
TONSTEIN  AND  BENTONITE CORRELATIONS IN NORTHEAST BRITISH COLUMBIA 
(930, P, I; 94A) 

By W. E. Kilby 

INTRODUCTION 

Examination  and  correlation  of  tonsetins  and  bentonites was  continued i n  
no r theas t e rn   Br i t i sh  Columbia dur ing   the  1984 f i e ld   s eason .   Cor re l a t ion  

horizons.  Samples were col lec ted   for   rad iometr ic   age   da t ing .   Severa l  
d i s tances  were doubled   for   severa l   o f   the   p rev ious ly   ident i f ied   tons te in  

tons t e in  and  bentonite  horizons.  Chemical  data became ava:ilable  for 58 
formation  contacts were  examined on a reg iona l  scale with  : respect   to  

samples .   Pre l iminary   s ta t i s t ica l   ana lys i s  of t h i s   d a t a  wa:; encouraging 

hold  promise  as a c o r r e l a t i o n   t o o l .  
for   correlat ion  purposes .   Mineralogical  (XRD) r e s u l t s  als,> appear t o  

REGIONAL CORRELATIONS 

Volcanic   ash   fa l l s ,  by the i r   na tu re ,   cove r   l a rge   a r eas .  Given the   p roper  
low energy  deposi t ional   environment   the  resul tant   tonsteins   and 
bentonites  can  be  present  over  large  distances.   Three  pre.;r iously 
described  zones  (Kilby,  1984)  were  examined  and  have  had t 'neir 

Noosebar,  and Gething Formations were used t o  gain  an  understanding  of 
co r re l a t ab le  d is tances  considerably  extended. Ash bands i : n  the   Hulcross ,  

the  diachronous  nature of several   formational   contacts .  A s e r i e s  of 
sec t ions   th rough  the   var ious   hor izons  i s  presented  below,  , the  areal   and 
s t r a t i g r a p h i c   p o s i t i o n s  of these   sec t ions   a re   g iven  on Fifgres 90 and 
91. 

HULCROSS 

Prominent  bentonite  bands i n  the  lower  Hulcross  Formation  Sre  exposed on 
t h e  edge  of Hiqhway 29 along  the  Peace  River   east  of  Hudson's Hope; one 

bentoni te  band loca ted  a t  the  junction  of Farrel Creek  and  the  Peace 
40-metre s e c t i o n   i n   t h i s   a r e a   c o n t a i n e d  17 bentoni te   hor imns .  A 

River was sampled for  radiometric  age  dating.  This  sample i s  p resen t ly  
undergoing  analysis   a t   the   Universi ty  of  Alberta.   borehole  dri l led 
near  this  posit ion  encountered  four  prominent  bentonite  bands  in  the 
lower Hulcross.  Examination of geophysical  logs  through t h i s  i n t e r v a l  a t  
widely  spaced  locations showed these  four  bands  to  be  continuous  over a 
considerable  distance.   Figure 92 is a d isp lay  of geophysical  logs  from 
three   wide ly   spaced   ho les   i l lus t ra t ing   the   re la t ionship  between t h e  
isochronous  bentonite  bands and the  diachronous  Hulcross-Gates  conta.ct. 
Several  of these  horizons were  sampled  and the   co r re l a t ion  w i l l  be t e s t e d  
as  chemical  and  mineralogical  data become available.   Examination  of  the 
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sec t ions  show t h a t   a t   t h e  time t h e  lowest of the  four  ash  bands was being 
depos i ted   mar ine   condi t ions   had   ex is ted   for  a considerable  t ime in t h e  
a rea  of ho le  number 1 t o   t h e   n o r t h ,   b u t  i n  t h e   a r e a  of hole  number 3 ,  
coal  swamp f a c i e s  had j u s t  been replaced by marine  sedimentation. The 
th ickness  of t he   i n t e rven ing  mudstone sugges t s   t ha t   s ed imen ta t ion   r a t e s  
appear   a lmost   constant   over   the  length of t h i s   s e c t i o n   d u r i n g   t h e  time 
encompassed by these   fou r  bands. 

MOOSEBAR 

Bentonite  horizons  have  previously  been  recognized  in  the Moosebar 
Formation  from  Peace  River t o   t h e  Grande  Cache a rea  of Alberta.  Duff: and 
G i l c h r i s t  (1981) cor re l a t ed  two prominent  bands i n  t h e  Bullmoose-Sukunka 
area .  Two prominent  bentonites  have  been  used by workers i n  t h e  Monkman 
a rea   t o   so r t   ou t   s t ruc tu ra l   p rob lems .  A s e r i e s  of bentonites  have  been 
c o r r e l a t e d   i n   t h e  Goodrich-Pine  Pass  area  and a p e r s i s t a n t  series of t h i n  
bentonites  are  present  along  the  Peace  River  (Kilby and  Oppelt, t h i s  
volume 1 .  

In t h e  Peace  River a rea  a s e r i e s  of up t o   f o u r   b e n t o n i t e   b a n d s   a r e  
located  about 10 metres  above  the Gething-Moosebar con tac t ,   o r  Bluesky 
(N) un i t .  These horizons  have  been  traced more than 100 ki lometres  i n  an 

A marked decrease  occurs i n  t h e   s t r a t i g r a p h i c   d i s t a n c e  between these  
east-west   d i rect ion  (Kilby and  Oppelt, t h i s  volume, see F i g .  40). 

bentonites  and the t o p  of the  Gething  Formation i n  a wes ter ly   d i rec t ion .  

poss ib ly  of the  Gething  Formation,  while t o   t h e   e a s t   t h e y   a r e  well above 
I n  the  west i n  borehole   1 ,   the   bentoni tes  are i n   c o n t a c t   w i t h   s i l t s t o n e s ,  

the  Gething  Formation.   This   coarser   grained  mater ia l ,   i f   not   Gething 
Formation s t r a t a ,  a t  l ea s t   sugges t s   p rox imi ty   t o  a shore l ine   o r   sed i r ten t  
source. A r e l a t ive ly   cons t an t   t h i ckness  between the   bentoni te   and  
Gething  Formation i s  p resen t  from boreholes 2 t o  23 while   over ,   but  from 
boreholes 13 t o  14 a s imi l a r   d i s t ance ,   t he   i n t e rva l   t h i ckness   quadrup le s .  
This   s ign i f icant   th ickness   increase   and   the   decrease  i n  coal   content  i n  
t h e  underlying  Gething  Formation  suggest  that t h i s  area  coincided w i t h  a 
b r e a k   i n   f a c i e s   i n   l a t e   G e t h i n g  time. 

I n  t h e  Sukunka River t o   B e l c o u r t  Creek area  two prominent  bentonite 
horizons  occur   in   the  lower Moosebar Formation.  These  bentonites, 
r e f e r r e d   t o   a s   t h e  Twin Bentonites  (Kilby, 19R4), have  been c o r r e l a t e d  
over a d i s tance  of nearly 100 ki lometres   (Fig.  93) and t h e   c o r r e l a t i o n  is 

these   bentoni tes  and t h e  Moosebar-Gething contact .  The constant  
open a t  both  ends. Figure 93 contains   three  borehole   geophysical  logs of 

th ickness  between the  bands  suggests a constant   sedimentat ion  ra te   over  
t h e   a r e a   a t   t h e  time of t h e   a s h   f a l l s .  Also apparent is convergence of 
the   bentoni tes  and the  Gething  Formation i n  a northward  direction.  This 
r e l a t ionsh ip   imp l i e s   t ha t   coa l  swamps were p r e s e n t   i n   t h e  Sukunka area  
while  marine Moosebar sedimentation was occur r ing   t o   t he   sou th .  As i.t i s  
general ly   accepted  that   the   Clearwater  Sea t r ansg res sed   i n  a souther1.y 
d i r ec t ion   t he re  must have  been  an embayment south  of Sukunka OK 
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alternatively  the  Sukunka  area  formed  a  projection  seaward  (eastward:l, 
possibly  in  the  form  of  a  delta,  during  the  early  phases of the  marine 
transgression.  Duff  and  Gilchrist (1981) tentatively  correlated  these 
bentonite  horizons  with  two  bentonites  in  the  Peace  River  area.  This  is 
a  considerable  distance  with no intermediate  data  locations to reinforce 
the  interpretation  therefore  this  correlation  remains  questionable  at 
this  time. 

In the  Goodrich  area,  between  the  Pine  River  and  Erazion  Creek, a series 
of  prominent  bentonite  horizons  ocur  within  the  lower 50 metres  of  the 
Moosebar  Formation.  These  bands  have  been  used  by  company  workers  in  the 
area  and  are  traceable  over  a  considerable  distance.  Figure 94 displays 
a  tentative  correlation  of  these  horizons  between  the  Pine  and  Sukunka 
Rivers.  The  possibility  exists  that  these  bentonites  correlate  with 
those  $discussed  earlier  along  the  Peace  River.  These  correlations  are 
strongly  influenced  by  the  distinctive  nature of  the  Bluesky (N) unit 
(Kilby, 1984a).  This  unit  is  persistent  from  the  Peace  River to South  of 
the Sukunka  River.  The  three  members  of  the  unit  from  the  base  up  are:  a 
thin  conglomerate  or  conglomeratic  unit;  a  turbiditic,  coarsening-up, 
bioturbated,  silty  mudstone:  and  a  glauconitic  mudstone  or  glauconite 
sand  interval.  This  unit  is  readily  distinguishable  in  boreholes ani1 

Gething  and form the  basal  part  of  the  Moosebar  Marine  tongue  of  Duff 
well-exposed  outcrop  sections. In the  south  it  is  overlain  by  the  Upper 

and  Gilchrist (1981). 

The  Fisher  Creek  Tonstein  zone  (Kilby,  1984b)  was  traced  both  northward 
and  southward  (Fig.  95).  Examination  of  the  Gething  section  along 
Moosebar  Creek  yielded  a  fault  repeated  occurrence  of  the  Fisher  Creek 
Tonstein  whose  identity  was  confirmed  by  the  presence of the No. 2 
Tonstein 30 metres  stratigraphically  below  it:  Xilby  (1984b,  Fig. 3%) 
suggested  this  possibility.  Examination  of  borehole  geophysical  and 
lithological  logs  from  the  Sukunka  and  Quintette  areas  indicates  the 
presence  of  tonsteins  in  the  proper  position to match  the  Fisher  Cree!k 
and No. 2 intervals. The  Gething  Formation  north of Burnt-Sukunka  Rivers 
is  equivalent  to  the  Lower  Gethinq of the  Sukunka  region.  The Upper 
Gething  of  the  Sukunka  area  contains  locally  well-known  coal  seams  su.ch 
as  the  Bird,  Chamberlain,  and  Skeeter:  it  has no expression  north  of  the 
Burnt-Sukunka  area.  The  Fisher  Creek  Tonstein, No. 2 Tonstein,  and 
Bluesky (N) are all parallel  and  approximately 30 metres  apart  over  the 
Peace to Sukunka  River  area.  This  association is very  useful in 
correlating  sections  from  the  many  properties.  It  can  now be  shown  that 
the  following  seams  were  being  deposited  at  the  time  the  Fisher  Creek 
Tonstein  fell:  Trojan  Seam  in  the  Peace  River  area; Yo. 1 Seam  at  Willow 
Creek: E Seam  at  Noman  Creek:  Brenda  Seam at Falling  Creek; NO. 1 Seam  at 
Goodrich:  and  B  Seam  at  Sukunka. 

Excellent  exposures  of  the  Bluesky (N) and  Fisher  Creek  Tonstein  zone 
occur on an exploration  road  along  Chamberlain  Creek.  The  'Fisher  Creek 
Tonstein  was  sampled  for  radiometric acje dating  along  Fisher  Creek  and  is 
presently  being  processed.  This  data  and  those  obtained  frxn  the 
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TABLE 1 
ANALYSES OF 58 TONSTEIN SAMPLES 

SAMPLE  FORMilTION SI02 ill.2U7 F E Z 0 3  l l G 0  CAO N K O  K20 T I 0 2  PINO F"05 Rh Sr 2 r '  

RE?-1 
R82-2 
RG2-3 
H82-4 
R82-5 

RE?-7 
R82-8 

HHZ-6 

n82-9 
~82-10 
R82- I 1 
R82- 12 
R82-13 
R82-14 
R82-15 
R82- I 6  
R82-17 
Rea-18 
R82-20 
R82-21 
R82-22 

R82-24 
R 8 2 - 2 5  
R82-26 
R82-27 
R82-28 

R82-30 
R82-31 
H82-32 

R82-34 
R82-33 

R82-35 
R82-36 

R82-38 
R82-39 
H82-40 
RB2-41 
R82-42 
DIJP-23 
DUP-35 
R83-2 
R83-3 
R83-5  

R83-7 
R83-8 
R83-9 
R83- lC  
R83-1 I 
H83- 13 
R83-14 
R83-15 
R83-20 

R83-25 
R83-26 
R83-27 

~ 8 2 - 2 3  

~ 8 2 - 2 9  

~ 8 2 - 3 7  

wz-6 

REX-24 

MOOS 
MOOS 
MOOS 
MOOS 
GETH 
GETH 
MOOS 
GETH 
GETH 
GETH 
MOOS 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 

GETH 
GETH 

GETH 
MOOS 
MOOS 
MOOS 
MOOS 
MOOS 
GETH 
GETH 

GETH 
GETH 
GETH 
GETH 
GETH 
GETH 

GETH 
GETH 

GETH 
GETH 

GETH 
GETH 
GETH 
GETH 
GETH 
GETH 
GETH 

77.72 21.76 4.cO 4.15 9.94 .lU .32 
49.98 7 7 . 6 2  2.31 .9V 2.39 .35 1.6 
43.68 35.07 2.91 ' . 1 1  1.14 .17 .15 
21.79 15.69 7.28 7.67 17.41 . 1  . I  
44.97 I6. 64 .OS . 1 5  . 12 . 14 .3  
45.69 33.0 . 12 r , .  11  , .u9 . 14 .28  

47.17 34.83 1.73 .2 . 6 2  .U9 . 15 
46.16 32.63 3.62 .65 1.83 .21 .51 

39.U4 2 3 . 0 6  3 . 2 2  3.95 6.83 .44 1.34 
52.66 22.7 1.51 1.71 3.78 1.81 .51 

25.94 19.71 5.84 6.27 14.86 . I  . I 6  
52.56 18.21 1.46 2.12  4.26 1.14 3.2 

40.34 22.23 2.51 2.81 5.07 0.48 n.88 
48.73 25.79 1.53 1.67 2 .68  0.43 5.16 

52.45 23.54 3.04 2 .96  0.58 1.92 1.52 
52.55 26.35  2 .36  1.93 0.2 1.37 1.77 

47.87 25.47 2.U6 1.52 1.96 0.37 3.83 
51.01 2 6 . 6 3  1.16  1.54 3.U (1.83 0.42 
49.36 33.82 1.11 0.18 0.19 0.02 0.31 
51. 15 34.U3 CO.115 < ,  11 i .09 U.U? 0.06 

50.98 34.62 0. 15 c .  1 (1. 11 0.u1 0.08 
49.86 26.42 1.03 1.48 1.86 1.22 0.98 

44.89 35. 27 0.1:,9 <:I. 22 (1. 15 io. I &  (1. 25 
52.04 21.76 0.26 < . 1 1  u.12 0.03 0.29 

54.11 27.67 0.8 0.72 c1.98 1.45 0.53 
53.07 27.78- 1U.62 0.70 1.86 1.28 0.34 

51.44 24.87 1 . 6  0.92 1.82 0.549 4.94 
39.49 25.11 4.88 2.61 4.96 1.29 1.18 

40.47 27.91  12.07 0 . 9 9  0.8 u.u6 0.74 
5.3.25 27.38 0.66 0.75  1.18  0.24 1.lU 

42.06 33. 5 (1. 23  0.07 0. 34 0.05 0.31 

41.33 23.56  0 . 2 2  0.09 0. 19 1:1.06 U.23 
5U. 30.79  3.67 0.U9 0. 42 0.09 0. 44 

47.75  34.75  0.27 0.15 0 . 1 1  0.48 u.71 

46.34 32.81 2.42 (1.53 1.86 0.14 (1.72 
29.63 23.21 4.46  4.98  11.86 0.11 (1.21 

20.52 14.31 6.04 8 . 9 2 1 8 . 4 2  0.06 0 . 1 2  
37.05 2U.84 7.19 3.67 8.64 0.08 0.41 
42.64 18.95 6.4 3.74  7.51 0.15 1.31 
53.u2 28.92 1.57 (1.94 0.59 0.6 0.8 
33.86 22.12 4.83 4.36 9.55 0.73 0.51 
50. 29 35.07 .14 <.cob .26 . go2 . I I 
47.92 34.58 .27 . O V  . I .47 . 6 V  
45.82 35. b5 . I . 07 .28 .U8 .U8 
43.24 36.48 .15 I , .  06 .91 .09 .24 
39.71 26.71 16.07 2 6  .35 . I 6  .27 

38.44 25.26 16.55 . 16 .U8 . 1 .27 
36.75 26.19 4.51 2.93 7.83 .U6 .38 

49.8 33.71 .78 . 1 .37 . o h  .54 
48.53 34.1 .74 . I 6  .32  .38 .77 

51.07 33.41 .12 .07 .13 .e:% 1.08 
45.77 29.93 8.36 .18 .27 .08 .35 
49.3 33.72 . 2 6  . I .45 .u4 .37 
45.01 31.34 7.54 . 2  .28 .04 .34 
48.23 35.25 .36 .U7 .64 .M .38 

Z7.05 24.8 4.75 3.6 6 . 2 5  . 2  .28  
46.14 32.48 3.58 .2 .79 .Oh .28 

51.7 27.91 1.44 .79 1.08 .33 2.64 
50.18 24.78 2.58 .81 1.37 .64 1.24 
47.41 30.36 8.52 .24 .26 . 08 .35 

. 61 . $015 

. 77 . <:lUb 

.64 .01 

. 4 6  .051 

.88 ,004 
1.05 < . 002 

.76 ,023 
1.17 ,013  

.71 .034 

.89 .u2 

.52 . (137 . 52 . (48 

.7 ,015 

.69  . a  

.81 ,021 

.73 ,026 

.72 .u2 

1.26 .01 
1.13 ,004 

.79 .u14 
I .  07 . uo3 
1.95 <.002 . 91 i . <UU2 

.96 ,003 

.77 ,011  

. 8  .34 

.57 .u12 
.70 .003 
.75 .097 
.43 <.003 
.7 .017 
.66 <.0U3 

1. 32 < . <:m3 
.56 ,024 
.59 .011 
.27 ,049 
. 53 . (131 
.49 .023 
.86  .u12 
.87 .051 

1.31 I.003 
.92 ,004 

.45 ... 003 . 84 ', ,003 

.59 ,085 

.6  .U31 

1.27 .004 
.68 .038 

1. u7 < ,003 
.85 . O i l 6  

. 8 2  ,058 . 68 < .003 

. 0 5  . 4  . 83 . <:I04 
1.01 ,028 

1.015 .U14 

.35 

.48 

.96 

. 2 3  . 02 

.02 

.82 

.45 

.02 . (12 

.53 . 04 . 02 . 02 

.02 . 1U3 

.02 

. I 6  

. (15 

.<:>a . 02  . I 1  

. 1:17 . ( I 2  

. o s  

.02 . 07 

.02 

.02 

.29 

.02 

.24 

.03 

.03 

.79 

.65 

.21 

.37 

.33 . 02 

.33 

. 1 2  

.03 

x 

* 
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bentonites  in  the  lower  Hulcross  Formation  may  provide  clues  to  the 
source  area  of  the  ash  and  will  provide  the  opportunity  to  examine  the 
sedimentation  rates  of  intervening  strata  over  a  large  area.  The 
parallel  character  of  the  Gething  Formation  tonsteins,  Bluesky (N), and 
the  bentonites  in  the  lower  ?'loosebar  Formation  between  the  Peace  and 
Sukunka  Rivers  indicates  that  the  whole  area  was  a  continuous  coastal. 
swamp  which  was  inundated  virtually  simultaneously  over  this  length 
during  the  initial  transgressive  phases of  the  Clearwater  Sea. 

CAWISTRY 

Assessing  the  potential  of  chemically  correlating  the  tonsteins  was  one 
of  the  main  objectives  of  the  overall  project.  It  was  hoped  that  some 
means  of  chemically  'fingerprinting'  the  various  altered  ash  bands  would 
be  found  to  enable  rapid  correlation  of  these  horizons  when  new  bands 
were  encountered  during  exploration.  At  the  end  of  the  field  season 
analytical  results  became  available  for  a  set  of 58 samples:  from  the 1982 
and 1983 field  seasons.  These  analyses  were  examined  grapk.ically  and 
statistically  using  a  micro-computer.  The  samples  were  from  the  Gething 
and  Moosebar  Formations:  all  were  from  the  Fine  River to Br'azion  Creak 
region.  Preliminary  analysis of this  data  is  presented  here  and  a  few 
examples  of  the  correlation  potential  based on sample  chemi.stry  also  are 

Ca,  Na, K, Ti,  and Mn were  determined  using  Atomic  Absorptj.on 
given.  Analyses  for  thirteen  elements  were  performed. Si, Al, Fer Mg, 

Spectroscopy  techniques.  Samples  were  prepared  by  fusion j.n borate  glass 

A.A.S.  unit  was  calibrated  using  synthetic  multi-element  standards;  the 
crucibles,  fluro-borate  dissolution,  and  stabilization  of  s:ilica.  The 

data  were  reduced on a  micro-computer  using  least  squares  poly- 
sensitivity  drift  monitoring  and  correction,  and  a  weighted  least  squares 

were  determined  using  X-Ray  Fluorescence  instrumentation.  The  lanthinum 
fit  calculation  €or  calibration  and  variance. P, Rb, Sr,  and  zr  values 

doped  borate  glass  method  was  employed  using  natural  standilrds  with  line 

were  performed by personnel of the  Ministry of Energy,  Mines  and 
overlap  mathematical  corrections. A l l  sample  preparation  and  testing 

Petroleum  Resources  Analytical  Laboratory.  Results  of  the 58 samples  are 
presented in Table 1. These  data  were  entered  into a micro-computer  and 
stored  using  the  Data  Handler  module  of  the  Cal  Data  Geoloc~ical  Analysis 
Package.  Most  software  utilized  in  the  study  was  contained  in  the 
Statistical  and  Geochemical  modules  of  this  package  but  sezeral  programs 
were  written  by  the  author  to  perform  specific  procedures.  Correlation 
coefficents  between  the 13 elements  were  calculated to examine  tendencies 
of  certain  element  abundances to be  mirrored  by  other  elements. 
Siqnificant  positive  and  negative  correlations  are  highliql?ted  in  the 
correlation  coefficent  matrix  (Fig.  96a).  The  significanc(?s  of  the 
matrix  values  were  based  on  a  student's  t-test  with 11 degrees  of  freedom 
at a  confidence  level  of 99 per  cent.  Positive  correlations  indicate 
that  as  one  variable  increases  or  decreases  the  corresponding  element 
does  the  same. A negative  value  means  as  one  element  incrNeases  or 
decreases  in  abundance  the  corresponding  element  does  the  reverse. A 
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,kndogram  of  the  matrix was used t o   g r a p h i c a l l y   i l l u s t r a t e   t h e  

between Ca and Mg sugges t s   t ha t   t hese   e l emen t s   a r e   r e l a t ed   t o  a common 
c o r r e l a t i o n s  between elements (Fig.  96b). The s t rong   co r re l a t ion  

source which would he  the  secondary  carbonates:   dolomite ,   calci te ,   and 
magnesite. Mg and Ca have  s t rong  negat ive  correlat ion  coeff icents  w.ith 
S i  and A l ,  t h e  two most abundant  elements. This r e l a t i o n s h i p  and t h e  
i d e n t i f i c a t i o n   o f   c a r b o n a t e s   i n  many of the  samples, by microscopic .and 
XRD methods,   suggest  that   the  carbonates were diagenetic.   Figure 97 is  a 
t e rna ry   p lo t  of  Si02/A1203/Ca0 abundances. The mean S i 0 2  t o  
A1203 r a t i o  is about  1.66:l;  the CaO content  appears t o  be  completel? 
independent of their   concentrat ions  because  var ious  concentrat ions of CaO 
do n o t   a f f e c t   t h e  Si02:A1203 r a t i o .  Two groups are   suggested on 
t h e  diagram:  one contains  those  samples which  were a f f ec t ed  by the  
in t roduct ion  of carbonate,   the  other  group  containing  samples which 'were 
unaffected by the  secondary  introduction of carbonate.  Samples whic'h 

and  Gething  Formations. A p l o t  of T i 0 2  versus  Z r  was used t o  determine 
showed an  increase i n  carbonate content  were  found i n  both t h e  Moose'bar 

the   l ike ly   o r ig ina l   composi t ion  of t h e   a s h   p r i o r  t o  a l t e r a t i o n .  The p l o t  
fol lows a procedure  s imilar  to  Spears  and Duff (1984)  (Fig..  98). The 
values  were  normalized t o  15 per   cen t  ~ 1 ~ 0 ~ .  The o r ig ina l   a sh  
compositions  suggested by this  p l o t  were i n  t h e   a n d e s i t e   t o   r h y o l i t e  

compositions  the mean Si02:A1203 r a t i o s   f o r  andes i te  and r h y o l i t e  
range  (Winchester and  Floyd,  1977).  Using these   der ived  o:!iginal 

are  about  4.5:l ;   average of  samples  of Mount St.  Helens  ash had a r a t i o  
of 3.5:l.  Thus the   ave rage   t ons t e in   r a t io  of  1.66:l i n d i c a t e s   t h a t   t h e  
major  chemical  affect of a l t e r a t i o n  was a ne t  loss of s i l i c a  from the   a sh  
bands. The  downward migration of s i l i c a  from bentoni tes  i:; not uncommon 
( G r i m  and Guven, 1978). The s t r o n g   c o r r e l a t i o n   c o e f f i c e n t  between K20 
and Rb i s  b e l i e v e d   t o   r e f l e c t   t h e   s u b s t i t u t a b i l i t y  of thesf?  two elements 
due t o   t h e i r   s i m i l a r   i o n i c   c h a r g e s  and r a d i i .  

Corre la t ion  of these  tonstein  samples  on t h e   b a s i s  of chemistry was 
attempted by a form  of c lus te r   ana lys i s   based  on s i m i l a r i t y   c o e f f i c i e n t s .  
The s i m i l a r i t y   c o e f f i c i e n t  employed  had  been  used s u c c e s s f u l l y   t o  
chemically  correlate  recent  volcanic  ash  horizons  (Sarna-Wojcicki,  et 
a l . ,  1984). The c o e f f i c i e n t  was obtained by calculat ing  t ' le   average 
of t h e   r a t i o s  OE corresponding  elements from t h e  two samples  being 
compared. The denominator was always larger   than  the  numerator   in   the 

were  used i n  t h e   c a l c u l a t i o n ,  P205 and Rh were excluded  be#-ause a 
ra t ios   because   the  maximum ra t io   ob ta inab le  was 1.0. Elevl?n elements 

s i g n i f i c a n t  number of samples were not   analysed  or  were below de tec t ion  
limit f o r  these elements. Element  abundances were normalized t o  100 per  
c e n t  i n  an e f f o r t   t o  remove t h e   e f f e c t  of va r i ab le  amounts of included 
organic   mater ia l  which  had  no expression i n  the  chemical r ' s s u l t s .  
Element  abundances  reported  as  less  than  the  detection limit a r b i t r a r i l y  
were given  the  value of  one ha l f   the   de tec t ion  limit. A s.ymmetrica1 60 
by 60 matrix of s i m i l a r i t y   c o e f f i c e n t s  was produced:  the  t '#o  extra 
samples  were  laboratory  duplicates  included t o  show t h e   s e n s i t i v i t y  of 
the  procedure.   Information  contained i n  t he   s imi l a r i t y   ma t r ix   has  been 
summarized i n  t he  form of a dendogram produced  using  the  w'eighted  pair- 
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Flgure 97. Ternary p l o t  of slo2/AI$OJ/CaO for  a l l  58 samples. N o t e   t h e   c o n s i s t e n t   s l O ~ / A I g j  
r a t i o  about 1.66:l which  does not  vary  as the  percentage  of CaO changes. 

1 5  

1 .o 
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0 
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Flgure 98. Ti02  versus  Zr p l o t  (Spears and Duff, 1984); for reference,   average  rat ios  for   andesite.  
r h y o l i t e ,  and rhyodacite  are  Indicated  (Winchester and Floyd, 1977). Values are  normalized 
t o  15 per cent AIf13. 
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group  average  clustering  technique  (Fig.  90). The geological  
r e l a t ionsh ips  of samples   wi th   h iqh   s imi la r i ty   coef f ic ien ts  'were 
inves t iga ted .  The similari ty coefEicent   ca lcu la t ions   d id   no t   t ake   in to  
account t h e  r e l a t ive   p ropor t ions  of var ious elements i n  each  sample; 
t he re fo re  a d i f f e rence  of 25 per  c e n t  t o  50 per   cen t  S i 0 2  would  have 

per   cen t  CaO di f fe rence .  Thus when i n t e r p r e t i n g  t h e   s i m i l a r i t y  
the  same a f f e c t  on t h e   s i m i l a r i t y   c o e f e i c i e n t   a s  a 0.02 p e r   c e n t   t o  0,.04 

coe fe i c i en t s   ca re  m u s t  be   used,   absolute   values   are   not   as   important  as 
t h e   r e l a t i v e   v a l u e s   f o r   e a c h  sample. An example  of t h i s  problem is 
demonstrated by t h e   r e l a t i v e l y  low s i m i l a r i t y   c o e f f i c e n t  between R82-,23 
and   the   dupl ica te  of t h i s  sample, DUP-23. This   d i f fe rence  between 
ident ical   samples  was due t o   t h e  CaO and Na20 values  (Table 1). The 
d i f f e rence  between t h e  Na20 values  is well within one s tandard 
deviat ion of the   ana lys i s   t echnique  and t h e  CaO values  are  approximately 

w i l l  be  performed on th i s   da t a   bu t  even wi th in   t he   l imi t a t ions  of t h e  
one s tandard   devia t ion   apar t .  More sophis t ica ted   cor re la t ion   t echniques  

present  method individual  horizons  could  be  chemically  correlated.  

Two boreholes,  approximately 2 ki lometres   apar t ,   dr i l led  through  the 
lower Moosebar Formation in te rsec ted   s imi la r i ly   pos i t ioned   bentoni te  
horizons  (Fig.  100). I n  t h i s  example t h r e e   p a i r s  of bentoni tes  were 
strongly  correlated:  they  had  the  highest   mutual similarities which 

a hiqh s i m i l a r i t y   c o e f f i c e n t ,  0.76: t he re  was no  horizon corresponding 
formed primary  linkages on the  dendogram. Samples R82-39 a.nd R82-40 had 

with R82-40 l o c a t e d   i n   h o l e  1 which l e d   t o   t h e   g e o l o g i c a l   i n t e r p r e t a t i o n  
t h a t  W2-39 and R82-40 were  from t h e  same band  which  had  been 
s t ruc tu ra l ly   r epea ted  i n  hole  2. It was encouraging  that   the  chemical 
correlat ion  connected  horizons  that  were geological ly   acceptable  and 
explained t h e  lack of a co r re spond ing   l aye r   t o  match t h e  RE:2-40 l ayer .  

Corre la t ion  of t o n s t e i n s  by the  method  of s imi la r i ty   coef f i , cen t   mat r ix  
examinat ion  provided  the  solut ion  to  a confus ing   se r ies  of Gething 
Formation  coal   intersect ions  and  tonsteins  i n  a borehole  (Fig. 101). 
Similar responses   ou t l in ing   coa l  seams on t h e  Detai led  Sidewall  Dens.ity 
trace and  chemical  correlations of  the tons t e ins  dem0nst ra t .d  which 
sec t ions  were repea ts  and  suggested  the  locat ions of the   in te rvening  
fau l t s .   Coal  seams A ,  E, and C are  believed  to  represent  an  undistu.cberl  
sec t ion   and   inc lude   four   tons te ins .  These f o u r   t o n s t e i n s   a r e   b e l i e v e d   t o  
be the   F isher  Creek  Tonstein  zone  (Fig. 95). Coal  interva1.s A and F a r e  

and t h e   s t r o n g   c o r r e l a t i o n s  between  samples K32-10 and R82-14, and FS2-13 
i n t e r p r e t e d   t o  be f a u l t   d u p l i c a t e s  on t h e   b a s i s  of t he  Sean  density  .trace 

and R82-17. I n t e r v a l s  B and C a re   co r re l a t ed   w i th   i n t e rva l s  D and E on 
t h e   b a s i s  of the   dens i ty   t races   and  a good co r re l a t ion  between R82-1'5 and 

and their  approximate  posit ions  are  given on Figure 101. l\n example of 
R82-15. Two f a u l t s   a r e   r e q u i r e d   t o   a r r i v e   a t  t h i s  confiqu~rat ion of seams 

also  given on Figure 101. Samples R82-28 and R82-29 corre la te   wi th   the  
seam cor re l a t ion  between different   exposures  on t h e   b a s i s  of t ons t e ins  is 

The uppermost t ons t e in  i n  t h e  trench, R82-25, c o r r e l a t e s  w i t h  R82-5 ,and 
lower two tons te ins   in   the   undis turbed   por t ion  of the  borehole  section. 

R82-6, t h e  uppermost t ons t e ins  i n  t h e  two dupl icated  upper   port ions of 
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Figure 99. S i m i i a r l t y   c o e f f i c i e n t  dendogram of 60 samples ca lculated by the  weighted 
pair-group  clustering  technique. Tvo duplicate  Sanples(DUP-)  are  included 
t o   i l l u s t r a t e   t h e   s e n s i t i v i t y  of the  mthod. 

272 



I 2 
Gamma Neutron Gamma  Neutron 

R82-2 
R82-11 

R82-3 

1: BLUESKY 

Figure 100. GeophysIcaI logs frm two borehole  sections 
of the lower Moosebr and Bluesky sequsnces. 
Sample numbers denote the  poslt ions of ash 

prlmary  llnkages on Figure 99. 
bands. Bold correlation llnes  Indlcate 
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F I  

BOREHOLE  SECTION 
DETAILED  SIDEWALL  DENSITY 

w 

e 101. C o r r e l a t l o n  example  from a Gethlng  Formatlon 
coal zone. A t rench and borehole  sect ion  are 

The f a u l t   l o c a t i o n s  and seam dup l l ca t l ons  were 
co r re la ted  on the  basis of s l m l l a r i t y   c o e f f i c i e n t s .  

determined by examlnat im of the  geophyslcal  log 

c o r r e l a t l c n   I l n e s   I n d i c a t e   c o r r e l a t i o n s   w l t h  
t r a c e  and s l m l l a r l t y   c o e f f i c i e n t s .  Dashed 

mutua l l y   h lghes t   coe f t l c l en ts  between the  two 
h i g h   s l m l l a r l t y   c o e f f l c l e n t s   b u t  not t h e  

s a m  I es. 
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the  coal  sequence i n  the  borehole   sect ion.  Samples R82-26 and R82-27 

between  these two sec t ions  is due to   the  bedding-to-core  angle   in   the 
appear t o  be one repeated  band. The apparent   thickness   difference 

borehole. T h i s  is an excel lent   i l lust rat ion  that   near   sur ' face  weather ing 
encountered   in   the   t rench   d id   no t   s ign i f icant ly   e f fec t   the   t rench  
samples. The second  s t rongest   s imilar i ty   coeff ic ient   (Fig.   99) ,   between 
samples R83-11 and R83-27, represented   cor re la t ions  betwee.?  suspected 
Fisher  Creek  Tonsteins  located  approximately 15 ki lometres   apar t .  
Chemical correlation  appears  very  promising,  even  using  the  simplest of 
s t a t i s t i c a l   t e c h n i q u e s .  Many of t he   co r re l a t ions  suggestem3 on t h e  
s i m i l a r i t y   c o e f f i c e n t  dendogram are   geological ly   acceptable   but  have  not 
yet  been  explored i n  d e t a i l .  

MINERALOGICAL 

Mineralogical   correlat ion was attempted  on  the  basis  of X-Ray 
diffractograms.  Visual  examination  of  the  diffractograms  of samples; 
which were correlated  geologically  and  chemically showed s t rong  
s i m i l a r i t i e s   ( F i g .   1 0 2 ) .   I n   t h i s  example  two tons te ins   l cca ted   wi th in  2 
metres of each   o the r   s t r a t ig raph ica l ly   a r e   f au l t   r epea ted   i n  a borehole 

mineralogy between t h e  two bands but  similar  mineralogy between 
(Fig.   101) .  Diffractograms from the  four  samples show d i f f e r e n t  

corresponding  tonsteins   across  t h e  f au l t ;   s t rong   chemica l   s imi l a r i t i e s  
a l s o  e x i s t  between  these two p a i r s  of samples. It is important   to   note  
t h a t  even  with  obviously  different   mineralogy,   s imilar i ty   coeff ic ients  
a r e   r e l a t i v e l y   h i g h  between t h e  two  bands (R82-16 t o  R82-14 = 0.748). A 
combination  of  chemical  and  mineralogical  correlation may prove t o  be t h e  
most effective  approach.  This  type of co r re l a t ion  is i n  j.ts i n i t i a l  
stages,  an  automated  technique is now under  development artd should 
p rov ide   r e l a t ive ly   f a s t  and cos t   e f f ec t ive  measures of s i n d l a r i t y  
ana lys i s .  

CONCLUSION 

work on the  Tonstein-Bentonite  study  during 1984 has: ( 1 )  extended  the 
co r re l a t ion   d i s t ance  of severa l  of the   p rev ious ly   descr ibed   a l te red   ash  
horizons; (2) i n i t i a t e d  age  dating of these  horizons; ( 3 )  shown t h e  
a b i l i t y  of  chemistry  and  mineralogy t o   d i s t i n g u i s h   s p e c i f i c   t o n s t e i n -  
bentonite  horizons  over  l imited  areas.   Future work on t h i s   p r o j e c t  w i l l  
be   d i rec ted   to   ex tending   cor re la t ions  of the  ash  bands,   investigating 
more sophisticated  chemical  and  mineralogical  correlation  techniques,   and 
documen t ing   s t r a t ig raph ic   r e l a t ionsh ips   r e l a t ive   t o  these time l ines .  
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