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. Assniacr
L] . / :

In the Be]lshil] Lake area, Mannville Group sediments direct]y
overlie Pa]eozoic rocks.. The topograp:Zeof the pre—Mannville surface

. as outltned by an 1sopach map of the L ch Cretaceous beds is charac- {

terized by the presence of the'valley f an Early Cretaceous r1ver,
which drained the region east and southeast of the Be1lsh111 Lake area
and flowedenerthward‘into an arctic sea)

T

The va11ey crosses the Be]]s-

’

drew toward the north (Fort Augustus Fonn tion)
|

An outstanding feature of ‘the 1oca1

of a channel fin sandstone at. the base o the Fort Augustus Formation. .

=_This channel whose pattern was found to b marked]y meander1ng, has -

|

tbeen mapped in the Be11sh111 Lake area. | _

' Sandstones of the Ellers11e Member are quartz sandstones, those
of the "Calcareous ﬁember and channe1 are transitionaI between quartz
 and lithic' sandstones, while those of the Fort Augustus. Formation are

) ~11thic sandstones (Travis. 1955) Most of the Mannvi11e Group sand-

' stones are cemented essentia]ly by calcite, the main source of carbonate f'

coming from the erosion of Paleozoic limestone beds. .

v

gl

L

tratigraphy 1s the existence _ -
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CHAPTER 1

INTROOUCT 10N

General Statement

Starting with Badgley (1952), a number of authors, among them
Glaister (1959), Willtams (1960), and Mellon (1967) have studied the
Mannville Group in the subsurface of céntral Alberta. Although the
terminology used was modified slightly in the last of these studies,
the strétigraphy of the group seeps to be fairly well established now
and reasonably accurate correlatiéns may be made with adjacent areas
such as the McMurray and Peace River areas, and the Alberta Foothills.

Therefore it seems that emphasis might now be given to more
localized areas of centrai Alberta where particular problems, either
stratigraphic or petrologic, occur. It is e;idently out of the question
to suppose that these studtes of local interest may permit stratigraphic
conclusions to be drawn on the regional scale (central Alberta) as
only the local stratigraphy may be studied and the terminology to be
used must generally be borrowed from a wider ranging study. On the

)other hand emphasis may be given to the geoﬁetry and petrology of
units, which is sometimes decisive and sufficient for interpretation
of particular local problems in this type of sediment where fossils are
often.absent or non-diagn&stig. The pfesenf study of the Mannville
‘Group in the Bellshill Lake area is to be classed among these types
. of studies, : o

Scope of the Project
. .
The Bellshill Lake “area is located in Alberta, about 100 miles

S



L

-

' southeast of Edmonton and about 60/m11es west of the Saskatchewan

"border (see map Fig 1) The studied area,.square shaped covers 9

townships, centered on Township,44~*Range 12 west of the Fourth

'lMeridian.

The study of the Mannv111e GrQup in the Be]lsh111 Lake area °
was undertaken for severa1 reasons. The main one was the presence

in the area of an important, though localized, thickening of the

. McMurray Formation sandstones of the Lower Mannville Group This P

study of the area has been pub]ished

feature is of considerable 1nterest as it is directiy respon51b1e

for the existence of the oii and gas accumu]ation 1n the Bellshill
Lake and Thompson Lake f1e1ds Only a few authors (RudoTph 1959'
Conybeare 1964 1967, ‘and Martin, 1969) have discussed theseqhydro-

-ﬂcarbon~accumu1ations. To the writer S know]edge no comprehensive

_Another reason, though reiated to ‘the fact above was that the

*makimum extent oi the C]earwater transgression toward the south AS .
: outlined by W1111ams (1960) seemed to correspond to the Bellshill Lake
- area. ~Under these conditions one cou]d wonder 1f the thickening of

: the McMurray sandstones could actually represent a near—shore type
‘marine dep051t linked to the C]earwater transgression (beach deposit,_

. barrier-island ...).

A third reason centered on studying the pre-Mannv111e pa]eo—
topography, the geometry and stratigraphy of the different units and

the petro]ogy of the sandstones which represent a good dea] of the

}_deposits encountered, in order to set the studied area within the

(pattern proposed for the-whole of.Centra] Alberta by the_different authors.'

-
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- The objectives ascribed to the present study may be summarized

’,A'"

'as foi]ows* , '

-1) To out]ine in detail the paieotopography on which the
iowermost sediments of the Mannviile Group were laid down in. an area |
surrounding the Beilshi]l Lake oii field. ” | )
| , 2)' To study the geometry "and - ioqai stratigraphy of the different
'.a.units of the Mannvi]ie Group o
_ '3)j To study the detaiied petroiogy of the sandstones of the
Mannviile Group.h.f v N s _ _

_V f4) To propose an explanation for the local thickening of the'
::'sandstones of the McMurray Formation in the Be]ishi]i Lake area.
5)A' To Outiine the regional paieogeography and evaiuate the

| depositionai environment of the Mannviiie Group in- the“area of study.
_ , - g o e T~ .
& " )

« M t ri 1U ed = Metheds of Investiqation ~ : ; o \

e

Ai] the e]ectric logs of the weils driiied prior t%;i970'

,(about 265 we]]s) were used in constructing stratigraphic cross-

. sections and the subsurface maps of ‘the area. Sixteen we]is (see

Appendix A for locations) were chosen for a. detailed study of.cores,

. on the basﬁs of their iocation with regard to the main features of

’the area and. the avaiiabiiity of cores Distribution of cores did

not make the: study easier. as in Township 41 Range 12 west of the : -
'7Fourth Meridian where aimost all the welis studied in detail are
Fiocated most of the cores cortie’ from the reservoir unit of the Bellshift
" Lake fieidoand therefore correspond a1most a]ways to the same strati-
.graphic level. About iOOO_feet of cores from the,seventeen_wei]s

gwEre'descrihed-ih detaii‘with.the'aid;of the binocular mi croscope

L

o

o



L _in the context of the

i
!

|

(core descriptions - Appendix C) | ' _
: Size analysis was done by sieving on: nineteen sandstone f

'.sampled from the McMurray Formation (for location of samples, see |
, Appendix B). Sieving data were processed on the IBM 360/67 computer
:of the»University of Alberta Computing Center. using a program written
for the Bepartment of Geology, to determine the usual statistical
parameters and plot the main size distribution curves of the sediments
n /Fifty thin. sections of the McMurray and Fort Augustus Fbrmations
“were Lrepared (for location of samples, see Appendix B) Due to the. )
high degree of friability of most -of the sandstones studied about ff
‘half of the. samples had tp be treated by inJection of re51n before

| the thin sections could be prepared The p01nt count method was used
- to analyse twenty thin sections, in order to obtain the precise compo- 1

~sition necessary for the classification of sandstones ' .“
These different methods of 1nvestigation when taken together
currently developed for the whole of

- Alberta ”’rmitted -an interpretation to be made of the paleogeography

and depositional environment existing in the Bellshill Lake area early o
- in Cretaceous time.“_

- .,‘" Y 4
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CHAPTER 2

THE MANNVILLE_GROU? IN CENTRAL ALBERTA

e

—e W %

Review of Previous Hork , '--l.' ’ 4

~

Lower Cretaceous rocks do not crop out in central AIberta. thus
it is in areas situated farther north a]ong the Athabaska and Peace -
Rivers that they were first described and studied in the latter part

of the nineteenth century. Consequently many .of the names app]ied in
_t_centrai Alberta originated elsewhere- (Grand Rapids. C]eanwater,_

) McMurray. etc. ) : | | , |
‘ The first studies on the - Lower Cretaceous sediments in centra]

: Aiberta were carried out in the eastern piains eﬁhinwright -L1oydminster-

- Vermilion area - see map Fig. 1) by Hume and Hage (1940, 1941) Nauss

' Extensive dri]ling which resu]ted

| (}945 1947), who introduced the name Mannviiie Formation and attempted
‘,the first stratigraphic divisions. and hy Nickenden (1948)
Little was known however of Lower Cretaceous strata 1n the

. centra] p]ains untii the discove,y of the Leduc 011 field in 1947,

om ’this discovery added imnense]y .

;'to the knowledge of regionai s_agtigraphx¥\ ‘

o The . first pubiications whicH’foilowed,\dealing with the Lower

. H,Cretaceous in central Alberta, were/éescriptions\ef sections encountered

,. in wells, mostly in the Edmonton anea/”TTﬁEriﬁdd (f§48) Andrichuk o
'(1949), Layer (]949). Hunt (19501 and Lockwood and - Erdman (1951) re- '

| ,ported on sections found at the Ang]o-Canadian 0iv Company et al
‘"Beaverhiii Lake No. 2 well (11 11-50-11”4), the Texaco-McCo]T’MaJeau o

Lake No.l weli (12-1~- 57-3H5) and Leduc, whitemud and Stettier oil '

B fieldefespectiv07¥ (see NGP Fig. ])



S

BN

More specifically. paleontology-oriented work done by auss
(Vennilion area, 1947) Loranger (Edmonton area. 1951) and Ni iforuk
(Bear 0il Company Villa No.,l well 7 8-74-l4N5, 1956) must also be

mentioned. ~': e |

The first comprehensive study of Lower Cretaceous sedim%nts in

subsurface central Alberta was by Badgley (1952) Subsequent‘reports

mmramaﬁafwwwmmew ww+awﬁﬁrﬁ?mamwﬂnms

- (1960, 1963). More recently} Williams.et al. (1962) dated detrital
’ feldspars and authigenic gla conite from the Mannville Group of central
fu‘~Alberta, Singh (1964) studied the microflora of the Mannﬁille Group in
east-central Alberta, and Campbell and williams (l965) dealt with the
chemical composition and depositional environment f Mannville Group
shales of central Alberta using the X-ray fluo scence method
' Mellon (1967) in dealing with the stra igraphy and petrology _
of the Blairmore and Mannville Groups mo ified the earlier terminology

f - by introducing the term Fort AugustUS/f/rmatign.<

iﬁ__,,Previous Nork in the Studied Aréa

. the scope of which generally comprises

s 7 Besides the above wo

% Bellshill Lake a a, only a’ few. author's have dealt with the Mann--

yille Group wit 'n the studied area. )

| in 1955 referring to the regional geology and - Lower Mannville

‘ stratigraphy Dealing with the major erosional low that oceurs in the‘
| central part of the area under consideration he mentioned in particular
‘ that “,;:.v. the bordering highlands were undoubtedly the source of part
i. of the lower Blairmore sediments laid down in this trough and their k

-
FON

’”«%f’ffz/f#ﬂaudolph (1959) reported on the Bellshill Lake field discovery -

SV
SRR



conﬂrguration probably affected the currents which caused the develop-

ment of the sand bars within the Basal Quartz section of the. Lower
Cretaceous, such as at Bellshilﬁ Lake A '

COnybeare (l964v 1967) and Martin (1966) referred to the

lBellshill Lake field in their study of oil" accumulation in stratigraphic

traps. They both attributed an ‘eroded fluvial terrace origin to the

massive sandstone section of the Bellshill Lake and Thompson Lake

| _fields. RS | S | i,e

Since then. numerous wells have been drilled in the area

_especially in-a northwestern extension of the Bellshill Lake field in

Sections 31 (Township a1, Range 12 Wa) and 36 (Township 1, Range 13 _
T.ow4), adding to our- knowledge of local stratigraphy as well as particular

: geometry of the sandstone succession at the base of the Mannv1lle Group.

T

Stratigraphy of the Mannville Group in Central Alberta

TWO transgresssions occurred in western Canada during Albian '

Atime. The first one, associated with the Mannville dep051ts, thus’ the k]
‘ ﬁonly one that one is concerned with in this study, began in late Lower

B qr early Middle Albian time... It was an inva51on by a boreal sea which

m Middle Albian time and then

' lretreated northward

- As Hilliams (l960, p. 20) pointed out, :..L . the fundamental

‘tmsimplicity of the stratigraphic pattern developed by this transgression-

regression cycle has been largely obscured by proliferation of local

'jf names and lack of regional correlations T

The terminology used successively”by the different authors -

to whom reference iS\made above has been summarized in Table I

\?lliams (1960 1963) terminology for the Mannville Group in _fj:

.{;;»



=

a:o..O m___>cco<< m.t jle xmo_oc_ELm._.

o9l

m..mS.

v

%Q\%OEQEQ\\\\S k&\o\ .._v:.:. 14 vy vm.: »
..:. v . - . ...
SWO [ ATWAAL -1 zo_m_g N A ) : . .
z| |0 ¥IMO1 m o 1w
3 £ . ) w4 3111A30
° 2 ‘w| ["noisimg [ . :
3 . . A=) .l $aow  31A3(
Rl .| a8 | | 2|3 %
SHIS S5z Qv3HTINe of | § ol
I AHERAE ARl B—
o R B K .1 ik m - I nosima S | ,\ Ew.ﬁuz
. d . mm,h ¢ B 1. . i . . .
.W w E w . ml..//\r - n . S ﬂwms - ‘W4 Vet
TP R . S AVESOWW |
e fate®t 1 I .
. ] L \ - I\ 3 :
T E [T (BB B IFTL SN | o] [EWEn|
m . W _ .W\\ WA § @] T , m. .
- R Sy . Al - ) »!. | ] o
310 A= m -~ { N 4 > W 13l ‘
b . _.“ - n A ~ : w1 a 1 112 - W “
- |20 s |0 |z|? {Smie " w =izl ®|Z]
& oﬂu < ' | Q - » | : d I A2 dal<€] . RIS
L cl® z|® < Ml ~ 2 128~ 2=
. - | m = c ] ol m my
N AR z 3:.3 =~ 19 L m_
: o P 1" W] o 1e]
° > ’ | NimanIoN . nvc
Wi =181 - 15 12
SOIdvy NOWIVH | z 202.5‘:,.4 , o sl
ONVED < . 151 7 | Ll
et - 2l " 1R 12 ) z
T PR | W 4™ 471 1=} -
g+ FJ N R 3u00va| o [ e | | 1
: 3 -..h L. 38 : .
oW W oWd | W L eW fa] o we m w12
| nos nor | nos 10r  [ayngsatdves| nos tor | sgowa | % | nositor o | 004 1107 1
_ )| Aouwow >0 _ 5 93084 pisqly . i)
opegly P4ue) wp) Jonmy 03089 | aisaqly [04ueD | BrY 2308y _Eacnoun_tem ot!e« _o._...»pu !
002 m<<<_._.=3 Nno_ >m§ '

O |2oe'Nomaw

‘

656" ¥AUSIVID)




-
- :.‘

.10

the Edmonton area includes’the McMurray. Clearwater, and Grandvﬁapids

g

Formations. in ascending order. The McMurray Formation is in turn

divided into Deville. Elierslie and “qucareous“ Members. whereas the

' ‘Toher part of the Cleanﬁater Formation is termed the Wabiskaw Member.

The name Fort Augustus Formation was proposed by Mellon in 1967

for’ the upper part ofithe Mannv%lie Group in the central Alberta plains.

above\the ”Calcareous“ member of the McMurray Formation and below the

marine Joli Fou shaie. The Fort Au stus Formation, by this definition,

_is strictly the equivalent of Ni]1iams C]eannater and Grand Rapids :
Formations. T ' \ ﬁ‘ . .
Mel]on s terminology\\\he twofoid subdivision of which best

‘ fits the Mannvifie sequence encountered at Beilshi11 Lake‘ywas ‘used

- in this work, B

>



N © CHAPTER 3 :
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k\e//-~)f ®  PALEOTOPOGRAPHY

Sub-Mannville Surface Structure Contour Map AN

In the Beilshili Lake area Lower Cretaceous strata directly
: overlie Paieozoic rocks ihe pattern indicated by'the‘Paieozoic' ;
,'surface structure contour map (Fig 2)- is the outcome of both the \\‘ |
~configuration. of the Paieozoic substratum prior to deposttion Of the
b_ Mannville Group. and the present regiona] dip toward the centre bf“fhe
| "‘_Alberta sync]ine (NNH-SSE trend of contours) '
' Though sonewhat overshadowed by tﬁe general southwesterly :
-regiona1 dip, a certain number of anomalies of N- S or NNE\§S¥ trend o E
appear, the- aspect of which suggests the presence of val]eys 4§;iptured
- on the Paleozoictsurface for example, in Township 41 Range 13 H4M\\\\\\\
tTownship 42 Range 13 N4M and. Township 40 Range 11 w4M \\ | o
As ‘the regional dip is re]atively constant over the entire\area, i o
it may also be suggested that every variation in the density of contOur_
\Iines is re'lated to "breaks in “the Pal%zoic surface paieotopography -
If th\s may be assumed it wou]d then seem that a major low wou]d exist :
_in the\Central part of the mapped area. stretching from Nw to SE fran
\\\\ Township 41\ Range 13, WAM to Tounship 40, Range n, w4M. . o
' As Rudo]ph (1959) pointed out, the topographically high feature

1ooks much




O Township 41, Range 13 HAM then bifurcating toward the southwestern

The Base of the Fish Sca\
which is well known }h\western\Ca

isopach map of the Lower\gretaceous

s marker, the widespread extent of
a..has been used to construct an
sits (Fig. 3). Provided no =

vtectonic phenomena took plat\\:ur\ne thg\t\) tn which the strata were

cdse'in the area_under
s the hest tqoi\ use- to reconetruct
. the pa]eotopography prior to depost 1on of the ﬁen\\\Sle as it a]]ows
the removal of the regiona;\dip The Sge\of the F‘ ;\

also used as datum for the co truction of stratigraph

deposited, which is generaIIy\»hought to be t

consideration, this map represen

Due to differential com ction phenome which take) lah‘

Paleozoic surface\\\Sectiohs'w re‘thieg\iind bodies are present ou]d\‘”

tend for this reason\to\upg\;

where shales predominate In orde\\

s" combared to adjacent sectors

minate th;?eWﬂugffena as

) much as possible the Base of Fish Sca]es;\\5ﬁg‘\re gontour’miﬁ\has
always been consulted in the interprete on of

aleotopo ra b

gated "Iow” stretching SE-NW from Township 40 Range 11 ‘WM to

A~Township a, Range 13 H4H

fﬂanks of this fEature are very irregu1ar in-
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shabe (the apparent regularity of the southwestern slope seems to be
only due t§ the lack of well control in this sector), showiﬁg a series
ofAsecgndary tributary "lows" connecting almost perpendicularly to the
central valiey'feiture. Maximum topographic relief within the studied
area is close to 200 ft. ' |

‘The pattern 1ﬁdicated-by the map has' been interpreted as an
ancient valley and its tributaries. Due to the lack of well control
in the.area where the.river bottom seepms to be situated, it is difficult
to" detefmine aCCurately‘the width, of tb; valley bottom; however it may
have been as much as -3 miles wide. o

Most of the studfed»area is occupied by the bed and the géntle
flanking slopes of this valiey. Only the northern part of Township

42, Range 11, WAM might constitute a sort of flatteﬁéd\{nterfluve

overlooking thg.right (northeasfern) slope of the vailey.‘\

\\< | This interpretation is in agreement with that of Williams (1960,
1963)'wh6‘showed that the ﬁaleozoic sufface pa]eotopograbhy was charac-

T terizéd b}ja “.r.». sefies 6f sub-péra]lel ridgeg and valleys trending

slightly west of north" (p. 14). Thus he distinguishes from west to

—

T—__east - the Edmonton Channel, thegwajnwright Ridge and the St. Paul
" Channel. The Channels were interpreted by Williams as ". . . valleys
X
. . e )
of. Early Cretaceous rivers which drained the country southeast of

N

Egmonton, and’f]owed northward intp'the:arctic séa? (p. {h).
If one attempts to fit the studied area into the whole central
5A1"berta_sch'emé proposed by ‘w_mia.[ns, it can be seen that the Bellshill
"ﬂN‘\x;;Laké.area.is-Si;uqted"in_the'5h1gh"partqu.the Edmonton Channel,
u j ;Tﬁghsjy”southyéstbof thé Hainwright Ridge ‘and thaf_the valley whose
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evidence has been demonstrated in this study seems to constitute one

of the upper armms of the Edmonton Channel.

Paleogeoloqgy of the Paleozoic Surface

Pre-Mannville paleogeology was compiled from a map published by
the Alberta Energy Resources éonservation Board (July 1960 edition) and
was transferred to the Lower Cretaceous isopach map in order to show
the relationship be tween paleotopography and paleogeology (see map
Fig. 3).

Williams (1960, 1963) showed that the Edmonton Channel was
main]y’deveioped in the Devonian Wabamun Formation, and this is fher

situation in most of the Bellshill Lake area. However, along the main

~va'l'le,y which crosses the studied area, the eércsion was intense enough

to remove the Wabamun carbonates uncovering a #ide strip of carbonates
and indurated siltstones of the underlying Nin&erburn Formation.

As the regional dip of Paleozoic strata is very low in the area
(2 to 3 degrees to the southwest as compiled f?oﬁ:Fig. 3), it seems
reasonable to think that lithologic rather than tectonic factors con-
trolled the distribution of_vé]leys and ridges on the Paleozoic surface.
Under these conditions, Williams' (1960) remark stating that " . . .
the EdmontonFChannel developed in carbonates of the Wabamun formation

in part due to oeveiopment of karst features" whereas the ". . .~

“ Hainwright Ridge is fOrmed by resistant clastics and carbonates of the

o
AR

_Hinterburn group", appears p]ausible.

Nevertheless. it must he kept in mind that these rivers may

' perhaps have beenresponsible for the erosion and removal of sediments

-which were once overlying the Devonian Sys tem in this area, namely the
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Mississippfan, perhaps also part of the Jurassic System and there fore
the river beds may have originally lain in formations far different
from those in which they may presently be found. Geomorphically the
river courses would have shifted withAtime in response to the resis-

tance of the substrata which were being eroded.

Effect of Pa]eotgpqgraghy on Lower Mannville Deposition

An accurate knowledga qf the topography of the substratum on
which the first Mannvi\]e sediments were laid down is import?nt for
this had considerable influence on the nature and the distribution of
the deposits,

The first Cretaceous sedimgnts..namely the Deville and Ellerslie
Members were first deposited on Qalley bottoms. These sediments were
not of sufficient thickness to smooth out all the topographic irregu-‘
larities and in one part of thé studied area, the overlying "Calcareous"
member seems to lie directly on the Paleozoic "highlands". The "Cal-
carebus"lmember was the last stratigraphic unit to be affected by the
pre-Mannville surface paleotopography; deposits of the Fort Augustus
Formation being characterized in the whole studied area by lateral
continuity and uniformity of thickness.

In order to show the influence of pa]éotopographic features on
Lower Mannville depositional conditions, as well as to reconstitute

the geometry of the different stratigraphic units with a maximum of

detail and atcuracy, a ﬁumber of stratigraphic cross-sections were

constructed using the'BaSe of the Fish Scales marker as datum. These

stratigrdphic cross-sections, three sub-parallel, roughly oriented

'SH-NE (Figs. 4, 5 and 6) and one oriented NW-SE (Fig. 7), the location
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and orientation of which are shown on the map Fig. 8, will b’e’.‘refg_rréd
to in Chapter 4, "Stratigraphy™. - Lo .

X1, ) . . R o . .
" [ '. LI ‘ . /

<

s
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.CHAPTER 4
szATIGRA'PHY

-

"The Mannvil]e Group in’ CenEﬁ;} Alberta

Two transgressions occurred in western Canada during A]bian time
The first beginning in late Ear]y Midd1e~A1b1an time, was by - a boreal. _:
sea carrying a fauna 1ndigenous and main]y restricted to western Canada.

The maximum southern extension of the seaway 0ccurred during’ Midd]e

‘A]bian time after which 1t retreated northward The second. marine

..‘

transgre551on during Late Albian time was by a Guif of Mexico sea,
which eyentua]]y united w1th that of the arctic and expanded into theg
widespread Upper Gretaceous Co]oraj&lozisea'(Steick, 1958; Williams, 1960;
1963). e I “
‘. Sediments*deposited-during the first transgression-regression
cycle, prior to the‘éu1fian transgression, make“upvthe'Mannviile Group}

in westernﬂCanada. The'group is.usualiy underlain in Alberta by

ﬂPaieozoic‘strata%(durassic strata locally) ﬁhd’the'top_of;the group is

placed at the base of the black marine Joli Fou shales ‘of ‘the Colorado

Groupif The ﬂannViile Group, by this definition,tinciudes basal‘sands

¢’

of the Gu]fian transgression. |
-The term Mannvii]e (Mannvil]e Formation at that time) was first

used‘by Nauss (1945 1947) : Later, Badgley (1952) raised the Mannv111e

" to group status and divided it into three format10na1 units namely ‘the |

McMurray. Ciearwater and the Grand Rapids Formations Melion (1967)
suggested not to extend the terms Ciearwater and Grand Rapids Formations
into Central A]berta and~proposed the name Fort Augustus Formation for

the upper part of the MannviIle _Group, above the "Ca]careous" member of

L ' S A

S L e S . AL
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the McMurray Formation and below the marine Joli Fou shale.
-7 {n central A]berta the thickness of the Mannv111e Group is
Vﬂhigh]y inf]uenced by the configuration of the under1y1ng<Pa1eozoic
surface ‘Thus: in the Bellshill Lake area. the th1ckness of the

Mannv111e Group varies from 400 to about 610 feet

The McMurray Formation

- -

Ihe term McMurray Formation was f1rst used by McLearn (1917) in
: .'northeastern Alber a to designate b1tumena1mpregnated quartz sands tones

' »which crop out along the Athabaska R1ver, above Devon1an carbonates

S1nce then. the name McMurray has -been extended to centra] A]berta o

to de51gnate a similar success1on essent1a11y detrita], at the base -

of the Cretaceous The McMurray Format1on is’ d1v1ded.1nto ‘three members, .

in ascend1ng order Dev11]e El]ers]ie and "Ca]careous" Members. Its
thickness wh1ch is re1ated to topography on the Pa]eozo1c surfaca.
“var1es from 70 to 300 feet in the studied area. S

s
. ¢

s - The Deville Member - E S
R F1rst used by Badgley (1952), th1s term was- afterwards app11ed
by different authors to eros1on detr1tus deve]oped at the expense of h
‘the Pa1eozoic rocks under]ying the Cretaceous beds. A _
The Devi11e is. generally represented in centra1 Alberta by
v green1sh grey, waxy sha]es, green1sh grey shaly s11tstones arg11-
\_aceous quartzose sandstones or dark redd1sh brown sha1es wh1ch may
reach up to 30 feet in thickness "In distr1but1on, the Dev111e Member
————1s main1y_restr1g¢ed to.1ow,areas on the preeMannv111e surface, and

_ ',does’not form a 1atera1]y-extensive unit" (Williams, ]960,’9.}31).
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_ In this work. the Eliersiie Member - Paieozoic contact was 1ogged .

nd studied in detaii (see core descriptions, Appendix C) on]y in the
Tower Ki]]am No. 1 well (5 18 42- 13M4)’but no deposwts attributabie to Vo
the Deyille Member were found in this well: Likewise the examination .'\\"'
*.Lof eTectric iogs showed-no‘evidence of Deville type facies, except
perhaps 1n the Hudson s Bay Oil and Gas Company Ltd 14'27 41 12M4

‘;well, where about 20 feet of shaly beds appear between the E]]erslie

The Dev1]1e Member is not aiways readiiy discernibie on logs,
e‘and may for this. reason be present elsewhere in the Be]]shill Lake area’:

Ptrough".

The E11ersl1e Member

The term E]lers11e was first appiied by Hunt in T950 to. beds
»prev1ously referred to as "Basa1 Quartz"; the type section was chosen
" “in the Imperial Whitemud No. 3 well (12-14-51-25W4). |
The E11ersiie Member was comp]etely cored in the Tower K111am

‘Ne 1 well (5 18-42 13W4) where its th1ckneS§§1S 104 feet (from 3103 °

i': to 3207 feet) Here it is represented by 1ight grey to ye]iowish grey,

51ity, quartz sandstones, thiniy 1nterbedded w1th dark grey, micaceous
silty shaies.. Sﬁndstones range from fine grained to very f1ne grained
-grains are subrounded to angular, and sorting is generaliy poor Biack_
carbonaceous material is Tocaiiy abundant scattered throughout sand-
'2stones ds well as sha]es.‘.,; ’ - ,

It must be noted that the sandstones are distinctly finer v
._grained at the top. than at the base. In the Killam No 1, weil, the o

h sandstone is. silty to very fine grained at the top, and essentially
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;fine grained in the middle whereas the basa] 20 feet of the member

3ﬂshow the presence of rounded dark shale pebb]es, the size of which a]so

o decreases upwards (3 to 4 mm at top. up to one lnch at base - see core

descriptions Appendix C). This 1ast detaii will be of 1mportance in & -
the reconstruction of the depositional environment '

The sma11 diameter core in this we11 made it difficult to inves-

" tigate sedimentary structures, it may only be mentioned that cross- -bed-

;ding seems to be fairly ‘common ‘in theﬁmiddie part of the. member

' An examination of stratigraphic cross- sections shows that the
Ei]ersiie Member is very uneven]y distributed within the Be]lshi]]
Lake area. Its.extent and its thickness are directly reiated ‘to local
topography of the sub-Mannv111e er051on-surface The Ellerslie Member
reaches 1ts maximum thickness (180 to 190 feet in the anc1ent valley
”l that crosses the studied area, is extremeiy reduced in the southern
part and is absent in the southwestern and northeastern part of the 5
area (see cross- section II, Fig. 5) Thus the shape of the "sandy“ )
sedimentary body which represents the Elierslie Member in the Be]ishiii
Lake’ area, in cross- -section resembies a iens whose flat side would be’

oriented toward the toprand,convex 51de.toward the bottom, the.thickest

: particorresponding>to’theyaxis of:the valley -eroded in the Paleozoic

- ‘strata. -

| However the"upper surface'of the Ellerslie sandstones‘does
‘not seem to be as flat as the above comparison might lead. one to think
' In places, as in sections 11 (Township 40, Range 13 w4) and 23 (Town-.,
'\i”ship 41, Range 12 w4), the thickness of the member shows abrupt local
variations The: writer is of the. opinion that these observed hollows

may represent the last positions of the river (or rivers) responsib]e

Ry
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'fof depositing the sandstones -The. erosional holIows thus formed
were afterwards fi]1ed up predominantly with shales “of the “Ca]careous“
member. , _ o |
- - No fossi]s were found in the studied sections of the Ellerslie
‘.Member sandstones which is expectabie in view of essentially fluvia1
B 'conditions under which these sediments seem to have deposited ’
7 Nhere the Deville Member is absent in the studied area, the
,_,E]]ersiie Member sandstones lie directiy on’ Devonian carbonates {Wabamun
and winterburn Groups) This contact which corresponds to. a sharp,
\_”J~Jifmologic change. may be ea511y detected in cuttings cores or e]ectric

AT

The “Calcareous“ Member - '-'J,. BN

This tenm:was :irst used by G]aister (1959) for beds prev1ous]y
t

.referred to as the ' racod Zone"; Metacypris persu]cata zone . (Loran-

ger, 1951), or Metacxpris angu1aris zone (Badgley, 1952)

* In the Bellshiil Lake area, the "Calcareous" member is mainly |
composed of greyish'black micaceous pyritic, silty shales, 1ignt o
‘»‘grey quartz 51]tstones and some rare fine to very fine grained quartz .j
’.sandstones : Coa] is common especia]]y in sha]es, in the form of f]ecks
B and streaks, or beds up to severa1 1nches thick Loca11y thin\beds Qf
.greenish grey to. dark grey cryptocrystaliine 11mestones may be encoun—'

tered especia]iy in sections where sha]es are prominent

In typical sections of the “Caicareous“ member, Siitstones are
ordinari]y not weil deveioped and are mostly rather. argillaceous
Quartz grains are . genera]ly sub-angular and the sorting is poor."'°

, Carbbnaceous materiai may be locally abundant both in shales
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X
and in siltstones as is fossil wood (up to severa1 ‘inches 1ong) mainly

“in siltstones. Gypsum in. small crysta]s was observed 1n shales -of the

A

Hudson's Bay et al. Schultz Lake 4—15—41 12W4 well (see core descript1on -

Appendix c). , _
' Cross-bedding may 1OCa11y be observed especia]]y at the base of
siltstone 1ayers. f - " f i

The above lithologic description 1s representat1ve of the “Ca]—
'careous" member facies in most of the Be115h111 Lake area and part1cu-
larly 1n almos t a]] the eastern half of the studied area ’ It also
agrees fairly we11.with the d1fferent authors' descr1ptions of the
‘gnember'in'centra1 Alberta. However, exam1nat1on of the strat1graph1c
cross-sections (F1gures 4-7) shows that two 1mportant features affect
"'the stratigraphy and the geometry of" the "Ca]careous" member in the
region: . . . D

(l) in a narrow. rough]y NN-SE band d1v1ding the stud1ed area
u1nto two. parts. the "Ca]careous" member 15 cut by a thick, mass1ve\"

”sandstone'section (F1g. 8). This feature has often been assoc1ated

. with the under1y1ng Ellerslie sandstones by the . d1fferent authors who.

- these deposits to represent eroded fﬂuvia] terraces of E]]ers]1e

' have stud1ed it. This "Ellerslie" sandstone th1cken1ng. referred to
“as_the “Cameron Zone" by Rudo]ph (1959) was: thought to be a sand bar
bwhose build up was caused by the action of local currents (p.: 882)

ilon ‘the other hand Conybeare (1964 ]967) and Martin (1966) cons1dered

' f age.} The writer»s opinion, supported by geometrical and petro]og1ca1

rarguments, is that the feature 1s not related to the El]ers}%e Member,
»_but resu?ts from the erosfon by a river 1n early Fort Augustus time..

gnY ) .
: 1/,
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'It is thought that the channel, which erodes deeply into the "Ca'lcareous

' member. marks the base of the Fort. Augustus Formation in the Be]]shill -

Lake area.' _ .
(2) going northwest, the "Ca]careous“ member, essentially. shaly.
‘tends to becone toarser with siitstones dominating the sections It
must be noted that the modification mainly seems to affect the upper
" part of the "Caicareous“ member, as- electric logs show’that the- 1ower
‘part particulariy because of’ the presence of thin 1imestone beds.‘
’aresembies the facies of the “Caicareous“ member in the.rest of the -
r:studied area. |
v b_ Figure 8 shows the distribution of th1s coarser detrytai facies
\\‘/)within the studied area In the Tower Kil]am No ¥ we11 the faC1es is
\\ composed of light grey argiilaceous siltstones, ordinarily very ca1-»
careous, thinly interbedded with dark grey, silty shaies, localiy rich
“in coaiy materia] ' ' ’
The thickness of the “Ca]careoas“ member is . high]y variable
“within the Beilshiii Lake area. In the southern part of Township 40,
Range 13, the "Calcareous menber directiy over]ies the Paieozoic o
surface, the irreguiar topography of which controls the thickness of
'the member in this area.' Moreover the “Calcareous“ mehber sediments
seem to have fiiied eroded holiows in the El]erslie sandstones and
d because of. these two factors, the thickness of the "Caicareous" member f
'ringes from 40 feet to 180 feet in the studied area It must be noted
that in the northwestern part of the studied region where the : ‘
\';'icareous uenmer is most]y represented by detrital facies,. the thi -
| is the most unifonm - about 100 to 120 feet

;{l__ 5

2 N
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The “"Calcareous" member of the Bellshill Lake area is not very

- fossiliferous with only a few ostracod and plant remains (see core

descriptions Appendix C) recovered in sowa of the studied wells.
However. numerous forms were recovered by wiliiams (1960 PP." 34 to
38) in wells situated farther west or north of the studied area (es— B
s pecially in the South Morningside\and Bonnie Gien wells, see map Fig
l) but these - were mainiy 1ong-rang\\§\species which did not permit
assigning a precise stratigraphic age to the member On. the basis of
the fossi]s, williams (1960) concluded: that the McMurray Formation was
‘continentai in origin except for the topmost few feet. _
| where the'"Caicareous" member direct1y over]ies the Paleozoic
surface, the base ofvthe member is very distinct as it corresponds to
.the cgntact between shaies (“Calcareous“ member) and carbonates (Devo—
?nian) E]sewhere, the contact with the underlying E11ersiie sandstones .
“ is: gradational and may not always - be p]aced with preci51on, especial]y
'in the northwestern part of the ‘area where the “Ca]careous" member is
. . . - e . . : )

si1ty

The Fgrt Aggustus Formation :

The ‘name Fort Augustus Formation was first used by Mel]on (1967)
» 'to describe beds above the - "Caicareous“ member of the McMurray Fonmation
b‘and below the marine Joii Fou sha]e in the Central Alberta piains. The
- name is taken from the Anglo-Canadian ‘Home C. and E Fort Augus tus No. 1]

'jweTI (7 29-55-21 H4) 25 mi]es northeast of Edmonton (Fig. 1), whe7e

s -the type section of the formation is present between depths of 2427 and

..2900 feet In the Edmonton area. the base of a per51stent g1auconitic
sandstone named the Habiskaw Member (Badgiey, 1952) marks the lower

,- -
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contact of" the Fort Augustus Formation.

» The Fort Augus tus Formation is corre]ative with the type . Clear- .
water and Grand Rapids Formations of the lower Athabaska River area;
* however, based on faun 1, 11thoIogical and stratigraphic arguments._ -
-Mellon (1967) in contras with Williams (1960, 1963), considers that

these names should not ; _ »
| A number of reasons Ted the author to adopt the scheme proposed
‘by Mellon (Fort Augustus Formation) rather than w1111ams twofo]d
subdiv1sion (Clearwater and Grand Rapids Formations)

| L the Clearwater marine 1nf1uence was rather
‘reduced in the Be]]shi]l Lake area; the Clearwater facies is 51gnifi-
rcantly thinner and contains much less glauconite 1n contrast to its
°facies in the Edmonton area. ' ’

‘ ) - the Wabiskaw Member (fu]]y marine) which marks
the 1ower contact of the Clearwater Formation in the Edmonton area is
absent.in the study area being represented (or part]y represented) by
,an erosion surface and by significant continenta] deposits which means
that the simp]e transgression regression cyc]e pattern distinct 1n the
‘ Edmonton area is . not as distinct in the study area ‘ '

" ; - the C]eanwater/Grand Rapids contact is not {\’N/

‘. always readily discernible in the Be]lshil] Lake area; as this contact

;1s also diathronous it appears preferab]e to include the beds above the '
\ X

o McMurray Formation in a single fonmation..'

-In the Bel]shi]l Lake area the Fort Auqustus Formation con51sts,

,jn ascending order. of: )

o= grey quartz sandstones and si]tstones, inter-

§
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‘laminated with black silty sha]es. (Based upon’ petrologica] and geo-
netrical arguments ‘these beds are 1nterpreted as river deposits during
eangy Fort Augustus time and are referred to as channel sandstones in
this work). | o _ | |
. _ -~ shales th1n1y~tnterbedded with siltstones,
’ sandstones or minor limestones, s]ight]y g1aucon1t1c (Clearwater
‘.facies) | N ‘ 7
" f’siitstones and‘sandstones interbedded with
‘shales and thfn<coaj beds (Grand~Rapids facies).
. For the convenienc\\in the 11tho1og1ca1 description of the

L formatwn kﬁo\owing sub
o ~

ivisions are proposed, 1n_ascend1ng_

‘order~
4;10wer'part'of he Fort Augustus Formation

(channel sandstones) o | | A ‘ i
| '"’ h_‘ . '<. ' r-"mivdd’leipart_oftheFont)qustus Fonmationy
| (C]eahwater facies) - - - B "l e \ .
o - upper part of the-Fort_Augustus Formation
A(Grand Rapids facies) o . -
» The same subd1vision was used in the cross- sect1ons and attempts
'were made to corre]ate these un1ts in the study area (see cross-sec- ‘
tions Flgs 4 - 7) L lv SRR

where no channel sandstones occur, the’ th1ckness of the Fort Augus—_
'ftus Fonnation rema1ns re1ative1y constant throuohout the studied area

. at about 330 feet. Hhere channel sandstones are present, its th1ckness'

~reaches a maximum of 485 feet

.

S
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Lower Fort Auqustus Formation

Lithologically the channe) deposits, which constitute the lower
part of the Fort Augustus Formation, are made up off1{ght‘grey.to
greenish grey, quartz-sandStonesﬁand_light grey quartZ siltstones,
either regu1ariy or 1rregu1ar1;>1nter1am1nated (or thinly interbedded)

h with greyish black to black, migaceous, silty shales. Siltstones are
;ma1n1y present in the upper part of the channel. Sandsione grain size

, (ordinari]y fine grained) ranges from very fine to coarse, grain shape
ranges from sub-rounded’to angular (mostly sub-angular), and sorting is

'generally good Graded bedding has- been noted 1oca11y

’ In the 3- 12 41 1244 well, 511tstones show abundant dark graﬁu]es

of shale, whereas sandstones include irregu]ar bod1es of sha]e in the
1-33-41-12w4 well. Shale pebbles were observed in the lower part of the
channe] in the 4-32-41-12W4 well,. and in the middle part in the 1-33-

'41-12w4 1; in the 9-15- 41-12w4 well, sha]e pebbles have a d1ameter -
o; severaT inches and are very irregularly shaped. '

Foss11 wood (pieces up to seVera] “inches 1ong), as well as coa1y(

and carbonaceous material are common. |

| In. one we]l (4-32-41 12W4) shales, inter]amlnated w1th1n fine
grained sandstone containing coarse to very coarse grains_as well as

) sha1e,pebb1es?,showidips_of abodt'46°‘(10° at ;hé base). However, it

musf'be:noted'that the pbsitioneofathese features fs such that they may

.v'belong'to'either the-éhanne] sandsfone'or‘to the underlying E]]ers11e.

© Menber. - o | ,

&, No fossil remains have been observed.in the sediments assigned
"to. the channel, although worm’traéks_and'borjngsgare common.
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Cross-bedding has been noted throughout the section in several

wells, 4)
| The,channel crosses the stydied area from east to west for about

20 miles.(see th;j8).“Rough1y orfented E to W in Townships 40 and 41,
Range 11, it shows two sharp elboms; tirst toward the north and then
toward the west again in Township 41, Range 12. The lack of well control
in certajn parts of the area does not always ‘allow detailed mapping of
the”channel but it would appear to be rather meandering. A number of
tr1butary channels seem to be connected with the main channel, with one
coming from the northeast_in Township 42, Range 12 and one from the
southwest in prnship 40, Range‘13

" The width of the main channe1 seems to be fairly constant, at -
approximate]y one and a ha]f miles. The widening which may be observed
in Townsh1p 41, Range 12 (2. 5 miles) 1s likely to be‘Selated to the
meander of the channel at th1s location.

‘ The base of the channe] which corresponds to the base of the
Fort: Augustus Format1on is generally difficult to determ1ne as channe1
sandstones often rest d1rect1y on the underlying El]ers]1e 'sandstones.
However, the contact seems -to be marked on electric logs in some we]]s

_by the presence of more sha]y beds (presence of shale pebbles? 1n the
sands tone sect1on. Th1ckness of channel depos1ts appear to reach a
maximum of 150 feet (see cross-sections IIT and 1V, Fig. 6 and . ®. It

_is on the edges of tne.channel and in the eastern part -of the studied
.are;'where the channel éuts the sha1y~facies of the "Calcareous” member
that its thlckness may be determ1ned.most accurately; in fact, in several
wel]s, shales of the “Calcareous" member appear below the channel sand-

. .gtones (see e1ectr1crlog, Fig.-9)r\ On_the other hand, the upper surface

RPN -
. ¢



29

T 100 -
T TER - -
o - }
e e e e £ —t - .
il e 0 A L =5
3
T pums -
TE fg’
. i . % i 3
e : S .
<=1 %
- <
L1 . “:l
- o K]
— - : Y
— Y g8 |
|__
3 7 ans -
- - N
= — $ -
-~
p—1 | y
" 1
—} !
e 1
S~
4 . v
- 1 e el o) & N !

T it e
94.0. SRLK, 3175°
RICHE {ELT. 01L ‘CORPORAT 10!

: mcnnn.n MUDSOM*S BAY soLor fr-8, .-
W.C.. SEDGENICK , ALBERTA '

FIGURE 9 '

RICHFIELD HUDSON' SYBAY BOLDT N°7-8 (7- 8 ~42- 12W4)

Electric log showing ncalcareous" member shales below the
: channel sandstone



P

30

of the channel’ depos1ts is genera11y we]] marked as it corresponds to
the contact between a massive sandstone section and shales or shales -

thinly 1nterbedded with m1nor s11tstones and sandstones. ~ /

i
»

B M1dd1e Fort Augustus Formation

o

The Towermost beds of the unit (1ower 30 feet) referred'to as,7
the Clearwater facies, are composed of light grey, quartz si]tstones'or
sandstones,Ausua11y s11ght1y gTaucon1t1c, interlaminated or th1n1y
1n¥erbedded w1th 1ight grey to dark grey, mlcaceous - pyritic sha1es, i
10ca11y rich in coa1 partlngs " Shales are a]so s11ght1y.g1aucon1t1c
1oca11y especially in the Towermost beds of the formation. Thin,-b1uish
grey sub 11thograph1c limestone beds may. 1oca11y be present as in the |
4-15-41-12W4 well. | |

.Grain size ranges from silt to ?ine'sand; grain-morphology from 7
. ’ . . . K

wanguLar to sub-angular and sorting varies from good to very poor. .ﬁ ' /
.Long pieces of fossil wood as well as carbonaceous material in /' '
. o B . - - - . i >
nodules up to half an inch in diameter were observed in the 10-32-41- | .

: ~ . %, . I
1204 well. . Black coaly materia1 is common throughout éi]tstones or v /

sandstones Sparse worm borings were also observed ' o
y A thin g]aucon1t1c siltstone or sandstone Tayer (10 feet th1ck) f
located, where no channe1 sandstones occur, about 20 feet above the |
1ower contact of the Fort Augustus Formatlon corre]ates over most of the
"

study area (see cross- sections Fig. 4- 7) This sandstone is d1st1nct1y

th1nner (10 feet. versus 30 to 60 feet), contains ‘much less g1aucon1te

and is carbonaceous in contrast to the wab1skaw-Member in the Edmonton R

area (Ni11iams, 1960) Since this sandstone is also located 20 feet

above ‘the -base of the Fort Augustus Format1on as def1ned in. th1s study,

o
R



- .which is-a]so/the base of the Fort Augustus Formation- 1s d1ff1cu1t to

’bthe mlddle part of t

'the stud1ed area..

\fsiltstones and sandstopes. Everywhere else the lower contact of ‘the unit

it is thought that the Wabiskaw Member of the Edmonton area is represen-
. ted here by the erosionusurfacejbéneath the‘channel sandstones whereas.x
'the glauconitfc sandstone in the study'areagmay'be chrono1ogiéa11yicor-

're1ative with one of the’gIauconitic sandstones~¢onsiderab1y above‘the

base'of the E1eanuater to the‘northeast (for examp1e the sandstone 130

" feet above the base of the Glearwater 1n the Imperial Eastgate well (1-

22 57 22N4) - w1111ams, 1960 - see Fig. 1).
The - uppermost beds of -the unit (upper 15 to 30 feet) are composed

.of dark grey, pyr1ttc, s11ty sha]es, th1n1y interbedded w1th 1u§§t grey . . .

to dusky ye]]ow mott]ed, glauconitic s11tstones or sandstones ‘Sand- -

stones are rather rare,-theycare usually f1ne(gra1ned to_very,f1ne

- grained and well sorted.

Ostracod remains were’recouéred'at‘the base. of the unit,”in',.

shales immediate]y above the channe] sandstones 1n the 3- 12 41 12N4

A'well wh1ch tends ‘to suggest 1acustr1ne type’ env1ronment cond1t1ons for

the 1owermost»beds of\the unit. However, the g]aucon1te content though
el , ks _

vreduced’in alT the're ainder of.the“unjt shows_théu the beds making up

Fort ;AugustusFormation are essentially marine

in or1g1n.-”

The thicknesf of the un1t var1es from about 40 to 70 feet in

m,_‘_‘

/’I

Uhere chaqdel sandstones occur, the 1ower contact of the un1t is

'generally we]l marked as 1t corresponds to the contaet between a massive .

sandstone section and s a1es or shales th1n1y dinterbedded with minor

~—— . .

i L L. ~ o, o AN o /
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.o -

‘determine with accuracy as it corresponds to the contact between two

.

[\

predominant1y shaly units: However, it must'be noted that the contact
frequently occurs 10 to 15 feet be]ow the base of a thin s11tstone layer
(usua]]y leSS\than 10 feet) which correlates over most of the stud1ed

area (see,cross-sect1ons F1g; 4»7)._,

Upper Fort Augustus Formation

Due to its Tow: attract1veness from the po1nt of view. of petro]eum

'prospects, the upper part of the Fort Augq%tus Format1on, here referred

v to as the Grand Rap1ds fac1es, was on]y rare]y cored in the Bellshill

Lake area, ‘and therefore was not stud1ed other than by reference to the

v work of others (Williams, 1960 1963; S1ngh 1964 Campbe11 and w1111ams,'

il_sorted iron-stained ‘feldspathic,,‘salt and oeboer'bsandstohes, mediumii?

»'_1965 Mellon, 1967).

‘In central A]berta it. consists of ". . .’medium-grained;.poor1y

Sy
e

\;grey, 511ty, carbonaceous shales. and coal" (W1111ams 1960, p. 42).

~1In the study area, electric 1ogs show the upper part.of the Fort *

o fAugustus Formation to be ma1n1y composed of res1st1ve, thus probably

fairly calcareous, s1]tstones and sandstonesu 1nterbedded Wlth shales.

' In'the northwestern'part‘of the area, siltstones and sandstones seem to

predom1nate in the lower port1on of the format1on whereas shales are

prom1nent 1n the upper portion thjs does not seem to app]y over the

-,'rema1nder of the region. f

. The thrckness of tag,upper Fort Augustus is re]at1ve1y constant
throughout the Be11sh111 Lake area - about 300 feet Minor variations
seem to be due to d1fferent1a1 compact1on phenomena.

F05511 rema1ns “are usua11y not abundant and thlS un1t is considered
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to have been formed mainly in non-marlne depos1tion environments (Singh,
’1964)

The upper contact of the un1t corresponds to the upper limit of
, the Mannv111e Group, the d1sconformab1e contact being located at the |
base of the ‘dark marine J011 Fou shales, wh1ch mark the return of the -

sea,1n the region.

;Age and Corre]ation of the Maﬁ&yi]le Group

On. pa]eontolog1ca] ev14ence, Mellon and Wall (1956) and w1111ams '
(1960 1963) ass1gned a Lower Albian age to the uppermost McMurray 7
_Format1on, but the lack of index fossiTs ‘did not a]]ow them to ascr1be
a precise age to the Tower part of the formation.. "The 10wer beds of
the McMurray Format1on may be as old as Apt1an but 1n the wr1ter s
opn1on the ev1dence is 1nconc1usive. Part of the McMurray Formation
(i. .e. the Dev111e Member) is- probably as on as Jurassic" (w1111ams,
1960, p. 53). | - | |

A study of the Mannvi]Te m1crof10ra enabled S1ngh (1964) to .
show that the base of the Mannville Gro‘ east- centra] Alberta was
‘not oner than late Barremlan. "The microflora of the basal Dev1]le
:Member is dated as late Barremian. and ‘that of the over1y1ng ETTers]1e
Member- as Apt1an“ (Slngh 1964, p 1). _

The upper Mannv111e Group 1s easier .to date Both_the fauna
'?(SteTCk et a]., 1956 Ni]Tiams, 1960) - and . the m1crof10ra (S1ngh 1964)
1nd1cate a Middle ATbian age for ‘the Fort Augustus Format1on

Therefore it seems. possib]e to summar1ze the ages present]y

o attributed to the different strat1graph1c un1ts of the Mannv111e Group

as followS' '
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Fort Augustus Formation B : Middle Albian
i | | ~ "Calcareous” Member - Lower Aibian

McMurray Formation . Ellerslie Member - Aptian |
: S ' -Deville Member - - Late Barremian



* CHAPTER .5 -
" PETROLOGY OF THE SANDSTONES

‘Size Analysis

Nineteen samp]es from the McMurray Formation and the ehannel
sandstones of the Fort Augustus Formation were ana]ysed in order to
get an approx1mate idea of the grain size distribution, to attempt an.
| env1ronmenta1 recognition, and see if the stratigraphic units couid be.
»Adistingu1shed by this method ‘ Seven of these samp]es cou]d not be -

"~ assigned to specific units wrth confidente because of their location in.
'sections. Distribution of samples is as foi]ows (Tocation of sampies - .
'Appendix B): o ’

‘9 samples -

Channel sandstones - = | =
"Calcareous™ ‘member -+ =1 sample -
‘EYlerslie Membec_\;/ = 2 samples
mElierslie or Channel sandstones =7 samples- -

tSandstones”were disaggregated in a mortar, using gentie pounding
“with a porcelain pestie Sampies were then examined with a binocular

g ;mic\dscope to check that aggregates were~comp1ete]y destrqyed

0il was removed from highly oil stained samp]es using a Soxhiet

. o
extractor with acetone as solvent Average treatment time for one

' psample was. about 8 hours and resu1ts were quite satisfactory for the

intended purpose. .
‘ Sieving was accomplished us1ng a_O 25 ﬂ screen interva] (- 1.0 to
N4 5 “p set) on a Ro-Tap shaker for twenty minutes. - o
- The data obtainéd (weights of different fractions) were pro-
cessed on the IBM 360/67 computer of the University of Aiberta Computing

. ECenter, using a program written for the Department of Gediogy, to deter-
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mine statistical parameters and plot the main size distribution
curves of the sediments. |

The mode median mean. standard deviation, skewness and kur-

. tosis were calculated by: the method of moments The computer.also gave

i

- made: L e

’ordinate..

the percentage of silt, clay and $and and for each sample plotted the

histogram, the frequency curve and the cumulative curve on probabilitx

The statistical parameters computed have been summarized on

yTable 11, and cumulative curves. are shown on Fig. 10 (Ellerslie and
‘i“Calcareous“ members) and’ Fig. ll (Channel sandstones) * Calculated

-‘statistical parameters were plotted by stratigraphic unit (Fig 12) to

o

see whether distinctions were apparent Crossfplots of all combinations_

-of’mean. standard dev1ation skewness and-kurtosis were'also constrUcted
:n(Figi 3).' In all cases, ‘the ranges of values encountered and extent
‘of mutual overlaps made it impossible to draw any definite conclu51on5‘

'from_theuresults, although the following_general observations may~bex'

o

1. Silt content is highest in the single sample from |

the “Calcareous“ member 1. 4%) and sample C l2 from the top of - the

channelwdeposits in the l3 22-41-12w4 well (37 8%) (This. latter sample>i_

is also anomalous in terms of the other parameters and was not 1ncluded

1n the calculation of average . values given-in Table II) The samples

of undetermined origin (labelled unknown on Fig 12 and l3) exhibit

e the lowest values of silt content

2. The unknown samples are slightly coarser-grained

“_(lower values of mode, mean and median) and'are somewhat more fine- L

.skewed (higher skewness values) than other samples.~i‘
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Several authors, notably Friedman‘$1961, 1962, 1967), and.
Moiola and Weiser (1968) hayve demonstrated'correlatﬁons between size
frequency distribution and depositiona1 environments; Only provisional
rules have been.established howeveriand numerous exceptions to these
rules have been observed. Superimposed upon the cross—plots of Fig. 13
: are the lines which dre supposed toiseparate different depositiona1 |
environments accord%ng to these authors As is apparEnt from the
figure, depos1t1onal environments of the samples ana]yzed in this study
cannot be d1fferent1ated on the basis of the empir1ca] “rules" sug-
gested by Friedman and M01o1a and Weiser “

Y

Composition of'the‘Sandstones .d' .

Materia]”and PrOCedure'USed

‘A total of 50 th1n sect1ons of the McMurray and Fort Augustus

/Format1ons were. prepared “Their strat1graph1c d1str1bution is as

r

~J‘fol]ows (see a]so Appendix B)~

"6 thin sections
29 thin sections
8 thin sections
3 thin sections
4 thin sect1ons

. Fort Augustus Format1on (M1dd1e Part)
Channel sandstones
"Calcareous" member
Ellerslie Member
Ellerslie. Member or Channel depos1ts(7)

ouonon o

. t"Because of the h1gh degree of fr1ab111ty of most of the studied 1
'sandstones, ‘about ha]f of the samp]es had to be solidified by 1n3ect1on
,of resin before th1n sections cou1d be prepared Th1s substance has
the disadvantage of "darkening" the thin sect1ons however, and has
!somet1mes made d1ff1cu1t the exam1nation and determ1nat1on»of matrix.
‘Most of‘the th1n‘sections were etched. with hydrof]uorlc ac1d
fumes for thirty seconds and stained w1th a concentrated sodlum co-,

ba1t1n1tr1te so1ution (Hayes-and K]ugman, 1959) After this treatment

-
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K-feldspars are stained yellow, whereas plagioclase appears milky
white from the etching.

| The point count method was used to analyze twenty thin sections
‘.whose stratigraph1c origin is 1nd1cated in Tables III and IV. Two
hundred and fifty points were determined using a spacing of 0.2 mm, -
.,fhey were classified as quartz, rock fragments,»fe]dspars, matrix,
. cement, accessories and pore space. As shown on Tables IIT and. IV
where the data as well as the calculated percentages have been summariaed,
a certain number_of supplementary subdivisions were also made, e.g.d
rock fragments include chert, mud-rock fragments, and metamorphic
rock fragments, h | |

Most of the petrographlc properties of sandstones have a]ready

been reviewed, notably in the lithologic descr1pt1on of units (Chapter
N 4 - Stratigraphy). These character1stics w11] not be dealt with again
>here, they have been summar1zed in Table V along with the main composi-

" tional characteristics of the sandstone.

~

Cogpos1t10n of El]ers]1e ‘Sandstones -

-Ellerslie sandstones are character1zed by the1r high quartz

~ content (56% to 83&). and their Tow fe]dspar and rock fragment content
(respect1ve1y 1.2% -to 2.0% and 1 2% to 2.4%). Matrlx percentage ranges
~from 1 2% to 8 3%. Sandstones are often cemented essentla]]y by ca1c1te,n
ithe percentage of ca1c1te reaching a h1gh of 40% 1n ‘one of the thin
sections (R83). Accessory minerals recorded are muscovite and tourmallne.

Pore spate percentage varies from 0 to 8.0%. However, owing to the/ |
'high degree of friability of most of the sampTes and the treatment to

which certain samp]es were subjected,.only limited reTTab111ty.may be :
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"corded ‘“f«

. a tr1buted to th1s character1st1c.

{h .As recent stud1es (B1att and'%hr1st1e 19633 Cono]1y, 1965)
have cast doubt on the va11dity of/genet1c quartz varieties such as
those defined by Folk (]961), no‘attempt has been made in this study
to distinguish. genetic groups. HoweVer,.;*rap1d survey of ‘the samp]es
has shown that the percentages of - po1ycrysta111ne quartz and quartz
grains with strong1y undu]ose ext1nct\on were 1ow, rang1ng from. 1% to

5% and’ 2% to 17% respective1y, the rema1nder be1ng const1tuted by common

, quartz, no. vo1can1c quartz hav1ng been recorded

K—fe]dspar (m1croc11ne essent1a11y) is a1most tw1ce as abundant

as o1ag1oc1ase. Feldspags seem to be main]y 10ca]12ed~1n the,most fine
grained parts of the‘samp1es "Thin Section R72'showsrnumerous feldspars

_weatheced\to clay (ser1c1te or 1111te7)

Chert (ma1n1y/éf the cha1cedonic type) accounts for most of the

E /-
: rock fraguents and on]y a few metamorphlc rock fragments have been re-. .

mhf
,‘d'

Ty

*Matr1x is essent1a11y clay (probab]y 1111te) w1th 1esser amounts

-of 1ron ox1de and b1tum1nous mater1a1

With the except1on of th1n sect1on R&J Where s:l}ca cement in.

k_; apprec1ab1e amounts occurs as authigenic ovepgrowth in optical cont1nu1ty”

' *uw1th quartz grafns (P1ate I- 1), cement 1n E11ersl1e sandstones is

R ma1n1y represented by ca1c1te (no d010m1te was recorded) As~4n an the

;'other Mannv111e Group sandstones calcite always occurs in the form of

>

‘iveny ﬁ@ne carbonate mud“, rather than we]] crysta111zed sparlte, In

b
411’ .L

)th1n'section R83\where ca1c1te cement makes up to 40% of the samp]e

'f:;Jﬁfvolume, ca1c1te was found rep1acing quartz gralns Rep]acement of quartz

':gra1ns by ca]cite may be he1d responsib]e for the low quartz content ,v

ulf;‘:_fij <;»~‘-‘,“- - &3
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(56%) of -this thin section as compared’ to other sections.(77% and 83%).

| Conposition’ of "Calcareous” Meiber” Sandstones
o Sandstones otfthe!“CaicareouS“~member are characterized by a
quartz content Tower ‘than that of. the El]ersl1e Member (average 60%),
a fe]dspar content sl1ght1y h1gher (2 to 5%), and rock fragments dis-
vt1nctive1y higher (5% to 16%). " Matrlx percentage ranges from 8% to
- 28%. Sandstones are frequentTy cemented, essent1a11y by. ca1c1te wh1ch

-ranges in percentage from-10% to” 28% Accessory m1nera1s recorded are

muscovite and q§§5g@“\$Pore space: was practlcally non-ex1stent even
k3

.L}” ?"‘

when- ca]cite cement was absent in’ the f1ve th1n sections exam1ned in
‘_deta1] | | . R ‘
Common quartz predom1na&es (91%) as compared w1th quartz hav1ng
strong]y undu]ose ext1nct1on (5%) and po]ycrysta111ne quartz (4%)

Thin needles of muscov1te are present as 1nc1us1ons within quar,~e

grains. _
K- feldspars (m1croc11ne most]y) seem to be more abundant than
plag1oclase.‘ _: ~f"‘ :.; ,"i‘ f.*-{ b
' Chert: content was h1gher than other rock fragment content
Matr1x is composed of quartz, clay and 1ron oxide. When one of =
these components dom1nates the matrix, 1t is iron ox1de when two com-‘
b'*ponents make up a1most the who]e matrix, they are iron ox1de and c]ay
s C}ay when present is either th1n1y dissem1nated w1th1n the” th1n section

or gathered 1n 1arge dark brown "concretTons" (Plate I - 5). Bituminous -

mater1a] was also recorded N o L~ ‘ . 1;'_ N

o

Bes:de authigenic quartz overgrowths, ca]cite is the on]y cement

rn

: whlch has been observed‘\ Distribution of cement 1s 1rregu1ar. In manyP

5.



thin sectlons calclte cement 1s’ abundant where gralns are coarsest and ,
reduced or even absent where very fine grains occur " In a few thin '
sections ca]cite was found replacing quartz gra1ns and si11ca cement
(P1ate I -6 ). _.-" SR f o "é

- In a]most a11 the th1n sections exam1ned, ‘certain components
(e g. chert and rock fragments) are 1oca11zed in spec1f1c areas, or-r
gra1ns are dxstributed in 1am1nae or Ccross- 1am1nae as -a funct1on of

the1r size (P]ate I -7.

Compos1t1on/of Channe] Sandstones o

T4

:' Channe1 sandstones are characterazed by a re1at1ve1y 10w
quartz’content (32% to 71%), a low fe1dspar content (1% to 2%), and‘
“a relat1ve1y h1gh rock fragment content (3% to 8%) ' Matr1x content
’1s elther very 1ow (1% to 2%) or. fa1r1y h1gh (30%) Half of the ‘f,f
th1n sect1ons studied 1n deta11 were we]] cemented where cement -
(ca1c1te) 1s present 1ts percentage ranges in. vo]ume from 3% to 28%
: Accessory minera]s recorded are. muscov1te, tourma11ne and more- rare1y
Z1rcon.~ Pore space is c10$e1y re1ated to ca1c1te cement content, it
is e1ther very Tow (1n the order of 1%) or re]at1ve1y h1gh (20% to
27%) ' ’ . ) o

4 As in the “Ca]careous" member _common quartz is 1arge1y pre-"
dom1nant (90%) as compared to grains w1th strong]y undulose ext1nct1on
- (5%) and polycnysta]line quartz (5%). R _Q" ' _
o K-feldspars and p1agioc1ase seem to be present 1n approx1mate1y
equa1 amounts in the studied thin sections. Both m1croc1ine and

aw‘orthoclase haye been_recorded. Albite was. 1dentif1ed in thin sect1on
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EZO.‘ Feldspars 1n thin sectlon Al7 are frequently weathered into
'clay (seric1te. 1lllte?) ’ ‘ _
Chert (80%) is far more abundant than other rock fragments (20%
' = mainly mud - and metamorphic rock fragments but carbonate grains have
also been recorded) ' Feldspars. ‘chert and other rock fragments are

commonly local1zed 1n the same parts of. the thin sections.

Matrlx components are clay, \ron oxide, quartz and bitum1nous

) mater1al. The volume of matrix was f 'd to be erther very low (l% .
Vk.- 2%) or very h1gh€20%) and this charac rist1c does not seem to be '
7l1nked to. the- presence or absence of calc1te cement Somet1mes-matr1x
composed of clay, 1ron ox1de and~quartz makes up thln lam1nae (sect1on

" N42, Plate I - 8) In another case, matr1x essent1ally composed of clay
1»forms very th1n f1lms around quartz rock fragments and . feldspar grains '
(sect1on J42 Plate II -1). . o L

Although 5111ca cement is almost always present as authigenic

quartzhovergrowths calcite, whose content ranges from 0 to 28%, ‘con-
fst1tutes the predom1nant cement. In most of the thin sect1ons exam1ned
it was found replacinq essentlal components.' Calc1te often seems to . f
have replaced snllcaicement and percentages'of the latter are perhapS' '
B far below original-anounts. Replagement phenomena may. have been ex-
tens1ve in certain areas ‘where calcite makes up large patches in these"
areas skeletons of grains whicﬁ'have been replaced may often be seen
_(Plate II - 2).. Extensive replacement may be’ responsible for the low
l:“quartz content in ‘thin Sectlon J42.
V Although laminae may be observed 1n certa1n thin sect1ons, most

- of the thin sect1ons exam1ned were far more - homogeneous than those from

vother stratlgraph1c units (Plate II - 4)

a-



A composition of Midd'le Fort’ Augustus sandstones

[ Sandstones from the middle part of the Fort Augustus Fonmation'
“(Clearwater facies) exhibit a 1ow quartz content (44% to 64%), a’

relatively high feldspar content {4%. to 7%) and a high rock fragments

B content (1% to 15%) Matrix content is also fair]y high (9% to 32%)
. ;whereas cement though always present -and ranging from 2% to 20%

‘seems to be -far more reduced in volume than: in Lower Mannv111e

fAccessory minera]s recorded are muscovite zircon and espec
“7glaucon1te.j Pore space was found to be aimost nil (0 to 1%)
' K—feldspars (orthoc]ase and microciine)’and p]agiociases seem '
‘~;5;to be present in almost equa1 amounts. They were fa1r1y often found
tto be weathered 1nto c]ay and were sometimes, for th1s reason. hard
: ;to distingu1sh from matrix ciay. . : v
N In contrast with the stratigraphic units described above, ‘rock
;K{ fragments (essentiaiiy metamorphic rock fragments) show on “the who]e
;:'a percentage s]1ght1y higher than that of chert (most1y cryptocrysta]-
fi]ine and mlcrogranular chert) C 'd '
Matrix is essentialiy compdsed of clay (presumab]y 111ite)

Iron oxide, quartz and bituminous mater1a1 are -also present but far

t
!

- ,gless abundant. fffi,; o -‘j_: - .:a_; "t R o o

. Aithough authigenic quartz overgrowths are always present, 511ica S
- Acement is in fairly minor amounts as compared to ca1c1te cement. How-"
ever only in thin section J6 d1d ca1c1te cement show an important )

. \"?:" ’9
. percentage.- Caicite where present in significant amounts was found

=~ 0 replace quartz grains extensivaiy.

ot



Texture of Mannville sandstones

The sandstones anaiyzed though re]atively different from one -
: stratigraphic unit to the other, exhibit a certain number of common |
-features which deserve a few'remarks. ‘ S ‘
Their petrography shows features of sandstones which have never‘:

:Lundergone deep buria1 This fact was aiready pointed out by Niiiiams :
7,(1960) The most noticeable features that he pointed out were _the

-hfriabiiity of the sandstones, the presence of the authigenic quartz'
ﬂ._overgrowths, the preponderance of tangential inter-grain contacts .
.and the lack of carbonate cements. The author genera11y agrees . With
most of these arguments, but the present study seems to disprove the
.;last feature presented (1ack of carbonate cement) Finaliy it should
-fbe added that none of the criteria presented by Tay]or (1950) for the'
recognition of the effect of pressure onﬂsandstones, name]y the number .
.of contacts per grain, the presence of concave, convex and sutured
1contacts, and the crushing and,yielding of micas, fe1dspars and rock.u
-fragments (p 716), were studied in the Be]]shill Lake area.v:4;'
' Cementationdphenomena also deserve additional study In addition
to silica and caicite, a number of otheg\eiements p]ay or may play a
.signifhcant ro]e, for examp]e, clay, iron oxide bituminous material,‘,"
feldspars which do not exhibit the rigidity of the unaltered state and
"mould" themselves around the nearby grains, and muscov1te which be«j f
'cause of 1ts p]astiCity, when compressed between rigid grains, takes a -
fan-like shape in intergranuiar spaces (Piate I1 ~ 6). Feldspar and
. .

’ mUSCOVite re not normaliy assigned to’ the cement c]ass, but

components such as clay, iron oxide and even bituminous material wﬁich g
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.. K .0 . .
" have always'been classified as matrﬁx in this study, in certain cases
‘could . have been classed as cement ‘ |

v There is’ ev1dence that the ca]cite cement sometimes deve]qped

1ater than silica cement, as calcite 1ocaliy rep]aces authigenic quartz "
overgrowths.‘ It seems difficult however to state that this is the Lo
general ruIe -as, it is difficult to determine if carbonate cement is of
primary or secondary origin. i e N if carbonate was brought 1n so1ution
at the time of deposition (primary cement) or posteriorily to dep051tion -

time (secondary cement)

Carbonate may have originated from igneous rock minera]s,_f

". especia]ly pﬂagioclases but most of 1t must have come . fran the weathering

"and erosion of limestone strata. Nater “in which the E]ierslie ‘and "Calca-
reous“ members werepdep051ted must have been re]ativeiy rich in carbonate,"
probably from the erosion of Devonian limestones. This was not as'
]1ke1y during Fort Augustus time as. most of the Pa1e0201c strata wereb

covered by Lower Mannv111e sediments.»

| Classification of Sandstones

_ Sandstones classifications ‘have proliferated in the hterature,j
especia]ly during the 1ast two‘decades and the ch01ce between one or
another is sometimes difficuit to make. For the purpose of the present
study,ga compositional c1assification that of TraVis (1955), was used
The main characteristic of this classification is that chert and quart21te
grains ‘are inc1uded with fragments 1nstead of with quartz.

‘ Figure 14 shows thgjgrOportion of essentia] components (compo— =

g nents necessary for the sandstone claSSification) reca]culated to. 100“*

»
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per cent for each samp]e (see Tables III and IV). ‘According to Travis
nomenclature. sandstones from the Ellerslie Member are quartz sand-
-.stones, "Calcareous" member and channel’sandstones are transitional be-
_ tween quartz and 1ithic sandstones, whereas sandstones from the Fort
‘Augustus Formation are lithic sandstones but with-a 1ow rock fraqment
content.. _ -
As for the three samples.of~undetermined stratigraph%c origqn,
they all are quartz sandstones, but only one of them (P1é) is definitely
‘related composit10na11y to the Ellersl1e Member sandstones, the two - .
others are rather transit1ona1 between Ellerslie and Channel and there-

fore may not be aSSIQHEd with conf1dence to either of these deposits.

!



CHAPTER 6

REGIONAL PALEOGEOGRAPHY AND DEPOSITIONAL ENVIRONMENTS

[}

General Statement

The end of the Jurassic and early Cretaceous time corresponded

generally in the western Canadian interior to a period of oxténsive
erosion;' In the Be]]shi]l'Lake area, where the'base of the Mannville
Group, considered not older than late Barremian (Singh 1964) direct]y
overlies formations of Upper Devonian age, 1t is rather difficult to
'battribute an accurate age to the post -Paleozoic erosional surface.
’ ”Based on evidence from adjacent areas however, the MiSSiSSippian sea .
. (and aTso the Jurassic sea?) probab]y spread widely over the region,
which -reduces somewhat the period during which this erosional surface
deve]oped _ |

Starting probab]y in late Barremi~ e first sediments de-
posited on the post -Paleozoic er051ona1 surface were contiqental in
origin. Marine conditions developed with the arr1va1 of the C]edﬁiater
transgre551on in-Middle Albian time, and when the C]earwater sea with-
drew toward the north, cont1nenta1 depositiona1 conditions ‘returned "
with dep051tion of the 1ate Mannv111e sediments

It is this period stretching from late Neocomian to 1ate

* ,Midd]e Albian time that w111 be reviewed in the following pages For ;

each of the stages, an—outline of the paleogeography in the Bellshill
-'Lake area w111 be given, as. we11 as.a reconstitution of the 1oca1 de-l
p051tional environment. One of the important features under]lned in
 this study.,nameiy the channel which developed during ear]y Fort

- 55
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—

Augustus time, will be particularly examined. It will b .seen that
. . P

sedimentation in the Bellshill Lake area has been affected by-h>d(p—

dynamic, chemical and biological factors, sometimés in multiple

combinations.

Neocomian Time

The pre- -Mannville erosional surface may have begun to form
in late Jurassic time and even earlier; whatever the case may be, it
seems that it has to'be attributed an essentia11y Neocomian age. Hydro-

\"\\

dynamic factors 1arge1y preva11ed over‘the\area during this per1od, and

——

‘the region was ~drained by rivers wh1ch had a horthward‘or1entat1on and

flowed into an arctic sea. In Alberta the former course of these

rivers has been reconstituyed in detail by Williams (1960) who dis-

tingui{shed from west to east: the Edmonton Channe],hthe Wainwright
Ri e, the St. Paul»Channel. Owing to the relatively flat regioﬁ%ﬂ

- dip of the Paleozoic strata on which the rivers wereAflowing, it seems
’liher that lithologic factors control]ed\the‘distribution of valleys

and ridges Thus Williams' remark stating that "a . . the Edmonton

Channel deve]oped in carbonates of the Nabamun format1on in part due

to deve]opment of karst features“ (1960 P. 15) appears p]ausfble

These mature r1vers f]owed in d1st1nct val]eys, the prof11es

of wh1ch as we]] as of 1nterf1uves are - very we]l marked In the Be]]s““,

hi]] Lake area, the riverbed in one of the upper arms af the Edmonton

" Channel was about 3 mlles w1de, a fact wh1ch may be accounted for by
b v :
the meander1ng character of the river coursee

Iy

The only sediments whlch were preserved from‘thrs per1od are

represented by deposits of the Dev111e Member, wﬁ1ch accord1ng to
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Singh (1964) mjght have been formed at the end of Neocomian time (not
-older than late Barremian in age). These deposits have been noted and
described 'in several regions in Alberta, but were not observed in the

study area.

Aptian Time

In the Bellshill Lakévaféa, Aptian time was sfil] dominated
by hydrodynamic factors. Chemihaf factors exercised 1itt1e influence,
being manifested on]y by {hcal ca1c1ficat10n of the sandstones which
were laid down dur1ng this per1od. although some of the calcification
' may a]so be gost—Apt1an in age.

The‘paleogeographic pattern outlined for the Neocomian
period }emained.virtua11y'the same during Aptian time. However,thé
phase of.Cutting of the river channels was succeeded by a phase of
filling up and deposition (Ellerslie Member sandstones). This phase

n"for a river is often to be related with a rise in its base level; in

this Casg it may signify the southward advance of the arctic sea.

fhé\SJmp1est situation implies that f1111ng of the channel
was accomp11shed ﬁrqgress1ve1y'from bottom to top, however fluvial
4terraces~mqy’haye been‘dg?os:ted-during the cutting phase of the rivers,
and therefore part of thé>é{19rslie sediments may be pre-Aptian in age.
A?ternat1ve1y pos1t1ve and negative osc111at1ons of the base level may
have developed 1mbr1cated terraces of different ages at d1fferent ele-
vat1ons, thus it does not seem to be suff1c1ent to consider on]y the
e1evat1on of the d1fferent strata in order to attrlbute relat1ve ages ;
‘to beds 1nc1uded in the E]lerslle‘Membgr. and the absence of fosslls in

’ sediments'df_this type makes>pa1eohtologicathage,determination impossible.



In'barts of the- studled area, the top of the E]]ers]le

1dstone, ord1nar11y re]at1ve1y f]at has been mod1f1ed probab]y by
erosion. Er051ona1 act1v1ty may have taken p1ace elther dur1ng the -
depos1t1on¥of the "Ca]careous" member (the “Calcareous" member shales
,f111 up - the ho]?ows thus formed) or in late Ellerslie.time. Tak1ng into
'account the fact that mechan1ca1 factors were probab]y not very 1ntense
during tﬁe "Ca]careous" member depositional processes, the ‘writer fee]s
that the ho110ws present1y observed may be the 1ast channe]s of the
rivers (or r1ver) which depos1ted the sandstones of 1ate E]]ers11e t1me

The evo]ut1on from f1uv1a1 to 1acustr1ne env1ronment may have been

'Are1at1ve1y rap1d (the contact between E1lers11e and "Ca]careous" members'

*

is’ a]ways qu1te sharp in these areas) and fo]]owed subsequent]y by the »
f1111ng in of the channe] by predom1nant1y sha]y sediments. '
| s These v1ews tend to appr0x1mate those of Martin (1966). In
:h1s study aof the area east of the Be]]sh111 Lake f1e1d, name]y the
. Hughenden area, in the same va11ey,‘Mbrt1n states that ", .. this o

iva]]ey is filled w1thva thick sect1on ‘of 'Basal Quartz' sandstone beds,
wh1ch are shaped in several terraces The‘terrades oo were formed
‘ by the river cutt1ng down 1nto its own sed1ments, presumab]y as a resu]t
of the subs1dence that affected its source area dur1ng Mannville time"

- (p. 2306) The wr1ter agrees with the idea of a river cutting down
- into its own sed1ments and ‘thus 1eav1ng the trace of its last location,
however, as will be seen 1ater on,,the }1nd1ngs of- th]S study do not -

agree w1th Martin's views regardlng the lnterpretatlon of the upper part

N

of the. E]lerslle sandstone. /i . . .

-
]

It has a]ready been pointed out that the E]lers]ie/sandstones

I
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were d1st1nct1y coarser at the base than at the top, the size of the
Ca ,
e]ements rang1ng from one inch d1ameter sha1e pebb]es at the base to E
silt at top. Thus the competence of the stream seems, to have cons1der—
) I

ably decreased dur1ng the per1od of_“;,grs11e depos1t10 > probably in,

‘part due to the obstruct1on of ‘ bed by trans/arted m1nera1s as

a result of-a r1se 1n base 1eve1 e r1ver must have then occup1ed a

good part of he floodp1a1n with 1ts meanders.: This out11ne ‘of ‘the -

" conditions at the - f- Apt1an t1me 1n the Bel]sh11] Lake area presages Z'ij
the pa]eogeograph1c pa tern dur1ng ear]y A1b1an t1me and the probab]y
]acustr1ne depos1t1ona1\env1ronment under wh1ch the "Ca]careous" member .

sed1ments were depos1ted E ':-.f' _d’_r R ’-, o -‘_Y~f“ STy

‘A1b1an T1me - ' , 7
A1b1an t1me in western Canada 1s character1zed by the 1nva510n

:of the 1and by two mar1ne transgress1ons, the fzrst dur1ng M1dd1e A1b1an,
~ the second during Upper A1b1an time. Lower Albian t1me was marked in
:the Edmonton area by a 1acustr1ne env1ronment trans1t1ona1 between
that( of the E]]ers]1e (cont1nenta1) and that of the C]earwater (Lower

or Augustus) which was ful]y marine. _ ‘ ‘Qv
| In the Be]]sh111 Lake area, the “Ca]careous" member depos1ts are
also a551gned 2 1acustr1ne or1g1n, fo110w1ng other authors (W1111ams,
:~1960 Mellon, 1967) who dea]t with these sedlments on a reg1one] scale.
In contrast to the Edmonton area, the "Ca]careous" member in the Be]ls-
hill Lake area does-not grade upwards into mar1ne depos1ts In fact, 4

1ear1y phases of the Mlddle A1b1an transgression were on]y s]1ght]y felt.
. in the study area,'and_the\regjon was st111 characterized by cont1nen-
tal conditiens with aCtive fluvial.erosion and production of detrital

q



TR
60"

: depos1ts (channe] sandstones) Subsequently, the area experienced a

Y

'complete transgress1on regress1on cycle in Tate M1dd1e A1b1an time.

Lower A]bian

-
The nature of the depos1ts making up the "Ca1careous" member in

- the Be]]sh11] Lake area (coa] rich sha1es, carbonaceous material, car-

bon1zed wood rema1ns) as wel] as 1ts foss11 remains (freshwater mo]]uscs

- and arthropods), are in agreeﬁent with the essent1a11y lacustrine origin

IV‘assigned to these deposits by other authors,who>studied'them in Central

"Alberta (W1111ams, 1960 Me]]on 1967)

The evo]ut1on from a f]uv1a1 to a 1acustr1ne env1ronment must

’have been progress1ve as attested to by the ordinar11y gradat1ona1 con-
'tact between the E]lers]1e and the "Calcareous" members , perhaps in part .

“’due to the obstruction of the r1ver bed by transported mater1a1s, result-

1ng in a decrease of the stream competence Slight tectonic t11t1ng or -

'damm1ng by sediment,. . . cou1d result in - the deve]opment of 1arge,

-shal]ow Takes . . . As the 1akes ?111ed with sed1ment and approached

. sea 1eve1 they wou]d prov1de the appropr1ate env1ronment for the Ostracod

’ suggested that some of the Ostraff

_and mo]]uscan fauna of the%:Ca1careous“ member (W1111ams, 1960 p. 47).

‘A number of other researchers (Loranger, 1951, andNS1ngh 1964) -

jyfauna of the “Ca]careous ember may

" have deve]oped in fresh or s]1ght1y brack1sh water, such as m1ght be ex-

:»pected in-a lake near sea 1eve1, or in a bracklsh env1ronment bordering a

-source of freshwater or even in fully brack1sh type of env1ronment The_

fact that gypsum crystals were recorded in the 4-15-41- 12W4 we]] in the )

'present study would seem to agree with these views. The cryptocrysta]- .

: 11ne limestone beds which are 1nterbedded in the "Ca]careous" member

.j'shales in_the Be11sh111 Lake area suggest that in th1s sector during
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Loner—A1bian time,-chemical‘factors'(a1ong with bio]ogtcaT factors)vsdo—
planted hydrodynamicdfactors.which prevaiied over the region since early
Cretaceous. o |
To a 1arge extent the character1st1cs of lake sed1ments are

determ1ned byrthe size of the lake, but also by the nature and amount
of sediment introduced 1nto it. In the Bellshill Lake area, 1t'is pro-
bab]e that severa] success1ve ]akes whose location, shape, and character-
_1st1cs may have changed ent1re1y and very rapidly dur1ng the per1od under
-cons1derat1on received sed1ment~dur1ngu"Ca1careous“ member time. Under
those conditionsfit'appears relatively difficu1t’to attempt even -an ap-
oroximate reconstitntion'of-the configuration of theser1akes. NeverthE-
-'~1ess,'the presence jn;the northwestern oart of the‘studied area (see :
map. Fig. 85 of a'facies where siltstones are very prominEnt, as compared
'to the facies (essentie11y:sha]es) of the "Calcareous" member in the ,
B rest of the region warrants'discusSion.‘-These sediments in the north-
western part of'thejarea are probab]y not shore deposits, but they seem
to be essent1a11y sheet-1ike deposits. They more 11ke1y represent off-
‘shore depos1ts whose or1g1n m1ght be Tinked to a 1oca1 arrival of detrw—
dta] mater1a1.com1ng from the north. A study of the "Ca]careous“‘member
in the area stretching northvof the stud1ed area would permit the con-

firmation of,this hypothesis.

‘Middle Albian

Fully Eontinentai conditions prevoiled agdin during eariyﬁ
M1dd1e Albian t1me with the deve]opment of the 1mportant channel which
crosses the Be11sh111 ﬁake area as an outstand1ng feature of the region.
OW1111ams (1960) descr1bed the channel depos1ts wh1ch occur w1th1n the

' "Ca]careous" member west and northwest of Edmonton, and some oiT

61
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company geo]ogists showed the. occurrence of simiiar features, thouqh

younger, 1n southern Aiberta To the writer's knowiedqe channe] 'sand-

‘t stones have not been reported from the Beilshlii Lake area.. As several

authors have proposed different origins for the dep031ts in. question,
carefuT examination wi]i be given to the different eiements which
1eads to the conc1u51on that an er051ona1 channel traversed ‘the region'
in ear]y Middie ‘Albian time.

Late Middle Albian time is characterized by a complete trans*'
gre551on-regre551on cyc]e in the Bei]shi]] Lake area, apparentiy
c01nc1dent with the max1mum extent of the C]earwater sea- transgression‘
.toward the south and’ 1ts subsequent northward retreat 1n ‘Jate Mannv111e |
time, | | ' |

A]though the marine 1nf1uence was a]ready evident in the

sha]es 1mnediate1y above the channel sandstones, the g]auconitic 511t—

_ stones-and sandstones mark the beginning of the transgre551on in the .

Bei]shiil Lake area The thickness of these beds is rather uniform
‘w1th1n the studied area, suggesting ‘that the sea transgressed across R
L rather uniform surface These beds thus constitute the first strati-
graphic unit which was. not inf]uenced during its dep051tion by the Paieo- |

zo1c pa1eotopography, aithough it must be noted that 1oca11y, 1mmed1ate1y

1 east of the Thompson Lake fie]d these 1ayers 1ose their 1ndiv1dua11ty

" as tﬁe usual giauconitic sandstone facies passes 1nto a shaiy facies

According to Niliiams (1960 pP. 49) the next phase of the cyc1e

began ﬂ.;._..with the period of stllistand at . thetmaximal areal extent

. of the sea. As the rate of sedimentation tncreased, sand was deposited

across the entire area, the shallow epicontinentai sea was f111ed w1th

e
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_ sediment and continentel conditions preva11ed“ Therefore the iower'oart o
of the Grand Rapids facies, in gradationa] contact ‘with the underIying
'shales is marine and the beds become progressively more non- marine
upward. . x A
The last phase, according to Ni]]iams (1960), corresponds to
emergence and erosien of prev1ous]y depos1ted sediments prior to

‘1nundation by the J011 Fou sea. Accord1ng]y, a d1sconfonn1ty has been S

j\p1aced at the top of the Fort Augustus Formation.\?
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" CHAPTER 7 "\'

" CHANNEL SANDSTONES |
, IntroduCtion' -‘
,;, Several authors have descr1bed the L mer Mahnv111e of the

\\-
BeTWSh11] Lake and adjacent areas and discussed the or1g1n of the

‘thick sand sect1on which gives. rise to the Be]]shi1] Lake and Thompson o
Lake fie]ds. ‘ '

Rudolph (1959), report1ng on the Be 111 Lake field discovery

'1n September 1955, stated that ". [ . the Basa] rtz sand was prob- ‘

_ ab]y depos1ted in a sha]low fresh-water or at 1east part]y fresh-

water arm of the Lower Cretaceous sea", and that it was “. .". cur-
rents which caused the deve]opment of the sand bars with1n the Basal
Quartz sect1on of the Lower Cretaceous, such as at Be]]sh111 Lake"

(p 882) ) Th1s exp]anat1on bes1des being vague, cou]d not be retained

. in the present study because the conf1guration pf the thick mass1ve sec-

' v t1on of the Be]ish111 Lake .area- can hard1y be. 1ncorporated 1nto a
"sand- bar" mode1 of a near—shore marine depos1t10na1 env1ronment ‘

) Conybeare (1964, 1967) and Mart1n (1966) 1nterpreted the thick
sandstones above the E]]ers11e Membeg_ in the Bellshill Lake area as
be1ng “; .. portlons of eroded river terraces 1n a drowned va]ley"
(Conybeare 1967 p.. 337) thus related to the under1y1ng E]]er511e
sandstones.- In such an. 1nterpretat1on this feature wou]d have fonned
~in E]lers]ie time and would have been surrounded and bur1ed by the
‘ "Ci]careous member shales. The writer cou]d not’ reta1n this 1nter-

| ,pretation either,qkﬁa matter of fact it is rather difficult to tmagine

.
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ja river terrace ‘being eroded in such a regular fashion having an almost
constant width. Furthermore these “eroded river terraces“, because of
the re]ief that they"lu]d have presented should have 1nf1uenced the

:; nature and the d1stribut1on of the sediments of the over1y1ng "Ca]car-

eous" member. It has been’ shown 1n this WOrk however that distr1bution

~ of the “Ca]careous“ member* deposits is: quite 1ndependent of the d1stri-

‘ bution of the sediments under consideration and that in fact “Ca1cbreous

member markers eSpecially in the eastern part: of’the stud1ed area ‘

(detrita] facies) correlate across- the channel.

A]ternative Origins

_i' ' The 1nterpretations of the sandstones 1y1ng above the E]]erslie
Member, as being channel-f111-depos1ts 15 supported by\severa1-11nes of
ev1dence which will be reviewed further on. Init1a11y, however, other
_hypotheses were not exc1uded and were considered. |
| First of, a]l, it was possible that the sandstones over1y1ng
the Ellerslie Member depos1ts might represent a barr1er-1sland dep051t
associated with the C]earwater transgress1on separat1ng marine deposits

in the northwestern part of the stud1ed area (e. g detr1ta1 facies

i attr1buted to the "Calcareous“ member in ‘this work) from - 1agoona1 type

f.p;depos1ts in the eastern and southeastern part of the reg1on (e g.

k sha1es, thin 11mestone beds attr1buted to the “Ca]careous" member in

this. work) However the geometrica] pattern of these sandstones (see

| fmap F1g 8) is meandering and b1furcat1ng, and cutsacross these two

'}'facies almost perpendlcularly | Besides, the shaTy facies of the "Cal- "

-._'careous" member 1n the Be11sh111 Lake area: 1s quite sim11ar to that

; found in other regions of . Alberta.

A second possibi]ity was that a11 the “Calcareous“ member in :

R
S,
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’Athe‘northwestern part of the studied area had .been eroded by a major
river and that the“detritai faéies.that'ts now found there is associated
wtth‘the channe] deposits proper. This hypothesis has been partly re-
tained since in certain places the thickeSt sandstone beds at the top
. of the "Ca1careous" member appear to have been 1ncorporated into the -
_ ,channe]]ing pattern This 1nterpretat1on has not been genera11zed to
include the whole detritaﬁ*facies of the-"Calcareous" member, as the
siltstone layers which form a good dea] of this fac1es northwest of the
Be]]shi]] Lake field seem to correlate over several miles, a feature
wh1ch is not 1ike1y to be expected from fluv1a1 type deposits. From a

str1ct1y geometrica] po1nt of view, this. interpretation would have con-

o 51derab1y w1dened the area of influence of the channel g1v1ng it a delta-

’11ke appearance on the map, whereas it would be extremely difficult to
1nterpret the deposits in- quest1on as, delta depos1ts, both because of

'the1r ]1tholog1c character1st1cs and depos1t1ona1 pattern.

EV1dence for Channe1 0r_g1n

There arqfnumerous lines of ev1dence wh1ch strong]y suggest
ha channe] orlgin for the. thick sandstone sect1ons 1n\the Be]lsh111 Lake
area and their assoc1ation tends to strengthen the 1nterpretat1on.
| These are summarized below.

Bed Continuitx

(,‘L'«

Severa] si]tstone markers in the detrital fac1es of the "Ca]

o

",careous member in the northeastern part of the stud1ed area correlate

from one side of the channe] to the other. -This suggests that the

"Calcareous“ member was . deposited pr1or to the deve]opment ‘of theé

wt)J

asandstone which in- fact cut through the-"C kﬁareous" member. This
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re]ationshlp’/phcch may be seen in cross section I (Fig. 4, we]]s 7-11-
41- 14W4, 7- 10 42~ 13N4 and 12- 13 42-13u4), was oentra] to ass1gn1ng a
channe] origln to the anomalous]v thickened sandstones in contrast to
the terrace orig1n suggested by Cbnybeare (1964 1967) and Martin -
(1966). . "

VN

.Size—Shage - ' : SRR '

. The area occup1ed by anoma]ous]y th1ck sandstenes in the Bells-
h111 Lake area is narrow and elongate (20 miles long by 1.5 to 2.5 miles
wide in the studied area) with a map pattern markedly b1furcating and

meandering The max imum thlckness of the additional sect1on, though

Vd1ff1cu1t to determine, seems to be about 150 feet both the lateral

marg1ns and the basal contact“a;e abrupt and probably erosiona]

' Petrol ogy:

Shale pebbles were observed in the sandstone 1n several wel]s
(4 32 41 12W4, 1-33- 41 12N4, .'. ) a]ways restr1cted°to the 1ower ha]f

-.‘of the sect1on Sha]e pebb]es are up to severa] inches in diameter

_and ar very 1rregu1ar1y shaped suggest1ng that they were p]ast1c at

thetime of 1ncorporat}on into the sandstone, and that they were prob-

A

1y formed- very ¢lose to where they now occur (W1111ams, 1966)

“Bo °ing agents in the sandstone are a m1xture of detr1ta1 (c1ay, b1tu-
m1no s materia], iron ox1de) ‘and chem1ca] mater1a1 (ca1c1te essent1a11y).
'The rat1o of gra1ns to matrix is somet1mes fa1r1y low (close to 1.0).
;4Fossil wood as we]l as coa]y ‘and carbonaceous mater1al (p1eces up to

' severa1 ‘inches- long) are. common.

»*Texture‘

Inyall‘thefstudied wells, siltstones and shale-beds were
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‘prominent in the upper part of the sandy section, related to a markgg
fl__upWard decrease in grain size from fine»and locally coarse grained at
" ¥base‘to silt and clay at top; ubﬁard-fining qraded'beddingxwas Tocally .
noted in individual unfts. Particle shape ranges from sub-rounded'to
angular but 1s‘main]y sub-angular; it is not uncommon to observe fairly
well roUnded grains included in frahework of angular grains. On the®
whole, however, sortfnq is generally good, aithough aTmost/a11 .the

samples analyzed for grain size d1str1but1on show a marked f1ne end

‘tail in the si]t range.

" Faunal Content
No fossil remains were recovered from the channel fill depoSfts,f
) »

although worm tracks and borings are commonly found.

Sedimentgry'Structures

No ripple marks were observed but these are not always appar-

“ent in cores; cross-bedd1ng however appears to be qu1te common. High -
ang]e dips (40 ) were observed in the 4-32- 41 1204 we]l but it is not
certa1n that these aré not 1ocated in the E]]ers11e Member sandstones

| These d1fferent character1st1cs have been summar1zed in Table

VI where they are compared w1th those usua]]y ass1gned to f]uvial de- -

*‘\

p s1ts accord1ng to Exum and Hanms (1968) and Pett1gohn et a] (1965).

1

L

These different factors when taken together pennltted ass1gn1ng
a.channel fil] deposit orig1n to-the sandstones over1y1ng .the E11ersl1e
o Member, and were used to map it in the Bellshill Lake area.

Although the channeI has been 1nterpreted in th1s study as

Al -
- .
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beingIOf fluvial origin, tida]-estuarine‘3rig$hwshoufﬁfnot\be‘ru]ed
gin..f

e

out as a possibility. In fact, the presence of worm borings in the
sediments and the high degree of sort1ng in the deposits cou]d be taken
as prguments in favour of this alternative 1nterpretation | o

. ‘ia

The eve10pment of a channel obv1ous1y 1mp11es emergence ab the

| end of “"Calcareous" member time perhaps linked to a local up]1ft1nq o?
the region, and fnitiation of a river which first cut a deep channe1
then later filled it up as base Tevel rose with the advance of the
Clearwater sea from the north. Lacustrine'conditions may have 1oca11y
prevailed in the region for a short time, as in one place channel-fill
deposﬁts are over1ain by dark shales fromﬁwhich ostracods have been re-
coyered. Then marine‘conditions»rapid]y spread over the area as at-
tested by the presence of glauconite in and beneath a persistent glau-
conitic siltstone and sandstone Iayer; Thus the successjon of deposi-
tional environments in the'Be]]shi]l ake area was apparently f]uVial;
1acustrine, back to, fluvial, Tacustrin then marine from E{?ers1fe to
]ower Fort Augustus time. | .

It should be noted that the course of the post- McMurra} channel

| 1n the studied area is essent1a11y co1nc1dent w1th that of the pre Mann—
v111e valley in wh1ch the basa] Ellerslie sed1ments were depos1ted (see
Figs. 3 and 8)“ At the‘end of "Ca]careous" member time, the Be]lsh1]l
"Lake area: was st111 a depre551on -between the h1gh1and areas in the north-
eastern and southwestern parts of the area (see cross sect1on IIT, Fig.
6), and 1t was in this Tow area that’the early Fort Augustus river de-
veloped 1n the. central part where "Ca1careous“ member sha]es were the.

th1ckest and compaction phenomena may have already traced a sort of

: depressed zone. -
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CHAPTER 8
%&
SUMMARY AND CONCLUSIONS
The ﬁajn purpose of ¥his work was a petrolo‘ic. stratigraphic

and paleogeographic study of the Mannville Groublin he Bellshill Lake

v : ‘
area ip order te explain the origin of the anbmalousﬁy thick quartz

sandstones which give rise to petfo]eum accumulations injthe area.

With this aim in view, ‘all the electric logs of we1ls drilled

o

,in a 324 square mile area (nine townsh1p§), as well as core samples

from sixteen of “these wells, were used to provide geometrical,

~lithological and petrological data on the sediments.

In the Bellshill Lake area the Mannville Group sediments

directly overlie Paleozoic rocks (Devonian Wabamun and Winterburn
Fé&mat%bns) ™ An iSopach map of the Lower Cretaceous strata‘outlines

" the pqleotopography of the pre Mannv111e surface, the major feature of

- which is the va]]ey of an Ear1y Cretaceous river (and 1ts tr1butar1es),

which dra1ned the area south -and southeast of Be]lsh111 Lake and flowed

L northward 1nto an arctic-sea.

Beg1nn1ng 1n late Barrem1an time, the first sed1ments which

‘V;”Were depos1ted on the post -PaleoZoic erosional surface were cont1nenta1
Cin orig1n (McMurray Formatlon), and*conttnenta] ‘conditions prevailed

‘ unt11 the onset of the C1earwater transgresslon in the area in Middle

a A1bian tihe. Subsequent]y the sea wlthdrew toward the north with

'depos1t10n of the Fort Augustus Formatlon._

The Deville Member (Jate Barremlan). generally represented

in Centra] Alberta by greenlsh grey waxy shales and greenish grey shaly ﬁ%

usiltstones and usua*{{ consiﬁered as erosion detritus deve]oped at the

™ / , » L ‘ o
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expense. of the Pa]eozoig récks under]ying.the Cretacéogs bedg. was not
Qbserved}ihAthe Be11§hi11 Lakevarea;\ _ _.
° :'Thé‘E11er§1ie,Mémber:(Aptian) is'rEpreSenféd‘by quértz
sandstones whfch'are.distinCtive1y finer grained at fhe;top thén at

the baée’(inciuding shale pebb]és_at base). These saﬁdstones are
essenfia11y f1uvia1 type-sedimehts and presumabiy correspond to the
if1111ng up phase of the Early Cretaceous va11eys |

' ' The "Ca]careous" member sediments (Lower A1b1an), mainly shales,
were deposited in an esSentl§]1y'1acustr1ne environment, probably. as a .
'resulp.of'damming ofhtheurfvef coufse by,sediments. In thg northwestern
part'of the Be]lshT]T Lake area, thé‘"Ca1careous" membér is represented
by a coarsgﬁmdetrita1-facieé‘;onsistﬁng'predominént]x_ofkaltstonés;
-These Si]istoﬁes,'whfﬁh also seem to be 1acustf1ne in origin, ’may have
" been derived from a-local source of detr1ta1 mater1a1 located north of
~the Bellshill Lake area.‘

-Fo]1owing depositiqn of the "Calcareous" hember, the region became
emergeht and-sediménts'breyibus1y deposited were eroded by a deep river |
N cha;nel; which Jater f111ed'w1th sediments, probab]y fo]]oWihg”fhe .
raising of 1ts base 1eve1 assoc1ated with the advance of the C]earwater :
sea from the north. ‘The erosion surface at the base of the channe]
sediménts.marks‘the_base of the Fort Augustus Formation in the Bellshill
Lake area. ‘
, Thé’channéT«fi11.sandstones are responsible for the anomalous

thickness of tﬁe baéa]lsandstones of fherMannyi11e in the Bellshill Lake
andﬂéqjacent oil fié]ds'wﬁiéh'most authoré havéglinked to fhe’under1ying

‘Ellersi?%“Meﬁber. The channel crosses the Bellshill Lake area from east
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to west for about 20 mi1es,,with'an average widtn of about one and one
half miles and a depth‘of”up to 150 feet. | |

- Statistical parameters were computed from nineteen sandstone
samp]es which were subJected to size ana]ys1s but did not prove usefu]
either 1n strat1graph1c ana]ysis,or in determin1ng the depos1t1ona1
environmentéfofrthe samples studied. .

Sandstones of the Ellerslie Member are quartz sandstones, those
of the "Calcareous” member and channel are'comoositiona11y re1ated and
are trans1t1ona1 between quartz and lithic sandstones, while the
g]aucon1t1c ‘sandstones of the Fort Augustus;Format1§n ars Jithic sand-
stones in the term1nology of Travis (1955). Mﬁst og»the Mannv111e Group
sandstones are cemented, essent1a11y by ca1c1te, the ma1n source of ’
carbonate com1ng from the erosion oi Pa]eozo1c 11mestone beds.

Th1s study demonstrated the presence of channe1 f1]1 depos1ts
-at the base ot the Fort. Augustus Format1on in the Bellshill Lake area
which constitute. the resérvoir sandstones ‘in’ the Be11sh111 Lake .and
Thompson Lake” fields. Add1t1ona1 stud1es are-requ1red to verify the

o

ex%:tence of andbﬁggéthe channe]s over a w1der area t%,add to the
o ¥ ST W k % ¢
knowledgé of. thegdepos1t1ona1 h1story and paleogeography of Mannv1]1e

t1me, and s»an aid in finding.new petroleum accumu]at1ons'1n the

‘ Mannvi]]e.Gnoup.'. [
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""Namesand' Locations of Wells Examined

\

. Name and ‘Location- NS

Interval Logged

H.B. et al. Bellshill Lake 3«15 41 12ua
B.H. et a] Schultz Lake 4 15—41 12W4 -

Banff Champ11n Be11sh111 Lake 8-15 41-1204

~‘Banff Champlin Bellshill: L ke 9-15-41-12W4
H.B. et al. Bellshill Laké 12-15-41- 12w4
H.B. et al. Befishill Lake 13-16-41- 1244

" Permo Cata}fna Be1léﬁ%11 Lake 7-19-41-12W4

Banff etla] Be115h111 Lake 6-21-41-12W4

H.B. et.al. Bellshill Lake 10-21-41-12H4

Rich.. 01} Corp. Bellshill Lake 13-22-41-12W4

“Joe Phillips Bellshi11 Lake 2-27-41-12u4
Rich. 011‘Co}p Belshill Lake 3-28- a1- 12
‘ Rlchf1e1d McLennan F 4-32-41-T2w4°
R]chf1e1d McLennan F 10-32-41- 12"4 ‘

H.B. et al. ‘Bellshill Lake 1-33-41-12H4
~ Tower Killam #1 5-18-42-13W4

3085-3130
'3045-3135.
3102-3140
-3210-3260 |

,:.3959:3103

© 3012-3062

. 3020-3058
3093-3034
5018-3063

2988-2993 ; 3004-3029

2970-3012
2974-3009

3056-3081;3096-3160 -

" 2959-3019
2973-3011

2963-3049;3081-3205

\\\



80

APPENDIX B

“"Sample ‘l’.océtfdhé

Ccsample - " Wel " Approx. Depth (ft.)

" Size Analysis .

P7 . \ 9-15-41-12W4 ' * 3228 -
P14 | B ‘ 324
P15 e 3257
G8. - 12-15-41-12W4 - - 30m
Glo | j e . 3076
*iﬂs" - ‘—'“13;16—41—12N4A' o .. 3045

LT S
P

e, D9 10-21-41-1248 7 3ms

égéﬁ.om - e m hy ‘fJ_ ; *3%2
D15 - WU * 3058
cl2  13-22-q1-izWa - S~ 3013
WIS 3-28-41-12W4 .. 3001

9 4-32-41-1244 o o 3085

Loz 3008 .
o2 - 1
| fs§\926~ . e 3139

15 10-32-41-1248 | 2975
s 1-33-41-1204 - | 3003
RS1 '5—18fi2§13w4 R 323
Re6 L 3152

“Thin Section Analysis | | |
N T3zl . 3195
CoNa2x =TT U382
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‘_S_a_xgg_E ' ggjj_ ' ‘ Appr‘c‘)x.’ Depth (ft.)
H14 3-15-41-12H8 - 300 |
me o " | A,
" W7 . . 3122
J5 (limestone)  4-15-41-12W4 ' '“30524
e I 3053
/935 e | e
Ja2» S 3129
J43 . RO | A
P2 8-15-41-12H4 S 310
F6 ' “ - aes
F11 | " S 3140
P5f. . 9-15-41-12u4 - . 3222
PI6*. : o 3259
e ERPRERTIEPT S 3060
67 "o | 3068
6N oo " | it
Bl C13-6-a1-1204 N
CE17* oo - " 3085
g20x T 3089
Bsr 7-19-41-1204 s
B21* “ o S A 3059
M2 e2l-mlzws 3022
mze - L 3029
5 .. - i02l.la2w4 3030

a
O
U

i,



‘Sample
D14

C6

ci5

" €23

K10 (1imestone)
Kig*

M6

M14

Méo .
04+

0lg @
n -
19*

124

L L

L22
L26*
R8*
R14
R20*

R28. (1imestone)

| R
.R72* '.?\}
R81*
R83%

© * Thin sections

/
/

" Well

10-21-41-12W4
13;22-41*12w4

N

3-28-41-12uW4

3-28-41-12W4 -

4-32-41-12W4

10-32-41-12W4.

-

1-33-41-1204

e
Pt

y i '
5-18-42-134

u

w

u
Ca
S

..

2-27-41+12W4

subjectéd to point ana1ysi$

82

Approx. Depth (ft.)
3052

3005
3019
- 3025
2992
3010 -
2983
2995
,3%53
3065
3110
2960
2972
3008
.. 2988
“3001
" 3005
2082
13000
3020
3028
3170
3201

3264 . ' )
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APPENDIX C

Core Descriptions .

Hudson's Bay et al. Bellshill Lake 3-15-41-1214 (KB 2420)

Core #1:

Thickness

'|l2|l
1]]"
‘|l4ll

Olsll )

4!3"
zlgll

Ol 8"

Core #2:
Thi ckness

110" .

3085-3097 (rec. 11.8 ft.)

Description’

S1tst., yellowish grey, qtz. with considerable,
authigenic overgrowth, calc., fairly well o
indurated, sparse carbonaceous material nodules.

Sh., greyish black, with coaly flecks and streaks,
_Tbssy, d1ssem1nated and finely nodular pyrite is
common, minor slickensidina. _

S1tst., ye11ow1sh grey, sl. calc., ara., sl. micro-
m1caceous, well indurated, V. abnt. patchy o.s.,
xbdg. occurs at base. -

N
Coal, and irreaularly thinly intbd.. nlossy b]ack
Sh. make up the bed.

Sh., med. dk grey to b1ack, silty- du]], abnt. glossy
biack carbonaceous coaly material, fairly indurated,
pyrite either disseminated or form1ng rods up to half
an inch long, intlam, with rare, v. f. 1t. coloured
Sltst. making up v. thin lentils.

Sh., med. grey, s11ty, carbonaceous f]ecks and
streaks, dull, pyrite common, presence of brown wood
remains., partially carbonized or pyritized, intbd. with
two seams of black Sh. as above, each 1" th1ck, at

5" and 1'7" from the top of the 1nt

sh. sh., dk. arey, silty, qlossy, conchoidal broken
surface, well indurated, pyrite common,’ esoec1a11y
in qrades up to 1 cm. but also disseminated or in-

‘thin rods, thinly 1ntbd ‘and lam, with S1tst., 1t. ‘ '\\\\

grey, qtz., indurated, makes up thin lentils, showing -
in. part deformations contemporaneous with the sedi-
mentation.

3097-3130 (rec. 33 ft.) -

Sh., med dk. arey to areyish black, s11
aceous material common, pyrite v. commp
in nodu]es, intlam. with 1t. coloured-s
coming more prominent at base where they o

, .carbon-




. Thickness

]I6ll‘

4'2"

a1

3

3'8"

20100
319"

'4! ] L]
'l'l3ll

‘ ] l_'lll

Description
lenticular beds.

S.s., v. f. gr., to Sltst., pale yellowish brown,
qtz. with considerable authigenic overgrowth, calc.,
hard, highly sideritic, siderite forms thin lenticu-
lar beds in part, carbonaceous material common,
thinly (maximum thickness 3 to 4 mm.) intbd. ngth
black Sh., as above. . iy,

Sh., 1t. grey, micaceous, silty, rare nodu\rv
carbonaceous material, dull, nodules of pvr “common,
hard, thinly intbd. at base with lTenticuiar’ Ses.,

v. 1t. grey, v. f. gr. .

" 8h., med. dk. arey, micromicaceous silty, rare

black carbonaceous nodules, dull, nodules of pyrite
common, sparse wood fossil remains, hard, thinly
intbd. with Sltst., yellowish grey, qtz., micromi-
caceous material, s.s. becomes prominent toward

tge base, s.s. seams are 1" to 2" thick at base and
include lentils of sh, . .

S.s., v. f. gr', to S1tst., med. bluish grey, qtz.
poor porosity, rare vugay poros1ty, highly calc., v
hard.

S.s., v. f. gr., to Sltst., from yellcwish grey to
BETe yellowish brown, qtz qtz ,» poor porosity, micro-
micaceous, scat. o.s., irregularly intlam. with ?h
dk. grey, micaceous, s11ty, dull, well indurated.

Sh, is becoming prominent at base, where it 1nc1udes
v. thin 1ent11s of s.s.

|
\

S.s. to Sltst., highly calc. as above,

S.s., v. f. gr. to Sltst., mod. yellowish brown,
atz. with authicenic-overgrowth, A:, poorly sorted,
good porosity where no authicenic overgrowth occurs,
firm, micrmicaceous, mainly scat 0.S. but also some
wide hedvy oil patches , : :

S.s: to S1tst hithy calc. as above.

“oS.s., mod ye110w1sh brown, -atz. with sparse authiaenic

overgrowth, f. gr. to v. f. gr., v. sl. silty, well

- sorted, a., goo .porosity, loose, heavy oil saturated.

Sh., med. dk. grey, micaceous, silty, q]ossy, fairly
F—kd thinly intbd. and lam. with S1tst., yellowish

.. grey, qtz., well indurated, rare scat. o.s., except
“at 2" thick sltst. seam at 2" from the top of the

‘interval, sltst. beds are usua]]y v, thin and

lenticular.



Hudson's Bay et al. Schultz Lake 4-15-41-12W4 (KR2400)

Core #1: 3045-3090 (rec. 44 ft.)

Thickness Description
3'1Q" "dk. arey, silty, smooth broken surface, abnt.
nodu]es of pyrIte, hard.
4'6" ~ Sh., med. dk qgrey, micromicaceous, sl. silty, dull,
abnt. pyrite either in nodules up to 1 cm. in dldmotfr,

or in small 1 cm. long sticks , thinly intbd. or lam.
in basal 2" with Sltst., yellowish qrey, qtz. with
considerable authidenic overgrowth, shaly well
indurated, s1. micaceous, sl1. glauconitic, pyritic.
Sttst. forms. lenticular beds, they are up to 1 cm.
thick at base.

0's" Ls., med. bluish arey, sub-1ithographic, mostly re-
crystallized, no intercrystalline porosity, very poor
vuggy porosity, pyrite common, highly fracturated and
filled with Sltst., 1t. brown, atz., sl1. calc., loose,
abundance of small black nodules (carbonaceous material,
0.s.?); the fractures network gives the rock an aspect
of pseudo-breccia with biq elements.

0'3%1/2" S.s., greyish orange, qtz. with authigenic over-
: ‘growth, v. f. gr., silty, a., fair to poor por051ty,
calc., shaly, hard, v. 1rrequ1ar1y intbd. with Sh,.
grey1sh black, silty, dull, pyrite, hard.

o'g" . - Sh., greyish b]ack, s1. micaceous, s11ty and sandysy
2 silty, finely pyritic, lenticularly intbd. with S.s.,
v. f. gr., to S]tst v. 1t. grey, qtz. with authi-
genic overgrowt th, a1r porosity, well imdurated,

pyritic. \
0'3" Ls., as above.
o's" sh., black, waxy glassy broken surface, abnt. micro-

granular pyr1te (about 1/20 mm in diameter), thinly
intbd. with 8.s., dk. yellewish brown, v. f. gr.,
qtz. with auth1qen1c overgrowth, A., silty, apg.,
calc., poor porosity due to silt and clay content,
hard, scat. o.s.

0'9" - S.s., yellowish arey, v. f. ar., to Sltst., atz., a.,
: poor porosity, v. calc. well jnduratéd, sl. mica-
ceous, micropyritic, s1. glauconitic, scat. o.s.

0'3" - Sh., black, micaceous, s1. silty, sparkly, pyritic,
Toose, intlam. with Coal and lenticular S.s., grey-
ish yellow, qtz., v. f. gr., s11ty, a., poor porosity,
s1. cale., hard, abundance of carbonaceous material,

610" 7 Sh., med. dk. grey- to med. bluish grey, silty, sl.
" ‘calc., dull, microgranular pyrite abnt., hard.

’ ' . @
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Thickness ' » I ‘ Descrigtion L ;/Ei{
f ' ._‘1 / ’ P M P
4'6" - Sh. , greyish btack, silty, pyrite common fr1ab1e, \
v, £ 1am. or thin]y intbd. with Coal (coa1 beds up
to 2" thick. : , S . \
3'5" Sltst., mod. yel]owish brown to ye1low1sh grey, qtz.,

c., fair porosity, weT] indurated, m1cropyrit1c.
mjcaceous, scat. 0.§. varying vertically with avain
size, intlam. at base and especially in basal 8" .
with Sh., dk. grey,; micaceous, silty, dull. carbonaceous
__-Taterial common, abundance of welk def1ned gypsun
'//- crysta'ls. fairly h rd.

——

o'on Sh., black coaly materia] abnt. -a]ogsy, smooth
’ ’ " - broken surface, fairly hard, intbd., with Coal.
Part1ngs of coal are thicker than tHose of

e —

o 1'8{4j'. Sh:, med. dk~varey,—dull -v._abnt. tiny shreds of
_ﬁﬁorite (?) givina the rock a greenish cotor in o
part,-scat. black carbonaceous mater1a1, well indu- . ° ®
rated. : . : - b :

-

8o . . Sh., ma1n1y qreyish ye]]ow qreen but a]so It grey
: ‘to dk. grey, dull, pyrite common, tarbonaceous v.
abnt in the dk. qrey seams, hard. B
) Ed
6'5" - . Sh., dk.- grey, sl. micaceous, dull, m1cropyr1t1c
. common._1ntbd ith S.s., ye]lowish grey,. qtz., _
_ with considerabl autﬁiqen1c overgrawth, v. f. gr.,
1' OV, si]ty, A., faiv-porosity, calc., §1. pyritic,
‘ o well indurated becoman more shaly at base., oL
. Core #2:  3090-3135 (rec. 45 ft.) . o /

SENENUURES TN

.""-/—W—— . - 3 .« .
Thickness , ,; - N_ ‘ _' Descrigtion -

0“1]? o Sh., greyish bTack m1caceeus in part, si]ty in

, ' /part dull to: Waxy s pyrite common especially in no-
" /dules up to 2 cm in "diameter, intlam. 1n part with
Jlt grey S]tst. L : ey

I
i
'
i

.-_/ R

- "20'3" ’sh.,. med: dk. qrey, micaceous, s1. calc. at base,
2 e // silty, dull pyrite common either -highly- -dissiminated
S /% or.in_big nodules up to 1", well indurated, intlam.
L., . or V. “thinly intbd. with S1tst., 1t. arey to yellowish

ST grey, qtz. with authiaenic overqrowth, c gr.; 2.,
- ,poor poros%ty. hard ‘micaceous, sl. 0. ~at base.
_QﬂIOﬁ,; S, s.. ye1lowish qrey, tz. with authigenac overorowth,

. v. f. gr.,:silty, A., fair to poor porosity, well »
T indurated,.micaceous. 0. s. scat. throughout, thin]y _
/ | g :
T



- Thickness

12 1720

'1 2vl ])Oll )

,—a\

Descrigtioﬁ

intbd. or intlam. with°Sh., med.- orey to dk. orey, ‘
micaceqQus, si]tf/ du]] —Fhrd .xbdg. 1n part. -

S.s., yel]owish rey, qt? . £, ar., a. fa1r1y we114(

sorted, good porodsity, sf. arg. in oart, sl. calc o
f1rm, pyritic, si eritic. o e = :

S5, thinly d. or 1n§1am with Sh., as: above -
F}?ﬁte ofi. At 6' from the top occurs-a 4" thick -

seam of v. calc. s.s., med. bluish grey, v. f gr..,
r., V:|poor porosity, s1derit1c, v hard :

3-12- 41 12R24§KB 2563)

irregu1ar beds of Sh., dk. grey, micaceous, silky,
loose, abundance’ of coaly and carbonaceous mater1a1
(p1eces up to severa] inches’ 1ona)

Core #1

‘ Fhickness

2 6!!

‘ _7"'6"77

3]83 3223 (rec. 40 ft. )

Descrigtidn

87

y

- Banff Champlin Bell 8-¥5- 41-1214 (KB 2431.8) '
" Core #1: 3102-3140.(rec. 38 ft.) et
" Thickness - R o | Descrigtion '
f4'0" : ~.S.s., pale olive, otz s V. f. gar., v. s11ty, V. poor]
T . sorted, a., poor porosity, firm, micaceous, black
. carbonaceous mater1a1 common, intlam. with rare Sh.
't greyish black té black, silty, alossy, abundance o of
- black carbonaceous and coaly material,. But at res-
4 -pect1ve1y 4',.6', 6'7", 8' ‘and 14" from the top of
. the int. (5" thick) sh. 'seams are as. thick as 5.5,
seams - (3 mm) . v . _
23'0" ~'-S s., pale- ye110w1sh brown, qtz., f. gr., si1ty,
o fairly well sorted,-a., fair to good porosity, s1. ..
} R friable, b]ack carbonaceous material commpn
vo1on ‘S.s.; pale ye110w1sh brown, as atove, 1ntbd with

Sh., dk. grey, si]ky, smooth braken surface, pyr1tic,

"‘?W}m.~

‘:"Sh., dk nrey to greyish black, -s7. m1caceous, s1]ky,

. pyritic,.some Jrare black carbonaceous material, “firm,
.intTam, at top.and thinly intbd. -at base with 1enti-5

" cular Sltst., 1t. grey, qtz., well indurated, sl.

- ‘micaceous, some black carbonaceous mater1a1 scat. .

Ihﬁweghout, presence of worm borinas..

AN
\ . ,;)



?iThicknéssth;v.'- ?'1'A,A?' . i . .f Descr1gtion

- 2'e" o “LStht 'y med qrey. qtz » arg., we]1 1ndurated
C A\ - L .micaceous,} abundance .of coaly flecks and streaks.
o0 o thinly.intbd. .at top of the int. with 1ent1cu1ar
-part1ngs of Coa] S ) . _

SR B LN ;.ﬂS]tst ye110w1sh qrey, qtz., v..c. qr , a. » fair
S SR poros1ty, sl. arq., b]ack carbonaceous mater1a1 scat.
s throughout, th1n1y intbd. with Sh., dk. grey, : . .
:.micaceous, silty, qlossy, some —Fﬁn part1nqs hf Coa]'
. are also. 1ntbd S .
7" - _..S 1t o1ive grey, qtz s v f ar., V. s11ty,
B pOOrly sorted,- a., poor poros1ty, we11 indurated,
. micaceous, thin]y intbd: with Sh., -greyish black,
“micaceous, silty, q]ossy, abundance of b1ack carbon-
-, aceous materia] : - s

6“11"5-'_7_; “Sh. , b]ack, s11ky, abundance -of carbonaceous mater1a1
e T"bse, thin1y 1ntbd with Coal ) .

5'0r Sh., med b1u1sh qrey to dk orey, s11ty, dull, black
L - streaks ‘of carbonaceous matérial coimon in part,
© pyritic, firm thinly -intbd. ‘with v. irreaular lenti-
cular -bodies of-S1tst., areenish .arey, atz., V. poorly
... sorted,-poor poros{ty, sl. friable, sl.'micaceous,. *
7. black carbonaceous mater1a1 scat throughout. S
; ) Y

'.2[6W;.'. . $h., black, g]ossy, with coa]y f]ecks and,streaks,-‘ /
< T "’Hakd, intbd. with (seams- up to. 2" th1ck) of Coa] _

- 's11ckens1ding 1n part.’ Ay~.” A A
,50;59 ~jbsi?fA black, 1ntbd with Coa] ~as above E _
2to" - = -Sh, dk grey with s1. qreentsh cast s] s11ty,

—Tbssy, chloritic (?), hard, thinly intbd: with Tenti-
cular Sltst.S green1sh qrey, qtz s we]] 1ndurated

‘ :.chlor1 ic (?

. 2'6" - Sh b]ack, sl. s11ty, du11,vabundance of coa]y _
materlal‘ s1. loose, intbd. with Coal; coal beds ,
are up to severa1 1nches th1ck, slic ensiding 1nwpart.

“indurated, thinly intbd. (mainty lent1cu1ar1y) with-
Sltst., 1t grey, qtz B we11 1ndurated m1crooyr1t1c..

RERALE }-" ~Sh., dk>'grey{ sl. micaceous,’du]] fairly well

o7t .SItst » 1L, grey, qtz., v. f gr., arg., hard _ Qé;
IR . micaceous coa]y materia1 V. cmnnon 1n part - 1?



89’

Thickness"' : I . Eh Descrigﬁion -

0'6" - 'Sh., black, q]ossy, chloritic (?)," pyrltic, carbo-

naceous and coaly material-v. common. Ostracod remains.

7'0" Sh., greenish grey to ined. qrey‘ du11, ‘chloritic (?),
' Tona streaks of coal in part, hard, -thinly intbd., at
about 4'0" from . the top if the ‘int,, with Sltst., 1t,
grey, qtz., with consfderable auth1qen1c overorowth
s1. friabley micaceous, sltst. -include dk. oranu]es .
of ‘sh. (1 -2 mm d1ameter)

"Core #2: 3223 3263 (rec 32 9 ft.) .First box of . 8 is missinag.
: Starting at 3228 ft.- o

Thickness : ”**—“e,' L 'fi~_. Descr1gt1on
5'0" ‘ -'1~Sltst , med, grey to mod. yellowish brown dependinq ‘

- upon- o. 5., qtz.,. with considerable authigenic over-
gréwth in part, v. arg. .in part, chlor1tjc (?),

- -m1caceous, pyritic, s1der1t1c, -not o0.-s. to hiaghly
_ N < depend1nq upon ctay content and qr size.
Z'QT“ - :~i;251tst med. grey as above, 1ntbd with S.s;, greyish

brown, qtz., v. f. gr. to silt, fairly well sorted,
Ty V. good poros1ty, frlable, heavy 0. saturated.

5'0" . . S.s., 1t grey to mod. ye]]owish brown, qtz., v. f.
: gr. to f.. gr. ,_s11ty, well sorted, a., fair porosity,
. s, f1rab]e m1caceous, intlam. w1th rare 1ent1cu1ar
. dk. Sh : S
180" . S.s., 1t. arey as above, but less s11ty, good poros1ty,
. S well 1ndurated micaceous; black m1caceous <h =on
bedd1ng p]anes. .

Banff Champ11n Be11 9-15- 41 1214 (KB 2403)

 Core #1;. .3210- 3260 (rec. 50 ft.) (Due to high d1sturbant:e of the
R ' core, given thickness w111 be

e o ” u approx1hat1ve)
Thiékness o R ,;»~ ) Descr19tfo -
2'10" s, S.s., greenish grey, qtz., v. f. gr., v. silty,

poor]y sorted, A., fair to good porosity; s1. loose, -
mlcaceous, b]ack carbonaceous material gcat. through-
" out,’ intlam. with lenticular Sh., med dk qrey,
B micaceous, s11ty, dull hard v o

241 S.s., as above, V. thinly and regu]ar]y intbd. with
e Sﬁ., dk. grey, micaceous, v. silty, dull,: f1rm,‘¢:»
. —Ehndance of b1ack carbonaceous material



Thickness

2!6"

]l-oiu )

7l 9:! A

6'3"

'Il3ll o

1501

-'f‘3|9n_

P A1

»

S.s., as above, thinly intbd

| Ees_cr_p_tim

. 9-0I

(or in patches) with

lenticu]ar Sh., med. dk. grey, micaceous, silty,
dull, rare ETack carbonaceous material scat throuqh-

out.

S. s., 1t. grey, qtz.

r., poor porosity, v. calc., v. well indurated,

with authiaenic overgrowth, f.
gr. but presence of rare c. size grains, well sorted

micaceous, including numerous very irregularly. ..
shaped pebbles of Sh., dk. grey, micaceous, silty,
dull, black carbonaceous material scat. throughouF

; firm

rounded pebb]es of Sh., as above.

. S.s., yellowish grey, qtz., f. gr.

S.s., as above but rounded inc1ud1ng rare but d

s V. well sorted

a., good to v. good porosity, fa1r1y well 1ndurated

m1cace0us.

'S, S.s., as above but mott]ed co1or, and presence of

rare pebbles of dk.

qmysh

S.s., 1t. grey. to mod olive brown dependina upon
0.5., f. to v. f. gr., silty .in part, fairly well
sorted, a., fair to good porosity, arg.
»fr1ab1e micaceous, sparse black carbonaceous

‘mater1a1, sl. 0. s.

in part including v.

ik part, =

irregularly

-shaped pebbles (up to several inches) of Sh., dk.
- grey, micaceous, f1rm -long streaks of ca‘anaceous

mater1a]

S.s., 1t. o1ive grey to dusky brown, f. ng' with some
rare c. grains, silty in part, poorly sorted on the
-whole, r., fair to good por051ty, fr1ab1e, most]y

highly o.s.

-iS s., ye]lowish grey, s1.”mottled (mod.
atz., f. gr., v. well sorted, n » to a., v. good

;porosityg>v. friab1e. S

‘F

o11ve brown),'

Hudson's Bax,et al. Be115ht]1 taﬁe 12 15-41,12w4-@x3 2389)

- Core #1:

. Th1ckness

0 8“

3059-3103 (rec. 19 ft.)

/5

Description

T

'S S.5:» ye]lowish qrey, qtz, with’ authioenic overgrowth

n part, v. f. gr., fairly well sorted, sl. silty, A.,

good porosity in part, s1. loose, v. sl.

. ‘irregularly intlam. or thinly intbd. with-Sh., dk. :
‘grey to-black, micaceous, sl. silty, sl‘xcEFbonaceous, -

- dull;, fairly. hard.
~_Prominent at top.

Some worm borings.

m1 crom1 CanOUS »”

$.s. more



Thickness
1 q'u

Y

04"
011"

. 0']."
AR L

/OI]“‘ '

4"

rd

~ friable, o.s.

. Abnt. worm borings filled wit

' S.§., mod.“ye]]owféh brown,

"Taminae or v. thin beds

Description

S.s., dusky yello # qtz. with.sparsé authigenic
overgrowth, f. gr., silty, well sorted, a., good
pqrosity. friable. SR

S.s.), as above, but yellowish grey.
e s sbove, bt ot o

S.s., mod. yellowish brown, qtz. yith authigenic
overgrowth, f. gr., v. well sorted, a., v. qood
porosity where no authigenic ove growth occurs,
. L o "/ ) ;f
§ﬂ-» dk. grey, micromicaceous, ﬁilty, dull, fairly
Tndurated, thinly irregularly lam. with S.s.,.
yellowish grey, qtz. with abundant authigenic over-
growth, v. f. gr. to silt, sl./ micromicaceous.

S.S.

S.s. i tz. with authioenic
bvergrowth in part, v. f. ar., fairly well sorted,
sl1. silty, a., .good porosity where no-authigenic
overgrowth occurs, v. friable, sl. aicromicaceous,
0.5.° IR : ) :

ndurated.and regular
f black heavy oil. .

S.s., as above, but more

/

S.s., mod. brown, Qtz.;/f.»to v. f. agr., 5..we11

. Sorted, A., v. good porosity, v. friable, highly
- heavy o.s. ‘ /f v A _

Hudson's Bay ‘et al. Bellshill Lake '13-16-41-1204 (KB 2347)

 Core #1: 3012-3047 (rec. 33 ft.)

o Thickness

0:5‘]/2u

g

el
S

310"

. o Description

Sh., dreyish black, micaceous black, micacéous,

Si1ty, silky nodules-of pyrite common, firm. .= .

Sh., med. grey, sl. micaceous, silty, dull, nodules

. of pyrite common, hard, brown fossil wood remains
. intlam. at base with lentécular Sltst., 1t. grey,

qtz., poor porosity, micaceous, bTack carbonaceous

_ material,sgst. throughout.

 S1tst., 1t. grey to yellowish grey, qtz., sl. calc.,
“Tairly well indurated, micaceous, black carbonaceous
~material scat. throughout, brown fossil wood remains
“-(up™o several inches long) intlam. with Sh., med.
" dk. grey, micaceous silty, glossy. . ' ‘



)

Thickness | e ' Description ,
171 Sh., dk. grey, micaceous, silty, dull, hard, intlam.

or thinly intbd. with Sitst., yellowish grey, qtz.,
_v. poor,porosity, well Indurated, black carbonaceous '~ °
" materiaf scat. throughout; five seams.of S.s., S
dusky yellow, qtz., v. f. gr., silty, poorly sorted,
fair porosity, micaceous, sl. o. s. are also intbd.

A:r ‘ at: ) - . . .
) 3'10" from tHe top of the interval (2" thfck;
]1.7" n 1] .v"‘ ’:’\" “' . ll_ . (2]/4" "
159" " u f . Q"‘) n T w 25u W'
16'4" - w {_:_3'{‘ " n 1172 » ;
18'4". p <. 5 J,v:"l"‘.ﬁ " o (4u : " . )
~ '\ » 7-;"*\;"?:'-,':\; 4,» ,*% : i .
2'4" - S.s., dx. ye¥tuwi¥n brown, qtz., v. f. ar. to f.

gr}, v. sl._si1ty; fairly well sorted, a., v. good
. porosity, V. friable, highly o.s. . . A

-~ 0'5 174" . Sltst., pale yellowish brown, qtz., poor porosity,
’Aweli indurated, micaceous, black carbonaceous material-
scat. throughout, thinly intbd. with Sh., greyish
black, micaceous, silty, glossy, abundance of black
, carbonaceous material, hard. L

2'0" S.s,, dk. yellowish brown, qtz., v. f. gr., v. well
- C sorted, r., v. good porosity, v. friable, v.
highly o. s. - . - S

Core #2: 3054.(rec. 6.2 ft.) .n

- - Thickness . o \'Qfﬁéscript1oh . _
Of?h | . S.s., pale ye]fcﬂfsh brown, qtz., f. gr.,'v;

 we|i sorted, a., good to, v. aood porosity, s].'arg;,
fairly well-indurated, v. s1. pyritic, almost no
0‘. So : L Lo ) v’ ‘

0'7" . :S.s., mod. brown; qtz;,‘vluf.'gf.'to.f.a§:2¢{y. .
. ‘ well sorted, r., v. good porosity, friable, highly

’,/' O.. S. )
| Onsn.r : S.s., 'pa§e:y2110wish'broﬁn, as above, mibécgous.
C2viom | S.S. nibc-l."‘:ﬂbrowh to dusky brown, as 'abb\_(e, heavy
) ' ~ oflsaturatiom* e _ s
e Core #3: 3054-3063 (rec. 7 ft.)
%f-  Thickness . Description | S
C3en L S.s. dk. yéT}0H$§habrown to mod. bFoWﬁ}_qfa., v.
T ~ “f.gr., v. well sorted, r., v. good porosity, v..
A | friable, highdyduls.” B ’
0: ¥ ’ ‘&::‘\ oo ..’:;nx'.:;., .

S .



- Thickness

3l8|l

93

Descrigtion

S.s., pale ye110wish brown to dk. yellowish brown,
v. f. gr., qtz., v. sl. silty, well sorted, r.,
good porosity, v. calc. at top,, no calc. at base,
well indurated when calc., almost no o. s.

“Permo Cata11na Bel]shilT 7-19- 41 12w4 (KB 2319)

3'3" :\\\g;

Core #]. -3020-3033 (rec 12. 8 ft ) .
Thi ckness ° “ Description |
o1 .-S1tst., dusky yellow, qtz., v. arg., sl. calc.,
o “f riaBIe. b]ack carbonaceous mater1a1 common.
C4r2n .'Sh » dk. qrey\yith s1. greyish red case, silty,
- sT. micacequs,™dull, nadules of pyrite (up to
21/2") common, blagk carbonaceous mater1a1 P]ant
: remains. "‘ﬂtﬁ
¢ 1'9 1/2& S.s., mod. ye h brown, qtz., ¥~ gr., v. "5“;é
- . silty, poorly sorted, a., poor to fa1r porosity, o
well indurated, bonaceous material scat. through-
g out, v. sl. g]au onitic, thinly intbd. with v. rare
. 1enticu1ar black §h.
Vo
o™ Sh. b1ack micromicaceous, silky, smooth.broken
surface, s1. loose, hin]y 1ntbd w1th rare lenti-
:cular S1t t. gr y, qtz.
6']/2" ffe owi h brown, as above, showiha
T eaimentzﬁy f1ou s at base. -
S 0'2 1/411. Sh , bla &/S/ above v
01" S.s., mod. yellowish brown,. as above, th1n
. o 51 ck shale beds arekvf’undulatinq ~.
4 .
0'8«3&4*f§ . S.s., mod; yellowish brown, qtz., v. f..ar., v. \\
R 11ty, a., poor sorting, v. poor. porosity, calc., *\\. .
' _ v. arg. in part, where it takes'a dk. grey color, o
o fair]y we11 1ndurated sl pyritic o - N
01" | 'Sh s b]ack as above.
Aoiiﬁ\. S S.S., ‘mod’, yelIowwsh browh,~as above.

’Sh., greyish b1ack, s1. micaceous. silty, v.

Triable, intbd. with Coa]

1t. grey, qtz with. authigenic overgrowth
.. gr. to Sitst., a., v. poor porosity, arg., -
' argsraE carbonaceous mater1a1 common.

ES

.’



T e

Thickness " Déscription"

0’1" Sh., black, carbonaceous. and coaly material v.

‘common, glossy, sl. pyritic, loose.

0'i1/2 Sh. med dk. grey, sl. micromicaceous, silty,
3611 pyritic nodules common, thinly intbd. with
v. 1rreau1ar bodies of Sltst., 1t. arey, qtz.,
arg., well indurated. o

Core: #2: . 3033-3058 (rec. 25 ft.)

Thickhess . . Description
0 9" " Sltst., med. grey, qtz. with considerable authif

‘genic overgrowth, v. poor porosity, hard, sl.
mic#cCeous, carbonaceous material scat. throughout,
base of bed shows undetermined sedimentary fiqures,

071" Sh., black, sl1. micaceous, siity, some coaly
flecks and streaks, glossy, fairly well indurated,
thin]g;intbd. with rare, lenticular 1t. grey Sltst.

1'6" ~ Sltst., 1t. grey, qtz., arg., v. calc., hard, sl.
m1caceous, sideritic, black carbonaceous mater1a1
scat. throughout.

. 1'9" ‘ Sh., black, ‘thinly 1ntbd with Sitst., 1t. grey

as above.
. 10'6" ) Sh., greenish grey to brownish grey, sl. micaceous,

- v. silty, sparse dk. carbonaceous material, dull,
- s1. pyritic, rare fossil remains (Ostracods?),
~ minor sligkensiding. o«
5'0" - - . Sltst.,1t] grey, atz., with auth1gen1c overarowth,
B poor to fair porosjty, arg., firm, micaceous, sl.
- pyritic, black ca¥bonaceous material scat. through-
- .. out, brown fossil wood remains (up t0»severa1 inches

1ong). }
l

3'6" ~ Sh., dk. grey, micaceous silty, alossy, pyr1t1c,z
: - hard,- thinly intbd. with lenticular-and v. irregular
,bodies of S]tst., 1t. grey ca]c., as above.

200" - S.s. . medl bluish qrey, qtz., v. f. gr., a., poor
to fair porosfty. sl.pyritic, v. calc., very hard.

' Banff et al. Be]lsh111 Lake 6 21- 41 12H4 (KB 2337)

‘ Core n: 3003-3034 (rec. 27 8 ft ) o

1.

-»Thickness _ . ‘% o : Descrigtion C

' O‘B“x B Sh.. black s . sility, dull, coaly material common,'
PR pyrite especi 1y at top, well indurated :

\%3
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Thickness

&

Description

sh grey with s1. greyish red cast,
sflty (s11t becomina more prominent

toward base), dull, coaly streaks, pyrite abnt.,

Sh., greyish black, glossy, pyritic, fairly well

thinly intbd. or intlam. (mainly

lenticularly) with Sltst., 1t. arey, atz., v.

poor porosity, firm, some worm tra;ks.

sh grey with s1. greyish red cast, sl.
silty, dull nodules of pyrite abnt.,

Sh., as above, fossil.remains (?) thinly intlam.

enticular Sltst., 1t. grey, qtz.

lowish arey, qtz. with authigenic over-
poor porosity, firm, micaceous nodules

of pyrite and coal common.

»

Sltst., yellowish grey, qtz., a., poor to fair *
porosity, firm, micaceous, rare nodules of pyrite,
thinly intbd. with Sh., dk. grey, micaceous,
silty, glossy, some worm tracks and borings,

S.s., pale ye]lowish brown, .qtz. with authigenic

in part, v. f. ar., fairly well sorted,

a., goad porosity, firm, micaceous, 'brown fossil
wood remains, sl. o. s., intlam. or‘thinly‘intbdt

sh.

S.s., mod. yellowish brown, ‘qtz., v. f. qk.. wé}]cb_

qood porosity, firm, highly o.s.

.Sh., dk. grey, micaceous, silty, alossy, micro-
pyritic, fairly well indurated, intlam. ‘or thinly

2'8 172" Sh., greeni
micaceous,
hard.

0|7|'o

: Tndurated,

f. gr., v.

172 172" Sh., greeni
micaceous,
hprd.

0'7 3/4" Sh

. with rare 1

- 4'8 1/2" ‘STtst., yel

: ' growth, a.,
7|4i|

[
hard,

2!0“

; overgrowth

o with bla;k

-0'6 174"

. + sorted, v.
L _ )
1'5.3/2" sh

EERNE
AN
\\g\
\\\\'caceous.
o NN .

o'10" S<S.35 .
well sorte

01" sh.; dk. grey;

. aceous material st

3'0 S.s., as above.

o's"

Sh., dk. grey, micaceous, silty, fairly hard, thinly

ntbd. or 1

intbd. with S.s., yellowish grey, atz., f. gr.,
v. silty, poorly sorted, A., fair porosity, firm,

sl. o0.'s.

brown, qtz., med. to f.-gr., a., v.
v. good porosity, friable, highly eo. s.

ghs,.si1ty, glossy, carbon-
roughout, well indurated.

ntalm. with Sltst., 1t. grey, qtz., A.,-
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Thickness

1'6"

Description

S.s., as above,

Hudson's Bay et al. Bellshill Lake 10-21-41-12W4 (KB 2343.1)

Core #1:

Thickness

]l]ll

7'6"

604!!

gra"

4!3"
o2

o'5"

6| ]I_

-3']Qr

3018-3063 (rec. 41.9 ft.)

Description

Sh., dk. grey, micaceous, silty, qlossy, well.
Tndurated, intlam. or v. thinly inthd. with
lenticular = 1t. grey, atz., v. f. ar. to
Sitst., a,/; poor\porosity, arq., firm micaceous
aterial scat. throughout.

<y yellowish grey, qtz., poor norosity, v.
., loose, micaceous, s1. o. s., hlack carbo-
aceous material scat. throughout, intbd. with S.s.,

.{mod. yellowish brown to yellowish grey, depending

upon o. s., qtz., silty, A., qood porosity, friable,
icaceous, o. s, becomes prominent toward the base.

S)s., mod. yellowish brown, qtz., v. f. gr., a.,
vl well sorted v. good porosity, friable, highl

S.S., yellowish grey to mod. yellowish brown, qtz.,
v. f. gr. v. silty, A., poor to fair porosity, ‘
arg., sl. loose, micaceous, st. o. s. , v. thinly
intbd. in part with Sh., med. dk. grey, micaceous,
silty, glossy, well Tndurated, and with S.s.,

hiahly o. s., as above.

S.s., dk. yellowish brgwn, qtz., v. f. gr. to f.
gr., v. well sorted, r., v. good porosity, v.
friable, v. highly o. s. . .

.S.s., dk. yellowish rbwon, atz., v. f. ar. to f.
gr., well sorted, a., good to v. good porosity,

v. friable, highly o. s.

Sh., dk. grey, micaceous, silty, presence of black
carbonaceous material, dull, firm, intlam. or thinly
intbd, with S.s., greyish orange, atz./, v. f. ar.,
silty, well Sorted, a., good porosity, well indura-
ted, micaceous..

- 'S.s., yellowish grey, qtz., s1. silty, well sorted,
r. good to v. good porosity, sl. calc., sl. friable.

o S}s.. mod. brown, dtz.,'v.'f. ar., féirly well.
- .'sorted, a., v. good perosity, v. friable, v, ’

highly o. s. -

-
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Richfield 0il Corporation Bellshi.ll Lake 13-22-41-12W4 (KB 2329)

Core #2: 2988-2993 (rec. 5 ft.)

Thickness ‘ o Description
0'4" Sh., black or-brownish grey, silty, dull, coaly

material common, hard, fossil remains (0Ostracods).

1'8" Sltst., yellowish grey, qtz..‘cilc., v. ara., sl.
friable, s1. pyritic, black carbonaceous material
scat, throughout.

2'8 1/2" Sltst., pale yellowish brown, qtz. with authigenic

overgrovith, pRor porosity, sl. calc., ara., hard,
bl carbanaceoys material scat. throughout.

0'3 172" /{gégl.

Core #3: 3004-302) (rec. 25 ft.)

Thickness /// Description '
76" TSltst., 1t. arey, qtz. with authigenic overgrowth,

S s1. friable, micaceous, sl. o. s., intbd. with S.s.,
’ : mod. yellowish brown, v. f. ar., v. silty poorly
v - sorted, a., good porosity, fairly well indurated,
0. s. scat. throughout, some rare thin seams of
Sh., med. dk. grey, micaceous, 3ilty, glossy, fim.

0'3 174" S.s., mod. yellowish brown, qtz., v. f. ar. to  -.
: s3|tk fairly well sorted, a., good porosity, well
indurated, s1. micaceous, highly o. s.

1'4" S.s., yellowish grey, qtz., vz f. ar., v. silty,
arg., hard, micaceous, black carbonaceous material
scat. throughout, intlam. with Sh., dk. grey, mica-
ceous, stity, dull, abundance of carbonaceous material,
s1. friable. '

0'4 1/4" ‘Sh., dk. grey, micaceous, dull, micromicaceous,
sparse black carbonaceous material, hard, intlam,
with rare 1t. grey Sltst. - '

0'g" S.s:,‘mod.’ye11owish brown, qtz., v. f. gr. to silt,
. * F¥larly well sorted, a., good porosity, si. friable,
s1. micaceous, highly o. s.

5'3" "Sh., Greyish black, micaceous, silty, black earbon-
_ - aceous material scat. throughout, dull, worm borings
. _z,. ¢Ommon, hard, intbd. with S.s., mod.yellowish brown,
' -qtz., v. f. gr. -to silt, fairly well sorted, a.,
~good porosity, s1.'friable, s1. micaceous, sl. 0. s.,
sh. beds are thicker than s.s. beds.



Thickness

4*10"

].8"

Ol]ll

107

110

98

Descyingion

Sh., dk. qrey, micaceous, silty, dull, hard, inthd.
with S1tst., yellowish grey, qtz., v. c. ar., P,
fair porosity, fairiy friable, micaceous, black
carbonaceous material common, sl. o. s,

Sltst., 1t. grey, atz., v. c. ar.,.a., fair
porosity, well indurated, micaceous, with some
rare black sh. seams, thinly intkd. with S.s.,
mod. yellowish brown to dk. yellowish brown,
qtz., v. f. gr. to silt, well sorted, A., qood
to v. good porosity, loose, sl. micaceous, o. s.

Sh., dk. qrey, micaceous, silty, glossy, black
carbonaceous matertal common, firm, thinly intbd,
or intlam. with lenticular Sitst., yellowish qrey,
v. €. gr., poor sortina, po6r porosity, well indu-
rated, micaceous.

S.s., mod. yellowish brown to yellowish arey accor-
ding to o. s., qtz., v. f. gr., s1. silty, a., v.
well sorted, aqood to v. good porosity, friable,
highly o. s. in the top foot of the int., v. sl.

0. s.- at base. ‘

Sh., dk. grey, micaceous, silty, dull, fairly well
Tndurated, worm borinas common, thinly intbd. with
S.s., pale yellowish brown, qtz., v. f. gr., silty,
fairly well sorted, fair to good porosity, si.
friable, sl. mitaceous, 0. s. scat. throughout.

Joe Phillips Bellshill Lake 2-27-41-12W4 (KB2303)

Core #1:

" 7 Thickness

5' 9“

179"

Z']O.

2970-3012 (rec. 42 ft.)

Description

- Sh,, greyish black, micaceous, silty, dull pyritic,

abnt. carbonaceous material, friable, intlam. or
intbd. (beds up to 1" ) with Coal.

Sh., med. grey to dk. arey, micromicaceous at top,
sT. silty, abundance of carbonaceous material, dull,
pyrite common especially in bia nodules (up to
several inches) hard, intlam. or thinly “inthd.

(beds up to 0.5 cm thick) with lenticular Coal.

Ls., greenish grey to dk. grey, cryptocrystalline,

- highly recrystallised, no intercrystalline porosity,
. no vuggy or fracture porosity, pyrite scat. through-

out, siderite in part, v. hard. -



* Thickness

: g‘n 4u .

8’4"

g DésCriEtion

Sh., med, bluish arey to med. dk. grey, sI. silty,
- dull, abundance of pyrite either hiahly dissiminated

in the rock or in nodules, coaly material.commpn,

“hard.

Sh., med. bluish grey, silty, s1. calc., dull pyrite.
common, siderjtic, carbonaceous material common,
hard, intlam./or thinly intbd.,(mainly lenticularly)

- with S1tst.,/v. 1t. grey, qtz., c. gr., poor porosity,

-arg. ; calc.g/we11 indurated, s1. pyritic, sideritic,
'sltst. is v. rare at top but becomes abnt. at base.

s

At 1'5" from the base a 2" thick seam is made up

of sh, intbd. with S.s., mod. yellowish brown, atz.,
f. gr. torv. f. gr., a., well sorted, fair porosity,

ca}c., fﬁrm,s],'o. S. :

Richfield 0i1 Corporation Be]]shi]]’Laké\3-28r41-12w4 (KB 2309)

»&\core‘#lfv2974-5909,(¥ééf;%2.2 ft. )

Thickness . .. .+

3| yAL

‘]Olgll

0's" ..

V 7]2141{

a

n

- e

o 'ﬂ Description , _
Sh., 1t. arey, silty, silky, n¥ritic, black flecks

~of carbonaceous material v. common in part, sl.

Igose. .

Sltst., ‘greenish grey, qtz., a., poor to fair poro-
sity, sl. friable, micaceous, black carbonaceous
material scat. throughout, intlam. with rare dk. .
grey Sh.; sltst. becomes coarser and coarser toward

—

thg base, -

Sltst., greenish grey, qtz,, v; Ce gr., v. silty,

.. v. poorly sorted, poor to fair porosity, l6pse mica- .

ceous, black carbonaceous material scat. throughout,
intbd. with S.s., mod. yellowish brown, qtz., v.
f. gr. to siTt, well sorted, r., good porosity,
friable, highly o. s.; s.s..seams are about 5" thick
at top but become thicker toward the base; some rare

black Sh. partings are also intlam.

Sh., med. dk;'grey,.micaCeOUS,'si1ty; calec., dull,

hard. Ry : C

S.s.,.yellqwish arey .or mod. brown, dependina on-

. 0. 8., qtz., v. f. gr., v. silty in part, fairly - L

well sorted, r., good to v. good porosity (poor

to fair when.silty}, friable, micaceous when siity,
~“Highly o. s. when silt is absent, silty seams are

~almost .no o. s., they becore less prominent toward

_the base, some rare black. Sh. partinas are intlam.

-7
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Richfield McLennan F 4-32-41-1214" (KB 2285)

Core #1: 3056-3074 (rec. 9.6 £t.)

* Thickness - o . pescription
©o2'10" . Cément '
o7 Sltst., qrey1sh orange, qtz s V. C. or , poyr to

fair porosity, arg. in part, well indurated,
micaceous, intlam. with Sh., dk. grey, m1caceous,
silty,.dull, coaly material v. common in part,
some xbdg. : '

6'1" S.s., 1t. olive grey, qtz., f. gr. to v. f. gr
‘ vwell sorted, a., fair to good porosity, arg
friable, micaceous, considerable amount of coa]y »
material scat. throughout, givina the rock a dk. -
color, intlam. at top- of the 1nt with %h » aS
above

= Core #2: 3074-3079 (rec ‘2.6 ft.) .

a

. Thickness : o o Description
216" ’ S.s., "1t. olive, qtz., f. gr: to v. f. qr , well

sorted, a., V. good porosity,.friable, micaceous,
sideritic, abundance of small black grains scat.
throughout (coaly material), some rare 1ent1cu1ar
dk. Sh part1nqs are 1nt]am. e s

© o

Core #3: 3079 3081 (rec 2 ft ) S : '_"
4Th%ckﬁe$$‘ S o - Des§r1gtion

2% 0" . /////S S.S. as above, but no sh. partings intlam.
~ Cores # and 5 3083-3096 (rec 3.6 ft.)

. Descr1gtion _.;»@?'

0'a" T .-Sh., med. dk grey. micaceous, silty, glossy,
) e . ‘carbonaceous material v. common, sh_Toose, shawing
a d1p of about 40°,, ’ _

"’Thickness

\,\

‘0‘7“ T S.s.y ye11owish arey, as above, but a]most no black
‘ : T EGET} part1c1es and thus the rock color 1s ‘Tighter.
) _:"‘fgbg as above, also showing a 40° dip._ ' )
.07 - 5, é;,"as aPove; but ;A coaly particles )
221?-' - S’ s., as above, presence of some c. td v. c.

-grains and—si1t decreas1ng the porosity
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Core #6: 3096-3113 (rec. 14 ft.) . \ |
Thickness - vf | e Descrigtion

9'Q" | _ TPS s. > ye]]owish grey, qtz ,, . ar. but also some

rare v. c. angular grains,-well to v. well sorted,
"a., or r., v. good porosity, v. friable,. micaceous. ;™
presence of one seam (1".thick) of sh.y med. dk. ’
- grey, m1caceous, s11ty, du]], well 1ndurated

37 ' S S., as above but presence of s1}t decreas1no s1.
' the porosity, intbd. (beds up to 2-3" ‘thick) with
Sh., med. b1u1sh grey, m1caceous, s11ty, du]]

1'5" "‘ S.S.s yellowish grey, qtz., f. gr.. but a]so
’ .~ - presence of c. grains, we]] sorted, r., v. good -
~poros1ty./fr1ab1e, ‘micaceous.

3

Core #7: 3113 3131 (rec 1.3°ft.)

Thickness . e . - :.";_ DeScrigtion' 7
| 13" s, S.s., as above, presence of ]onq brown remains’ of
o T wood, ) 5
Core #8: '3131-3144 (rec. 12.5 ft.).A v d/“*c,m
. Thickness . bw AR | Descr1gt1on _' .,\> .
| 2'7“; s, S.s:, ye110w1sh qrey, qtz , F. gr., sl. sf]ty\in

part, r., v. good porosity, friable, m1caceo

presence. of rounded dk. arey sh. pebb1es {ug~ 5
1/2" long); at top of the int., a (2" thick seam '
of Sh., -dk. grey with sl. greenish cast .

9'10" . S.S4,. ye11ow1sh grey “to med grey, qtz s f. ar.
' - " but also presence at base of~ef size grains, v.
~ well sorted, r., v. good porosity, friable, -
- locally presence of v. small black particles (coaly
mater1a1 ?). g1v1ng the rock a darker color.

Core #9: 3]44-3146 (rec. 2 ft ) - :
Thickness A t'v R Descrigt' on . .

0 e S. s., color.is. banded dk. ye]]ow1sh brown or 1t. :b

.grey depending on o. s., v. f. gr., sl: silty,
fairly well sorted; a., fair to good porosity,
 friable, a1ternat1ve1y not 0. s. or hiqh]y 0..S.
depending upon~s1lt content ' :



Thickness

‘|l6ll

Core #10&

" Thickness

‘ 'O'l 7" ’
:H 0|7u

-3|joﬁ

3147-3160 (rec.~5 ft.)

- 102

“ © Description

S.s., yellowish grey to dk.-ye]lowish‘bréwn,'qtzf;
f. to med. gr., well sorted, a., V. aood porosity,.
s1. friable, some qtz. grains in locally sl. iron

“stained, 0. s. in part, laminae appear at-top

indicating a 1Q° dip.
"vBéscriQtion

S.s.,’as above, but mottled. (mod. yellowish brown

- patches),_presencewof black nodules of coaly material,

S.s., mottled as above but patches are dusky

-yellowish brown, giving the rock a darker color. -

“Sh., dk. grey, micaceous especially on bedding .

~ pTanes, silty, duTl, black' carbonaceous material

- scat. throughout, hard, intlam. or thinly.intbd.,
mainly regularly, with S.s., v. 1t. arey, qtz., v.

f. gr., v. silty, a., poor porosity, well indurated,
xbdg. in part at base. S T

Richfield McLennan F 10-32-41-1214 (KB 2295)

‘ iCore_#i:. 2959-3989i(rec. Zéift.)_"‘
Thickness o ﬂ '

?]I3"~,"

?

Ny '3:4!? '
AR
3 - :.liop

9

‘material, Toose.

. :Sh., from 1t. grey to med. dk. grey, micaceous, V.-
" *s11ty, dull, carbonaceous material common, pyritic,

N © pescription.
S.S.s lt;’grEf,.Qtz- wi'th auxhiqenic overgrowth
in part, v. f. gr., -silty, poorly sorted, a., poor

._tp‘fair;porosity in part, well indurated, v. sl.

glauconitic, micromicaceous, considerable ‘amount of
carbonaceous material highly disseminated or in

"~ nodules up to 1/2" diameter, brown colored wood'

fossil remains up' to several inches lono common.

S.s:, to Sltst., as above, mottled 1t. grey to .

“....yeTlowish grey, also abundance -of carbonaceous”

N -~

. hard, intlam. with Sitst., v. 1t. grey, micro-
- ~micaceous, carbonacebus material disseminated,

sparse worm borings filled with sltst.

.S.si;'péle651§ve;ﬂqtz.,'f.‘gh., silty, arg., a.,

poor to fair porosity, v. sl. calc., well indurated,

fﬂ}f.upyr1t1c; carbonaceous material scat. throughout

common. . . o » ) .

~
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Thickness o ) ‘ Description

05" - "Sh., black, sl. silty, glossy, pyritic, hard, coaly
' Tlecks and streaks, with rare, irregular 1am1nae of
Sltst., 1t. grey.

41" .° - Sh, ) med grey, dul] pyritic either in small nodules
, or in thin rods (up to 1" long), carbonaceous mater1a1
scat. throughout, hard.

1'e" ’ 'S.5., 1t. olive grey, qtz w1th considerahle auth1-

’ - genic overarowth, v. f. gr., silty, ara., a., poor
poros1ty. well 1ndurated, abnt carbonaceous mater1a1
scat. ‘throughout, heavy o.s.—

2'1n" '..‘fSh »-black, with abnt. coaly f]ecks and\streaks,.
L S §Tbssy, smooth broken surface hard, intbd. with-
‘ -Coal.
1'4" 7 . Sltst., ye]]ow1sh grey, .c. gr., qtz., arg . hard
e ,pyr1t1c, carbonaceous mater1a1 common
P T shl, black, intbd. with Coal, as*hpove
’;1]L15[_4:o S1tst. 1t grey, qtz., med. c., argq?ys1 cafc',

. well 1ndurated, sparse’ ‘small nodules_or pyrite,
. with coaly flecks and streaks, intbd: especially
“at base of the int. with black Qh --vthose th1ckness
of beds does not exceed 2-3 mm. : _

36t .. Sh., dk grey to b1ack usua]]y s]- s11ty ‘but._ the -
L o -content in silt may- 1ncrease cons1derah]y in part
' making appear thin lensoid, 1t. arey seams, -glossy, . .
smooth -broken surface,.sma]] -elongated pyr1t1c
L'patches .on bedding planes, intbd. at top of the
-int. w1th th1n beds of - Coa] .

1’75**-:3]'_ Sh., 1t. b1uwsh grey, si]ty, du11 pyr1te common,
e '513‘1ndurated | _

'Core;#z 2989 2999 (rec. 9. 8 ft.)

Thickness I Descrigtionﬂ »

8's" . Sh 1t -grey becominq darker at base, - sr1ty, ‘]‘
o h scat ‘carbonaceous material, pyrite common’ e1thz

" in-'nodules or in thin seams,.micaceous, well 1ndu»
rated mlnor s]1ckens1d1ng at base. .. .
R I R Sh., dk. grey, micaceous, si]ty, dull rough broken.
S ‘surface, s1. pyritic, sparse/cafﬁonaceous materia]
~ hard, .intbd. or mainly--ivregularly intlam. with
' S s.. v. f gr; to- S]tst., qreyish orange, qtz »

[

/
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~“iCore #1:

Thickness

Core #3:

,'Thickness

2999-3009 (rec. 10 ft. )

104

Descrigtfon '

arg., fairly well indurated, scat. o.s. through-
out, sbdg. appears in part. '

o © Description S -
Sh., dk..grey, intlam. with Sis to S]tst ».greyish .

]OIOII
' oranqe, as above, thick s.s. seams -are a!so intbd. at:
_ 12" (thickness 6").
3 ]On ( ) ..‘_ '4u
6: ylE ‘f'»» _80_'
} » 7! ]oll 1] 'l [} 3ll
Core #4: 3009-3019 (rec. 8.8 ft.) CoT
"Thickness™ Descrigt1on
- 8'8" S.s. to S1tst » aS’ above, 1nt1am w1th Sh 'y a8
' : EBove, thick oil saturated S s 5 as above, are . .
a]so intbd. at: N o -
~ 1 Q" th1ckness 6“;v
‘I ']0" " 7"
. 2: -l'lu ( " ],0")
A gn zﬁ L :.3n; ) :
: .6 2" . "o g from.the top of
o _5the int. A

.Thickness

0|9il

;} _0' 31: '

A

© Hudson's Bay et al. Bellshill Lake 1- 33-41-12W4 (KB 2283)
2973-3011 (rec. 35.ft ) o

Descr19t1on

S, s., V. f gr s to Sltst s ye110w1sh grey, qtz .

a., firm, micaceous, sl. 0. S., intlam. or thinly
intbd. {(mainly 1rregu]ar1y) with Sh., greyish black,
“micaceous, s11ty, abnt b]tum1nous material, s] :
loose ) : : T
- S. s., mod ye]]owish brown; qtz. w1th authigenic
overgrowth in part, v. f. gr., silty, a., fairly
“well sorted, qood poros1ty, s] 1oOse._o. S.. scat;
throuqhout. o : )

Sltst . 1t. grey, qtz .y A., well 1ndurated s]. ca]c ,
s1. pyritic,{sl. sideritic, micaceous, sl. 0.  s.,

" abundance of \carbonaceous and. bltumlnous mater1a1
: mak1ng thin regular dk, laminae.

§_§.. mod. ye]lowish brown, qtz B with authigen1c .
overgrowth v. f. gr., silty, a., poorly sorted,
fﬁrm, micaceous, h1gh1y 0.-S., 1nt1am (main]y
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Thickness .,g' ' : ‘Description
irregularly) with Sh., greyish black, micaceous.
silty, oily, friabTe, abundance of carbonaceous
and bituminous mater1a1

12'4" Sh., greyish black to med. grey, micaceous, silty,
: : . carbonaceous material in part, dull, fairly well
"~ indurated, thinly intbd. or ‘intlam., mainly lenti-
~cularly with S.s., v. f. gr. to Sltst., 1t. grey
to greyish orange, qtz., a., fair poros1ty, firm,-
- micaceous, sl..0. s. Bed thickness variable from
- the thickness of a laminae up to 1"; at 1'10" from
the base of the int., sha]e makes up 1rregu1ar bodies-
throughout the s.s.

18" ©S.S., ‘mod. yellowish brown, atz., v. f gr., a.
weTl sorted, good por sity, sl. friable, o.s. scat.

-~ throughout, xbdg. in part, some irregular bodies of
black sh. are scat.’.throughout the s.s., at 5" from
the top of the it a 3/4" black seam of Sh -y med,
grey, micaceous, sj1ty, carbonaceous material conmon, ‘
'dull, sl1. 1oose.

1'0" ' Sh., med. grey, micéceous, silty, carbonaceous
o ‘material common, dull, fairly well indurated, intlam,
.or thinly intbd., ma1n1y irregularly with S.s., mod.
. yellowish brown, qtz., f. gr., silty, fa1rT—7Ne11
R :sgsted A., oood por051ty, s1. loose, s1. 0. s.,°

2 : S.s. s, mod. ye]]ow1sh brown qtz., v. f. qr:;'a | e
: S “well sorted, good porosity, sl. fr1ab1e, m1caceous,
h1oh1y 0. S.. _ . _ :
| "f-O{Q“ ._u'f 'fM1ssing (removed for Bacteria Studies) i
',1f8F‘ : s. s., greylsh oranqe to mod. ye1low1sh brown, qtz , -

"’v. f. . gr.; silty, poor sortina, A., fair porosity,
fa1r1y we11 indurated, micaceous, sl. o. s.,. intbd.
<With v. 1rregu1ar bod1es of Sh., med. dk. arey,
‘micaceous, silty, dull pyrite common, well 1ndurated

: sﬁs’ becomes more. prominent and more h]ghly 0.5.

ééiubase. . o
T _f‘i%s

0 ¢" o ‘Missing

.{0‘3 1/2“ o s, S.s., dk. ye1lowish brown qtz. with authigenic

— ... overgrowth. in part, v. f. gr., silty, fairly well

’ sorted, a., fair pdrosity, fair]y well 1ndurated
* high1y o. S, .

>
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"Thickness N ' Description
' 4'5" iw S.S.s ye]lowish grey, qtz., v. f. ar., silty,

»well sorted, a., fair porosity, well indurated, v.
s1.:0. s.3 Ss.s. includes thin beds or pebbles of

~Sh., dk. grey, micaceous, s1. silty carhonaceous

‘material common, du11 well indurated

19" s.s.; mod. yellowish brown, qtz.; f. gr., well

' : sorted. a., v. good porosity. friable, 0.S.

6'3" S.s , yellowish grey, qtz., £. gr., sl. silty,

. , WET] "sorted, a.; v. good porosity, s1. friable, ,
st. micaceous in part, v. sl~ - At 2'3" from

. the top if the int. a 5" sear

"~ intbd. (very frregularly)-yith Sh., \dk. grey, mica-
ceous, silty, dull, s1./pynitic in part, well

. indurated. At 5'9" fromk thel top ofthe int shale
“makes up very irreguia pebples(on 1" thickness)

Tower Ki]iam No. 1 5-18—42-13!44&KB-2284) ‘

p.s.s, is thinly

AR
Core #47 12963-2969 (rec. 2.3 ft.) |
| vllﬁiﬂﬂﬁﬁﬁi o - ,waﬁﬁw\‘ ~ .Description -
2'3?- o §l§§£ 1t. UVGY» qtz C. gr., V. poor: porosity,

sl. ca]c yrarg.. WEilaindurated glauconitic,
micaceous, abundance of black carbonaceous material
scat. throughout,; iron staining (siderite), intlam.
. with Sh., med. dk. grey, micaceous, silty, with
coaly flecks and streaks% shreds-of white mica

SR ﬂ : especia]iy on bedding p]ances, xbdq 1n part
. Core #48: 2969 2977 (rec. 9.6 ft.) | o
" Thickness - .; e Description

. .9'6" . Sitst s 1t. grey to" dusky vei]ow, mott]ed alauco- -
Co v - nitic as above, thinly intbd. with Sh., as above;
-~ - sh. becomes prominent and darker toward the base,
xbdg Y. common. ,

. Core #49: 2977 2985 (rec a 77f0)

Tnickness - Description
fS'Bﬁ? [ STtst.,iit,'grey, mott]ed in part, glauconitic,

1inly intbd. mainly irregularly with Sh.
: ove, sltst.. becomes prominent at base

106
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N
N

N, Description ™"

Thickness
o's" Sitst., 1t. arey, glauconitic, as above, some rare
"patches" of frreqular laminae of dk. arey Sh.,
as above.
2'5" Sh., dk. grey, alossy, smooth broken surface, nodules
. ‘“T'pyrite (up to 1/2 inch) are common.
~ Core #50: . 2985-2993 (rec. 5.10 ft.) ‘
Thickness | . Description
T , B ,
05" Sh., dk. .grey, as above.
5'5" Sh., dk. grey, as above, v. irregularly intlam.
' . _'rthSS:]t gre.Y9f gr',a
Core #51: 2993»2998 (rec 3.5 ft.)
Thickness Descr1gtion
3'5" S.S., ye]]owish grey to dusky ye]]ow, atz., v. f.
: gr., very silty in part, well sprted, a., poor to
fair porosity, sl. calc., well indurated, v. sl.
& glaueonitic, micaceous, black coaly material.UV
o common, sl. o. s. in part, a few 1aminae of dk.
, . sh. appear throughout. .
Core #52: 2998-3004 (rec. 4.6 ft.)’
| ThickneSs ' | _ Descriptiph
- 4'6" ‘S.s., as above,.-although pyritic and sideritic,
intlam. or v. thinly intbd. with Sh., med. grey,
< micromic ous, sl. silty, dull, firm. L
Core #53: - 3004-3010 (rec. 8.11 ft.) |
' Thickness Déscription
52" 'Sltst "1t. grey, qtz., v. poor porosity, fairly
L arg. , loose. micaceous, coaly material scat. through-
N out, thinly 1ntbd with Sh » as above, abundance of
o N : Acoaly material ‘ ,
_ "3f9"A Sh., dk. grey, v. sl. sandy. silky, loose ‘abundance
SR of black carbonaceous material,: int]am or thinly -
- : intbd. with Coal. _ A
Core f54" 3010-3016 (rec. 2 4 ft )
‘Thickness 4{ Description i

,§;§;: yeliowfsh}grey; qtz;, with authigenic.
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Thickness ] : : Descrip@ion

overgrowth, v. f. gr., silty, a é\fa1r1y well
sorted, fair porosity, well 1ndura¢ed black carbona-
ceous<mater1a1 scat. throughout, brown iron staining.

Core #55: 3016-3024 (rec. 9.4 ft.)

\\
Thickness o Descrigtion \\
2'7 ' Sh. b]ack glossy, smooth broken surfac » with
: coa]y streaks, friable.
1'a"  s.s., yellowish grey, as abo"ve
1'0" Sltst., 1t. olive grey, qtz,, r., V. _poor porpsity,
: calc., hard micaceous. v. sl. glauconitic

. 2
" ' Sh., dk. grey, g]ossyr smooth broken surface. o
0'9" ‘ :'Sh., dk. grey, microm1caceous, silty, duf?, si.

pyritic, abundance of coaly flecks, firm, v. irregy-
s - larly intbd. with lenticular S.s., 1t. grey, qtz.
: with authigenic overgrowth, vi f. gr., v. silty,
almost non porous, well indurated, f coaly materia

- Tscat. throughout .
. ' .Sh., med dk. grey, microm1caceous, aglossy, V. -
‘ _ ‘ loose. - '
" Core #56: 13024-3027 (rec. 3.8 ft) e
'iThickness. o iA | \Description
» 1'0% Ls » yellowish grey, sub]ithographic, no apparent _ | .

porosity. 'some rare blac carbonaceous material

1'0" R Sh , black, silty, dull, at1ve1y s oth byoken
: ‘ : surface v. sT. g]auconitlc 1oose

' 1'0" _i' sh., greenish grey, micromica eous, v. s lty, du]l
‘ TR codly material flecks 1n part

0f8“ AN e Ls,. ye11owish grey. as above, V. \sl g]auc nitic

o

Core #57:  3027-3035 (rec. 9.1 ft. ) - \
"lbiéﬁﬂgiifxfsxx o e Description K\\%g ‘g.;/

j v B‘jO"e- /: . Ls.. yelIowish grey. as above o .f\;?' . />& o

»l 53 ,g_ Sh., greenish ‘grey as above,. s1. calc., v. riaolé,‘\y

- pyritic. minor slickensiding 1n part.



Core #58:

_ Thickness

5']]“.

Core #59:

Thickness

109

3035-3043 (rec. 5. 11 ft.)

Descrigtion

Sltst., vellowish grey to 1t. arey, atz., arg.,
calc., well findurated, micaceous, sideritic, pyritic,
some rare black carbonaceous material scat. through-
out; intlam. or very thinly intbd. with Sh., med.
grey, micaceous especially on bedding planes, silty,
black, carbonaceous material scat. throughout, hard.

3043-3049 (rec. 6.3 ft.)

Description

Sltst., thinly lenticularly intbd. with Sh.,-as

107“
r above, pyritic. -
2'7" Sh., med. dk. grey, sl. silty, dull sl. pyritic,
with coaly flecks and streaks, loose.
21" Sltst., v. 1t. grey, qtz., v. arq., sl1. friable,
T ‘ ‘micaceous, sl1. pyritic, s1. sideritic, black carbo-

naceous material scat. throughout.

Core #60: 3081-3087 (rec. 6 ft.)

" Thicknes
60

_ ‘ Description.
Sh., greyish black, silty, dull pyritic, firm,
thinly intbd. with tenticular Sltst., v. 1t. arey.
to med. .grey, atz., v. poor porosity, calc., (highly
calc. at top, calcitic cement), v. well indurated,
micaceous, abundance of carbonaceous material scat. .
throughout the rock, shale. becomes prominent at base.

~Core #61: 3087-3095 (rec. 5.10 ft.) . A
' ' ' ' "_Descrigtion N
4" - _sh., as above, thinly intbd. with lenticular Sitst.,

as above, highly calc. (calcite cement), sh. becomes
pfominent toward the base. - ) -

' Thickness

19" - sh., dk. grey to med. bluish grey, micromicaceous,
Eﬁﬁ]; pyritic, abundance of coaly material. .

| Core #62: 3095-3103 (rec. 4.2 ft.) .
B Description

_Thickness |
| ;'50f9“"”"J3 | §h,;.ﬁs dbove. thin1y'jnth.}w1th Sltst., mod.

,greenish‘yel]ow, qtz., v. f. gr., sl. friable.



Thickness

3. 5"

_ Core #63:

Thickness

0l3ﬂ
5'l 9" ’

Core #64:

Thickness

5eQ

"~ Core #65:

Thickness

. 7!0'!

Core #66:

Thickness

°4.l2Il

~Core #67:

Thickness -

7. 3"
 o's”

Core #68

_Thickness b

: : 3!6& oo

- 3114-3122 (rec.

110

Descriptibn

.Sh., med. dk. grey, micaceous, silty, .qlossy,
—Tbropyritic. black carbonaceous materia] in part,
v. hard.

3103-3109 (rec.. 6 ft.)

Description:- .

Sh., med dk qrey as abave.

S.s., mod yellowish brown to dusky brown depending
upor o. s., qtz., v. f. gr. to silt, poorly sorted,

A., fair to good porosity, well 1ndurated, micaceous. .
s1. pyritic, highly o. s. in part.. . '

3109-3114 (rec. 5 ft.) .

Description

- Sh. dk grey as above, intbd. (beds up to several
inches thick) with S.s. > dusky brown, highly o. s.
as above.

7. ft.) o
- ~ Description

Sh., dk. grey as above, intbd. with S
Brown, “highly o. s. as above.

3123-3127 {rec. 4.2 ft,)

S.s., dusky

4

" Description

As above, but}S.s. is less o. S., presence of worm
‘borings (7) -

3127-3135 (rec, 7.8 ft. )
. )

Description

. As above, sb. becominq~prominent'at basef»

silty,
friable,

S. s., yel]owish grey. qtz., v. f. gr., sl.
A, v. well sorted,‘ v.- good porosity, sl.
micaceous.

3J35-3143 (rec 8. 6 ft. )

/
[ ~
_ /
Description

S s.. yel]owish arey as above, 0. S. /1n part,



Thickness

2.8"

2!]0“

Core #69:

Thickness

5!6"
Core #70:

Thickness

Y

Core #71:

Thickness

Core #72:
7' 2"

Core #73:
4'3"

C

3)

m

Description »

S.s., as above, althouoh more silty, thinly intbd.
with Sh., med. dk. grey, micaceous especially on

‘bedding planes, silty, dull sparse black carbonaceous

material, hard.

S.s., vellowish grey, pale yellowish brown at top,
. ar., silty, v. well sorted, r., v. ocood porosity
except at top (almost non norous), calc., highly
calc. at top, generally friable but hard at top,
s1. pyritic, rare black carbonaceous material scat.
throughout.

3143-3151 (rec. 5.6 ft.)

Description

S.s., yellowish grey, as above.

3151-3159 (rec. 2.1 ft.)

Descrigtfon

S.s., yellowish grey, as above, some c. grains
of qtz.

3159-3167 (rec. 7.6 ft.)

Description
S.sg, yellowish grey, as above.

Sh., pa1e ye]]owish brown with s1. qreenlsh cast,
mi cacéous especially on bedded planes, v. silty,

in part s1. loose, chlorite (?), abundance of b]ack
carbonaceous mater1a1 v. thinly intbd. with S .
yellowish grey, qtz., f. gr., silty, well sof—7i
a., good porosity, friable, s1. o. s. in part,

- some s.s. seams are up to 10" thick.

3167-3175 (rec. 7.2 ft.)

Sh., as above (abundance of chlorite giving a greenish
_color), thinly intbd. w1th S.s., as above, sbdg
common. .

 3175-3184 (rec. 5.8 ft,)
'Sh., as above. thinly'intbd with S.s., as above,

S. s.. V. 1t. grey, qtz., f. gr., v. si]ty, poorly

"“surted r., poor ‘to good porosity depending upon

-sflt content, well indurated, micaceous, black
carbonaceous material scat. throuqhout, presence of
soue rare Taminae. of btTack sh.

4



Core #74:
Thickness

o

70]“

Core #75:

Thickness

5l9Il

Core #76:

Thickness
RALARL Lt

]l]oll

[

]l7'l ]

3184-3192 (rec. 7.1 ft.)

Description
S.s., v. 1t. grey, as above including at top
rounded pebbles {up to 1") of Sh., med. dk. qgrey,
micaceous, silty, dull, fairly hard, carbonaceous
material.

3192-3200 (rec. 5.9 ft.)

Description
S.S., V. 1t. grey, as above, including rounded
pebbles of Sh., med. dk. grey as above, pebbles are
small at top (3-4 mm) but they are up to 1 inch

at base.

3200-3205 (rec. 3.5 ft.)

¢

NDescription

S.s., yellowish grey, qtz., V. well sorted, r.,
v. good porosity, calc., well indurated, micaceous.

S.s., 1t. bluish grey (atz.). rounded, f. ar.,

132

also presence of- rare coarse arains, v. poor porosity,
v. calc. includes abnt. r. pebbles of Sitst., qréenish

grey, qtz., v. arg., vell indurated, micaceous,
black carbonaceous material scat. throughout.



Abbréviatioﬁs used in core .descriptions

"G . - shale

grain (ed, §)

. - . r. . - .

sltst - siltstone. V,g. - angular

s.s. ~ .- sandstone a. - subangular
- s, . = limestone o r. - subrounded

arg. - - argillaceous. =~ - R. - reunded

.calc. - calcareous w.R. - well rounded
“qtz:; .-, - quartz o .y abnt. -~ abundant
~intbd. -7 - interbedded = dk. -~ dark

xbd. . - - cross-bedded ft. - feet

xbdg. - cross-bedding .- int. - interval’

Tam. = laminated =~ - -~ . 1t - light™

xlam. - cross-laminated mod. - moderately

v. f. - very fine- 0.s. - 0il stain (ing)

f. ‘ - fine - ’ B rec. - recovery o

med - medium - .scat. - scattered .

c. -

- coarse i sl.. - slightly : B
v.c. very coarse S S ’
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Figure 1

@

~

Figures_é and 3

‘‘‘‘‘

SET

PLATE 1.
Thin Section Photomicrographs

..

>

A E]]ersﬁie Member; silica cement occurring as auth1qenic;

overgrowth in opt1ca1 continuity with ‘quartz grains,
note a thin film of 1mpur1t1es marks the boundary
between the detrital grain and the authigenic over-
growth; also note y a few 1nc1us1ons in the

‘overgrowth. (5518 -13W4, 3201 ft. ), crossed n1cols,

X124.

~—

'E]]ers11e Member, show1nc ca1c1te cement rep]ac1nq_

quartz grains; calcite polarizes in -higher Order coTours when
" replacing quartz (see edges of grains), (5-18- 42- ‘
~13W4, 3204 ft )s crossed n1cols, X124, ,

: “Ca]careous" member, arq111aceous 1imestone with

ostracod, also note presence of quartz grains (5-
18-42-13W4, 3028 ft. -.plaﬁe 1ight,‘X124 »

: “Ca]careous" member, showing c]ay “concretion®

included in sandstone (10-32 41 12u4, 2972 ft.),
plane light; X31. : .

'"Calcareous“ member;  shdw1ng calcite cement re-

placing quartz ‘grains and silica cement (7-19-41-"
1204, 3052- ft )> crossed nicols, X124, '

"Calcareous" member ‘contact between two §ed1mentary
units; "laminae® in Tower unit are not parallel to

the base of the upper unit. (coarser grained). (7 19-

41-12w4, 3028 ft.), crossed nicols, X%y

Channel\sandstone, matr1x composed of. c]ay, 1ron .
oxidé &hd quartz, makina up a thin bed, note -

presence  of rounded grains and angular grains in
coarser. part (3=12-41- 12N4 3252 ft. ) crossed nicols, -

X31. - . B i - -7 ,»"*"'/l

«

3 _y:-\:;

e
-



o
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.FigOre '

Figure

- Figure

Figure

“Figure

Figuree:;'
"Figure"

Figure 8

 PLATE II

"Thin Section Photomitrographs;~

‘aChannel sandstone show1ng thin f11ms of matr1x
* - (essentially c]ay) around quartz grains (4- 15-~
~41-12u4, 3129 Ft. ), plane light, X31. .

_Channel sandstone, showung calcite cement rep]ac1nq

quartz grains, note “"skeleton" of replaced grain in
centre of pictu (4 15 41 1zw4 3129 ft. ), crossed
nicols, ng)\\‘:f 3 | A

Channe1 sandstone; showinq distribution of qra1ns 1n

Jaminae, note variation in grain size. (8 15- 4] ]2w4

3140 ft.), crossed n1co]s, X31.

’Channel sandstone homogeneous th1n sect1on repre—
‘sentative of most.of the samples from channel;-arains

mostly subangular. (13 16 41-12v4, 3055-ft.), crossed

i n1co1s, X31

Channe] sandstone sandstone cemehted by ca1c1te, N

- abundance of chert {13-16-41-1244, 3059 ft.), crossed S
. nicols, X31. e

a fan-1ike shape 1in 1ntergranu1ar space (13 16 41-...

- 12u4, 3059 ft ), crossed n1co1s, X124..

b C]earwater Formatwon examp]e of secondary cement._i

calcite cement is f1111ng up spaces between grains;

.- grains are mostly contigudus: (4-15 41-1244, 3050 L. )Q',fﬁ*
»=jcrossed n1co1s. X124 I - o

-j E]1ers]1e Member, examp1e of primary. cement, gra1ns
"float" in- cement (5 18 42 134, 3204 ft. ), crossed
n1co1s, X31.“¢

116 -

: Channel sandstone show1na muscovite compressed betweenf”a_v
.'quartz grains. and taking, because.of its plasticity,
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Figure
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" GALAHAD N°3 to KIDD
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