1 och Sequence 

IDENTIFICATION 
( MacLeod) 

N i l  ssonia bron n i a r t i  
Pteropnyl  I --T+ urn rec an u are  

P t e r o  h y l  1 urn rectan u l  are, 
&u&nowski a 
c t . g i  da 

Cteni s boreal i s  

N i  1 ssonia canadensi s, P i  t o  h y l l  urn 

rectangu I are 
+ nOrdenSK101dl1, r t e r o p  y urn 

C t e n i  s boreal i s 

COMMENTS 



APPENDIX F 









GULF CANADA RESOURCES LIMITED 
Sample 8001 

BASIC STATISTICS 

............................ Number of Observations 100 
Mean Maximum Reflectance (Romax) ... % 3.1 7 
Standard Error of the Mean ....................... .02 

........................... Coefficient of Variation % 5.07 
Variance .................................................. .0258 

.................................... Standard Deviation .I607 
Skewness ................................................ ,3157 

...................................................... Kurtosis 2.6404 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pa ('Yo) 



VITRINITE HISTOGRAM 

Gulf Canada Resources Limited 
Sample 8001 
Mean Maximum Reflectance = 3.17% 

Maximum Reflectanr. ( 7 2 
- David E. Pearson & Associates Ltd. 



GULF CANADA LIMITED 
Sample #5962 

BASIC STATISTICS 

Number of Observations ............................ 100 
Mean Maximum Reflectance (Romax) ... % 3.18 
Standard Error of the Mean ....................... .01 
Coefficient of Variation ........................... % 3.97 
Variance ..................................................... .0159 
Standard Deviation .................................... .I263 
Skewness ................................................. -.0296 
Kurtosis ...................................................... 2.7269 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe 



VITRINITE HISTO GRAM 

Gulf Canada Limited 
Sample #5962 
Mean Maximum Reflectance = 3.1 8% 

- David E. Pearson & Associates Ltd. 



GULF CANADA RESOURCES LIMITED 
Sample 5965 

BASIC STATISTICS 

Number of Observations ............................ 100 
Mean Maximum Reflectance (Romax) ... % 3.1 9 
Standard Error of the Mean ....................... .02 

........................... Coefficient of Variation % 6.52 
Variance ..................................................... .0432 
Standard Deviation .................................... .2079 
Skewness .................................................. .0979 
Kurtosis ...................................................... 2.0705 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe ("/.I 



VITRINITE HISTO GRAM 

Gulf Canada Resources Limited 
Sample 5965 
Mean Maximum Reflectance = 3.1 9% 

Maximum R ~ . u f l d a n w  ( 7 ) 
-David E. Pearson & Associates Ltd. 



GULF CANADA RESOURCES LIMITED 
Sample 5964 

BASIC STATISTICS 

Number of Observations ............................ 100 
... Mean Maximum Reflectance (Romax) % 3.48 

Standard Error of the Mean ....................... .02 
........................... Coefficient of Variation % 5.35 

Variance ..................................................... .0347 
Standard Deviation ................................... .I863 
Skewness ................................................. -.2355 

...................................................... Kurtosis 2.3281 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe ( % I  



VITRINITE HISTOGRAM 

Gulf Canada Resources Limited 
Sample 5964 
Mean Maximum Reflectance = 3.48% 

I 

6) 8 m m 6) m m 
m TT m w. m cr m d . 
(? .o .o m m rn rn & 

Maximum R e f l ~ c t a n c ~  ( 7 ) 
-David E. Pearson & Associates Ltd. 



GULF CANADA RE_SOURCES LIMITED 
Sample 5963 

BASIC STATISTICS 

Number of Observations ............................ 100 
Mean Maximum Reflectance (Romax) ... % 3.53 
Standard Error of the Mean ....................... .02 
Coefficient of Variation ........................... % 4.49 

..................................................... Variance .0250 
Standard Deviation .................................... .I582 
Skewness .................................................. -.2872 
Kurtosis ...................................................... 2.6753 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe 



VITRINITE HISTOGRAM 

Gulf Canada Resources Limited 
Sample 5963 
Mean Maximum Reflectance = 3.53% 

I 

I I T -  I I I I I I I I I 
61 m 0) In 61 In m In m In m V )  

4 

m - m w m - m w m m w m + . . . . 
rn m m m q. * * w V )  m V )  u, w 

Maximum Reflectanc~ ( 7- ) 
-David E. Pearson & Associates Ltd. 



GULF CANADA LIMITED 
Sample #5960 

BASIC STATISTICS 

Number of Observations ............................ 100 
... Mean Maximum Reflectance (Romax) % 3.28 

....................... Standard Error of the Mean .02 
........................... Coefficient of Variation % 5.65 

Variance ..................................................... .0344 
.................................... Standard Deviation .I854 

.................................................. Skewness -.I424 
...................................................... Kurtosis 2.3042 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe 



VITRINITE HISTOGRAM 

Gulf Canada Limited 
Sample #5960 
Mean Maximum Reflectance = 3.28% 

Maximum Reflt?ctoncc. ( 7 I ) 

- David E. Pearson & Associates ~ t d .  





GULF CANADA LIMITED 
Sample #5957-5959 

BASIC STATISTICS 

Number of Observations ............................ 100 
Mean Maximum Reflectance (Romax) ... % 3.80 
Standard Error of the Mean ....................... .03 
Coefficient of Variation ........................... % 6.67 
Variance ....................................... , ............. .0645 
Standard Deviation .................................... .2539 
Skewness .................................................. .I990 
Kurtosis ...................................................... 2.3384 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

5 3.30 5 5.00 
6 3.40 8 8.00 
7 3.50 9 9.00 
8 3.60 13 13.00 
9 3.70 17 17.00 
10 3.80 13 13.00 
1 1  3.90 1 1  11 .OO 
12 4.00 12 12.00 
13 4.10 4 4.00 
14 4.20 5 5.00 
15 4.30 3 3.00 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe 



VITRINITE HISTOGRAM 

Gulf Canada Limited 
Sample #5957-5959 
Mean Maximum Reflectance = 3.80% 

Maximum Reflectance, ( T! ) 
-David E. Pearson & Associates Ltd. 



GULF CANADA RESOURCES LIMITED 
Sample 8052 

BASIC STATISTICS 

Number of Obse~ations ............................ 1 00 
... Mean Maximum Reflectance (Romax) % 4.60 

Standard Error of the Mean ....................... .02 
Coefficient of Variation ........................... % 4.13 
Variance ..................................................... .0361 
Standard Deviation .................................... .I900 
Skewness .................................................. .0919 
Kurtosis ...................................................... 2.4254 

CELL STATISTICS 

Cell Lower Number of Frequency 
Number Limit Observations ( % ) 

VlTRlNlTE TYPE DISTRIBUTION 

Vitrinite Frequency 
TY Pe 



VITRINITE HISTOGRAM 

Gulf Canada Resources Limited 
Sample 8052 
Mean Maximum Reflectance = 4.60% 

Maximum Reflectanc? ( 7- ) 
- Dwid  E. Pearson & Associates Ltd. 
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