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The Blairmorc Group¥df>thc southern AlSertq.Fbothills is a .

succegsion of continentally- dcposited scdxmontary rocks with which
- .

vlittlo ha" becn done in terms of sﬁatlst}cq; cyc;lcipy_gualysls an@

for which few}infercnces have becn made abouﬁ the depositional environ-

. . ‘
ments within the quirmore'alluvial plain.
Descriptipns of samples from the three mcasufcd scctions
~. Lo . to . . : o . Lo
(using textural, petrographic, and sedimentological features) werc.

subjected to cluster analysis and the resulting grdups of samples

(lithotypes) were dominated by the grain size of the samples. Cl ster

\

anal&sis proved to have little practical Qalue in coding a sedim ary

scquenccaﬁor,Markov chain analysis since essentially the same units -
could be 1dnnt1f1cd USng graln size a10nc.'

© . The Blaxrmorc Group in its type section and the Sheep Rlver

section contains a first-order Magkov property. The Beaver Mines

o .
o

Formation of the group, when analyéed sepafately, also cdntains a,
first -order Markov property in these sect:onq as well as 'in a sectlon‘

on Burnt Timber Crcek. Thls is true when the sectlong wcrq*coded both

as grain size 11thologlc units and as ]1thotypes. %g} j ' >

.
' |

' ' Truncated flning—upward trends arc to bc cxpected 1n all of the

.n
©

- sections with few non-random transitions between the fingst and coarser -

lithologies. o S
. A ‘

The Blairmore Group as a whole contalns no goological cyclmcxty,

‘thc deflnltlon of whlch is based on mathematical oscxllatlng series.

[}
L3

The Beavcr Mxncs Fornutxaﬂﬁﬁn thc Sheep RlVLr gsection is alsa v:* i

o

3,



¥

nonQOscillatory; The very fine grained sandstones of‘the Beaver Mines

in the typo section and the siltstones’ in the Burnt Timbcr Creek sectlon

-

may bc oxpectcd to occur at - ‘4 metre 1ntervals. ’

o

The streams active on the B]airmore floodplain were intermcdiate

between meanderlnq and brald&d Thclr p091tlons were ‘stable for

vextended periods of time withln narrow channel belts wherc. multisto:y b 7

channel deposits were. fozmod -and which allowed thick ,overbank sequcnccs

S ea e

to accumu]nfo Evidence of severe flooding is present in both the

.
i

channel and overbank sediments. » ‘The climate was semi-arid to sub-humid

with littlc Veqctation on the floodplain.

The lack of fluvxa] cyclicity on thﬁ floodplaJn is obv1ous.

[}
The stable channel belts mov1nq by dvu151on and Lhe disruptive 1nfluen Q

of the Columb1an tectonism to the west and bouthweSt did not allow tho

natural dcvelopment of fluvial eyclicity.

, - . ; & i
!
(LS
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g
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CHAPTER 1

INTRODUCTION . A
t . I .

N

1.1 Purpnse and location ofwstudf¥ 
The Lower Crotacéous Rlairmorc Grrn&>of the Southern Alberta

Fbothiqls has long been rccognized as a cont;nengnl]y—déspo§itcd

succession of strata. The Blairﬁoro 1 probaﬁly.of fluvial origin and

. » ! . .
might be expected to show typical fluvial cycles. However, previous
. L ‘ o .
investigations of this topic are limited to a few qualitative observa-

.

tions. Other tlan the accébted géneralization that the Blairmore‘Group'
was deposited on an alluvial plain, few attempts have been made to be
more specific about the depositional environment.

The first purpose of this thusis'was to teat the Blairmore Group

AR

in selected arcas for the presence of a first-order Markov chain property.

From- the Markov analysis, it was-planned to determine the sequences of
B \
lithiologies which should be expected in a measurcd section and to
. . . . . - » . a “ c
investigate the statistical cyclicity of the sections. Of egual

importance was the objective of interpreting the depositional environment
e T LIS
more specifically than simp.v as ah alluvial plain.

" ° . I

The area chos:n for the study lies in the southern Foot*ills of

"Alberta (Figure 1-1); three sections were measuréd and sampled in detail
during the summer of 1975. .The sections were the type section of thb

Blairmore Group along Mill and Gladstone Crecks (WSW of Pincher Creek),
- - ’ T N Q ) .
a-scction along the Sheep River (W§W of Calgary), and a section along ™’
- K . - “ / , R
- L]

Burnt Timber Creck (just south of tNe Red Deer River, Nw’o§ Calgary) .
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These were chosen on the criteria of the completeness of exposure, the

/thiékness of the section, and the accessibility of the section. Their

i . -

exact locations ‘are given in Chapter 4.

1.2 Previous work ' . g . *

>

Study of Lhe Blallmoxo Group bcgan with the early work of G.M. "
-~

Dawson (1886) and J. w Dawson (1886). Leach (1912, 1914) was the first
to usc the term Blairmo;e Formation and Hage (1943) raised it to group
status. This work was restricted to the southern Foothills of Alberta,

McKay ‘30) studied correlative strata to t_he north. Untll the late

4
+7'1950's no detailed studies were done and the Blairmore was dealt with

only as a map_unit on Geological Survey 6f.Canada maps such as. those by

' LN

Hage (l946),,HenQor§bn (1946}, Erdman (1947), and Norris.(i955).
; S N

Rnpsbn (1964) nnd Jansn k1972) concentrated their rescarch on

'the transitSon between the underlylng Yontenay Formation and the Blairmore
Group. The Blairmore of thc Foothillo was more thoroughly studied by
Glgisher (1959), Mcllon and Wal}‘(1963), and Norris (1964).. The‘k
vBlairmore vas 'divided intd three formations‘ny Mellon.(l967) which are,
in nscending nrdcr, the Gladstone, the.Beave; Mines, and the Mill Cre;k
Formations. Subsequent papers have included thosé€ by Holter and Méllon
(1972) ‘and McLean (1976, 1977). ‘
o éummarios 6f étudies about equivalent strata under thc>piain;
are included in Brown (1976) and Leung (1976) in their reports on the
\ . . 3
\ Mannville Group of SOULhCln Aiierta and Saskatchewhn respgctlvély

.étclck»(l975) has discussed basement control on Cretaceous sedimcntation

and Williams and Stelck (1975) have prgsented a picture of the paleo-

geography of western North America.
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-
Cluster analysts, a technique of numerical taxonomy which was
chelopcd in the biological sciences, is a method of numecrically comparing
. : i \ '
rand classifying objects which became known to geologists largely‘throygh

the work of Sokal and Sheath (1963). Imbrie and Purdy (1962), Klovan

(1964), and Bonham-Carter (1965) were among the first to usc cluster \

aﬁalysis in geological applications. Computer programs have been \
published by Bonh;m;Cartor (1967) and McCammon and Wenniger . (1970).

Further invcstigatjons.énd usgs have been reported by Sneath (1964),

Parks (1966), McCammoqs(1968)4 Harbaugh and Merriam' (1968), Demirmen

. N .
- (1972), Sneath and Sokal (1673), Ethier (1970, 1975), Hugﬁes'(l975), \\
‘Wishart (1975), and Orford (1976). a
. ’ ]

what ﬁas becomc known as MarkoQ chain analysis was devgloped
by,the R;ssian mathematician A;A.‘Mquov in the early part”ofcthis J
ccntury‘as a technique to cstablish the presence of "memory"” effects
in a succession of states or gonditions. Some of the‘first applications
of’Markov'analysis to geology were by Vis;elius (1949), vistelius and

. !
Faas (1965), Vistelius and Feigel'son (1965), Carr et al. (1966), and.

K;hmbpiﬁ (1967)lwho published the computer programs.uséd in this study. ‘
Potter and Blakely (1968), Krumbein and Dacey (1969), Gingerich (1969),
Dacey and Krumbpih:(197b),‘and Schwarzacher (1569, }975, 19755 have‘been
the main dcveloéers of the applications of Markovtchains to geology.
Somg of phe'better published examples‘of thesec applications are those by
A Read (1969), Seliey (1970); Doveton (1971), Lumsden (1973),‘Joﬂnson'and
' Cook (1973), Miall (1973, iQTSLigthier (1975), and Jones and Pixon. //

(976y. .. R : //
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2.1

i

Section measurement and sdmp]e collection

CHAPTER 2

METHODS OF STUDY

.

Threc sectlonq in the southern Foothllls of Alberta were chosen

A

4

)

for this study from Mcllohﬁs (1967) ‘descriptipns of the Blalrmorc outcrop,

localities, the choice being based on the completeness of the scction

avail

able.

the s&mner of 1975.

Earh lithologic %pit recogniied in the field was described on a

f
fipld data form (Figure 2-1).

taken at 2 metre intervals.

2.2

(dcscrlbed in Se&tlon 2 3), two methods of class;flcatlon were applled

to the samples of each 11tholog1c unlt. Thc flrst ;\thod 166nt1£1ed

Sample classification

*H

Grab samples of each'lithologfc'gnit were

.collected and ‘where the unit was thicker than 2 metres,

-

samples were

Detailed measuyement of these sections was conducted during

.

]

In order to code each measured section for Markov chain analysis

1

\

each‘unit according to,the dominant grain size of the unit ba

field descriptions and-sqﬁsequent comparisons of the_samples'with‘g: in

size

classificationrmcth‘ s known as numerical taxonomy.

Ob)ecfb accordxng to thv attrlbutes of each object (Sneath and Sokal,

1973).

standards.

v

\

Numerical ta*onomy is the repeatable and objectlve grouplng of

Vot

~

S

/

d on

, techﬁiques of clusfer analysis which is part of the larger System of

For‘cluster analysis; ;he similarity or afflnity betweén each

-The second method of cléssificatiqn'used'the numerical

\

“ra

¢



-Section!

Formalti on & Member:

FIELD DATA FORM

Date:
UniAt number:

A PLOTTING DATA_
Bedding orieptation:

| D: SERIMENIARY_FEATURES

1. NATULE OF CONTACT :

DIACRAMS & REMARKES
{ LABEL ALL DMGAtny)

"GRADATIONAL SHARP - |
CONFURM, UNCONFGRM.
gnu thickness: , 2STRUCTURES:
umuwalive Type Size  _ Orient.
thickne«s: . .
B IAAJOR LITHOLOGY -
.. OF UNIT e —
l'.ﬁ. _!l_(_\!.l AME SO e
- V¥ WIiNe
SHLE  SHLY 14
S8 sy /M . g
3031 SN (4
CNGL 23 yer 123H b
[T 1 BN & 314 sl roor’
COAL COAL  CBsl MO :
, ey weriL .
COMPONERTS- 2282 RSL W H Y P17 FoCEN x
- MKZENT mcuu NI
[4¥834) mmwhn (UA[M i?
MAm]( ~i
' A1) 08
az] 1 .
oy [ T .
et ! ” 1
(13 !
LU
[ N =
[Oirs)” '+‘"‘“* [ FOsSILS:
SAMPLE Abundant OQcassion. Rare
C_MINQOR UITHOLOGY | Fiorai Faunal
LTLG] % kest, 2 tond caara 0z COLEGE 2CTEE: —
i (ke Poncy wn . :
‘Hm{Qn- v_\lfmv-.c.-a SAMPLE: .
sum_ | ‘
[SHALE Ve ]o jmxa
SANDY] ) -
ST Lelo]uke
SAMLIN L] PHOTO:
0 o 2 et B
CHGL - brjofuie !
 COAL . __‘r;’r i -lc-
CARA N vl fmlce

| Waaltering: o
Recessive Moderate
" Resistunt
N
-
SR
»

Figure 2-1.

i
'

the fleld. : .

.

An example of the type of field description
-form used for cach lltholoq1c,un1¢ recognized in

«



units not readily apparcnf otherwise. -

.Sample description

v o P

i

"

. ) o ‘ } ' 5 o ¥
pair of objects is calculated and the objects are then gréuped or
. . . ' P - .

. . . ‘ ) ‘ Y :

clustered according to the similarity coefficiénts..‘The result of the
‘ : o - P
tér analysis 'was used in

I ’ . '

,The 836 samples collected were slébbed.and\;hcn examined with a
| . ! \ -

binocular microscope. In addition, 27 thin sections\of samples from the

i
‘

hl '

type section were prepared and studied for compdfiti’e purposes. Tﬁé'
deSc;iption of each\sample cénsisteé of notiﬁg the following features
which had beeﬁ observed at the outcrop Or‘during'samglb exémination;

1. grain size (mean and range) |

2. »b;rcentage of clasts ) I
3. perccﬁtagc of quartz

4. ‘percentage ofiblack.chert
5. percenéage of grey cherg'

6. percentage of»rock f;agmeqts
f7. percentagé of clays ' ,\ o

8. percentage of carbonaceous mdterial

9. percentage of biotite

10.. peréentage of muscovite

11. percentagc of pyrite’ . ‘ a o
: P i . - C :

12. percentage of hematite
13. percentage of ca-onate

14. fossils (abundance!

15. bioturbation (presemgc or absence)

R



' *
.
-16. roundness (mean and range)
.17. sorting (poor, moderate, well)
18., laminations (siie) ’
19;‘ channelling ‘(presence or absence%!
_20. ripple harks (typé} !
21.° ﬁa;uré of>the lower contacﬁh
iZ. concretions (presence or absence) -
23. mud clasts kp;csence of absencc)
24, colour (freéh and weathered), ' - o ’ ' .

25. cross-bedding (size and type) Co ‘ !

)
\

The samples from the type section ‘werc described. and coded

‘according to the above attributes and were subjected to cluster analysis.

\ ) : .
The groupings of samples derived from this run werc not used in the
L‘;,O .

study forra numbcr of reasoné. ‘Firstly, examination of the slabbed
rocks with a binocular microscope did not permit casy or exact identi-

fication of the clast composition. The samples from' the Beaver Mines

Formation were particularly difficult .to describe becduse of the similar

' 4

appearance of many of the constituents.. Deﬁéilcd petrograrhic descfip-
. : N . .

tions such as the one atﬁempted can be done properly only with thin
sections; Secondfy; it wa; felt- that the fcliabilitf-of the estimations
of minecral percentagés was low, thus'%he use of these pércéntaées as
data could not bg justifiéd. 'Th%s‘is somewhat supporéed by~$ study by
Dennison and shea‘(1966); | ‘

A second cluster analysis of the type»séction samples was done

7

in which the petrographic data were deleted by excluding attributes 2 \

to 13 inclusive. The samples clustered in much 'the same manner in

'
1 f

both runs suggesting that clast composition'did not haVe:a'large

,
—



)

influence on the cluster analysis. The rcsults of the second analysis

were used for the type sectibh in further study. The dendrographswgf
the two cluster analyses méy be ‘compared in Figures 4-4 and 4-5. .\\?
The Sheep River and the Burnt Timber Crecek sections werc coded

’ : AN . . -
slightly differently from the type section. Again the detailed petro-

graphic data were éxcluded but a reflection-of the composition of the
samples was incorporated by estimating the percentage of dark minerals.

'

Lerbekmo (1962) has suggested this type of’fcscription for a field

classification of sandstones. Also an estimation of the volumetric - - |

s '

proportion of carbonaceous material was included in the sample descrip-
\ C g . 4 - ' .
} 1y \

‘tions. ' ,//

| _:?his modificétion,of the attributes examined provided a quicker,

. more efficient, and more‘accurate descﬁiption of the sampiééL yet
produccd resulté very simiiar to the more.detailed descriptions. Also,

v fof this type of study yhich is eenccrned with.fluctuatio?sﬂwithin a‘
dépositional environment, variations in sandstqne composition would

probably be of minimal value.

Coding of data

»

In order to accommodate the various types of data used in the

Samplé éescriptiohﬁ, a binaryrcoding'systcmfwés emplbyed‘(Klovah,,1964f

Bonham-Carter, 1965; Ethier, 1970; Sneath Agd Sokal, 1973; Hughes, ]97'5.).

The\pregcnce of aﬁ attribute Qas deﬁoﬁed by a 2 and the ab;encé by a 1.

If obsetvation Pf the attribute was not possibie, it was assigned-:a zero.‘
The types of data used‘énd‘the meﬁhoa of coding for each tyéé

§f data is explaiﬁed Lel;w. vTable 2;1 lists the attributes;used-in_the

sample descriptions and Figure 2-2 shows examples of sample descriptions

and coding.
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TR T WA BTN S £ e A m b et ot 8 s Pauerg s R WY TR Sy YA

\

BINARY - DISORDERED MULTISTATE
Bioturbation Nature of lower contact,
Channelling Colour \
Concretions
Mud clasts " R

. . \ .
Types of cross-bedding: '
Types of ripple marks - -

ORDFRED MULTISTATE, NUMERIC

Grain size *
Rouhdnes§ *

Fossil .

Sorting

Laminations
Cross-bedding siz¢

(3

* Weighted, inclusion of mean and range.

Percentage of clasts **
Percentage of clasts of specific

<. . composition **

. ) ) ] .
Percentage of dark minerals .

Percentage ‘of carbonaceous material
.

** Uéed only in prelimiﬁaryzdevelopment of the coding system.j
. . | - . .

\ \/-",'

\

Table 2-1. Data type of the attributes used in the sample descriptions.

i

.
-

w

-

10
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Sample nunber

Unit thickness -

Sample position

Grain size: mean
Jrnngc

Rouncners: mean
range

Sorting

%dark minecrals
%caybonaccous material
anurc éf‘lowcr contact
Channelling?
Laminations: si=
Ripples: sssymetrical?
3 synmctricnl?
climbing?
Crors bedding: size
type
Mud clasts?
Coﬁcre(ions?
Fossils: cbundancet

bilo-urbation?

Colour: fresh-
wecathered

N LIRIE ATTY o N TR By T YT T T TR TR T R e g oep bt Ao o

Sample description

5167~1
1.7m.
173.9m.

" medium sand

fine to medium sand

angular

v. engular to subpngular

moderate

20

5
4

sharp

no

no

no

no

‘ho

large
trough

RAL o

no
none

no

dark green grey
grey '

v
\

5192-1 .
0.35n. 1
207.8m.

very fine sard

‘silt to very fine sand

subangular
angular to rubrounded
poor o

v

20
10 _ *

rharp
ne
no

"t

no

- no |

no

" no

no
no

_preseat

ro
dark. green grey -

'grey

An example of sample description, coding, ‘and

calculation of Jaccard's coefficient for two \

! . - -
: samples from the Sheep River section. Contirued

ori the next page.

)
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Coded data
‘ ' <=nE rossL CALCUR
SAMPLE {1 T uouuausss % f k2 whl o : FRES WLAT
NAME  |THICK] ABOVE v DARK  TCAKB  HONTREAM - ™mo At [Locon] cr
METRE| BASE (1 2 3 4 5 AAA R R MINEZALY ¥ATER (LS RSl LTARTNT ARPHI GROY (00
[ e g it " ]} (AN T (O 1Y e (il '
S167-11.70 | 173.5[111111122:11111 m<zm|n afrzezyzmezeen izt z A 21.1%17 mziar
5192-1]2.35 [207.8 {11222 1)1122221 1222 12J17zv721 123 xlixxxxi.x»xzzll 11242111,
AN
\\\ Explaaation f;f_fsadd’ng

SANMPLE HAME

s.nple Tunber

UNIT Thl2x METRE

untt thickness in
metres '

TRY A30VE OJE_MASE
mmple positicn in
mctres above, the
basn of tihie sectlon
LWR CNT . . CHA
Towsr cont act
E-ecrosicnal ' ’
S shary '

G gradational

FOSS
ﬁosnlls

810

‘

Chanacltt 1,

bloturbetion

GHAIN S1ZE

3 veey tine

4 fina " !
S medLum

6 ccarse

7

ROUNDNESS

. SOR
va i';;;—n-n;.|1l ar> \surr lng
A ,an,;ulur oo
SA zuabunfalax \\t &\h‘ratc
SK suyrounded ¥ \.\Lll
R rounded

WR well rounded

AN
\\ \

;:LEAL weathired

A absent

R rare

P pr“cscnt
A4 abundant

LG light ta dark grey
DG dark grey tb black
G green grey

DY daik grecn gruey
‘RG red and green

7

Caleulation of gimilarit

G nrey

aG grecn grey

RE red ond greqn
B8 brown

y coefficient

Figure 2-2.. Continued.

\Nuwnver of
l\'umbx:r of
Numter of

.

Ja.ccnrl't

positive matchés = P = IS
negative matches -« N = 43
migmatches = M = 19

coeflicrent = P / P & ¥

-

=15/ 15+ 19
= 0,4411

-

'l DI\R\ \_‘LM."\AL
0, 0-1, V-2, 24,
4-8,

8;16,A16—30,
>30

%_CARN MATER
% carhanaceous

ratertal

very toarrse N Y )
" 8,ccnglonerate \Q. 0-1, 1-2, 2-4,
X 48, 8-18, > 16
. \‘\\ .
. , ) " \\ .
- LAM R1P X=BID \\‘\\\gggf
Taminztions :l—;;_',\lc marks crou-.(cddlnp n?ug clasts
"0~3am. . A assymmetrical S smal} . .
3-10 sa, bs s\m‘c(rluul L large con \\ .
710 o, " € eliobing P planar com.rct:l\)n
.TA tangential
TR trough -
xS )

.

/
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" . . .
'

Binarx data is data consisting of two contrasting conditions.
One state was allocated for each attribute and the attribute's presence

1l
1

or absence was coded as a 2or 1 respectiveiy.

.

Disordered multistate data (nominal) is data consisting}of»three
or more mutually exclusive categories (e.g., colour). Several. states

were establishedﬁto-include all possible categories.. A 2 wal entered

Ay

i

in the appropriate state of ecach attfibute‘and 1's were placed in. the

remaining states of that‘attribute.

& ) -

: b
Ordered multistate data (ordinal, seml—%uantltatlve) is data |

\ .
measured on a qualitativc hierarchy of contnastjng states; data
classified on an ordinal scale (e.g., grain size) with the ordinal scale

¢ \

. \ ‘ .
divided 1nto a number of classes or states. - For example, the attribute

of the presence of fossils was”divided'into the states of absent, rare,.
. ’ {

present, and abundant and ‘an add1t1ve system of codJng (Bonham-Carter,

1965 Sneath and Sokal, 1973) was used. If a sample was rare -in its

. 0
¥ i B o

'abundance of foss1ls a 2 was recordcd in the rare state, 1f f0551ls were -

observed but nelt er rare nor abundant, 2's were entered in the rare and

N -

‘»present states and -1's in the absent. and abundant states.r

Grain size and roundness were special cises where the mean and
B B an

. the range of.the‘éni:ii:;iﬁfere incorporated into the sample descriptions.
To do this, each class of grain size and roundness were assigned two :

[3

states as was done by Hughes (1975) - In the two s ates of the class

repre//ntlng the attrlbute mean 2's were entered. In the classes thch
. v

coyered the range of_the attributé;a-z was recorded in—the state nearest'

the mean and a 1 in the other state. 1's were also entered in the rest

Th

of the states of that attribute. weight of attributes coded in thls

way is thereby doubled. . B / .

3

13
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Numeric data is data .measured on a quantitative set of ch— S
trasting states; data measured on interval or ratio scales (e.q.,

JPproportion of dark minerals).\ The interval scales were subdiViHea‘inpo

‘a humber of perccntaée classes or states. The staies were devised so o o
that beginning with a c&assvof 0 to l:perceat, each subsequent class:
included a'raﬁge oflperceataées twice as laréefas'the previous class.
This method ofldivision was used to‘give smail, butvpossibly significant,

variations at the low end of the percentage scale more weight; also -
; . . ! SO
estimations of small percentages of constituents are sometimes more

~

. AN
accurate than larger proportions (Dennison and Shea, 1966;'ﬁﬁghes} 1975).

'

‘The same additive system of coding as described for ordered multistate
. . : SN .

data was used for numeric data.

Simiiarity coefficients » ' o
! ) ' \ . :
: The measurement of similarity between samples was,done by

G

calculation of Similarity coeff1c1ents us1ng a version of Bonham-Carter s

(1967) .CLUST3 computer program. Because of the inclusion of both

qualltatlve and quantltative data and the use of the binary coding . N L .ﬁl
system, the typc of 51m11ar1ty coeff1c1ent Wthh was necessary w@s a
coeff1c1ent of assoclatlon. A coefficien: 05 association is a

cdrrelation—type measure'ofasimilarity between saﬁéles'in which the

numer1ca1 value of the coefficient lncreases as the -samples become more

alike. Correlatlon-type moasures of s1m11ar1ty must be dlstlnguished

il

from dxstance—type measures, ,the latter bexng a measure of the dlstance . e )

between samples which are located .in some coordinate»space based on
: 51milar1ty and in which the numerical value increases as the 51m11ar1ty
‘decreases,(samplcs are further apart) (McCammon, 1970) The distance-type




«©

‘ cocfficients will be used later in the plotting of the c)¥®(er analysis

- . . Ve
. <

results.

. The¢ particular coefficient chosen for use wag Jaccard's
(8] .

©

coefficient which has been wiaqu uscd in previous gceological studies.

“x

¢

(anham-Ca%tqr, 1965; BEthier, 1970; Hughes, 1975) and is defined by: -

, . ) _

. : ) . - ¢

J =P /P +M where J = Jaccaxrd's coeffidient, v

- . w . . B U

. , M ) P = nu@bor of positive matches,
. . fand_M =" number of mismatches.
) o § .
'S A positive mitch’is obtained when 2's are present in the same

-
. R . ©

category for the twe objcécts. being compared; tw@ 1's are a negative

match.gond a1 and a 2 arc'a mismatch. In any comparison where a state

was zero .thit state was txcluded from the comparison. HNggative matches

~ £

a¥c not ‘included in‘jaccard;s coefficient as they may .cause & high .

similarity between opjocts having’a:large number of mutually absent

stagds'which'is not desfrabic (Sncath and Sokal, 1973).

The pair-wise similarity coefficients so calculated rgﬂge from
1.0 to 0.0, the end points being complete similarity and'cdﬁplete
dissimilarity respectively. These measures of similarity were stored

in the lower half of an n x.n symmetrical matrix (n being the number of P

’ L
samples) for input to cluster analysis.

Cluster analysis

"

Clustpr anaiysis is the grouping of objects aEcording to their

mutual similarity by means of similarity coefficients. The result is a

R k ' I .
graphic thicrarchical display of the similarity among all of the cbjects

used in the analysis. The first type of graphic display uscd wasnail

v
»




‘objects were joined in the same manncr as in a dendrogram.

16

dendrogram (or phenogram of Sokal and Snecath, 1963). On a dendrogram,

the samples were equally—spdccd along one axis while the other axis -
: B

o

was scaled into levels of similarity using a correlation-type measure

- ¢

of similarity. The samples were joined by vertical and horizontal .

lines with the lines pafallel to the sample axis representing the level

v

of similarity between samples (Bonham-Carter, 1967). McCammon (1968)

.developed a second type of display which he called a dendrograph. On

a dendrograph, onc axis was again scaled in corrclation-typec measures
of similarity which showed the level of similarity within’a group of

objccts. Along the 1second axis, samples were not equally~spaced but

-+

‘separated according_to a distance-type measure of similarity and wk .

showed the distance, or dissimilarity, between groups of objects. Thé

ﬁcCammon and Wenniger (1970);pgblished a computer‘prog;am}DENDRO
which was used to group'the'objeEts and to-generate-dendrographs fdr
each .set of samples of this stuay. .In order to use this program,'the‘
éorrclation—fypc measures of similarity, the Jaccard's ¢oefficients,
chc first converted to a distance-type méasura-by an arc cosing
transformation (McCammon and Wenniger, 1970, p. 2).

The two éroups of objects having the lowest pair-wise disténce

(or highest similarity) were joined at each iterative stage of clustering

by the unweighted pair-group method (McCammoh"hnd Wenniger, 1970) The

algbri hm used was documented by Lance and Williams (1967). In order

-

to {ca late what the within-group disﬁanée would be if groups h and k
. B ; -

joined (whcfe group 'k consists of previously joined, groups i and ).



hY

" McCarmon (1968, p. 1666) was.more

L]

i

1 n 1 ‘ v
. 2> *hi tm ny 2 ®hi .

o

w1

i
"Ly . " ™ .3

dhk ‘
hl] ' . !

‘average within-group pair-wise distance betwecen groups

k3
=g
0
Iad
0
jof

n

h and k, ’
y ni- = number of objects in group i,
Shi = pair-wise distance between h and i

(Lance and Qilliams, 1967, p. 375).
fhe bctwoen;group distancesbwero‘calculatcd in fhe same ‘way.
The witﬁin—group and betwcen-group distances could be converted to
corrclation-type measures of similarity by takiﬁé their cosines.
~ . -

-~

After the objects had been clustered atcording to the above

algorithm, the program plotted a dendrograph portraying the relationships' o

among all of the samples. The partitioning of a dendrograph into uscful

Glusters is complicated by the fact that therc are no statistical tests

© "available to evaluate the randomness of the objecis or the validity of

‘the resultant clusters. Most of the preliminary work on cluster analysis
provided only arbitrary mcthods for the division of dendrograms. Parks

(1966, p; 713) suggested ‘that the observer could pick out groups

". . . at any dcsired level of similarity.” ‘Bonham-Carter (1965, p. 492)

0y

tested his clusters by secing if they made ". . . geological sense:"

objectibe when he matched ". . . the

i

wider gaps between hierarchical levels with the wider gaps between

clusters." Demifmen (1972) formalized such suggesfions into:the
féilowing criperia: - ) N ' B

» Criterion A. The chééénpgroub; should stand out from the‘
neighbouringvclustcrs'(samé as McCammdn}s éuggestion). . _ i

_)Criterion B. It should.be possible to produce’ a number of groups

17
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4

each containing a small number of objects with no one group containing
a large proportion of the‘saMple set.
Criterioﬁ‘c. The number of gtgups should be practical-yalueﬂ
Criterion D. If more than-one clustcriﬁgﬂprocedufe‘is to be
Qsed the same.groups shouid be appaécﬁt iﬁ>each resultant dendr;graph.
‘The suggestions of McCammon and Demirmen were used in the
seba;étion qf clusters in this study. Demirmen's Criterion C was
important in that the nﬁﬁber of clusters had to be'keptvsmall in order-

\

to obtain sufficient transition counts between units for Markov analysis.

All of the separated ciusters, except one, g:buped above thé 0.5 level

: ' ‘ )
of similarity, whereas a random set of samples would have clustered at

or ncar the 0.0 level (MéCammon, 1968) . ’ ,

.

Each separated cluster of samples was given an "averagc"

description‘and”désighatéd”aS"d”SpéCific'“lifhbtypé}""Tﬁé measured
sections were then codéa accoraing to-these 1ith9types for . Markov
analyses. Descriptions of ;he lithétypes are included iﬁ Chapter 4
under the discu§sion of the aéprobxiate measured se¢£ion. The dendro;

grapﬁs are presentcd in Figures 2—4, 4-5, 4-6, 4~9, 4-10 and 4-13.

.
t

2.3 Markov chain analysis °
With the development of mathematical geology, attempts have been ' 4

made to describe geological processes 'in terms of mathematical models..
v [ :
The two extremes of such models are random; or independent event,

processes and deterministic processes. An inta{mcdiate class of
. - . .'

statistical models are known as stochastic processes and have partial
) ‘. - “\i , ’ .- - i —
ordering /but also a degree of randomness (Krumbein, 1967).

=== " The Markov chain process is a stochastic process of particular

-

vy



. X . ;
applicability to geological studies. The first use of Markov models.

" was by the Russian mathematician A.A. 45rkov who studied the alternation

of vowels and consonants in Pushkin's poe& "Onegin"« (Doveton; 1971)i.

\

The theory Jf Markov. 'chain has been further developed by later mathe-

g o : ‘ .
maticians, for example, Kemeny and Snell (1960). L

In a sequence of cvents, the proHaﬁllitf”of the'occuffenceﬁof_
an event Xg‘at time t is dependent only upon the immediately preceding
/ ' .

event xt—l at time: t-1. This dependency upon the previous event is

the Markov chain property or Markovian "memory' of the seqqencebcf

events and can be expressed formai]y by: z

P {Xn=x‘| xn_l=y}: , (n =1, 2{3,....)

A

(Kemeny and Snell, 1960). This definition is for a single—dependency

|
first-order Markov chaini: In these chains, the dependency 1nvolvcs

’ o’

only one preceding state (single- dependency) and that state is the i

immediately preceding one (first-qrder). Higher—order'Markov chains
. [ ‘
. are possible where the dependency extends back 2, 3, or more steps and .

S YW s e | e

thcse may be 51ngle— or multl-depcndent (Harbaugh and Bonham-Carter,

i -

1970).
In a stratigraphic section the occurrence of an event is the

* presence of a specific liﬁholbéy with its presence.dependent.only‘upon
the immediatelY‘prcceding"lithologic type. The dependency of lithologic
!

successions can be expressed as probabllltles which are tabulated in the

O

transition probabllnty matrix with the forn
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If Sl rcppesents sandstone, sz'elaystonc,‘and S3 limestone then p12 is

i % : ' .
the probability of sandstone being followed by claystane and p13 the

t

‘probability of sandstone followed by limestone (Potte and Blakely,

1968). The construction of this and other matrices is discussed ;below.

Much of the work with Markov chain models in sedimentology has

+ ¢ .

i

been in the simulation of stratigraphic sections (Krumbein, 1967; '

.

Potter and Blakely, 1968; Read, 1969; Krumbein and'Daeex, 1969; ﬁumsden,'

1975).' From these experiments arose a number of methods Qf sampling a

t

sedimenta%y sequence for Markov chain analysis with emphasis on thc

type of statlstzcal dlstrlbutlon of the 11tholog1c unlt thlcknesses

‘\

Each sampllng method nece551tated the development of a sllghtly 41fferent

Markov chaln model, each with its own spec1f1c deflnltlon, structure of

the tfgnsition probability matrix, and geologicdl implications.

Embedded Markov chaln A S .

- The transitions counted for an embedded Markov chain analy51s

a;e.dnly those between llthOlOglC units. In this ¢ase,.1t is obvious
. . : 2

o

’thet'adjacent iithologies cannot be identical and the elements of the

i (\ . ,

principal diagonal of the Eransition probability matrix will be zero
(pij = 0, where i = j)c(xrumbein and Dacey, 1969). There iS'noLway to
incorporate information abou;llithologicAthicknesses in an embedded - -

Markov chain and the specific type of distribution'of lithologic

é o " . ) ;
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rthicknesses is not,included in the definition . (Krumbein and Dacey,

1969) .. , , \

i

This type of Markov chain cmphasizcs the change between succeeding
lithologic units and focuses on the evolution of the dcpositional environ-

ment‘[Miaii, 1973).

Regular Markov chain

~ ‘ '
- !

.For a reqular. Markov chain, the transitions are'recorded by

noting the type of lithology present at adjacent steps over a series of
. \ . |
equally—spaccd intervals (Krumbein and Dacey, '1969). 1In this’case, a
\ .
1ithology may be followed by the same‘lithology and thefefore, the

elements of the principal diagonal of the tran51tion probability matrixI

will not necessarily equal’ zero. By definition.(Krumbein and Dacey,

1969),, the lithologic unit thicknesses of a sequence represented by a

\

k3

regular Markov chain must be geometrically distributed for discrete

data or erponentially distributed for continuous data. If ‘these distribuj
tions are not Present, an embedded Markov or a semi-Markov model uust‘be
empioycd (Krumbein/and'Dacey; 1969;'Dacey,and Krumbein, 1870).

A regular Markov-chain allows a more accurate measure of relative

!

frequencies of the component iithologies at the eipense of the accuracy .
available in step~byjstep depositional changes (Dacey and}Krumbeinq~

'1969; Miall, 1973). 'The”difficulty»in choosing a representative sample
interval has been recd@nized by several authors, notably Krumbein (1967),

'

. Read (1969); and Miall (1973). 1If too: 1arge an interval is chosen, the

i

analysis will miss any potentlallyiimportant thin units. with an
_1nterva1 too small, excessxvely large figures will appear in the-
- principal diagonal whlch w1ll overs hadow MarKOV1an tendcn01es as' well

A
as yield extremely high values in’the»Chi—square test (discussed below).
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Also, the optimum sample ITnterval.may differ among co-existfad\ lithologies.
P ! P \&\\Y o ) i"\% : g

R

Multjstdryifacies analysis
Ca?r et al. (1966;.ihitiéted th concept of multistogy 1itholo§ies

which'Arc gross litholggic unifsgtﬁki{ ay be subdividcd by,scdimcntologicql "

‘variations. A section‘studied with the inclusion of mhltistory lithologiésl

would use ; variat%on of an ehbcdded Markov modél, however the elements

of thc‘principal diagongl éf the transit;on ﬁatrix Qould'not cqual‘zero

but would be expected to';cmain small (Dacey And Krumbein, 1970).

Luwsdcn (1971) coined the term "multistory facies anélysis";fpr this

type of MarkoQ chain analysis.

Read (1966) noted that Wo‘author-had attempted to define the

criteria by which adjacent lithologies can be identified as subdivisions

of a lithologic unit, but which are not distinct enough'to define :
N - . - - . oo e R e e . R
separate lithologies. iNo such criteria have been found in more recent

|

literature by this ‘author.

Semi-Markov models

The semi-Markov model has been develobed by Krumbein and Dacey

o . ) :
- (1969), Dacey and Krumbein- {1970) and.Schwarzacherl(}972, 1975) for. S

'

sequences which have a first-order Markov property. but for which the

lithblogic unit. thicknesses are defined by an independent discrete’

random'variable'governed‘by,a mechanism and -time scale distinct from the

l
i

controls on the - type of litholqu deposited. The 1ithoiogic unit

. \ . ' ’
~ thicknesses are .considered as the time the system waits in a lithology
/ . ' - . .
" before passing onto the succeeding litholagy. Schwarzacher (1972)

"suggested the waitihg\time or thicknesses may be,désc:ibed by a Gamma

distribution. The three authors referred to above have develdped the

[

'
M
¥
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.

geological applications of semi-Markov models through theoretical
. P . .
discussions but no practical analysis has yet been attempted in gedlogy.

v -~

Stétionafitz

A'prerequisite condition for the Markov analysis of a strati-
‘graphic section is. stationarity of the section (Doveton, 1971). .This is
dcﬁinod as the‘condition that the depositional proceso remained Ehe same
durlng the formatlon of the whole section under con51dcrat10n (Potter
and Blikely, 1968), i.e., the same depositional process coritrolled
sedimentation for all of the'seétlon being considered.

Tes Llng for statlonarlty 1s not hlghly refined. \quvet a (071)
suggested v1sually comparing the proportiopS’of‘lithdlogies prec--nt 1-

various intefvals of the complete section Thc proportions should rcmain

the same and this way be observed at Lhe outcrop or in a graphic log of

'

the section. The section may, be subdivided into intervals and.transition
. R e .

"

brobabilities from those intervals may be compared for similarity and
therefore, stationarity (Miall, 1973). VlSthlUS and Faas (1965) termcd
oa 'section to be homogeneous oé statlonary if tran51tlon matrices of

: subsectlons produced 51m11ar Chi-square values but they'did not describe

the test used. ; ‘ \

Transition matrices and significahce'test

The first procedure in a Markov chain analysis of a sedlmentary

succes51on which cons1sts of s states or llthOlOgleS is to obtaln a count
" of the upward transxtlons between vatious states. Thls count is L

consolidated 1n¢o ‘the s x s tally or trans1tlon frequency matrlx, N
| ,

(Krumbeln, 1967) w1th the elements n, The row sums, :?: n.., = n., or
! . 3" i 1 13 1




v

S

the column sums, :Z: nij =

number of tran51t10ns, n, in the scquence An example of this ang -

other matrices are presented n Figure 2-3.

Thc probablllty of th transatlon from a state to another state

is calculated by the general formula:

W
A

These probabilities are summarized in the transition prob&blllgy matrix,

P, ‘in which each row ‘sums to 1.0. Thls‘matrlx 1s the most expressive
in a Markov analysis and is usdd for further interpretation.
In order to test for the presence of the Markov property in a

sequence, Anderson and Goodman (1957) devised the statistic
\ N "
-21 =2 log (P . / P Y
oge)\ Z _ 09, (Py5 / 5 |
1] . !
where the quantity (—Zlogex ) for s states is asymptotically diStributed,
a Chi-square distribution with (s-l)2 degrees of freedom for a regular
Markov chain or (s-l) -s degrees of freedom’ for an embedded Markov
chain. The null"’ hypothe51s for this test i#s that the sequence under
con51deratlon was produced by a random or 1ndependent events process.«
The probability of a transition occurring randomly is

eij = nj / (n—ni)

for an embedded Markov chain and by

e . = nj / n | ",

e

for a regular Markov chaln (Pottcr and Blakely, 1968 Read, 1969) These‘j

~

prObablllthS, 1nd1cat1ve of a random- process, are combined into the

JndegendggEAevcnts matrix, E. - ‘ : , .

»
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S

~\\x\\exemplify this phenomenon, and'cyclicity.ofosedimentary sequences is a

~——and--then 'try , to- exp'lain' the- Cal‘i’se' (SchWa’rzacher', 1975y,

R

. . : "q . . . . .
Greater insight may be’gained into the most prominent non-random

. . . - : [
‘transitions by constructing the difference matrix, "D, using. thé formula

'

*

whioh is the subtraction of an element of the .independent events matrix

from the equ1valent element of the transition probability matrix

(Gingerich 1969) .POSltlve elements in the difference matrix represent

- B

those transitions which occur with greater than random frequency.

\ -

‘2.4 Cyclicity and Markov chain analysis

T Man has a basic drive to explain his surroundings and to find

. :
order in complex, random—appearing systems (Zeller, 1964). Geologists,

\-",

partiohlar case in' which geologists attempt to find order ih a system

=

\
“The development ‘of the concept of cycliCit) in geology began in

the early. 1800 s, and soon afterward the study of cycliCity of particular
sedimcntary scquences began w1th the early work done on the Carbbnlferous

‘\

‘codl measures- of eastern North America and Britain.

s 4

+« By 1962/ Duff and Walton found a great proliferation of .confusing

~

and ill- defined terms in the: literature which they attempted to 0vercome
by adding their own definitions. A_cycle‘in SedlmentarY1rOCks was i\’\\
Bdefined to be ":\. . a grodp’oflrocks which tend to occur in a certainv
order and which contains one unit which is repeated frequently throughout
the succeSSion" (Duff and walton, 1962, P. 247).  In the same paper; a’
modal cycle was.definedfas\the\group of'rocks mos common in a succeSSiOn.

.

CritiCisms of the concept of a modal cycle are that it represents. only .

26
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a portion of the total sequence:and’ that the tops and bottoms of the

cyclg have to be chosen arbitrarily. (Schwarzacher, 1969). Controversy

still ariseérover.definitions of gecological cyclicity but it is

generally accepted that a sequence‘is cyclic or rhyfhmic.if the rock

'

types are ordered into pattgrns such as ABCABC . . ,'or‘ABCBABC§5¥,~1~C”'

P TN !

or CBACBA . .\., etc. (Duff, et al., 1967; Schwarzache¥, 1969).
It should be obvious that a cyclic sedimentary sequence will
have a Markovian memory‘or dependency since the same series occur

repeatedly in the succession. A critical point is that .a sequence with
. . \ ! -

Markovian dependency may not be cyclic according to the above definition [

(Ethier, 1975). . o /‘
In the sequence he_StUdangfclngfflch (1969L3took the positive *
elements of the difference matrix (tﬁe'example ysed in Figure 2—3)'55 ' & .

the most probable gpwatd t:anéitions between rock types and graphically

'displayed'the relationshipsfﬁs follows:

— . ' —- ‘__J : .
L—)sandstonef;—————f—?mudstone——~ﬁ7——->lignite } )
limestone : | ' ) - .

To this representation he applied the term "fully developed cycle."
~ Other apthoré} usiné the same method aﬁd‘similar diagrams, have applied

terms such as "Markovian transition scheme" (Doveton, 1971), "cyclic
i :

processes" or "facies telatibnships"'(Miall, 1973), and "Markovian
cycle" (Jones and Dixon, 1976). Some of the terms imply cyclicity which ' T

may not be present !'in the sequences represented and so, thc'pést term
: : 4 - ! ' -
to use would seem to be Ethier's (1975f/"transition pattern." . :

'

Schwar;acher‘(1969) has applied mathgmaticai concepts to geblogidal '

cyclicity and defined cyclicity to be the‘repetition of one or more '

v . : ‘ : , g




by expohenfial curves are termed non-oscillating and have no period of

' ﬁ(schwarzacher, ,1969) (Figure 2—4C); The period of recurrence of a

28

f
3

lithologies in a vertical succession at a brefer?ed period threcurrence.:
In mathematical terms, the repetition of an event regulail}lin time
would'reéresent perfect periodicitx. If ﬁhe reéetitions were damped

for somé natura_l Qéason, the sex;'ies of evcnt; woﬁuld havve a quasi=~

L4

periodicity or oscillating behavior (Schwarzaéher; 1969).

Powering the transition probability matrix
o . NS

Upon raising the transition probability matrix to successive

powers (Pl; Pz, P3,>. . .) ‘the matrix will converge to a matrix Pn,

n— 02, in which all the rows are identical. Any row of this matrix

is Qalled the stable probability vector which represents the proportions-'
i : “ . .

of the various lithologies in a sequence if the matrix had onigina}ly

been structured as a regular Markov chain (Potter and Blakeiy, 1968) .

] '

The elements of the transition matrix may approach tHe stable

[ s
‘

value exponentia}ix\?r by a sefiés‘Of damped,oscillafions; Graphically
\

. ‘ ~, R v . .
this convergence is rébreggnted by plotting the -transition probability

of an element of/ the mitrix é:\successive powers against the particular
-4B). Those elemen!s which approaCh'the stable value

power (Figure 2
: / )

‘ “

recurrence within the section. pscillating curves are generated by -
the transitions with a specific period of recurrence (Schwarzacher, 1968).

\

The period of recurrence may be determinéd by calculating and

a

piotting~the recurrence prpbability, f&, by the formula

n n 1 n:i . . n=1 i! . at

£ = pt - gttt L S

5~ P35 7 %5 P55 i Pij :
' <~

lithology is the‘p?wer opposite_the highest value on tgp recurrence

o, L . . i
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probability curve. The power represents the number of steps away from

the original occurrence dhere a lithology may be exéected again.

This may be converted into distance by multiplying the number of steps
by the sample interv. 1sed in generating the original matrix (Schwarzacher

)

1969) .

Eigenvalues of the transition probability matrix

Vistﬁlius and. Faas (1965) and Schwarzacher (1969) suggested
the cigonvqldcﬁ.of a transition probability matrix may be used to yield
«more’ information about -the dscillating nature of the matrix. Some

+

gharacteristics of matrices must be mentioned for a lucid discussion.

.

A diagonal matrix D of the form

.
rj\ .. 0 . 0
1
L
D = 0 ... A ... 0
- l
N "0 . 0
L n |

becomes the following matrix after successivé multiplication with itself

v

(Jacquard, 1974, p.S543).

The powered value of ah n x n Square matrix A may be found if Ai

"

can be expressed as ‘the product of three -matrices



A =cpc !
{

where D is'a diagonal matrix and_C_l is the inverse of C (Jacquarxd,
. - . 1 , .

1974, p.543).

, ’ 'v.j.!l e . ‘ . .
By multiplying both sides of the above equation, the matrix .AC

becomes equivalent t& a set of n hombgeneous equationé with the form
.+ (a- - A)c. =0
i n .

a. . c .+ . . .+a_c .+ ..
nl 1li “nk ki “nn i

/

If the determinant of“theAcoefficicnts.of these equations is

expanded to a polynominal equation, thé roots, ),1 to }n' may be found

and are the cigenvélues of the matrix A. The constants, ¢, may be

found énd form the matrik C which is the column eigenvector fJacquard,

1974). o o | f . .
Théfefbre, it caﬁ be seen thatlﬁhe gxgénvalues of a matrix will

. | ’ R .
control the convergence of the matrix A (Jacquard, 1974, p. 551) sincg

|
N i
\

A stochastic matrix such as a transition probability matrix
. a . . f .

will have at least one eigenvaiue_equal to one and the rest will be
equal to or smaller than unity. If there are negative or ‘complex

eigenvalues in the matrix then the higher-drder transition probabilities

will approach the stable matrix by a series of damped oscillations -

‘

(Jacquard, 1974; Schwarzacher, 1975).
The amount of démping of jthe oscillating may be measured by

finding the modulus of the complex éigenvalues (Schwarzacﬁcr, 1975} . ©
. N . N . o \ '

In a periodic case, the modulus of the complex eigenvalue IA‘ =1l; a
. [ :

modulus ncar one. represents quasiperiodicity (Vistelius and Faas, 1965);

¢
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as the modulus approaches zero, the damping increases.

Geologiéal cjclici;x

The term cyclicity‘hds two distinct meanings in this paber énd
they are éistinguishcd by the terms fluvial éyclicity and geological
cycliéi?y. Geoloéical c&clicity was définéd by_Schwarzgqher'(196§)
and is discussed in this scction. It is(a fhickness-baged cycli;ity

since it is dependent on the thickness-based regular Markov chain
structure. Fluvial cyclicity is the widely-us concgption of cyclicity
I il
. ' 1 ) : : .
as it applies to alluvial plain sediments. This typé€ of cyclicity is

better defined as a process-based cyclicity as it is derived from

[

observations ¢of sedimentological features and the embedded Markov chain.

"Schwarzacher (1969) definedb"geologicalrcyclicity" to be ". . .
the propcrtiiif a series in which the higher transition probabiiities
. / . :

approach Equilibrium by a series of more or less damped oscillations"

(p. 22). There are two limits to this definition with the first being
perfect periodicity and the second, damping so extreme as to cause a

[ : .
. A . :
recurrence maximum at step or power one which is not considered a .

éeological cycle. Table 2-2 summarizés the definitioﬂs of‘thg poséib@e
types of ;Fratigraphié'series."
: !

The Tatrices in Figure 2-4A rep;esent the types of series listed
in Table 2-2. Matrix (a) is an independent random series and métfjx
(d) is a.de;erm;ni§tic periodic series. The transigibn probaﬁilisies:
of the first element for matrix (b) représent a ﬁon—o§cilla;iﬁg r;ndom
seriecs. The transition ﬁrobabilities and recurrenée‘probabilities of
the first element of matrix (é) sﬁow§ an pséilléﬁing'randQT §eries'wi£ﬁ‘

-a period of recutrence of three units.

s
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Type of serics

Transition matrix

b4

Independent random process
[

Non-oscillating random series

Oscillating random series
(geological cycles)

Deterministic process
(mathematical cycles)

! ~

. ‘ '
Rows of transition probabilities are
identical and remain the same upon
powering.
] ;
Transition and recurrence probabili-

‘. ties exponentially approach a

constant value.

Transition brobabilitiés reach

stable value in a series of damped
oscillations. Recurrence probability
maxima different from one. '

Powers of transition probabilities
do not' converge. .Spike like recur-
rerice probability maximd. - !

Table 2-2. Typés of stratigraphic serics {modified

after Schwarzacher, 1975, p. 260)

#

Since no quaﬂtitative analysis has yet defined’'an independent

random nor a deterministic sequence ‘of sedimentary rocks (Schwarzacher,

1975), stratigréphic sections must be tested for oscillatory behavior

in order to differentiate between oscillating and non-éscillating series.
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CHAPTER 3 y :

; . ]
REGIONAL STRATIGRAPHY OF THE BLAIRMORE GROUP

3.1 AStratiQraphy

The first geological report about the:Lower Crctaéeous_continental
. : : c e .

strata of southern Alberta was published by G.M. Dﬁwgbn (1886) who

'

divided the sequence into a lower coal-bearing sequence and an upper . .

"barren" sequence, overlain in the Crowsnest Pass redion by tuffs and .

)

Aagglome}atesz On the basis of two distinct floras, he applied thé‘nﬁme_
"Kootanie series" to the coal-bearing strata and to the lower, unfossili-
ferous, "barren" beds'ang‘the name "Dakota series" to the higher,

fossiliferous strata just below the pyroclastics.
. J.W. Dawson (1886) proposed a- threefold division tq_this L
¢ . X . ) .\ ’ : .
‘succession based on'a study of G.W. Dawson's fossil collection: -a lower

‘ . - ' i : ’ '
"Kootanie series," an "Intermediate series,"” ‘and an upper "Mill Creek

P
|

.series.”

i@ach (1912) restricted J.W. Dawson's "Kootanie series" to the
coai—béaring”strata and renamed gt_the "Kootenay Formatiqn." In i9l4,
Leach épplied the name "élairmore Formation" to £he seque%ce of qdntinen-
btal cldstics between a conglomerdte at the tbpﬂof/the Kootenay formation
and the OQerlying 5CroWsnest volcanics" (reélacing "Dakota Formation;).

The conglomerate was moved from the Kootenay, Formation to the base of

+  the Blairmore Formation by Rosé (1917), who recoghiied the uﬁconforﬁity
/ .

k.. o ’ . \I
: . : A
' : Hage (1943) was the first to use the terms Blairmore Group and

at the base of the conglomerate.

’

'
\
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Crowsnest Formation, the latter being the pyroclastic'sequenoe at the

top of the group. Norris (1964, p. 515) aivided Hage's Blairmore Group

into the basal Cadomin Formation overlain by the informal units: "lower

Blairmore, 'Calcareous Member,! middle Blairmore, and upper Blairmore"

an’the basis of sandstone petrography and the presecnce or absence of

limestone and conglomerate. !

At the same time, Mellon and Wall (1963); using petrographic

data'as_well as floral and microfossil distributions, divided the

i

Blairmore into the Lower Blairmore (which included the Calcareous
_Member), the Middle Blairmore, and the, Upper Blairmore. For the first

time, the Crowsnest volcanics were included in the Blairmore Group

, .
instead of being described as an overlying formation.

1
)

Mellon (1967) applled formal namc¢s to thc prevnous informal

dl&lSlons of the Blalrmore Group and also proposed a type sectlon for

l

lb

the group along Gladstone and M111 Creeks 1n the southwestern Foothills

. ~

of Alberta. Mellon and Wall's (1963) Lower, Mlddle, and Upper Blairmore
became respectively the GladstonevFormatlon with the Calcareous Member
at the top, the Beaver Mines Formation, and the Mill Creck‘Formation‘

with the pyroclastics at the top ‘denoted as the Crowsnést‘Member. These

N

names are restricted to thﬁ south and south-central Fbothills of Alberta.

@

t

Gladstone Formation o . o

The oidest fornation of the Bla;rmore Group is the Gladstone
Eormation,'the nase,of.wnich is ;arked by arconspicuous chert-quartzite
conglomerate or pebbly sandstone which'is'equive;ent.to.the Cadomin
congiomerate. _The conglomeratepis;regionally unoonfqrmablevon the
underlyiné Kootenay-Formation.:‘The'local erosional relief at the pase '

' [y
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of the conglomerate is normally less than one metre, however in the
Crowsnest Pass region, ‘the rellef is 'several metres over a few kllometres

N

w1th the,amount‘of erosion Jncrcdslng toward the ecast (Norrls, 1964; o
Vincent, 1976). |

K fhe middle portidnuof the Gladstonevconsists-of interbedded
claystenes, siltstoncs; and sandstoncs. The .sandy units. arc distinctive
in the abundance of roundcd qnartz and chert, locally abundant trans-
ported dolomite, the>scarcity{of mctamorpnic and igneous_detritus, and
heavy minerals=of’zircon, tournaline, and rutile (Mellon, 1967). ;

The Gladstonc Fgrmation is capped by the Calcareous nember in

southern Alberta. -This memberzconsisés 65 interbedded fresh-water

»

limestones and calcareous shales and extends northwerd to the vicinity

{

of the Red Deer River and eastward under the SOuthern‘Albefta Plains

(Mellon, 1967).

Beaver Mines Formation L

\

The contact betWeen the Gladstone Forﬁﬁtlon and the overlylng
Beaver Mines Formatlon is sharp and well deflned, being based ‘mainly on

petrographic differences. The Beayer'MineSAFormation is a sequence-
\ .

‘of green grey, feldspathlc sandstones, local conglomerates, and sa}t—
stones 1nterbedded wlth grey dnd mottled red'and green 51lty claystones’
(Mellon} 1967). No reglonal markers are present in the Beaver Mlnes
Formation compsreble to the-basai conglomerate and the Calcarequs.ﬂembef

of the Gladstone (Mellon and Wall, 1963). "

3 '
The sandstones of the Beaver Mlnes Formation are very hetéro-
S \ | o
" geneous ln‘cpmp051tlon, consisting of angular quartz, feldspar, and , '
finely crystalline metasedimentary and volcanic rock fragments. - The

s

36



'

dlstlngulshlng features are the hlgh proportlon of volcanic detritus,
abundance of plagloclase and chlorlte, heavy mlnerdls domlnated by
: epldotc end brotxte, and the wide variety of authlgenlc cements (Melldn;
1967).

Theidiffcrences in sandstonec pctroéraphy among the thrce forma—
tions are clearly seen in the ternary diagram in Flgure 3 1.

The Gladstone.and Beaver Mlnes Formations both contain a non-

'

dlcotyledonous flora which Bell (1956) and Mellon (1967) termed "lower

Blalrmore flora."

’ . . '

Mill Creek‘Formation

»

A regional break in sedimentation between the Beaver Mines '

Formation and the succeeding Mill Creek Formation is recognized»by

. changes in sandstone composition and floral content between the-two

formations. '
The Mill Creek Formation is restricted to southern Alberta

: south-ofbthe Bow River. The formation con51sts of quartzose, cherty R
‘sandstone and conglomerate -and varlcoloured claystones whlch grade

upward into the alkall rlch pyroclastlc rocks of the Crowsnest Member.

The sandstones of ﬁhe lower sedimentary part of the formation
e . .

v

are composed Drlmarlly of quartzosé\detrltus and fine gralned sedimentary -

!
or metasedlmentary rock fragments./ Volcanlc detritus is ubiquitous

throughout the formatlon but 1ncreases in abundance toward the top of -
" the formatlon and the Crowsnest Member (Mellon, 1967)

The interbedded sedimentary and pyroclastic detritus at the top

of the Mill Creek Formation is included in the formation as the Crowsnest

'

Member because of vertical and lateral gradational contacts with the

37



" Figure 3-1.

I TR ..\,'. [P TS LRI U / EERaE P : ..

NNy

GLADSTOUE BEAVER MINES v MILL CREEK
FORMATTON FORMATION - FORMATION
n =20 n = 67 " n = 28

\

.Tenary diagram showihg the relative proportiéns of
ccrmon detrital constituenté in modally analysed
sandstones of the ﬁlairmpre Giéup (modifi;d from_Meglon;

' 1967; Gladstone Formation, Figure 31; Beaver Mines
Formation, Tigurg 34;)Mi11 Creek Formatibn,'Figure 45) .
(Q) quartz, (CHT) chert, (RF)'nonvqlcahic rock'

fragments, (VRF) volcanic rock fragments, (F) feldspar.

|
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~:>1ower sedimentary part of the formation (Mellon, 1967). The mémper

'attains'its greaéest_thickness near Coleman, Alberta but thins quickly
in all directions and is not present east of the Foothills nor north

of the Oldman River in Township 12.

The nature of the pyroclastics indicates an explosive origin of

the material from a differentiated alkali trachyte magma (Ferguson,

s

: ' <7
et al. 1976). TqF Crowsnest Membeér tuffs and agglomerates contain

N

volcanic rock_fragments,'potaph;féiéépars, and lesser amounts of

pyroxencé, garnets, plagioclase, and analcimec, all of which are primary
. \ ;

(Mellon, 1967; Pearce, 1970).
a ;

The Mill Creek Formation contains a dicotyledonous:flora ("upper

Blairmore flora") which is more advanced than the "lower Blairmore
o o

—flora" (Mellon, 1967). ' -

Age and correlation

'

Mellon (1967) presented a thorough discussion of floral and
microfaunal distributions énd age determinations in the Blairmore Group.

Only the conclusions of that discussion will be presented here.

The basal part of the kooténay Fbrmatiph'has been dated as

Late JuFassic (Mellon, 1967) whereas the floral content of the hpper

\ .

part of th~ formation (Bell, 1956)‘sugéests a Barremian'(Lcwer

Cretaceous) age. It is currently accepted that the Kootenay ranges in

. age from the Late Jurassic to the Early Cretaceous (Mellon, 1967).

The lower age limit of the "lower Blairmore flora” is indeter-

minant; in conjunction with microfaunal studies, a Lower to Middle

Albian age is suggested forcztiaiifﬁgr Blairmore flora" in the type
-area, and thus for the Glads one and Beaver Mines Formation (Mellon'énd-'

Wall, 1963; Mellon, 1967) .
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The "upper Blairmore flora" is found only in the Mill Creek

’

Formation and so is restricted to southern Alberta.‘ The Age of this; »

flora'is late middle Albian or late Albian, thps establishiné the upper |

age limit of the Blairmore Group in ?outhern Alberta (Meiloﬁ, 1967). N
”Deposiéion of the Blackstone Formation which overlies the .. -

Blairmore Group began in the Cenomanian of.Turonian. In the norghérn

part of the-study'?rea, the ﬁlackstone containé‘a fauna of the séme age

as the "Fish—scale; marke£ which has long been considered the ﬁower;

Upper Crétaceous;boundary. In the southern part of tpe area, the b&se

of the Blackstoné‘Formation is sqmewhat younger (Mellon,'l967);‘ ;

Correlative units of the Blairmore Group are presented in
. ° !
7 I

Figure 3-2.
‘The presence of coal seams in the Lower Blairmore of the. central

and norfhern Foothills prompted McKay (1930) to divide the Blairmore

“\ 1
.

Group into the Cadomin, Luscar, and M~untain ParkfFormétidns.,'In

the same area, the lateral equivalent of the underlying‘xootenay

'
3

Formation is the Nikanassin Formation which does not contain coal.

, Several sets of formational names have been proposed for Lower
| . ' : B

Cretaceous strata for various parts of the Plains. In southern Alberta
the lateral eqyivalent of the Blairmore Group is the Mannville Group.
The Lower Mannville is correlative to the Gladstone Formation and

contains a lower Sunburst Formation and an upper "Calcareous Member"

i » .

(Mellon, 1967) or "Ostracode zone" (Brown, 1976). The upper Mannville
. is equivalent to the Beaver Mines Formation, and the Mill Creek Forma-

tion laterally intertongues;with'thejlowermost marine shales of the
: : Co . T

Colorado Group (Mellon, 1967).
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3.2 Paleogeographyaﬁg/;;>tonics ' : ]

' Basin.

S e e W Lgh 1 e Ly e ea Ty e

Lo

4 .
o

The Kootenay Formation is part'of a molasse sequehce which

records the end of mlogeosyncllnal dep051tlon which had contlnued in
[ ron !
southern Alberta from the Late Precambrlan to the Latel Jura551c.
12

. Tectonism in the’ Western Cordlllera caqsed uplift\and the beginning'

>

e
(Sf\the building of a clastlc‘hedge wh;ch spanned Late Jura351c to

-
"

Early Tertlary tlme‘(Prlcé‘and Mountyay, 1970 Rapson, 1964) . Dickinson
. [

(1976) uSed the term Récky Mountain foreland ba51n for the arca of this ,“\

.
. - "

wedge east of the present Rocky Mountalns, ‘Stelck (19?3) called the
¥ T S \

R \
- ° - -

part of the foreland basin in southwestermyAlberta the West Alberta -

. '
. . . H
- 1

IS [ RN .

L ., 1

The Late Jura551c was marked by the earliest phase of the

-
’

- - “N
.

Columblan orogeny (Wheeler, 1967) and tectonlc eplsodes cbntlnued

sporadlcally into the mid- Terltary, culmlnatlng in the Laramide oroﬁeny

‘ »1n~thc Eastern'qOrdlllera (Price and‘MountJoy,.l970; Wheeler, 1957).‘

Price and'Mountjoy (1970) proposed a model in which intrdsienv

1 R ; ' X
i LA -

in the Western Cordillera produce& upwelling and lateral spreading in

the uPper crust. The lateral spreadlng in turn caused deVelopment of

.

successive, subparallel thrust faults, in the Rocky Mountalns, each

"intrusion prompt1ng*a local surge of thrust1ng. Hlatuses w1tn1n the

. clastlc wedge represent quiescent perlods for the faults. ' |

- 1
&

w;ﬁh;time, the thrusting migrated northeasterly, the clastic

wedges,becomxng thlcker to the west as they abutted agalnnt succe351vely

emergent thrust sheets (Price and Mountgoy, 1970) In relatlng the
; SR 3

A

Columbian and Laraaldo orogenies to the actlve subductlon of the Pacific
plate under the North Amerlcan plate, D1ck1nson (1976) called the area

of thrustlng the backarc Eold Lhrust belt. =~ : o j T



'

The Late_jufassic—Early Cretaceous Kootenay Formation overl;es

the marinc Fernie Formation. It records an easterly-prograding deltaic

env1ronanL (Jansa, 1972) and reflccts the first upllft in the - west.

Beforc the deposition of the basal Blalrmore coﬂ%lomcrate, hundreds of

metros of~Kootenay sediment wcre'eroded from the arta of the present

Foothills; the erosiohal surface had low relief and truncat?d

1964),.

b
'

A successively older strata in an casterly direction (Norris, 19¢64; Rapson,

, . . - -
.
» B ’ . B
. ' . A

. ‘P .
The basal Blairmore conglomeratas, éepositcd by high-encrgy flow

in a braided river-alluvial plain environmcnt (Jansa, 3972; McLcan,

| .

1976) represents renewed upllft to the west. The rest o& the Gladstone

bl

/ .

Formation is dlqtlnctly f*ner gralned and was deposited in an alluv1al

floodpla1n and lake enviromment (Norris, 1964)

pulses

‘,K?rice

of thg
of the

(Price

Blackstone marine environment ended the continental deposition

The Beaver Hlnes and Mill Creek Formatlons were also dep051ted

Ay

in alluvial environments (Norrls, 1964). The differences in' sandstone

petrogfaphy and the widespread hiatus between the two formations reflect

in uplift and variations in the source areas due to tectonism '
and Mountjoy, 1970; Mellon, 1967).

A hiatus at the~top of the BlairmorcgGroup and the transgression
Late Jurassic-Early Cretaceous portion of the le§tic_wedge

and Mountjoy,'l970). "

Mellon (1967) and Holter and Mellon (1972) have attempted to use

the Gladstone and Bcaver Mlnes format10na1 names for the whole. of Lhe

o

outcrop trend of the Blalrmore and equlvalent continental strate in the

Foothills and to apply a facies model to thp complete trend. A

- fluviatile depositional environment with interfingering marine tongues

13
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}

in the northern Foothills was invoked for the Blairmore Group and its

lateral equivalents. In both papers (Mellon, 1967; Holter and Mellon,

1?72), it was suggested that the Blairmore Group contains examples of

&yc]_ic sedimentation. Two "ideal" cycles were déscribed for the

4

i

Blairmore, one-g¢nera€ed by migrating point bars in a meandering stream
and the other by a prograding coastline. It was admitted that considerable

variation was observed in the field and the variation was explained in a

[

single sentence by the statement that the great variation could be

expected. in complex fluvial and deltaic environments.

i

Burwash, gE_gl; (1964) divided the Pfecambrian.bascment under .

2

the plains of Alberta into a number of areas with the suggestion that

\

the different arcas had contrasting compositions and specific gravities.

The line of diVision betwecen two of the arcas passes through Calgary in

a northeasterly direction. Stelck (1975) has sﬁggcsted that this

differentiation of the basement is rcspohsible/for the restriction of
L

. the Mill Creck to the south of the Bow River. Discussions with Stelck

(personal communication, 1976) provided the. suggestion that the basement

may have affected thc‘dppéSition of more of the Blairmore Group than

justiﬁm,Mill Crceg-Fbrmagggh. If this is the case, Mellon's (1967)

‘and Holter and Méllon's{(l972) assumption that controls on the deposition fa

of the Blairmore extended over the length of .the Foothills could be in

error.
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- 4.2 Type section

CHAPTER 4

GEOLOGY OF THE MEASURED SECTIONS

4.1 1Introduction

The three sections of ?hé B]éifmo:e Groﬁp chbsen for measurement
were Mellon's type section (1967) southeast of the CrdWSAést.Pass region
of Alberta, the section along the Sheép River, and the section on gu:nt
Timber Créek. These were'chosen for the ease of aécess as‘weli as length
and complctencs$‘§hich weré needed fof.uée in the Markév analyses.

Figure 1-1 shows the gencial locations of tge sections., Location
‘descriptions of the éections are found in Figuré 4-1. Appendix A
consists of the detailcd'descriptions of the sections as measured for
this study and Aﬁpendix B lists tﬁe'sample»descfiptions coded for cluster

3

analysis.

-, Location and access

/ ! The type section of the Blairmore Group (Mellon, 1967) .is a.
composite section measured in thred‘exposures'along Mill Creek and its
tributary, Gladstone Creek. The area is 20.6 km. (12.8 mi.) southaeast

.

ofqBurmis-and 18.0 km. (11.2 mi.) southwest of Pincher Creek.
Mellon (1967) used three sections to obtain his type section,
but due to the abnormaily high,>p03t—flooding level of the streams, :

Mellon's "eastern” section (the middle portion of the group) along Mill

Creek was deleted. The lower 280 metres (919 feet) of the Blairmore

' . . ] . z

as

.

>



46"

"$°s°1°@

- - . -
*SUOT3ed0T UOT3D8S paansesy *T-¢ axnbTa ,
’ - ) (9961
- ‘MBYSUBIBTTO) G96T-TT deu 5s5
iy 41T/0 78 dew SN
: \ ! -
N .8¢ ,S€ 1§ . M6 STT i
o1 N - - 3 ~
O3 N ,9¢ ol | 93 M-,8T .6 oSTT /... WSM 6°d 0f*dg co,.nmwmwm 3991) 19quTy juang
- (96T ‘@ben) vizg dew Hso
RN 30t/c zg dew sIN
N w62 LE 4,05 M.0Z Ty vIT | WSM §°d 61°dL 6T-0ag ) -
O3 N WTT 4LE 405 P3 M .9% , 1 Rasi WSM 974 61°dl pz-oss UOT303S 94Ty dosys
- (Ev6T ‘oben) veg. dew pgo
; 48/9 zg dew SN
N W07 .vZ oY M .6€ 16 ETT ~ WSM z°Y -
°3 N .92 b2 67 0% M 8T .6 1T §°dL €1°99s &d 231D TTTW
N WIT (€T 6% "WSK 2°¥ gedg .
°3 N .ST .2z _6¥ M .8% ,8 JIT 9Z°29S Ky hmm.umm kM %881y suo3zsperH
B .. A - uot3das "adiy,
JANLILVT 2ANLIONOT NOIIDIS

x




'Mill Creek in Section 13, Township 5, Range 2, WSM.\

" formably overlies the Kootenay Formation. The conglomeféte‘grades upward

47

*
N ‘ ) |

Gfdup was measured on Gladstone Creek in Sections 25 and 26 of Township ‘

\

5, Range 2, West of the 5th Meridian. The portion of the section between

280 metres and 590 metres (1933 feet) above the base was iocated élong
. ! _
&

Access is available to Gladstone Creek albng good secondary'rodds

to the west of the stream and then by foot down to the stream. Secondary

N L] .
and private roads south and west of Beauvais Lake provide access to the

. e

eastern side of Mill Creek and from there cne must walk to the sectién.

v

General geology

Imbricéte tﬁruSt faulting %ag exposed‘the‘Biairmore Group in
‘sevcraivpa;aligl,'elongate biOCkS in the area of th¢~type sectioﬂ (Hage,
1943), where the strata dip to the southwest.at 45° to 66°; Minor QPrmal
and ﬁh}ust faults weré oEseryéa.in £he sectidn and cémpénsation was | :

made for them where=necessary..'fhe gedgralizgd‘geology and tHe seétion

locations are shown .in Figure 4-2 and Figure 4-3 is a graphic 109 of
. t .

the section. ‘ -

‘The section along Gladstone. Creek began at the base of the

3 metre thick basal Blairmore cbnglomerate and sandstone which unconﬂ ;

into quartzose saﬁdstone'and_varicloured claystones and siltstones, '
typical of the Gladstone Formation. tThe total thickness of the Gladstone

is 77 metres (253 feet) with the top consisting of 14 met;és (45 feet)b

l , i :
of very fine grained limestone and calcareous claystone of the Calcareous

'
' i

Member.

2

i
The lower 204 metres (669 feet) of the Beaver Mines Formation ’

was also measured along Gladstone Crecek. The base of the formation was

' ¥
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'éet at fhe base of non—célcareous claystones and siltstoﬁeé whiéh overlie
the Caléareous Member and which grade upward inQo a 'pebble conglémerate.
The férmatioﬁ:qohsistsvméinly of grey or red and green claystones -inter-
bedded with thin Sandstone'ﬁnits. Thick, medium“ﬁo_coérse grainea,
green—gr;y, generally‘massivg Séndstoneé were obserqu at.61.aﬂd 151.

'mqfresﬁabove the base of the formation. - ' B S

The{upﬁer 95 metres of the Beaver Mines Formation was measuted

\

in .exposures along Mill Creek. The succession of interbedded claystones,

siltstones, and sandstones continue for this'part of the formation.

. *The top of the formation was set at the top of 12 metres of interbedded

claystone and fossiliferous limestone. This carbonate unit had not Heen
described previously and is included ip the Beéver'Mines Formation since

the oVerlying‘sandstonéé were distinctive and typical of the Mill .Creek

Formation. 'The total thickness of the Beaver Mines is 298 metres (978

-

feet). - _ S
The Mill Creek Formation, including the Crowsnest Member, was

4lfound to be 215 metres (705 feet) thick. The base of thé volcanic

rocks of the Crowsnest Member was gradational and was set at the base

of the lowest, thick, massive tuff, 89 metres above the top of the .

Beéver’Mineé‘Formation.'»The lower portion of the formation consists
of light-célored sandstones and grev or mottled red and green claystones
‘and siltstones. Particularly thick, cross-bedded sandstones were

observed 18:and 42 metres above the base of the formation. .

' * g ' .
. The Crowsnest Member, 125 metres thick, consists predominantly
of volcanic tuffs and agglomerates. Many of the volganié units exhibit

evidence ofvreworking by water and are interbedded with claystones and

v

siltstones.
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Overlying the Mill Creek Formation are the easily recogniied,

fissile shales of the Blackstone Formation.
The type section is fairly typical of the three sections

discussed here in terms of sedimentary structures. Trough cross-—

stratification was obsexrved.once in a conglomerate, three times in
medium grained sandstone, and twice in each of fine and very fine

] . AP i .
grained sandstone. An unldentlfled type of cross—strat;flcatlon was

observed only three times and ripple marks were noted five tlmes.

Ten occurrences of calcarecous concretions were. noted. These

- : al '
were mainly contained within claystone units and were not.within close

vertical: proxlmlty to any thick sand tone. Plant fragments were

observed 1n the flner grained l1tholoq1es but most of the sand ;tones

. ( .
contained a detrital'fraction of carbonaceous materlal. Mud clasts

. S AR )
were rare in abundance and recognized only in the finest grained
lithologies.,
Lithotzges

The 261 samples collected from the type section were described

l

and coded - for cluster analy51s according to the detailed descrltlon

| outllned in the "Sample dqscrlptlon"'portlon of Chapter 2. The numbe*

of attrlbute states used in the analySLS was 130, and’ the resultant
‘dendrograpH is shown in Figure 4-4. |

The second cluster analysis which excluded the petiographic%,‘
data uses 244 samples descrlbed by 69 attrlbute states. As stated
in Chapter 2, the two cluster analys1s ‘methods grouped the samples in

I

a very similar way -and thé second clustering (Figure 4-5) was used to

~code the section for ‘further study

(J','

i
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The difference in\the,number of samples between the two analyses
. i .

" was due to the elihination of the limestone samples from the second

-
analysis. Too few carbonate units and transitions from carbonate to

otherﬁlithologies were present in the section for meaningful inclusion

in Markov analysis and hence they were deleted.

The descfiptions of the main clusters of samples or the litho-
' . . \ -

types are aslfollows:

\ ‘Lithotype Tl: mean grain size of-verybfine sand with a range

of silt to fine sand; subangular to subrounded clasts: poor to moderate
» C \ b '

sorting; green-grey, weathering grey; "sharp to gradational lower contact; -

rarely cross ibedded.
Lithotype T2: mean graln size df silt, range of clay to very
f1ne sand; angular to subangular clasts; moderate sorting; green—grey

\

to grey, weathering grey; sharp lower contact, rarely lamlnated

| Lithotype T3: mean gratn s;ze of cla&, range of clay to silt;
moderately to well sorted; red and green, grey, or green- grej, weatherlng
red and éreen or grey, sharp'to gradatlonal lower contact, local
concretlons, laminations, and élant fragments.

Lithqtype T4: mean grain size of fine_sand, ranging from very
fine to medium sand; subangular to subrounded clasts; moderate to éoor “ %&

softing; green grey, weathering: the same; sharp lower contact; rare

3
A

bioturbation. ‘ . o . Y

[

' .
- ]

Lithotype is: nean grain size of medium sand with a range of .

very fine to medium sand; subangular to subrcunded clasts; mcdegately[ . ' : "
to‘well sorted;J@reen grey to grey, weathering the same; sharp to

gradational iower contact, locally erosional; locally abundant cross-

bedding (mainly in the MillFCreek Formation).
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In addition to clustering the whole section, the samples from
the Beaver Mines Formatlon were used as lnput to a cluster analysis for

use in a Markov analysis of that formation alone. The number of samples
. , ‘

' / . o
totalled ;79 and the attribute states 69. Figure 4-6 depicts the
dendrograph of this clustcrlng and the llthtype descrlptlons follow

thhotype TBMl: mean grain size of silt, rangc_df clay to sit;

angular to subangular clasts; moderate €o poor sorting; dark green—grcy,

weathering grey; sharp to gradational lower contact; occasionally A

/

fgrain sige of very fine sand, range of clay

wl- |
-~

laminated: ., .~ \

.

‘rare cross-bedding and p]ant,fragments.
Lithotype TBM3: mean grain size of fine sand, range of very
fine to mcdlum sand poor to moderate sorting; grecn—grcy,‘WeSthering

the same, sharp lower contact.
Lithotype, TBM4: mean grain gize of medium to coarse sand,

rangevof fine to very coarse%sand; subangular to subrounded clasts;
.4 . . ' \ . L '
modcrate to poor sorting; green-grey, weathe;ing,the\same;vsharp‘to

gradational lower contact{ ‘ |

< Lithotype TBMS : silty clay, graln 51ze range of clay to 51lt-

-

moderately to well soxted; green—grey or red and gréen, weathefing grey

I

.or red and green; sharp lower contact.

Zearidivaas

Lithtype TBM6: grain size of clay, range within clay size;

‘well sorted; grey to green-grey, weathering grey; gradational to sharp "
lower contact; occasional plant fragments and concretions.

v

I
.
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4.3 sheep River section

-
!

Location and access Bﬂ'

The Sheep River section was measured in one continuous cxposure
I ' . ) . v
along the Sheep River in the Rocky Mountain Foothills of southwestern 3

Alberta. .The area, is lodated 30.9 km.,(iQ.Z mi.) west of Turner Valley

~ a

and 69.5 km. (43.2 mi.) southwest of Calgary. Specifically, the section

is in Section 24, Township 19, Rahge 6, WS5M and Section 19, Toewnship.

i

\

1 Range' 5, WSM. o
' 'Forestry roads running west from Highway 22 at Turner éﬁlley

provide accéss to the north bank ofithe;sheep_River; frqm the road one
ol g . : '
must walk down to the section. : oy

'

General geology’ - . S ' : !

The Blairmore Group in the Sheep ﬁive; section crops out on the
eﬁst limb’of ah‘anticlinc with dips ra;gihg between 70; SwW (overturnéd)
and 30° NE (Hage! 1946); }The sectiohs containiﬁhe complete Giédétone .
Formati;;:*aﬁé:égi the Beaver ﬁines and the Miil Creek qumatidns both
hqve'faulted upper contacts._.The complete sectisn is 493 ﬁetres

(1618 feet) thick. Sce Figure 4-7 for a genecralized geological map
‘and section location and Figure 4-8 for a graphic log of' the section..
. The Gladstone Formation is 167 metres thick and unconformably

.overlié§ the Jurassic-Cretaceous Kooten%& Formation. At the base of' ' C o

+

the Gladstone is a 4.5 metre thick chert-quartzité—pebble cdnglomerate. -

Between the conglqmefate,andzthe uppermost Calcareous Member, the

. \ _ - , : .
formation consists of interbedded grey claystone, siltstones, and medium
. . . 3 P .

i

{ . s . A : S ) ) . ey ’
-grey, fine to medium grained sandstones. The sandstone units are less

t

P ENP NS, S S VA SN

than five metres thick and generally massive. The very fine sandstones,

/
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W
: .

siltstones, and claystones -are often bioturbated’or contain concretions.:
’ R : . . t |

\w Transpérted calcareous algal balls ,(identified by C.R. Stelck , 1975)
‘ ! sar

were observed in a few claystone units near the base of the gormation,
- ‘ A
‘o

-7 The Calcarcous Member occurs 134 mdtres above: the base of the

o , cul Sy : .

formation and was measured to be 30 metres thick. This is much thickeﬁ'
. \ ;o RN [N

well below the Calcareous Member.

“’

than previously published measuremenfs (Mellon, 1967) and repetition duef-
, ) o :

to faulting is suspected: The base of -the Calcarcou§ Member is ‘at the
base of the lowest limestone-unit and the member consists of interbedded!

"fresh-water limestonc ;gb!calcareous claystoncs and siltstonc.
Lo ~ The Beaver Mincs. Formation is 240 metres (786 feet) thick with

v

the basé at the lower contact of a fine grained-massTVe sandstonc whicH™
. . . . e o

‘has tool marks at its’ base. The formation is x lc up of grey to green-

gfey.c}aystones and siltstones interbedded.ﬁith :ery fine'grained to - .
medium-grained{ grey tp'gfeen-grey sandstones. @The claystpncszanq; L B
‘ - ' : a3 .

siltstones often contaLQ plént fragments or c¢oncretions and are‘Bften~

. .. . N . 9
Lioturbated. . The finest' grained sandstones areigenerally massive and

con£ain mud clasts. -Particulérly resiseant, thiék sandstene units woreﬂ
observcd at 17 metres (lg;é;hetres th;ck), ﬁ? metres (7.5 metres thlck)
and 118 metres (14.5 mectres thlck) above thg basc of the format10n.4; o
"= These units ere me;51ve and-con51st of fine to coarse graleed, green4“
N grey sandstone., . B,
- . B . . .

The top of the exposed Beaver Mines Formation is Lﬁ’& 12.5

o

f‘

‘claystdne and 511tstone. Thls unlt ‘was 1nterpreted“as a .fault zone in -

é
wh{Fh thé Beaver Mines Fofmatlon had been thrustebver the younger Mlll e
G 2

& C <

Wt

T a

Creok Formatlon. - The fau1L1ng occurrcd near thc actual top ‘of the . Beaver,
L ;“ . . I . ‘
JMinge$fefmation..,‘

« g s .
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ThelMill Crecek in this section is faulted at both the top and

. ; » N
bottom of the exposure. Between the faults, the fo;pation/is 89 metres

‘

(293 feet) thick. The base of the formation is at the base of the

first grey sandstone overlying the red and green claystone unit previously

described as containing the fault zone between the Beaver Mines angd

Mill Creek Formations. The rocks constltutlng the Mill < -eek Formatlon ’
are grey or red claystoncs Lnterbeddnd wlth grey siltstones and medium

N e .
N )

grey, very flnL to flne graihed.sandstonc

3 . ~7%

s-bedding is rare but

‘mud clasts - biot‘rbétlon weré observed in: hhe section but jUSt down-
. «i‘
stream (Seclsgé, Tp. 19, R 5 WSM) a 12 .5 metre thlck grey sandstone

;1};'.:-‘ -
horlzontql éxtent of approximately 150 mctres, laterally gradingfinto

-~
was Qhaerveﬁ‘on the crest of an antlcllne. - The sandstone body has a

N T

yclaystgnes3and Siltstdnes, and was interpreted to be a.fluvial channel
‘.:\ ”)"«. ; - NERRVER A o '

Ceie N A U T

deRQSLEg' T

N I N X . v . .

1 :
In the measured sectlon, the top of the Mill Creek Formatlon e

is truncatcd by a fault along Whlch the Mill Creek Formation was thfﬂtt b

over the Blackstone Formatlon. ? .
. ; R 9 @
The Blagkstonv Formation, con51st1ng of black flSSlle, marlne
L L S,
shales, was observed duwnstream to be overlying the Mill Creek
y. . . ' T
‘ . ] [~ . - ) .

-

Formation.
M N

} -

A greater number of | llthologlc units were recognlzed in the

N i

Shecp Rlver section and subsequently ’here are a greqter number of

;sedlmentary strucgpres,than n the Lype "section. Both large— and small; .

scale trOUQh Cross- stratlfﬁcatlon uere recognlzed. The large*scale

forms were conflned“ﬂprflne and coarser gralned sandstones, whereas the -

-

smaller trough cross-beds were 1h sttstone, very flne gralned sandstone,,

»

and medium grained sandstone. Unidentifiable types of cross-stratification

Al

G



,were all small in scale and were found in fine grained sandstonc‘to
siltstone, probably generated by ripples. 1dentified ripple marks

were mainly confined to the finest litholodies.

Plant remains were found in all llthologles, howcver, they wg!e

' \

most common in claystone. The occurrences of calcareous concretions o
. Vo s v
. . . - : . ) (SRR & .
+h - bioturbation were restri: - claystone to very fine grained ‘»*gﬂ{
. : . Ty e
sandstone, claystone again having the greatest‘abundance. ‘Mud cla )a&B

were prescnt in all lithologies.

" Lithotypes

 The 368 samples collectod from the Shecp River section were ~-i

P

clustered using 77 attribute states by .the method outllned in Chapter 2

|
for the Sheep River and Burht Timber Creek sectlonsf The descrlptlons ’

of the lithotypes z§rived from the dendrograph for the complete sectiopl :
) , \ Y

) ' '
{Figure 4-9) are as!follows: . ® o
) . ; . -
Lithotype Sl: grain size range of very fine sand to'conglomeféﬁe,_

dominated by very fine grained sandstone; angular to subangular clasts;

! ' . \

poorly to moderately sorted; sharp to gradational base; 8% to 20% dark

mine .ls;:. 2% to 10% carbonaceous material; ra&%lant remalns, dark

\ i . o
. PN

green—grey to‘grey, weathering green~grey’to grey. ] -
. L )e"n
‘rl ‘

Lithofype S2: mean graln size of silt, ranggmof clay to medlum
!

sand; angular to-subangular clasts, moderato-sortlng, 1ls to 10% dark

v

nunnrals‘ 1% to 15% carbonaceous materlal, rare plant remalns,_sharp to .
gradational basez_dark green-grey,.weatherlng green—grey or grey.

:'Lithotype's3: mean grain size of clay, range of clay 1o silty
poor to moderate'éorting;.sharp to gradational lower contact; very rare '
| S ’ : )

--»plant‘remains;'daik green—-grey to med;um arey, weatheringlgrey.

«‘ﬁ‘\«

[ S & SR
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e

. lower contact; dafk,greeg—grey to grey, weathering grey. o ‘:\L e R

_ dendrograph (Figure 4-10) are: I . R

511t to f1ne sand; angular to subangular clasts, poorlyikorted 8% to ' ) ' ¥

60

thhotype S4 mean grain size of silt, range of'very fine sand .
to clay, poor to moderate sortlng, sharp lower contact, 0% to 4% dark
minerals; 0% to 2% carbonaceous material; no plant remains; light to h
mediumlgfey, weathcrfng gfey. . l 'l
Lithotype SS: mean graln,size of clay, range of clay to fine o N

sand; moderate sorting; 0% to 6% carbonaccous material; sharp to grada-

tiohal lower contact; occasional plant remains;‘black to grey, wéathering-
, ' . .

grey. ' T o

Lithotype S6: mean grain size 'of cl®y, no range; moderate}y to |

~ i
. |

well sorted; 0% to 2% carbonacecous material; -rdre plant rémains; sharp = "= g

- LY
. R . N ]

L1} A .
) FE B Y e .

: ' A cluster analysis of the samples from only the Beaver Mtnea\,;¢ Lot e
VA '
Pormatlon in the Sheep River section was also performed with 167 saﬁpies :
Ko 0 "’ O
and 77 attrlbute stdtes. The llthotypes chosen from the}resultan§
!

thhotype SBM1:  mean grain,siée of very fine sand‘ range of

20% dark minerals; 3% to 1Q% carbonaceous materlal; sharpﬂl.‘gradatlonal A
base; dark green-grey, weathering grey.

f
[4 . P . . . , * . .
¢ . Lithotype SBM2: mean grain size'.of fine sand, range of very fine

Y PN o 20 A

. - »
to medium ®and; angular to subangular clasts; poor sorting; 10% to‘20%

dark minerals; 0% to 5%'carbpnageous material; sharp to gradational .

lower contact; dark gteenigrey,*weathering grey or?green—grey.
" Lithotype SBM3§ mean grain éize of med;um sand, range of -fine
to coarse sand; angular to subangular clasts; poor sortlng, 5% to 20?

dark minerals; 1% to 5% carbonaceous material; ra;e plant remalns; -
i - , g rex -

-

gradational to sharp lower contact; dark green-grey, weathering gfe?.

\ b
"t\—‘ : ) [ 5




Lithotype SBM4: mean grain size of silt, range of clay to silt;

angular clasts; poorly sorted, 5% dark minerals; 5% carbonaceous material; §

. ‘ s ‘ .
gradational to sharp lower contact; dark green-grey, weathering grey.

Lithotype SEM5: .mean grein size of silt, range of clay tb

!

silt; very angular to angular clasts; ooorly sorted; 10% to 20% dark ..
minerals; 10% carbonaceous material;-occasional plantlremainsé sharp
}owcr contact; dark gréen—grey, weathering grey or green-grey. !
Lithotypc SBM6: grain size of clay; well sorted; 0% to 5% ¥
carbonaceous mqterial; sharp base; occésional plant reméins; dark green-

. ar a X l‘k
grey, weathering grey. ' “"'%FE ““"

Lithotype SBM7: mean grgin size of clay}_range of clay to silt;

poor to moderate sorting; 7% carbonaceous material; gra@gtional to sharp
T ; _ ; A I

lower contact; dark green-grey, weathering grey.

1

4.4 Bﬁrnt Timber-Creek section i |

Location and access' o e

3§brt'of the Blairmoye Group was heasured along Burnt Timber

; o . o
Creck in the south-central Foothills of Alberta. The section is 42.5

.

km. (26.4 mi.) southwest of Sundre and 96.5 km. (60 mi.) northwest. of
. uthwes : P

Calgafy} The exposure is -in Township 30, Range 9,'WSM,'6.S km. (4 mi.)
{ ’ ' \

:upstream of the confluence of the Red Deer River and Burnt Tlmber Cneek

<. and along the main branch, of the stream. !

S"ﬁ '.ACcess,to/the section, is aVailable by the Forestry Trunk Roaa
Eg “whete® the road crosses the creek A trail aiong the north sgide of

KSR : ‘

[ 58

. BurgeuTlmber C%rv ?leadé to the base of the sectlon 1.3 km. east of

Lot . f

“Phe
tﬁe(trnhk road ;a»
‘g 9 :

BN L G - ."',"/“‘bﬂ‘\ﬁ
C. E . ) . ) e l»*—_}}’
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General geolqu . , - " ';' . T

The northwesterly—trendlng Burnt Timber Thrust has Jura sic

!

and Cretaceous formatlons (1nclud1ng the Blalrmore) exposed in its hanglng

' ) l‘\i\.,‘ "

wall (Ollerenshaw, 1966).' The strata dip.to the southwest at angles

4~ ll for the generallzed geology and measured sectlon locatlon and Flgure

between 26° and 45%. ' Locally, there is severe deformatlon by foldlng«
e l v

and faultlng due to the proximity of major thrust faults. See Figure

4-12 for a graphic log of the sectlon. ' . -

The lowest formation of the Blairmore'Group, the Gladstone, is

poorly exposed along Burnt Timber Creek. At the base of the formati?n
ol " 1 1 :
is a 10:to 15 metre thick chert-quartzite conglomerate which lies with

- )
o .
| t

an erosional unconformity upon the Jurassic-Cretaccous Kootenay Formatiohr

, ! ‘ .
The part.of the formation between the basal conglomerate and the Cal-

V-

careous Member is rarely exposcd and nO‘Ettempt to measure the formation

or to estimate the total thickness was made. The Calcareous Member was

! v et

recognized in poor exposures but was se§erely foldef and sheared and
. v v - . b o \‘ ‘ ) . . ' ‘.

. . % <3
" The Beaver Mines Formatlon was the only portlon of the group

»

1
no measurement was made‘.
e

f;measnred:in detail a thlS locallty and was found to be 238 metres (782

L 1

feet) thisk. The contact with the undeﬂlylng Gladstone Formatlon was

.

partlally covered -80 measurement began at the base of a thick, fine

o’ '

. - K - ~ .
grained, green-grey sandstone.1 The formation consists ofvinterbedded

igrey-to;green-grey claystones, siltstones, and very fine sandstones with

_ ) | " :
occasiohal coarser sandy units. These’ moderately th1n sandy units (less

»

than 2 metres) alternate between belng massive and being cross—stratlfled
L3

and occa51onahly contalﬂ mud clasts and planb remalns.’ The section

contains a number of thlck, re51stant units which arn either find to

v

6.2



 4-11. Generalized geology of the Burnt

Tlmber Creek section arec (after
Ollerenshaw,1966)

H

_LEGEND _
1 km |

Upper Cretaceous
Blairm&re Group = . b

Kootency Formation R
thrust fault #——1  measured section
geologic contact —_——— townsh:p/range
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. medium grained,‘cross—bedded sandstones or coarse to medium grained,
massive sandstones.
\
The Mill Creek Formation does not appear in the stratlgraphlc

|

section in thig part of. the FOOthlllS (Mellon, 1967), thus the Blackstone
-Formation rests directly upon the Beaver Mines Formation. The actual \
contact between these two formations was poorly exposed on ‘Burnt’ mlmber

Creek. Below the prlcal black flSSllQ shales of the Blackstone

: Format:on is a black-ahd-white banded q@ndstcne which overlies a dark

.
’

grey shale., Mellon (1967) stated this shale contains a "Flsh scales"

- . . "

fauna which indicates a Blackstone age for the shale and overlylng

'units. Therefore, the top of the Beaver Mlnes Formatlon is placed at “;

the top of the very fine gralncd sandstone beneath the dark grey shale.

'

-In the Bedver Mines Formatlon in the Burnt Tlmber'Creek section,

large-scale trough crossrstratification was observed in,very f: to , - y
. ) o v

coarse grained sandstone. .Four ocrurlences of large- scale unldentlflcd
cross- stratlflcatlon wére noted}ln flne to medium grained sandstone. K
Seven occurrences of small—scale cross-bedding of an unidehtifie&

type were noted 1d the llthologles of siltstone to flne gralned

sandstone. R;pple marks were found only kn 511tstone. One occurrence :

of load casts were seen in a very fine gralned sandstﬂne R ﬁ@" ~

so’

Plant debrls and mud clasts were found in all types of lltholorles.

[

.Bloturbatlon was rcstrlcted to claystones and 51ltstones. -‘One occurrence -
. : |
of calcareous concrctlons was noted in a claYstone un1t o ' . .

Lithotypes ' ' f B

A total of 207 samples from the Burnt Tlmber Creek section were

[

adescrlbed by 77 attrlbute states in the same format as that used for

ot




the Sheep River section and were subjeoted to cluster analysis. The
llithotypes chosen from the resultant dendrograph (Figure 4-13) have

the following description: S L .

/ - oA

. Lithotype Bl: grain size Of medium to ooarse sand, range of
fine to very coarég sand; angglar élast;; boorly sorted; 8% to 15%
dark ninerals; lé‘to 5% carbonaceous‘material} snarp.to gradational
lower contact; rare plant remains; locally abundant large trough cross-
s;ratification;ydark gneen-grey, &eathering green-grey.
Lithotype B2: -grain'aize Of{fine to medium sand, range same;

angular clasts; poorly sorted? 8% to 12% dark minerals; 1% to 3%

carbonaogous mater1a1 véry rare plant remalns, green- grey, weatherlng
. ™~

grey; abupdant large—scale crosssstratlflcatlonr sharp to gradatlonal

- lower contact. - _ .
Lithotype B3: mean grain.size of very fine sand, range of silt

to fine sand; angular clasts; poor to moderate.sorting; 5% to 12% dark

minerals, l% to 5% carbonaceous material; rare plant remains; dark

s

green-grey, weathering dgrey to green-grey; rare croSs—pedding;.shafp

to gradational lower contact. I

; | - . . o .
! Lithotype B4:, mean ‘grain size of gilt, range of clay to very
fine sand; moderate to poJ:-sortlng. 3% to 7% carbonaceous materlal

no plant rchalns, dark green—ﬁrey to dark grey,.Weatherlng green—grey

or grey; gradational to Sharp lower contact:

Lithotype B5: mean’ grain slze of clay, range of clay to very

\

flne sand well to moderately sorted' sharp lower contact, very rare

Aplant remalns, dark grey to dan“’gteen qrey, weatherlng grey to. green-grey.

\

' . N

. \ . . . ,'\‘ - .
: - . ’
N .

3
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4.5 Summary
A summary comparison of the lithotypes is presentediin Figure \

4-14 where the grain size average and range is plotted for each of the
lithotypes described above.

For use in Markov analyses and for sedimentological interpretation,
the grain size of the rocks was considered very important. Hence, the'
attribute of sample grain size was given twice the normal weight in the

coding for cluster analysis. From the above descriptions of the 1itho-
vy ! .
A
types . and from Figure 4-14, it can be scen thst grain size &as the

attribute Wlth the most 1nfluence on the clustcrlng of Lhe samples. Thls

M -~

is partially a function of the doubled welght as well as the 51m11ar1ty

. ‘!qong the samples of‘the same grain size. The restriction of keeplng

r (S '

the pumber‘\f‘llthotypes small for valid Markov analyqes dld not allow |
IS

greater dlfferentlatlon of the sample grou*1n~s whlch actual‘v

possible fro the dendrographs. - R

The lithotypes :of -the. Beaver Mines Formation of the Sheep River

section are somewhaé unique in this set of Janalyses. nThe abundance of

.“, :
' ulll .

claystones and 51ltstones rclat1Ve to the coarser grained unlts permitted

f;ner distinctions to be made amonq the flnest gralned llthogles. Thus, -
© 4 ‘ .
seven llthotypes were 1dent1f1ed for thlS set of samples w1th four of ‘.

them belng made up of claystone and siltstone. Lxghotypes SBM4 and SBM5 |
have- the same graln size aveérage and xange and may be‘dlstlngulshed;by
Lo . ) . . o

\ : o . : , :
the presence of plant debris in SBMS5 and the absence of the same in =

-
|

SBM4 .
Because of the deminating influence of grain size in the

clustering of the samples}rthe procedure of cluster analysié is of limited
4 - _ o e o B .
value in thi's type of study. The identification of the units by grain

v
t
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'size can easily be done by a geologist without the time- and mcliey-

consuming process of desériblng and codiné each sample and subjecting
sets of samples to cluster analysis. The two methods of classification
used in this study p?oduced‘essentially\the»same results and it is
strOngly suggested that cluster\analysis‘does‘not aéd quhstantially‘to

this type of investigation.

~
-

: N . I i » . . * ) . P () I3
The most pbvious feature' of classificati. by grain size alone

lS that 51mple; short descrlpt1Ve terms are all that are necessary for
. .

a readlly understood dlscu551on. Us1ng 11thotypcs, a major stumbllng

block is the' dlf?lculty in dlscoverlng what each llthqtype represents

and rememberlng the distinguishing attrlbutzs among them all. Ethier

(1970) arrlved at the same conclusion and conwcnted that the proccdu*e
) t
.was an 1nterest1nq comparison betweén human and machwne lOglC.~“ _

1

o fAs stated above, the lithotypes generated in this study were

-

very 51m11ar to the llthologlc units identified by grain size alone.

: Because of thls the llthotypes were used only in the MarPov analyses.

>

Sedlmentologlcal dlscu551ons (Chapter 6) used only the graJn 51ze

llthologlc unlts which are more easily understood and whlch represented

\
L

the same results as the llthotypes.

‘

C Mgy, e
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T . .CHAPTER 5 | , ( o

MARKOV CHAIN ANALYSES oL
. s _
* o . P

5.1 Introduction *° ou

) § .
. 4 *

The testlng done for the presence or absence of a Markov propergy
\

in the measured sectlons used the embedded Markov chaln model The

‘ -
analysis was‘ione on the complete Blalrmore Group for the {ype sectlon

and the Shcep Bzver section. Two analyses were done for each sectlon,

V" v . \‘

one used units defined by grain size and the other unigé defined by the: )

' N } , .}

. lithotypes described in Chapter 4.

Because the Beaver Mines Formation f!ths the buf%’bf the Blair-

.
.

more Group, it was tested'indépendently. This was done for the type
1 ﬂ» . . .

sectlon, the Sheep Rlver section and Lhc Burnt Timber Creék sectlon,
-8

i ) '

ﬁ*'#-fA’fesé_was«gade in‘alL the combinations mentioned‘above for
. . .YI'Q .

again, both by graxn size and by llthotypes. S ‘ o
th! :

presence of Schwarzacher s (1969) deflnltlon of~geolog1cal cyc11c1ty

v

which was discussed in Chapter 2. Thls was done by struc@yrlng the

K v ", (
transieion probability matrices as regular Markov halns at l and 2 . .
8 v ; N .

3

metge 1ntervals. vl ' ! Tt e &
. (,,‘.. '\t ﬁ&“ -o‘>' -t
‘ , o

K Sectlon 5.2 contalns the results from the studles of -the complete
. .

,‘ b
ff‘ Blalrmore Group. In_ one subsection, the regp%ts df %ﬁ% tests for Markov

dependency and geologlcal cycllqlty are presented for the two sectlons 4} _:

coded accord1ng to graln size and a second sectlon contaxns the results

i

“ gh |
for the same sect10ns,&oded by llthotypes. Sectlonﬁp .3 hgs the same ' ‘

format and contains the resuLts_for the Beaver Mines Format;on.

| ' ' I i

" a0 .“ u >. . R . ‘.,
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The tranfltlon probablllty and dlfference matrlces of the

\
'

embedded chains are 1ncludcd in the text and also with t e respectlve
transitlon‘§FGQUency#&hdlindependent events matrices‘in)APPendix C.
“The trensltion:frequeneyland theftransltion ptobability~matrloes for |
“the reonlar'chains'ate‘ell in Appendix C." - I .
. . N S .

3€;ﬁ The question of stationafity in a.Méf£561an sense is hard to

answer for the Blairmoreicroup. In thé typc sectlon and the Shecp Rlver

~sett10n, ‘the trans;tlon probablllty matrlces for the’ comgﬁ?te group and

-
a
|

‘for the contdlncd Beavar MlneS Formatlon are very 51m11a sqggestlng
. . f‘

thut the sections are rtatlonary

The Bcavcr Mines Formatlon sectlons were divided 1nto uppar and ' fv

loﬂer halvea and t)anSlthn probawfllty matrices wcre generated for each

' of these halves; The resultant matrlbes were dlstlnte-; dlfferent

o Tw R .
bctwcen the two “halves of, ‘the sam% sectlon. In ordt to te st'@oﬂa :
.

statronarlty, 5chwarzacher (1975) suggestgd d1v1d1nq &, long settlon 1nto

we

equal fractlons "bf.ﬂ. for as long as the data’ permm@"i(P

w ~
3

conclud§% that the Beaver Mlnes Formatlon dlé not contaln sufflfieﬁt

. . T ‘ ‘e b et
. A . xRy e NN
tr&nsztlons to’ properly estimate probabllgty matrices at any level less
" ‘.t. h\b 5 - .. jri -
than the complete formatlon.‘ forc,xlt was not p0551ble to test

[N -
4 . .

the Beaver Mines Formatlon fO@ statadnarlty by thls method.

LTy %,

The Blalrmore Grbup is con51 éred statlonary b‘pause of the
51m11ar1ty of the tran31tlon prqbablllty matrices of the complete group

and its component formatlons. It must be notéd‘thatAany 1nterpretat10n

dependent on. thls assumptlon is. sub]ect to modlflcétlon.lf thé”Blalrmore

_is’ later proven tb be non-statlonary

. ‘- . oL L e

TNy,

.-
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5.2 Results for the Blairmore Group

" In Chapter 2 it wa§ stated that the thlckneres of all llthologles

in a sectlon must have a geometrlc dlstrlbutlon fot the valid use of a
“ ) .
regularaMarkov chain @@umbein-and Dacey, 1969). ihe histograms of

&
l}thologlc unit gglcknesses aré presented for the type section in Figure

-~ '\_»_5 h.‘:‘
S 1'pnd for LR e -p“Rlver s@Etlon in. Flgure 5 2. Even though the

A ff?“aﬁ'. o

ones, and very fine grained sandstones approadh but

dé\not appear to resemble a geometrlc dlstrlbutlon,&no tésts were done

_on thJ' butlons 51nce the thlcknesses of the medium and coarser

[ ¥ e
gralned sandstones and the. fine graaned sandskones deflnltely have non~ .

¥ VY
- .

* HR 3 ¥ ng . .
geometrlc dlstrigntpons. Slnce geometrlc*ﬂuétxlbutlons'arexnou present

"

- S z’fzh _ ;’vg
for afﬁ llthgdoglcs" only the embedded Marﬁov Vi g’ é»validrAXIumbelnr
g @ .y .

-8 .o -

andJDacey, 1969) and a ro§a1ar chaln may be used~o¢2y@tdﬁ&gst fdr the

v - P A~”*~
presence of. geolog1ca1 cyellclty (Schqagéachtr, I975$: B

o 3 . . o 4 Pﬁ%y(?’ ’ \
. R . " ‘ - Ll B t
“Grain wsize lithogies: ’ K q'¥w v T o
i .l s - ' o v NW ! .'v-_
. e The sectlons Were d1v1dcd i%to llthdﬁoglc unlts deflned by the

€ - q
graln size of the unltn. claystone (cl.'~ Ws;lé!tone (sllﬁﬂ,‘very ﬁaneh ;

- e 9 Fad F .
':gralned sandstone (v £. ), flne gralggd‘_ ] tone, (flne). med;um gralned
&‘Aﬁ . . u.‘ aQ : .

sandstone to congiomerate (meg+) (The agbreVLatlons in brackets are

d [] ﬁ:) ;»\7 .-
igghose used 1n followlng flgures, tables and gnaphs ) T number of

& Y

‘tran51t10ns from each llthology upward to every other llthology were'

:

counted and tabu&ated 1nto tran51tlon frequency matrlqﬁg ‘The counts

- B .

- were converted to probabllltles .and complled into tran51t10n probablllty

matrices. These were tested agalnst the null.hypothesls that a random
. w’

. . ‘ . - i
process caused the vertfcal arrangement of the llthologlc unlts.

[y -

. In both the type sectron and the Sheep,Rlver seétlon, the null
. oyt N

& ’\

- e \ .
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hypothesis ‘was rejected in favour of the presence.Of a first-order
Markov chain process at a 99.9% level of confidenee.' This can be seen
| o . .

|
by comparing the observed, test statistics, 110.833 (type section) and

. " ' . . \
204.331 (Sheep River section) with the calculated Xz value of 31.3

ap“-
with a 11 deqrces of frcedom. e Co
'c : ” ' S . ‘ ‘ ' » , - \ M o 1]
Independent evénts matrices (Appendix C) wer'e calculated for each
of the. sections and were'subtracted_ from the respective transbition . L W :
3 Y i '
e ; . .
’ probab11:1ty matrlces formlng the dlfference matrlces. The results are y
<oy
graphi’c%ly presented as tran51t1“on pattern diagrams; the ilthology
Sy \ qi“

‘ associations‘ and the numer»lcal. vald\és were taken from the:difference LR
matrices of the type' section (Table 5-1) and the Sheep River section
(Table 5- 2) and are in: Flgure 5 3—’ : 0 o ."‘ ., :

B ;3.“3 ‘Transition probabllrtles ﬁe compllﬁ a-t l metre. and 2 metres > AR

ample J.ntervals for th%“tjpe sectl'on and the Sheep Rrver SeCthﬂ (see
s -Q-W . ..
Jb_ i :

Appendnt"c for these and other matrlces) ' The’ graphs-‘.of- the transiti
: [ ﬂ" o o=y

. ptobabllrties of” the elements of the pr1nc1oa‘l dlagonal«; of the matr}.ce',.,

o ::'/ - * e .
at succe551ve pobers of the matrlces are presented J.n Flgure 5-4 and 5 5.. L e
P : . ‘Q-., . . - - “a
RN . “ . .
~With these graphs are the - elgenvalues of‘ the respectlvé matrlces.

In both the type section aﬁ@‘the» Sheep R.wer' sectlon, all of the e
4 »
Wansnlon probabllltles approached a stable value by exponentlal curves,

T B

whrch should- 1ndlcate that the Blalrmore Group is non-—osculatory 1n .
7 P \ - /__/ . ‘ e . ir
these‘”sectlons. ) ) Y . ~ 2 o C ) ;.-
' . ' ' . ‘ v . e

The elgefwalues for the 1 and 2 metre 'eample 1l'nterva1 matr:.ces Sy

» . ‘ 1 1 . . 5

~of the Blairmore Group 1n the type sectlon contamed both poT‘.ltxve real W ‘€
.~ : ; : .

numbers and complex numbers. : ‘The ex:.stence of a complex elgehvalue

L)

- -,, . ‘ _v. N ’ Coe ;.
Ist; osc11 atqry l:‘ehavior' ﬁwg#ﬂor .the 1 metre J.nterprals all RS

- of. the elements decreased exponentxally unt:.l the matr:.x reaq@d 1ts

rc L

Ve
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'
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‘Difference matrix:

o
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' (.001, 11)(calculated) | .
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Complete Sheep River section - Grain size lithologies
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Transition probability matrix: - .
v e s ﬁlay sil€  v.f.  fine ' med+
: sclay’ . O, ooé -0.57  0.30° " 0.1l0 0.03
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! . L. T ' i . ¥
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‘k . . . ‘,'.

‘?,ggi\".{“ ‘; {élue at the 34th power. The modulumof the complex elgenvalue
o 2
of t Y matrlx was O. 5576. For the 2 metre. sample interval, the
. o \ ' ‘ . '
matrix stabilized at the "18th power wj.‘th all 'but'on‘e lithology reaching
. stability exponentially The exception was very f1ne grained sandstone
 which decreased from 0.4483 to 0. 1859 at the 7th’ power and then - "'1"“"3
N increased to 0.1861 at the 10th power. The modulus of the complex
Q . : C

which will be noted later. In, all of the ‘basbe"s‘ a comple'x"eigenvalue
) ¥

- recurrence and the matrlx is non—oqc111atory. d

"

eigenvalue was 0.3453. ' . .

N .

\
3 C -

]

was present in conjunvtlon with variations in th fourth decimal place "

. ,»v .
=y *

(mngle-prec:.smn computat:.on) . of the powered‘t:};51tlor. probabllltles.

The dev.1at10ns from exponentlal curves: were'. s 'ﬁ&ght that no perlod '

damped oscillations. Therefore, for the 2 metre s&mple mterval of

the Elan*m*e Group in. the type sectlon, the very flne gralned sandstohes

,
appear to. have strongly “damped osc1llat10ns and no- defnmperlod of .

e

- Fr " ‘? ! o .

-
RN

A S '

Sheep River' section reached the stabtle values at the '19th and 18th

. ry ‘, - . .’.‘#
powers)respectively. The; eigenValues ,in both ‘of these _matri_ces were

| L . ’ 4

. . - . ] .
The type of curve described by the very fine graihed'sandstonea

\
haty

©all positiV'g’:‘ reg‘l numbets", andithere'fore,- the ,Blairmore Group-in the

Sheep River section Js non-oscillatory. .
L e - ‘ &

Lot .
7 - N [

“

» . . ) e ; , ‘
- mentioned in the previous paragraph was noticed in a number of ihstances

» “ . . " . ) - .
?Bf 'recurre‘nce was obtamabI‘e. - ‘_e result wae @ M ‘Qatrj_gé "‘;ippear
. T N . d . . - e "’4‘» e % ."' j‘,,.“ S )
non-oscillatory, although the’ elgenvalues : shoWéd CHE ré Mmgly .
. C v s ’ B ' ‘ e:ﬂ

The 1 and 2 metrbSample matrlces of the Blalrmore Group J.n the

81




o

®

14

HE ¢

Lithotypes

. . The type section and the Sheep Rlver sectlon were d1v1ded into

4'J

unlts accordlng to the respect1Ve 11thotypes descrxbed in* Chapter 4.
The same technlques as were used for the grain size llthology unlts\
were uéed:to'perform Markov chain analyses Qithllithotype”unlts.v

The nulllhypothesis?of a rahdom.process was strongly‘rejeeted

2 o2

in the type séction X , '= 106.44 versus X ='31.3 "
‘ observed . , S (.0b1, 11)
o . . 2 . Rad .
-and in the Sheep River section [X ~ = 156.61 versus
’ ' N I observed : :
2 ' : ". LA " . 1
:K o = 43.8{ . . R 3 . .
(.001, 19) - J ‘ . e . . .*
F] v s . " ’ . . v
s : The difference matrix of the type séﬁtlon (Table 5-~ 3) produced
the tran51tlon pattern of Flgure 5- 64. The matflx for;the Sheep Rlver
- '“r"“ J&, .' ok . e . : .
sectlon (Table 5- 4) revealed the tran51t10n “Pattern of Elgure 5~6B’ .
N 2 .
Below eaéh of the patterns Wthh conta}n“the llthotype names are the
- .y d Q& 2 N

»same patterns Wlth descrlptlve terms substltuted for the lliPotype hﬁres.

The 1 metre samplc 1ntérval produced from the type sectlon Jg.
4 ~’('f‘_( Jo
stablllzed at the 26th power thh all of the traniitlon probabllltles\
decrea51ng exponentlally (Plgure 5-7). The eagenvalues are both p051Qave

M

real and complex numbers.and the m@dulus is '0.4704. The osc1llatlons--v
. . - R e

?

1ndlcated by’ the(elgenvalues were strongly damped and not apparent Ln -
the actual ‘values of the tran51t1on probabllltles.

Sl e :
14th power and all but one of the llthotypes approached its. stable

value by an exponentxal curve,' thhotype T3 (very flne gralned sandstone)
) TR

reached 1ts-stab1e value by an sc1llatory path The elgenvalues contaznedA

both p051tive and negatlve real . umers wh;ch suggest osc1llatory :;
.. ».g_“’ ] \ s -

'{-" ™

S Zt the 2 metre interval, the matrzx reached equlllbrlum at the S




b

Complete Atyﬁe' section - Li_thb;yi;es

1

RO ) [ . N
Tranéition probability matrix: '

‘ ~. . v A“dv .‘ . . u - .
T1 T2 T3 T4 . TS -

"o 0,00 0,39 , 0.22° 0.27 - 0.12

‘ . 0.50 ' 0.00 %0.31 . 0.06  0.13 _

0.55 © 0.13 6 o0 0.2l  0.11 .. o
0.42  0.08 95 23 . 0,00 69.27;'

0.28  0.24 Jo.24 024 d.00 )
/.‘, . :

-

Diff Qt'ge 'matr'i\x:,. oA . . R a
R T I = PRI L
N - N I % . N .

, T, 0.00. 0.3 0.05 0.01 -0.06 . :

. g2" " 0.100  0.00% 40,k 0618 -0,02 - . _—
o™ 014 -0.11 . 0.00  0.00 .<0.04 .4 .
“m4 0.04 '-0.15  'oJo0 p.00 0.08 . & - |
~0.09 ‘-‘Q\:‘blv -Q.Ol .~ 0.03 ° 0.00. e

. et . R o i
.A ‘ : ) _\"‘
7( ’ % = 106. 44e o” Ce

P v

¢ . observed . . ,;,v;', _ C 4 s

= 31.3 o

-, .
R

< \J » ; . (
_ Table 5-3. 'Trans&-io“mprqbability and difference matrit@s fér they’
llt:hotypes of the. complete Blaxrmore Group m the type

2T sect:,on SRR e

e

v



> i \, ’ | \
- ) '
. ’ . . \
Complete Sheep River section # Lithotypés s
> p - . . ,

TransitionAprobébility'matrigz _ ’ D
. s1.. sz s3 ~ s4 S5 S6

s1 0.00 | 0,31 0.24 y 0.13 0.11 '0.20

s2 .0.21 0.00 0.32 0.09 :.0.51 0.16

€3 . 0.26 0.49 '0.00-° 0.08  0.05 - 0.13
v, 54 0.2 0.08°° 0.23  0.00 0.29  0.17 o L

§5 . 0.37 0.14 - 0.09  0.23° -0.0p  0.17 t |

S6 0.31  0.23  0.05. 0.33 - .O.Q8 0.00

P

a - RPN

Shy +'.S2. 3 s4  s5 o s6 . o
0. 0.06.  0.02° -0.06 =-0.05  0.02 -, - X S

ls1
sz -0.07 - 0.00 - 0. 10 ':~o 08 ° 0.05 0.0l .

s¥» 7 0.00  0.26 . 0.00  .-0. 09 '-0.10 - -0.05 ' e
. . . S \ . - k B ° K ,'.\' . .
s4 0.03 - ~-0.20,,.0.03 0.00 - 0.14 . %0.01 . CE

. "" . Vo - _n- - iy e . , : ' .
S5 o 0.11 00.'049‘ 0-11 0.08 ’04-00 -0.01 < ' - *

M o . X [ N - ' . B . . 4 R -
s6 0.06 0.01-5-0.15- :.0.15 % -0;07, 0.00 . 4 N

'-,;Qv v
B G - 156.610 -
observed, ”,,_ _ P
‘ 3u, e ' A

o LT o

(.001, 19)(calculated)* = .. -

o™
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\\ngabilized at the 10th power (Figure 5-9). A'compléx number‘with a

begavior. The recurrencevp;obabilities were éﬁlculat:a and plotted
for 1ithotypcs T1 and T3 (Figure 5-8). Though oscilla%ory behavior
was indicated by the eigenvalues and for T3 by the trans£tion probagilities,
no period of recurrent was found and the matrix issnon-oscillatory: ¢
- The 1 metre interval matrix‘for the Sheep River section reached

stability at the 16th power. All of the transition probéﬁilifies
followed exponential‘cufves toward thc'étable values (Figure 5-9) and,

" all of the gigcnvalues were positive reai/numbers. ,The;efo;g, the!

.

matrix represented a non-oscillating series.

0.4

Figure 5-8. Recurrence
probabilities of lithotypes
Tl and T3 from the type

™
el . ,
T section at the 2 metre
’22 sample interval for the
e complete Blairmore Group.
0 F)
L) g
e : .
\i\ (e]] “
\*\. ; '
0.0 _ v "v = T
\ 2 3 L 5 6/ 7 8 .9 10
B / .
Power of matrix

/ - F A 4 e

" The transitibnlprobabilities of the 2 metre sample intérvai,

appreached the constant values by exponential curves as the matrix

-
'

™~ B
modulus-of 0.1030 was contained in the eigenvalues and.small fluctuations

were nptéd in t@o of the lithotypes;, Lithotype 53 (silty claystone) .

- decreased from 0.2550 -to 0.1084 at’ the 8th power and‘tﬂen increased to
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0.1085. Lithotype S6 (claystone) decreased from 0.2381 to 0.1480 at the
4th power and increased to 0.1483 at/the 18th power. lThe Oscillatory
behavior of these lithotypes was extremely damped with no period of

recurrence and the.matrlx proved to be non-oscillltory.

r

5;3 ﬁesﬁiee éef ﬁheeéeaver Minesuéofmefion'
-\ The Beaver MiTes Formation was §eparated’f;om the rest of the
Blairmore G;oup.for the Markov and geologicel cyclicity aqalyses because
"i& £6fms the bulk of thehéroup, was present in ell'of‘tee‘seeeions,‘and .
as the‘best exposed'of.the three formetiohs; Again oniy the embedded '
Markov mpeel wes'ueed to test for Markovian dependeﬁcy since the |
thlcknesses of the llthologlc unlts, esée01a11y the ‘coarser gralned
units, have nonegeometric dlstrlbutlons See Figures S—lo, 5-11, and

5-12. 'The regular cha;n struspure was used ‘to' test for geologlcal

cyclicity.

- Grain size lithologies

ﬁsing grain size to define'lithelogic units, the 6bserved chi=

square value for the Beaver Mines Formation in the type section was

-t

98.550, in the Sheep River section 96.935, and in the Burnt Timber
f - _ : - . .
‘Creek section 124.497. When compared to the calculated ')(2 valye

. N .
of 31.3 (11 degrees of freedom), it can be seeh %haﬁ the null ﬁypothesis
was réjecﬁed at a 99.9% level.of chfi&the in all instances.

s The transition prbbabiliiy'ahd diffefence maﬁrices for the
Beaver Mines Formatlon in the type section (Table. 5-5), ‘the Sheep Rlver

ssectlon (Table 5-6), and the Burnt Tlmber Creek sect1on (Table 5—7)

,‘produced éh\\eran51tlon patkerhs found in Figure 5-13. ' o

¥
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Type section - Beaver Mines Formation - Grain size lithologies

13

Transition probability matrix: - ' N

clay  silt  w.f. fine med+
clay  0.00 - 0.51 0.16 0.23 0.09
silt. 0.8  0.00 0.33 .07 0.11 \
v.f.- 0.50° 0.27 0.00  0.22 0.12 h | .
fine | 0.53  0.00  0.29  0.00 0.18 '

. med+ 0.38 0.00 O.%l 0.31 . 0.00

Difference matrix:

' clay | silt - wv.f. fine med+

ip H .
clay  0.00 0.18 =0.15  0.02 -0.06
silt = 0.08 ° 0.00. 0.07 -0.13 -0.02

v.f.  0.10 ~0.01  0.00 =-0.07 -0.n1 : .
fine | 0.24 -0.27  0.06 0.00  0.06 !
med+  0.03 . -0.26  0.09  0.14  0.00 ‘ | . \
. . . . a s \
2 . . | LT - '
X ' = 98.55 . '
~" observed
-k . ! . . ey
2 . o _ - 2.

. "Y.001, 11) (claculdted) ‘ }
‘9 M

Table 5-5. Transition probability.énd difference matrices for the
grain size lithologies of the Beaver Mines Formation in
: - o .
. the. type section.’ v

A



A\

. . . ‘, . . . - N . .
Sheep.River ﬁe_tion'J.Beéver-M§nes Formatior - Grain size lithologies

] -, ’ R
. 0. . . Vo . v

?

. ! ‘ . . " . n\ s
’ . -y to-
. - . [

 Transitioﬁ probability matrix:

c15y silt vaf, %Jihe
clay ~0.00 = Qi1 0.29  0.13
"silt  0.76 " 0.007 0.16  0.05
v.f. _ 0.48  0.38 ' 0.00 . 0.05
fine  0.45  ©0.18 ~ 0.18  0.00
med+  0.09 0.43 0.00 0.29

]

Difference matrix:

clay silt ‘v.f.\ fine med+
clay  0.00  0.04 0.01  0.01 =0.04,
" silt  0.22° 0.00 =~0.09 -0.07 -0.06
v.f./, 0.03  0.02 . 0.0 ° =-0.06  0.02
finéﬂ 0.05 -0.17 ° o/ZZ 0.00  0.11

;

med+ - ~-0.10 .0.10, -0.18 10.19 0.00

2 .
= 096.935
observed °
% ’ = 31.3

(.001, 11) (calculated)

Tabﬂe 5—6.‘ Transitioﬁbprobability,and‘differenceAmé;ticés for the

\

v grain size lithologies of thi Beaver Mines Formation in

! the Sheep River section.



Burnt Timber Creek section —‘Béavér Mines Formation - J

Graih size lithologies

. Transition probability matrix:

clay silﬁl v.f. (fiﬁé-] med+
clay  0.00  0.38 . 0.36 0.13 0.13: ,
silt = ©0.69 0.00 0.1 o0.08 0.03 - %

v.f. 0.36 0.46 0.00  0.00  0:18 .
fine 0.13  0.20  0.27 0.00 0.40 - ‘ .
med+  0.06  0.11  0.33 0.5 .0.00 '

\ .

' » .
Difference matrix: -on o -

)

) . * clay silt .Q.f. ' fiﬁe‘. < med+
ﬁxﬂay' © 0.00 0.04  0.05 -0.04 -0.04
‘& silt  0.32  0.00 -0.19 -0.08 - -0.13
v.f.  0.00 0.14  0.00 - -0.17  0.01
fine -0.19 -0.07  0.01  0.00  0.25

med+ =0.26 ~0.17 0.07 0.36°  0.00 i ii
B , O ; .. ¥,
2 N
Co = 124.497
observed
2 . S
= 31.3 g . I

(.001, 11) ' ' : s

- . i

i . , : .
Table 5-7. Transition probability and.difference matrices for the

- grain size lithologies of the Beaver Mines Formation in

the Burnt Timber Creek section.
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Burnt Timber Creek section
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Figure 5-13.

o

(Ol

Line form

e
et

Sheep River section

.
3
&

.o_ly.V.f. AN

~

>

" sﬂt*#rrrr—-*doy

Significance of lines

Difference probablllty
. 0.01 to 0.05

0.06 to 0.10
0.11 to 0.20

0.21 to0 0.30
7 >0.30

Je

Transgition pattern of the grain size llthologles of
the Béaver Mines. Formation in the {(A) type section,
(B) the Sheep River sectlon, and’ (C) the Burnt
Timber Créek section. .

{
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‘remainder were posxtlve rgai numbers. _The recurrenca probabllltles of o

'damped, and the rest’ of the Beaver' Mlnes Formatlon in the type sectlon N n_“

is non-oscxllatory. ' _ S

The stransition probabilities of the Beaver Mines in the type o

section at the 1 metre interval followed exponential curves while ,?
approaching tneAstable value at the 31st power. The eigenvalues were

. . N o v ov
both positive real and complex numbers with a modulus of 0.3704.

Transition probabilitles of: the flne grained sandstones deviated from  ’_ ATf“ Tj";

its exponential curve by decreas1ng from 0. 4167 to 0. 1322 at the 7th . B

power’ and 1ncreasxng to 0. 1337 at the 18th power. Thls matrlx is non-°

- ) B ' Lo

osc1;lat1ng even con51der1ng the strongly damped osclllations of the flne

grained sandstbnes which had'no'period-ofvrecurrence. . oy

The . 2 metre sample.lnterval matrlx stabllxzed at the . 22nd power

i “ . “

w;th the lxthologles of q}aystone and very . flne gralned sandstone
‘ M . \
descrlblng oscxllatlng curves -and the rest exponent1a1 curves. (Flgure‘

3 .
5—14) -The eigenvalues contalned one hegative real number whlle.the . .

i b T

the oscillatlng lxthologles were celculated and plotted (Flgure 5—15) . :-\

A perlod of recurrence of 4 metre - was fqund for the very flne-gralned_ o
f . A A T *

: ! - i — . S
sandstones and no period of recurrence was found for the claystones. ' oo
Thérefore, the very fine grainqﬁr%sandstones are oscillatory with~a ) .

k) L

recurrence of 4 metres, the 05c1llat10ns of the- claystones are strongly f}' . bl

,

e .

-]

Ve

P v

a . . . ° o ' g 3
‘ In the Sheep 'River seétion, the 1 metre interval metrixAbf'the:;;Aﬁ "

Beaver Mines Pormat;on stabxlxzed at the 27th pOwen. ‘Ail of'the

' . s .
- V]

'tran51tlon probabllxtles descrlbed exponent1a1 curves upon. powerlng

.(Plgure 5-16) and all of the elgenvalues were positlve(reel numbers.

4

. .
. y { . ) o
g ) . . S A 5 S e LT
. ) ) " . . B ~ 4 . LA - . I “.

o N i .

The matriz is non-oscillatory. . - T : ‘ “,,sJ%x,‘ T
—
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Figure 5-15. Recurrence
probabilities of claystone

and very fine grained sandstonc

of the type section, Beaver

Mines Formation at the 2 metre
sample interval. o

,robability

1 2 3 L 5 6 7 b 8 0
Power of matrix /J\ RN

. . .
At the 2 metre interval, the plot of the transition probabiljties

showed all of the probabilities following exponential curves as the
. 4
matrixiapproached its stable valuc at the 40th power. The eigenvalues
|

contained positive real numbers as well as complex numbcrs_wiéh a
N . f -

modblus of 0.7003. Upon close -examination, it was clear that two

I

lithologies deviated slightly from the exponential’curves. The siltétong‘\

probabii%tics decreased - from 0.2609'to«0.2236 at the 6th power and .
- . . |

increased to:0.2249 by the 14th power. The probabilities of fine

grained sandstone decreascd from 0.4444 to 0.0716at the 11t power and
had increased to 0.0718 by the 1l6th péwer. The oscillations were strongly

damped and had no period of recurrence and thercfore,s the matrix was

'J

non-oscillatory.
: . . . . I . )

The Beaver Mines Foimation in the Burnt Timber Creek section”

wés sampicd at 1 metre intervals and was found to be non-oscillatory.

The matrix recached stability at the 30th power; all'oﬁ'the‘transition
- Py ¢ |

~
N

probabilities decrcased exponentially (Figure 5-17) and all of the
eigenvdlues werc positive real numbers. )

99
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. ' i " :
"At 2 metre intervals,’ the matrix reached its stable value at

the 45th power. The graph of the transition:probabilities (Figure 5-17)

.showed the lithology of siltstone followed an oscillating ﬁath whereas

. .

i

" the other probabilities decreased expénentially. The eigenvalues were’

- both positive and negative real numbers as well as complex numbers;

!

)

the modulus of the complex number was 0.4472. The recurrence probabili-.

] : :
ties of the siltstone lithology were plotted (F;gure 5-18)-sh9wing a

period of recurrence 6f 4 metres. ﬂhe lithologies of very fine grained

P sandstone and fine sandstone exhibited small deviations from their .-

exponential curves. The probabilities of the very fine grained “sandstones

decreased from 0.3750 to 0.2202'by the 6th power and then increased to

. ‘ . ~
0.2214 at the 10th power.
. ! N

v
-

The Zine grained sandstone probabilities ‘e
\. ‘ . / e

! : : -
decreased from 0.5000 to 0.1833 at the 5th power and thern increased to

0.I913 at the 13th power. \%herefbre,'in the Burnt Timber.Creek section

at the 2 metre sample interval the Beaver Mines Formation lithologies

-

Probabiiity

0.31

0.4

0.24

: , | ‘o

4

! . \‘ N

L

A ~

Figure 5-18.-'Recurfence\\\\\¥::w
probabilities of siltstone

of the Burnt Timber Creek . \\\\

section Beaver Mines Formation
at the 2 metre sample interval.

,

/

T

3
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atrix. . . N ,

102



N — - CR— e g AT
. ! - M

103

‘of claystone and medium to coarser grained sandstone are non-oscillatory,
the fine and very fine grained sandstones had strongly damped oscillations
with no period of recurrence, and the 51ltstones .were oscillatory with ' ‘

a period of recurrericé of 4 metres.

o

Lithotypes S
| The lithotypes described in Chapter 4 for.the Beaver Minee
‘ .
Formation samples were used to code that formation in each of the
measured sebtio?é. The same enalyses as previously discuesed were , .
conducted on the formation d§iﬁ§ these lithotypes.
In the type section,‘the obéerved test’statistic-for'the Beaver
Mines Formation, 89.761ﬂAjustified the rejection.of tne nnll hYpothesis
at a 99.9% level of confidence wnen‘oompared to the :{ 2 value of 43.8 ;
(19 degrees of freedom).. . » o . ; o | ‘,>
Y ) ! :
- The différence matrix (fablé 5 -8) prodiced the transition'
pattetn of Figure 5-19 for the Beaver Mlnes llthotypes of . the type

.

section. Again, the pattern is presented with both the llthotype names ' :
and descrlptlve terms. ThlS is done for the remalnlng patterns also.

. I ‘! .
The 1 metre 1nterva1 matrlx of the Beaver Mlnes Formatlon in

“the type section, upon powerlng, all decreased exponentlally (Figure 5-20). D
The- elgenvalues contalned complex numbers with a modulus of 0. 3314. No
devxatlons from the exponential curves were noted in any of'tne‘ |
' probebilities and therefore, the matr;x is non—osc1llat§ry.

At the 2 metre J.nterval, the matrlx reached its stable condltion
et the 15th power. thhotype TBMZ followed an osclllatory path whereas

the rest’ of the llrhotype probabllltles traced exponentlal curves

(Figure 5- 2Q) The elgenvalues were p051t1ve real and negatlve real

!




e

&

] .
X v o,
\ ‘ W .;'\'
v J P o
. 4
. ) B Y : v
Type section - Beaver Mines Formation - Lithokypes
" s . ’ »
Transition probablllty mafrix1
, TBML  TBM2  TBM3 TBM4
TBML |, 0.00 - 0.32  0.11 14
TBM2  0.13  0.00  0.25 - 0,d§‘f
TBM3  0.00  0.29  0.00 . 0.29 °
‘TBM4  0.19 | 0.31  0.13  0.00 ’
TBMS  0.36 . 0.21  0.29  0.07
, . ,
TBM6 0.55 0.17  0.14 0.14 y
Difference matrix: | . DN : i
TBML ~ TBM2  TBM3 ~ TBM4_  TBMS  TBM6
CTBML  0.00 © 0.05 -0.09 -0.0l 0.0l  0.04 .
: . - . . . . - —
TBM2 . -0.14  0.00  0.06 -0.07 -0.16 -0.0l
YoMz -0.25  0.05  0.00 0.15 -0.05  0.12
N : L
TBM4 -0.06  0.07 -0.04 0.00 -0.06 0.08
CTBMSTT ON1  -0.03  0.14 -0.07  0.00 -0.16
TBM6  0.28%_ -0.09 -0.05 -0.01L -0.13  0.00 )
T . ' : I» !
2 '. | [N ‘ - : . ° .
= 89.761 = - ‘
observed
2 : - ' N I
 =43.8 * o ;

X( .001, 19) (calculated) .

Table 5-8.
11thotypes of the Beaver Mlnes Formation in the ‘type

| seg'ion .

Transition prokability and difference matrices for the

|

104




Figure 5-19.

—————————————————— """\ i-1:

et — — —TBM3— — - TBMs,

': N v
< 1w L, '
~, 2. ‘-
: o
. i AN :
S 05:: ’ \ :
.1 e ' D
M2 TS S S ;
{
! ¥

. 5; !
¥ AT} :' L : \ R
Tavery” e silty®ne :
fine clay :
JRELA Chcaries e .
Sionificance pf'lines
Line form - Difference probapility
: ~ 0.01 to 0.05
B N 0.06 to 0.10 .
—_——— 0.11 to 0.20 L
—_— 0.21 to 0.30
—_— ->0.30 I

Transition patterd for .the lithotypes of the
Beaver Mines Formation of the type sectlon.,-
Tke lower pattern is %the same as the upper one
except with descrlptlvc terms substltuted for
the - 11thotype names.
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numbers. The matrix is non-oscillatory except for lithotype=TBM2 (very
fine grained sandstone) which had a period of recurrence‘of 4 metpes

v

(Higure 5-21). ; | . :

LY s -
. ‘. . ! . . ‘:‘?
0.41 : o A
|
03
, Figure 5-21. Recurrence
'E? probabilities of lithotype
- 0.9 TBM2 of the type section
- Beaver Mines Formation at the
-g‘ | 2 metre sample interval.
0 - ‘
o o (TEM2.TBM2)
N a‘ -
0.0 - v r v v v v v -

2 3 L s & 7 8 9 0° , '
Power of matrix

—

The null hypothesis of a random process was rejected for the

‘Beaver Mines Formation in the'Sheep River section at a 99.9% leveluqf
confidence as can beAseen by comparlng the observed test statlstlc of .
94.914 with the )( 2 value of‘EB 3 with 29 degrees of freedom. |

The diﬁference matrix for the Beaver Mines in the Sheep River K
section’ (Table 5-9) produced the transition pattern of Figure:S5-22.

At tﬁe 1 metre sample interval, the matrix of transition

/Aprobabllltles stablllzed to the fourth dec1ma1 place at the 38th power.

The probabllltles decreased exponentlally (Flgure S~ 23) ‘and the elgen-
values contalned complex numbers w1th the modulus of 0 3523. No
dev1atlons from the exponential curves were observable but af;er the

matrix had been ralsed to the 50th power lt had not stablllzed at the

fifth decimal place and fluctuatlons at thls level may have.eccounted‘
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Sheep River section - Beaver Mines Formation - Lithotypes’ \\

[

Transition probability matrix:

SBML. . SBM2  SBM3  SBM4  SBMS  SBM6  SBM7 N
.05 0.16 © 0.21 . 0.21 . .0.37
10 033 0.22 0.11  0.22
11, 0.3 0.22 011 o0.22 -

SBMI  0.00  0.00 0
SBM2  0.00  0.00 : 0
SBM3  0.00 0.00 0

SBM4  0.20  0.00 0,07 0.00 0.13 . 0.13 0.47

0 0.04  0.11  0.00 -0.29  0.32

0 0.05  0.05  0.47  0.00  0.05 S

0 0 |

.00 0.28 " 0.32  0.08  0.00!

SBMS
SBM6

14 0.1l

.32 0.05
SBM7 .12 0.20
Differencevmatrix:

. SBM1 SBM2 "SBM3\x SBM4 - ,SBMS. SBM6 SBM7

'sBMI 0.00 -0.19 0.01  0.01 -0.03 -0.06 _ 0.13

SBM2  -0.14  0.00  0.07  0.17 ~-0.03 -0.05 -0.03

SBM3  -0.13 © 0.32  0.00 -0.14  0.11 -0.14 ~0.05

SBM4  0.06 -0.19 ' 0.03  0.00- -0.12 -0.02  0.22 f

SBMS  -0.04 -0.13  -0.02 . -0.08  0.00 0.10 0.0z

SBM6  0.22 ,-0.14 0.01. -0.11  0.23 :0.00 .0.19

7

;
3
§
o
"
B
W
N

SBM7  0.03 0.0l -0.04  0.11 -0.04 -0.09  0.00 "
, SN
2 J

, = 94.914 - ‘ e
observed . N
—— = 58.3

~(,001, 29)( calculated)
b

Table 5- Transition probablllty and dlfferehce matrices for the

lithotypes of the Eeaver Mlnes iormatlon of the Sheep

§

iver sectlon.
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PR URE SRS
SBM3;'ET‘..‘:.'.'.'_‘.’ SBM2— — a, SBMI.———"—'( BT p—— SBM7< %
.u':\ RN '/1.;1 ‘
: \
: ~ e 5
S » W .;;-..,‘ B '-.‘- 1% I*.I s
:: 'SBMSS‘__“‘-------,-pSBMG———-*SbM :
: Neetsa s venrsanas :‘.......: N
...'.?.'....-...........ii................ -
oy I iy
med &= flne——JH 5|lt::_—._'T_*SIHy<~-----’-. T
coarsers.o T e lay = ! '
P AN BN
': " e oI .., :
silltf‘:'_l.’T.:‘:.—éloy{—————»verlg :
: P o fme :
' Significance of lines ‘
Line fcrm Difference probability
e 0.0% to 0.05
N — . 0.06 to 0.0
—_——— 0.11't0.0:20
———- 0.21 fo0 0.30
' ¢
— >0Q.30

.Figure 5-22.

Transitionlpattern'for the lithotypes of the
Beaver Mines Formation in the Sheep River
section. The lower pattern is the same as the

upper one except descrlptlve terms have been

substitiited for the llthotype names.
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for the damped oscillations suggcsted byythe eigenvalues. overall, the
P . . ) . W . ! . ‘

) . . (N . AN

matrix is non-oscillatory. - :

At the 2 metre interval, the .transition probabilities appear to

a

‘have decreased exponent?élly; except for SBMl ahd SBM2,‘toward stability ,{JV

at the 38th power. - The two exceptions followed nearly horlzontal 11nes. -

0

Since a horizontal line would represent ‘a ‘random process and SBMl’andj

SBM2 wearly follow that type of path they are ohviously.non-oscillatoryf

<

The eigehvaldesﬁcontained negative real and complex nuhbefs} both
. i / B

)

‘suggesting oscilfating behavior~ A modulus of +0.2915 suggested any

OSClllath?S were Strongly damped and the llthotypes SBM4 and SBMS

(4

|
(both clayey sandstonerwere found to have sllght fluctuatlons from

9

‘ . & N
_exponent1a1 curves mhe tranSLtlon probabllltles of SBM4 decreased

from 0.3636 to. 0 1242 at the 8th power and then increased to 0.1247 at }wJ

the l7th:power.‘ The probabllxtles of SBM5 decreased from 0. 1579 to

¥ .
) ~

0. 1469 at’' the 6th power, 1ncreased to 0.1470 .by the 10th power, and

‘then decreased to 0. 1468 at the 15th power The matrlx is nonn )
. T v W

oscillatory including the lithotypes SBM4fand SBMS, the oscillations"

of which were strongly damped and ‘had no period of recurrence.
‘ ! ' l . . ‘. @ T .
“For the Beaver Mines Formation in the Burnt Timber Creek - |

!

T ‘- . . . L ; ' .
section, comparison.of the observed test statistic value of 87.257 with

the 7( 2_va1ue of 31.3 (?9.9% level of conficence, 11 degrees<of

freedom) gaused the rejection of the null hypothesis of a-random process.
The difference matrix for the beaver'Minengormation in the -
9 . . . -

"Burnt Timber Cr%?K section “(Table 5-10) revealed the. transition pattern’

§y

of Figure 5-24. - o o R . ."
i o « i Ll .

Structured at the 1 metre sample 1nterva1, the probab111t1es of

Il

“the llthotypes of the Beaver Mlnes all decreased exponentlally as the

’
o
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Burnt Timber Creek section - Beaver Mines Formation - Lithotypes

. . o
> . ..
-
< Prafisition probabflity matrix: ° .
el w2 B3 B4 “BS
L . : N 2R
Bl ° 0.00. 0.33 . 90.44 0.11 0.11
B2 0.20  0.00 -0.40  0.13° 0.27
¥) ) . - . . v : L :
R3.  0.09 0.06 . 0.00 0.50 0.35 ¥
B4 . 0.00 0.11  0.32  0.00 0.57 ‘
BS ~0.13 0.16 = 0.41 0.31 0.00 !

‘Difference matrix:

Bl  ®B2 7 g3 B4 BS ’
Bl 0.00-  0.21 0.I4 -~-0.17 '-0.19 w
B2« 0.10 = 0.00 . 0.10. -0.16 -0.04
I . ) . o ‘ .
B3 -. -0.02. =0.09 0.90 . 0.14 -0.03
B4 -0.11 -0.03  -0.05' ° 0.00  0.19 . , o .
BS .0.01°  0.00 ~ 0.04 -0.04. 0.00 4 o o -
. ! T
= 87.257 o ~ i
observed - . - 3 ‘ '
2 LA _
, ‘ _ =-31.3
’(.OOl,ll)(calculaxedf S i -
i . .
Table 5-10. Transition-probability and difference matrices of the = °© -
. : ]
lithotypes of the Beaver Mines Formation in the Burnt !

Timber Creék_section.

o
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Significance of lines :
' i Line form Difference prohability . e
= 0.0t to 0.05 : o
T 006 to 0.10 - | B .
- 0.11 to 0.20: N !
R 0.21 tb 0.30 , ' ’
" b , — >0.30 : :'
‘- ) : \

" Figure 5-24. fTransition pattern for the'lithotypétfof the
. Beaver Mines Formation in the Burnt Timber Creek
‘ ' section. The lower pattern is the same as the
upper one except with descriptive terms
substituted for the lithotype names.
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matrix approached its stable value to the fourth decimal place at the .

A45th péwer (Figure 5-25). After the S0th power stability had not been

a

achieved'at the fifﬁh decimal place which explains the occurrence of

comple& numbers in the eigcnvaiUes. The modulus of 0.4428 indicates

- strong damping of any oscillgtions and phe matrix is non—ﬁscgllafory.
At the 2 metre sampic interval, lithotype B4 (siltstone) txgced

an oscillatory path, whereas the other lithotypes decreased exponentially

as the matrix approached its stable value at the 35th power (Figure 5-25).

! .
o
The eigenvalues contained both positive and negative real numbers. The

'

| ; ’ : ; '
1ithotype'B4 was found to be oscillatory with a period of recurrence

of 4 metres (Figure 5-26) and the rest of the lithotypéds were'nop—

. o
oscillatory.

Y
5.4 Summary j °

The results of the Markov analyses of the Blairﬁdfé Gfoup‘are o
summarized in Table 5-11. For the Beaver Mines Formation thpfsummarized

results are in Table 5-12.

In all instances examined, the complete Blairmore Group'and the
Beaver Mines qumation proved to have been controlled by a,first—order

Markév process or, in other words, to have Markovian memory extending
) i o : )
back one event. The null hypothesis of a random process having been

responsible for the vertical arrangement of the measured sections was

!
H

strongly{rejected in all cases.

All of the transition patterns exhibited some variation of a
P _ _ . | : u :
fining-upward sequence of lithologies. Man§ of the examples did not

back to the coarser‘grained,unitsfat the

¢
!

contain a prominent transition

completion of the. fining-upward pattern. Notably, a number of these.

«
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Markov |Oacillating | Power of Figenvalues® | Type of sérids

chaln litholoaqy or! recurrance

propprty lithotype probability

- naxina
9ra~1n sizo Yen f h -
In interval B None - i P, Non-oncll].at!.nq
’m interval v.f. sst. 1 N NON~oscillating
n”.
l.ithot'zgeu Yes © ‘ .
In interval » None - P, Non~-oscillating
2n interval T 1 R Non-oscillating -
' coe,
v - : ‘ ‘ :
SHEEP RIVER SECTION 7 o
Geain’ size Yes - ’ .
Im interval |vone . - L, 3 '(on-osciuaunq
2m Intervii-|™ ™ | none - “& | non-osgillating
': Lithotypes Yes o
Im interval None - Non-oscillating
. 2m interval None = P Nun-osciliating

C = complex nusbers

» p = 'positive real numbers

N = neqktiv- reaal numbets

Table 5-11.

Blairmore Group..

I

Sumnary of the resuifs of .the Markov analyses of the
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. . . \ / .
T . 3 : '
Markov |Oscillating Power of Figenvalues® +ypo of scrles .
chain 1ttholdyy or| recurrence ’ \
property| lithhtype probability *
' R  maxima s .
3 . i
“
»

TYPE_SECTION : |
Grain size Yen fine s¥T— 3 B P.C Non-oscillating :
1lm lntervui ' ) fine sst. 1 ,P,C ] Non-ogcillating
2m {nterval o ! claystone ' 1 P,N 1 o;cllfallnq
) . v.f. mst. 2 ‘ . uchoxoé;y"
Lithotypes Yes ]
'l 1m .interval None - ‘ p,C 4 Mon-oscillating
2m interval TBM2 2 P,N 1 oscillating -
! - _ 1ithology
/ .
' |
'SHEEP RIVER SECTION '
Grain size Yes ) ’ ' Lo !
Im interval | ) /Ndne - ’ P.C ‘Hon-osclllatlnq )
n interval siltstone 1 . P,C Non-oscillating ) .
' , fins ost. 1 . , s . ‘ ‘
N ! \
" Lithotypes Yas - : N - I .
Im interval ' 700 - ?,C "] Non-oscillating
B 2m interval *|seme 1 - P.C Non-oscillating
: - sms | L »

BURNT TIMBER CREEK SECTION

f

Grain size Yes .
im interval None - ’ . P . Non-oscillating
2m interval " Istltstone 2 . oe.,C 1 oscillating
! v.f. sst. ) S | 1itholegy
r fine sst. 1
Lithotypes | yes . ' ! oo .o .
. - I - . Lo ]
1n {nterval 20 -— . p,C '{ Non-oscillating
2m interval . B4 L P,N .| Non-oscillating |.

I RS :

* P = positive real numbers

' K = pegative real numbers
; R

C = complex numbers
e Fh‘{ctua‘uons in the Sth decimal place . ‘

; .

‘Table 5-12. Sm’nmar}} of the results of the Markov chain a‘malyses‘of
! ‘Beaver Mine$ Formation. :
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J 4
0 34 . : .
3 , _ Figure 5-26. Recurrence
o 4 : R . - probabilities of lithotype
s ' B4 of the Burnt Pimber Creek
E?gz. :section Beaver Mines Formation
o at the 2 metre sample interval.
— \
ol r‘ . |
T
0 0°
Q
a C
[+N) i ! !
: |
C Oy — '
1 2 3 4 S 6 7 8 9 10
Power of matrix
: ‘ I :
B . ’ @
! ! ]
patterns showed,two almost independent patterns: a medium grained"
séndstone-fine‘grained.sandstone alteration and a closed set of siltstone,-
claystone, and very fine grained sandstone.
The oscillating or cyclic nature of a;lithology or lithotype
was recognized by higher transition probabilities tracing oscillating .

I : v i
- paths toward equilibrium and eigenvalues which were negative real and/or

tompleg numbers. Herver: to fit fully tﬂe definition'of an 0Sgillatiﬁ§v
series and therefore have geological cycliéity; the recurrence probability
maxima of a litholoqy or lithotype musg‘ﬁe at ;'power df:ﬁhe matrix
other than one. _Thetéfore,"théugh a number of matrices hadléompiex

: »
eigenvalues, they were defined to be non-oscillatory because the

-

recurrence probability maxima were at the first power of the matrix.

The Blairmore Group,: when analyzed as a complete entity in the

‘ type!seétion and the Sheep River section, proVed to be“non-oscillatory. /

I
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This was true when the sections were coded -according to lithology

!
(grain size) or as lithotypes. ‘ ,
The Beaver Mines‘Formation, when considered separately, showed °
. . _

much more oscillatory behavior. All of the sections contained some
/// - ‘
ii;iilating’lithology or lithotype which was so strongly damped as to o

fberregarded as non-oscillatory. The type section is non—oscillatoryv
S v i
except for the very'fine grained sandstones which showed a period of

i /

réqgfrence of 4 metres both as a lithology and as lithotype TBM2. The
Sheep River section is completely non-oscillatory. The Burnt Timber
Creek section is non-oscillatory except for the siltstones which showed

a period of recurrence of 4 metres both when coded -as a lithology or as; °
‘. . * 1 ) N ‘

;1ithbtype'B4. ; \
Schwarzacher (1975, p. 259) suggested that the existence of a

an oscillation

t

negative eigenvalue in a transition matrix will produce

’

[y

ihmperibd-of,twowunits.w;He.alsowsuﬁgestedighatithis,mazﬂbe,énfugétion of
the manner in whiéh:the sections were sampled for the transition matriéeé.

" In thié chapﬁer} reéurrence maxima were found at the 2 metre sample‘ ‘ .
interyaf yet no osci}lations wereﬁpre;ent atAfﬁé 1 metre sample interval.
Ihis cou1d possibiy be explained as beiﬁg a reshlt of ;he?mcthod of
structuring the transitiﬁn matrices and not a true period of recurrence,

i



CHAPTER 6

DEPOSITIONAL ENVIRONMENTS OF THE BLAIRMORE GROUP

0y

6.1 ‘Introductioq

The Blairmore Group has been described “as an-alluvial pla%n

succession in a number of previous papers (Norris, 1964;'Glaister, 1959;

Rapson, 1964; Mellon, 1967). This chapter represents an attempt to be

more specific about the depositional environment of the group and to

i .

explain the successions and the sedimentary structures fqundxi; Tl

sections meastred. h . .

/ : ) .
In'order to"do this, models of fluvial processes will be ezamined !

‘
[y
’P

briefly and a summary of the Features of the Blairmore Group will be

presented, followed by an interpfetation of the measured sections.

pu—
i

6.2  Discussion on fluvial sedimentology . R ©

The ultimate_distributiop,.character, and accumulation of fluvial S

V :
-

.sediments have numerous controls. It is necessary to consider a number

2 IO VEIGTRER

of these before models can be constructed for comparative purposes.
N N . ’ ! .

ot ek

Stream types - . o ‘ . .

The shape of a stream channel is the result of the interac;ion

of fluid discharge (amount and variability), se&iﬁent load (aﬁ§uht‘and
calibre); channel‘width and depth,‘flow velociﬁy, glope, and bed

- roughness (Leopold and Wolman, l957).f Schumm (1968) added the,amoun; of
vegétation.intthe source areas and the floodéladﬁs as a‘céntrolland
’Allen5(1965) suggested.that.the e1ements which influence these factors

!

120



B e L T S 8 B IR R

are climate; geology, and relief of the enclosing basin.

The most common plan view stream patterns (Figure 6-1) are .

braided, meandering, straight, and anastbmosing (Miall, in press) with-a

* ',
continuous spe%trum between these types. Table 6-1 summarizes the

-

!
{

features of the four stream patterns. -

. { . .
Schumm (1968) classified rivers according to the type of sediment
g o P
I i

laad c%rried. His types are suspension-load, bed-load, apd.mixed—load
streams. S E

' 4 : i .
.Braided streams are made up of two or more channels which, flow

[

around and over numerous’ alluvial islands and bars. They are best

developed in alluvial fang and glacial outwash plains. High width/depth

ratios, abundant sediment, high regional slopes, qenerallyllow sinuosities,
‘ Y N .

highly variable discharge, and easily eroded banks typify a braided

stream (Smith, 1970; Miall, in press). ¢ |
. f
Meandering channels are sinuous in a plan view. Discharge

yariability and channel slope is lo&er‘and the sediment calibre

commonly is sﬁallerwthan.in ;'braided ;tream- Efoéion is concentrated

on the outer bank of the:meanders which generélly coﬁsist‘of cbhesive :

fioodplain deposits‘or, less.domﬁonly, earlier éhanné13b; Boint bar

deposits.‘ Deposition occurs mainiy %n the:form of point bars which -

écc;eté laterally onnghevéonvex'bank qf a meander (Allgh,[i965).
‘SiraighE;éhﬁnnels hé?e neqligibie sinuosity at bankful‘discharge‘t

({Allen, 1965), are not common naturally, and occur méinly on relatively

gentle slopes (Miall, in press). Fiume studies (Simoné gg'gl., 1965)

and observ;tions.df natural streams (Haims and Fahnestock, 1965) have

PN ;
7 /

.shownlthatét f?w flow stages the thalweg of a stfaight\channel doe

~ . )

trace ‘a sinuouL course between its banks. Sediment bars form on

, .
", T ‘ : t::X./\\7

121
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bar surfaces covered
[:]‘ i durmg flood stages

braided

.in press).

! _ :
Figure 6-1. Plan views of principal stream g:ype;'g>r\qn/21iall,
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v

.élternating\sides of the channel and ‘are the sites of deposition of
sed®iment (Allen, 1965).

Anastomosing~is a term which is becoming restricted to streams

<

. which have.two or more, highly. sinuous, stable channels with cohesive

t

: i . .
banks. The channels are separated by large, stable, vegetation covered

islands (Miall, in press).

Moody Stuart (1966) used the terms high- and low-51nu051ty to

dlffcrentlate between types of fluvial dep051ts. HiS’nigh—sinuosity )

. N )
stream is equivalent to a meanderlng-stream. Streams wmthﬂgtralght

- " .

patterns but few alluv1al bars or 1slands were termed low—51nu051ty and

.

were con51dered to be’ intermediate between braided and meandéf&ng. <

,'Q,j‘ | o

>

: ' ’
" Hydrodynamic controls.on sedimentation

Before models of fluvial facies can be built, the effect of flow

upon various types of sediments and the resultant sedimentary,structures
- ' 'I_‘ : » <

must" be ’investigated.v . A ‘ c ®

The velocity of a flow within a cnannel~is subject to a npmber
of controls {channel slope, water temperature, depth and resxstance to
flow) and may be‘d1v1ded lnto lower and upper flow reglmes with- an

1ntermed1ate transition zone (Slnons, et al 1965). The bedforhs

produced vary w1th flow veloclty, flow depth, and sediment size.

\ L)

Most of the studies of bedforms produced under varylng flowi

o
<

B

condltlons have been conducted using flumes. This has produced repeatible

results over only a small range of flows and sediment Sizes. The most

% ’ N

. recent graphlc summary‘of such studies is by Harms et al.'(1975)°(see

Figure 6—2). Rapples (small-scale structures) and dunes (large—scale

o

‘structuresF~were long recognized' in flume studies (Simons, et al 1965).

R
i

’

124




125

-

)
o
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o

-
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o
-
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SAND WAVES ~
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i - o _’
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2
q
Figi\lre 6~-2. Schematic size-velocity diagram for a flow depth of 20 cm. - '
Asterisk marks ther field in which there is flat bed ’
-

transport-.on an undisturted bed but where ripples
develop once the bed i5 disturbed ( from Harms et al.,
1975). o ’
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Harms, ct al. (1975) recognized another large-scale bedrorm and used

the term sand wave. The same authors noted that flat or plane bed
i

“transpoft and dcpésition is stable at two different ranges of flow

" velogity and sediment size: a lower plane bed and;aﬁ pper plane bed.

the sequence

‘Under the same sc¢t. of increasing flow conditions,

e i

i ~——
~ - .

/ : . - -
available. As can be seen in Figure 6-2, the sequence of bedforms

of bedf&rms which: may bé expected changeés with the sediment

3 H

produced under increésinéoflow velocities for silts and vexy fine sands
(0.03 to 0.1 mm.) are no movement of sediment, then ripplés, and finally

. _ A -
the upper flat bed. For fine and medium san@s (0.1 to 0.6 mm.) the

-

sequence produced®is from'qo movement to ripples to sand waves to dunes
&
“and firdally to the upper flat bed. In sediment of cbarse and very coarse
D . ) . ' ) ‘ =
sand ( > 0.6 mm.), ripples are ndt stable at any flow velocity and the’
- - ' T P ‘ : - . -

. g e . ‘ ca
sequence of bedforms observed under increasing flow are no movemen to
lower flat bed to sand waves to dunes to upper flat bed: The boundary
between dunes and upper flat heds at this-size range is at velocities )

and depths not qttainable in flumes and is not-included in Figure 6-2
. : ] _ . ) . ‘ j
‘(Harms, et al, 1975). ; e

" “The\stability of the various bedforms in relation to d}fféring

1
4.

sedimentysizes must be dégérmined in order;to intérprét the flow

céﬁditigns from the sedimentary structures. The change from lower to
‘uppet flow regimé§<was.always taken at';he boundary between dunes and

L 3 ' ) -
upper f1at beds YSimons, et al., 1965). The 'portion of Figure 6-2 :
designated as "in phase waves" is the range where antidunes are formed, i
and since antidunes are rarely recognized a¥ preserved structures they

s s

are not discussed.” .

&
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‘Common types of stratification \ v : .

.
Small-scale trough cross-stratification is produced by migratinq
o Eo ‘
linguoid ripples as a result of in-flilling of scours in the lece of the T

ripple (Harms and Fahne ock, 1965) . RippIQS'of other configurations

may produce other small scale sedimentary structures of various forms

(Harms, et al., 1975). '
Large—scalg trough cross-stratification is a product of migrating
duncs (Harms and Fahnestock, 1965; Visher, 1972). Dunes are the most

common ‘bedform in sunuous or meandering rivers and are formed in sediment
i . E . ’
‘ranging in size from fine sand to gravel (Harms, et al., 1975) ..

Large-scale tabular cross—stratificatiqn is produced by the

avalanching of sediment down the lee slope of sand waves. (Harms, et al.,

1975) and thase bedforﬁs are common in mosq.rivers. Mial% {in press)
: . ‘ : .

has divided braid bars (types‘of sand waves) into three main types:

(1) longitudinal, 52) linguoid ahd‘transverse;fand (3) point, side,

and iateral bars; The linéuoid and transverse bars (most typical of
éaﬁdy braided rivers) have been shown to p;oducé tabular cross—stratifi—
catién by avalanche slopé progradation (Smith}.1976, 1972,‘i974; Miall,
in press). | J .

Horizonéal stratification is produced by sediment transport and

sedimentation over a plane o; flaﬁlbed. ¢ For mo;t sands agd.silts this.
is in the upper flow regime but for coarse and vefyncoafse sands it may i
.be in the léwgr flow regime as lowerlflat béd transport (Harms; et al.,
}1975); This is not to be éonfused with parallel laminatiohs produced

by the gradual settlihg out of silts and clays from suséension in quiet

water. ‘ ' ; SR .

1
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Alluvial facies models

ﬁacics models for fluvial systems have been developed for
; _ i

comparative purposes between deposits. Thus far, the model for
meandefing rivers is the only one widely accepted, whercas fluvial

systems sﬂow a complete gradation from meandering to braided and finally

to flashy, ephemeral streams and sheetfloods on alluvial fans (llarms,

et al, 1975). |

Meandering fluvial facies model

’

The hydrodynémics, geomorphology, and sedimentology of meandering

strecams have been extensively investigated and described (allen, 1965,
»

1970; Visher, 1965, 1972; Harms, et al., 1975; Walker, 1976).  The

deposits may be divided, as in most fluvial systems, into channel,

' il

channel-£fill, and overbénk deposits (Allen, 1965). (See Figure 6-3A):
Meandcring'is maintained by erosion of the concave bank of the

meander and deposition on the inside of the meander as a point bar. The

point bar accretion is lateral and downstream;giVing rise to the term

"lateral accretion deposit" (Allen, 1965; Walker, 1976). At the;base .
of a channel deposit is a channel lag deposit of the coarsegt bed load

~ T { ) .
along with coarse plant debris and large mud clasts. Above this is a

giniqg-upward dequence of lérge—scale trough cross-stratified sands,
grading into small-scale trough cros§—5tratification capped by overbank -

deposits. An early model (Allen, 1963) placed,horizontaily-bedded sands
' T A .

between the channel lag and the large trough ¢;oss—stratified beds with

: : i .
the sequence representing steadily decreasing flow conditions. Since

| 1

<

%

then it has been recognized that horizontal bedding may be found anywhere

!

in the channel segquence (Allen, 1970); channel depth, curvature, slope

and width only need be changed slightly to produce flat beds as opposed”
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Figure 6-3. 'A) Elements of a meanderind stream and. the associated

sedimentary structures. B) Finj.ng—upWard model of a-
meandering river deposit. C) Floodplain model for a
meandering river system. (from Walker, 1976).
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to ripples or dunes. Allen also found that flat beds will form only in

very gentle meanders (i.e., low sidﬁosity) and therefore occur only iqé

..somc‘meahdering rivers at high flood stages when the flodd thalweg is, i

v

less ®inuous than the low Flow thalweg. -Pladdr-tabular cross-stratifica-
tion is . not common in meandering rivers but McGowen and Garner (1970)
and Jackson'(l975) have desoribcd planar foreset sedimcﬁtatioﬁ:on the

avalanche faces.of bars in‘meandering streams which are the equivalent

to braided stream transverse bars.'

/

The overbank deposits of a,méandering;stream are formed'during
and after high flood stages of the river. They take the form of levees,

swale fills, crevasse-splays, and flood basin deposits and represent the
build-up or "vertical accretion” of the floodolain (Allen, 1965). The

F

grain size of the sediments decreases away from the finer sands to pure
clayse¢ith increasing distance away from the stream. Stratification

takes the form of small-scale rippiés and parallel laminations. Vegeta-

!
i

tion growth is often intense on the floodpléins and theldeposits contain

~ s

abundant organiclremains and root traces. Flood waters may become

: R :
‘ponded on the flood plain and form fresh-water lakes which contain

1nvertebrate faupas and from which carbonates are deposited. Dessication ;
/ : !
often produces suncracks in the clays and silts. In arid to sub—humld

: I e
envxronments [less than 30- inches of prec1p1tat10n per year (Gary, et aﬁ‘!&
/1972)], callche-llke nodules may form by pedogenlc psocesses in carbonate-
rioh soils (Allen, 1965, 1974a; Visher, 1965, 1972; Walker; 1976).

| Crevasse-sglay deposits are overbank deposits'out may dontain
sediment that is of the same grain size as the channel deposits. sThls'

’is'possihle.through erosion during floodirg that is deep enough to tap

the bed load of ‘the stream (Allen, 1965; Walker, .1976). Such deposits

>
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may show stratification'éomparable to that found in the channel sands.
. ! . B .
The meandering river facies model (Figure 6-3B) describes a

. fining-ypward sequence from channel lag through point bar to overbank

deposits. In terms of the complete floodblain, the stream mehnders

‘over psrtions gf the.plain to ‘produce  elongate sand bo&ieS“bordercd by
! .

- L. | \ : . . :
overbank fines. In time, successive stream locations are abandoned

\

;Braiaed fluvial facies model

y s

and new locations occupied; this allows for the repetitigh of fining
. B ’ .l i - '

upward seéuenées in a'vertiqal'section (Figure 6-3C) (Allen, 1965;

Visher, 1972; Walker, 1976). - . |

Models of,the‘sedimcntology of'saﬁdy bfaided éﬁream'deposits
are not as well dgvelopedias,those fér.meandering streéms and most
disé&ssions arelmainly compérispns of braided and meandering systeﬁs.
TﬁélmOSt complegé'synthesis of braided s;redﬁ models was done 59 niall'

(in press) in which four types of braided streams are described.:

Recent braided riYers Have been examined in detail by Doeglas (1962),
.y . _ ' b :
Coleman (1969), Collinson (1970), smith (1970, 1974), and Williams and

i

Rust (1969). There are even fewer documented examples ?f ancieént

braided rivers (Moody-Stuart, 1966;XSmith,‘l97O; Cant and Walker, 1976;

. ’ ‘ /
Miall, 1970, 1976).
. . o . . t '/;_ . ‘
The controls on the deposition of,braided“stream sediments are

I

easily eroded banks, highly varlable dlscharge rates w1th hlgh flood

veloc1t1es, hlgh slope, and abundant bed load sedlment supply (Smlth,,

Y

1970). Braidlng is initiated when the stream deposits the. sedlment ‘

v .
sizes 1t is unable to carry or when the stream is not competént t01move

/ /
the total sediment supply. *Channel bars build around this dropped

. ' o )

B
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" »

. Y

portion of the load (Leopold and Wolman, 1957). 'The sediment supply is: »
o ;o !
generally coarser than in a meandering stream and the coarse load is

'
!

deposited over the whole of the floodplain.
i [

~ The channel deposits take their characteristics from the bedformé

which are found in the channel; dunes and sand waves of various types.
R N ‘y ! ! ’ ’ . ' N
The dunes produce, large-scale trough cross-stratification which may also

¢

be found in parts of some bars (Smith, 1974} wWalker, 1976). Longitudinal

bars [gonfined to bars of gravél (Miall, in press)] consist of crude

horizontai bedding with overall fining-upwards and fining-downstream
. : _ < : T

patterns. ‘This type of stratification becomes less abundant distally

I} K .
in a braided strecam (§mﬂth, 1970). Transverse and linguoid bars have

well developed avalanche faces which are the areas of fo:mation of !

. . 2
large-scale tabular crqss-stratification (Smith, 1970, 1971a, 1971b,
i

1972; Harms, et al., 1975; Walker, 1976). Point bars are uncommon in

braided streams (Walker, 1976) (Figure 6-4A), although side or lateral
"bars have been described in braided stréamsl(Collinéon, 1970).

Overbank or vertical accretion deposits of bréidéd.systems are
- . o ' : : ' o !
of minor importance and are rarely preserved. Due to the ease of

mig;ation of the channélé,'the resultant rapid shifting of‘channel
, : o0
poéitions and the coargseness pf\the sediment load,- any fines that had
T : / . .
been deéosifédrwould not likely be preserveq.

Miall (in press) has deséribed.four ;ypes af.braided river sﬁstems
and named them afper'tﬁe7stre;ms in which the character}stiés of each
were first described: ' the Scott, Donjek; Platté, aﬁd Bijqu Creek tybes.
The Scotg type is gravei dominated and accfetion_is by supe;impositiéﬁ

| : ‘ . . . ,

of successive longitudinal bars in proximal streams. The other three

‘types are sandy systems. -

] \
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. . , .
The Donjek type forms a cyclic deposit with successive fining-
! -
~

‘ - |
upward cycles. The cytles may be extremely varied but all represent
a decreasefin enerqgy upward. These cycleq may be dlstlngu1shed from
51m11ar cycles qencrated by meanderlng strcams by the abundance of

planar-tabular ¢ross—stratificati0n which is not common in meanderihé
b - . . : : /
streams, ' :
The Platte type shows no cyclicity and is‘composed of super-
imposed linguoid bar deposits. The result is an abundance of planar-
‘tabular tross ~bedded sands sometimes with gravel from longltualnal bars.
The BlJou Creek type was modeled after the flood deposits of
Bijou Creek in Colorado eS‘described by‘McKee,!ggvgl., (1967). fhe

sediments deposited after 9 to 12 hours ofxflooding'were sand-sized,

. .
from a few centimetres to at least 4 metres in thickness, and extended

; :

up to three-quarters'of a kilomehre laterally. The ‘most chagcterietic
feature of the deposits was the predominance of horiéontal beqding W
was‘obserVed both on the floodplain énd in the channel The BlJOU'
Creek model consists.of superimposed catastrephlc flood dep051ts thch ‘ 4
' are malnly horlhontally bedded unlts (upper plane bed) with succeeding
planar cfoés-beds and ripples formed durinq waning flow. Severe flood
‘events have been used by Be@l (1968), Stanley (1968), and Miall (1970, f
1973) to explaln thlck ma551ve to flat>bedded sandstoneslln anclent

S ‘

fluvial sequences.

o . N
The model for -the floodplain of a braided river would be lateral
/ . ‘ ‘ .
and vertical successions of the deposits described above with few, thin, . ;

.discontinucus argillaceous overbank deposits (Figure 6-4B) (Allen, 1965;

Walker, 1976). . . S
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i
The main dis;ingﬁishing features hetween meandering and braided

streams werc.5umharized by Smith (19705 ?nd Cant and Walker (1956):

(1) ripple and dune tféugh cross—stratificétion dominate meandering

stream deposiﬁs, whereas'horizontql and tabula; cross-stratifiéation

are more common in braided‘stfeams, (2) braided streamé more often .
contain agrupt variation-in grain size, (3) thin shales and intraclasts {
occur more often in braidedfdéposits, and (4) beds are thinner and more
irregular in braided stream deﬁosi%s. ﬁiall (in press) ?otea these
éifferences plus that thé coarse member of a braided stream cycle forms

R :

a gfc@ter propdrtion~of total cycle thickness than those generated by

a meandering stream.

Straight stream facies model

- !

. | o
Straight stream channels are not common in nature. As stated : !

previousl?, the thalweg of a straight channel does trace a sinuous
course, withid‘the channel and sand bodies, formed  on alternating sides
of the channel, miérate downstream (Allen, 1965, 1970). Allen (1965)

suygested this type of stream would be free to sweep across the complete .

floodplain depositing an upward-fining sequence of channel deposits with
! : : . : K

each pass. Overbank fines would be thin and not lateraily extensive

(Figure 6-5). This model is not well understood and has not been

|

recognized in the angient record.
. N ;

Moody-sﬁuart (1966) believed he had recognized the ancient

! :

deposits of a low—Sinuosityfstréam which is equivalent to a straight

étfeam channel with few alluvial islands. ' His facies'model (Figure 6-5B)

i

differs with Allen's modeél .(1965) and some of the features follow.

. Moody-Stuart (1966) suggested a low-sinuosity stream-will not migrate
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laterally across a floodplain but will aggrade vertically with in a

confined'belt; As the channel system aggrages the chapnel would becomg‘
wider and shallower since the chanpel banks would consist of sands which

have very low cohesion. - The channel‘wkll_bé'divefted to a new 19c§tion
by avulsion after aggradation had raised the'rive; bed above the level
of the flqodplién. Evidence of levees woul§ be found only at‘the edges
of channel sand bodies. St;eam current directions would be hormallf
distributed around the long axis of the stréam whereas much more

1

variation would be expected in a meandering stream.’

!

Cyclic fluvial deposits

In the previous discussion concerning the meandering stream

t . —

model, the term fining—upward sequence was used. Often, fining—dpw;;a\\\\\\;
cycle .or cyclothem is used instead (Allen, 1965, 1970; Belt, 1968;
Read, 1969; and many others). The terms dycle and éyclothem were

avoided in this discussion because of the use of Schwarzacherfs‘(1969)

[ =

definition of geological cyclicity (see Chapter 2).

Most pépers which are concerned with the cyclic&&ziof a sequence
; — ‘

i .
~.

of rocks contain suggestions about the controls on the cyclic §?6cesses{

Some authors who have summariéed and commented oh these controls are
! C : 7 . :
- Merriman (1964), Duff, et al. (1967), and Schwarzacher (1975). Beerbower

! (1964)‘suggested that{cyclichor cyclothemic deposition is to be expected

in a fluvial environment. The following discussion is based on his
. . . , R . - .

. . ) .
arguments and the terms cycle and cyclothem are used in the usual sense

’

meaning one fining-upward sequence of strata,.the'charac;eristics'of

"which occur repeaﬁedly in a single section. This definition is desi§nated

as fluvial cyclicity as opposed to geological cyclicity.

e

e
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L . ’ ;

The controls on alluvial:plain cyclicity were divided into
RS » ; ‘ . \

internal (autocyclic) and external-(allocyclic) factors (Beerbower, ‘ \ :

K]

1964) . Autocyclic;ty is produoed by channel migration and cut off,
‘crevaooing, and channel diversion. -Qeerbo;ef concloded-that cycliq‘

depoeits could.bo produced by this type of energy redistribution on the
floodplain. Also all alluvial“plains are subject t0~autooyolic sedi~
mentation.but cycles are only recorded or oteserved'when'subsidence and
.compaction are rapiq enough ko cerry‘the deposits to a position’below ' .
the level of erosion. The cycles would be cyclothemic, that is
gradually fining-opwérds and'abruptly oveolain by co;rse matefzitfat
the bese-of Bgother c&ciothem.

;;;TEEEhaniios of allooyclicity are Gafying discﬁergelgiood;
and stream.slope[ Theee may vary due to'vaiiation in see 1evel,r;’m
climatic changes, spasoodic source area ele?atiqn, and Epe§mooic fﬂ
subsidence of the depositional basio._ These-variat?Qns may produce
cyclic deposits but, again, thei:will only Be‘preserved if sobsidence
is sufficiently rapid. : L ‘ » ‘<> '

] -

t things there are complicating factors. Beerbower
: : ' 3

!
P

(1964) points cut that wi a number of these’oontrols acting concur}ently,

Ecycllc characterlstlcs may be intensified or obllterated as the controls

. go in and out of phase with each other. Whlle,developingvthese ideas,

'

Beerbower acknoyledged that he had made three assuﬁptions which ma& not
always be valid: (1) the depositional basin subsided uniformly over its

. / ’ :
whole. extent, (2) compaction was ‘uniform in all the sedlments, .and (3)

!
| : 7

alluvxal plaln topography did not restrict access of sﬁreams from any ' :
_ . Lo -

part of the plain. The opposite of these assumptlons is. often true in

a dep051txona1 5851n whlch in turn modlfles the effects of the cyclic
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mechani;ms.and fnfluences the deposition of fluvial sediments.
The p01nt of this dlscu551on is to show that alluv1al plains’
naturally produce cyclic sedimentation and the absence or the pbor

development of such cycllc1ty should be 1nvest1qated Klso, some ideas

-

on thu controls should be proposed. ¢

' . R o
The transition pattern produced from an autocycllcly deposxted
\ . .

sequence should clearly show a succession of finer: gralned sediments

4 \ ) ', ‘ ~

upward ab;Lptly sucteeded by another cycle’of the same: type. Uéing‘the ) - f

a . o : SN t

format of this study, the pattern would be: - R

. - . * ¢ o ' .Il

i L 5

‘ . ",,

g A . A

F

R

N ¥

0 - . . 2 - - :

« . ) ) / . .‘ M

6.3 Summary of the depositional features . . . : )

of the Blairmore Group o . o N

As dlscussed in Chapter 3 the Blairmore has' long been recognized

°

as an allug}al plaln deposlt.;Pgn addition-to the sedimentary features

~of the group itself, further evidence is available from correlative

; . v \
units. Equivalent strata in the southern plains of Alberta (Brown, L

¢

1976) and Saskatchewan (Leung, 1976) have-been shown to be fluvxal in

A 4
-

or1g1n. To. the- north, the Luscar and Mountaln Park fac1es of the

Blalrmore=Group are also fluvxal but also there is evidenca of deltalc,

aet1v1ty (Holter and'Mellon, 1972). - The reader is referred to W1111ams

and Stelck (1975) for a reqxonal paleogeographlc dlscuss1on.
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i N ‘ [4 . * s ‘ ’ 3 .
« Another salient point concerning Blairmore deposition that must

be reiterated is the active tcctonism'to‘thc west and southwest of the

. | ' G . >, i
West Alberta Basin during Blairmore time. (See the discussion on

o .
tectonism in Chapter 3.) .

The graphic logs of the measured sections are presented in
: i

Figures 6-6, 6-7, and 6-8 with an interpretive division intp channel.”

s

'(ihcluding flood deposits) and overbank deposits. The.following is

! N N “ .
a ‘description of the section subdivigidns and reasons-fPr the divisions.

t

Chapter 4 contains more complete descriptions of thé:sections.

t

Overbank deposits

In the three sections--Typd section (Figure 6-6),dSheep River

o= e

(Figure 6-7), and Burnt Timber Creek (Figure 6-8)--an abundance of -

f
- ’

overbank deposits are evident. The features of these " deposits are

s
- v

*common to all three of the sections. '

)
|

? The most obvious characteristic is the interbedded succession

of sediment ranging in grain size from medium grained sand to .clay.
, [ : :

‘The sandstones are thinper-thanrthe finer sediments and could be ascrib

' -

téﬁlevee'of éreyasse-splay or flood depoéité. The siltstones and
. ol ”' . “

clayétonés show éxtremely,varied thicknesses gf a few decimetres to .a

“}ew_métfes; Rapid veftical al;ernation ofsgraih size was a}s§ obse:vgd.
Cross-bedded sandstbnes.aboﬁt 3 metr;; th;qk were 6b;;rvéd' R

.within thiék seéuences of ovierbank depoéits'(for example, above C2 6n

the Shegp RiVef log and ébové C5 on the Burnt‘Timber.Creek log{."These;

méy bé thin channel deposits,hcrevassg:sélay deéosits,_sr‘ﬁhef&gsult.of

severe: flood. events. _Thé,numbef of interbedded sandstones in the

X oberbank deposits suggests that access to the floodplain was relatively

.

“.easy.and flooding was a common occurrence.
N -, R B )
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The siltstones and claystones sometimes showed red or mottled
. - . ' 1
red and green coioration indioating oyidizing conditions on!the flood-
plain. Mudcracks, due to dessication, were observed thoqu?not

freqoently. Organic‘debris occurs in all- lithologies but not'abundantly

S t
in any -one rock type or overall. The floodplain did support\vegétation
| , : T
but not dense, stable stands or sSwamps. Calcareous c0ncretionsiof‘
. o \ : . . . /'.,
- nodules were observed in, claystones and siltstones and rarely in very
" . . b

fine grained sandstones. ' Formed in soil horizons,'these concretions
‘show that pafts of the floodplain were isolated from any clastic

deposition for‘eXtended periods of time and'the area had only moderate

mean annual temperatures and low to moderate mean annual amounts of

prec1p1tat10n (Allen, 1974a).’ ‘ ,
The Calcareous Member of thé Gladstone Formation[ the limestone /

I : 1
at the top of the Beavor Mlnes Formation in the type sectlon, and the
. /

transported algal balls in the Sheep Rlveﬁ section, show' that lakes o ;

were present on the floodplain, an interpretation confirmed by the

presence of fresh-water invertebratée fossils in the sediments. S
o . _ ' | , ,

Channei deposits.

The basic criteria for the identifioation of the channel deposit
were the thicknesses and grain sizes of the units. The channel units

3

are easily recognized and are denoted on the graphic logs as Cl, C3,

‘etc. Identification of the'sedimentological processes which wera |

opefational during active channel deposition is more difficult.

The'outstanding feature,of many of the thick sandstones in the
/

measured sections was the lack of any observable sedlmentary structures.

.

Thesd sandstones are descrlbed as massive though they may have been

| .
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horizontally bedded in part or structures ‘that were present were not
. i . .

precognizable; Some of thesc massive sandstones show a fining-upward

A

trend (type section: c6; Sheep River section: éS; Burnt Timber Creek
. * |

'

Creek section: C3), others have fluctuating grain size distributions in
) .
/

a vertical profile (type section: Cl, C2, C4, C5; Sheep River section::
c1, C3, Cce6; Burnt Timber Creeck sectlon 01), and the rest are of

uniform grain 51ze perhaps w1th thin 1ntcrbeds of another latholoqy
(type scct10n.-C7 C9; Sheep River/section: C4). S l

[ ' - :
I .. . .
The remaining channel units are cross-bedded at least in some

e

portion of the unit (type section: C3, C8; Sheep River section: Cc2;!

Burnt Timber Creek‘sectiqni C2, C3, C4,/C5). The cross—stratifiéation~

L O gy S S e

Iwhieh was observed was large~ or small-scale trough cross-stratification.
. . v 1 .

-

o

‘ } - ,
or else the exposure was such that the type could not be identified.’
Most of these/channel units are abruptly succeeded by overbank

fines. If the change was found to be'gradational, the gradation was

'

over a very small vertical distance. Relief due to scouring at the base
. : /

of the channel units was only a matter of a few centimetres with ohe

[}

exeeption, that of C4 on Burnt Timber Qreek, where the sandstone had-
eroded approximately 4 metres into the underlyiné claystone. -

The massive to horlzontally-bedded sandstones were de9051ted
under uppér flow regime condltaons. A flood event or a shallow flow
depth would have produced the necessary cendltlons to yleld plane ‘beds.

Deposxtlon of the large—scale trough cross- stratlfled sandstones
was' by migrating ‘dunes under lower flow reglme conditions. The trough
cross-beds observed in the type section (C8) and the Burnt Timber Creek
section (C4, CS) are lnterbedded with massive sandstones and bear the 4

I / . .
greatest resemblance to p01nt bar dep051ts. These alternat;ons of.

[ . . N \

i

i

~r
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!
scdimentary structures could have .been caused by changing flow depth

or flow velocity.

[ . ' [ e

Markov analysis and transitiongpatterns

[

The results of the Markov analysis presented in Chapter 5 showed

that all of the sections possessed a %1rst order Markov property This

\

was to be expected in an alluvial_plafn environment because_of the
upward variations in flow velocities and migrating stream channels.
The most obvious_feature oftthe traqsition patterne’(figufed
in Chepter 5) is the fining-upward trend, again, an expected Qeatgre

of a,fluvial deposit.- 30wever, there are no examples of the widely

i | ) . . .
described, fluvial cyclothem: a basal erosional surface overlain by’

: . " . R . : N s
* a coarse member of sandstone and succeeded by a fine member of chiefly.

siltstone with proofs of exposure, followed by another cyclothem ' \

' !

(Allen, 1974b).
Figure 6-9 'is a simplified version of the transition patterns

in which the tréns;tidhs with difference probabilities of lessfthan 0.10

/ . . !
have been deleted. The most obvious féature is the absence of signifi-

cant transitions from the finest lithologies'(siltstone and claystone)
. :

to the coarser units (medium. and coarser‘grained sandstone). Such -

/ . ' P

tran51tlons would be expected but in this case the'"thick sequences of
alternatlng flne lxthologles far outnumbered the tranSLtlons from the

_finest to coarsest sedlments.

The Burnt Timber Creek transition patterns show two independent

/

itransition sets: one between fine and medium to coarser grained
L ]‘ . ) I_'A S 1

. . . B |
sandstone, and one from very fine sandstone to siltstone to claystone.

This‘sugéests a rélative independence between the processes of channel
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from the patterns,

- 1
1

Slmplifled ver51ons of the tran51t10n-patterns‘ih'chabtéf S
' leference probabilities of less ‘than O.lo'are deleted
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1
'
h

(fine and medium grained sandstone) and floodplain (the finer lithologies)

deposition. .o / -
S {
The type section has the most complete fining-upward transition

patterns. In the Beaver Mines Formation of the type saction, the

«wwégfgérn'again suggests t&éfgébéféfgfﬁfeﬁaé'although they are not as -

grained sandstones show the above association as well as an in-channel

1

Group in the sections studied. A combination of Beerbower's (1964)'

'fluvial fining-upward sequence.
! :

well %efiqeq as in the Burnt Timber Creck section.

fhc ShcepriJer scctién is the most anomolous of thc three
sections. hThe?elis no litholoéy which is most likqiy to followxvery
fine graiﬁed sandstone (both patte;ns) or quium grainéd sandstoneég

. i , :
(complete section only). The, randomness of thc’lithologies.may

possibly be expldincd by the stream having had easy access to the

floodplain, alloWihg sand to have been deposited at irreqular intervals

. ‘during flooding. With this'type of deposition as well as deposition

B

in the stream channel, actual transitions in the sections could have
. N 1 .

been to any one of ‘a number of lithologies without any one tranéition

beingldohinant. The succession of the fine grained sandstone followed
o / .
' \\ J . . . .
by claystone in the Complete section and medium grained 'sandstone .
followed by s%ltstone in the Beaver Mines portion of the section could

be further ev{dence for this. In the Beaver Mines Formation, the medium

\ |

cy s L . . \ e ’
deposition association’ with the fine grained sandstones.

1

Fluvial‘cyclicigx ‘

i

/

5 » . o > .. |
The classical fluvial cyclicity is not present in the Blairmore

autocyclic and allocyclic controls appear to havé modified the expected _

.

o
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.be evidence for this tectonic influence. .

© 149

o . ‘
In terms of autocyclicity, abrupt channel diversions scem to
! C .

have been the dominant p;océsg of énergy redistribution on the floéd—

plain. This is suggested by the shérp contacts betw?en chanhcl and

overbank deposits.
fhe allocyclic conﬁrols (varying discharge, load, and slope)

may have had considdraplc influence on the sedimentation pattern. The
most obvious cause of this would have been the Columbﬁan tectonic

o

»” . N . | .
dctivity, including thrust faulting, to the west.and southwest. Tectonic

pulses would have repeatedly raised the elevation of the source areas;

>

subsegueﬁtly,*the rates of erosi%n, the gtréam slope, and the sediméﬁt:'

;oéd would héve @ncrca#éd'at irrégular intérvalS; ! ’ '
The three forma£ions which compriéé the Blairmore have extrémely

different composition whicﬂ suggest? that tectonism had a major influence |

on the Blairmore at least at the scale- of formations by exposing new
v A . , \

source areas of differing composition. '(See Figure 3-1.) The hiatuses R

between the formétions in the Crowsnest Pass area have been explained
: {

by qulescent periods of thtonlsm (Prlce and Mount]oy, 1970). It is
suggested that the tectonic act1v1ty ha& a lesser 1nf1uence on the .

Blairmore on a within—formation scale which caused variations in stream

-
’

slope and sediment supply. The immature composition of the Blairmore
pply ‘ > compo

sandstones and the high-energy flood deposits described previously hay'

S

Other fqafureé mentioned by Beerbower (1964) pkgbably influenced

the alluvial pfain sequence as well. Irregular basinal subdidence and A

irregular floodplain access'due'to tppography'on the plain were !

probably strong factors on the ¢ontrol of sites of: dep051tlon and the

ease with whlch a channel could mlqrate over the floodplaln. The : 4

i
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abundance of overbank scdiments shows that channel locations were
1

stationary for; extended periods of time. <

The lack of fluvial cyclicity/can be explained by a combination
of autocyclic and allocyclic controls. In terms of allqcycl%city,

channel positiohs were stable for extended periods of time and channel
diversion was abrupt. The active tectonism to the west disruﬁted the

. . . ‘ . \-- . .
-autocyclic factors by altering stream slopes and ;oads.

{  ' - e ) : //

The BTai¥Fmi : deposited on a broad ‘alluvial plain bf
ak P * - .
fas hot and semi-arid to sub-humid with only

low rel&quﬁf

moumﬁsigﬁ.annhal'precipitation. This is 'supported by . "
. PN - . . . .

low to moderate a
T _

. i :

. the presence of caliche-likc nodules in ‘the Blairmore. ‘

The lack of vegetal remains in tho Blairmore strata 5uggests;

that the amount of vegetation on'the floodplain was sparse, espécially,>

v

- when the Blairmore is compared to the underlying Kootenay Formation with

o o .
its thick coal seams. , With the abundance of overbank deposits in the

Blairmore, surely coal deposits Qquld have -been preservéd if vegetation

growth had been lush. A climatic change to .drier conditidns from the
| . . . : ' n . . . - , -
Kéotenay to Blairmore may explain the lesser growth:of vegetation. The
! : .
I y
rising mountains to the west may have caused a rain shadow.§ffect
. ! v '

lowering the amounts of precipitatian This suggested paucity of
. ) ‘ b ~

vegetation cannot be épplied to the whole of the.present southern Footh§¥ls.

* McLean (1977) has reported the outcropping of a coal seam on Waiparous
‘ - i

Creek which is located between the Sheep River and Burnt Timber Creek
sections. The lateral extent of this seam has not been determined. N

The large p:oportidn of overbank sediments in the Blairmore

»




and the thickness: of chanqel and overbank facies packages suégests the
channel positions. were stable for extended periods of time. It is

!

posculatcd that the-st&pam posltions were stable within narrow belts;
the sandstone bodies which have becn identified as channel deposits are
o S _ l
multistory deposits of a succession of channel positions within the
[} :
same belt.' Whlle thc multistory channel belts were being dep051tcd
thick overbank scquences were being formed on other parts of .the

floodplain. - 0

‘ » - Once the channel system had begun to flow in prev1ously dep031ted

channel sands, it would tend to stay w1th1n that belt lnstead of

migrating laterally. The channel sands would form banks of very low

cohesionvandfhould be very easily eroded whereas the adjacent flgodplain

deposits would be more cchesive and would tend to retain the ‘channel *

in the same positian (Beerbower, 1964; Schumm, 1968b). Vegétation that

was present on thg floodplain would have been. concentrated on the edges

of the channel belt and would have increased the'cohcsion and. resistance

!
-

to erosion of the edges of the channel belt,(schumm} 1968a) . With time,
the channel system'aégraded vertically until the river bed was raised.
above the level of the floodplaln and diversion of ‘the whole channel
belt to a new locatlon was by avulsxon (Beerbower, 1964; Moody—stuart,
1966) .

The channels themselves were probably 1ntermed1ate between
meanderlng and brladed As the channels contlnued to flow within the
channel belt they would tend to become wider and shallower because of

the lack of bank cohesion (Beerbower, 1964; Moqdy Stuart, 1966). wWith

Ithe shallower flow depth, it is possible that horizontal’ beddlng would
J

Lo -

have b8come the predomlnant sedimentary structure (Allen, 1970) With IR

o
l\y‘\

,‘v‘v<
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the suggested lack of vegetatioh, erosion rates and run-off would have

-

‘been high during Blairmore time and the incidence of severe flooding

such' as the type describcd by McKee, et al. (1967) would have been very

llkely and would have produced horlzontal beddlng. ,

The number of ‘overbank sanes indicate that durlng severe flood
events flood waters‘were spread over large_areas of the floodplain,
After the flood event, the main flow returned to the prev10us channel
belt. The calcareoes concretions formed in soil hotlzons and the
carbonate units indicate parts of the floodplain were lsolated from
any-influx of clastlc mater;al for long perlods of time.

This model of deposition for the Blairmore does not fit the

meandering or braided stream facies models. The proposed model of
. IS

N

stable belts of multlstory channel dep051ts wh1ch dlvert by avulslon

. J -

is somewhat s;mllar to Moody—Stuartks (1966) model for low-51nu051ty
¥ 3

streams whlch he ouggested are 1n€ermed1ate between braided and

meandering. Comparlson of - the Blalrmore chaghel units with the Bljou
’

'Creek type of flood dep051ts also shows a number of similar features

including the dominant sedxmentary structure, the amount of plant

cover, and the c¢limatic conditions.

'

The lack of fluvial‘cyclicity was caused by ‘the interaction of

autocyclic and.allocyclic controls. The lack of lateral mlgratlon

of stream posmtlons and channei dlver51on by - avu151on do not provide

the gradual facxes transltlons necessary for fluv1al cyc11c1ty. The *

main allocyeclic control was the active tectonism to the west and .

. |
southwest whlchJCaused 1rregu1ar source area elevatlons, stream slopes,

t

and sedlment supplies. a ' ‘ ‘ o -

i
[
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The inferences drawn in this study are applicable only to the

o
)

three measured sections. The conclusions are not realistic for.the
. - v

central and northern Foothills of.Alberta whefe'stfata equivalent to

the Blairmore Group are coal- bearlng and have evxdence of marlne

\ ,.‘jr B N
. incursions. The Blairmore in the sotithern Foothllls is hlghly varlable
‘1n its character and the precedlng 1nterpretatlons may only be applloable
in a very general sense to.the group on a regional scale.' . : N

a . v
'
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CHAPTER 7
, !

\ Ta . At

SUMMARY AND CONCLUSIONS . |

. SRR &
~Conclusions from Magkov analyses .
——IOV dnalyses,

- 9

. The Blairmore Group in thc type section and the Sheep River &

_section and the Beaver Mines Pormatlon in these sections" plqs the

=

‘ Burnt Tlmber Creck sectrcn all pbgsessed b firet-order Markov property
at.e 99.9% level"of con’idence.' - o - .
‘ ’ o : .

The transition sgltterns derived from the transition matrices. »
'all~5howcd-50me~varient'o;'a fining—upwérd'trcnd. These trends-were -
, ' : N
always truncated hewever;jln ‘that transitions from the flncst to coarsest
llthplogles were random or ncarly randon. A number of patterns dlsplayed

twp almbst—independont sequences: one L -wcern ‘he coarser llthologles ) -

and the other among the finest lltholoqles,~ ‘b

K
]

2

The_Blairmore Group was found to be non—oscillatory‘in'lze type

. . (]
and Shecp River Sections. The Beaver Mines Formation also showed no

7eologlcal cyc11c1ty in the Sheep River sectxon In the type section,

it was found that t'he Bedver:: Mlnes llthology of very fine gralned B
. f’ e ‘i»r'l :
sandstone (llthotype TBM2) had a period of tecurrence of 4 metres, wh11e -
r‘ .
the. other lltholoqres were non—oscxllatory. In the Burnt Timber Creek

A 4

section,. the. llthology of 51ltstone (llthotype B4) Ln the Beaver Mlnes ;

© ’Formatlon should be expected to occur at 4 metre 1ntervals yhlle the




'

1

was deposited on a broad alluvial plain of low relief<east-og the rising

‘meandering and depositcd sedimcnt under both Upper and low. flow regime

155

concl®ions on the depositional environment

i

The Blairmore Group,' as represented in the three measured sections,
, - . T

f -
1

Rocky MOUntains. The channel positions were stable within narrow ) ’ C

channel belts for extended'periods of time which produced multistory

L} e

chdnnel deposits. The streams were intermediate between braided and

&
oy
conditions. Thp stdble channei belts allowed (1) grcat thicknesses of

overbank scdlments to accumulate, (2) pedoqenlgqfroccss to” form

.

2 v : d“- 3

calcareous 50n6¥et10n§,,gnd (3) fresh-water lakgs to dcvelop n the

floodpfutn. rqgfeﬁﬁrophic'f&ood events déposited_ﬁorizon ly-bedded

ﬂ'SaﬁdSiAﬁdthe c?ahnel belts and-spread clastic detritu oE w1dely varying

; mlcroscope were found to be of no.pracylcal value for‘deflnlng lithotypes

sdmi- arld,to sub humld with a pauc1ty of vcgetatlon on. the floodplalnm

' as. suggested by the stable channel beltimpdel. oo ‘tf
. j ‘ 4
Conc1u51ons~on metﬁodology ﬁ' s : . e : N

s$ing a cluster analysis approach. Suficisnt petrographic information . |

AM" P
qvaln 512c«oyer 1argc parts of the floodplaln. The'climate was'hOt'and

o
o , gt
S The group shows a flnlng—upwqrd trend but fluv1a1 cyc11c1ty is ‘ o
. / . .
not present in the sections. The stable channel belts and the dlsruptlve P

- . | g
- o

tectonic influence did not allow gradual mlgratlon of stream posxtlons

n

. - BN e
nor gradual vertical fac1es changeSomecessary to. show cyc11c1ty The

.

abundance of overbapk ines mlxed w1th flood dep051ted sands subdued :
the' tran51t10ns from the fine to coarse llthologles, produc1ng truncated

, J DU
sequences. The Separatlon of the transltlon patterns into two sets '

relnforces the idea of the separatlon of floodplaln and. channel processes

-

Detalled petgé%:aphic descrlpqlons of samples by blnocular _ i

o
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could be obtainedvby estimation of the percentagos of dark and light
] : ' :
minerals using a binocular microscope with slabbed samples.

»

The grain size of the sample dominated the grouplngs of samples

in the cluster analyses. ThlS was a function of the welghtlng applgbd
\

in the codlng, similarity am...g Ulmples of the same grain sizg, and the, -'f

R~ o ~

limited number of clustcrs whlth could be used .in a valid Markov ch&uﬁ

» / o Y
analysis. ‘ T . ‘m
| . . . . BN * ’

S
The results of the unweighted pair- group cluster analysis. using l

Jaccard's coefficient was of. extremely llmlted use in this study The
amount of time and money spent on-this analysis was not justified since L

' i
essentially the same results were achleved u31ng claSSLflcatlon by

-
3

grain size alone. } \ IEFEERY ‘ : .

Recommendat ions - ‘.:@s\ oy (

- ' The'Blairﬁgge Group should be inyestigated further to provide a
ﬁore detaiied'sedinentoloéical interéretation of!the strata. Emphasigfg;
should'be placed on sedimentary structures, depositional environments,.
pPaleocurrent analy51s, and lateral trends of the channel sandstones

The dlfferences between the coal -bearing stratg:;n the northern Foothllls \

and tae generally barren Blalrmore strata of the southern Foothiils ‘ .
‘,."twt ) '
4
shoulgd be examined further and the gradatlonal area g tween the two

<

areas, in the v1c1n1ty of the Red Deer Rlver, should be studled to

determine 1f any evidence¢ could he ‘found to support basement coqtrol on

i

Cretaceous sedlmentatlon as suggested by Stelck (1975)

Stud1es usxng ‘the dlfferent methods of structurlng Markov chains _'

S

i g other than simulation runs. It 1s\possib1e
‘. _ .

& g -

usefulness in someth

.




i { ;
that there may be other autorcgressive models {Schwarzacher, 1975) of -

use in analyzing stratigraphic data.' More use of Schwarzacher's (1969,

1975) suggestions about.geological cyclicity should be made on real

: A <
sections to further investigate the meaning of eigénvalues and how the
o _ ]

results may be interpreted sedimenfologically and‘environment511y.‘
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Gl4-1 - .0 :,' ' 31.8 Claystone; c-5; moderate sorting; reddish pu\rple,
o weathcring red and green;¥recessive; sharp ldwer
) contact. - .
- o « . LN \ N -~ )
Gl5-1 0.25 32.1- Claystone;_c-s; well sorted;! very light grey,
R 4;.{ . weathering brown; moderately resistant; sharp
L _ lower coptact. : ,
v Gi6— 0.15 32.2 . Claystone; no sample; grey; recessivey splintety,
. FERE gradational lower contact.
Gl7-1 M_ /1.1 "33."3_ Snnds&one, fine - (vf f) grained well sortcd, "sub-
rounded (sa-sr) \:Iasts, 0% carbonaceous gaterial;
‘medium light grey, weathering grey brown; .
resistant; gharp lowex,u contact‘“ ’ .
G18-1 '2;;9- 36.2 ,'»claystonc. no sa.n?.‘le; grey, recessive; ma:.nly :
o e covered. * ' ,
G19-1 250 382 Claystﬁg\e; c-sq wlﬂdpr ed; faint la‘minatiohs: '
° g ' light grey,- weathering, browm resxstant, sharp
- T lower contact. e v + .
' 0.3 - COVered- 4 b : - o
< . . J» »s .
G20-1 '+ 3.0 41.3 c:laystone‘. c s weld sorted; laminated; ngeen and
;’ O . . . red, weatharing red brown; recessivex sharp “Jower -
°§> o ' conptact. ' .
an “41.4 'siltstoﬁe. c-s; well sorted; medium grey, weather- -
s ¥ ‘ ing brown; moderately resistant; gradational lower
. » ¢ontact. 1y
4 @ 9. P
(:22 1 .17.0 ‘48.3 CIAYstone, grey; mainly covered; no sample.
62;!-1 0.4 48.7 Siltstone; s-vf; podr sorting; angular (a-sa)
| clasts;. abundanc plant remains; light .grey,- ,
' '~” weathering grey:; 6% carbonaceous mat:erial: .
. . resistant: sharp lower contact.
G24-1 ".12.4 61.1 Claystone. mainly coVered recessive, sharp lower
Qll, J . s . . contact. o i
oA Yoo ' ot
. ; T Base ?f Cslcareous Member
st-k - 1.9 63.03 - Limst.one, very fine (s-vf) grained, updcrate
A ) N ~ sorting;  15% carbonaceous material; light grey, .
- \ T - weathering grey; moderately gesistant; sharp
St o ldwer contact. _
. -
N 626-2 n \ Calcareous’ claystone; c-s; 'well sotted; ﬁ.nely

4 contact.

'g’_ Nl

L

‘-lmiQated; 0% carbonacedus. maxerial; ;ncdium gtcy,'
wgathéring lzght: gtey. recessiver shalrp lower

171
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M o 4 .
»uk“.' ‘3:\&’; ) \ .
A P
. ' : . ‘ : A-5 .
Thick- Pogition o . '
Sample ness (metres \ \ ¢ ' !
Number (metres) from base) .o Description
G27-2 1.6 . T 66.7 ﬁdméstdne,‘very fine (5-f) gralned; moderate
sorting; 0% carbonaceous material; light grey,
weatMering grey; resistant} sharp lower contact. ' .
G28-2 1.32 © 68.1 - Limestone, aphanitic; c-s; 5% carbonaceous ' ) a@
v . material; medium dark grey,. weathering groyi ¢ Lo,
‘ ] resistant; sharp lower contact. ' :
G26-3 1.3 . 69.4 Limestong, aphanitic; coquinoid layers; 3%
’ . carbonactous material; medium grey, weathering
: . © grey; rcsstLnt, gradational lower contact. )
G29-1 T1.1 . 70.4 ‘ Limgstonc: grain size of silt (c- vf), poor sortxng,
R i : 158 carbonaceous matkrial; abundant symmetrical

A SN
J% B

=~

G-

P Te3e-1.

T A sharp lower contact o N R

I ripple marks; med}um grey, .weéathering brown grey; o
resistant; gradational lower contact. .o

0.35 . 75.8 Limess’nex grain-size of silt; well sorted 2% e

’ carbonaccous material; lammat‘cd;| rivple mar.cs; ) .

jum 1i¥ht grey, weathering grey; recessa.ve; -
ower contact. .

Limestone; grain.size of clay (c-s); well sorted;

2.3 < 73.1
' : 2% carbonaceous material; laminated; medium light.

© . _grey, weather.\ng grey; resxstant, sharp lower - - .
, . N contact. L
.1 0.55 13.7 ‘Limcsto»#grain suq‘:f.clay, well sorted; some B

' . mvcrtebt,a’t?e fossils; '5¢ carbonaceous material;
adivutright grey, weathering grcy, résistant;

. [ s shm:p lower cg'ntact: | . -
1.16 - - 74.8 l‘.i.mcst -grain size of silt ic-vf) i poor éottlnq, ’
P s ii‘regular r:.p marks, 15% carbonaceous mat:enal:
’ medium-light _y? we‘ﬁherlng grey, resfstmt

. \ ot
2.2 77.1 . Limestone; grain size of clm'well sorted; -
abundant invertebratc fossu\sr ) carbon?ceous )

_‘matérial; ‘medium” light ‘grd®,. matherlng grey; .
‘ : . moderately resistant, sharp lowert contaqtﬁ
’ . . B . [

- -'l‘op of Glud@@ne Pormati’on . ; o .
‘ . Total thlckness of the formation is 77 metres
- ‘rotal thickness of the Galcareous Member is 14 metres . L oy

. . Beaver Minesg Pormation S e ‘Q w
0.9 | 77.9  Claystonej c-s; well sorted; dark grey, weathering: '
- aﬁz';)recess"ive, sharp lower contact.

ghs's ) i ’

. 0.8 78.7" Siltstone; c-s; well sorted; laminated; ripple

marks; dark’ grey, wcat.ﬂhring th,e same; gradational
e lover contact. i K

2.4 . 81.2 Sandstone. medium (f-m) qraincdp moderato sotting;

/ A . subroupded (sa-sr)..clasts; 0% catbonaceous

’ - materialy massive; olive grey,. ‘weathering qreen .
ce b _-greyz -resistant; gradational lower contact_ o

e N ey T BT e
2 ‘ww’fw Wak - T e g »«r-'{ ﬂem*

- . - N - . .«
¢ oW . . . w8
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0, \
LI ,
) : . ‘ A-6
T Thick-  Position g ‘ A ‘
 iSample ness (metres. ) R . \
- oJ Number (metres) from base) ; © Description :
A
\ 1
GJ?-_}: 3.1 82.3 Conglomerate; medi(m:" sancl—-v12mm; poor sorting; ‘
;_\" b ’ : . subrounded (sr-r) clasts; -0\ carbonaceous _
\ : material; large trouqh"crcﬁss-beds; medium light
- ) grey, weathering medinm grey; modcratoly resistant;
Aol S . radational. lower contact. . A )
~ G39-1 2.4 ~  .85.6 &ndstone, £ine (f-m) gtlinedx moderate sorting;
o . subrounded (sa-sr) clasts; massive; 0% carbona

W \

material; green grey, weathering green grey;
‘moderately resistant; sharp lower contact.

-

. . s
G40-1 = 1.4 88.1 Sandstone, very fine (s- vf) grained; moder
sorting; angular (va-sa) clasts; 3 mrhona cous
material; green grey,’ wea}:ht.ring gﬂ:eﬂ" moderately
resistant: sharp lowex oom;act:.

G41-1. 16.5 y104.“5 ‘ Sntstone; s-vfi moﬁet’a;:e sorting. subangular : T e
. : (a-sr)&clastst 5% carbonaceous material; green .
’ . grey, wenther\ing Qreen/ moderatcly resistant.g
._sharp lower qtact. 5. .

*VOS 5 Claystone: no’ sample, moﬁtle@red and’ green; N 5
tacessivoh gradatlonal 1ower<contact . » BRI

.,;
-~
Y

106 2 Sand§fone, very ‘fine¥(s-£). grained moderate
) ) {,’ -, 'Boxting; subrounded (sa-sr) clasts; greenw grey,
: , co e wt:“:;t.hering brown grey; modérately zesxsbant;o

sharp lower contact. g N o -
R ,

'iltstone; no sample; green grey; weathcring grey;

odetatelfy resiktant) gtadatjcnal lower oontact. R
s

Gd3-1 0.4 . 107 1 At S'ands&one, ver, (s-£) - gra!.‘ned; poor sorting; .
A AL Yay »‘éubangulqr (a:&ﬁ?ﬁsx 5\ carbonadeous .
o Ly """» material; - thins atetally; green grey, \beathering
o < =+ . 1light grey; moderately resistant. / ° 1, . - s L

i

G46-1 1.2 108.2 Ciaystone: c-s; well sorted; 108 carboncadous = %
M : ' material; calcareous concretions; medium grey,
) weathenng brown; recessive;. gradational lower/
‘contact. : :

. G47T-1 0.6 71088 Siltstonex ‘no samp\lex calcareous concretions; ’ .

v \ - . dark grey; teceksi\{ey gradational lower c,o'ntact.

G48-1 1.3° 110.2 Sandstone, very fine (s*vf) grained; moderate .
' o 0T sorting; subangular (a-sr) clasts; O\ carbonaceous
' material; green grey, weathering grey; sharp :
‘lower®contadt.

G49-1 = 0.4 1@ Claystone; no samplex gtey; keceasive; sharp
: lower contact.

G50-1 - 0.5 - '!'11{1,. Sandstone, very fine (ﬁ-f) grained; poor sortlng:
S © 2" .,  angular. (va-sa) clasts; 10\ carbgnaceous materialj
\ . i1 green grey, weathexing grey; resistant; shatp to
o "~ ‘erosional lower contact, e ‘ .

to- e -ﬁ ’ -

C . 111.5. L. Sandsj\:om;. m:dium (f~m) guined) moderate sorting) )
K ubrounded (sa—sr) clasts; 3% carbonaccous ) .

Tl e mbcriall qrien grey, ueathcring green grey; : v

resistant; vlower con'tact.

- . -
' ’ ' "

- o | ca
PR L
»

¢ . A
/ R R . i
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’ - D : 4 “:\ - . A-7
Thick- Position ' . . Coy
Sample ness (metres - , C oy ‘
Mcr (metres) from base) , - : :Deacriptlon
© G52-1 " 0.:25 1.1'2._3 = Sandst:one, very finc (s-£) graincd; moderate

L o '-ox;tinq: subangular (a-sr) clasts; O\ carbonaceous
. material; green grey, weathering green; moderately

oo o ee T resistant; gradational lower contact.
- \653551 % 0.45 . 512:7 Sandstone, “fine (vf-m)' grained; ‘moderate sort}ng:
S o aubanqular (sa-9r) clasts; 1% carbonaccous.
. b v -mtcrinl) green grey, ‘weatHoring green grey; !
i e \.' , noderately resistant; sharp lowcr contact.
112.9 - . Clufs!one; c-s, modnrau; sorting; 2% carbonaceoua

material; “aark mw‘ wcathqving groy: recessive:
' Yyradational lowey contact. .
113,51 %il‘tstonex c-vf; poori sortlnq; a‘lkxbangular (a-sr)
' Clasts; q-\ carbonaccous materiali green grey,
B ’&watherin\; brawm greyi, moderqtéaly r{'egiszant; . R
gradational lower concgct . » )

1i4.3 ‘ Sapdstoncq fiﬁ’e (vf £ g’rained; poor ‘sorting;

-

7 . medium dark grey, wcabhering grepn groy} mgdoratvely
"~\ :‘?&s‘istantu sharp Jdower contact O

114 6. &and tono, yery ‘fige (s- f) g’rained: poot sortingx
mﬁu ar (vA?sa) ‘clastsy, 10y “carborfaceous material

e ﬂ ;
T Q hed'm dm’k’grcy4 waathezing grey; moderat:ely ‘
- ‘r.‘hhiatant: gradational xb‘dcr com.acc’. s g
115;31- Silmtono; c—vfy pqor sorging; anqular olgsts: » - - S
o f.a.-.u ,. faint” {u\inat&ons: ‘Bt carbopaceous gaterialj LA
- ., dagk dreen grey, - wc\athering bYraown greyx moderacely ' ';

i, resistant; sharp lower contact.
"""C‘laystdqm well. -sorted; plant t‘rq,qnents; da:)c
- ‘grey, we,uqxering grey; recessiyo; qradational

lower, contact A .

G60-1 0.8 17z ;> Siltstonc: c=sj modorate sortln angulw\clast, by

S ' Vo "¢ 5% carbonacdous material; dark‘ een.grey, wea@ffor- ..

S SaeWSigag ' . “alte .

& - , - ing light grey; recessive ) 1""'» P
SR s o " .
T8 Gel-1 0.9 116.1 Sandstone, very fine (s-vf) grained; poor sorti‘ng:
R N N subangular (sa-sr) clists; 5% tarbonacecous i
) ) " P ’ . ‘material; mud clasts; dark green grey, weathering
: Vo h‘ .grey: roesifiant; sharp lower contact.
-G62-1 ° .2 -;_119.3' Sandstonc, fine (vf-m) graincdx moderate sottinq; ‘ i

. . : subangular (sa-sr) clasts; dark green. grey, o
, ' X\ weathering ' green grey; noderately resistant; . .
. ’ S .sharp . lower contact., :

G63-1 0.21 ° - 119.5 Claystonex well sorted; dark grey, weqt)\oriqg
’ qrey; recessivo: sharp lower contact. f“

. . "_\‘ . - i
664-_-} 0.15 - 121.0. sj.ltstone; c~5; modérate sott&z 2% carbonacebus
) : material; dark green: grcy. “weathering brown grey;
s nodotately rcsistant: gradational lowcx: /conuct. v

—

T A subangular. (a=sr) clastsj 8y caxponacaous materia“l;i ,'."f.}"



Sample

" Number

*G65-2 -

Thigk-
ness
(metres)

Position
(mogkcs
from‘a sa)

T . 4
Description

G65-1

G67-1

G68-1

G69-1

\

R
G70-1

GN-}

G72-1

“ 673-1

.

G74-.

G751

0.2

~1.0

0.3

0.9

0.35

0.4

.
-121.1

Sandstone, vary fine (yf—f) grained; poor sorting;
angular (vn-sa) clasts; 0% carbonacaous material;

1 dark grcon groy, weathefing grey; - resistant; shApﬁ

1222

122.8

123.1

125.6

-

126.2

.

I e

126.8 -

127.8

"129.2 ¢

! siltstonc; c-gfj 211 sorted; lamxnatcdi rﬁfple

Same as 0;3 ) PR . . . L

a3 1\

to crosional lower contact. - /

Sandstone, fine (vf-f grained; moderate s%rtﬂnQ:
ssubangular (sa-sr) cl i OV carbenaccous )
matorial: dark gredn grey, weathering greys - ‘k
‘resistant; gradational lower contact. ’

Sandstonc, Very fine (vf-f) grained; moderate '
sorting; subangular (sa-sr) clasts; 3% _carbonaceous
matetial; ‘ocpasional plant remains; dark green grey, !
woaxhetinq~b%own grey; moderatecly reslscantx sharp -
lo‘dt contact. ;

\§g.dstone, very fine (s-vf) grained; modarate
"#prting; subrounded (sa-sr) clasts; 2% carbonaceous
material; dark green grey, weathering brown grey;
moderately resistant; sharp lower contact

" Claystone; well sorted; dark’ grey, ucathering dark
grey; recessivcr sharp lower ‘contact, ¢

Sandatonc, fine (vf-f) gralned: moderate ‘sorting;
rounded (sa-~sr) clasts; 3% carbonaceous
L‘F‘ial’ dark green gray, weathering/b:own grqx

qii;:nt’ sharp lower contact.. \ N
one, very fine (s vf) grained; p00r sorting; '!.
unded’ (sa~sr) clasts; 2% carbonaccousg’ L
materqu; green grey, weathering grey; moderately
retintaﬁtx gradntional lower contact. - .

i

siltstnne: c~viy modcratc sogting; 1v Carbonaceous v
natorial; green grey, wcathering brown ‘greys v
recosaive: gradational lower contact,

Sandstone, very fine (s-vf) grained; wcil sOrted;

.fubangular (sa-sr) .clasts; O\ carbonac€ous
iterial; mud clasts;. occasigmal plant remains; -

green grey, wcaﬁherxng green grey:’ modcrately

* resistant; aharp lowér contact.

marksx‘olch ¥4 “weathering' brown ngy;
roce331Ve: sharp lowex contact.

Covored, # - HR

ISandstono, very fine (s-vf) qraincd; modotutd
“sorting; subrounded (sa-sr) clasts; Oy carbon-
aceous material; small: trough cross-beds; olive
grey, weﬁthoring brown grey: moderately resiacanCt

\ sharp lowor contact. ° )

Covercd. -

-_n—”/\ —

Faac
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ot
A \
A-9
Thick~ Position
Sample ness  (metres !
Number . (metres) from base) ,Description
G76-1 0.2 129.8 Claystone; well sorted; dark grey; recessive.
- G77-1 0.3 130.1 .: Sandstone, very coarse (medium sand--7mm) grained; '
. 3N mBdcrate sorting: subrounded (sa-sr) clasts; ‘
. occaaional_p;ant.remains; grecn grey, weathering
o , green grey; resistant: erosional lower contact. 3
) G78-1 | 2.0 130.1 Sandstone, metgm (f-m) grained; moderate sort‘ng;(
: ' ! subrounded (s -sr) ‘tlasts; .58 carbonaceous
.+ matarialy gredn grey, weatherihg grecn grey;
abundant plant remains ncar base; resistant;
gradationdl lower cqntact. | Y -
DEPIEIRN . LG . “\ . v '.J}'V-v." N
. G78-2 2,0 132,1 Same as G78-1; rare plant rcmains, Y
G78-3 2.0 | 134.1 Same as G78-1; abundant plant remains at base r’&
G78-4 2.0 ' 136.1  Same as G78-1. , L " o
v : \ : oy
— G79-1 1,0 139.1 Sandstone, medium (f-m) -grained; well sorted; - .
© . ~  subrounded (sa-r) clasts; 1V carbonaceous material;
light olive grey, weathering brown grey; laminated;
. rebistant; sharp lower contact.
' ) . ; ;
G80-1 2.0 141.) Sanqgtone, medium (f-m) .graincd; moderate sorting; '
R i o suzgghndod {a-sr) clasts; OV carbonaceous material;
Y light olive groy, weathering green grey; resistant;
EEN . sharp lower contact.’ : :
A - ; - . oy o :
. GB81-1 " 2.0 143.1 | Sandstone, fine (f-m) grained; derate.ss}ting; o v
#k' S . subrounded (sa-sr) clastg; Ov dhrbonaccous
j A material; green grey, weathering grey; resistant;
i , , gradational lower contade:; ) :
«.-G82=1 " 1.0 1 144.1 Sandstone, fine (vf-f) grained; poor sorting;
u ' ( subangular (sa-sr) clasts; 8\ carbonaceous A
S 5 material; abundant plant remains at base; thin /
bedded; grey gren, weathering brown grey; R
S resistant; gradational lower contact, i ,
.Géh-; 2.0 146.1 Same as G82-1; no, plant remains, o - . -
- LT . L. . . X : .
G84-1 2.8 148.9 ' Sandstone, medium (v€-m) grained; moderate S -
. sorting; 0% carBonaccous material; light olive 7
[ grey, weathering dark ‘groy; resistant; gradational
o _ lowar contact.: ¥ - -
. 685-1 2.3 gs;;z" Same as G85-1. T o
= G86~1 0.3 ' 51.5" Claystoney é-sa,Vcll sorted; grcen:grcy, weathering
. - dark grey; abundant plant remains; recessive;
. .. sharp lower, contact. S T ! |
G87-1 1.2 52,7 slltétone: c~83 mbderace\sottinqv subangdiar (a=3a)
s " clasts; green grey, weathering brownoq{cy: c , 5
- . ] noqératc;y'ronistant;‘q}adational‘1owér-contac;. .- ‘
y ‘ . : N ) ) fme o~ .
GBB-1. / 1.05 - 153.7 - Sandstone; very fine (s-£) grained; poofwsprting:_ _ “ L

subangular, (a-sa) clasts; cross-bedded; OV
carbonaceous materiul; olive graey, weathering - .
;llght'grcyx'modciqtqu_rtsistnt:,sha;p lower <
contact. - S



Sample ness asiX

.'f;j&:ﬂ\mbcr (meLres) "¢f se)

Thick~ Position. x“5a
! ¢~k

$§,§-1 3.0 . 156.7 .
8

(B
z N ' : ‘. ' . ! .
.@89-2 2.0 156.7 |
! . '
= |
' 690-1 0.48 1593
co1-1 1.0 159.4,
® Gol-2 33 163.5
G91r3 2.1 165.7
Gol-4 - 1.0 1166.7
. \ . o
] \
2.2
G92-1 0.6 ., 170.3
693-1 ol 65 170.9
.G94-1  0.15 1711
Ga5-1 0.4 1715
;
: _ 3.0
Goe-1 | 1.33 174.8
) R .
G97-1 ‘4.0 . - 178.8 ¢
Gos-1  0.23 179.}

B

‘moderately resistant; gradatio

o \
siltstone; c-8; poOOYi Y 'ing; subangular (a-sa)
clasts; minor faul t ¥ natcd: dark green grey,
wonthcring dark qrcy7 rchssivc: shatp lower

contact.

\ .
S!ltstone;\c-vf; modorate sortinq; subangularx
(sn-ar) clasts; laminatcd; dark green grey,
weathering dark greys plant remains; resiscant.

Claystone; c-s; well sorted; dark grey, weathering
dark greys rece.,:uvo, gradational lower contact.

siltstone; c-s;, modcrate sorting; luminatedl
green qrcey, weathcran dark grey;. moderately
resistant; gradational lower contact.

_ Same as ¢91-1,, : . : .

samc as G9¥-1. s = \
: .

Sandstone, very fine (v-f) grained; moderate *

sorting; subangular (sa-sr) clasts:‘Bs carbonaceous

material; green grey, weatheri dark grey:
al lower contact.

Covered. " 'ﬁr .

\

.C]aystone; well sorted; green grey, weathoring

dark grey; recensxva.

Sandstone, very, finov(s-f) grained;” poor sortxng,

subghunded (5a-s}) jsts] 2% carbonaceous
eathotigg green: grey;

crosio ower contact. .

¢-vEy poot*éhttinq: q:uen grey,

'ye-.'Az_'jwreant recessive; shtrp loyer contac( qu.

p; fine (vf-r) grained; poor sorting;
subangular (a-sx) clasts; 3% ‘chirbonaceous mate?ﬁal;
green grey, weathering green grey; moderatoly

resistant; gradational lower contact. P

Covercd
Sandstong, very fine (s-vf) graincdx poof sorting;

‘subgngular (sa-r) . clasts, 2% carbonaccous materinlj
large- troygh croas-bcds, green grey, weathering

green; moderately resistant}, grudational lowcr

‘contacdt. '.‘ :.~ L

v oL E
Claystonc. ¢~s; moderate s&ting; plhnt rcmin”;x

- dark grey, weathering grey; recessive; sharp .

lower contact.
Sandstond, fine (vE-f) grqined: moderate sortingx

subrounded (sa-sr) clasts; mud cladls; green grey,
weathering brown grey: moderately zopxstant;

.sharp ldwer contact.

_Sandstonc, medium (f-m&?ﬁra!pod; poor uortingx -
. subangular (sa-sr)rclasts; (119 carbonaceoua materialg
grecn grey, weathering greem modetately to\‘ytantig»

grndatlonal lower ccntact. .
| | .-

n

’a . . B ~

A-10

177

} .

N

O
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‘ B t H B ,LA,W' [}
. . ‘ ' . A-11 -
@’;ﬁ"} w -{ Thlck- Posltion * -
M"‘ negs (metres . R
Numtgr (mdtres) from base) - Dascription A
. L
. Wi "
i G100-1 0.76 180.3 Sandstone; mddium (vf-m) grained: moderate sorting;
' subrounded (sa-sr) clasts; 2% carbonaceous
'~ materjal; green grey, weathering grey; moderately
. . : tcsistant; gradational lower contact. ~y v - {
G101-1  0.64 180.9 sandst.onc, very fine (s-1) grained~ poor sorting; '
subangular (sa-sr) clasts; O carbon'acequs
material; green grey, weathering grey; moderately
resistant; gradational lower contact, !
G102-1 0.98 181.9 siltstoney c-vf; poor sorting, medium. grey,’
woat:hering dark grey; recessive; sharp 10w¢r
' . contact. S o,
a7
B G103-1 3.07 184.9 Sandstonc, medium (f—m) graipod; poor sorr.ing; o
N aubangula.r {sa-sr}) clasts; Os carbonaceou’s L
- material: undant large troqgh cross-beds; t2
o olive grey, weatherjng- ’reen grey; tesistant: ‘
sharp lower contact, oo . *
G104-1 0.35 185.3 Claystone; c-s; well softed; medium .grey, <
' veathering greys rccess}yw, _rp lower contact:.“
Gl105-1 0.65 185.9 ' Siltstono; ‘c=vf; modcra ng; laniinated;
- green.grey, weathering q;e _’oderately resistant: ‘ -
) N gradational lower conta -
G106-1 - 0,44 186.3 :
. - . Q }
6lo7-1 0,64 186.9 ¢
’  gr¥en grey, -weathering brown' ‘ \ G
. : ~0hqnp lower-contact. ' ' .
. \
Gl108-1 0.63 187.6 Cla)stonc, c-s; moderate sorting; laminations;
. : S green grey,. u‘eathering brown gtey; recessive; =R
- R sharp lower contact.. .‘ :
G109-1  0.85  188.4 Sandstonc, fing :(s-f) grained) poor g:j i - S
: ,Bubangular (sa-sr) clasts; OM ‘¢arbon ul S
. . mterial; green grey, wcathexing quy; resistant; . . v
. sharp lower contac't. i — :
. _ . . .
Gl10-3, 1.5 ' 189.9 . Claystond: well sorted; green groy, weathering *
' C . _dark’grey; moderately resistantx gradational .
4 . Qower contact. A . > ! . ‘
Gl11-1  ©0.77  .190.7 Siltstonc; cavf; moderate sorting; ‘subangular . '
‘o ° "~ . « (sa-8Br) clasts; 0% carbenaceous material; green” )
, VT - grey, weathering brown grey; modérately rqsixunc; -
A ) o qradational lover, contact. y ., S
Gl12-1 0.55 1'91.24 Claystonei no sample: dark grey: tccessiver .
] . . ‘ o sharp lower. tontact. . R . ST
Gl13-1 1,72 193.1 Sandstone, very fine (s-vE) poor sorting; sub- :
i <. y

.angulan (sa=-sr) clastm 0% c#rbonaceous. material; v
green grcy, weathering qreem, rosistant; sharp B X
.Jower contact:. . , ‘ . . ’

' i o e ’ . ‘o



~

. . g . L | ' A-12
' Thick- Position y C .
‘Sample ness (metres - ' s
' Number (metres) from base) : - .be.scription
Gl14-1 0143 193.4 ‘Claystone; well sorted; dark grey, weathcring w
: ' black; rccessive; sharp lowcr contact. - ' S
Gl15-1 1,14 194.6 Siltstpne; crsy well sortsd-‘ angulax (a -sa) " clasts;
a ripple marks; green grey, weathering medium grey: »
nodprately rcsistant; gradationa1 lower contact.
Gl16-1 0.4 ' 195.0 Cla}'stone; Well\ sorted: dark green grey, weathering
: : ) green; recessive; sharp lower contact. oo n
,G117-1 0.33 195.3 Siltstone; B-,V§x»mdderate fsort:.ing; subangular A
S C ! : (a~8r) clasts; O% carbonaceous material; dark
green grey, weathering green grey; recessxve,
gradatiopal lower contact., A . r
Gll8-1 0.7 . 1§G.O / Sandstone; very fine- (s—vﬁ) ‘grained; poo¥ sorting;
: ’ subangular (a-sr) clasts; Ok garbonaceous
) material; green gr&y, woathc_nng green; noderately
' - B tcsistant: gradational lower -contact. . ., ?
‘6119-1 l.08 1197.1 Claystone; well sorted; dark gréer’ grey, wedthering .
. a ’ brown grey; moderately re;istAnt; ‘wharp lower ) o
, contact.. = W' . . Coe
Gl20-1 2.0 . 201.1 Sandstone, fine (Vf<f) grained; poor sorting; T
: ' angular (a—sa)‘ clasts; oV’ chrbonaceous mat‘erial. _’ At
' green grey,: we@.:bcri green grcy, moderétely ~ ° .y
‘ resistant; 'sharp 10w i}pntac‘t . RS B
e 35 s n Covered. ' T 4 g
G121-1. 12.6 - 2204.2 Claystone; c-s; moderate sorting; .calcarcous

concretions; gr&an grey, weath&lnq browﬂ brey;.
nodcratdly resistant a i

16122-1 ' 3.35 - ©207.5 !Claystone: well sorted; green grey. weathliné \*
: browm recessivo; qradat.\onal lower contact.’ )

. G123~ 0.64 - ‘M208'f-2‘ Siltstoneomc—s; moderate sorting,x grecn grey, . .
o7 : . veathering grey; mode:acz:ly z‘*istant; gradational C
: lower contact. - ", ' ‘-&

[ ) - : ) . . 'y :
.G124-1 0.25 208.5 Claystone; well ..or:ed; Qtecn grey, weathcring : \
' s L - grey: moderatcely tesxstant) grada:ional lower | . U

RN - spntact. 4 o - e

Gl25-1 . 1.0 - *209.4 " siltstoné; c-s; modetate sorting; 1\ 'carbonaceous " ‘ 'x_-. s
o -« ' materialy green grey,- weathermg brown; modarate y

. ) . o resistath qradatibnal lower contact. .

GlL264':l 10,25 . 209.7 ,° Clayatonc; no mplcx same as 6124-1.: S
Gl27-1 ° 0:6 - 210.3. ° ‘sandstone, very fine (c-vf) grained; noderate

o _ ‘ .'\, $ . . sorting; subangular (a-ga)’ clagts; green grey, o )
S . --- <7 weathering grey;: rately resistant; shatp - :

L. lower contact. RN

 G128-1 0.6 o .g;o,p . Claystone; c-8; well sorted;. ripple marks; lamj.na-
o R S S UL tionsx green grey, weathering’ greys rocoss:lve; _
2 ‘ U .hnrp louur contact. o o L Y

- ., . L3
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- Y ; A-13
Thick- Position ‘ [ . o : ‘ ’
sample ness . (metros g™ o R , ,
Number (metres) from base) : " Descrixit:ion o . .
. G129-1 0.45 { 211.4 Silts;one, c-vf; moderate sorting; anqular (a-sr)
. . clasts; grecen grey, wcat“heri.ng grey; rceessive;
P _ L gradational lower contacc.
6130-1 0.9 . 212.3 Sandstone, medium (f-m) grained; poor ‘sorting;

subangular (sa-sr) clasts; 0% carbonaceous
‘material; .green grey, weathcring brown grey; °
moderately xcsistantx gtadauonal 1ower contact-

e G131-1 = 1.4 213.6 - Claystonc; - c-s; modcrat.e eorting; ‘green grey,
: ' weathering. dark brown; receseive; 'sharp lower:
contact.

- R : .
G132-1 - 4.0.. 217.6 . tone, medium (f-m) grained; moderate sorting:* . <~
. S e e Mular (sa-sr) tlasts; O% carbonaceous ' - ‘ -“' .
A e S AR O mtcrial; .green’ gray, ‘weathering grey,.erosiOnal
: f,ﬁ.;}; . ' " Y. at bage; - resistanc ) . .
s L 6132-2 2.0 219.6 Sandstonc, vcry, fine (s-f) grained; poox 50rting,.
e N _subsngular (a-sr) ‘clasts; O% carbonaceous = ™ .

t“r ' 7 . @ ) v N
'@’ L . . : "N'ﬁiﬂli horizomally bcddcd: gmen qreys ) -
a

76132-3 2.0 221.6 - Sandstone’, mdjum (f-—m) grained’poor sorting;
Ea v .o ’ subangulax {a=sTY) q,lasts, 0] carbﬁnaceous . !
L ..~ material; horizontally bedded; dreen 9reys .. |
'3’.‘ weathcring brown grey; resistant; gradationul- P
lower contact. .

' 223.6*  Sandstone, fine (vf—f) gtained. moderate rcrhng,
C subangular _(a-sr) clasts;j, horizontally bedded;
. 0N carbonaceous material; green grey, weachering .
e browMzcy; resistant; gradational 1owcr contact’. g

. P B - » .o
A GX32-5 %J’ - 225.6, Sandgtone, medium (f—m) gtaxnedb poor sOxtingx
‘ : ' ' éhhrounded (sa-r) clasts;’ OV capbonaceous

L 37 " % lsaterial; horizontally bedded; green Qroy, - L a

weéathering browr grey: resistant: gradational

louer contact. ~ - & Poan o .
- - oA o .

et

- Same as 6132-5 o vl T -,
Sandstone, vory fine (s-f) graincd, poor\sorting,
. P Rt . subangulpr (a-sxr) clasts; OV carbonaceous’ . ‘,:

F T e % material thin bedded; green grey, veacherin .

' ) 0 A btown; resistant: gradational lower Igntact PP

6134-1 _ 1.7, 23%.3 °_ Sandstonc, medium (v-m) grained; poor Sorting;
' ' " ..subrodnded (sa-sr) clastsy OV carbonageous

e ' T s ‘materialy qtoenrgt.ey. weachering g:eyx resistant, ,.,

.- © . ... .~ sharp lower contact.

: B H . -
Gi35-1 1.0 - 233.4 . Claystohe; c«sj. well sorted; medium qrey.
o .- ' weathering dark gx:ey; recessive;. sharp lowe; ’
S ' v o rcontact. . o
Gl36~1 2.0 . 235.4.-  Sandstone, mediun (£-m) qninea» poor sortings
. ' N . - ‘subangular (a-sr) clasts; O% carbonaceous ‘
- S . matorial; green ‘grey,, weuthc;:lng green gzch
rm.istanc; sharp lowet cohtact ' C

t

?%%’ P AR §weaWerirg Brown grey; rcsistant, gradational .
X .,‘.- ,. - N . . v--‘ ., vlowet CQHCPCt—- ; /T/\/_/_/ .

ot



Sample
Number

_Thick-
‘néss
(metres)

Position

{metres '
from base)

‘ : 181

., "Description - ' ; ;i ;

Gl36-2
Gl36-3

'Gl137-1 .

G142-1°<

. 6143-1

e

=4
3

G144 1
!.‘\.'

£G145-1

Gl46-1

- G147-1.

| # : Glas-1

G149-1 -

© 2.0
4.0

1.5
2.0
2.1

2.5 é%% 250.4

5.2~

.. 0.3

ilgéﬁ

2;7.4'
241.4

255.6

265.5

/

Same as G136-1. : .;; . s - B

Sandstone, fine (vf-m) qrained; poor sorting;
subangular (a-sr) clasts; 0w carbonaceous
material; green grey, weathering green grey:
reaistant; gradational lower contact.

Claystonge; well sorbad;'fnedium grcy, wéathering h )
dark grey; recessive. '° . ’ -
Covered"-h.. T s . N
Sandst.onq, fine (vf-f‘) grained modcr,tc sorting,
subangular (sa-—sr) clasts; 0% carbonat:cous' ’ ) )
material; modorately resistant. ‘ o,

Cluystonex well. sorted; medium grey, weathering .
grey; recessive: sharp -Lower contact. Lo i
Sapdstbne, finc (vE-£) grained erate’ sﬁtting;
subangular (sa-sr) clasti:; thin beddeéd; green
grey,. weathering grey; nodcrately reszstant:

. .lshapp loyer contaé;

Sandqtone, very fire (5-VE). graiqed. poor so;tingz"
‘subangular (a-sa) clasts; green. grey, wcathermg
dark ° greys, rqpn.ssive, shaxp ‘owen contact

.clayﬁtonc: c-s; moderate sortxng; mott.led red and A ‘\,'- “

- green,, rccessive, sharp 10wer "ont:a'ct - :

S 4

" clasts; OV carbonaceduaymterial; green grey,

- Claystone; c-g;" moderate ;sor ing: mottlcd redl} and

Siltstonc; c-vf; phor sort:.ng, angular {(va-sa) T \

Yweathering grecn gf'cy: recesslve: sharp lower ,,

. contact. - ‘, R >
t

" green;, rcccssiva: shoaredil dr. contact. T s .
' Sandstonc, very finq {s-vf)" dﬁncd; poor sortin,g;

N

‘subangular (a-sr) clasts; grekn grcy, weathet!hg

Clayaténc: o¢~8; moderate’ sorting;*bandcd red p;xd ., o ;«h SR
grecn; calcareous concreaonsw recossiveu shcq’ o
lower contact. = ¢ ! .

: grey;(,recessive;:gradationg 1ower contact. ! S ) .

3

éiltbtone; c=vf; poo::4 s6rt1ng; calg cous ‘co cre-
tions; greep grey, mca‘theti grey eces?S.v 7. » o
.qraddtional lower contact. - S S

c1ayscone; Q—sg mdoratq sorti.nqq calcarco-
conczotions; mottra rad And 9re,.§m recess

;Sandstonp, !ine {c-) grained; pogr sorti q; oA / /

subahgular (h’sr) clasts; O\ carbonagecous material; - S A
graen grey, weathcring greei greyz recc 1vm
pba lowcr cOntact. p e )

.o N =
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A-15
Thick- Position . . .
Sample ness (metres .
Number (metres) from base) ' - ) Description
G150-1 1.1 . Claystone; c-s; modcrate sorting; calcareous
\ concretions; mottled and banded red and grecn;
L moderately resistant: gradational lower contact.
Gl51-1 0.7 280.0 Claystoﬁe; €-s5; moderate sorting; green grey,
weathering grey; moderately resistant; gradational
! lower contact. '
N Top of the section on Glaastonc Creek. Sectig;
' contiqucs on Mill Creek :
|8 -
10 - Covered
M117-1 '0.9 291.5 Claystonc; c-s; well sorted; dark green grey,
: . weathering grey: recessive.
“ . "
0.3 Covered. , ’
M116-1 0.6 292.4 Siltspone;’c—s; moderate sorting; dark grcen grey, ‘*
. ' . weathering grey; recessive.
. .
0.6 Covered. ; L .
M115-1 0.45 293.0 Sandstone, fine (vf:m) §tained; moderate sorting; ‘Q
. . angular (a-sa) clasts; O\ carbonaceous material; . f
: \ 4 green grey, weathering dark green; moderately
resistant. ’
3.0 , Covered.
M114-1 1.15 297.6 Sandstone,  very fine (s-vf) grained; poor sorting; . - .

angular (a-sa) clasts; O% carbonaceous material;
green grecy, weathering grey; moderately resistant.

4

1.9 « Covered. ) X
M113-1 1.1 300.6 - Claystone; c-s; moderate sorting; dark green §rcy,
weathering grey; moderately regsistant. :
M112-1 - 0.55 340.7 Claystone; well sorted; mottled red and green;
moderately resistant; sharp lower contact.
- Covered., - » ' -
M111-1 1.5 306.7 Sandstone, fine (vf-m) grained; moderate sorting;
) subangular (a-sr).clasts; O\ carbonaceous material;
N . "« green grey, weathering green grey; resistant. .
K 3.0 ’ Covered. ' . ‘ : ’ ,
M110-1 1.4 311.1 . Siltstonc; c-s; moderate sorting; angula- (va-sa)
' clasts; olive grey, weathering green; moderately
resistant. . ‘ ' )
3.0 e Covered. .
M109-1 1.0 - 3150 Claystone; well sorted; dark green grey, weathering -
) *  green; recessive. : Lo
Ml08-1 0.9 315.9 Sandstone,‘hedium (f-m) grained; moderate sorting;
subrounded (sa-sr} clasts; 0% carbonaceous material;
. green gr¢®y, weathering green grey; resistant; °

sharp lower contact. :
~——""




Thick-
Sample ness
Number (metrxes)

Posftion
(metres

from ;e)

! A-16

Description

M107-1  0.28

v

M106~1 1.0

M105-1 1.8

M104-1 0.7

M103-1 2.0

M102-1 1.65

M101-1 1.25

M100-1 0.7

10.0
M99:1 2.4
6.0
M98-1 2.7
4
M97-1 43
M96-1 0.15
M95-1 0.25
M94-1 2.0
" [ 4
M93-1 1.5

.
316.3

317.3

319.1

319.8

321.7

"-323.4

324.7

325.3

337.6

346.5
350.8
350.9

351.2

353.2

354.1

Claystoﬁe; well sorted; dari green grey,
weathering grey: recessive;/ sharp lower contact.

Sandstone, very fine (s-vf) grained; poor sorting;
angular (a-sa) clasts; Ov carbonaceous matcriyl;
olive grey, weathering grey; moderately resistant;.
gradational lowcr contact '

Claystonc; well sorted; dark areern grey,
weatherjng grey; recessive) gradational lower
contact.

sandstone, finc {s-f, graiped; r-xicrate sorting;
angular (a-sx) clasts; rare nlant remains; OV
carbonaccous material; grevi grey, weathering
grey; resistant; sharp lower contatct.

sandstone, very fine (s-vf) grainedj moderate
sorting; 3% carbonaccous material; green grey,
weathering brown grey; recessive; sharp lower
contact.

Claystone; c-Sj moderate sorting; siltstone in
places (M102-2); dark green grey. weathering grey;
-~ yecessive; sharp lower contact. . ’ .

Sandstore, very fine (c-vf) grainEd; poor sorting;
angular (qp-sa) clasts; O\ carbonaceous material;
dark green grey, weathering grey; moderately
resistant; sharp lower contact. .

Sandstone, very fine'(vf—m) grained; poor sorting;
subangular (sa-sr) clasts: O\ carbonaceous material;
grecn grey, weathering green grey: resistant; :

sharp lower contact. ,
N 1

Covered. o

" sandstone, medium (f-m) grained; poor sorting;

angular (a-pa) clasts; 0% carfonaceous material;
green grey., weathering green grey: resistant.

Covered. }

‘siltstone; c-vf; poor sorting; green grey,
weathering grey; recessive.

Claystone; c-s; well sorted; green grey, weathering

grey;.reCessivc;>gradational lower contact.
. e

Claystone; well sorted; bioturbated: olive grey,
weathering grey; fesistant; sharp lower contact.

Same as M96-~1.

Silistone; c-s; moderate sorting; 3% carbonaceous

. material; green grey, weathering grey; resistant;

sharp lower contact.

. Claystone; c-Si} well sorted; green greys weathering

grey; moderately resistant; gradational lower
contact. '

\

SO =
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sample
Number

thick-

ness

(metres)

Position
(metres
from base)

A-17

Description

" M92-1

‘H91-1

M90-1

MB88-1

MB87-1
. M86-1

M85-1

M79-1

T
1.0

0.58

1.1«

0.3

0.6
0.8
1.05

2.0

0.66

0.23

1.0

;1.7

/0.13 -

)

355.6

356.2°

357.3
358.2

385.5

359.3
359.9

360.9

362.9

363.6

363.7

364.0

369.3

372.0

Siltstone; c-s; moderate sorting; Ov carbonaceous
material; grecn grey, weathering grey; recessive;
sharp lower contact.

Sandstone, fine (vEf-m) grained; poor -sorting;
subangular (sa-sr) clasts; 0V carbonacequs
material; green grey, weathering dark green;
moderately resistant; sharp lower contact.

Claystone; well sorted; dark green grey,
weathering grcen grey; .recessive; sharp lower

.contact.

: Voo .
Sandstone, fine (vf-f) grained; poor sorting;
subrounded (sa-sr) clasts; Ov carbdnaccous
material; resistant; sharp lower contact.

Claystone; well sorted; grcen, weathering grecn

.grey; recessive; sharp lower contact.

'letstone c-s; moderate sorting; laminated; dark

grech grey, weathering dark green; resistant;
sharp lower contact. ’
Claystone; c¢-S; moderate sorting; yellow d®een,
weathering 1ight green; moderately resistapgt;
shaxp lowcr contact.

Siltstone; c-s, poor sorting; thin bedded; bio-
turbated; olive grecy, weathering grey; recesslive;
sharp lower contact.

Clayskone; c-s; moderate sorting; yellow green, .

weathering green; recessive; sharp lower contact.

Limestone, very fine grained; abundant broken’
invertebrate fossils; medium grey, weathering
grey; moderately resistant: gradational lower
contact. -

Limestone; aphonxtlc, rare invertebrate ‘fossils;
fissile; medium. grey, weathering grey; recessive;

sharp lower contact.

'L1mestone, very fine grainecd; 1nvcrtebrate fossils; -

medium grey, weathering grey; 2% carbonaceous
material; rccessive; sharp lower contact.

Claystone; c-s; modecrate sorting; yellow green,
wcathering lxght green; recessive, sharp lower
contact. :
Covered. . .‘ .

Siltstone; c-s; moderate sorting; olive grey,
weathering green grey; moderately resistant;

shdarp lower contact. ) .

Tcw of the Beaver Mines Formation

! Total thickness of formation is 298 metzes

184
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Thick~ Position
Sample ness | (metres

Number (metres) from’base)

Description
It

n78-1 3.6 375.0 -

“M77-2 1 2:0 377.6
) ¥
M77-1 2.0 '379.6
M76-1 0.88 - 380.5
0.8 *
M75-1 2.0 . 383.3
H74-1 0.55 ©383.8.
i
M73-1 0.31 . 384.1
-~
M72~1 0.75 384.9
M71-1 1.0 3859
M70-4 1.45-  387.3
M70-3 2.0 389.3
M70=2 _ 2.0 391.3
M70-1 . 2.0 393.3
ME9-5 - 1.5 - 394.8
Me9-4 2.0 .396.8"

M69-3. - 3.0 - 399.8

. green grey, weathering grey; recessive; ‘sharp

Gladstone Formation

Sandstonc,.§ery’fine (s~vf) qrainedz»pocf sorting;
subangular (a-sa) clasts; 8% carbonaccous material;
jnvertcbrate fossils (eroded from Beaver Mines?)i ¥
lower contact.

sandstone, finc,(vf:h) grained; moderate sorting:
angular (va—sr)xclastsz 2% carbonaceous material;
light olive grey. weathering buff; fesistant;
sharp lower contact.

;“Same as M77-2.

sandstone, fine (vf-f) grained; moderate sortings
angular (a-sa) clasts; 12% carbonaceous material;
medium grey, weathering grey: recessive; sharp
lower contact. s

ered. - o o

claystone; well sorted: paperyﬁ medium grey,
wenthering qrey; recessive., Y ‘

Siltstone; modcrate sorting; angular (va-sa) clasts;
12% carbonaccous material; medium grey, weatheninq
grey; moderately<resistant; sharp lower. contact.

Claystone; moderate sorting: medium‘g&ey, weathering
grey; recessive; papery; sharp lower cohtact!

siltstone; c-vf; moderate sorting; angular (va-sa)
clasts; bioturbated; 15% carbonaceous matexial; -
medium grey, weathering grey; recessive; grfda;
tional_lower contact. ' L

Sandstone, medium (f-crs) grained; modérate
sorting; subrounded (sa-sr) clasts; medium light

' grey, weathering grey; noderately resistant; sharp

lower contact.

sandstone, very fine (s-vf) grained; moderate
sorting; 8% carbonaceous material; bioturbated;
ripple marks; medium grey, weathering brown grey;
moderately resistant.’

Same as M70-4.
Same as M70-4.

Same as M70-4; shafp lower contact. ’
sandstone, medium (f-m) grained; moderate sorting;
subangular clasts; large scale trough cross-beds;
0% carbonaceous material; medium grey, wcathering ,
grey; resistant; sharp lower contact.. A
Same as ME9-5. T

Sandstonc, mediuft (vE-r).grained; modérate sorting; .
subrounded (sa-sr) clasts; large trough gross-bcds;

" 3% carbonadeous material; light olive grey,
weathering grey:' resistant; gfadational lower:

contact.

A-18

!

e
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Sample
Number

Thick-
ness
. (metres)
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A-19

Description’

M69-2

ME9-1

M68-3

M68-2

 M68-1

M67-1"

¥66-%

M66-3

M66-2
. M66-1
" M65-1

H64-1

M56-1

M55-1

2.0

1.5

2.0
2.0

3.5
0.5
2.0

3.0‘

0.3

0.3

"Same as M68-2,

‘contact »

contact.

Sandstone, medium (f-m) grained; wecll sorted;

suhangular (a-sr) clasts; 5%\ carbonaceous material;

large trough cross-<beds; 11ght olive grey, ‘
weathering grey: resistant; gradational lower

contact

Same as M69—2. i

Sandstone, very fine (s-vf) graincd. moderate
sorting; subang®Rar (sa sr) clasts; 12% carbonacequs
material; asymmetrical ripple marks; occasicdhal

" plant rcmains; medium grey, weathering grey;

resigtant; sharp lower contact,

Sandstone, fine (vf-f) grained; well sorted;
subangular (sa-sr) clastg; 5S¢ carbonaceous
material; asymmetrical ripple marks; occasional
plant remains; medium grey, weathering grey;
resistant; gradational lower contact.

Sandstonc, medium (f-crs) grained; well soxted;
subangular (a-sa) clasts; Ot ‘carhonaceous
material; large cross-beds; light olive grey,,
weathering grey; resistant; sharp lower contact,

Same as M67-1.

Sandstone, fine (f-m) grained; well sorted;
subangular (a-sr) clasts;' 3% carbonaceous

" material; large cross-beds; light olive grey,

weathering grey; resistant; gradational lower
4 _

\s-
Same as M66-3. ' Lo -

Same as M66-3. .
Sandstone, flne (vE-m) graxned,4moderate sorting,

‘subangular (a-sr) clasts; 1% carbonaceous

material; medium grey, weatherxng grey; resistant,
gradational lower contact. -

Siltstone; moderate sorting;’ angular (va-sa)

clasts; 5% carbonaceous material; green grey,
weathering brown green; moderately rgsxstant,
sharp lower contact.

ﬁamples H63-1 to M57-1 inclusively not used. . :
Portion of section repeated by minor faultznq.. ‘

Sandstone, fine (vf-m) grained; poor sortihg;
subangular (a-sr) clasts; 0% carbonacéous
material; dark green grey, weathering green grey;
xecessive;.sharp lower contact.

Siltstone, c-£; poor sorting, green grey,_
ueatherxng green; recessxve, q:adational lower

.

el



Thick-

Sample  hess

Number (metres)

Position
{metres
from base)’

A-20

Descyiption

M54-1 2.2

M53-1 0.08 .

Ms2-1 1.65

M51-1 .~ 3.30

MS50-1 1.45™,

M49-1 - 1.01
M48-1 . 0.52

Ma7-1  1.27
H46-1 0.63
Ma5-1 0.3
‘Mag-1 0.8

M43-1 1.7

M4l-1  0.72

M40-1 3.6

425.6

425.7

427.3
430.6

‘4321

e A OWETY “contact. _ n ~

433.1
433.6

434.9

435.5

435.8

436.6-

438.2

'439.0

442.6 .

‘wuathering green gx y; resistant, sharp lowerx

_sharp’ lower contact.

sandstone, fine (Yf-f) grained;' poor sorting;

subangular (sa-sr] clasts; O\ garbona&eous ‘ -
material; large trpough cross- s; medium grey,

- contact. ‘ . .
Claystone; well sortey; occasional plant remains;
dark grey, rusty weathe g recessive; sharp ' .
lower cont.ac(:.h - e "

Sandscone, fine (vf-n) grained; moderate sorting; -
angular (va-sa) clasts; 2\ carbonaceous material;
cross-beds; medium grey, weathering grey;

- resistant; sharp lower éontact. ' ' “y

Sandstone, very fine (s-f) grained; moderate’

sorting; subangular (a-sr) clastg:; 1% carbonaceous .
material; thin bedded: gre¢n.grey, weathering

green; recessﬂke, sharp lbwer contact.

. Claystone; well sorted; 1w carbonaceous materlal.
dark grey, weathering -¢rey; recessive; gradat10na1

"y

Same as.M50-1.

Sandstone, very fine (s—vf) grained; well so'tad

. anqular (a-sa) clasts; 15% carbonaceous matetxal:

cross-beds; medium grey, weathering grey; re51stant,
sharp lower contact.

Claystone. well sorteé, calcareous concretions;
medium. grey, weathering grey; tecessxve, sharp

" lower contact.

Sandstone, very flne (s-vf) graxned, poor sortxng,
subangular {sa-sr) clasts; 10% carbonaceous
material; medium dark grey, weatherlng grey,
résistant; sharp lower contact. ‘1

Claystonc; well sorted; dark grey, ueathéring '
grey;. reccssive .sharp lower conﬁact.‘

‘Claystone; moderate sortinq; medium grey,

weathering grey; moderately resistant; shagfl_/kf/ b

lower contact.

Sandstone, fine (vf-m) grained: subanqular (a—sr)
clasts; 1% carbonaceous material; medium grey, ¥
ueathering brown grey; moderately resistant,
sharp lower contact. o

%o Ondt Me2-1. .S ST U
YJI ) P

' c1ajstone, well sorted, thinly bedded;4med1um S and

grey, weathering grey:; noderatcly resistant,

Sandstone, ery -fine (vf-f) grained, poor- sogtxngr‘
subangular (4-sa) clasts; perhaps tuffaceo’rﬁs in
part; medium grey, weathering grey, resxstant; .
sharp lower c0ntact. : K . . 21}



M22-1

° ' Thick-  Position (/

Sample ness (netres B .

Number  (metres) from base) Description

M39-1 0.85 443.5 Volcanic tuff; dark grey; very fine grained;

' ’ sharp lower contact.
M38-1 0.22 443.7 Claystone; no sample; green, recessxve; sharp
. - lower contact. . )
M37~-1 0.6 444.3 Sandsfone, very fine,grained; no sample; dark
‘ ! grey; resistant; gradational lower contact.

M36-1" 1.11 445.41 Claystone; well sortcd: dark grey, weathering

| grey; splintery; recessive; gradatxonal lower
- contact.,

M35-~1 1.7 447.1 Sandstone, fine (vf-m)'greined; poer sorting;

‘ .subangular (sa-sr) clasts; medium grey, weathering
.. grey; resistant;’ sharp lower contact with local
channelxng .

M34-1 1.3 448.4 Siltstone; c-vf; moderate sorting; angular (varsay
clasts; thin bedded; medium grey, weathering grey,
resistant; sharp lower contact.. :

M33-1 6.2 454.6 Sequence of sandstone, claystone, and tuff; *
inaccessible. . .

H32—1‘ 0.18 454.8 Claystone; no sample; pale green:‘rccessive;
sharp lower contact. o

M31-1 2.1 456.9 Siltstonc; nd .sample; dark grey; recessive;

' sharp lower c0ntact.
M30-1 3.3 460.2 Sandstone, very fine (s-f) gtalned, moderate
: sorting; subangular’(a—sa) clasts; 0% carbonaceous
material; thin bedded; medxum grey, weathering
. grey; resistant.

M29-1 1.0 461.2 Siltstone; no sample; dark,qreen; recessive;
sharp lower contact

M28-1 3.0 464.2 Claystone; well sorted; mottled red and green.

’ recessive.

‘ Base of Ciowsnest Mcmber

M27-1 9.0 - 473.2 Tuff, fine grained; dark grey to maroon::resistant;

’ . sharp lower contact. | a

. M26-1 - 1.4 © 474.6 Claystone; dark grey, hackly: moderately resxstant,v
- ‘ p lower contact.

M25-1 3.5 478.1 Tuffaceous claystoné and very fine grained tuff;

’ dark grey; occasxonal_plant remains; recessive;
sharp lower contact. .

M24-1" 5.6 483.7 Sandstone or ‘tuff, very fine gtained, dark green,

. weathering green grey; faulted lower contacted.

M23-1 14.0 497.7 Siltstone, tuffaceous; plant remains 6 metres

’ above base; grey to green; moderately resistant,
! sharp lower contacc .
1.5 499.2 Tuff; fedlspathlc, fine graxned{ sherpllower

contact. .

A-21
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A-22

10wer contact.

Thick- Position
. Saiple ness &  (metres
Rumber (metres) from base) Description
, 8.0 Covered. .
‘M21-1 . 2.3 509.5 Tuff, very fine graineq: medium green; moderately
C resistant.
M20-1 1.42 5i0.9 Siltstone, tuffaceous; grey; modératély resistant;.
sharp lower contact.
: . Y] . .
M19-1 0.45 511.4 Tuff, coarse grained; lithic; feldspathic; dark
.green; resistant; sharp lower contact.
Ml8-1 4.74 516.1Y Siltstone; grey; moderately resistant; sharp
: lower contact. ,
M17-1 2.8 518.9 Siltstone; mottled red and green; recessive;
. sharp lower contact. {
M16-1 1.3 520.2 Siltstone; grey; sharp lower contact. !
M15-1 0.9 N 521.1 Siltstone, tuffaceous, green; rececssive; sharp
o R “lower contackt. :
H14;1 0.97 A 522.1 Claystone, tuffaceousi -red and green; retessivd;
B sharp lower contact. .
ﬁlJ—l 8.0 5301. . Tuffs tb '‘pebble-sized agglomerates; fcldspathic,
green; crudely bedded; minor faulting; moderately
resistant; sharp lower contact.
6.0 Covered. | .. \\\
M12-1 1.7 $37.8  Tuff; green; fcldspathic. ;
’ 10.0 Covered. o o
M11-1 0.6 548.4 Tuff; feldspathic; pale green; moderately;resistant.
M10-1 0.7 %49.1 Tuff, medium grained; crystalline; dark green;
moderately resistant; sharp lower contact.
TH9-1 0.4 549.8 Claystone, tuffaccous, pale green, recessive;
sharp lower contact.
M8-1 24.0 - 573.48 Tuff; feldspathic; 11thic, volﬁanlc bomb; pale
- green; moderately resistant; sharp lower contact. .
M7-1 1.3 574.8 Claystone; black, rusty weathering; moderately
' ~ 'rcsxstantx sharp Jower contact. )
Mo-1 3.7 578.5 Tuff; very fine grained to pebble agglcmerate; .
. - feldspathic; green; sharp lower contact.
M5-1 3.5 581.9 Siltstone, tuffaceous; recessive; sharp lower
. contact. , : ‘ . ‘
M4-1 1.53 583.5 Clayctone; “palé green; recessive; sharp lower '
: contact. | - B
M3-1, S 1.2, 584.7  Agglomerate; green,.moderately resistant; sharp

189 ,
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A-23
Thick-" Position .
Sample ness (metres i
Nuﬂ , (metres)  from base) Description (o
M2-1 1.8 586.5 ' Tuff, feldspathic; thin bedded; small cross-beds
. at basei resistant; gradational lower contact. .
2.7 : Covered, - s ‘

- Top of Mill Creck Formation
Total thickness of formation is 215 metres’

Total thickness pf Blairmoro Group is 290 metres

Blackstone Formation

Highly contorted- and splintercd black shales



Sample
Number

\ : - A-24

snr:r:?"mvsh MEASUREG SECTION \

xootenay Formation . %f

Ry

Thick- Position
ness (metres
(mctres) from base)

Bl-1

S2-1

§3-1

S6~1

§7-1

S10-1

)
1.1 0.6 Coﬁﬁgtm;?ﬁfbx pebbTiJ& 3&$cm)s eratc sorting;
subround (sa-sr) .c §$Q§0t dark minerals,
3z cazbo ous materxé} ‘rare plant remains;
brown, wéathering rusty. £ines upward; resistant;
cré{}onal lowgr contact.

.0.1 . 1.2 Sandstone, madxum (f-ct) grained; well sorted;
subanqular (sa-sr) clasts; 25t dark mincrals, 7% °

N carbonaceous material; grey brown, weathering
grey; resistant; sharp lower contact.

1.2 2.5 Conglomerate, pebble (2cm); poor sorting; rounded:
(sa-r) clasts; ‘408 dark minerals, 8% carbonaceous,
materlal. medium grey, weathering grey;: resxst‘pt.
sharp lower contact. . .

0.9 //, 3.4 Conglomerate, pebble (lgrm); well sorted;: roundéd
(sa-r) clasts; 40t dark minerals, 10\ carbonaceous

material; medium grey, weathering grey; resistant; -
gradational lower contact. .

0.8 4.4 conglomerate, pcbble, (O. Sem) ; moderate Jortxng,
. . gubrounded (sa-r) clasts; 408 dark minerals, 10%
' - carbonaceous material; medium grey, weathering
brown; resistant, sharp lower contact.

0.85 5.3 Sandstone; medium (f-cr) grained: .well sorted:
: subangular (a-sr) clasts; 30% dark minerals,
8% carbonaccous material; -lcm laminations; pebbly
lenses; dark grey, weathering grey; resistant;
rosional‘lower contact. .

0.3 5.6° Sandstone, vcry fine (s-f) grained; moderate
sorting; subrounded (sa-sr) clasts; 1os dark
minerals, 5% carbonaceous material, dark grey,
weathering grey; moderately resistant; sharp
lower contact. .

0.5 6.1 Siltstone, (c-5); moderate so ; abundant
plant remains; moderately resibtant; gradational
- louet contact.

1.0 : 7.1 Siltstone, (c-vf); moderate sorting; 0\ carbonaceous
material; dark grey, weathering grey; recessive;
9radationa1 lower COntact.‘

0.7 - . 7.75 Sandstone, very fine (c-f) grained; poor sortingx R
3% carbonaceous material, mud clasts; dark grey,
weathering grey;: resistant; sharp lower contact.-



-

Sample
Number

Thick-
ness
(metres)

Position
(metres

from base) # pescription

K ' o _ A-25

s11-1

512-1

‘s513-1
sl4-1
515-1
$16-1
s17-1

S17-2

518-1

§19-1

$20-1

s21-1 "

$22-1

0.9

1.4,

1.7

0.1

1.0

0.2

8.5

11.0

12.0

12.7

" 14.0

Siltstone; c~¥¢f; moderate sptting,’subangular
(sa-sr) clasts; 5% dark mincrals, 2\ carbonaceous
_material; medium g¥ey, weatherring grey; resistant;
gharp lower contact. . * [

Claystone; C-Sj didderate soxting; Ot carbonaceous
wmaterial; biptutbatcd; v,medium grey, weathering
greyy récessive: sharp 10wer contact.

D

S&ndstone, very fine grained; well sorted; anguiat ‘

(a-sr) clasts; 2% dark mincrals, O% carbonaccous
material; light grey,~ueathering brown; resistant;
gharp lower contact. *

Conglomerate, pebble (1.25¢m) ; well sorted;
subangular (a-sr) clasts; 20% dark minerals, 8%
carbpnaceous material; medium grey., weathering
srusty; moderately resistant; sharp lower contact.

Siltstone; moderate sorting;: 2% dark minerals,
0% carbonaceous material; light grey, weathering

A
# groy, resistant; sharp lower contact. .

!

16.4
16.85
" 18.85

21.5

+ 22.6

23.03

23.9

. 24.0

Siltstone; c-s; well sorted; C% carbonacéous N
material; medium grey, weathering grey; recussive;
sharp lower contact. ‘

* Sandstone, fine (vE-£) graiped; well sorted;
subrounded (sa-sr) clasts; 15% dark minecrals,

" 5% carbonaceous material; small tangential cross-
beds; occasional plant remains; light grey,
weathering grey; resistant; sharp lower contact.

sandstone, fine (vE-f) graincd; well sorted;
subrounded (sa-sr) clasts;y s dark minerals,

1s carbongccous material, 1¥ght grey: weathering
grey: resistant; gradational’ lower contact.

.Claystone; C-S; moderate sorting; 0% parbonaceous
material; algal balls; medium grey, weathering
grey; recessive; sharp lower contact.

sandstone, very fine grained; well sortbd;‘shb—
angular (a-sa) clasts; 1% dark minerals, 1%
carbonaceous material; light grey, weathering
grey; resistant; sharp lower contact.

sandstone, very fine (s-vf); “well sorted; sub-
angular (sa-sr) clasts; 2% dark minerals, O%
carbonaceous material; small tangential cross—
beds; medium grey, weathering grey: moderately
resistant; sharp lower contact. o .

siltstone; c-vf; moderate sorting; subrounded
{sa-sr) clasts; O% carbonaceous material: bio~
turbated; medium grey, weathering grey; resistant;
~ sharp lower contact. .

gandstone, very fine (s-f) grained; poor sorting;
subangular (a-sr) clasts; 2% dark -minerals, O%

. carbonaccous material; medium grey, weathering
-grey; resistant: sharp lower contact.
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v

Thick-  Position
sample ness (metres .
Numbcr (meétres) from base) . Deacriptlon‘

.

$23-1 0.55 24.7 Ssiltstone; mbderate sorting? 3s dark minherals,
r1Y caibonacoe jpaterial; large tangenial cross-
beds; light’ grey, weathating grey; resistant;
. sharp lower contact. .

$24-1 2.0 24.5 Claystone, c-s5; moderate .sorting; 0% carbOnaceous
material; dark grey, weathering grey: recessive;
sharp lower contact. - ~—

1.2 26.1 Siltstone; modecrate sorting; bioturbated; light
. grey, weathering.grey; sharp lower contact; ‘3%

0

dark minerals, 1% carbonaceous material. v

R ) '

§25-1

526~1 1.0 27.2 siltstone; c-vf; poor sorting; 1% dark minerals,
. OV carbonaceous material; bioturbated; light -gley,
weathering grey,'resistant; sharp lowex contact.

526-2 2.7 © 28,2 Siltstone; moderate sorting; 0% dark minerals,
' 0%z carbonaccous material; light grey, weathering.
grey; resistant; gradational lower contact. '

§27-1 ' 0.7 ° 30.4 Siltstone, c-vf; poor gorting: O8 dark minerals,
07 carbonaceous material; medium grey, weather1ng
grey; recessive; sharp lower contact.

s28-1 1.3 1.5 ' Siltstone, ¢-vf; poor sorting; 1% carbonaceous
' ’ material; medium grey, weat.hering grey; noderatly > .
resistant; sharp lower contact. ' :

$29-) ) 0.3 32:1- Claystone. c~s; moderate sorting; 24 carbonaceous '
) naterialr dark grey, weathering grey; moderately
recistant; sharp lower contact.

$30-1 1.5 33.4 Siltstone; moderate sorting; 2% dark minerals, ' :
oL carbonaceous material; asymmetrical ripples; v
Yight grey, wcathering grey; resistant; sharp
lower contact.

$31-1 - 0.6 34.1 Sandstone, very fine (c-vf) grained; subangular

' (a-sr) clasts; poor sdbrting; 5%V dark minerals,

2% carbonaceous material; medium grey, weathering
grey; moderately resistant; gradational lower
contact.

532-1 0.6 34.6 Claystone; c-s; well sorted; Ov dark minerals, O%
. ) carbonhceous matarial; light grey, weathering grey;
recessive; sharp lower contact. .

8$33-1 0.25 35.1 Siltstone; c-vf; poor sozting, 1s dark minerals,
: 1% carbonaccous material; light grey, weathering
grey; moderately resistant; sharp lower contact.

. §34-1 0.4 35.4 Claystone; c-§; poor softing; 4% darkvminerals.'4\
. " . carbonaceous matcrial; 2mm lamination; bioturbated; '’
- . . medium grey, wcathering grey; recessive; sharp
" lower contact.
535-1 . 0.45 35.8  Sjiltstone; moderate sorting; Ov dark minerals, O%

- ’ ‘ carbonaceous naterial; light grey, weathcrxng

grey; sharp lower contact; resistant.
N \
\

%



5% dark minerals, 1\ carbonaccous material;
medium grcy, weathoring arey; recessive; sharp
lower contact.

8£37-1 0.5  36.4 Ssiltstone, c~5; moderate sorting, bxocurbatcd
light grey, weathering grey; resi;tant; sharp - ,
. lower contact. ' . K .,
538-1 0.25 36.9  Sandstone; very finc (c-vf) grained; angular

(va-sa) clasts; pdor sortimg; 3¢ dark minerals,
0% carbopaceous material; mediun grey, weathe:xng
greys; recessivc; sharp lower contact.

£39-1 0.3 . 37.1 Sandstone, very finc‘(c-vf) grained; subangular .
" (a-sa) clasts; poor sorting; 5V dark minerals,

2% carbonaceous material; medium grey, wcatherxng
grey; resistant; thaxp lower contact

S40-1 0.4 37.5  Claystone, c-si poor sorting.,mud clasts; medium
: ’ grey, weathering grey; recessive; sharp lower

o contact.

- : '
h P 3

s41-1 0.4 38.0  sandstone, fine (s-f) grained; po,@(-w'ztiﬁqx
N ar

subangular (a-sp) clasts; 15V d mindrals, Os - ¢

§ .. carhonaccous material; mud clasts;Noccasional
. plant remains; medium grey, weathering grey; L.
moderately resistant; sharp lower contact.

>

i

Cs42-1 * 1.7 35.5 . Claystone: well sorted; Oy dark minerals, O%

‘t

o " carbonaceous mater1a1 bioturbated lxght grey,
weathering grey, noderately rcsxstant, sharp )
lower contact. . iy 9'
T—

| 543-1 0.6 40.2 | siltstoné, c-sy moderate sorting; light grey,

K - weathering grey: rcclstant, sharp, lower” contact..

544-1 . 0.1 . 40.5  Claystone; well sorted; occasional plant remains:
medium grey, ueatherxng grey; recessive; sharp
lower contact.

s45-1 - 0.4 40.8 - Sandstone, fine (s-f) grained; pJot sorting;
’ angular (a~sa) clasts; 12\ dark minerals, 6% N
* carbonaceous material; occasional plant remains; . -
medium grey, wcathetxng grey; rosistant, sharp
lower contact.

546-1 0.2 41.1 Sandstone, medium (vf-m) grained; poor sorting::
’ Aangular . (va-sa) clasts; 20%v dark minerals, 3%
< .ﬁgmrbonaceous material; medium grey, weathéring.
- . grey; resistant; gradational lower contact.

S47-1 0.7 41.S~ Claystone; vell sorted; OV carbonaceous‘natetxal
“medium grey, weathering grey, recessivey sharp
lower contact. ' . o, .

548-1 0.4 42.1 Siltstone, c-s; poor softinq; medium grey}
' ueathcrinq grey: rccessive; sharp lower contact.

549-1 0.4 45.5 Claystone; moderate sort:ng. occasional plant G
- remains; medium grey, weathering grey; recessIVe:

sharp lower contact.

¢

194

- - - ) s
y -
¢ N *
.
. . ( ' ' ‘ A-27
_ Thick- .Position - *

sample ness (metres P
‘Number (metres) from base) Description
$36-1  0.25 36.1 siltstond; c-s; modcrate sorting; angular-clasts;
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i ‘ A-28
Thick- Position
Sample ness ' (metres
Number (metres) from basc) Description
550-1 0.3 42.8 <« Siltstone; c-vf; poor sorting; subangular (a-sr)

tlasts; 0% carbonaccous material; medium grey,
weathering greyl; moderately resistant; sharp

b ' lower contact. =}

551-1 0.33 43.2_. Claystonc; graphitic, sheared, fault; dark grey,

weathering grey; recessive; sharp lower contact.
. . %

§52-1 0.4 43.5 Siltstone, c-s; poor sorting; angular (va-sa)
clasts; bioturbated; medium grey, weathering grey; s

) Qodcratcly resistant; sharp lower contact.

§53~-1 0.15° 43.3 Claystone; well sorted; abundant plant remains;

S dark grey, weathering grey; reccessive; sharp lower

contact. .

§54-1 1.5 45.1 Sandstone; very fine (s-vf) grained: moderate

sorting; subangular (a-sr) clasts; 15% dark

minerals, 7% carbonactous material; small cross-
* beds; .mtdium grey, weathering grey; resistant;
sharp lower contacgt. . |

45.5 Siltstone; c-s; poor sorting; subanqular»(sa—srf
clasts; 5% dark minerals, 0% carbonacecous material;
mediun grey, weathering grey; moderately resistant;
sharp lower contact. '

4]
¥}
w
'
—
o
S}

$56-1 0.3 - 46.1 Sand;tonc, fing‘ic—f) grain¢d£ angular (a-sr) <
© - clasts;. poor sorting; 5%-<dak minerals, 1%
’ - carbonaceous material; mud clasts; medium grey,
weathering grey; resistant; erosienal lower contact.

§57-1 0.5 46.5 Siltstone; well sorted; 1% dark mincrals, 0%
: ) carbonaccous material, medium grey, weathering
grey; moderately resistant; sharp lower contact.

'SSQ-I ~0.3 : 46.8 _Sandstone, very fine (s-f) graficd; 6% dark
- ‘mincyals, 2% carbonaccous material; 2mm laminations;
‘mediun grey, weathering brown; resi$tant; sharp '
lower contact. :

$59-1 0.4. 47.2 ° same as S58-1. ' -

SG0~1 0.5 47.6 Siltstone; c-vf; moderate sorting{ angular (va-sa(
: clastga Sv dark minerals, 0% carbonaccous material;
. asymmetrical ripple; brown grey, weathering brown;

' .resistant; sharp lower contact. \\;ﬁj

. . -
S61-1 0.25 438.0 Claystonc; well sorted; occasional plént remains;
dark grey, weathering gréy; recessive; sharp lower
contact. : :

$62-1 0.22 48.2 - Sandstone; very finc'(s-vf) grained; angular (va-sa)
. clasts; moderate sorting; 7% dark minerals, 3%\
. .carbonaccous material; 3mm laminations; asymmectrical . .
. ripples; medium grey, weathering grey; recessive;
sharp lower contact. v

PR
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‘ A-29
Thick- Position

Sample ‘ness (metres .
Number  (metres) from base) Description

$63-1 - - 0,78 49.0 ° Ssandstone, medium (vf-m) grained; modetate sorting;
' angular (va-sr) clasts; 20%- dark miner:
carbonaceous material; lmm laminatione; av.
ripples; brown grey, weathering light grey;
‘ resistant; sharp lower contact. .

.S864-1 1.1 50.1 Sandstone, very fine (c-vf) grained; moderate
sorting; angular (va-sa) clasts; 3% dark minerals,
0% carbonaccous material; ﬁmm-laminations; asym-

; metrical ripples; light grey, weathering brown; .

resistant; sharp lower contact. . )

S65-1 1.2 Sl.gh\h Sandstone, medium (s-m) grained; poor sorting; °
subangular (a-sr) clasts; 5% dark minerals, 1w
carbonaceous material; brown grey, weathering
grey; resistant; sharp lower contact. '

566~1 2.5 s3.8 Claystone, recessive.

567-1 2.5 " 55.9 Sandstone, very fine; well sorted; subangular
: {a~r) clasts; 5% dark minerqlq, 1% carbonaceous:

material; light grey, weathering grey; moderately
resistant; sharp lower contact.

568-1 0.2 56.4 Claystone; no sample.

$69-1 2.0 58.5 Sandstone; no' sample.

§70-1 1.1 59.6 Shale; no sample.

s71-1 0.85 ' 60.12 Sandstone; fine (vf-f) grained; moderate sorting;

: subarigular (sa-sr) clasts; 15% dark minerals, 10%

carbonaceous material; large trough cross-beds;
medium grey, weathering grey; resistant; sharp
lower contact.\\ ’

S$72-1 0.2 60.6 Claystone; well soxted; lmm laminatjons; dark
grey, weathering grey; recessive; sharp lower
contact. ) :

$73-1 0.6 Y61.1 Siltstone; c-s; moderate éorting;»?\ datk minerals,
! 2% carbonaccous material; small trough cross-beds;
medium grey, wcathcring brown grey; resistant;
sharp lower contact. ot - L

S74-1 1.7 62.5 Sandstone, medium (vf-m) grained; poor sorting; Y-
: subangular’ (sa-sr) clasts; 10% dark minerafs, 2%
carbonaceous material; small trough cross-beds;
light grey, weathering brown grey; resistant;
sharp lower contact. o

8§75-1 0.3 63.1 Claystone; c-s; moderate sorting; calcarcous
’ o - concretions; dark grey, weathering grey; recessive;
. sharp lower contact. oL
$76-1 0.5 6>.5 . Siltstone; s-vf; moderate sorting; angular (a-sa)
) clasts; 3% dark minerals, 1% carbonaccous material;
medium grey, weathering brown; resistant; sharp
lower contact. ) :



v

. Thick- Position
Sample, ness (metres
Number (metres) from base)

) } A-30

bescription

5

§77-1 0.25 64.0
s78-1 ¢ 1.7 65.5
§79-1 1.4 66.9

" §81-1 0.28 68.4
582-1 ° 1.4 69.5
4 s83-1 1.6 . 71.4
I B [

$84-1 1.0 72.3
. 0,

]

N\ .

$85-1 2.15. 74.2
$86-1 0.55 74.9
Y 887-1 . 0.6 75.5
s88-1 0.4 76.1
589-1 " 0.45 76.5
§90-1 . 0.7 77.2
s91-1 1.4 78.5
592-1 0.8 ' 79.4

3 . .
laystone; c-s; modecrate sorting; 1% dark mincrals;

dark grey, weathcring grey; recessive; shf{p lower

contact.

Siltstone; c-s; poor sorting; 1% dark minerals,
0% carbonacecous material; light grey, weathering
grey; resistant; sharp lower contact.

Sandstone; medium (f-m) grained; moderate sorting;
angular (a-sr) clasts; 5t dark minerals, 1%
carbonaceous material; large trough cross-beds;
light gqrey, weathcring grey; resastant, sharp
lower contact.

Siltstohe; c-s; moderate sorting; 2% dark minerals,
1\ carbonaceous material; light grey, weathering
grey: resistant; gradational lower contact.

Claystone; c-s; poor sorting; 1% dark minerals,
1s carbonaceous material; light .grey, weathering
grey; recessive; sharp lower contact.

Same as 881 1.

Claystone; c- s, poor sorting; dark grey, weatherxng

grey; recessive; sharp “lower contact.

Sandstone, medium (f-m) grained; moderate sorting;
angular (a-sr) clasts; 10% dark minerals, 4%

‘carbonaceous material; medium grey, weathering

grey; moderately resistant; sharp lower contact.

Siltstone, c-vf; poor sorting;” 3% dark minefals,,
0% carbonacecous material; light grey, weathering
grey; moderately resistant; sharp lower contact.

Same as'SBS-l.

Claystone; moderate sorting; light grey,Aweathering
grey; rececssive; sharp lower contact.

Same as'S87-1.

Claystone, c-s; hodo;ate sorting; rare plant
remains; dark grey, weathering grey; recessive;
sharp lower contact.

Sandstone, very fine (s-vf) grained; well sorted;
angular (va-sa) clasts; l2% dark minerals, 2%
carhonaceous material; light grey, weathering
brown grey; moderately resistant; sharp lower
contact.

Claystone; c-s; moderate sorting; Otv¢ dark mineré}s,
0% carbopaceous material; light grey, weathering
brown grey; rccessive; gradational lower contact.

Siltstonc; well sorted; 1t dark minerals, O%
carbonaccous material; light grey, weathering -
grey; moderately resistanty sharp lower contact.
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_ , \ A-31
Thick- - Position : o
Sample ness {metres ' v
Nunber  (metres) from base) Description i “\ !
£93-1 2.0 81.5 _Siltstone; c-s; poor sorting; Tight grey, \ e ,
weathering grey; recessive; sharp lower contact. . :
§94-1 0.25 Bl.8 Siltstone; well sorted; light grey; weathcring ,
brown; recessive; sharp lowcr contact. \ '
§95-1 0.45 85.8  Same as S94-1. . \
H
$96-1 0.9 . 86.5 laystone; well sorted; 1% dark minerdls, O% \
. darbonaccous material; light grey, weathering
. rown; recessive; sharp lower contact. p
§97-1 0.35 87.1 aystone; c- s: poor sorting; dark grey, weatherxné \\~\’/,f
N grey; recessive; °harp lower contact.
v
s98-} ¢ 0.8 87.8 Shndstone; very flnc (c-vf) grained; modcrate i
. sprting; subangular (a-sr) clasts; €\ dark mincrals,
L ] . . : .
2R carbonaceous material; medium grey,.weathering .
L gkey:; moderately resistant; sharp lower contact.
0.4 8.8 . Chvered. s ‘ )
$99-~] 0.65 89.4 . Siltstonc; moderatc sorting; s anéular {a-sr)
clasts; 3V dark mincrals, 1% cagbonaceous
material; light grey, weathering grey; modcratcly
; resistant; sharp lower contact. ; ’ -;‘i
5100;1'" 0.7 90,1 Claystone. vell sorted; occasxonal plant remains; ' . TN
dark greuy, weathering grey; recessive; sharp ’
lower contact. : N ‘ i
§101-1 . 1.7 - . 91.5 ‘ Siltstone; wecll sorted;’ subrounded (sa-sr) clésﬁs;
e 2% dark minerals, 0% carbonaceous materijal; -light
grey, weathering grey; moderatelys resistant;
sharp lower contact. : :
5102-1 2.0 ‘ 93.4’ Claystone; well sorted; light grey, weathering
. ‘grey; rccessive; sharp lower contact.
c, ! i
S103-1 1.8 . 95.4 Siltstonc; c-s; poor sorting; 1% .dark minerals,
O carbonacecous material; medium qﬁey, heatherlng
grey; recessive; sharp lower contact.
'§104-1 0.2 95.8 Sandstone, very f1ne (c-yf) grained; poor sorting;
‘ 5% dark minerals, 2% carbonaccous material; small
. cross-beds; light grey, weathering grey, re51stant,
; f ] sharp lower contact.
' §105-1 0.28 96.1 Same as S104-1.
§106-1 0.68 96.3 Siltstonag; c-vf; poor sorting; 1% dark mineréls,
" 0% carbonaceous material; 2mm laminations; bio-
- turbated; dark grey, weathering grey; moderately
. reﬁistant. sharp lower contact.
s107-1 0.9 ° 97.6 Siltstone; well sortcd angular (va-sa) clasts

» 3¢ dark minerals, 1% carbonaceous material;
calcarcous concretions; brown, weathering grey;
resistant; sharp lower contact. /

$108-1 0.25 97.9 Sandstone, very fine (c-vf) graincd; poor/sorting;
- angular (va-sa) clasts; 7% dark mincrals, 2%\ car-
bonaccous material; light grey, weatherxing grey;
‘recessivel’ sharp lower contact.

1



. ’ : A-32
Thick- Position
Sample ness (metres | '
Number (metres) from base) Description
VR
SIOQWI 0.4 98.2 Claystone; well sorted} grecn grey, wéathering
' grey; reccessive; gradational lower contact.
1.4 99.8 Covered. . T
S110-1 0.7 100.5 Safillstone, very fine (cxvf) graincd; moderate
sorting; subangular (sa-sr) clasts; 3% dark
minerals, 0% carhonaceoué material; medium grey,
. ) weathering grey; moderatedy resistant; sharp
) lower contact. .
. ‘ .
. 8X11-1 0.7 101.1 Siltstone, c-vf; moderate sorting; 1% dark minerals,’
' [11) carhonaccou ‘material; medium grey, weathcr:ng
grey, moderately 1L515tant, sharp iower contact.
©8112-1 . 0.3 ©101.2 Claystone; well sortcd, green grey, weathering
- grey; recessive; grhdational lower contact. L
$113-1} 0.7 +102.1 Clayatonc, c—s, well gottcd, medium grey, koatherlng
. grey, ccc<51vc, gra(atlonal lower contact.
- . :
s1%4-1 0.4 2102.4 _;Silfstbne; c-s; well sorted; angular - (va-sr)
. clasts; 1% dark mincrals, 0% carbonaceous material;
light grewr, weathering grey; moderately resistant;
' " sharp lower contact. \ ‘
$115-1 1.3 1p3.5  Same as S114-1. "
2.0 105.8 Covered. | « g
"§116-1 J1.15 106.8 Claystone; c-s: moderate sorting; green grey,
: weathcrlnq grey; recessive.
S$117-1 0.85 107.5 Clay,tonc, c-s; poor sorting; bxoturbated dark
ot green grey, weatherxng grey; 1% darx minerals,
0% carbonaceous material; recessivie; gradational
lower contact.
'§118-1 1 0.25 108.1 Same as'S117-1.
5§119-1 0.7 108.8 Claystonc, well sorted‘ 0% dark minerals, 0%
' carbonaccous material; da(\ green grey, wLatherlng
_ grey; reccssive; sharp lower- contagt.
'5120-1 1.1 109.5 Siltstone; é&-s; poor sorting, grey, wcacherxng
4 ’ brown grey; tecc551vc, sharp lower co act. '
$121-1 0.3 112.1 Claystone, c-5; poor sorting; 1% dark minerals,
: ' 1s carbonaceous material; medium grey, weatherrng
{ grey; rccessive; gradational lower contact.
. . * ! .
i1, _ 111.2  covered. L }
5122-1 0.2 111.3 Siltstone; c-vf; poor sortings angular (va-sa)
) clasts; 2% dark minerals, l% carbopiaceous matcrlal-
s ) green ‘grey, weathering grcy, recess xve.
1.(\ 112.4  Covered. .
© 8123-1 0.2 112.6 Siltstone; c-s; podr sorting; 3% dark minerals, 1%
N N o carbonaceous material; brown grey, weatherlng grcy.
, reccsuxve. .
1.25 113.8 ° . Covered. ‘ B
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Sample

Number .

Thick-
ness
(metres)

Position
(metres

from base)

200

" . _ ‘A-33

bescriptidn

5124-1

S125-1

,5126'1

$127-1

5128-1

5129-1

§130-1

S$131-1

5132-1

*§133-1

S134-1-

$135-1

S136-1

0.6

3.,
0.8

0.15

0.15

0.45

0.35
0.55

0.45

0.35

1.4
0.2

4.45°

114.3

- 1Y7.5
118.2

119.1

119.2

" 119.4

119.9
120.1
120.5
121.1
121.5

122.9
123.1

123.5

©125;3

1129.7

.

Sandstone, very finé (c-vf) grained; poor sorting;
subrounded (sa-sr) clasts; 1% dark mincrals, O%
carbonaceous material; medium grey, weathering
grey; resistant. ’

Covered.

Claystone; c-s; well sorted; 18 ‘dark minerals;
0% carbonaccous material; calcareous concretions;
medium grey, weathering grey; resistant.

. Sandstone, fine (vf-f) grained; modecrate qortzng, |
subangular (a-sr) clasts; 10% dark minerals, 3\ ‘
carbonaceous material; medium grey, wcathering ’
brown grey; r051stant, sharp lower contact.

Claystone; dark grey, recessive; sharp lower
coNtact. :

Sandstone, medium (vf-m) grained; moderate sorting;
subangular (a-sr) clasts; 12% dark minerals, 5%
carbonaccous material; medium étey, weathering
brown grey; modcrately resistant; sharp lower
contact.

3

Claystdne;’well sortéd; 0% carbonaceous materialg
dark grey, weathering grey; recessive; sh?rp lower
contact. . - ) { J}

Claystonc, c—s, mOderate 'sorting; 1% dark minerals,
ot carbonacqous material; medium grey, weathering
grey; modcrately res;stant; sharp lower contact.

Claystone; well sorted; ‘0% dark hinerals, O% ]
carbonaceous materidl; medium grey, weathering

grey; recessive; sharp 'lower contact. .
1

Siltstonc, c-5; poor sorting; S\ dark minerals,

Ot carbonaceous material; med;um grey, weathering ‘
brown grey; moderately resxstant' sharp lower

contact. . ] '

Claystone' c-s; poor sortxng, dark- green grey,
weathering brown grey; reccessive; gradational : N
lower contaqt.‘ .

Covered.

sandstone, fine (s-f) grained; poor sorting;.
subangular (a-sr) clasts; 15% dark minerals, 5%
carbonaceous material; medium grey, weathering

grey, moderately resistant; sharp lower contact.

Claystone, c-s; poor sextxng, dark green grey,
weathering grey; recessive; sharp lower contact.

Sandstone} véry fine (c-vf) grained; ﬁpoi sorting;

subangular (a-sr) clasts; 8% dark minerals, 3%

'carbonaceous material; medium grey, weathering

brown grey; resistant; sharp lower contact.

. Covered. ‘ T
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' ! » A ? A-34
Thick- | Position _\\ 5. .
Sample Hess {metres : Lo , .
Rumber (metres) from base) - i Afscriptlonx o
; _ y . R
S137-1 0l6 *130.8 Siltstone; [ - 24 crate sorting; 3% dark minerals,
' 2% carbonagoous terial; medium grey, weathering
] 5brown‘grey, modet tely rcsistant, sharp lower
"contact . 2 : ,
A :
S138-1 0.3 130.0 -Claystone° c-s5;-well sorted; dark green grey,
- . - weathering grey; r \cessive; sharp lower contact.
5§139-1 0.4 ©.131.2 Sandstone, very fin¢ (c-vf) grained; poor sorting;
. subangular (a-sr) clasts; 5% dark minerals, 2\
I8 carbonaceous material; medium grey, weathering .
- grey; resistant; sharp lower contact.
.4 131.6 _ Covered. \
5140~ 0.35 132.1 Siltstono;'c-s; modenat& ortihg; 4% dark minerals,
: 27 carbonaceous material; grcen grey, wcatherlng
! brown grey; moderately rcsxstant '
1.25 133.3  Covered. - ? - ‘ 'i
Slﬁl-l ) 0.3 . - 133.5 Siltstonc; c-vf; poof sorting; subangular (a-sr) )
- clasts; 3% dark mirerals, 1% carbonaccous materlal,
| green grcy, weathering brown gney; resxstant,
sharp lower contact. .
0.6 134.1  covered. '
S5142-1 0.4 134.5 Siltstone; c¢-f; poor sorting; anguiar,(va-éé)
‘ clasts; 3% dark minerals, 14 carbonaceous naterial;
grecn grey, weathering grey; moderately resistant;
sharp lower contact. .
0.7 135.2  Covered. . !
5143-1 1.6 135.6 Sandstone, very fine (c-vf) grained; poor sorting;
5% dark mincrals, 2% carbonaceous material; light
grey, wecathering light grey; resistant; sharp
lower contact. : . !
Base of Calcaécods Member , °
$144-1 0.7 136.3 \'Sandstone, very fine graincd' calcareous;
3 occasional plant remains.' ' -
5145-1 - 0.75 137.05 Lfﬁestone, very fine grulncd;,gréy, weathering
oo _ light grey; sharp lower contact. -
5146-1 0.9 137.9 Claystonec; black; sheared; fauylted?; sharp lower
' ' contact. - : ' :
. 5147-1 1.65 -139.6 Limestone, very fine grained; ripple marks; abun-
' ~ dant mollusc fossils; resistant; sharp- lower contact.
S148-1 A ¥ 140.7 " Claystone; black; recessive; sharp lower contact.
5149-1 [ 141.5 -Limestone, very fine grained; rare mollusc fodsils;
resistant; sharp lower contact.
§150-1 3.¢. 145.0 " Claystone, black-'reccsqjvé; sharp lower Eontact.
S151-1} 1.1 246.1 Limestone, very f;nc grained; grey; moderatcly

resistant; sharp lower contact.
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. ] A-35
Thick- Position ‘
Sample ness (metres C.
Number (metres) . from base) Description
$152-1 1.5 14i.6 'Limestone, fine grained; symmetrical ripple marks;
: resistant; sharp lower contact; abundant mollusc
H fossils.
§153-1 2.5 150.1 Claystone, black; resistant; sharp lower contact. -
§154-1 1.6 151.7 Limestone; very fine laminations; tool marks;
: occasional plant rcmaxnﬁ, resistant; gradational
i lower contact.
8155—} 3.0 154.7  Claystone, black; calcareous; moderately rcsistant;
: gradational lowver contact. ]
5156-1 1.7 156.4  Limestone, very fine graincd; finely laminated;
resistant; gradational lower contact. °
2.0 158.4 Covered, may be. fault zone. - ‘
§157-1 1.1 159.9 Sandstone, fine qraincd} érey: resistanty sharp.,
“lower contact. .. : .
5158-1 0.8 '160.3 -Claystone; grcey; mode;ately‘resistant; sharp lower t
contact.
$159-1 2.5 162.8  Limestone, very fine grained; finely laminated;
] moderately resistant; sharp lower contact. |
S160-1 1.5 164.3 Limestone, fine grained; grey; resxstant, gracd -
‘tional lowcr contact.
S161-1 2.5 166.8 .Claystone; dark &rey, calcarcous concrctions;
' ' modérately resistant; gradational lower contact;
some minor faulting. o
S162-1 0.3 167.1 ~C1aystone, black; recessive, sharp lower confact. I
> : . .
‘ Top of Gladstone Formation- R
Total thickness is |b7 metres
i .
! Beaver Mines Formation / ‘
5163-1 Y.4 17p.5 _ sandstone, fine (vf-f) grained; poor sorting,
angular (va-sr) clasts; 15-dark minerals, 0%
carbonaceous materjal; tool marks at base; dark
green grey, weathering brown grey; resistant;
) sharp lower contact. |
s164-1 . 0.55 171.4 Claystone; well sorted; OtV carbonaceous material;
: -dark green grey, weathering grey; recessive; sharp
o “lower contact.
$165-1 0.25 171.5  Sandstone, mcdium (s-m) grained; poor sorting;
’ angular (va-sa) clasts; 10% dark minerals, 3%
. carbonaceous material; dark green dgrey, weathering
grey; rcsistant, sharp lower contact.
SIGGfl 0.8 - Claystonec; well sorted; 0% carbonaceous materlal,

172.4

olive black, weathering grey: recessive; sharp
lower contact. .



‘ Thick-
Sample ness

Number (metres)

Position
(metres
from base)

N A-36

Description

5167-1

$168-1

S$169-1

S170-1

5170-2
S171-1

5172-1

5173-1

| s174-1

S175-1
S176-1

$177-1

5178-1

1.7

0.25

0.25

0.3
0.25

" 0.35

0.85

173.9

174.4.

175.2

177.2
177.3

179.3

179.9

180.4

- 180.6

181.1

181.3
181.5

181.9

182.7

Sandstone, ‘medium ({~-m) grained; modcrate sorting;
angular (va-sa) clasts; 20% dark minerals, 5%
carbonacoous material; large trough cross-beds;
mud clasts; dark green grey, weathering grey;.
resistant; sharp lower contact.

Claystone, silty; moderate sorting; 0% carbonaceous

material; dark green grey, weathering grey;
recessive; gradational lower contact.

Sandstonc,: very fine {c-vf) grained; poor sorting;
very angular (va-sa) clasts; 25% dark minerals,

8% carbonncébusAmatcrial; dark grecn grey, weather-
ing grey; resistant; gradational lower contact.

CoVered.

-Siltstone, c¢-s; poor sorting; angular (va-sa)

clasts; Y0% dark minerals, 3% carbonaccous material;
8mm laminations; small) cross-beds; dark green grey,
weathering grey; resistant.

Claystone, silty; pvor sorting; 15% dark minerals,

Ot carlonaccous material; dark grcen grey,
weathering grey; resistant.

-Claystone; well sorted; 0% carbonaceous material;

dark grey, wcathcring yrey; recessive; sharp lower
contact.

Siltstone; c-vf; poor sorting; anéular (va-sa}

-@lasts; 25% dark minerals, 10% carbonaceous

material; small cross-beds; dark green grey,
weathering grey; resistant; sharp lower contact.

" .Claystone; well sorted; 5% carbonaccous material;

occasional plant fossils; dark grey, weathering
grey; recessive; gradational lower contact.

Siltstone, c-vf; poor sorting; very angular (va-a)
clasts; 30% dark minerals, 15\ carbonaccous
mater1a1 dark 4green grey, we thering grey, resis-
tant; sharp lower contact.

Same as S174-1.

Sandstone, very fine (s-f) grained; poor sorting;
anqular (va-sa) clasts; 30% dark minerals, 15%
carbonaceous material; dark grecn grey, wéathering
brown grey; modcrately resxstant, sharp lower
contact. . .

Sandstone, medium (f-m) grained; moderate sorting;
subangular (a-sr) clasts; 20% dark minerals, 2%
carbonaceous naterial; dark green grcy, weathering
grey, rosxstant sharop lower contact.

Sandstonc, £1ne (vf-m) gtalned moderate sorting;
subangular (a-sr) clasts; 10% dark minerals, Ot
carbonaceous mateyial; olive grey, weathering brown
grey; resistant; ¢radational lower contact.

'
i

203.



Descriptipn

‘.
|

H

Thick- ' = Position
Sample hess (motres
Number (mctres) from base)
5179-1 2.0 184.5 "
§180-1 2.0 186.5
5181-1 2.0 186.9
$181-2 2.0 188.9
5181-3 2.0 190.9
S181-4 2.0 192.9
5181-5 2.0 194.9
S181-6 2.0 196.9
5181-7 1.6 198.9

. ig

s182-1 0.45 200.8 °
§183-1 0.38 201.2
S184-1 0.4 201.5
$185-1 0.5

202.5

' material; bioturbated;

sandstone, fine (vf-f) grainpd; poor sorting;
subangular (sa-sr) clasts; 1B% dark mincrals, St
carbonaceous material; dark green grey, weathcring
brown grey; resistant; gradational lower contact.

|

Claystone, silty; poor sorting; 3% carbonacecous
dark ¢green grey, weathering

grey; recessive; sharp lower |contact.

Ssandstone, fine (f-m) grained; poor sorting;
subangular (a~sx) clasts; 15V dark minerals, 5%
carbonaccous material; olive |grey, weathering grey;

resistant; .sharp lower contagt. f

. Sandstone, medium (f-m) grained; modqraﬁe sorting;
_angular (va-sa) clasts; . 25% dark minerals, 5%

dark.drcen grey, weathering
lower contact.
f claystone at top.

carbonaccous material;
grey; resistant; gradational
Laterally continuous 5cm bed

Ssandstone, fine (vf-f) dgrained; poor sorting;
angular (a-sa). clasts; 20% dakk mincrals, 8%
carbonaceous material; dark green grey, weathering
grey; resistant; gradational lower contact.

Same as S181-3,

clasts; poor sorting: 20% da mincrals, 5%
carbonacecous material; 3mm 1
grey, weathering grey; resistant; gradational lower

Sandstone, very fine (vf-f) Eéaincd; aﬁgu}ar’(a—Saj :

‘contact.

Sandstone, medium (vf-m) grained; poor s8®ting;
subangular (a-sa) clasts; 25% dark riinerals, 8%
carbonaceous material; dark;gﬁech grey, weathering
grey; resi'stant; gradational ;ower“contact.

Sandstone, medium (f-m) grainad; moderate sorting;
anguldr {va-sa} clasts; 15t dark minerals, 1%
carbonaccous material; olive grey, weathering grey.
resistant; gradational lower contact.

Siltstone, c-s; poor sorting; 5% carbonaceous
material; lmm laminations; dark green grey,

weathering grey; resistant; grpdational lower ;

contact. ' ;

Claystone, silty; poor sorting lmm laminations;,l
bioturbated; dark green grey, weathering grey;
moderately resistant; gradatiopal lower contact.

Sandstone, very fine (s-vf) grained; moderate
sorting; subangular (sa-sr) clasts; mud clasts;

dark green ‘grey, weathering grey; 25% dark mincrals,

St carbonaceous material; resistant; sharp lower
contact. : ) : i
Claystone, _siity; poor sorting; dark green grey,
weathering grey; resistant;; gradational lower

contact.
k3

. A-37

ninations; dark green |
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Sample
Number

Thick~ Position
ness (metres
(metres) from base)

. A-38

Description

5§186-1

S187-1

5188-1

S189-1

'5190-1"

S$191-1
§192-1

$193-1

S$194-1

§195-1

5196-1

§197-1

$197-2

0.8 202.7

0.3 203.1

1.1 203.9

. 1.6 205.1

1.3+ 207.1

\
0.3 207.5
0.35 207.8

0.31 208.1
0.75  208.9
1.4 210.3

0.95 211.2
1.6l 212.5

2.0 213.1

2.0 - 214.95

Siltstone; c-s; poor sorting; subangular (a-sa)
clasts; 30% dark minerals, 10% carbdnaceous
material; dark green grey, weathering grey;
resistant; sharp lower contact.

. * N
Claystone; well sorted; 0% carbonaceous material;
rare plant fossils; bioturbated; green black,
weathering black; recessive; sharp lower contact.

-Claystone, silty; poor sorting; Bt caxbonaccoué

material;. occasional plant remains; dark green’
grey, weathering grey; resistant; sharp lower
contact.

Sandstone, very fine (s f) grained, poor sérting;
subangular (sa-sr) clasts; 10% dark minerals, 5%
carbonaceous material; 3mm laminations; mud clasts;
dark green grey, weathering grey; rccess1ve,'sharp
lower contact.

Claystonc; well sorted; 0% carbonaccous Material;
lem laminations; rare vlant rermains; olive black,

weathering grey; moderately rcs1°tant sharp \

lower contact.
Comblncd with S190-1

Sandvtonc, very fine (s-vf) grained; poor rorting,
subangular (a-sr) clasts; 20% dark minerals, 10%
carbonaceous material; occasional plant remains;
dark grcen grey, weathering grey; moderately
resistant; sharp lower contact. .

Siltstonc, c-vf; poor sorting; angular (a-sa)
clasts; 10% carbonaccous material; occasional ~
pJanL rcmains, dark greéen grey,’ weathrlng grey;
moderately resistant; gradational 1o Lr contact.

Clay stone, silty; moderate sorting; IO%\carbonaceous
material; lmm laminations; rare plant remains;

green black, weathering grey; noderately resxstant,
gradational lower contact.

‘Sands one; fine (vf-f) graxncd poor aort1ng.

angular (va- sa5 clasts; 20% dark minecrals, 5%
carbonaccous material; dark green . grey, weathering
green grey; resistant; sharp lower contact.

Covercd.
Claystonc, well ‘sorted; bioturbated; dark grezen
grcy, weathering green'grey; recessive.

Sandstone, fine (vf-m) grained; moderate sorting;
subangular ({sa-sr) clasts; 15% dark/mlnerals, 2%
garbonaceous material; dark green grey, weathering
green grey{ resistant; sharp lower contact.

- Sandstone, fine (vf-f) grained; poor bortiﬁér

angular (a-sa) clasts; 30% dark minerals, 15%
catbonaccoqs material; dark green grey, weathering
green grey; resistant; gradational lower contact.
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Thick-  Positjon
Sample ness (mctres
Number (metres) from base)

206"

A-39

Description

5197-3 2.0 216.95 -
5198-1 0.95 221.3
s199-1 0.3 221.6
§200-1- 0.4 1222.1
§201-1 . 0.9 222.9
s202-1 0.3 223.2
- §203-1 0.6 223.8

5204-1 1.85  225.2 .
5205-1 0.6; 226.1
A ’ '
5206-1 2.4 . 228.1
$207-1  0.55 . 229.1

d:
5208-1 , 0.3 229.5
5209-1 0.53 230.1
s210-1 0.3 230.3

" siltstone; c-vf; poor sorting; angular (va- a):

sandstone, fine (vf-f) grained; poor sorting;
angular (a-sa) clasts; 15% dark ninerals, 5%
carbonaceous material; dark green grey, weathering
s !
green grey; resistant; gradational lower contact.

’

clasts; 25V dark minerals, 12\ carbonaceous
material; 2mm laminations; green black, wcathoring
green grey; resistant; sharp lower contact. R

Claystone, silty; poor sorting; 10% carbonaceaus
material; rare plant remains; bioturbated; black, .
weathering grey; recessive; sharp lower contact. I

Same as S199-1. : : .

S)ltstone, "c-vf; poor sorting; angdlar (a-sa)
clasts; 7t dark minerals, 3% carbonaccous material;
dark gtcen grey, weathering grey; resistant;

sharp lower contact.

Siltstone; ¢c-s; poor bortJng, angular (a—sa)
clasts; 7% dark minerals, 3% carbonaceous material;
dark green grey, weathering grey; recessive;
qtadat10na1 lower contact.

Siltstone; c-vf; poor sorting; subangular (a~-sa)
clasts; . 7% dark mincrals . 2% carbonacecous material;
dark grecn grey, weathering green grey; recessive;
gradational Jower contact. )

Claystone; well sorted; O% carbonaccous material,

'bioturbatcd, green black, weathering green;

recessxve, sharp lower contact.

Siltstone; c-38; poor sorting, angular (va-sa)
clasts; 10% dark minerals, 7% carbonaccous
material; dark green grey, weathering green grey;
moderately pesistant; sharp lower contaat.

Claystone; c-s; poor sorting; 15%'dark minerals,
8% carbonaceous material; bioturbated; dark green
grey, weathering green greyi recessive.

Siltstone; c-s; poor sorting; angular ,(va-sa}) s .
clasts; 10%v ddrk minerals, 3% carbonaceous
material; dark green grey, weathering grey;
moderately resistant; sharp lower contact.

!

Clayqtone,ﬁnderate sorting; occasional plant
remains; bidturbated; green black, weathering grey.

Sandstone; vbry fine (s-vf) grained, poor sortlng,
angular | (va-sa) clasts; 20t 'dark minerals, 8% )
carbonacecous material; mud clasts; dark green grey, ..
weathering grey; moderately resistant; sharp lower-
contact,. .

Claystone;c~-s; moderate sorting; Ot carbonaceous
material; green black, weathering grey; recessive; |

gradational lower contact.
' ¢



e

Thick-
sample ness
Number (mectres)

Position
{metres
from basc)

Description

s211-1 0.2
§212-1 0.6
§213-1 0.53

N
5214-1 0.65
$215-1 3.9
5216-1 2.4
s217-1 0.9

5218-1 0.9

$219-1 0.4

§220-1 1.4

s221-1 0.5

230.5

231.2

231.5

232.2

234.5

236.9

238.5

239.5

240.1

_241.2

24.9

- 20% dark mincrals, 10% c

- + -
sandstone; very fine (s-f) grained; poor sorting;
subangular (a-sa) clasts;  20% dark minerals, 5%
carbonaccous material; 2cm laminations; small

trough cross-beds; dark green grey; N

moderately resistant; sharp lower contact.

Sandstone; very fine (s-vf) grained; poor sorting;
angular (va-sa) clasts; 25% dark minerals, 12%
carbonaceous material; bioturbated; dark green
grey, wcathering green grey; moderately resistant;
gradational lower gontact.

7iltstone; c-s; poor sorting; angular (va-a)
clasts; 25% dark minerals, 12% carbonaceous
material; occasional p]ént remains; dark green
grey, weathéring green grey; recessive; grada-
tional lower contact.

Sandstonc; very fine (c-vf{) grained; poor sorting;
angular (a-sa) clasts;.15% dark minerals, 5%
carbonaccous materidl; |dark green grey, weathering
green grey; rcecessive; |sharp lower céntact.

o

Siltstone; c-s; well sorted; 5% dark mincrals)
5% carbonaccous qgterial; dark green grey, weather-
inmg green grey; recessive; sharp lower contact.

Sandstone, very fine (s-vf) grained; modecrate
sorting; very angular .{va-a) clasts; 15% dark
pindrals, 108 carbonacecous material; mud clacts;
occasjonsl plant remains; dark grecen grgy, weather-
ing grey; resistant; sharp lower contact.

. sandstone, fine {vf-m) grained; poor sorting;

subangular (a-sa) clasts; 8% dark minerals, 3%
carbonaceous material; dark green grey, .weathering
grey; resistant; sharp lower contact.

Claystone; c-s; moderate sorting; -30% dark minerals,

20V carbonaceous material; bioturbated; dark grey,
weathering grey; recessive; sharp lower contact.

Siltstone; c~-s; poor sorting; 25% dark mincrals,
158 qarbonacdg;: material; 0.5 cm laminations;
small tangenty cxoss-beds; dark green grey,
weathering brown gre recessive; sharp lower
contact.

Claystone; wcll sorted; 1lmm lamihations; dgreen
black, wecathering grey; recessive; shuarp lower
contact., . ’ ' C

Siltstone; well sorted; \cry angular (va-a) clasts;
;rbonaccous material; 0.3cm
laminations; small trough cross-beds: olive grey,
weathering. brown grey; moderately resistanqL-‘
~gradational lower contact.

A-40

207
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Sample
Number

‘?hlck—
ness
(metres)

Position
(metres
from base)

[}
pescription o . .

5222-1

§223-1

§224-1

5225-1

1.5

0.5

0.5

Q.75

1.05
1.20

0.4

1.65

2.55

0.5

2.0 .

1.4

242.9

J
243.9

244.1

245.1

246.2
246.9.

247.8
249.1

251.8

253.2
253.7,

254.1

254.3

q

256.3

Claystone; C-s; poor sorting; 30% dark minerals,
15V carbonaccous material; 2rm laminations;
symmetrical ripple marks; green black, weathexring
grey; moderately resistant; sharp lowcr contact.

Siltstone; c-s; paor sortiﬁq; 8y dark minerals,
3% carbonaccous matcrial; dark green grey,
weathering grey; recessive; sharp lower comgact.

Sandstone; fine (s-f) grained; poor vsorting; sub-
angular (a-sa) clasts; 5% dark minerals, or
carbonaceous m&terinl; mud clasts; dark grecn grey,.
weathering green grey; moderately resistant; sharp
lower contact.

Claystonei c*s; poor sorting; 6% dark minerals,

2% carbonageous material; O.4cm laminations; da
green grey, weathering grey; moderately resistaft;
gradational lower contact. . . o

Same as $225-1.° P ‘ -
Sandstone; very fine (s-vf) grained; poor sorting;
10% dark minerals, 6% carbonacecus material; 0.2cm
daminations; mud clasts; dark green grcy,.weatheﬁ—
ing grey; resistant; gradational lower contact.
Claystone; c-s; moderate sorting; 4mm laminations;
summetrical ripple marks; dark green grcey, c o
weathering brown grey; recessive; gradational
_lower contact. . .

Sjltstonc: c-s; poor sorting; 10% dark minerals,” "

5% carbonaccous: material; 2mm laminatigSET‘dhrk L
green grey, wcathering brown grey; moddrately

dzesistant: 5h§§p lower contact.

. L
Claystone; C©-s; poor sorting; 5% dark m}ncralsn
1t carbonaceous material; dark green grey, weather-
ing grey; resistant; sharp lowcr contact.
Same a$ 9230-1%

. P, .

Siltstone; c-s; moderate sorting; angular (a-sa)
clasts; 10% dark minerals, 3% carbonaceous material;
dark green grey, weathering grey; moderately '
resistant; sharp lower contact,

c-s; poor sorting; dark grcen grey, .

v
Llaystone;
grey; recessive; sharp lower contact.

weathering

Sandstone; fine (vf-f) grained; moderate sorting:;
angular (a-sa) clqgté; 15% dark minerals, 5%
carbonaceous material; mud clasts; dark green grey,.
weathering grey; resistant; sharp lower contact.

sandstone;. very fine (s-vf) grained; moderate
sorting; angular (va-a) clasts; 12% dark’ minerals,
3t carbonaccots material; calcareous concretions;

" dark green grey, weathering §rey; resistant;

gradational lower contact.



Sample
Number

_ gess
(métres)

Thick- ,, Position
~(metres
from basc)

. 200

W

A-42

‘Description

§235~1

5236-1 .

$237-1

s$238-1
$239-1

$240-1

5

s241-1

S241-2

$241-3

5242-3
S243-1

5244-1

S245-1

$245-2

1.3
0.3
2.3

2.0
0.45

2.0

2.0

1.6

1.85

2.1%

1.5

258,7

-259.2

260.5

' 263.1

264.1

264.3

264.5

“
- 266.3

268.3
269.5
270.9

272.6

273.05

275.1

. Same as S237-1.

3Cla¥stone; well sorted; calcareous concretions;

dark green qrey, weathering grey; recessive;.
gradational lower contact. :

Sandstone; finc, (vf-m) moderate sorting; angular
(a-sa) clasts; 10% dark . mincrals, 4% carbonaceous
material; moud clasts; dark green grey, weathering
grey; moderatdély resistant; sharp Jower contact.

. Claystone; c-s5; modcrate sorting; biotirbated;:

dark green groy, weathering green; recessive;
gradational.lower contact.

éiltatonc; c—s;\poor sorting; 15% dark mincrals,

' 8% carbonaceous matcrial; dark grccn grey, peather—

ing green grey; moderately resistant; sharp' lower
contact. ' .

Sandstone, fine (s-f) grained; pQor sorting;

:anqular (a-sa) clasts; 8% dark mincrals, 3% car-

bonaceous material; dark green arey, weathering
green grey; nodcxdtcly resistant; gradational
lowex, contact. ‘

Siltstone; c-5; poor sorting; angular (a-sa) clasts;
5% dark mincrals, 3% carbonaccous material; lcm
lamindtions; mud clasts; dark green grey, weathering
grey; - recessive; gradational lower contact.

Claystone; well sorted; occasjonal plant remains;
dark green grey, weathering grey; recessive;
gradational lowcr contact.

Sane as §241-2. o ) E
Same as $241-2.

Siltstone; c-s; poor sorting; angular (va-sa)
c¢lasts; 15% dark mincrals, 103 carbonaceous

"material; small scale tangential cross-beds;

ant ‘remains; dark green grey, wecather-
fecessive; sharp lower contact.

occasional
ing grey;
e, very fine (vi-f) grained; poox sortlng,
a-sa) clastd, 15% dark ninerals, 5%

ial; dark green grey, wnathQQLng
green grey; modcrately resistant; sharp lower ’
contact. ) ) :

Sandst
angular

Claystone; c-s; moderate sorting; 2mm laminations;
small tangential cross-beds; dark green grey,
weathering grey: recessive; sharp lower contact.

Claystone; c¢-s; poor sorting; dark grcen grey,
weathering grey; recessive; gradational lower

contact.



Thick~
Sample . ness
Number (mctres)

Position
{metres
from basc)

T ' . . 210

A-43

Description

§246-1" 0.2

§247-1
sus-1 2.4

5249-1 0.4
$250-1 0.25

§251-1 - 0.6

§252-1 0.22
$253-1 0.28
$254-1" 1.12

S$255-1 1.35

5256-1 1.05

$257-1 0.45

5258-1 0.85

§259-1 0.7

276.7

277.3
278.,9

279.3
280.1

280.7

281.0

281.3

282.1

283.1

284.1

- 285.1

286,1"

286.6

Claystone; c~s; poor sorting; 8% carbonaccous
material; symmetrical ripples; bioturbated; dark

_grecn grey, weathering grcy, moderately resistant;

sharp lower contact.

‘Same as 3245—1. P

Claystone; moderate sorting; 1% carbonaceous

material; dark qreen grey, weathering grey; :
recessive; gradational lower contact.

Siltstone; no sample.

Siltstone; c-s; poor sorting; dark grcen grey,

-weathcrxng grey; modcratuly resistant; gradational .

lower contact. .

-Claystono‘ c-5; modcrate sorting; dark arcen grey,

weatheriny grey; moderately resistant; dational
1bwer contact. | .

Siltstonc; €=S; poor sorting; ‘3% dark minerals,

1% carbonaceous material; mud clasts; dark creen

grey,. weathering grey; moderate resistance; :

gradational lower contazct. | . .

Siltstone; c-s; poor sorting; arquiar (a- ~sa) clasts;
3% dark minerals, 1% carboraceous material; dark
green grey, weathnrnng grey: moderately resistant;
gradational lower contact.

* Siltstone; c—s; poor sorting; angular (a-sa} clasts;

3% dark mincrals, 1% carbonacecous naterial; lmm
laminations; dark green grey, weathcrlng grey;
recessive; sharp lOWLr contact.

Sandstone, very fine (s-vf) grained; podor sorting;
angular (a-sa) clasts; St dark‘'ninerals, 2%

carbonaccous material; ;dark green. grey, weathering
grey; resistant; sharp lower contact.

Siltstone; c-s; poor sorting; ¢5% dark minerals, 3%
carbonaceous material; dark green grcy,:weathcrxng
grey; moderately resistant; gradatlonal lower
contact.. ‘

Claystone;c-s; moderate sorﬁing: 1mm laminations;
asymmetrical ripple marks; dark green o ¢y,
weathering grey; moderately resistant.

Slltstone, moderate sortlng, angular clasts, 2%,
dark minerals, 1% carbonaceous material; dark green
grey, weathering grey; moderately resistant;
gradational lower contact.

Claystonc, c-s; moderate'sorting, 3% carbonaceous
material, occasional plant remains; olive grey,
weathering greén grey; recessive; sharp lower

contact. . L



v

\ .S Y A-44
‘Thiqk- Position

Sample ness (metres

Number (metres) from base) De%criptioh .

$260-1 0.2 286.8 - Sandstone; coarse .(m-crs) graincd} poorly sorted;
subangular (a-sr) clasts; 7% dark minerals, 1%
carbonacecous material; dark grcen grey, weathering
grey; pebbles at base? resistant; sharp lower
contact.

$620-2 . 287.1  Ssame as $260-1.

§260-3 2.0 288.8 Sandstone, medium (f-m) grained; poor sorting;

L. subangular (a-c£a)gelasts; 15% dark minerals, 7%
‘ N carbonaceous material; dark green grey, weathering
\ grey; resistant; gradational lower contact.
$260-4 .290.8  Samc as S260-3.
5260-1 2.0 292.8 Sandstone, fine (f-m) grained; ;oog sorting;
~ : sqbangular (a~sr) <lasts; 10% dark mirerals, 43 .
carbonaceous material; dark green grey; weathering
grey; resistant; gradational lower contact.
' 8260-6 2.0 294.8 Sandstone, medium (f-m) grained; poor sorting;

. angular (a-sa) clasts; 5% dark minerals, 1lv-
carbonaccous material; dark green grey, weathering
grey; resistant; gradational lower contact.

5260-7 © 2.0 ] 296.8 Same ac 5260-6.
"5260-8 1.0 ' 297.8 . Same as S260-6.
$260-9 1.0 298.8 = same as'$260-6.
$260-10 0.5 300.5  Same as S260-6. L
- 82611 - 0.5 301.5 - : Siltstone; c-s;.poor sorting; very angular (va-a)
clasts; 15% dark minerals, 8% carbonaceous
material; grecen black, weathering grey; moderately
resistant; sharp’ lower contact.
5262-1 \ 0.15 ‘ +302.1 | Claystone; c-s;_modctate sorting; Os c&rbbﬂaceous;
material; green black, weathering greys recessive;
) gradational lower contact. :
$263-1 0.15 302.2  Same as S262-1.' . .- \
5264~1 ,2.0 302.4 Sandstone, very fiqe (s-vf) grained; poor sorting;
angular (va-a) clasts; 15t dark mincrals, 8%
carbonaceous material; dark grecen grey, weathqgihg
green grey; moderately . resistant; sharp PGWQr‘
contact. . : -
. : \
$264-~2 1.1 304.2 Siltstone; c-s; poor sor;ing; angular (va-a) clasts;

- ’ 15% dark minerals, 10\~cqrbonaceous material;

moderately resistant; &ark green grey, weathering
. grey; gradational lower contact.
$265-1 0.3 305.6 Siltstone; c-s; poor sorting; 5% dark minerals, 3%
- carbonaceous material; green black, weathering
_ grey; recessive; gradational lower contact.
5266-1 0.35 306.0 Claystone; c-s; poor sorting; dark green grey, »

weathering grey; resistant; sharp lower contact.

'



Sample
Number

Thick-
ness
(metres)

Position
(metres
from based)

Description

"A-45

8267-1

268~1

5269-1

5270-1

§271-1
§272~1

5273-1

§274-1

§275-1

5276-1

'§277-1

$278-1

§279-1

1.9

0.8

0.65

1.8

0.55

0.33
0.18

0.85

2.0

307.1°

308.5

1310.5

311.4

313.2
314.8

316.1

316.5
318.1

320.1
324.8

©327.1

327.6
327.8

328.6

330.6

Claystone; moderate sorting; asymmetrical ripple
marks; occasional plant remains; green blackp.

weathering grey; moderately resistant; gradational

lower contact.

Claystone; well sorted; dark green grey, weathering
_grey; moderately resistant; gradational lower

contact.

Siltstone; c-vf; moderate sorting; angular (Va—sq)
clasts; 5% dark minerals, ,1% carbonaccous material;
dark green grey, weathering grey; moderately ‘
resistant; sharp lower contact.

Claystone; moderate sorting; 2% dark minkrals,
1% carbonaceous matcrialg dark grecn

ing grey; recessive; sharp lower contact.

‘Covcred.

Siltstone; c-s; poor sorting; anquiar (va-sa)
clasts; 2% dark minerals, 1% carbonaccqusﬁmaterial;
dark grecen grey, weathering grey; moderately

resistant.

grey, weather-

.

Claystone; c-s; poor sorting; 3% dark hinerals, 13
2mm laminations; dask green

carbonaceous material;

grey, weathering grey; rccessive; gradatidﬁal
[

‘lower contact.

Siltstone; c-s; poor sortihg; 4t dark minerals, 1%
Icatbonaceous material; dark grcen'-grey, weathering

‘grey; moderately resistant; sharp lower contact.

Claystone; moderate sorting; 3% dark

inerals, 1%

- carbonaccous material; bioturbated; dark green grey,

weathering grey; rdcessive; sharp lower contact.

Covered.

f

Claystone; well sorted; lmm laminations; occasional
plant remains; green black, weathering grey;

recessive.
4 .

Sandstone, very fine (s-vf) grained; poor soring;

_ angular (va-sa) clasts; 5% dark mincrals, 3%
carbonaceous material; dark green grey, weathering
brown grey; moderately reésistant; sharp lower

dontact.

v

Claystone; well, sorted; dark green 'grey, weatheringi .
grey; recessive; gradational lower contact. '

Claystonc; c-s; moderate sorting; dark green grey,

weathering grey; recessive; sharp lower contact.

Sandstone, fine (vf-f)
sangular (a-sa) clasth;
.carbonaceous material;
. brown grey; resistant; sharp lower contact.

Cévered.

i

4

grained; poor sorting;
10% dark minerals, Os

dark green grey, wgathering

o
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N Thick-
Sample ness
Number (metr?s)

Position
{metres
from bas
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Déscription.

. .8280-1 0.37

s281-1 4.0
5282-1 2.0

$283-1 0.5

s284-1 - 2.0

$285-1 | 2.0
$285-2- 1.6
§286-1 ‘2.0 .

$286-2 1.3

$287-1 2.0

Py

$287-2 1.45

$288-1 1.75 |

'$289-1 3.0

5290~1 2,0

331.1

333»1
336 1

336.6

338.6

' 339.6

- 341.6

348.5
351.7

353.7

354.7

' Claystonc, well sorted 5% carbonaceous material;

occasional plant remains; rinple marks; green

black, weathering grey; recessive; sharp lower .
contact. ’ ' ) |

Same as 5$280-T0

Siltstone; c¢-s; moderate sorting, 7% dark minerals,
3% carbonaccous material; dark green grey, weather-
ing grey; rcccss;ve, sharp lower contact.

Claystonc; no sample; rccc;sxve, sharp lowcr
contact. - - o .

siltstone; ‘c~vf; poor sorting, anqular (a-fa)
clasts; 2% dark minerals, 0% carbonaceous materal;
dark green grey, weathering grey; r¢sistant;

sharp lower contact.

Sandftone, very £1ne (s-v{) graxned modcrate
sorting; ahgular (va-ca) tlasts; 7% dark minerals,
0% carbonaccous material; dark green grey,
weathering grey, resis tant, sharp lower contact.

Sandstone, very fine (s—vf) grained; poor’ sorting;
6% dark mincrals, 2% carbonaceous material; dar?§
green grey, weathcring grey; resistant; gradatiohal

’lower contact.

’ Siltstone;- c-s; poor sorting; 3% dark mincrals, 1%

carbonaccous material; dark gréen grey, weathering
green grey; moderately resistant; gradational ’
lower contact. C

“8iltstone; o-v{; poor soztlno, 3% dark mincrals, lh
- carbonaccous material; bioturbatled; dark grcen’ grey,

weathering green grey; ‘moderatcly resistant;
gradatlonal lower contact.

"sapdstone, medium- (f-crs) grained; poor sorLlng,

.angular (a-sa) clasts; 10t dark minerals, 4%

carbonaccous material; occasional plant remains;

- mud clasts; dark green grey, weathering grey;

resistant; sharp lower contact. : ,
Same as $287-1. . ‘ ) ' ‘“

Ciaysconc; no sample; Qrcy;,tecessive; sharp lower
contact.; ’

Claystone; modcrate sorting; O% carbonaceous

imaterial; asymmetrical ripples; grecn black’,

weathering grey; splintery; recessive; gradac;onal
lower contact. . - . : |

siltstone; c-s; poor sorting; Jubangulaf (a-sa)
clasts; 10% dark minerals, 5% carbonaceous material;

- asymmetrical ripples; .dark green grey, weathering

, green. grey, resxstant, sharp lower -contact.

f
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. A-47
) ' P . N\
Thick- . Position o : \

Samble ness:| {mctres - - '

-Number (metres) from. base) - Description

5290-2 2.0 356.7 .Sandstonc, very fine (s;vf) grained; poor sorting;

i subangular (a-sa) clasts; 10% dark minerals, 3%
' carbonaceous material; dark green grey, weathering
green grey; resistant; gradational lower contact.

§290-3 0.7 = 358.7 Same as $290-2. , '

,5291-1" 3.55 361.8 Clayétone; well Eorted; bioturbated; dark green
grey, weathering grey; recessive; sharp lower [
contact. '

$292-1 0.65 363.5  same as 5291-1. o

5293-1 0.48 " 363.9° Siltstone; c-s; poor sortlng, 15% dark minerals,

' 5% .carbonaceous maLor1a1 2mm laminations; dark
green grey, wcatherlng grey; moderately resistant;
: sharp lower contact.
5294-1 - 0.45 © 363.4 Same’ as $293-1. '
5295-1 0.8 365.2. siltstonc, c-syr modcrate sorting; anguyar (afsa)g
’ clasts, ark minerals, 3% ‘carbonaceous material;
‘ bioturbgted; dark grecn grey, weathering grey;
moderatfly rcslstant, gradational 104er contact.

5296-1 1.0 365.9 Claystonkg; well oortcd ploturbated, dark green‘

’ ‘grey, we herxng green grey; modcrately resxstant,\
1 ' sharp lowe ‘
5297-1 1.1 366.9" -'Sandstone,‘very ine fc-vf) grainecd; poor sorting;
4 o | subrounded (sa— r) Clasts; 2% dark ‘minerals, Oy . |
. carbonaceous material; bioturbated; green grey,
weathering green grey; recessive; sharp lower
) contact. , )
. 5298-1 i 0.12 * 367.5  .Claystone; moderate sorting; bioturbated; dark
i g v ' green grey, weathering grey; recessive; sharp.
. ' lower contact.’ < .
§299-1 2.55 369.5  Same as 5298-1; very splintered. .
8300-} 1.7 . 370:8 Sandstone, very fine (s-vf) grained; poor sorting;
o ' angular (va-sa) clasts; .10% dark minerals, 5% .
' C . carbonaceous material; dark green grey, weathering
o . green grey; resistant; sharp lower contact. -
~ i . N .
0.3 , 371. Covered. .

sBdl-i 0.9 372.9° siltstohé; c~-vf; poor sorting; angular kva—sa)

' © clasts; 15% dark minerals, 5% carbonaceous material;
mud clasts; bxoturbated: dark green gg;y, weather1ng

| ) v - green grey; recessive.

5§302+1 2.9 . 374.5 Claystone; c-s; moderate sortxng. O; carbonaceous
matcrial cdlcareous. conctetlons. dark green grey,

. ., veathcr;ng green grcy; recessive. sharp lower ’
| . contact. ! L ' '
$303-1 -0.65 376.4 Claystone; c-s8; poor sorting; OV carbonaceous

‘ material; mud clasts; olive grey, weathering grey;
recessive; sharp lower contact. -

Y
\

|
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Sample
Number

Thick-
ness

(metres)

Positi
(metre
from ba

on
s
se)

Description

s,

_A-48

5304-1

$305-1

! "8306-1
S$307-1

$308-1

§309-1

§310-1

$311-1

S312-1

s

T

§313-

— g

58314-1

S315-1

§316~1-

1.8

2.0

0.53.
© 0.88

1.4

0.25

3.7

- 0.35

12.5

377.9

379.5

380.7
" oasl.s

382.9

383.6

390.4

390.9

392.7

394.9 -

405.4

Claystone, well sorted; dark green grey, weather-

ing grey; splintered; moderately xcqlstant,
sharp lower contact.

Sandstone, very fine (s-vf) grained;
angular (va-sa) clasts;

pé&r sorting;
5% dark minerals,

carbonaccous material; dark! green grey, weathering
resistant;

grecn grey;

Siltﬁtonc;

Same as '$305-1. )
Claystone; well sorted; dark green,grcyj~weath¢f-
.\ ing grey; recessive; gradational;lower contact.
c-5; poor sorting; angular (va-sa)

4% carbonaccous

sharp lower contact.

clasts; 103 dark mincerals,
material; lnm laminations; dark green grey,
weathicring graen grey; moderately res;stunt;
sharp lower contact.

Claystone;_c-s; nodexate s

bioturbated; |

dark green grey, weathering green grey; recessive;

sharp lower contact.

Covered.

Siltstone;
clasts; ‘6%

" resistant,

Claystone; well sorted,

dark minerals

\

c-s; poor sortiné; angular (vé—sa)
2% carbonacecous material;
dark green grey, wedthcrxng grey; moderately

rare plant remains; bio-

turbated; dark green grey, weatherxng green grey;

' recessive; sharp lower contact.

carbonaccous material;

dark green grey,

sandstono, very fine (s-vf) grazned poor sortlng,
‘angular (a-sa) clasts; 10% dark minerals, 4%
small -trough cross-beds;
R dark grcen grey, weathering grey; moderntely

-t resistant, sharp 10ver contact.

1

J

Siltstone; c-s; poor sorting, 5\ dark minerals,
3% carbonaceous material;
weathering green grey; moderatcly resistant;
sharp lower contact.

vClayrponc, c-5; modcrat; sorting, 10% dark mincrals;

bioturbatcd dark green grey, weatherlng green,
sharp lower contact.

. recessivc;

‘Siltstone;
‘clasts; 3%

resistant;

c-vf; poor sorting; éngular éva—sa)

dark minerals, 1% carbonaceous material;
. dark Qreen grey, weathering grecen grey; moderately

sharp lower contact.

!

Kltcrnatfng siltstone and claystone; mottled Yed

 and green; interpreted as containing a fault
thru'ting the Beaver Mines over the Mill quek

Top of Bcaver Mines Formation

T?tal thickness is 240 metres,

'

|

'
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A-49

Thick-  Position '
Sample ness {metres . s ;
Number (metres) from basc) : i Description

’
v
'

Mill Creek Formation

S317-1 ' 0.8 408.1 Sandstone, very fine grained; no Sumplc, grey;
: ’ erately resistant. . . g

S318-1 Sm " 408.9 Claystone, no sample; dark grey; teccssxvc,
sharp lower contact.

$319-1 1.0 413.9 Sandstone; very fine (d-f) grained; poor sorting;
very angular (va-a) clas 6% dark minerals, 4%
-carbonaceous material; duzk grey,[keatherlng grey;
! resistant.

| .

S$320-1 0.6 414.9 Silts tonﬁg c-vf; poor sorting; 3% dark mincrals;
. _ " dark grey, weathering grey, moderately resistant, i
. : sharp lower contact. .

§321-1 . . 0.5 415.3 Sandstone, very fine (s-vf) grained; pogr sorting;
angular (a-sa) clasts; 10% dark minerall, 4%
carbonacecous material; dark green grey, weathering
grey; resistant; sharp lower contact.

: 5322—£ 0.55 415.9 .Siltstone; c-vf; poor sorting; 12% dark minerals, -
1 8% carbonaceoﬁs material; dark green grey,
weathering grey; modcratcly resistant; sharp

lower contict.

8323—1 2.0 - 417.1 Siltstone; c-vf; poor sorting; S\ dark minerals,
'~ 2% carbonaccous material; occasional plant remains;

) : dark grecen grey, weathering grey; resistant;
f '

) sharp lower - cont
$324-1 1.0 418.1 Claystone; c-s; ZOOr sorting; 10% dark minerals,
9% carbonacecous nmaterial; 3mm laminations; bio-
turbated; dark green grey, weathering gxey,
resistant; sharp lower contact.

. | .
§325-1 1.5 420.5 . Siltstone; c-vf; poor sorting; 7% dark minerals,
’ © 4% carbonaccous material; dark grey, weathering

green grey; resistant; sharp lower ﬂontact.

S326-1 1.8 4213 Claystone; c-s; moderate sorting; 3% dark minerals,
‘ | o 1s carbonaceous material; abundant lent3remains;

. dark grey, weathering grey; resistant; sharp lower
- ' contact. I . |

§327-1 0.35 422.5 Sahdstone, very fine (s-f) grained; moderate
' : : sorting; angular (va-sa) clasts; 6% dark minerals,
18 carbonaceous material; olxve(grey, weathering /
= - grey; re51stant, sharp lower contact. .

S328—1, 0.25 422.8 ‘Claystonc; c-s; moderate sorting; 2t dark minerals,
. . * 0% carbonaceous material; m¢dium grey, weatherxng

grey; re30551vc, sharp lowgr contact.
L v

$329~1 0.1 -423.0 " Siltstone; c-vf; poor sorying; subangular (a-sr)
' . clasts;' 5% dark minerals, ‘2% carbonaceous material;
medium grey, weathering grey; moddrately resistant;

’f,hf;P lower - contact !

e e e



Sample
Rumber

Th
n

(mctres)

ick-
CSS }

Position
(metres
from base)

A-50

’ i
Description o

$330-1

S331-1

S$332-1

§333-1

$334-1
S$335-1

§336-1

§337-1

$338-1

$339-1

5340-1

S$341-1

5342-1
$343-1

5344-1

0.1

0.35

0.88

6.0
1.6

2.7

1.45

0.45

0.25

0.85

423.1

423.4

424.1

424.9

430.9.

433.5
435.1

436.9

437.5

437.9

439.2

439.5

440.1

441.3 .

442.5

" 442.7

Coverced.

Claystone; c-s; moderate sorting; medium grey,
weathering grey; recessive; sharp lowdr contact.

Sandstoney--very fine (s-f) grained; moderate
sorting; angular (va-sa) clasts; 5% dark minerals,

2%7. carbonaccous material. N

. . A
Claystone; well sorted; dark green grey,
weathcr;ng grecn grey, recessive; sharp lower

contact. . |
Siltstonc; s-vf; well sorted; angular (va-sa)
clasts; 1% dark minerals, 0% carbonacocous material;
mud clasts; dark grcen grey, weathering green

grey; rc>15tant, sharp lower contact.

-

‘Claystonc; no sample; red and green; recessive.

Siltstone; c-s; poor sorting; 7% mincrals,
3% carbonaceous material; mud cla: 'Yk grey,
weathering grey; resistant; sharp owe:  sntact.

Claystone; well sorted; 0% dark min. .ai., 3

carbonaccous material; mottled red a1 grec

moderately resistant; sharp lower.cont :ct.

" Siltstone; c-®f; moderate sorting; suba:ralar

(a-sr) clasts; 3% dark mincrals, 1% carbon.ceoou:
material; banded red and green; moderately
resistant; sharp lower contact.

Claystone; c-s; poor sorting; 5% dark minerals,
2% carbonaceous material; red and green, weathcr-
inq_rcd; noderately resistant; sharp lower contact.

Siltstonc; no sample; green; moderately resistant;
sharp lower contact. ' i :

Siltstone; c-f; poor sorting; bioturbated; red

and green, gcathcrihg maroon; moderatcly resistant;
sharp lower contact. .

Claystone; c-s; poor sorting; Ot dark minerals,

0% carloniaceous material; bioturbated; faintly

red and gre¢n, weathering grey; moderately
resistant; sharp lower contact.’

‘Claystone; Crf;'podr sorting; -0t carbonaceous
‘material; mud clasts; olive grey, weathering grey;
recessive; sharp lower ‘contact.

Siltstone, c—s, moderate sorting; Ot dark minerals,
Ot carbonacedus material; mud clasts; olive grey,
weathering grey. .

Claystonc; poor sorting; mud clasts; red and
grecn, weathering red and grey; re,essxve; sharp
lower contact.

J“
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Sample
Number

Thick-

ne

(metres)

SSs

Position

from base)

(metres

A-51

Description

5345-1

S346-1

5347-1

5348-1

$349-1

$351-1

§353-1

$354=1

§355-1

$356-1

'§357-1

8§358-1
5359-1

0

0.

0

.8

'

20

.15

.55

€

443.4

443.9

444.3

444.7

444.9

445.2
445.3

445.8

446.0

446.1

447.7
449.1

449.9

450.3
450.7

Claystone; c-f; poor SOrting, bioturbated; olive
grey, Weathering grey; mode;ately reslstant,

sharp lower contact.

Claystone; c-vf; poorfsorting; 5% dark ninerals,
27 carbonaceous material; olive grey, weathering
red; recessive; sharp lower contact.

Siltstone; c-vf; poor sorting;“aark grey,
weathering grey; moderately rcsxstant, sharp

lower contact.

i

Claystone; c-s; moderate sortin®; occasional plant
remains; dark green grey, weathering red and grcen;
recessive; sharp lower contact.

Siltstone; no sample; grey; recessive; sharp lower
contact.

Claystone; well sorted; 0% carbonaccous material;
dark grey, weathering;grey; recess ive; sharp
lower contact. |

Siltstone; c-vf; poor sorting; [angular (véésa)
clasts; 0% dark minerals, 0% cprbona*couu material;
bioturbated; dark green grey, weathering grey;
recessive; sharp lowcr contact.

Claystone; well sorted; 0% carbonaceous makcrlal,
dark grey, weathering grey; recdssive; sharp
lower contact. .

'Sand stone, very flne (s-=1} gta1ned modcrate )
sorting; angular (va-sa) clartq,»S% dark .minerals,
Ot carbonaceous material; dark grey, weaLhetlng

grey:

resistant; sharp lower contact.

Claystone; moderate sorting; 5% carbonaccous
material; medium grey, wcathering grey; recesgzvc,
sharp lower contact.

Siltstone; c-vf; poor sorting; angular (va-sa) s
clasts; 0% carbonaceous material; dark green grey,
weathering grey; moderately resistant; sharp

lower contact.

Sandstone, very fine (c-f) grained; poor sorting;
~angular (va-sa) q}asts, 1% dark minerals, 0%
carbonaccous material; medium grey,: weathering
.grey; resistant; sharp lower contact.

Claystone; moderate sorLing, (018 carbonaccouf,
material; dark grey, weathering ngy, rcrxstant,

sharp lower contact. , .

i

Same as S357 1.

s;ltstono, c-f; poor sortxng, angular (va-~a)
clasts; 2% carbonaceous material; -medium. -grey,
weathcrxng grcy; reccsszve, sharp lower contact.

i
i
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Thick- ‘Position
Sample =~ ness (metres
fumber (metres) from base)

. A-52

pescription | ,

3

§36041 0.3 ' 451.0
S361-1 0.25 451.2
$362-1 0.2 451.4
$363-1 1.2 452.1
[ ]
$364-1 0.3 451.9
Is365-1 0.65 453.4
$366-1 1.3 454.1
§367-1 0.9 455.4
5368-1 0.2 456.0
$369-1 0.2 456.1
§370-1 0.18.  456.4
§371-1 -~ 1.5 . 456.9
§372-1 1.2 458.9
§373-1 0.7 459.6
§374-1 2.2 - © 461.S
§375-1 0.3 462.2
S376-1 0.15 462.5

§377-1 0.1 462.6

o Giltstone; c=s; poor sorting; mud clasts; dark |
"', .green grey, weathering grey; sharp lower contact.

Claystone; moderate sorting; 8% carbopaccous
material; medium grey., weathering grey; recessive;

_sharp lower contact.

Sqmelés $360-1.

Same as S360-1l.

Claystone; c-5; poor sorting; bioturbated; |
slickensides; medium grey, weathered grey;
recess¥ve; sharp lower contact. .

'

Siltstone; c-v{; poor sorting; 0% dark minerals,

. 0% carbonacecous material; mud clasts; dark green
A\

grey, weathering grey: resistant; sharp lower
contact.

Claystone; well sorted; occasiOnal plant remains;
dark green grey., weathering grey; recessive; -
sharp lower contact. o

Claystonc; moderate sorting; occasional transported
calcarcous algal balls; olive grey, weathering
grey: resistant; sharp lower contact.

Claystonc; moderate sorting; mud clasts; dark
grey, weathering grey; recessive; sharp lower
contact. _

samc as S368-1. -
same as S371-1.

Claystone; well sorted; O% carbonacgous material;
bioturbated; dark grey, weathcring grey; modera'tely .
resistant; sharp lower contact, : :

Same as §371-1.

Siltstone; well sorted; O% dark minerals, O%
carbonaceous Rateriol; mud clasts; dark grcen grey,
weathering grey; moderatcly resistant; sharp

N ' !

jower contact. ' 14

Claystonc; well sorted; O dark mincrals,.Ot
carbonaccous material; medium grey, weathering
grey; moderately resistant; sﬁarp lower contact.

Siltstone; c-s; poor sorting; 2% dark minerals,

Os carbonaceous material; mud clasts; mediuln grey,.
weéathering grey; moderately résistant; sharp .
lower contact. ) .
Claystoner modcrately  sorted: os dark minerals,
0% carkonaccous material; medium grey, weathering
grey; recessive; sharp lower fontact.

Same as S376-1.
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A-53°

o

! -
Thick~ Positijon

Samplc ness {metres

Rumber (metres) from base) Description

S378-1 0.85 463.2 Claystone; c-s; poor sorting; 3% dark minerals,

2% carbonaccous material; medium grey, weathering
grey; rccessive; sharp lower contact.

5379-1 0.25 163.6 Claystone; c-s; poor sorting, Os carbonaccous
material; bioturbated; dark groen grey, weathering
green ‘grey.

$380-1 1.0 463.4‘ ‘Claystone; well sorted; mud clasts; medium grey,.

Y weathcring grey; recessive; sharp lower contact.

5381-1' 0.45 464.2 Same as S380-1.

1.0 455.2 Covered.

5382-1 1.8 466.5 Sandstone, very fine (s~f) grained; moderate
sorting; angular (va-sr) clasts; 15% dark minerals
5% carbonaccous material; small trough cyoss- bedJ;
medium grey, . weathering ‘grey; moderately resistant, *

£363-1 10.35 467.2 Siltstone; c-vf; poor sorting; angular (va~-sa)
clasts; 3% dark minerals, 1% carbonaccous material;
mud clants; dark green grey, weathering grey;
moderately resistant; shar lowér contact, *

5384-1 0.4 467.6 Claystone; c-s; moderate sorting; Ot carbonaceous

, material; dark grey, weathering grey; recessive;
! J sharp lower contact.
§385-1 1.3 465.5‘ Claystone, well sorted; O%ncarbonaceous material;
> light grey, weathering grey; moderately resistant;
sharp lowcr contact. 4 .
S386-1 4.0 472.1 Claystonc,.c s; moderate sorting; 0% carbonaceous
' ’ material; bioturbated; medium grey, weathering
grey, modcrately resistant; sharp lower contact.

S387-1 1.5 474.1 Sandstono, very‘fine(s ~f) grained; poor eortlng,
angular (va-sa) clasts, 10% dark mlnerals, 3
.carbonaccous material; mud clasts, dark orecen
grey, weathering gtey, noderately resistant; sharp

, lower con»uct )
5388-1 4.0, 476.6 Claystone; c-s; nodcratc rortxng, 0% carbonaceous. ’
PR M i material; bioturbategd; light grey, heatherlng grey;
) recessive; sharp’ lower contact

5389-1  “2.18 479.7  Same as $388-1. ' h

$390-1 0.25 481.0 gC1aystonc, _€~S; poor sorting; 0\ carbonaceous R
material; mud clasts: medium, grey, keatherlng

. grey; reces sive; sharp lower contact., _ )

5391-1 0.25 481.2 Sandstoné; " very fine qraxnod well sorted; sub-
angular (a-sa) clasts; 10% dark minerals,. Os
carbonaccous matct1a1 Medium-grey, wcathering
grey; mo&crdtely resistant; sharp lower contact.

5392-1 482.8 Claystone; well ‘sort d; Ot dark minerals, 0\

2.6

carbonaccous material;

weathering grey; shar

bioturbated; med ium gtef,
lower contact.
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Sample
Number

Thick-
ness
(metres)

Position

(metres
from base) Description

£§393-1

$394-1

$395-1

S$396-)

5397-1

5398-1

§399-1
5400-1
S401-1:

S402-1

0.35

0.7

484.1

484.8

485.4

486.3

. 486.9
488.1
490.7

492.1

494.1

495.1
 496.5
[e)

Claystene; c-s; moderate sorting; lmm laminations;
bioturbated; dark’'grey, weathering greys recessive;
sharp lower contact.

‘Siltstone; c-f; poor sorting; Bt dark minerals,

3% carbonaccous material; 6émm lamipations; olive
grey, weathering grey; resistant; sharp lower
contact.

Claystone; c¢-s; moderate sorting; 10% dark
minerals, 5% cdrbonaceous material; medium drey,
weathering grey; recessive; sharp lower contact.

Sandstone, very fine (s-f) grained; poor sorting;.
subangular (a-sa) clasts; 16t dark minerals, 2%
carbonaceous material; medium grey, weathering

. grey; resistantjpsharp lowe®l contact.

Claystonc; c-s; moderate sorting; O% carbonaccous
material; medium grey, wcathering grey; recessive;
sharp lower contact.

Sandstone, very finc (s~f) grained: 4Joor sort’ink;
0t carbonaccous mategial; bloturbqted; dark grecen -
#grey, weathoring grey; moderately resistant;

sharp lower contact.

Claystone; -well sorted; medium;
grey, weathering grey: moderately resistant;
gradational lower contact.

. Claystono; well sorted; biotlrbated:; dark green
grey, weathering grey; recessive; sharp lowor ~
j contact. e . .
Siltstone; c-vf; moderate sorting; 3% dark minerals,
1% carbonaccous material; dark green grey, veather-
ing grey; recessive;;gradational lower contacect.

- Sandstone, very fine (c-f) grained; poor sorting;
very angular  (va-sa) clasts; 10% dark mincrals,
3% carbonaceous terial; dark green grey,
weathering green?grey; recessive; gradational
lower contact. : f

Siltstone; c-s; moderate sorting; 2% dark minerals,
‘0 carbonaceous material; large calcareous con-
cretions; bioturbgted; dark green grey, weathering
green grey; recessive; sharp lower cﬂntact.

Same as S403-1.

sandstone, very fine (s-f) grained; moderate
sorting; angular (va-sa) clasts; 5% dark minerals,
2% carbonaccous material; green grey, weathering

brown green; recessive; sharp lower contact. [N

zone of faulting where the Mill Creek Fotmétion
is thrust over the Blackstone Formation.

-

Top of Mill Creek Formation'
Total thickness is 89 metres

! A-54

-
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Sample’
Number

BURNT TIMBER CRECK MEASURED SECTION - Y,

. A-55

H —

Beaver Mines Formation'

“

Description

" p1-1

B3-1

B4-1

B6-1

B7-1

B7-2

HB-1

B9-1

1.2 11.9

Thick- Position
nal (metres
{netres) from basc)
0.8 0.4
2.0 1.9

.
1.0, 3.4
1.C 4.4
1.5 5.8
0.9 6.9
2.0 8.9
1.3 9.9
0.5 10.7

sandstonc, fine-grained (vf-m): poorly sorted;
angular clasts (va-sa); 15% dark mineral, 8%
carbonaroous materia; dark green grey, wcathorxng
grey; r(vxrtanL, sharp lower contact.

Sand°L0nc, fine-grained (vi-m)$ moderate rortlng,
subangular clasts (a-sa); 10% dark mincrals, 5%
carbonaccous matcrial; dark grecn grey, weathering
grey; resistant; sharp lower. contact.

sandstone, finec-grained (sily-finc); poorly sorted;
subangular clasts (a-sr); 1Yv-dark n;ncrals, 244
carbopaccous materijal; dark green grey, weathering
greys resistant:; sharp lower contact. \\

sandstone, fine-grained (silt-med); poorly so ted;-
angular clasts (a—sa);'qm dark minerals, 5%
carbonaccous matcrial; dark green grey, wea ering
grey; resistant, sharp lowcr contact.

Sandstone, very finc-grained (vi-f); modorate
sorting; angular clasts (va-a); 10% daxk minerdls,
2% carbonaccous material; occasional plant frag-
ments; olive grey, weathering brown grey; resistant;
sharp Jower contact. '

sandstone, medium grained (vf-m); poorly sorted;
subangular clasts (a-"a), 5% dark ninerals, 1%
carbonaccous material; dark green grey, weathering
- grecn grey; resistant; sharp lower contact.

Sandstone, very fine (s-f); poorly sorted; sub-

angular clasts (a-sa); 15% dark mineral, 2% car-
‘bonaccous material; plant fragments; dark green

grey, weathering dark grey; resistant; gradation
lower contact. St

siltstone; (c-vf); poorly sorqbd very angular
glasts (va-a); 10% carbonacgous matcrial; ptant
fragments; olive black, weathering dark grey;
resistant; gradational lower contact.

Sandstone, very fine-grained (s-f); poorly sorted;
angular clasts (va-sa); SV dark minerals, 1%
carbonaccous material; dark green grey, wcathcrlng,'
1ight grey; resistant; sharp lower contact.

sandstone, medium-grained (VE-m); moderate sorgind;
subangular clasts (a-sa); 6% dark minerals, O%
carbonaceous material; green grey, weathering green
grey; resistant; sharp lower contact.

. . -



Bl4-1 2.0
4

B15-1 2.3
B16-1  0.95

B17-1 0.25

Bl8-1  0.65

R}9-1 1.2

B20-1 1.1

Thick—
Sample ness
Number (metres)

Position
(metres
from base)

' Description

5

B10-1 2.0
Bl1-1 1.0
Bl2-1 1.4

B13-1 0.85

B21-1 0.15

oy .
B22-1 0.8
S
‘BR3-1 0.5

13.2

14.8

16.1

17.2

18.4

20.7

22.3

.22.8

23.4

24.1'
- 25.2

26.0

26.4

27.1 .

Siltstone, (c-vf); poorly sorted; angular clasts
(va-sa); 5% carbonaceous material; olive black,
weathering dark grey; moderate resistance; grada-
tional lower contact. .

Siltstone, (c-2); moderate sorting; 2% carbonaceous
material; dark grey, wecathering dark grey; reces-
sive; gradational lower contact. ‘

Sandstone, fine-grained (vf—ff} moderate sorting;
subangular clasts (a-sa); 5% dark njngrals,'ll
carbonaceous material; dark quLn grey, weathering
grey; resistant; sharp lowcr contact,

Siltstone, {(c-s); moderate sorting; 5% carbonacegus
material; dark grey, weathering grey}, recessive;
shaxp ]owcr contact. ) ’ L.

Sandstone, vexy\fln(—qruxncd {(s-f); poor sorting;
angular rlaCt* (va-sa); 12% dark mincrals, 3%
carbonaccous material; dark grecn grey, woathcring
grcy, moderate resis stance; sharp lower contact.

Clay tone, (c-s); modera®e sorting; 3% carbonaceous

material; dark grey, hLutherlng grey; recessive;
.grada%}onal lower contact. . -
Sandstonc; very fin(~grained (vE-£); o ate

sorting; angular clasts (va-sa); 8% dark nincrals,
1% carbonaceous material; davk green grey, weather-
ing grey; nodorato rcqlccancc, sharp lower contact.

Clayutono, sxlty, well sortrd 1%'¢arbonaccous

matgrzal dark grey, ucathax;nq dark grey; recessive;

sharp lower contact.

Sandsteonce, vefy fine-grained (c-f);. poorly sorted;
3% carbonaceous material; small scale cross~beds;
dark grey, weathering brown gxoy, resistant; sharp

. lower contact.

Clayotonc,xéllty, moderate sorting; l%.carbonaccous
material; concrctxonq, éark grey, wcathering dar)
grey; reccqsxvc, sharp lower contact.

Claystone; silty; poor sorting; 4$ carbonaceous
matcr1a1 laminated; olive grey, weathering grey;
stant; sharp 10ﬁ¢r contact.

Claystone; well sorted; dark Green grey, wecathering .

grecn grey; shary lower contacL recessive.

vj "
Siltstone; c-s- poor sorting; dark greecn grey,
weathering green grey; moderate resistance; sharp
lower contact. .

Claystone; exlty, poorly sorted; dark greon grey,
wcat\erlng green grey;. rcacessive; sharp lowét
contact.

fa

e -~



Thick-
Sample ness
Number (netres)

A

Position
(metres
from base)
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A-57

‘Desg}iption

B24-1 0.2
B25-1 ‘0.2
B26-1 0.1

B27-1 & 0.1

B28-1 0.35
B29-1 0.6
.\
'B30-1 0.8
~
1.6
B31-1 0.9

B32-1 .# 0.75

B33-1 0.3
834-; 0.6
B35-1 . 0.2
-1
.B36-1 0.55
B37-1 0.1
B38-1 0.65

27.5

27.7

27.8

-27.9

28.2

28.7

31.3

31.5

32.5

33.1

33.6

34.1

34.4

34.8

35.1

Claystone; silty; poorly sorted; dark green grey,
weathering green grey; recessive; sharp lower
contact. ’

Siltstone; c-s; poorly sorted; dark grey, weather-
ing grey; recessive; sharp lower contact.

Siltstone; c-s; voorly sorted; dark grey, weather- .
ing grey; recessive; sharp lower contact.

Claystone; well sorted;' dark oreen grey, weatherinc
grecn; recessive; gradational lower contact.

Sandstone; chy fine-grained (s-f); moderate

sorting; 5% .dark minerals, 0% carbonaceous material;
mud pellets; dark green grey, weathering brown grey;
moderatce resistance; sharp lower contact. ‘

Claystone; wcll sorted; 1% carbonaceous material;
bioturbated; dark green grey, wéatheriﬁg,green;

recessive; sharp lower contact; thins laterally

into B30-1.

Sandstone; very fine (s-vf)’; moderate sorting;

angular clasts ./va-sa); 4% dark mincrals, D% o
carbonaceous material; olive black, weathcrinq Coe

grey; resistant; sharp lower contact.

‘Covered.

Siltstone; c-vf; moderate sorting; 15% dark
minerals, 8% carbonaceous material; 2mm laminations;
dark green grey, weathering green grey; recessive.

Siltstone; c-s; moderatc sorting; 20% dark minerals,
10% ‘carhonaceous material; dark grey, weathering
grey; moderate resistance; sharp lower contact.

Claystone; silty; moderate ‘sorting; dark grey,

weathering dark grey; recessive; sharp lower

contact. } ,

Sandstone;’ very fine-grained (s-vf); poor sorting; - i
angular (va-a); 15% dark minerals, 7% carbonaceous . .
material; 1 mm laminations; dark green ‘grey,

weathering grey; moderate resistance; sharp lower .
contact. ' :

Siltstone; c-vf; moderate sorting; angular clasts
{va-sa); dark green grey, weathering brown grey;
sharp lower contdct; moderate resistance.

Siltstone; c~vf; modcrate sorting; angular clasts
(va-sa); dark green grey, weathering brown grey;
sharp lower contact; modcraﬁe resistance.

Claystone; well sorted; dark\grey, wecathering dark
grey; recessive; sharp lower .contact.

Siltstone; c-vf; moderatc sorting; 3% dark minerale,
1t carbonaccous material; dark\Qreen grey, weather-
ing green grey; moderately resistant; sharp lower
contact, ) |

»
.
. .



Sample
Number

Thick-
ness
{metres)

Positio
(metres
from base

A-58

Description ' S i

B39-1

B40-1
A
\

BAl-1

B42-1

B43-1
B14-1
B45-1

B46-1

B47-1
B48-1
B49-1

- p50-1

0.75

1.1

0.15

0.6

35.8

36.9

37.5

38.4

38.4

38.6

39.2

40.0

40.1
40.2

40.3

40.6

41.1

Siltstone; ‘c~s; moderate sorting; 4% dark minerals,
3% carbonaccous material; dark green grey,
weathering grey; 4mm laminations; moderate
resistance; shorp lower contact.

'Sandstone, very fine-grained (s-vf); poofly

sorted; anqular clasts (a~sa); 10% dark minerals,
5% carbonaccous material; dark green grey,
weathering brown grey; resistant; sharp lowur
contact.

Saqutone, medium-grained (f-m); moderate sorting;
vdry angular.clasts (va-a); 20% dark minerals,

10% carbopacecous material; abundant plant fragments;
dark green grey, weathering krown; resistant;
gradational lower contact. \

Sandstone, finc-grained (vf-f); moderate sorting;
8% carbonaceous material; occasional plant
fragments; dark green grey, weathering grey,
recessive; sharp lower contact.

Siltstone; c-s: moderate sorting;.rare plant
fragments; dark qreen grey, weathering grey;
qradational lower contact; recessive.

Claystonc, 511ty, moderate sor. ing;'dark grcen grey,
weathering grey; recessive; iéz\EOnal lower |
contact. = ¢
Siflstone; c-vf; poor sorting; 12%\&arbonaceous
material; rippling; dark green grey, weathering
brown grey; resistant; sharp lower contact.

Sandstone; very finc-grained (s-vf); mo&@%dte
sorting; angular clasts. (a-sa); 6% dark mlnerals,
2% carbonaccous matcrial; small sca;c cross~beds;

~load casts; dark green grey, weathering brown

grey; resistant;/ sharp lower contact.

Siltstone; c-vf; moderate sorting; 7% carbonaceous

‘material; dark grey, weathering grey; moderately

resistant; sharp loer contact.

]

‘Clayotone, moderate sortlng, 10% carbonaceous
‘material; small cross-beds; dark grey, weathering

grey; sharp lower contact.

\d
Claystone; moderate sorting; 10% carbonaceous
material; . samll cross-beds; dark grey, weathering
grey; sharp lower contact.

Claystoné, moderﬁtb sorting; 1l0% carbonaceous
material; small cross-beds; dark grey, wcatherlng

grey; sharp lower contact. &

Sandstone; very- fifle-grained (s-f); poorly sorted;
angulat clasts (va-a):; 8%\ dark minerals, 2%
carbonaceous material; small cross-beds; dark’green
grey, wecathering grecn grey; resistant; sharp dlower
contact. . ' :
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H t
A-59
Thick- Position :
Sample ness (metres )
Number (metres) from base) Description
B52-1 0.1 41.4 Claystone; silty; moderate.sorting; dark green
grey, wecathering grey; recessive; sharp lower
contact.
B53-1 0.1 41.5 Sandstone; fine-grained (s-f); poor sorting;
angular clasts (va-sa); 5% dark mincrals, 3%
carbonageous material; occasional plant fragments;
dark. green grey; wecathering brown grey; moderately 3
resistant; sharp lower dontact. . 1
B54-1 0.25 41.6 Sandstone; fine-grained (S-f); poor sorting; . \
; angular clasts (va-sa); 5% dark minerals, 3%
carbonaceous material; occasionpl plant fragments;
dark green grey; weathering brown grey; moderately
resistant; sharp lower contact.
ns55-1 - 1.2 42.3 Siltstone; c-s; poor sorting; 101 carbonaceous
' ’ material; small cross-beds; dark grey, weathering
grey; resistant;, gradational Jower, base.
B56-1 0.1 ; 43.0 Claystone; well sortcd dark grey, weathering grey;® ,
rcce551ve, uharp lower contact.
B57-1 ° 1.45 44.1 - Sandstone, very finc-grained (s-vf}; moderate

. . . sorting; very angular clasts (va-a); lO% dark
' minerals, 2% carbonaceous materAal trough cross- .
] beds; dark green grey, wcathnrlng grey; resistant;
: . -sharp lower contact.

B58-] 0.25 44.6 Sandstone, very fime-grained (s-vf); moderate
sorting; very angular clasts (va-a); -10% dark
mincrals, 2% carbonaceous material;, trouch cross-
beds; dark grecn grey, wcatherlng grey; resistant;
sharp ]owcr contact : :

angular| clasts (va-sa); 8% dark minerals, 1%
! - carhonageous matcr1a1~ dark green Grey, weathering

B59-1 0.55 45.2 »Sandqtjgc, medium gralncd (f-m); moderate sorting;
green grey, reélutant, sharp lower contact.)

B60-1 0.2 45.4 Sandstone, vcry fine-grained (s-f); poor sorting;
o angular clasts (a-sa); 5% carbonaceous material,
. dark green grey, wcathering grey; moderatly

v resistant; gradatlonal Jlower tontact.

B61-1' ‘0.3 45.7 Siltotonc, c-s; poorly sorted; 5% carbonaceous ° A
’ ' material; dark grey, weathering grey; recessive; = -
gradational lower contact.

B62-1 Q.45b Q§.2 Sandstone; vcry fine- graxncd (s-£); poorly sorted; '
' very angular clasts (va-a); 5% carbonaceous material; .
; dark green grey, weathering grey; moderatly resis- P 2
tant; sharp lower contact. ;%
B63-1 , 0.25 46.4 Same a5354-1. i
B64-1 0.35 46.7 Claystone; silty:; moderate.éorting; dark grecn

. grey, weathering grey; rccessive; sharp lower contact. N
. + ’u N ¢ .

B65-1 0.4 47.1 Siltstone; c-v{; poor sorting,_a?gular clasts (va-a);

3%, qﬁ%vonaccouf material; .éark green grey, weathering

brown grey; rgcgasiye. sharp lower contact.
: O



Thick- Position
Sample ness (metres
Number (mettes) Qrom base)

Description

~ A-60

2.5 149.75
B66-1 2.0 vf/‘47.7
B66-2 2.0 ' 49.7
D)
BG6-3 1.5 . 53.7
B67-1 2.0 55.2
-
B67-2 3.0 57.7
B68-1 2.0 61.2
B69-1 t2.0 €2.4
B69-2 1.8 64.2
B70-1 0.65 66.1
B71-1 0.3 66.9
B72-1' 0.3 67.1
B73-1! 0.45 67.5
B74-1 0.1 + 67.8
2.0 . 69.8
“B76-1 . 2.6 71.4
" 1.08 73.5
B78-1 3.3 1 75.2

Covercd 0

Sandstone, medium grained (f-m); modcrate sorting;

andgular clasts (a sa);.- 10% dark mincrals, 1% R

carbonaceous matcerial; large trough tross-beds;
green grey, weathering grey; moderately resistant.

Same as B66~1

Sandstone, fine-grained (f-m);~mode:ate sorting;
angular clasts (a-sa); 8% dark minerals,|ls
carbonaceoua material; large trough cross-bedsd; .
moderately r051JCant,.ngon grey, wcathcrlng grey;

gradatlonal lowir contact.

Sandgtonc, fine-grained (vf-f); poorly sorted;
angular clasts (va-a); 15% dark minerals, 5%
carbonaceous material; dark green grey, weathering:
brown grey; resistant; sharp lower contact.

'
i

Same ‘as B67-1.

Sandstone; fine-grained; well sorted; angulasx
clasts (a-sa); B dark minerals, 3% carbonaceous
material; dark grcon grey, weathering grey;

resistant; gradational lower contact.

.

Sandstone; ‘fine-yrained (vf-f); moderately scrted;
angular clasts (a-sa); 6% dark minerals; 2%
carbonaceous material; dark grecn grev) weatheripg
grey; rcesistant; gradational lower contact. -

Sandstonc; veéry fine-grained (s-f); poorly sorted;
angular cl?sts (va-a); 6% dark mincrals, 3%

carbonacLOU( material; dark green grey, weathering
istant; gradational ;lower contact.

qrey;.

’ Samé as B69-2.

!

Siltstonci c-s; poorly sorted; asummetrical ripple
marks; dark green grey, weathering grey; recessive;

sharp lower contact.

Claystone; well sorted; dark grey, wcatherlnq grey;
recessive; gtaddtlonal lower contact.

Sandstone; very fine-drained (c-f); poorly sor“
5% dark minerals, 1% carbonaccoug material; dark
green grey, weathering grey; moderately resistant; -

- sharp lower contact.

Claystone; silty; modcerate sorting; dark grey,

- weathering grey; reccessivej

Covered
Same as B74-1
Covchd

Same as B74-1

\

sharp lower contact,

2%
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| . A-61
" Thick- Position,
Sample ness {metres ! P :
Number (metres) from base) . Description
B7921 . 0.35 | 77.1 Sandstone; very fine-grained (c-vf); poor sorting; ' “
: 6% carbonaceous material; dark grecn grey, weather- P
ing brown grey; modecrately resistant; shdrp lower
‘ - dontact. _ ) 1 { .
BBO-1 1.0 " 77.6 sandstone,’vcry fine~-grained (vf-f); moderate ’
. sorting, angular .clasts (va-sa); 8% dark mxnerals,
' R . 2% carbonaccous matcxlal, dark green grey,
weathering brown grey; moderately resistant; sharp
lower contact. -
-+B8l1-1 2.0 ‘80.5 Sandstone; very fine-graiped (slf); poor sorting;

angular clasts (va-sa); 5% dark mincrals, 3%
) carbonaccous material; dark green grey, weathering : s
’ grecen grey; modepately residtant: gradational

! lower contact.t - .
|
BB82-1 0.3 8l1.7 Siltstone; sandy; moderate sorting; angular clasts
(va-a); 5% dark minecrals, 3% carbonacecous material; N
.dark grey, weathering grey, resistant; sharp lower
conLac(

|
B84-1 2.0 - 82.8 Claystone; silty, ogcr sorting; 8% carbonaceous.
) material; modérately resistant; dark green grey,
- weathering grey; sharp lower conLacL. .

i 4.0 87.8 Covered - . : :, . !
B85-1 ‘1.5 88.5 Claystone; well gortcd dark grey, weathorlng dark
‘ grey; recessive., . ' |
_ BB6-1 - 1.3 . 89.9 - Sandstohc; medium grained kf—m); moderate so:ting;
| . angular clasts (a-sa):; 6V dark mincrals, 4% car-
S o T~ bonaceous material; dark green grey, weathering i

- . grey; moderatcly reslstant sharp lower contact.

1.7 92.3 Covered. .
B87-1 1.9 93.5 #“ Claystonc; well sorted; dark grey, weatherlng grey;
' ] recessive. ; . S ) i
B88-1 0.35 - 94.5 h{ ‘Sandstone; very finc—grained'(s-vf);:moderate

sorting; angular clasts (va-a); 3% dark minerals,
2% carbonaceous material; dark grecn grey, weather-

ing grey; resistant; sherp.lower contact.

B89-1 0.8 95.& Sandstone, medium grained (f-m); poor sorting;
very hngular clasts (va-a); 6% dark minerals,
2% carbonaceous material; green grey, weatherlng
green grey; resistant; sharp lower contact.

B90-1 0.2 -95.5 ’ Sandstone,. very fine—gralncd (s-£f); modcrate .
: sorting; very angqular clasts (va-a); 43 dark
minerals, 2% carbonacepus material; dark green grey, -
weathering grey; moderately resistant; sharp lower

’ contact. ~ : L
£

B91-1 0.75 96.1 . 'Claystohc, moderate sorting; ogcasional plant
- i fragmentsx dark gr&y, weathering grey; recessive;
sharp lower contact. :

A}

~.



Sample
Npmpcr

Thick~
ness

(mctres)

Position
(metres

from base)
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A-62

Dosc;iption

B92-1

B93-1
B94+1

B96-1
B97-1

B9B-1
B99-1

B100-1

B10l-1

B102-1

BL0O3-1

Bl101-1

B105-1

0.45

!

0.1

1.45

0.95
" 0.85

96.6

98.9

99.2
99.8

100.6
100.9

101.2

101.8"

1102.9

104.5

1°£-°,
106.2

107.1

sandstone; fine-grained (vf-f); poor sorting; '
angular clasts (va-a); 15% dark mincrals, 4%
carbonaccous material; dark'green grey, weatherlng

grey; resistant; sharp 1ower contact. ! . ]

Comhincd with B94-1. !
Sandstpnc, very fine—gralned (s-vf); poor sorting;
angular clasts (va-a); 8% dark minerals, 3% car-
bonaceous material; large trough cross-beds; dark
qreen grey, weatherlng grey: resistant; sharp lower

contacts,

Siltston:; sandy; moderate sorting; very angular
clasts (va-a);* 7% dark minerals, 3% carbonaccous
material; mud claftf- dark green grey, weathering

-grcy:_moderatcly resistant; sharp lower contact.

t
Combinced with. B95-1. ]

Sandstone; very fine—graincd (s-vf{); moderate
sorting; very angular clasts (va-a); 10% dark
mincrals, 2% carbonaccous material; large trough
cross~beds; dark green grey, weatherlng grey;
resistant; sharp lower contact.-

Combincd with B97-1. : b Pl

Sandstone; very fine-grained (vf-f); moderate
sorting; angular lasts (va-sa); 10t dark minerals,
68 carboriaccous material; darkigreen grey, wgather-

-ing grey; resistant; sharp lower contact,

Claystone; silty; poor sorting; dark grey,

weathering grey; recessive; sharp lower contact.
Sandstonc; very fine-grained (s-f); moderate sorting;
angula¥ clasts {va-sa); 15% dark minerals, 5%

catbonaccous material; dark grecen grey, weathering,
grecn grey; resistant, shar& lower contact. i

Claystonc, well sorted,‘dqu grey, weatherlng grey;
recessive; sharp lower contact. .
Siltstone; c-vf; modérapk sorting; very angular
clasts (va-a); SV dark minerals, 2% carbonaceous
material; dark green grey, weathering grey;

.moderately resistant; sharp lower contact. ‘ . -

Covered.

. Sand“tonc, medium graxnod (f-m) ;- moderate sorting;

angular clasks (a-sa); 10% dark minerals, 4% |
catbonaccous material; resistant; dark green grey,
weathctzng grcen grey; sharp lower contact. . ,

Sandstonc; very' ‘fine-grained (s-f); poor sorting;
angular clasts (va-sa); 5% dark minerals, 3%
carbonaccous material; occasional plant fraqments;
dark grccn grey, weathering grey; modetately N

resistant; sharp lower contact.



Thick- Position
Sample ness. (metres
Number - (metres) from base) Description
| B106-1 0.2 ' 107.3 ° Combined with B105-1.
1.0 1108.3  Covered. H
B107-1 1.0 108.8 Sandstone; very fino-ﬁrnincd (c-f); poor sorting;
angular clasts (a-sa); 5% dark mincrals, 3%
carbonaccous material; mud clasts; dark green grey,
| weathering green; recessive. -
1.8 111.15 Covered, \ ‘ .
Bl08-1 0.25 . 111.3 J, Siltstone; c-s; moderate sorting; occasional- plant
. fragments; dark green grcy, weathcrlng green;
! recessive.
B109-1 0.5 111.7 Claystond; silty; poor sorting; 5% dark mineralé;
' ) recessive; dark green ¢rey, weathering grccn.
M gradatxonal lover cdnLacL
B110-1 0.2 112.1 Slléstone, c-5; poor sorting; dark grecen grey,
. . weathering greenj recessive; gradational lower
contact. ’ i '
1.1 113.2 | Covered.
. 1 K N ’
Blll-1 0.7 113.5  Claystone; well sorted; 'bioturbated;. dark grey,
: weuther)ng grey- r?c0551vc \

;) B112-1 0.3 114.1 Slthtone, c- f poor rorting; angular clasts (va—sa);
5% dark min~rals, 2% carbonaccous miterial; dark
grcen grey, ncaLherJng grccn grey; rcecessive; sharp

. lower contact. :
B113-1 1.8 115.2 Clubstonn, ‘'well sorted; bioturbated; dark grey,
weaLhcr:ng grcy, recessive,
B114-1 1.0 116.5 Sandstone; coarsé:grained (m-ver): moderate sorting;
) angular clasts (a-sa); 6% dark minerals, 1%
carbonaccous material; elive grey, weathering green
) grey; resistant. | N
B115-1 3.0 119.0 Claystone} 5ihty; modcrate sorting; dark Qrcy,
. ‘ weathering grey; receséivc; sharp lower contact.
Bll6-1 - 1.0 120.5 Sandstone; coarse graiﬁcd (m-ver) ; modegate sorting;
: a angular clasts (a- sa); 5% dark minerals, 0% car-
bonaceous material; large trough cross-beds; blive
grey, weathcring grccn grey; resistant; sharp lower
! contact. ‘
B117-1 1.9 I 122.1 Sandstono; coarse grained, |pebbly; poor sorting;
; angular clasts (a-sa); 10t dark minerals, 3%
. carbonaceous material; olive grcy,lw athering green
) qrey,]tcsx stant; sharp IOhcr contact.
" B118-1 0.5 123.2 same as DB117-1 . ,
g
B119-1 2.0 123.8 sandstone; medium grained moderate sorting; sub-
angular clasts (a sa); 15% dark minerals, 2@,
[ carbonaccous material; olivc grey, weathering green
. . grey; resistant; sharp lower contact.
B120-1 1.0 125.0 .

Same as B119-1.
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Sample
Number

Thick=--
ness
(metres)

Position
(metres
from base)

A-64

‘Description

B120-2

1

B121-1

R122-1

B123-1
B124-1

B125-1

B126-1

B12G-2
B127-1

B127-2

‘B127-3
B127-4

B127-5

B127-6

1.0

2.0

- 0.8
2.0

126.8

!
127.6

128.5

129.2
129.8

130.8
131.1

133.1
133.9

135.9

13709
139.2

141.9 |

143.9

Sandstone; coarsc graincd (m-cr); moderate sorting;
subangular clast {a-sa); 10% dark minerals, ov
carbonaceous material; olive grey, weathering

grey; resistant; sharp lower contact.

sandstone; coarsc grained (f-cr); poor sorting;
subangular clasts (a-sa); 8% dark minerals, 1%
carbonacecous matcrial; mud clasts; olive grey,
weathering green grey: resistant; sharp lower
contact. ’ :

Sandstone; very coarse grained (m-pcbbly); same as
Bl121-1. ’

sandstone; same as Bl21-1.

Sdndstonp: coarse grained (m-vcr); poor sortingg
subangular clasts (a-ga); abundant plant rewmains;
10% dark minecrals, 2% carbonaceous material; mud
clasts; olive grey, wcathcring;grcen'grcy; resis-
tunt; sharp lower contact.

Sandstone; fine grained (f-m); poor sorting; angular
clasts (a-sr); 18% dark minerals, 4% carbonaccous
material; mud clasts; olive grey, weathering green
grey; resistant; sharp lower contact.

Sandstone; medium grained (f-cr); poor . sorting;
subangular clasts {a-sr); 10t dark minerals, 4%
carbonaccous material; olive grey, weathering green
grey; ‘resistant; sharp lower contact.:

Same as B126-1. t
sandstone; medium grained (f=m); mod¢rate i
subangular. clasts (a-sa): 15% dark mineral
carbonaceous material; abundant plant remadin-.,
resistant; sharp lower contact.

Sandstone; medium grained (m-cr); pooxr sorting;
anqular clasts {a-ca); 108 dark minerals, 2%
carbonaceous material; dark green grey, weathering
green grey; resistant; gradational lower contact.

o

Same as Bl27-2.

_sandstone; medium grained (f-m); moderate sorting;

subawgular clasts (a-sr); 8% dark minerals, 1%

. . s »
carbgunaccous material; olive grey, weathering green-

grey{ resistant; gr:dational lower contact.

Sandstone; medium grained (f-m); poor sorfings
subangular clasts“¢alsa); 15% dark mincrals, 3%
carbonaceous material; grecn.grey, weathering
green grey; resistant, gradational lower contact.

_sandstone; medium grained (f-m); poor sorting;

angular clasts (a-sa); 15% dark miqerals, 18

‘carbonaceous material; dark grcen grey, weathering

grecen grey; resistant; gradational Yower contact.
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- Sample
Rumber

Thick-  Position
ness | (metres
{(metres). from base)

v

A-65

Description

B127-7
B127-8

B128-1

Bl20-1

B130-1

B131-1

© B131-2

B131-3
B132-1

B133-1

Bl134-)
B135-1

B136-1
_B137-1

B138-1 *

‘ 145.9
2.0 ' 147.9
1.1 150.5
0.05 151.0
0.5 151.3
0.2 151.6
2.0 | 153.5
2.0 155.5
1.5 - 156.8
0.7 157.4
0.85 158.4
0.9 1159.3
0.3 159.9
0.1 160.1

0.45 160.4

Same as B127~ 6

Sandstone, fine grained (f-m); poor sorting;
angular clasts (va-sa); 15% dark minerals, 2%
carbonaccous material; green grey, weathering
green grey; resistant; gradational lower contact.

Sandstone: medium grained (f-m); poor sorting;

ahgular clasts (a-sa); 6% dark minerals, 2%
carbonacecous material; large trough cross-beds;
dark green grey, weathering qroen grey; resis tant;
shaxp loxer contact.

Siltstone; c%f~.poor sorting. 3% carbonaccous
material; asymmcetrical jxpplc marks; dark grey,
weathering grey: recessive; sharp lower contact.

Claystone; fissile; well sorted; dark grey,
weathering grey; rccessive; sharp lower contact.

Sandstono; fine grained (vf4£1; poor sorting;
angular clasts (va-sa); 10% dark minerals, 2%
carbonaccous material; large trough cross-~beds;
dark grecen grey, weathering green, grey; resistant;
ecrosional lower contact, erosional relief on base
pf a few fecet. ’ -

: Sandstonc: gradational lower contact; same as

Bl31-1.
Same as B-131-2. ) ) ,

Sandstone; medium grained \(£-w); poor: sorting;
subangular clasts (a-sr); 8 k minerals, 0%
carbonaccous materibl large troNgh cross-beds;
green qrey, wcdthorlng green grny, resistant;

sharp lower contact.
Sandstone; very fine grained (s-f); poor sor ing;

angular clasts (va-sa); 4% dark minerals, 2%
carbonaccour material; rare plunt remainsg; dar

, 9green grey, weathering green grey; modcratcly
: reeiutant, sharp lower contact.

Slllstouc, c-vf; poor sorting; 3% carbonaccous

material; dark grey, weathering grey; moderately
resistant; gradatxonal lower contact.

Claystone; silty; moderate soxt)ng, 1 mm laminations;
asymmetricdl ripples; darki grey,. woathcrlng grey;
recessive; gradational lower contact.

Combined with B137-1.

Siltstone; c-s; moderate sorting; 2% dark minerals,
18 carbonaceous material; dark green grey, weathcr-
ing green grey; moderately resistant; sharp lower
contact. .

Sandstone; very fine grained (s- f), poor sorting;
5% dark mincrals, 3% carbonaceous material; gqgular
clasts (va-a); resistant; dark green grey, wecather-
ing green grey; sharp lower contact.
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. Thick-
Sample ness
Number  (metres)

Position
(metres
from basc)

233

A-66

Description

B139-1 0.4
B140-1 1.55
B141-1 0.4
Pl42-1 2.0
' {
B142-2 1.0
B143-1 0.2
B144-1 1.7
p14siy, 0.53
Bl146-1 1.1
Bl47-1 0.65
Bl48-1 © 2.0

160.5

161.8

162.8 °

162.9

164.9
166.1

166.9

168.2

169J2.

169.9

170.1

f mud clasts; occasional plant remains; grien grey,
weathering green grey; reLlsLant, sharp lowoer

Siltstone; c-s; poor sorting; 3% carbonacecous
material; dark grey, weathering brown.grey; sharp
lower contact; moderately resistant.

Claystone; silty; moderate sorting; 2% carbonaceous
material; dark grey, weathering grey; rcceqsive,

sharp lower contact,’ - : |

Sandstone; medium grained (f-m); moderate sorting; 'M
subangular clasts (a-sa); 7% dark minerals, 1w '
carbonaceous material; largL trough cross-beds;

-green grey, weathering grey; resistant; sharp lower

contact.

Sandstone; medium gfained (f-m); modcrate sorting;
angular clasts (a-sa); 8% dark minerals, 2% car-~
bonaceous material; large trough cross-beds;
resistant; sharp lower contact; green grcy, weather-
ing brown grey.. :

Same as Bl42-1, . c . - |
Sandstone; medium qralﬁcd (mrcr), poor orting,
angular clasts (a-sa); 10t dar} minerals, 3%
carbonaccous material; occasional plant remains;.
green grey, weathering green grey; resistant;
shufp lower contact. :

Sandstone; medium grained (f- cr), poor sorting;
angular clacts (va-sa); 5t dark minerals, 3% >

carbonaccous material; large trough croyn—bbds;
!

contact.

Sandstone; fine grained (vf-m); poor sorting;
angular clasts (a-sa); 10% dark mlncralﬁ, 1%
carbonaceous material; small trough cross-beds;
occasional plant remains; green grey, woatherxng’
grecn grey; resistant; sharp lowbr contact.

Sandstonc; medium grained (f- cr), poor soxting,
angular clasts (a-sa); B% dark nlne:al 3

' carbonaccous material; large troogh cros s—béds;

dark grecen qgrey, weathering qr(y, resistant;
sharp lowur contact. . : !

Sandstone; finc qrained (vf-f); modcratc sorting; .
subangular clasts (a-sr); 5% dark mlneruls, BR Y
carbonaceous material; small trough cross~beds;
olive grey, wecathering brown grey, resxrtant;
sharp lower contact.

Sands tonc; fine grained (vf—m), poor sorting;

angular clasts (a~-sa); 8%\ dark migerals, 4%\ )
carbonaccous material; large trongh cross~beds;

green grey, weathering grey; rcesistant; sharp

lower contact. . s




Thick~
Sample ness

Numbér (metres)

Pogsition
(metres
from base)

- A-67

Description ’ "

-

B148-2

B148-3 /!

B149-1

B150-1

B150-2
B15)-1

B151-2
B}52-1

B153-1

B155-1
B156-1"

B157-1
B158-1

B159-1

1.5

2.0

0.9

0.4

0.45
0.8

3.65
1.0

0.5

172.1

173.9

174.3

174.6

176.5
176.9

178.9
179.8

1180.2

182.5

182.8
183.4

186.2

187.8

188.7

sandstone; mcd£um grained (f-m); poor sorting;
gubangular clasts (a-sa);i 10% dark mincrals, 4%
carbonaceous material; large trough cross-beds;
occasional plant remains; dark green grey,
weathering grey; resistant; gradational lower

.contact,

sandstone; mediun grained (f-m); poor sorting;
angular clasts (va-sa); 15% dark minerals, 8y
carbonacecous material; small trough cross-bpds;
resistant; gradational lower contact.

Sandstone; fine grained (f-m); moderate sorting;

_angular claste {a-sa); 6% dark minerals, 0%

carbonaccous material; olive grey, weathering grey;
resistant; sharp lower contact.

Sandstone; fine grained (f-m); poor sorting;
angular clasts {(a-sa); 0% dark minerals, 2%
carbonaccous naterial; green grey, weathering
green grey; rcs;stint; sharp lower contact.

Same as B150-1. i .

‘sandstonc; fine grained (f-m); moderate sorting;

angular clasts (a-sa); 10% dark minerals, 3%
carbonaccous; material; large cross-beds: green grey,
weattiering grey:; resistant; sharp lower contact.

/ -
Same as Bl51-1.
Sandstonce; very fine grained (s-f); poor sorting;
angular clasts (a-sa); 12% dark minerals, 2%
carbonacdeous raterial; green grey, wcathering grey;
resistant; gradational lower contact. "

Siltstone; s-f; poor sorting: angular clasts (va-a);’
12% dark minerals, 8% carbonaceous material; 2 mm
laminations; dark green grey, weathering grey;
recessive; sharp lower contact. |

Claystone; well sorted; asymmetrical ripplcs; dark
grey. wFathcting grey; recessive; sharp lower
contact. :

Combined with B154-1

Siltstone: c¢-s; modcratc‘sortinq; rare plant .
remains; dark grey, jweathering grey; resistant;
gradational lower contact.

Claystone; well sorted; asymmetrical ripple marks; -
dark grey, weathering grey; xecessive; sharp lower

~contact.’

Claystone; silty; moderate sorting; 3\ carbonaceous
material; dark green grey, weathering grey;
recessive; sharp lower contact.

Combined with Bl58-1.
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Sample
Number

Thick-  Position
ness (metres |
{metres) from base)

" 'A-68

Description

B16Q-1

B161~1

B162-1
B163-1

B164-1
B165-1
B166-1
B167-1

B163-1

B169-1

B170-1 .

‘B170-2

Bl71-~1

B~171~2

0.4 189.2

5.15 192.4

.45 194.5
.5 195.2

0.3 195.6
0.5 v196.1
0.1 196.3
1.0 - 196.9
0.2° 197.4

0.34 197.6

2.0 197.9

1.28 199.8

0.6 201.5

0.55 202.3

e

siltstone; c-s; moderate sorting; 4% carbonaceous
material; dark grey, weathering brown grey; moderately
resistant; sharp lower contact.

Claystone; silty; poor sorting; 2% carbonaceous -
material ;s asymmetrical ripple marks; dark green
grey, weathering grecn grey; recessive; sharp
lower contact. : ) :

Combined with Bl6l-1. |

Siltstone; c-s; modecrate sorting; 6% carbonaceous
material; dark green grey, weathexing green grey;
roderately recessive; sharp lower contact.

Claystone; well sorted; rare plant remains; dark
green grey, weathering green; recessive; sharp
Yower contact.

weathering dark grey; recessive; gradationa
lower contact. - . !
Claystonc; c-s; moderate sorting;. 2% carbonace
materianl; dark green grey, veathering dark green;
recessive; -gradational lower contact.

Sandstone; very fine graiped (s-vf); poor sorting;

angular clasts (va-a); 5% dark minerals, 3% '

carbonaceous material; mud clasts; dark green grey,
weathering brown grey; moderately resistant; sharp
lower contact. '

Siltstone; c-vf; poor sorting; angular clas;s (va-a);

6% dark minerals, 3% carbonaceous material; dark

grecn grey, weathering brown grey; moderately
resistant; gradational lower contact.

Sandstone; medium grained (f-m); mdaeratg:ZQIting;
very angular clasts (va-a); 10% dark minerals, 4%
carbonaccous material; large trough cross-beds;
mud clasts; occasional plant remains; grcen grey,
weathering grey: resistant; sharp lower contact.’

Sandstone; medium grained (f-cr); poor sorting;
angular clasts {va-sa); 10% dark minerals, 2%
carbonacecbus material; large trough cross-beds;
occasional) plant remains; grcen grey, weathering
grey; rcsistant; gradational lower contact.

Sandstonc; very fine grained (s-f); poor sorting;
angular clasts (a~sa); 10% dark minerals, 6%
carbonacecous material; rwud clasts; dark green grey,
weathering green grey; resistant.

Combined with B171-1. .

I
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B188-1

\ A-69 .
~ Thick~ Position ' P )
Sample ness (metres . ‘ ¢
Number (metres) from base) , chcriptiqn
B173-1 0.1 202.4 Siltstone; c-s; moderate sorting; 5% ‘carbonaccous
material; bioturbated; dark gr=: grey, weathering
) grey; rceessive; sharp lower con act. ’
B174-1 1.7 203.5 Claystone; well sorted; dark green grey, weathering ‘
green; recessive; sharp lower contagt.
‘B175-1 0.6 204.3 Sandstone; fine grained (vi-f); modcrate'sortiﬁq; ~
" mud clasts; dark green grey, weathering green |
grey; moderately ‘resistant. .
. | o
.8 . 206.5 ' Covered.- :
Bl76-1 0.2 g '206.6 Siltstone; c-s; poor sorting; mud clasts; bidturb.-
tion; dark grey, weatheripg grey; recessive. )
77-1 2.4 h"'??OR.J Claystone; moderate sortinqz.biotu;b;tion: dark
, I.green grey, weathering grey; recessive; sharp lower
* contact. , » ' »”
1.9 211.0  Covered. . N
B178-1 0.9 211.5 Siltstone; c-s;' 3% carbonaccoug material; moderate .
. sorting; dark grdy, weathering.grc.; roderately _ <
resistant, : \ -
B179-1 ' 0.25 21%.1 Conbxncd thh Bl?B 1. .
- \ )
B180-1 f&z 212.5 Claystone; wcll sortod, green, weathering green;
1 . moderately resistant; gharp lower contact. i
¢ : T : <
B181-1 0.35 213.6 Claystone; silty; poor sorting; 3% carbonackous
material; bioturhation; dark grey, weathering
brown yrey; moderately resistant; sharp lower .
contact. : .
B182-1 0.15 213.8 Claystone: well sorted; €% cafﬁbnaccous material, - !
Imn laminations; symmetrical ripples; dark grey,
weathering green grey; recessive; sharp lower -
contact : ‘ ] '
B183-1 0.8 214.2 -, Sandstonc; fine grained (vE-m); poor sorting; :
’anqular clasts :(va-sa); St dark minerafs, 2% ) ) )
carbonaccous material; large cross-beds; green grey
! weathering brown grey; resistant; °harp lower
contact. . .
B184-1 0.08 214.7 Siltstone; c-f; poor sorting; ﬁ\ carbonaceous
¢ matcrial;‘dark green grey, weathering brown grey;
) _ resistant; sharp lower contact. - .
B185-1 0.05 -214.8 Sandstone; fine grained (vf-f); poor sorting; - .
. angular clasts (va-a); 12% dark minerals, 4% . ! ’
* carbonacerous ‘material; green grey, weathering
i brown grey; resistant; sharp lower contact. -
B186-1 0.6 ° 215.1 Combined with B185-1. :
. U . -~ . .
B187-1 0.5 215.7 Claystone; well sorted; rare plant remains; dark
' green grey, wcathcr1ng green; mod;rateky rcfxstant,
" sharp lower contact. B .
1.1 216.1  Same as B187-1. ‘ . -
. . 1



Sample
Number

“Thick-
ness
(metres)

Position
(metres
from base)

A-70

Description

B189-1

B190-1

B191-1 -

B192-1

B193-1

P194-1

B195-1

819671

R197-1

RB198-1
B199-1

B200-1
B201-~1

B202-1

B203-1

1.0

l.0

0.85

0.4

0.8

1.45
1.7

0.35

0.6

217.5

219.2

219.7,

220.4

L]
221.4

222.3

224.8

226.5

. 22702

227.5

228.2

230.8
231.5

232.5

- Claystohe; silty; moderate sorting; dark grey,

weathering grey; 8% Qarbonaccous material;
recessive; sharp lower contact.

Same as B189-1.

Claystone; well sorted;. dark green grey, weathering ‘
green; recessive; sharp lower contact.

Claystone; silty; moderate sorting; 5% carbon-
aceous material; dark grgen grey, weathering grey;
resistant; sharp Jower contact.

Claystone; woll sorted; dark green grey, weatherlng
grey; resislant; sharp lower contact.

Sandstone; very fln\ grained (s-f); modcrate ,
sorting; anqular clasts (va-a); 6% dark mlncrals,
2% carbonaccous material; dark grecen grey,
weathering brown grey; rcsis;?nt; sharp lower
contact. - v

Siltstone; c¢-vf; poor sorting; 3% carbonaceous
materxial; dark green grey, weathering hrown grey,
sharp lower contact;, recessive.

Sandstonc; fine grained (vi-f); poor sorting; -
angular clasts (va-sa); 7% dark minerals, 3%
carbonaceous material; small cross-beds; dark
grecn grey, weathering brown grey; rcsisLant;b
sharp lewer contact. . ~

\

Clayutono, well sorted; 0% carbonaceouq(materlal

grecen, weathcxxng green; roccsglvc,'°harp lower - .

contact.”

v
Siltstone; c-s; poor sorting; 2% carbonaceous
naterial; mud clasts; dark green grey, weathering
brown grey: recessive; gradational lower contacdt.

Claystohc; well sorted; 0t carbonaccous material;

‘dark green grey, weathcering green; recessive;’ “

sharp lower contact.

Siltstond; c-s; poor sorting; 1% carbonaceous
material; lumm laminations; dark green dgrey,
weathering brown grey; moderately resistant;
sharp lower contact! ~ ] e

Claystone; silty; moderate'sorting,‘ZQ earbonadbous

material; dark green grey, weathering brown grey;

moderately resistant; grndatlonal lower contact.

Covercd.

SLlLstone, c-s; moderate-sottlng, lt .carponaceous
material; dark grecn grey, weathcrxng grey;
resistant. _ ,

Claystone; well sorted; dark green grey, weathering
grey; recessive; sharp lower contact.
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. A-71
Thick- Position
Sampl& ness (metres .
Number (metres) from base) . Description
B204-1 0.9 233.6 Sandstone; medium graihed (f—m); moderate sorting;
’ angular clasts (a-sa)' 5% dark mincrals, 5%
carbonaccous material; green grey, weathering grey;
. resistant; sharp lower contact.
B205-1 0.6 234.2 Same as B204-1.
8206—1 0.4 234.4 Sandstone;’f{ne grained; moderate sorting;
) , . angular clasts (va-a); 3% dark minerals,' 0%
i) carbonaceous imaterial; grey, wecathering grey:
i ‘ ‘resistant; sharp lower conta.t. .
B207-1 \0.9 . 235.2 Sandstone; medium grained; poor sorting; angular
. clps&s-(a-sa); 5% dark minerals, 1% carbonaccous
"material; grecen grey, weatliering grey; rcsistant;
‘ sharp lower contact. | .
i, \
B208-1 0.6 236.1 Sandstone; finc, grained (vf-f); poor sorting;
angular c%asts {(va-a); 0% carbonaceous material;
grecn grey, wcathering grey; recessive; grada—
. tional lower contact.
1.6 237.9 . Covercd. Lo :
0.3 238.1 Sandstone; very fine grained (s-m); poor sorting;

B209-1

- 4% carbonaceous material; mud clasts; dark grey,
weathering grey; moderately resistant.

Total Thickncess © 238.2 metres

i
3

. . B

Blackstone Formation

‘Dark grcy, fissile claystone and minor grey sandstone.

238
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APPENDIY B.

CODED SAMPLE DESCRIPTIONS
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Abbreviations used in Appendyx C: ' ‘
clay claystone 1 C -\ . ) o
! B
1\‘ ) .
silt sjlfstone : |
v.f. very fine grained sandstone

. \
fine fine grainedl sandstone ‘

R/

med+ medium grained sandstone toiconglomerate
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