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ABSTRACT

A subsurface study of the five main bentonite beds (in ascending
order designated.'E', ‘D', ‘C', ‘B', 'A') in the Lower Cretaceous
Viking Formation of southeastern and central Alberta, between Townships
21 and 60, and Ranges 3 and 28 west of the Fourth Mer1d1an, shows their
stratigraphic and geographic distributions through a comb1nat1on of
electric log and chemical correlations. More than 1000 electric well
1ogs‘and 102 Viking cored wells were studied.

From one to a maximum of eight bentonite beds were observed in
most of the cores, with thicknessesj}anging from ]essuthan one inch to
24 inches. The bentonites are biotite-rich, although biotite grain
size varies from very fine to coarse.‘ Log correlations and core
studies show that most of the bentonites are 1atérq1]y restricted in
occurrence, except for 'E', 'C' and 'A'.

X-ray fluorescence analysis of these bentonites for the e1ements
Al, K, Ca, Ti, Mn, Fe, Sr, Rb, and Zr was carried out to determine the
usefu]ness of each in characterizing the ashes, and to substantiate the
log correlations. The element combination, K-Ca-Ti, and the ratios
Ca/Sr and K/Rb wefe found to be the most_usefu] in the-characterizatfon
and discrimination of theseﬂéshes. .The early bentonites are rich in
calcium, while the Tater ones are potassium-rich.

The maximum biotite g#ain siie q1§tribution, and the positive
linear re]ationship beﬁween the former and Fe/Mn ratio, tentatively |
indicate a southwester]y source location for the earlier bentonites.

A rough positive 11near relationship between maximum b1ot1te gra1n
size and Ca/Sr ratio for the uppermost bentonite, and‘Fe/Mn ratio for

V.
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the lowest bentonite support Liie hypothesis that a variation in
bentonite:chemisﬁry with distance from source is in part a function
of grain size. . l. |

Cross sections and a ¥énce diagram utilizing the bentonites as
"tjge planes show that the Viking Formation is divisible into Basal,
Lohér; and Upper sand units. Deposition of the first thin northwest-
trending Basal sand north of Township }ijollowed the eruption of the
earliest volcanic ash. However, deposition of the northwest—frending
Lower sand in the extreme southeast of the study area began slightly
ear]ier.v Debosition of this Lower sand continued and extended to the
southern and central parts of the study area during the eruption and
subseﬁuent deposition of the 'C' volcanic ash, while north of Township
39, deposition of another northwest-trending Lower sand‘succeeded %t.
This Tatter sand unit is separated from the former by an area of
non—sand'deposition, around Townships 34 and 3;, Ranges 15 to 22W4. A
probable marine incursion, or a temporar& cessation of sand deposition
possibly related to the depositing~mechaniém arrested sand development
almost throughoht the study:area. Eruption and preservation of the 'A’
volcanic ash occurred at this time. In the extreme southwest and
“southeast parts of the study area, this event coincided with the early
deposition of the Upper sand which eventually terminated Vi(ing
depositioh south of Townsﬁip 34. Thus, the Viking Formatjon is
generally younger to tHe south than in the north. |

Relative to these time planes, there seems to be no dominant
direction of sénd‘progradation.,‘Rathgr, sand progradation appeafs to
change with time. An early westerly (landward) prog;adation is
indicated by the lower sand in the southeast part of the study area,

vi.



where ghnd development is also thickest. Slightly north of this

area, a late northwesterly or eaéterly progradation is also apparent.
Betwéen Townships 40 and 44, .an early northeasterly shift in deposition
and a later dominant wester y progradafion are also indicated for the

) Lowe; sand of this area. (T Upper sand unit a]sé shows both eastef]y
and westerly directions of progradation. These suggest opposing
directions of sand transbort. In general, the rate of sand deposition

and progradation appears to have been rapid.

viis
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CHAPTER 1

INTRODUCTION

Objectives and Scope of Study

A previous study by Tizéard (1974) and Tizzard and Lerbekmo (1975)
resulted in the correlation of a thick coarse biotite-rich bentonite
bed in well cores from the Viking Formation in the Suffield area of
southern Alberta (Townships 19 to 26, Rangés 1 to 16W4M). Tizzard

*r‘fu%§per obseryed that the characteristié electric log signature of the
bentqnite (positive spontaneous potential and a low resistivity) was.
present in electric logs of wells to the west and north of his study
area. 'This observation stimulated the present project. The thickness
and composition of this bentonite apparently made it unique and easily
differentiable from other thin fine bentonites within the formation in
the Suffield area. The pri&ary objective of the present study was to
trace this bentonite horizon to the north and west of the Suffield area
and thus attempt to establish a time datum in the Viking Formation on
a more regional scale. This datum cou]d-then be used to interpret the
depositional hiétory of the Viking sandbodies which act as reservoirs
for petroleum hydrocarbons. It was envisaged that a chemical correlation
based on elemental analyses would be neceésary to strengthen visual Tog
correlation on a regional scale of wider observation points.

Figure 1 shows the geographic setting of the area of study located
in south-central Alberta as well as that of Tizzard's study (1974). It
embraces Townships 27 to 60, Ranges 8 to 28 west of the 4th meridian,
covering an area of approximately 24,480 square miles. The presence
of 0il and gas %1e1ds insured availability of well 1ogs and cores.

1
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A preliminary study of the geographic distribution of bentonités as

interpreted from well Togs helped to delineate the study area.

some_Viking 0il and Gas Pools in Central and East Central Alberta

The stratigraphic position of the Viking Formation and the
geographic distribution of some of its 011 Snd gas fields are shown in
Figures 2 and 3. The former is illTustrated with electric Togs from
wells 10-32-28-16W4M- and 11-33-59-27W4M, approximately 208 miles apart.
- They show a multiple sand development (2 or 3 sand bodies) characteristic
of the formation in the Study area. These sand bodies are intercalated
with sandy shale, sh&]e_and silty shale units. However, exceptions
occur, particularly in the east and west, where only one thin sand
body developed. In other places, sand development is very poor to
absent: Individual sand bodies vary in maximum thickness from 70 ft.
to abouk 5 ft. The formation in the study area océdpies a relatively
constant stratigraphic position with respect to time. Regionally the
formation is underlain by-the Joli Fou shales, exceptlin the south and
west of Alberta. South of twp. 20 it loses its Tithologic identity and
is indistinguishable from the ove#]ying Bow Is1and'sands and shales -

a stratigraphic equivalent of the Viking. Té the west, the Joli Fou
pinches out and the Viking Formation merges with the undec]ying
Blairmore Group of the Foothills. The L]oydminster Shale overlies the
Viking in the central Alberta Plains. Economically, the formation
produces il% of the gas reserves of Alberta and‘2% of the 0il reserves
(Larson, 1969; White, 1960). The significant oil fields in terms.of
reserves include Joarcam, Joffre and HamiTton Lake.

The Joarcam field, discovered inkl949, is situated approximately
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20 miles southeast of Edmonton. It is roughly 30 miles long and 2 to
4 miles wide, occupy?ng an area of approximately 20,000 acres. The
stratigraphic trap-type reservoir sand, changes facies 1atera11y7to
shalte to the northeast on a homoclinal sfructqre. The maximum reservoir
thickness of the Tlower sdndstone.is aont 30 ft. with an average of 21%
infergran&]ar porosity. Maximum oil zone thickness is 28 ft. with an
average of 7 ft. _Tge northern part of the reéervoir is capped by a
maximum éas ;099‘23 feet thick. Estimated oi) %n place is 150 million
stb. | | |

The Joffre field was discovered in 1953. It is located to the
immediate east of Red Deer. The field is 23 miles long and about 1%
mi]es»wide, an areg of about 12,400 acres. The reservoir is a porous.
sand Tens surrounded by impermeable sandy shale and shale beds. It is
a lower Viking sandbody wjthin a- localized sand°deve1opme;t along the
Joffre - Gilby trend. Average po%osity and permeability are 13.2% and
190 'md. respectively. Estimated maximum reservoir thickness is 30 ft.
~with an aQerage 0il zone thickness of 10.2 ft. Estimated reserves :
(in-place) are 79 million stb.

The Hahi]ton Lake field discovered in 1952 is also a stratigraphic
trap. The Feservoir sand bin;hes out ihto shale. Two pools arel
present. The estimated in-place reserves of the lower Viking A and B
pools adds ub to 43 million stb.

Otter ail fields in the study area include Battle North and Soufh,
and the Gilby - B.~*ley field to the immediate southwes£ of the study
area. ‘

The main ggf £ *~ the area include Viking—Kinse]]a; Provost

‘and“Westlock. The ‘i, sella field is located about 85 miles e



southeast of Edmonton and was discovered in 1914. The namé Viking
Formation hails from this”ﬁoca]e. The reservoir Sahd pinches out

up-dip due to a 1atera1‘facies change. It covers an abproximate aréa
of 342,000 acres. Maximum gas pay thickness of the Tower sand is 15 ft.
with an gveYaQe of 5.3 ft. Porosity is 24%, and estimated in-place
reserves are 947 bcf. -

| The‘Méfn Provost field, discovered in 1946, is situated 140 miles
southeaQL of Edmonton near the Alberta-Saskatchewan border. The Provost
lTower Viking reservoir sand is a Tens enclosed in impermeable shale.
Average porosi£y is 22.1%, and the maximum gas pay thickness ig about
20 ft. with an average of 5.8 ft. The field occupies an area of
approximately 416,600 acres with estimated in—p]acé’gas reserves of

=3

813 bcf.

" The Westlock field is located 80 miles hoéfhwestcof EQmonton and
is the northwesternmost field within tﬁe northwest-southeast trend of
the Viking gas fields. It was found in 1949. The feéervoir trap is
an up-dip porpsity pihchout due to facies change from sandstone to
shale. It covers an approximate afea of 200,400 acres. The lower and
upper Vikfng;sands are b;th productiye.. In-piace.estimé%ed'reéerve§
. of the non-associated gaé is of the order of 456.5 bcf; Othér.gas .
fje]ds.iﬁ the-area %nc]ude Beaverhill Lake, Ca]mette—Viﬁ; pools of
Westlock, Fairydell Bon-Accord; Fort Saskétchewan,deTey, Provost
(Kessler and Brownsfield areas) and Red Willow. The foregoing show the

economic’ importance of . the Viking Formation.

Previous Studies

The Viking Formation in central and southern Alberta éﬁg south-

A,
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western Saskatchewan has been fafirly intensively studied. This is

obviously related to its economik significance. However, the focus

of most published works appears |to have centered on the environment

of deposition. Gammell (1955) uked petrographic evidence to interpret
the regiona] composition of the formation. He further used the
stratigraphic position and relatjiionships of the Viking Formation to
conclude that the sandbodies weqe generally regressive. Roessingh
(1959) attempted an east-west cdnreiation of Viking bentonites in the
southern plains of Alberta. He;conciuded'that the bentonites occurred
approximately within the same etratigraphic position relative fo the
top of Viking Formation. He used this and the presence of chert pebb]es
“ and microstructural Features Ain the formation to argue against
regression and diachronism of the sandbodies, and preferred deposition
by turbidity currents in agreement with Beach (1955, 1956). De Wiel
(1956) and Jones (1961) opposed this idea and proposed deposition in a
shallow epicontinental sea. Tizzara and Lerbekmo (1975) used ’
sedimentary st;;;EEFEQKand the shape of the spontaneous potential logs
to interpret these sandggdies as barrier bars, an idea previous]y.
forwarded by Stelck (1958) and for the correlative Muddy Sandstone,
Berg.and Davis (1968) and Shelton (1973). A tidal current origin of
the Viking Formation sands in the Dodsiand Hoosier area of southwest
Saskatchewan was advanced by Evans (1970) u51ng geographic orientation,
imbricate arrangement and size of the sandbodies. Ko]dijk (1976) used
the absence of sedimentary characteristics of a normal barrier island,
matrix supported cong]omerates,}and the siies of the phenaciasés and

matrix, as eyidence'supporting deposition offshore by ephemeral

currents generated by severe storms for the Gilby Viking 'B' sandstone.

1



This degree of variation in the environment of deposition for the
Viking sands is likely too extreme to be cofrect, but suggests the
possibiiity of a complex dynamic depositional system within the Viking
sea. This is Tikely because it was a "transitional” sea arising from
the merger of the northern Boreal and the southern Gulf of Mexico seas.
However, a detailed diagnoéis of the anatomy and morphology of these
sandbodies re]ative to Viking time planes in di%ferent areas will aid
and promote an integrated interpretation and Qnderstanding ofi the
various deposiiiona] environments in the Viking sea.

Stelck (1958, 1975) established the age of the Viking aé middie
Upper Albian using both macro and micro faunal evidence from the shale

beds under]ying and overlying Fpe Viking Formation.



CHAPTER 2

METHOD OF STUDY

More than 1,000 electric well Togs (spontaneous potential and
resistivity) were examined at the Alberta Research Council, Edmonton,
to establish the characteristic resistivity signature in the sf&dy area
of the datum bentonite used by szzard~(1974). This was possible
because of the high well density due to the presence of oil and gas
fields 1nithe area. This exercise enabled a tentative decision on’ the
presence or absence of the bentonite in the we]]g to be made, and gave
a general idea of its geographic distribution. Copieé were made of logs
which indicated the bentonite horizon.

During this phase of the study, it was observed that the bentoni te
Signature was missing in some Togs while more than one signature showed
up in others. The former situation implies that the volcanic ash does
not occur in the area, or is intercalated with clay shale, in which
case it is not easily differentiated on the log. If deposited on a
sand bottom, the ash would be easily eroded by the more severe.currents
or waves common in sdbh.a‘depositiona1 environment. The presence of
more than one signature suggests that several bentonite horizons are

©

present in the formation, as reported by some earlier workers

(Roessingh, 1959; Jones, 1961; Tizzard and Lerbekmo;"1975) In logs

where the bentonite type signals showed up, their depths and strati -
gréphic relationships to the sandbodies were noted. This facilitated
later correlation with the cored wells in the Viking Formation.

The secondlphase of the study involved the 1nspe¢tion of more

than 1500 well data cards ét the Reéearch Council. This was under-

10
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taken to note wells with cores from the Viking interval, the location
of the cores, and to see if bentonite intervals indicated in the logs
were actually cored. Unfortunately, some wells which show the distinct
benton%te signals were not cored. In some of the wells with both
bentonites and cores, the bentonite horizons were eithef purposely
skipped during coring operations or coring did not reach them. These
are evident on inéeection of the cored intervals.

For well Togs without bentonite signals, the cored.intervals were
also recorded, since bentonite presence cannot be completely ruled out
on the basis of lack of log chara“terisfics. A total of 102 cored wells
emerged from this search. This by no means implies that only 102
Viking cored wells are present in the study area.

The third phase of this study was to check the physica]‘presence
of the bentonites at the corehouse of the Alberta Energy Resources
Conservation Board in Calgary. This initially involved examining the
cores at the 1og‘1nd1cated depths for the benteg}&e(s) and collecting
bentonite samples. A base map of Alberta containing well locations,
obtained from éanadian Stratigraphic Services, facilitated simultaneous .
location of the wells on map as the cores were examined. This made it
possible to follow the geographic distribution of the bentonite(s) in
the field and, most importantly, controlled the sequence in which the
| cores were examined. Figure 3 shows the locations of cored wells
- examined. It was ebserved that some of the cores whose logs showed‘the
distinct bentonite signal did not contain the bentonite at the expected
Tog depth. When these cores were examined, some were highly reworked
or b10turbated at th1s hoY1zon This suggests that the volcanic ash

was completely mixed with the sediments by organisms. However, the
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bash still differentiates the horizon chemically from the rest of the
bed, as the characteristic signal still shows up. In other cbres;
this horizon is missing in the core boxes, suggesting that if originally
present, the sample was either lost or had been completely sampled by
earlier workers. In those wells with cores but ne bentonite log
signal, bentonite horizons were usually found. In gost of these cases
they were located in thin shale units intercalated in sand, or at the
immediate base of a sand, suggesting that the spohtaneous potential of
the sands must have in part obliterated thé effect of thg‘Béntonites;
hence they were not distinct in the logs. In others the bentonites
were very thin and as such could not influence the electric log curve.
In genera1,>65 of the 102'c0red'we1ls contained bentonite horizoné.
Ten of these contained the initial bentonife of interestﬂ(a thick
coarse biotite-rich bentonite) (see App;ndix A for location and field
descriptions). The maximum number of horizons observéd in a sing]e.;}-
well varied from one to eight. Variations in thickness ranged from
less than 1 in. to 24‘in(, Qualitatively, the texture varies from
- coarse to fine. The bentonites occur in various lithologies ranging
from shale through silty shale and sanéy shale to rarely sand, and in
varying degfees of preservation and purity. Four of the bentonites
are rich ?; biotite, but the biotite grain size varies from medium to
coarse; the thicknesseé range from lhin. to‘24 i~ . ~his examination
thus showed the presenée of more than one thﬁck.coarse“biotite—rich )
bentonite as oppcsed to the observations of:Tizzard and Lerbekmo (1975).
These four bentonites constituted the bentonités of interest in this
study.

Poor core. recovery, different coring techniques and the
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restriction by the Energy Resources Conservation Board on sample sizé
‘allowed to be collected (1 cubic inch) 1jm1ted the quantity &f samples
taken, which later influenced some analyses of interegf.

Where practiéab]e the collected samples were spfit into three
unequal parts. Two were used for X-ray fluorescence and biotite grain
size analyses. Small samples only were uécd for the former; the third
split was.preserved for reference.

The various techniques used in characterizing volcanic ashes and
vpyroc1asts were exhaustively reviewed by Shith‘and Westgate (1968). It
was felt that analyses of some major, minor and trace elements, in the
Viking bentonites using the XRF technique would characte#jze them, ahd
hence make correlation possible. This would not only confirm or
contradict their log correlations, but would serve to co?re]ate them
uniquely in the study area. Time planes would be established for the
Viking Formation, and these used to discuss the time stratigraphfc
co ition anﬂ depositional history of the formation. Lerbekmo and
Campbell (1969) studied the White River Ash in the Yukon Territory.
They hypothesized that the relationship of chemistry to distance from
source is a function.of pa%t1c1e size and density. This was supporggd
by the Tow /Rb ratio related to decrease in particle size of the glass
fraction.

A few grain size ana]ysés were carried out in the present study to
examine the bigtite-size distribution. “This was to test the above
hypothesis and determine in relative terms the approximate location of
the eruption centre, as grain size will in general decrease with

distance from . eruptive centre. The distributio~ “aht also be used

to characterize the bentonites.



CHAPTER 3

GENERAL STRATIGRAPHY AND SEDIMENTOLOGY -
' OF THE VIKING FORMATION

The name 'Viking' was first used by Slipper (1917) to denote the gas
reservoir sands of the Viking-Kinsella field in east-central Alberta.

The sand is stratigraphically located approximately 146 ft. above the base
of the Colorado Group in this area; it is underlain by marine Joli- Fou
shales, and overlain by the marine Lloydminster Sha]ef Usage of the term
has been extended to include similar sandbodies in about fhe same strati-
graphic position in central Alberta and soutﬁwestern Saskatchewan. 'The
Viking was initially classified as a member of the Colorado Group (Hunt,
19545 Reasoner and HQnt, 1954; Gammell, 1955). It was later upgraded to
the rank of formation (Magditch, 1955; Stelck, 1958). Figure 4 shows the
§tratjgraph1c position of the Viking Formation and its correlatives in
Alberta and neighbouring areas.

The Colorado sea covered the continental Uppér Manville in mid-
Cretaceous time and the Joli Fou Shale was the first marine deposit iﬁ
this ;ea. It is well marked on electric logs throughout the area of study.
The westward pinéhout of this formation resulted in a merging of the over-
lying Viking with the underlying non-marine Manville Group to form the
Blairmore Group of the Foothills. To the south also, the Joli Fou becomes
indistinguishable from the Viking Formation and both grade into the
Bow Istand Formatibn. Regionai]y the Viking Formation thins progressjvely
to the northeast and east and finally pinches out in'thé vicinity of St.
Paul ’twp. 58, rge; 9W4M) (Gammell, 1955). Farther to the northeast dﬁd
in the northwest of Alberta, sands in similar stratigraphic position are

3
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respectively known as the Pelican Formation and the Paddy Member of the
Peace River Formation (in part). The Viking Formation is a time strati-
graphic equivalent of the S11t Member of the Ashv111e Formation in south-
western Manitoba, the Muddy Sandstone of Wyoming, and the Newcastle Sand—
stone of Montana and northern Dakota (Stelck, 1958, 1975; Glaister, 1959;
Rudkin, 1964; Berg and Dav1d, 1968).

Stelck (1958, 1975) used macro-and micro-faunal evidence in the for-
mations above and below the Viking Formation to establish the age of the
Viking Format1on ‘as of the mid-Upper Albian stage of the Lower Cretaceous.

The underlying Joli Fou Shale carries the foramini fera ﬂgp]ohhrqgmoides

gigés and the pelecypod Inoceramus comancheanus (a migrant form from the
Gulf of Mexico). These species have been established to range from the .
uppermost Mid-Albian to the Towest part of the Upper Albian. The over-

lying shales yield the foraminifera MiTliamina manitotonsis and much

higher the endemic Neogastroplites. The intercalated Viking Formation was

therefore cons1dered ]1ke1y to be mid-Upper Albjan. Potassium- argon
absolute ages obta1ned from biotite and sanidine in some V1k1ng Formation
benton1tes rangé from 94-118 ma. with an average of 10042 ma. (Tizzard, 1974).
. Reg1ona11y the Viking consists of d sequence of proto-quartzites rieh__
in chert pebbles, 1nterbedded with dark grey to grey siltstones and
bentonitic shales.’ Ironstone éoncret1ons occur in the sand units,
Loca]]y a chert pebble str1nge;‘e; a.chert-rich sandstone commonly tops the
format1on The sandy unit varies greatly in coarseness and thickness. ~In
gene%a], it thins and becomes finer-grained and more shaly towards the
‘northeast and east, suggesting a western or southwestern major source
area for the clastics. The average thickness of the formation in the

study area is about 75 ft. b



CHAPTFR 4

VIKING BENTONITES

Most published works on the Viking Formation mention the occurrence
of bentonites or bentonitic sha!es. However, only a few workers have
attempted detailed log correlations of these beds in spite of their
time—stfatigraphic significance. If their geographic distribution is
regionally widespread and correlatable, time planes could be established
facilitating interpretations of the depositional history of the formation.

Roessingh“(1959) noted the presence of a bentonite horizon in
approximately the same stratigraphic position, relative to the top of
fhe Viking Formation, in well bark]and 4-12-15-27W4M and in a Grassy
IsTand Lake well in twp. 32 rge. 7W4M in south-central A]bertaf He used
this relationship to contradict the concept of a transgressive or
regressive Viking sand, as the sand did not transgress the time plane.
The presence of more than one bentonite horizon'in the formation, and
the large distance between the wells (17 twps.) make his correlation
doubtful and vague. |

Jones (1961) observed and correlated in some detail two bentonitic
shales Within the Viking Formation and one bentonite horizon closely
above it, in southwestern Saékatchewan. He labelled them beds 1, 2 and
3 in decreasing stratigrapric age. Bed 3 forms a useful sfnatigraphic |
marker when present. They vafy in thickness from 1/10th in. to 18 in.
He éorre]ated bed 3, 1 in. thick, Tocated at the top of the Viking in
Husky Pﬁfllibs Prelate well 11-28-23-25W3M, to a % in. thick bentonite
located in shale two feet above the Viking in we11'Imperia1 Marengo
11-21-29-27W3M. He used the two-foot difference in shale thickness

17 |
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between the two wells 38 miles (61 km) apart in a north-northwest
direction to conclude that the Viking Formationlié slightly-diachronous
nearly parallel to the paleo-strandline, and thaﬁlone wOu1d‘expect
greater diachronism at right angles to the shifting strandline. In
Imperial Marengo 11-21-29—57N3M, bed 3 is.19 ft. above the Viking sand.
‘He uéed this fact to suggest inclusion of an upﬁer shale within the
“formation. The results of the present study support his findings.
Evans (1970) correlated two impure light-grey soapy shale units

with a high bentonite content in wells located between twps. 32 and 30,
rges. 20 to 28\N3M. His GMN” bentonitic shale, 3 ft. thick, merges
“with the bentonitié Joli Fou Formation, beComing unrecognizable north
of the area. He 1nterpreted this loss of identity to be related to °
subaqueous erosion prior to deposition of the overlying shale. Above
this horizon, and located-at the baﬁe of a sandstone unit, is his "K"
bentonitic shale 1 to 3 ft. thick. Using these bqntonitic shatles’, he,
in part, established the imbricate linear arrangement of the Viking
Formation sandbodies in the Dodsland-Hoosier area of southwéstern
Saskatchewan.

Tizzard“(1974) noted the presence of several benfonite horizons in
the Suffie]d area. He correlated one of them, a coarse biotite-rich
bentonite 6-12 in. thic- <nd established a time datum for the Viking
Formation in this area. He further obtained potassium-argon radiometric
ages from the biotite and sanidine in the bentonite from two wells 42
miles apart (11-23—23—i4w4 and 1-13-23-7W4). Dates from the‘former
ranged from 94-98 ma., and 95-118 ma. for the latter. Thisﬁvariation
could in part bg either related to the>dating technique, or suégests a

possible involvement of another stratigraphic bentonite horizon. He did
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not recognfze more than one coarse biotite-rich bentonite horizon in
his area, whereas three such horizons occur north of his area. He |
’used the coarse bentonite time datum to deduce a slightly diachronoug
nature for the Base of the Fish Scales marker and for the Viking
Formation.

From 1 to a maximum of 8 bentonite horizons were seen in most
Viking Formation cores examined in the present writer's area. They are
stratigraphically distributed through a maximum thickness 1nterva1 of
100 ft. Two wells (Great Basins et al. Bruce 10-13-47-16W4M and
10-13-30-11W4M) show 8 and 6 bentonite horizons féspective]y. This
suggests a wide stratigraphic distribution of volcanic ésh in Viking
times, efiphasizing the need for correlating them Where and when possible.
-However, the'appafent variations in composition, thickness, degree of
ﬁreservation, grain size and geographic distribution of these bentonites
ihitia]]y resfricfed cons{deration.of horizons of interest to five, and
finally to three. In general, their color ranges from whitiéh-grey to
darker grey and greenish-grey in piaces. Some of the.darker grey and
greenish-grey bentbnites are either interlaminated with shale or
sparingly mottled, and bioturbated. These co]ors.in part reflect the
v%hying degrees of diagenetic alternation to which they have been
subjected for the past 100 ma. 1n‘re1ation to their initial composition.
Megascopipa]]y they are biotite-rich although the biotite grain size
varies from coarse to fine. This is related fd the initial composition
and distance from the eruptive centre, which in turn is related to the
paleo-wind directions at the time of deposition. The Tithology of
enc]osfng sediment varies from shale to silty shale, sandy shale, silt-

stone and silty sand, and rarely clean sandstone. This complex
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Titholoy association 1s due to the interaction between the nature
and rate of sediment shpp]y on one hand, and sediment dispersal in the
environment at time of depositign.

Figure 5 shows the approximate stratigraphic positions of some of
the bentonite beds. They have been labelled A to . in-increasing
stratigraphic age for convenience. Figures 6 to 8 show some 109
correlated bentonite horizons observed in the map area. Tables 1 to 3
show the well name, location, cored interval, depth and thickness of

the bentonitic beds. -

Bentonite 'E'

Figure 6 shows the subsurface correlation of this bentonite. It
is the oldest of the bentonite set and lies at the base of the Viking
. Sandstone in well Ponderay et al. Youngstown 12-19-31-9W4M, and in
silty shale approximately 26.ft. below the base of the Viking Sandstone
in well 10-13-30-11W4M. It will hence be regarded as the basé] Viking
bentonite marking the end of Jo]i Fou and the beginning of Vikingbtime. =
It occurs at a depth of 2907 ft. and 2903vft., respectivejy, in‘co;és
and logs of these wells, which-are approximately 12 mj]es apé}tg
Thickness varies from 24 in. in the former well to 15 in. in the\latter,
decreasing westwards and northwards. Color varies from lighf grey to
dark grey. Texture is generally coarse, but the biotite grain size
. varies from .27 mm to .42mm. In‘Ponderay et al. Youngstown 12-19-31-9W4M,
the bentanite fines upward, suggesting graVity-differentiation of the
minerals in relation to their settling velocities. . This bentonite was
found in cores between twps. 29 and 53, rges.. 8 to 27 WAM. South of

this area it is well marked in most Togs, while northwards it becomes
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indistinct. Chemical correlation suggests its présence in well

Minerals P]aiq; 10-12-53-12W4M. In general, its stratigraphic position
is fairly constant-in that it occurs consistently below the Viking
"sandbodies. Table Ia shows tHe distribution of the bentonite as

observed in some wells in the area.

Bentonite 'D'

Figure 6 and Table Ib show the stratigraphic position and
geographic distributions of this bentonite. It is located approx1mate1y
20 ft. above the basa] benton1te in wells 10-13-30-11W4M and 6-34-30-8W4M.
In cores, it occurs at depths of 2882 ft. and 2750 ft. in these wells,
respectively. In the former, it is 6 ft. below the base of the Viking
sand. It is 1ightlgrey in color and the thickness'varies from 3 in.
in the former well to 6 in. in the latter. Biotite grain size is
medium to fine sand. Thié bentonité appears to be geographically
restricted, as it was not observed in other cores, and as such was not
very useful in this stud}.' -

“

Bentonite 'C'

Figure 7 and Table II show the stratigraphjc and geographic
distribution of this horizon. In well C.S. Sulpetro et al. Farrel
6-12-34-17W4M it is encountered at a depth of 3479 ft., 35 ft. above
the basal bentonite. In West Coast Sun Petro Smo]e‘11—30-29—10w4M it
oceurs atv; depth of 2895 ft., 36 ft. above the BaSa] bentonite. In
the above Tocations it is preserved approximately at the base of

another Lower Viking sand unit. Its maximum thickness is about 1? in.

j
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in well Dome HBPG'Provost 10-9-39-10WaM at a dcp@h of 2718 ft. The
bentonite is mediym to fine in texture, including thé biofite grain
size. Color varies from whitish grey to dark grey. - It can be"easi}y
picked in some 1ogs between twps. 29 and 59, rges. 10 to 27 waM. T,
the south of this it possibly runs into an area of sand deposition
wheré preservation was qnusué] because of erosion by currents, tides,
or waves. ‘
Bentonite 'B! / o

In.wells‘Provo Hé]]iday 13-11-28-14W4M and Calstan Handhills
10-36-28-14W4M, 4 coarse biotite-rich bentonite js located 1n-3i]ty
shale approximately 6 ft. above the main Lower Viking sand. This
.ihorizon is about 80 ft. above the basa] bentoniﬁé in the former well,
It occurs at gepths of 3131 ft. and 3107 ft., respectively,in these .
wells, and the thickness ranges from 3 in, to 4 in. In cores, it is
restricted to these wells. However, it can be picked in logs in the
immediate vicinity of these wells where it ig possibly thicker.
Deposition in sandy environments jn other places POssibly accounts for
its restricted occurrence, making‘if‘not'very useful in this study. Its.
Stratigraphic position and geographic distribution are shown “in Figure

1
'
8 and Table IIIa.
Bentontte 'A'
e A v )
\ This is the youngest coarse biotite-rich bentonite in the Viking
section encountered in the area. Figure 8 and Table ITIb show its
' st;é%igraphic and geographic distributions. In well ‘Mobil Matzim

11-23-23-14W4M it lies in silty shale approximately 32 ft. above the
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main Lower Viking sand, and about 10 ft. above bentonite 'B' and
approximately 90 ft. above the basal bentonijte. Here it is 12 in.

thick and at a depth of 2647 ft.. This is in agreement with Tizzard
(1974). =Farther north from this well, at Provo Halliday 13-11-28-14W4M,
it occurs at a depth of 3116 ft. and is 9 in. thick and in part 1nte%-
]aminated with shale at the base. Here it is aboqp 15 ft. above the

'B' bentonite and 95 ft. above the basa]l bentonite. In genera)
bentonite 'A' Ties stratigraphically in a silty shale unit between the
Lower .and Upper sandbodies. Shades of color vary from whitish grey to
dark grey. Biotite grain size ranges from .38 to .53 mm., while
thickness varies from 3 in. to 12 in.. It is equivalent to the thick
bentonite fn the Suffield area (Tizzard and Lerbekmo, 1975). Generally
it is identifiable in Togs between twps. 23 ahd 35, rges. 8 to 27 WaM,
North of this area it is probably Tocated in shale beds above the Viking
sands on the assumption that its distribution extended to this area.

The three bentonites E, C, and A divide the "iking sand bodies into
three stratigraphic entities. These have been designatéd the 'Basal’,
'Lower' and "Upper’ sands for convenience and in agreement with the |
subdivisions of some earlier workers (Figure 9). The thin Basal sand
ties between bentonites 'E! and 'C', and the Lower sand between 'C' and
A" in some wells, while transgressing 'C' in other wells. The Upper
sand, where present, overlies the 'A' bentonite: |

From field evidence, it appeérs that bentonite 'A' is geographically
restricted to the southern part of the study area, while 'C' 4g
restricted to the north. Howéver, 'E' extends across both areas,
providing a Tink between the other tWo: Thus, a transitional area

exists in which the three horizons overlap in space and can be .reliably
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picked in cores and well Togs (e.q., 11—13—30;11w4M, 11-30-29-10W4M) . .

An attempt to correlate these bentonites with those used By Jones
(1961), and Evans (1970), proved unsuccessful. This is due to distance
and the poor sand development in thejr afeas.

In spite of the seemingly unique Stratigraphic positions of the
'bentonites, it is possib]e‘to misidentify them and hence produce w}ong
correlations. It was considered necessary to confirm and support the
Tog correlations by chemical correlation, expecting that the bentonites
could be distinguished from one another since they represent different

events from either the same or different volcanic centres.
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CHAPTER 5

CHEMICAL CORRELATION OF THE VIKING BENTONITES

Bentonite is a smectite-rich ciay formed from the decomposition
of volcanic ash. Thus, it represents the products of a geologic
event at a point’in time. If this "time-point" can be identified and
correlated over considerable distances, a time datum can be established.
Such a datum can be useful in so]yihg many geologic problems, including
the depositional history of the adjacent beds.

However, if the .bentonite horizons are numerous and occur in the
| subsﬁrface at close stratigraphic levels wfth possible Timited lateral
extent, and with variations in thickness, texture and degree ofy |
preseryétion, correlation becomgs difficult; more %P if they are of
similar aspect. An independeht objective criterion-is required to test
ény proposed correlation. The chemistry of volcanic products has been
found to satisfy this objective on the assumption of slight, if any,
regional variation in post-depositional alterations:

Criteria for characterizjng and discriminating between volcanic
products abound in the 1iteraiure, and were critically reviewed by
Smith and Westgate (1968). 1In brief, they iﬁc]ude ranges and modal
Vi?ues of the reffactive index of>g1ass shards; mineralogy and relative
abundance of the phenochygt assemblage; bulk chemical composition
involving major; minor or trace elements; chemistry of the vd]canic
glass fraétion; and the stratigraphic position, degree of weathering,
thickness and grain size. These have been variously used by many
workers with varying degreeé of sucess.

Smith and Westgate (1968) ana]yzed.the chemistry of volcanic glass

23
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from the Mazama ash (6600 yrs.) in the U.S.A. and Canada, the Glacier
Peak ash (ca. 12,000 yrs.), the St. Helens "Y" ash (ca. 3000 yrs.) and
the Bridge River ash (ca. 2500 yrs.) using the e]ectrohiwicroprobe.
They found the following elements to be useful in identifying all of
the ashes: namely Ca, K. Fe, Ca, K, Na.

Quaternary rhyolites and dacites (obsidian and pumice) from
California were examined using X-ray fluorescence analyses by Jack and
Carmichael (1969). Sr, Rb, Zr, Y, Nb, and Pb were found to generally
characterize the acid extrusive rocks. However, acid volcanic rocks
flrom two volcanic centres could not bé characterized or distinguished

hemically.

Borchardt et al. (1972) studied the glass fractions of the Bishop

nd Pearlette-like ashes of Pleistocene age in the U.S.A., using the
neutron activation technidue. ,They found Mn and Sm to be the
ldiscrimihating elements. '

Merriam and Biséhoff (1975) studied the trace element composition'
of the ash and bumice from some occurrences in southern Ca]ifofnia using
X-ray fluorescence. On the bases of the Sfd Zr and Rb concentrations
present, they‘cbrre]ated this ash to the Pleistocene Bishop ash.

Lerbekmo et al. (1975) studied the composition of the ilmenites
of the Recent White River ash, Yukon Territory, using the microprobe
technique; They found that the Fe, Ti, and Mg concentrations were the
‘most dfscriminatohy.

Yen (1976) examined the compositions of the biotite phenocrysts in
the tuffs frém the Green River Formation (Eocene)‘of Utah using X-ray. -

fluorescence. He found the following element and oxide ratios, gg—+ Mg,

-‘Mn FeO

TT’ and H_§6

to be best for discriminating between individual tuff beds.
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From the few studies mentioned above, one notices the absence of
consistency in the choice of differentiating criteria, discriminating
elements and ana]yticé] techniques. Yet each study produced satisfactory
results. This suggests that there are no simple rules governing the
characterization of volcanic products as they are unique events in time
and space related to d1fferent geologic settings. One can only
conclude that volcanic products can be treated within the above general
framework. It is also important to note that most of the above
vo]can]c products are surface exposures and relatively young (Eocene -
Recent). They have not been Tong subjected to strong post-depositional
changes, and we should thereforevexpect their primary chemistry to be
only slightly modified, if at all. Their occurrence in outcrops also
facilitates visual correlation.

On the other hand, since the subsurface Viking Formation bentoni tes
are of Lower Cretaceous age, one would expect some diagenetic modifica-
tions of their chemistry. The occurrence of a maximum of 8 bentonite
horizons within an approximate vertical 1nterva] of 100 ft gives an
average rate of erupt1on,or at Teast preservat1on of one per 12 ft.
of sediment. Possible similarities in composition be%yeen some or all
of the benton1tes would further compound the problem of chemical
correlation. In view of the above possible problems, and consideration
of the stratigraphic and geogkqphic distributions of the bentonites,
attention was -focused on A, C and E bentonites.

The composition and small samp]e size led to %he cho1ce of the
X-ray fluorescence technique to study these benton1tes It seemed
Tikely that the ratios of some major, minor or trace element combinations

would possib]y'differentiate them irrespective of possible attendant
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diagenetic changes.

X-ray Fluorescence Analytical Procedures

Basic X-ray f]uorescence.theory and instrumentation are treated
by Kiley (1960), Norrish e et al. (1967) and Jenkiﬁs (1967). A Phillips
manual vacuum X-ray spectrometer PW 1410/00/10/60470 was used for the
analyses. A tungsten target X-ray tube, evacuated X-ray bath (0.15 -
0.2 torr), flow proportional counter with methane argon (P10) gas,
pentaerythritol (PET) analyzing crystal, pulse height analyzer (PHA),
and a strip chart recorder were used for elements lighter than titanium.
A scintillation counter was used for the titanium. For elements
‘heaviér than titanium, theJX—ray path was not evacuated, a scintillation
counter, lithium fluoride 220 (Lif 220) analyzing crystal, and a

molybdenum target X-ray tube were used. Appendix B shows the Operating

conditions for the analyses.

Sample Preparation

Samples selected for analyses varied in texture and biotite grain
size. This variation Qas taken into consideration during grinding.
Samp]es were ground in an NV Tema swingmi]] type T.100A, Gr1nd1ng
times varied from 60 seconds to 30 seconds at. ful] speed for coarse and
medium textured samples respectively. This was in an attempt to
approach uniformity in grain size. The effect of grinding times was
eva]uated by comparative XRF runs on the same sample with different
grinding times. No difference was observed in peak counts.

Approximately 1% to 2 g. of sample was ailuted with acetone to

prevent disaggregation and sample splitting and to ensure coherence.

/\



37

The preparation was then put in a 14 in. diameter copper cylinder and
pressed at about 50,000 Psi into a cellulose-backed briquette for

about 3 minutes.. This presents a smooth surface.to the incident X-ray
beam. A prefiminary study of a set of briquettes in which the volume
of ground bentonite was varied from 1 to 4 volumes showed no différence
in counting rates. This served as a control for the sample size and

thﬁckness used for the anatyses.

Calibration Procedure

Comparisons of the peak height and element concentration in a
known standard to the peak of the element in the unknown sample,
provide a good approximation of the element concentration in the

unknown sample as shown in equation 1 below.

~ Csp = %%%—x Cst : o (1) .

L where Csp

unknown concentration of an element
in the sample :

(st = known concentration of an element in
the standard

Isp = peak intensity of X-ray Tine of the
element in Eﬁe sample

Ist = peak intensity of X-ray Tine of the
element in the standard

Thfs procedure was used for calibration.

The ﬁe]atively large numbér_of samples, related to the regional
nature of the study, and availability of standards limited analysis to
some of those e]ements.previous]y found useful by previous workers who

“used XRF in characterizing volcanic rocks. -

2
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Standards_

Appendix C shows the analyses and standards employed for calibration
in this study. The problem of interference effects necessitates that
standards used for calibration be similar in composition and texture to
the unknowns. A series of bentoni tes previously analyzed in the Dept.
of Geology, University of Alberta, certain U.S.G.S. standards, and
analyzed samples of the Pierre Shale, were available in the‘Dept. of
Geology, University of Alberta, and used for this study. Thus,
relatively good standards in terms of similarity in composition were

available for AT, K, Ca, Ti, Mn, and Fe, while less similar standards

had to be used for Rb, Sr, and Zr.

Operating Conditions

An initial survey scan over the fluorescence spectrum of the
samples was mdde to ascertain the presence of e]edents of interest.
This was followed by three specific scans.

The first scan was at a speed of 1929 per minute, using LIF 220
analyzing crystal, mo]ybdenum X-ray tube, scintillation counter at 1000
volts, 60 Kv and 50 ma, and a spinner; 20 range covered was from 25°
to 45°, | |

In the secondjscdn the X-ray path was evacuated (O 15 -0.2 torr),
and the sample scanned from 40°2¢ to 147° 28 at a speed of 1926 per
minute using a tungsten X-ray tube, gas flow proportional counter e’
1600 volts, PET analyzing crystal and power of 50 Ky and 50 ma.

The third scan was at a speed of 1%g per minute with the X- ray
path evacuated(O)%S 0.2 torr) and sample scanned from 25%29 to 45%2g¢,

-ing a tungsten X-ray tube, scintillation counter at 1000 volts, PET
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analyzing crystal and power o} 55 Kv and 50 ma..

These scans confirmed peak heights and determined background
dipositions for the following element gronps respectively: Zr, Sr, Rb,
Fg, Mns A1, K, Ca; and Ti. |

\3 Samples were run two at a time for each element. The total
counts on the K a]pha peak and the background for each element were
obtained over a fixed time which was 10 seconds for Fe de Ca, and 100
seconds for the others. For Fe and Ca this counting time was repeated
10 times, giving a uniform counting time of 100 seconds for all e]ementg.
The background count for each element was determined by finding the
dverage count of two background pos1t1ons one on each side of the peak.
This, however, assumes symmetry in the location of these points with
respect to the peak position. In practice this is not always the case,
and as éuch constitutes a possible source of small error for which it
is difficult to compensate. Background readings for the elements Sr,
Rb, and Zr were obtained directly from the spectrum using the x-y
recorder because of the high background 1ntens1ty associated with low
v26 va]ues The net peak count was obtained by subtractlng the average
background count from the peak count.

The analysis for each element was conducted separate]y and in one
day without changing the settings on the 1nstrument SO as to minimize
instrument drift. Reproducibility of the 1ntens1ty was achieved by

making repeated counts and by using a long counting time.

Calibration Curves ’

The calibration 'cdrveé' are shown in Appendix D. They were

constructed by plotting net peak intensities against weight percent of
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the elements and drawing a linear regression line through the points.

The scatter 1s relatively sma]] for Zr, Ca, Ti, Rb, Mn. and K, where-

as a somewhat greater scatter of po1nts exists for Al, Fe, and'Sr,

‘ but is still considered reasonab]y good. Factors possibly responsible
for scatter 1nc1ude heterogeneity of the samples, interfering radiations,
and previous and present analytical errors. A1l Prepared samples are
subject to certain types of errors (weighing, mixing, contam1nat1on or
incipient cracks): Since the standards were prepared and analyzed by
someone else, these error sources are difficult’ to evaluate.

Y

Analysis of Unknowns

This-invo]ved the determination of peak heights and background
readings, and obtaining the net peak height as for the standards The
net peak height was then used to determ1ne the corresponding concentrat1on
of element from the calibration curve or regression equation. The
results are g1ven in terms of weight percent of elements so as to be
consistent with the present accepted methods of presenting rock ana]ys1s
Table IV shows the element concentrations of bentonites A, B, C, D,

and E.

Discussion and App]1cat1on of Results

<

A pr1mary obJect >f this study was to find out whether or not
some chemically s1gn1f1cant d1fferences exist between the bentonites.
If such were present, it would serve to characterize them and could be
utilized as a corre]atibn tool.

Table IV shows that only slight variations exist in the element

concentrations of the bentonites. ' In general, trace element (Zr,Sr,Rb)
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variations within and between bentonites are small. However, the
observed concentrations may reflect primary compositions. Variaﬁions
in the Al concentration were a]so mini}ml. Lack of significant
variations in fhe concentrations of these elements between bentonites
1im1£s their usefulness in characterizing and correlating the
bentonites chemically. ‘ ©
Concentrations of the element groups Mn, Fe; and K, Ca;’and Ti,
show greater variations between bentonites. Variations within bentonites
.are aIso present but not significant. The within bentonite variation
could be hain]y dQe to post-depositional alterations, contamiration and
possibly to analytical errors. The between bentonite variations could
be related to the primary compositions of the volcanic ashes. .
Mn conéentrations for the bentonites vary almost linearly with Fe,
as reflected in the average_ concentrat1ons (A; Mn = 0.029, Fe = 3.77);
(C; Mh = 0.026, Fe = 3.1) 7%&\ 0.086, Fe = 4 41). This
relationship reflects their geochem1ca1 affinity. |
On the average, bentonite A is relatively high in potassium (.99%),
medium in Ca (.98%), and low in'tjtanium (.54%). On the other hand,
_bentonite C is low in potassium (.42%), medium in Ca (.78%), and high
in titamium (.88%), while hentonite E is relatively high in Ca (1.6%),
and medium in titanium (.94%) and potassium (.87%). These variations
suggest that some combination of these elements might successfu]]y
correlate the bentonites.
Trace elements have a strong diaqochic substitution for major
elements, e.g., Mn-Fe, Sr-Ca, Rb-K, Mn-Ca and so on. It was therefore

thought that geochemically similar pairs of elements would constitute
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a useful correlation tool. Any variation in the origin of either of
the two elements as a function of time should be apparent. However,
possible variations in mineralogy related to the environment of
. deposition and diagenesis should also affect the deqree of subst{%ution
‘and should be expected, assuming a high degree of analytical precision
was obtained. Reasoning a]oné these ‘lines, element ratios of Ca/Sr
and Rb/K for 31 samples were plotted on an X-Y coordination system to
see if the bentonites would be differentiable. Figure 10 shows the
scatter plot. It differentiates the 5 bentohftes fairly well, but 6
samples overlap, representing approximately 19% of the total. Samples
VB2785A and VB3042A fall into the field of bentonite 'E'; VBI861E falls
into the field of bentonite 'A'; and VB2684C, VB3246C and 3455C fall
into the field of bentonite 'A' (see Tables I-III for sample Tocations).
Furthermore, individual groups show considerable scatter, especially
bentonite 'E'. Diagenetic effects and analytical e;rors are possible
sources of scatter, |

Relative concentrations of Ca, K, and Ti were converfed to
retative pefcent and'p1otted on a triangular diagram, Figure 11. This .
diagram differentiates the bentonites better than the above element
ratios. However, thrée discrepancies occuf, rgpresenting 13% of the
samples. Potassium cohtentiof the bentonites appears generally to
1nc$zase with decrease in_Qeo]oQic age. Bentonites 'E', 'D', and 'C'
are the o]dest and Towest in K content, while bentonites A and 'B' are
younger and higher in K content. In this .diagram, the fields show
relatively smaller scatter.

These two plots were the only ones, among many that were tried,

that correlated well with the Tog correlations of the bentonites (see
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Figures 6, 7 and 8). The agreement between the two Forﬁe]ation schemes
satisfies one of the objectives of this exercise and éupports the
existence of 5 independent bentonite horizons in the Viking Formation.
This also makes it possible to establish 3 time planes within the
formation. These planes have been used to divide the Vikjng sandbodies
into three basic units: Basal, Lower, and Upper Viking sandbodies

(Figure 9)



CHAPTER 6
SOURCE AREA OF THE VIKING BENTONITES

Biotite Grain Size Distribution

Grain size distribution of voleanic products may be useful to
characterize them and to 4infer the direction of the eruption centre.
1t was hoped that this parameter would be useful in this study but
sample limitations allowed only a study of the latter to be attempted.
The biotite grain size of seven 'A' and six 'g' bentonite samples

was measured.

Method

Samples were crushed in a ceramic mortar, and water and a small
quantity of Calgon added. The latter prevents flocculation and
facilitates disaggregation of the fine partic]es. The preparation
was left for 5 hours to ensure complete d1saggregat1on The mixture
was then b]ended for about 3-5 minutes and poured into a beaker. The

h Y
coarse particles were allowed to settle for three seconds and then

©

recovered wet by decanting off the fihe sizes.
The dried samples were sieved fhf0ugh a 200 mesh sieve. The
fraction coarser than this size was passed through a Frantz isodynamic
separator model L-1 under a moderate‘magnefic field, so as to separate
the magnetic minerals from'otﬁer.non—magnetic minerals. It was observed
thaf‘fhe %aghetic susceptibilities of this mineral différed from
sample to sample, poséfbly in relation to oiotife_graih size, as the
coarse grains were -the most magnefic. Frantz settings for each sample

were selected by trial and error: -

49
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The\biotite separates were mounted on slides with the aid of
aroclor, And allowed to dry. A 1/100 mm monochromatic lens was used
to ca]ibrate the eye piece of the optical microscope (.Olmm = .012mm) .
The longest diameters of the Targest twenty biotite grains in each
sample were measured, and the sizes of the largest ten averaged.

Table V shows the biotite Qrain size distribution and Mn/Fe ratios for

bentonites 'A', 'C', and 'E'.

Discussion

Biotite grain size'distribution for bentonite 'A' is greater than

that of '"E'. When plotted on.a map, Figure 12, the "E' bentonite appears
¢

to have a roughly southwestern source. The 'A' benton1te gra1n size

variation does not show any recognizable trend.

Figures 13a, b, ¢ show the contoured.maps of Mn/Fe ratio for
bentonites ‘A', 'C', and 'E'. ‘When the map for bentonite 'F' (Figure
13a) is superimposed on the biotite grain size distribytion map, ‘an
apparent correlation becomes obvious, (50 esting~that a pos1t1ve linear
re]af1onsh1p exists between maximum biotite grain size and Mn/Fe rat1o
IT we accept the hypothesis that the source of bentonite 'E' lay
rough]y to the southwest, then the above re]at1onsh1p also indicates a
variation in element chemistry with distance from source. These
Qbservat{ons may support the observations of Lerbekmo and Campbe11
(1969), that the relationship of chemistry to distance from source is
| a function of particle size, although their size data were not

vﬁestricfed to single mineral components. | ’

If the above relationship is correct, then it could be used to

infer the approximate direction to the Tocation 6f other eruptions,



Table V. Biotite Grain Size (mm) Distribution and Mn/Fe
Ratios for Bentonites ‘A', 'C', and 'E'. :
BENTONITE A
Well Sample Biotite Grain
Location No. Size (mm) Mn/Fe Ratio
11-23-23-14 VB2647A 0.42 0.002
14-26-25-12 VB2785A 0.49 0.006
13-11-28-14 VB3116A - 0.004
10-36-28-14 VB3097A 0.53 0.0Q3
11-30-29-10 VB2866A 0.38 0.005
7-22-29-14 VB3088A 0.50 v 0.006
- 7-30-12 VB3101A 0.47 0.013
7-10-30-12 VB3042A - 0.015
6-23-30-14 VB3153A 0.50 0.003
10-20-30-12 VB3007A - 0.0
BENTONITE ¢
Well Sample Biotite Grain \
Location No. Size (mm) Mn/Fe Ratio
11-30-29-10 VB2895¢ > 0.02
10-13-30-11 VB2866C - 0.02
6-12-34-17 VB3479C - 0.01
6-21-36-17 VB3455¢ - 0.01
10- 9-39-10 VB2719C - 0.002
14- 4-51-22 VB3330C - © 0.01
7-11-46-20 VB3246C - 0.01
7-16-39-11 VB3684C - 0.004
8-30-47-10 VB2166C - 0.002
Ll
BENTONITE E
Well Sample Biotite Grain
Location No. Size (mm) Mn/Fe Ratio
10-13-30-11 VB2903E 0.29 0.02
6-34-30- 8 VB2770E - 0.014
12-19-31- 9 VB2907E 0.37 0.01
17-11-32-1 VB2998E 0.42 0.043
T 2-22-36-11 VB3023E 0.38 0.01
4-28-41-26 VB4821E 0.30 0.015
10-12-53-12 VBi1861E 0.29 0.01
6-12-34-17 VB3516E - 0

.02

~
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in the absence of any other meaningful criteria. When this idea is
applied to bentonite 'C' ¢Figure 13b), the Mn/Fe ratio map* indicates

a southwesterly sdﬁrce area. The map for bentonite 'A' tends to

suggest a north—ndrtheasteriy source for the volcanic ash, (Figure 13c),
but such a source area is at present unknown. The southwestern source

area deduced for bentonites 'E' and 'c' is consistent with the known
<

tectonic events in the area during deposition of the Viking Formation

(Eisbacher, 1977, Wheeler et al., 1972) (Figure 14).

The plot of Ca/Sr ratio against biotite grain size for bentonite

3

‘A" (Figure 15) may also indicate a positive linear relationship, but

is very uncertain because of the single min®ral cononent used in the

analysis. In general, a larger samplé size would be required before

any great weight could be placed on the above interpretations.

!
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1977.))
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L10ss Section<“¢;~v

\ _ CHAPTER 7
DEPOSITION OF THE VIKING SANDBODIES

L

Geologic cress sections are used to illustrate and depict
interpreted conditions within a portion of the earth's crust.
Stratigraphic sections use time-markers where »0ssible to correlate
and interpret the depositional history of the lithologic units.

Well log studies anJ chemicaa analyses have differentiated
three different bentonite horizons in the V1k1ng Formatio These in
turn subdivide the Viking sandbodies 1nto three units as «. = ep
indicated. The depositiona] behdvior of these sandbodies in relation

. . Ay
. . o L
to the time planes wiil now be. discussed. »

X
ﬂ,"’u : a

SN

E1ght strat1graph1c sections (Figures 16- -28) were constructed
atross the stuoy area using the Viking bentonite time planes; Figure

16 shows the1r locations. The A benton1te horizon was depended upon

because 1t is the most recogn1zab1e and eas1est to identify in well

Togs. However, d1scuss1on will 1nv01ve the other two bentonite time

‘planes where possible. 1In general; the sections show the stratigraphic

position of the Viking Formation relative to the time planes so thag
ite depositiona1 pattern - e mote easily visua]tzed.

Sect1on D-D' (F1gure 17) is an east-west sect1on taken a]ong
townsh1p 27 between ranges 10 and 28W4M, constructed with the ‘A
bentonite as datum. It is oriented at a high angle to the_northwest-
southeast,Viking strandkine. :

Along tﬁe Tine of cross-sectidn, the basgl bentonite can be

), 2]
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reliably picked in most well logs. To the west in well 6—26—27—21W4M,
it occurs in shale ‘about 56 ft. below the base of the Upper sand. In
well 7- 10 27-11W4M to the east it occurs in silty shale about 6 ft.
below the base of the Lower sand.

Using -the Basal bentonite as a time datum it is seen that the first
.clean sandstone development occurred in the east. This is called the
‘Lower Viking sandstone'. Jts base prograded westward as evidenced by
the westw;rd increase in th1ckness of the shale and silty shale
interval between .it and bentonite 'E', which increases from 6 ft. in
well 7—16—27—11W4M té 40 ft. in well 10-24-27-16W4M.  This sandstone
pinches out into shale west of well 10-21-27-17W4M and to the east of
well 11-29-17-10W4M.  Maximum thickness of 50 ™. to 60 ft. occurs in
wells 7-9-27-14W4M and 6-22-27-13W4M, Although the latter contains
some shale interbeds indicative of intermittent progradation in this
area, in general, the axis of maximum sand development lay between wel]s‘.
7-9-27-13W4M and 6-22-27-13W4M. fo

A marine deepening arrested this sand development and 41lowed »
accumulation of the volcanic 'A' bentonite and silty shale deposits.

East of wel] 10-21-27-17W4M, the 'A’ bentonite shows up very wé11 in

logs, but becomes indistinct to the Qéstt. éé]ativé to this %ﬁfum,

western and eastern Upper sand units appear to have deve1opediﬁ8§ut

the same time. However, the western sand developed f1rst and prograded
eastwards re]at1ve1y quickly. This is deduced from the fact that the

sand was being deposited at the Same time as bentonite 'A' in well
2-29-27-28W4M, but to the east the base of the sand ma1nta1ns a fairly
constant position a few feet above the bentonite up to well 10-21-27- 17W4M,

where the sand begins to shale out. In well 2-29-27-28W4M this western

pes



60

Upper sand attains its maximum thickness of 53 ft.

At the same time, an eastern Upper sand was rapidly prograding
westward. The silty shale interval between the Lower and Upper sands
is absent in well 7-10-27-11W4M, and about 20 ft. thick between wells
6-22-27-13W4M and 10-24-27-16W4M. ‘Its maximum thickgéss of 40‘ft.
occurs in well 7-10-27-11N4M. In well 10-21-27-17W4M, the siltstone
facies of the eastern sand appears to overlap the western sand. In
" general, the base, and probably the top,of the Viking sand units along
this section is diachronous.

Figure 18 shows section E-E' taken in a north-south direction

through townships 23 to 47, range 14W4M, and constructed with the 'A'

bentonite time plane as datum. It is roughly at 45° to the paleo-

THSEES N,
. SN TN
strandline. A

In the southern part of the cross-section, in wells {4-23—26-14W4M
and 10-16-31-14W4M, for example, the basai bentonite is 16 ft. and 18
ft., respectively, below the base of the lower Viking sand. To the
north, it is 4 ft. and 20 ft. below the sand in wells 11-28-35-14W4M
and'10—27—38—14w4M, respectively. Therefore, a thin basal eand was
first deposited in the vicinity of well 11-28-35-14W4M, where it is
about 6 ft. thick. .This sand unit extehded'southward fo the vicinity
of well 11-31-33-14W4M, beyond which it disappears. In well 11—28—35—
14W4M, it is overlain by 12 ft. of silty shale. ‘

FoT]owing the formation of this Sand, two sandbodies began to form,
one in the south and one in the nerth, at about the same time. Relative
to the”basal bentonite; the base of the lowef southern sand appears to
have prpgraded rapidly.northward between we11s 14-23-26-14W4M and
3—14—29;%4Q4M;‘as ie)maiﬁtains a fairiy constant position of

<

P
1
,

iF .

4‘
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approximately 15.ft. above the bentonite. Between wells 1Q—16—31~14N4M
and 11-31-33-14W4M, intermittent progradation is sugg¢§ted by the
Miltiple sand development. This sand body pinches oqé‘rapidly
inmediately north of well 6-22-32-14WAM, as it seems absent in well
14-7-34-14W4M. A southward pinchout also occyrs“beyond well
11-23-23-14W4M.  This suggests that the axis of maximum sand thickness |
lay between wells 14-23-26-14W4M and 3-14-29-14W4M, where the thickness
ranges from 45 to 50 ft.

Localized mu1t1p1e sand deve]opmen} appears to charaéterize the
Lower northern sand. In well 10-20-36-14W4M there is a 26 ft. thick.
~sand (above the Basal sand) which appears to pinchout rapidly to the
immediate south, while it seems to héve prograded rapidly northward o
beyond well 13-11-47-14W4M. Another thin sand about 12 ft. thick in
wé]] 10-21-37-14W4M prograded southward and possibly overlapped the
southern sand in well 11-31-33-14W4M. g

A marine 1ncufsion during which the 'A' volcanic ash was deposited
terminated deposition of the southern and northern Lower sand bodies.

To the north of well 6-22-32-14W4M, the transgression brought sand

deposition to an end, while to the south an Upggr Viking sand succeeded
Relative to the 'A' bentonite, the Upper sand, which is 13 ft. -

" thick in well 14-23-26- 14N4M prograded rapidly northward to the v1c1n1ty \

of well 10-16-31-14W4M. In these we]]s its base is 18 ft. and 22 ft.,

| respectively, aboVé the time hor1zon. ’

In general, the base of the Viking Formation in this Cfoss-sectidn

is slightly diachronous, as opposed to its top, which is very diachronous

and older tg-the north. This supports Evans (1970) observation that
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the top of the Viking Formation is older to the northeast and younéer
to the south. Figure 19 is a generalized_skétch shéwing the
depositfona] behaviour of these sand units relative to the 'A' and 'E'
time planes for sections a)'D—D' and b) E-E'.

Section F-F' is oriented approximately in a southwest-northeast
direction from townships 27 to 36 ana rangés 19 to 10, and constructed?
with the Basal bentonite 'E' as datup (Figure 20).. It runs almost
perpendicular to the Viking strandline and should show the greatest
d* hroneity if the_Sand unit is regressive (Jones, 1961).

Relative to the Basal bentonite, a Basal sand first developed
between wells 10-3-36-104M and 6-12-33-13W4, pfﬁching out southwestward
before well 10-29-32-14W4M. Another local Basal shaly sand developed
between wells 1-33-29-17W4M and 10-1-30-18W4M. In these wells the

~sand is underlain by the Basal bentonite. The northeastern Basal sand
is ovérlain by silty gha1e while the southwestefn one was ovér]ain
almost 1mmed1ate]y by the Lower sand unit.

In wells: 1 33-29-17W4M and 10'1~30 18N4M to the west, the base of -

Y.

the Lower sand is about 15 ft. aone the Basal bentonite; whereas

between wells 4-1-31-16W4M and 6—12—33-13N4M, it occurs approximately

28 ft. abéve the datum. This indicates fapid northeastward progradation

aftei localized deve]opment.for some time, and shows maximum diachroneity
of the base of this sand in this section, Maximum thickness varies from

65 to 70 ft. and occurs in wells 1—33—22—12W4M and 10-1-30-18W4M,

resbectﬁve]y; The Lower sand unit shales out southwest of well

11—5-28—18W4M. To the east, around wells 1 :29-32—14N4M'and 6—12-33—13N4M,
it becomes a distinct multiple sand and fin 11y is restricted to..a

s1ng]e 10 ft. thick sand unit in wells 10- 35\35 11w4 and 10-3-36-10W4.
(I
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It shales out northwestward in the immediate vicinity of well 16-21-34-12W4,
and northeasterly beyond well 16-3—36»10w4. Since the stratigraphic
kﬁosition of the bentonite 'A' is inferred in these wells, it is

equally probably that the 10 ft. thick sand in well 10-3-36-10W4

developed locally at about the same time as the lower southwestern sand,
as‘the silty shale interval between its base and the top of the basal

sand appears to increase toward well 10-35-35-11W4. This interpretation
implies that it pinches out around well 10-35-35-11W4.

The 'A' bentohite occurs in silty shale deposited by a marine
deepening which terminated the deve]dpment of the Lower sand. An Upper
sand progfaded southwestward relative to this fime plane from well
10-32-31-15W4M toward well 6—31-27—19w4 where it may overlap another']oca1 .

thin sand-unit. To the east of well 10-29-32-14W4, the 'A' bentonite

o

is not distinct and appears to lie in the overlying shale unit. This
again suggests that the top of the Viking sand is younger to the wesf,
implying that it is diachronous-and that the lower part of the ové%]ying
shale to the east formed during Viking time. |

Section G-G' is oriented approxiﬁate]y in a southeast-northwest
direction through townships 22 to 36 and ranges 8 to 28W4M (Figure 21).
_%%15 almost parallel to the paleo-strandline, the axis of max1mum sand
development; the 'A' bentonite is the datum.

Along this sec;ion the first sand to be deposited is the Lower
sand unit. Maximum sand development occurs in wells 7-13-22-8W4M and
7-21-32-19W4M where it reaches a thickness of 90 and 70 ft., respective]}.
A fairly constant thickness of about 50 ft. occurs in the intervening
area. It thins towards, the west and shales out in well 3-22-39-27W4M.

Between wells 7- 13%2 8WAM and 11-12-30-17W4M to the west, the
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basal bentonite lies almost at the base of the Lower sand. This
relationship suggests non—diachronefty of the base of this unit in
this area, and that the Lower sand developed here at about the same
time as the Basal sand in townships 33 and 34, ranges 12 to 14W4M. In
wells 11-7-26-13WAM and 11-15-28-15W4 the base. of the sandstone occurs
about 13 ft. and 17 ft. above the basal bentonite. However, these
wells are slightly off the axis of main sand development.

West of well 11-12-30-17W4, the basa]l bentonite is hot quite as
distinct in well logs. Between_we]]s 6-20-34-24W4 and 4-29-31-18W4 ,
1t appears to 1ie between 15 and 10 ft. below the base of this sand and
30 to 35 ft. between wells 6-27-34-27W4 and 7-28-36-28W4. This implies
that this sand may be slightly diachronous 1n this area and therefore
older to the east The relationship of the top of this sand to the 'A'
bentonite supports this inference, as the silty shale interval between
them increases in thickness eastward from 8 ft. in well 7-24-36-28W4 to
24 ft, in well 7-20-32-19W4. East of this well, the interva] is fairly
constant (20 to 22 ft.), except in wells 10-33-28-15W4 to 11-7-26-13W4
~which, as earlier mentioned, are on the flanks of thishgand unit.

Relative to the 'A'vbentonite the base of the thfn prer sand

iappears to have prograded eastward from well 7-3-33- 2ow4 as the silty
shale 1nterva1 increases in th]ckness in this direction. It is 4 fto
in the above well and 25 ft. in wej?f11—7-26—13N4M. It i; about 20 ft.
thick in well 7-31-29-16W4M. Another.eastern Upper sand appears to
prograde westward from well 7-13-22-8, o well 10-33-28-15W4.

4 These re]ationshipg show that the top of the Upper sand is
diachronous in this section. In general, diachroneity of the base of

the Viking sand in this section appears mdnimal. This possibly agreés
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with the observations of Jones (1961) and Tizzard (1974), that parallel
to the Viking strandline, we should“expect only slight diachronism.
Figure 22 shows the sketched distribution of these sand units relative
to the 'A' and 'E' time planes for section a) F-F' and b) G-G'.

ASection H-H' is oriented roughly in a southwest-northeast
direction along townships 34 to 36, ranges 13 to 25W4M (Figure 23).

It is constrycted with the 'A' bentonite as datum,

The behtonite horizons are not very distinct in these wel] logs.
However, the basal bentonite has been carrelated in wells 7-35-36-15W4
and 11-28-35-14W4. Here it underlies the Basal sand. West of wel]
15-3-35-19W4, the 'A' bentonite shows up fairly well in the well Jogs.

The Lower sand appears in the western three wells and aliains
maximum thickness of about 50 ft. East of well 11-2-34-"_..4, this sand
rapidly piaches out as sand deve]oément s very poor and - = . Taclin.,
in some wells.

To the east of well 4-30-34-18u4, a multiple sanu development
appears to have occurred during the same time span as the western Lower
sand, These eastern sand units appear to shale out west of well .
7-30~35-17W4M and east of well 6-25-36-13W8M, respectively. The Upper
sand is poorly developed in this section. In this area the "A'
bentonite therefore overlies the Viking sand. A

-Section I-I' goes through townships 59 to 30 and ranges 27 to 11W4M
in a northwest-southgast direction (Figure 24). 1t ig constructed with
~the 'C' bentonite as datum.

The basa1 bentonite can be picked with confidence in well Togs to
the east of well 9- 9-44-17WAM. In this area it underlies the Basal sand.

In well 6-31-32-12W4M it Ties in silty shale 2 ft. below the Basal sand,:
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while in wel] 7-10-30-12W4M it occurs in silty shale 30 ft. below the
base of the Lower sand. To the west of well 9-9-44-17W4M it becomes
1ﬁzistinct and difficult to locate in well Togs. However, should it- =
extend westward, it should underlie the Basal sand.
‘The thin Basal sand was the first to deve]Qp in this section. In

wells 9-9-44-17W4M and 6-31-32-12W4M, it is respectively 25 and 4 ft.
thick. It appears to have brograded westward relative to the dst 1 as
its top is 2? ft. below the datum in wel] 6-31-32-12W4M and . n
well 8-16-47-20y4M, Progradapion”gppears to have been ra ! between
wells 6-31-32-12W4M and 11—16-46—20W4M, as the silty shale 1nterva]
between its top and the datum maintains a fairly constant th1ckness of
about 25 ft. It p1nche$ out 1nto silty shale to the rast of well
6-31-32-12W4M.
\C' bentonité underlies the Lower sand throughout the section.
This:§uggest thatt;he base of this sand unit constitutes a good time
maﬁﬁgr, .Betyeen wells 10—13-30—11w4M and 10-24-33-12W4M, a multip]e |

¥
Lowads sdnd

7-10-30-12W4M, but pinches out to the immediate west to we]T 10- 24 33-12.

velopment occurred "It is about 25 ft. thick in well

This sand’anit is the terminal part of the main Lower sand to the south
of thgy study area. -

As the Lower eastern sand was being deposited, a western sand

egan to form west of well 10-24-33-12W4M. It is about 40 ft. thick in
we]l‘il—33—59~27w4M. I't pihches out to the east of well] 6-21-36-17W4M,
This sand 13 an independent northwest-sodtheaﬁt trending sand unit to

the north of the study area and will be d1scussed br1ef]y in the sections
to follow. It para]le]s the paleo-strandline.

The 'A' bentonite occurs in silty shale above the Lower sand in
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\

I~

_wells 7-10-30-12W4M and 10-13-30-11W4M. To the west of these wei]é-it
_1s indistinct in well logs. However, it appears to- 11e in the overlying
shdle unit except in well 11-233-59- -2 THAM where it is prssible that it
occurs in the shale 1nterbed between the Lower sand and an upper thin
~sand.  This assumes that its d15tr1but1on extends to this area.

ATong this trend the Viking sand is not dfachronous F1gure 25
1s a sketch of the probable distribution of the sandbodies re]at1ve to
Vthe three bentonite horizons for sections a) H-H' and b) I-1'". .

Section J-J' encompasses townships 27 to 5. ind ranges 28 to 19w4M
It is oriented approx1mate1y n-a southwest-northeast d1rectlon and
constructed with bentonite 'Af as datum (Figure 26).

The basal bentonite in wells 15-35-40-25W4M and 10-3-41-25W4M has’
been reliably corteTated to a nearby well (see Figure 7, well 14—28~41—-
26WAM), where it was observed in the core.' In the other wells it is
indistinct and difficult to pick.” In tHe above wells (15-35-40-25W4M
and’10-3—41-25w4M) it possibly occurs in shale about 5 ft. below the
basal §%nd. "The thin Basal sand appears to have prograded rap1d1y
snuthwestﬂard from we]] 10-33-51-19W4M, shaling out immediately west‘df
well 15-36-40- 2504, |

Benton1te "A' was confidently correlated in wells 6—36—34-26N4M
and 10-13535-26W4M. In.the other wells its position is e certain, |
but 1nferred to 11e above the Lower sand east of well 16- cd 36- 26W4M and
in the Lower sand west of well 11- 17 28-26W4M. ’ o

Relative to the datum the Lower sand gradually pPograded e ward
from well 10-33-51-19W4M where it attains a maximum th1ckness of about
50 ft. and- d1sappears west of we]] 6-36-34- 26W4N The shale 1nterva1

between the top of the sand and the datum decrease§ in th1ckness in the

o
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same direction, from about 25‘ft. in well 10-3-41-25W4M to 10 ft. tnigéﬁT
well 6-36-34-26WAM and fina]]y'i‘“eero ih well 10-14-27-28W4M, )
The Upper sand prograded northeastward from well 10 t§ 27- 28w4M
. and p1nches out east of well 10~13-35-26W4M. It is about 45 ft. thick

in the former we]1

s

Re]ative to the top.of the underlying Viking Formation, the Base

of thé Fish Scale Marker is approximately located 64 ft., 104 ft., and
e

140 ft. respectively in wells 10-14-27- 28N4M 10-13-25-26W4M, and
: e

10- 3 41-25WaM abog& the Vikin: Format1on This relationship shows that

N
. the Lioydminster @p\nckens in a northeast direction along the hne

f*sictlon whlch supperts earlier interpretation that the V1k1ng Formation
1°_younger to the south. With respect to the 'A' bentonite, the Base of

the F1sh Sca]e:gééker the V1k1ng Format1on and }he base of the Joli Fou .

Sha]e are all generally d1achronous : L a

!

Sect1on K-K* 1s- taken a]ong tOWnsh1ps 44 and’d&‘ ranges 8 27w4M «'

in an: east west dxxectlon It is constructed w1th thé&basal bé%ton1te
I“ ’{ Y '}i“‘

as datum (Figure 27), but this benton1te is not very: d1st1nct N we]]

1ogs except in we]] 6-20-44- 15w4M where }t 5%curs 1n lety sha}e at a

br o

d@pth of 2751 ft. s about 30 ft. be]ow the th1n Lower sand un1t East

h“v"

"c 1S we]] 1t is re]1ab1y corre]ated arid appears 'to 1%e in silty to

'sandy sha]e«beds below the Basal sand. West Qﬁé@ell 6-20-44- 15w4 1t s
& . o Lo . .- '
referred to under]1e the th1n Basal’ sand jiv-’ %

&

R$15%1ve to the datum the Basa] sand appears to have prograded “T
‘westwggd p1nch1ng out beyond we]] 2-8-44- 27w4M The silty shaWe to
shale 1nterva] between the datum and the bottom of the sand appears to
1ncrease in th1ckness 1n th1s d1rect1on “from almost zero,in.we11i>

7-12-44- 13w4M to about 8 ft in the former well, where it attains a ~

RN
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maximum thickness of 10 ft.

The Lower sand ts thick in the west and thins to the east. In
we1ls 13-2-44-22W4M antl 12-24-44-13W4M it is 37 ft. and 12 ft. thick
respectively. A raptd'progradation appears to have occurred between wells
10-30-44-12W4M and 1 20- 34 18W4aM.- A temporary slow-down in the rate of
progradat1on m1ght account for tts th1ckness between wells 11- 30 44-20V4M
to 13-2-44-22WaM. 1t pnnches out to the west of we]] 2-8-44-27W4M.

J‘vThe position of the 'A' bentonite is inferred to be above the sand
in the overlying shale. _The base of the Viking sand in this section .
appéars slightly ‘diachronous. Figure 28 is a sketch showing an

interpretation of the lithofacims distribution-re1atjve‘to the 'A' and

_ M — v
'E' bentonites, for sections a):J-J' and bj. K

Tee

. e < R
Fence Diagram . :%; w R
" - Q abllbe. < <,
F1gure 29 is a fence“d1agram wh1ch embraces th! area, a]most enc]osed

by townships 21 to 47, range9 3 to 28N4M (fu]] size fence diagram in "A'z

"""x . n\

pocket )% It 1ntEgrates the cross -sections bwev1ous1y descrrbed and BE
A%

ynthes1;es ?%em in p1ctor1a1 form.’ Th1s fac111tates v1sua112at1on of

< ¥

the 11thofac1es d1str1but1ohs direction of max1mum sand &dVement, and

4. ’
the’genera?'dep051t1onaT Sedﬂence in- three d1mens1ons It was eonstrutted Jv

o 5 {1.
ro o

e
-

Ee]at1ve to the E' and 'A' bentonlte time planes.

The Basa] bentonlte 'E' marks terminatij ‘ 'ﬁﬁ011 Fou time and’ the

beg1nn1n’ of V1k1n 1me in tie area. A westwa “;rogradrng northwest—.

P hou
southeas. trgnd1ng”Basa1 th1n sand was“the first sand depos1t of this -

e hd - R .
sea. Fo11ow1ng 1t, southern and northern LowerAsand bodies began to o e
<ﬁbrm almost s1mu]taneous]x, but ear11est in the southeast:. The southern

) o
sand body trends northwest-southeast and no main direction of



‘\,—.\‘~‘: \}_ 3 \
ot

~J
o

b) .
“.Bentanite marker " Figure 28, Sketch §f gross
) . 1ithologic :
N and . _ distribution for
> sections: e
: a) J-J' -
— —] Shale-mudstone b) K-K'
—— siltStone s -
: o
L
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progradation is obvious, except in the southeast where both wes tward
and eastward progradations are indicated, suggestive of two opposing
direct;ons of sand transport. The northern Lower sand trends
approximately in the same direction as the southern and appears to have
.progradeg toward the west. -Shale development in‘welis in the centre of
the aféﬁ separates the southern and northern Lower sand bodies.

A probab1e deepening halted sand format1onva1most throughout
the area, and depos1ted silty shale, preserving a volcanic ash (! A'
bentonite) deposit. This event marks essentially the termination of
sand formation in the north, but in the south a final phase of sand
deposition followed. I - 1. ,

Initial southwestern and southeastern - Upper sand bod1es prograded

towards one another almost at the same time. The 1atter over]aps the

]

former in the south- centra] part of the aragwaround townsh1ps 27 and 28

v

ranges 17 to 14NﬂM Th1§vobservatton conflrms an ear11er suggest1on of

two oppos1ng directions of sand transport during V1k1ng depos1t1on
: These sand bodies a]so term1nate¥'

ather abruptly around we]]s
B ‘% B

;’a similar fash1on to the under1y1ng

fLower sand. This Tast southern phase of sand&%ﬁg Lopment brought

,V1k1ng deposition to ‘an end 1n this area. -

\y

PR T A
o



CHAPTER 8

SUMMARY AND CONCLUSIONS

- A study of Viking well Togs and cores has revealed the presence

of bentonite horizons throughout the study area. A maximum of eight

bentonite_horizons with differing t. iure and’ thicknesses were observed
in a single well Five of these o dif -entiated chemically using
‘Sr/Ca and Rb/K rat1os apd a. trianule nlot of K, Ca, and Ti. Three

of the bentonites have been reg1ona]1y correlated and in-turn used to
correlate the V1k1ng Format1on in soutp centra1 Alberta

Th%mEenton1te time planes show three per1ods of sand deve]opment

,1n the area. A medium- to coarse gra1ned biotite- r1ch th]ck ‘bentonite

J

é E') marks the begvnn1ng of V1k1ng time and under11es the Basa] tﬁ1n‘

sand in p]aces Th1s sand bgdy trends northwest southeast and prograded~
ightly to “the west . f;‘fi o ' ' )

X

’.-:._3
»

the north, whereas depos1t1on of the Lower sand had a]ready begun 1n the

\:

southern and central parts of the area ' Th1s Lower sand’ body also trends

in a northwest -southeast d1rect1on, acqu1r1ng a maximum th1ckness of

about 80 ft. in the southeast Both westward and eastward growth of T
- g i
thedsand body are 1nd1cated Q
s . In the north; a northwes t- southeast trending Lower sand developed -

b

» in places 1mmed1ate1y after depos1t1cg of the 'C' volcarhic ash This

independent sand body prograded westward.

’ = Q

The d1fferent1a1 progradation of these sand bod1es created a

lagoon- 11ke area between them where 11tt]e or no sand-: depos1t1on

- - 0

/ ‘ - _76
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occurred. Most of the Viking sands in the Study area were deposited
du#’hg this time interval.

»

‘ Another mar1ne deepening comp]ete]y term1nated sand depos1t1on to
%he nnvth and preserved another th1c; anrse b10t1te rich volcanic ash el
‘( A' bentonite) and silty §pa]e deposits in the southern and centfal
‘parts of the area. . |
. Southeastern and southwestern Upper sandbodiesefo1ﬂowed the marihe
Ul deepening. They developed at about the same t@gﬁ, but prograded-in
opposite direction;. Deposition of these sandbodieé hrought Viking
deposition to an end'jn the south and central Rarts of the area.
This complex sedimentation pattern<accounts for the diachrohous
nature of the formation. The top o% the formation is older to the
.ﬁﬁho;th and younger to the south, :Thio observation is in agreement with
Evans (1970) who noted that the top of the Vikihg Fofmatfon in south-

western Saskatchewan;is older to the northeassiand younger‘to the

south. Parallel to the paleo- sggﬁnp11ne the formation is only s]1ght1y
q’K i B

d1achronous
7 Biotite grain size distr%B“' " and Mn/Fe ratio maps tentatively

suggest that the source area for the E' and C ‘bentonite beds lay to-
\;

the southwest while that of bentonite 'A' Tay to the northwest of the '
study area.but is uncertain., .
The suggested linear re]dtfohship between biotite grain size,
Rb/K and Mn/Fe rat1os supports the mode] of chagge in chemistry of
vo]can1c ash as a funct1on of grain s1zeland d1stance from source. r
"

South of this area, T1zzard (1974) 1nterpreted the sand units as
offshore barrier bfﬁ’ 5 East of these bars in the Dodsland-Hoosier area
in southwest Saskatchewan, Evans Clg?Q)’intérpreted the sand bodies a; -

; o . . : ‘

e

7~

(
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of tidal current origin. In the presént Study no attempts have been
made to evaluate the depositional environment. However, more data are
needed to evaluate the depositional environment of these sandbodies.
This work will serve as a frémework to be used by later workers
to differentiate and correlate the Viking bentonites in other areas of
Alberta and Saskatcﬁewan. These may enable an extensive time network
datum to be established in the 'Viking Formation, which is necessary

before detailed depositional history.can be unravelled.
2 p

-
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