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ABSTRACT

Within the Nipisi field area located in north-central Alberta, Middle Devonian Watt
Mountain Formation szdiments accumulated in 2 north-south trending trough shaped
feature. This Muskeg trough evolved throughout Middle Devonian time as a result of salt
solution collapse ‘n the underlying Musheg Formation. The Muskeg tiough fill consists of
six cycles of deposition which record the progradation and abandonment of lacustrine

braid-delta deposits.

Four recurring facies associations collectively suggest that the Wait Mountain
Formation sediments in the Musheg trough fill were deposited in a lacustrine braid-delta
paleoenvironment  The four associations are. (1) lacustrine deposits, consisting
dorainantly of mudstones which weze mostly deposited in the central and eastward b in
area, (2) marginal lacustrine deposits, which were poorly developed and included fluvial
mouth-bar, beach, and barsier deposits, (3) interdistributary deposits, consisting of a wide
range of facies and sequences, (4) channel deposits, comprising the braided fluvial system

sourced from the east.

Production in the Nipisi oil ficld is from the siratigraphically trapped Middle
Devonian (Givetian) Gilwood Sandstone Member of the Watt Mountain Formation. The
interbedding of the Gilwocd Sandstone Member with Watt Mountain mudstones suggest
that sedimentation occurred in cyclical paleoenvironmental conditions Each of the
Gilwood Sandstone Member depositional periads was attributed to tectonic activity
associated with the Peace River Arch, while the Wait Mountain Formation mudstones
were primarily deposited during relatively quiescent periods The resenvoir is present i1
six laterally continuous arkosic sandstone-dominated zones which vary in areal
distribution The distribution of each layer was controlled by the shape of the Muskeg

trough 2nd variations in the hydrologic conditions that existed during sedimentation
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CHAPTER 1 INTRODUCTION
1.1 Introduction

Oil production in the Nipisi field is from the Middle Devonian (Givetian)
Gilwood Sandstone .iember of the Watt Mountain Formation. Nipisiisa
stratigraphically trapped reservoir located on the eastward flank of the ancestral Peace
River Arch. Extensive development of this reservoir has significantly increased the well
control available for use in geological studies, and has provided an opportunity to

reevalvate the complex distribution of Watt Mountain Formation sediments.

Successful fuiure exploitation of the Nipisi field is dependent on the
understanding of the areal distribution and continuity of the Gilwood Sandstone Member
and the effect of structural controls. Therefore, the major goal of this thesis is to gain
these understandings by developing a depositional history that explains Watt Mountain

Formation sedimentation in the Nipisi field area.

1.2 Study Area and Historical Development

This study is of the Watt Mountain Formation in the unitized outline of Mipisi
Gilwood Unit No_ 1, located in Townships 78 to 81, Ranges 7 to 9W5M, approximately
273 km (170 miles) northwest of Edmonton (Fig. i.1). Currently, the unitized area

covers approximately 300 km2, and contains 330 producing oil wells and 76 injectors.

The discovery of the Nipisi field in 1965 was due to a prompt northward
extension. of the Gilwood play that followed the discovery of the Mitsue Oil field in
1964. The Nipisi field was unitized {(Nipisi Gilwood Unit No. 1) in 1969, to enable the
implementation of a waterflood maintenance scheme. In 1978, the Nipisi field was

evaluated for the possibilit: of a miscible flood devclopment project, and in 1984, the
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first miscible flood test aree, named Stage I, was initiated to detenmine its effectiveness.
Favotable production performance in Stage I prompted two further siages of miscible

flood development: Stagz Il in 1986, and Stage I11 in 1988 (Fig. 1.2).

1.3 Goals and Objectives

The major goals of this thesis are to gain an understanding of the distribution
and depositional nature of the Gilwood sandstones, and dexelop 2 geological model that
will aid in the exploitation strategies of the Gilwcod sandstone resenoir in the Nipisi

field area.

The primary objectives were:

(1) to define sedimentary facies and vertical facies relationships in the Watt
Mountain Formation;

(2) todevelop a depositional facies model for the Watt Mountain Formation,

(3) to determine the influence and origin of the structural controls imposed on
the Watt Mountain Formation;

(4) to map the distribution of the Gilwood Sandstone Member reservoir zones,
and,

(5) todevelop a depositional history of the Watt Mountain Formation.

The objectives of this study were accomplished by developing an extensive
daiabase using 52 core descriptions and 303 digitized mechanical well logs in the Nipisi
field area (Fig. 1.3).

(1) Drill core descriptions
A total of fifty-two drill cores in the Nipisi field area were eramined in Calgary at

cither the Energy Resource Consenvation Board core research facility or the Shell

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Canada core research center (Appendix A). The drill core descriptions include reference

to:
(1) lithology,
(2) grain size and sorting characteristics,
(3) physical and biogenic sedimentary structures, and
(4) fauna content.
(2) Welllogs

Digitized mechanical well logs from 303 wells were used to generate a
subsurfice database. The primary logs used iacluded the Gamma Ray, Spontancous
Poiential, Sonic, and Caliper. Before using these logs for correlations, they were
normalized, expanded into a verticai scale of 1.15 m/cm, and calibrated with drill core
data. The Spontaneous Potentizl and Gamma Ray logs proved to be the most useful,
however, the Gamma Ray log was distorted in its reflection of shale content in the
feldspathic sandstones. Once the database was generated, it was used to construct a
collection of maps that iliustrated the structura; attitude of various paleosurfaces, and the
three-dimensional distribution of the reservoir zones contained in the Watt Mountain

Formation.

1.4 Previous Research

Research on the Watt Mountain Formation has been performed on both regional
and local scales surrounding the ancestral Peace River Arch, and has provided published

information on the petrology, sedimentology, and possible origins.

The Watt Mountain Formation was first named by Law (1955), and the Gilwood

Sandstone as a member of the Watt Mountain Formation by Guthrie (1956) Guthric
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(1956) also referred to the Manning Wash on the north flank of the Peace River arch as a
Gilwood eguivalent. Greenwalt (1956) discussed thie differentiation of the Granite Wash
from the Manning or Gilwood, and Sikabonyi and Rodgers (1959) believed these two
sands were {ime equivalents (Rottenfusser, 1974). A regional analysis of the Elk Point
Group was presented by Susha (1963), who studied the EIL Point Group and Cambrian
rocks of North-Central Alberta. The petrology and mineralogy of the Watt Mountain
Formation in the Mitsue-Nipisi area have been studied by Kramers (1967), and Kramers
and Lerbekmo (1967). Thachuk (1968) studied thie sedimentology and depositional
environments of the Watt Mountain Formation to determine the feasiility of
waterflooding the Nipisi Oil field reservoir. He proposed that the sediments were
deposited in a deltaic environment, and that they could be divided into 4 zones, each
separated by a continuous shale bed. Shawa (1969) studied the Gilw ood sandstone in
the Nipisi field and propused a deltaic origin for these sediments based on obsen ations
of textural analysis, paleocurrent analysis, sedimentary structures, and sandstone
geometry. Nelson (1970) examined the cementing relationships in the Giiw.ood in the
Mitsue oil field. Pugh (1972) discussed the relationship of the Gilwood Sandstone
Member to both older coarse clastic detritus and to the Precambnian regolith. Jansa and
Fischbuch {1974) discussed the evolution of Middle and Upper Devonian sediments in
the Stugeon - Mitsue area Alberta. Rottenfusser {1974), and Rotteafusser and Oliver
(1977), described the petrology and depositional emisonments of the Wat: Mountain
Formation of Northem Alberta. Alcock and Benteau (1976) studied the physical
charactenstics and mineralogy of the Wait Mountain sediments and concluded that the
Gilwood in the Nipisi field area was deposited in a fan-like deltaic system. They also
divided the Nipisi field into three depositional realms. 1) alluvial plain, 2) delta plain and
3) delta fromt  Gibbs (1934) published an undergraduate thesis on the stratigraphy of the

Gilwood in the Lovet Creek area, in Alberta. Hom ef al (1985 published an abstract
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that suggested the Middle Devonian Gilwood sandstenes of the Watt Mountain

Formation in the Utikuma-Nipisi field area was deposited in a fan-delta setting,

1.5 Nomenclature

McGehee (1949) was the first to use the name Elk Point Formation after
describing rock urits located near EIL Point in cast-central Alberta Belyea (1952) gave
the Elk Point Formation group status, an':i Worhman {1953) further divided the Elk
Point into Upper and Lower portioas. The Watt Mountain Formation is part of the

Upper Elk Point Group ard was defined by Law (1955):

"This is the uppermost unit of the Elk Point and comresponds approximately
with Workman's (1953) upper variable unit. It consists of a maximum of 155
feet of shale, siltstone, sandstone, arkose, limestone breccia, anhydrite and
dolomite. The lithologic characzr of the unit is controlled to a large extent by
the distance ffom the Peace River landmass.” (p. 1951)

Law (1955) described the Watt Mountain Formation in the Califommia Standard's
Steen River No. 2-22-117-5W6 well, comgleted in April of 1953 In this well, the Watt
Mountain Formation starts at a depth of 1356 9 m, is 18 5 m thick, and completely

cored.

Guthrie (1956) designated the Gilwood Sandstone as a member of the Wait
Mountain Formation in his discussion of the lithology and stratigiaphy of ihe Gilwood in
the Gircux L2ke area, in Alberta. He dcﬁ?x\éd and described the Gilwood Member in the
Stanolind Giroux Lake well in 6-20-65-20W5. In the 6-20 well, the Gilwood Member is
10.4 m thick, starts at a depth of 3068 6 m, and has two cored intervals, 3070 7 to
3071.9 and 36722 t0 30859 m Guthrie (1956) refers tc the Gilwood as "an outwash

of arkosic sands over the surface of clder formations wedging out around the Peace
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River land mass.” He rest....ted the term "Gilwood” to the outwash sand because in
areas proximal 1o the Arch there was difficulty in distinguishing between the Granite
Wash and the Gilwood sand. Many workers, beginring with Suska /1963), refer to the
Gitwood Sandstose instead o the Gilwood Member. This more descriptive notation is
used in the petroleum industny to such an extent that the Gilwood Member is now mainly
called the Gilwood Sandstone Member. This thesis will concur with the industry usage

of Gilwood Sandstone AMember for the sandstones in the Wazt Mountain Formation.

Rolteafusser (1974) discussed the nomenclature problem that existed before the
carly 1970's in naming the sandstones in the Watt Mountain Formation nortk and south
of the Peace River Arch  These sandstones were found to be conrelative, but the Peace
River Arch was used as a barrier o create separate names. The sandstones in the Watt
Mcuntain Formation weie referred to as Manning Sand north of the Peace River Arch
and Gilwood Sandstone south of the Arch. Howener, the term Manning Sand has since

been dropped from active use.

1.6 Stratigraphy and Genera! Geology

The Eik Point Group rzpresents the Middle Devoaian of the Nipisi ficld area
(Fig 14). Law (1955) divided the Upper EIk Poin? Group into three formations. Keg
River at the base, Musheg in the middle, and Watt Mountain at the top. The Keg River
consists of a Lower Keg River open marine limestone unit and an Upper Keg River
recfal limestone unit. The open marinc limesi ones developed during a transgression that
began at the beginning of Key River deposition, and the development of carbonate build-
ups in the Upper Keg River deposits occurred during a period of moderate shallowing
(McCamis and Griffith, 1967). Open marine cenditions during Keg River deposition

were followed by restricted conditions and the deposition of the evaporitic Muskeg
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Figure 14 Stratigraphic nomenclature used in this study together with dominant

formation and member lithology. Adapted from Bassett and Stout, 1567.
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Formation. The Muskeg Formation consists of 1 basal salt deposit, and an upper unit of
interbedded anhydrite and evaporitic dolomite. A regional uplift over the Peace River
Arch and West Alberta Ridge resisied in the deposition of a regressive sandstone and
shalc sequence making up the Watt Mountain Formation (Bassett and Stout, 1967). The
sandstones, defined as the Gitwood Member by Guthrie (1956), were deposited in cyclic
sequences associated with tectonic activity associated with the Peace River Arch (Cant,
1988). After deposition of the Watt Mountain clastics, a standstiil, or slight regression
of the sea, resulted in the deposition of evaporites that make up the overlying Upper
Devonian Fort Vermilion Formation. This slight regression was followed by a main
transgressive phase of the late-middle Devonian, which deposited the limestones of the

Slave Point Formation (Jansa and Fischbuch, 1974).

1.7 General Setting and Tectonic Framework

A regional framework for the deposition of Watt Mountain Formation is
discussed here to place the study area in its appropriate paleogeographic setting.
Devonian sediments of the Interior Plains and eastern Rochy Mountains were deposited
on a slowly subsiding tectonic shelf bordering the Canadian Shield (Bassett and Stout,
1967). During the Middle Devon:an, the Elk Point Sea covered most of Alberta,
Sashatchewan, and Manitoba, and was partially separated from the sea over British
Colusbia by the exposed Western Alberta Ridge and Peace River High (Fig. 1.5)
(Nelson, 1970). These two exposed highs strongly influenced the deposition of Middie

Devonian sediments (Bassett and Stout, 1967).

The study area is located approsimately 30 kilomezers east of the eastern flank of
the Peace River Arch, a {eature that was tectonically active over a 500 m.y. period

(O'Conncll er al , 1990). The proximity of the Nipisi ficld area to this activity was

11
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Figure 1.5 Middle Devonian tectonic and regional framework map of Alberta.
Adapted from Bassett and Stout (1967).
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undoubtedly a factor in the development of the present structural attitude of the Middle
Devonian sediments in this area. The Peace River Arch is a major crustal structure that
consists of uplifted Precambrian rock, and is associated with many faults that cut the

overlying Devonian, Mississippian, and Pennsylv: 1ian sediments (Cant, 1988).

The exact timing of the Arch’s initial phase of uplift is uncertain, but evidence of
sandy Middle Cambrian units terminating against the Arch suggests that the initiation of
the Peace River Arch had occurred by the Mid-Cambnan (Pugh, 1972, Cant, 1988).
Silurian sediments preserved to the north, northwest, and southwest of the Peace River
Arch indicates that it was emergent at this time (Norford, 1990). By the Middle to Late
Devonian the first episode of normal faulting occurred (Cant, 1988). These faults
generated local topographical relief which enhanced the erosional activity on the Peace
River Arch. This erosion was the source of the clastic debris that accumulated at Nipisi.
Cant (1988) suggested that the interbedding of these clastics with oth2r EIk Point Group
sediments indicates that severai distinct episodes of tectonism occurred during this time
However, Rasset and Stout (1967) and Geldsetzer (1990) believe that the development

of the clastics occurred during a major regressive hiatus in the basin.

The Arch persisted as a positive tectonic feature until the slow transgression that
started during Upper Devonian time gradually transgressed the elevated areas {Sikabonyi
and Rodgers, 1959). Besides gradual eustatic sea level rise, the burial of the Arch may
also have also occurred through subsidence or a combination of the two (O'Connell ef
al , 1990). Although the Arch was no longer emergent, faulting and subsidence
continued throughout the Mississippian and Fennsylvanian, and it was not unti! the end
of Pennsylvanian-Permian deposition that major structures became inactive (Cant, 1988).
Because the Arch was the source of Gilwood clastics, stratigraphic and structurally

trapped Gilwood reservoirs occur in close proximity to it (Figs. 1.6 and .7).
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1.8 Division of the Watt Mountain Formation

With limiied well control, Thachuk (1968) divided the Watt Mountain
Formation into 4 zoaes, each containing one or more sandstone beds. However, the
present study shows thai it is possitie to divide the sandstone-deminated units into 6

discrete correlatable zores (Figure 1.8).

4-3-80-8W5 Average Field Wide
e Reservoir Propertics
Ft. Vermilian ~ Porosity © Permeability
Fermation P 4 I\ - (percent)  (millidarcies)
e }
G
o - 2% 330md.
Zone 5 - - _
- - 13% 1250 md.
g Zone 4 i E . B l
‘g _ “a
g1 . . 14% ' 330md
o -2
2 Zoze 3 H . .
5 = 15% 1577 md.
§ E E Y - -
% § Zone2 ,
S i 13% 210 md.
Zone | & 12% 170 md.
Muskeg
Formation GR §P

Figure 1.3  Illustration of the six Gilwood Sandstcne Member zones of the Waut
Mountzin Formatior together with average reservoir properties
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CHAPTER 2 COMPOSITION OF WATT MOUNTAIN SEDIMENTS

2.1 Sandstones

The average composition of the Gilwood Sandstone Member in the Nipisi field
- area has been documented by Kramers and Lerbekmo (1967), Thachuk (1967), and
Alcock and Benteau {1976). Because of this writer’s division of the Gilwood into 6
correlaable zones, 2 thin sections from each zone were evaluated to determine if any of
the zones had a distinct minesalogical difference. The results showed that all zones had
similar mineralogic charactenistics, suggesting a similar source for all episodes of clastic

deposition in the Nipisi Field area (Table 2.1).

Mineral Average %
Quartz 57.5
Feldspars 248
Carbonate 4.1
Anhydrite 6.8
, Accessories <10

Table 2.1 Average Mineralogy of Watt Mouniain Sandstones
based oa ail published compositional data.

On the basis of their compositicnal range, the Gilwood sandstones are classified as
arhoses and subarhoses according to the mineralogic classification system for sandstones
used by McBride (1963). Accessory minerals and soch fragments generally mahe up less
than 1 percent cf the sandstones, and can include detrital biotite, chert, igneous-

metamorphic rock fragments, and shale fragments (Kramers and Lerbekmo, 1967).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

22 Mudstones

The mineralogy of the Watt Mountain Formation mudstones was analyzed using x-
ray diffraction techniques at Shell Canada’s Research Centre in Calgary, Alberta Eight
samples from four wells were processed for bulk analysis, and one sample was further
analyzed to separate the clay fraction (Table 2).

Clays in the mudsione samples included illite, kaolinite, and chlorite Illite was the
main clay component in all 8 samples, averaging 36°s, kaolinite and chlorite were clearly
subordinate This ranking is consistent with the findings of Kramers 2nd Lesbekmo
(1967), Rottenfusser (1974), and Alceck and Benteau (1976). The large amounts ofiilite
reflects the zbundance of potassium-srich minerals found in the Gilwood sands Folassium
rich clays like illite are genesated at the expense of posassium rich ~irerals and polassium
poor clays (Retallzck, 19%0).

Alcock and Benteau (1976) analyzed samples from three wells in the Nipisi arca
and reported that a high do'omite content compared 10 calcite was a charzcteristic feature
of Watt Mountain Formation mudstones in the Nipisi area In this thesis, half the
processed samples detected only <i%% dolomite, and czicite was found in amounis up (o
13%0. The combined results reflect a brozder view of carbonate contest in the Nipisi Ficld,
a view that comresponds with Watt Mountain Formation mudstone compositional values in
other field areas. Rottenfusser (1974) analyzed Watt Mountain Formation mudstones
north of the Peace Rives Asch, and proved 2 relationship between higher proportions of
calcite and proximity to freshwater limestore deposits  Thinnes limestones with 2 similar
appearance were found in the Nipisi area, and may also be the source of iocal increases in
carbonate content  Quartz and potassium feldspar was detected in all samples. ard their

abundance is directly related to the s2rd and silt content of the mudstones
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Location 12-24-78-08\WW5

Depth | Oz | Plag | K-feld | Calc | Dol | Anhy | Sid | Pyr | Kzol jill | Chl
se6ft |17 |- 4 - 20 |- - |- 17 52 |-
s686ft {25 |- 14 1 larl2 1- 1- 14 123 |-
Location 10-27-78-03W>5
[
Depth | Otz | Plag | K-feld | Celc | Dol | Ashy | Sid § Pvr | Kaol |1 | Chl
56995110 |- 5 12 j- |- <) |- 1- 63 |10
5699617 - 4 13 |- |- <t |- 1- 67 19
Location  12:20-79-08W5
1
Depth | Quz { Plag | K-feld | Calc | Doll Anhy | Sid | Pyr | Keol | I | CH
55938136 |2 7 - 14 {3 - |2 i 124 |-
556328130 |- 28 10 I<i |3 - 12 11 125 |-

Locztion 12-21-80-09W5

Depth | Qiz | Plag | K-feld | Calc | Dol | Achy | Sid | Pur | Keol |10 | Chl

56368 135 -

Wh
-
O

<i

o
A
o
'
'
o
'

Se4748f 130 - 28 10 1<l i3 - 2 1 25 |-

Table 22 Mireralogy of Watt Mountain Formation Mudstones
From X-ray Difirzction Analysis.
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2.2.1 Relationship of Compositinn and Colour

Based on the G.S_A. culour chart, the Watt Mountain Formation mudstones are
present in solid and variegated varieties of medium gray (N 5), olive-gray (5 Y 4/1),
pale-greea (10 G 6/2), grayish-green (5 G 5.2), dark reddish-browa (10 R 3/4), dusky-
red (5 Y 3/4), and black. Although there is a coloured variety of mudstones, at all
sandsto.ze- mudstone contacts the colour was always gieen  An attempt was made to

determine if the green colouration was a resuit of mineralogical differences.

Four pairs of mudstone samples, one red and ore green, were tzken from the
szame well location and analyzed with x-ray diffraction techniques to determine the
mineralogy. In the 10-27 well, the possible error of sampling from different types of
mudsiones was decreased by taking samples of cach colous 4 cm apart  The data
provided no exidence to suggest that the colour diffetene was caused by differences in
mineralogy (7zble 2.2)  Kramers and Lerbekmo (1967) also found no comrelation
between total iron conteat and colour of the mudstones in Watt Mountain Formation
mudstone samples in the Mitsue field. They concluded that colour differences were
caused by different oxidation states cf the iron present. The theory that colour is
independent of total iron content and dependent on Fe3*/Fe2* has been demonstiated
by workers inch:ding Tomlinson (1916), Pestijohn (1975), and McBride (1974). Potier
et al. (1980) concluded from Van Houten's (1973) work that the colour in sediments can
be chanzed so easily that it is usually of depositional or diagenetic origin rather than
deirital  The exact cause of the green colouration cccurring at all mudstones-sandstone
contacts is unksown, but because of their similar mineralogy and the presence cf green
reaction zones at 21l sandstore-mudsione contacts, it is likely that the green colouration

has a diagenetic onigin.
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CHAPTER 3 FACIES DESCRIPTIONS AND INTERPRETATIONS
3.1 The Facies Concept

Although the word facies is seen regularly in published work, it has been used in
the wrong context so ofien that its usefulness as a geologic term has been hampesed
Conceptual problems of the term have centered cn its misuse 25 2 purely descriptive

term, and its use in branches of scientific work other than sedimentary geology

Facies is a Latin word derived from facia or facies meaning the extemal
appearance or lock of something (Teichent, 1958, Walker, 1984). It was initzally
introduced into the geologic literature by Nicolaus Steno in 1659 to sigrify the enlire
aspect of the earth's surface during an interval of geologic time. Modem scientific usage
of the facies concept was derived from comparative stratigraphic studies done in 1838 by
Swiss geologist, Amand Gressly (Teichen, 1958). Although Gressly is regarded s the
founder of the facies concept, another geclozist, Prevost, can rightly be regarded as 2
co-foundes (Teickert, 1958). Prevost independently deduced similar principles ‘o that of
Gressly at around the same time, but by using onlv simple reasoning and observation
(Techent, 1958). A translation of Gressly’s definition was given by Teichert (1938), and
reads as follows:

*To begin with, two principal fzcts charzcterize the sum total of ike
modifications which 1 call facies or aspects of a strafigraphical unit- ore is thai
certain fithological aspect of a stratigraphic unit is Enked everywhere with the

same paleontological assemblage, the other is that from such 2n assemblage
fossil genera and species common in otber facies are invariably excluded ™

The core of Gressly's 1838 facies corcept was the iicrdependence of lithological
and paleontelogical information  Scientists commonly szparate the fithological and

paleontological aspects of by using terms Jike "lithofacies” and *diofacies”, however,
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these concepts are intermixed (Middleton, 1978). Gressly also implizd that facies were
to L ¢ areally unrestricted. For example, Middieton (1578) pointed out an exemplary

example of the use of facies by De Raafef al. (1965), who subdivided a group of thiee
formations into a cyclic repetition of facies distinguished by “lithological, structusa! and

organic aspects detectabie in the field.”

The term "facies” is a purely descriptive one representing the sum of primary
lithological and paleontological properiies of a stratigraphic unit, and is to be used in an
areally unrestricted sense. Individual facies are important for providing insight toward
the hydrodynamic and ecological conditions at time of deposition. The most commaon
misuse of the facies concept is the application of faci.s to assumed envireamental
conditions sa2ther than to reconstructing emvironments by imeans of the study of fucies

(Middieton, 1978).

3.2 Facies Descriptions and Interpreiations

Lithological, sedimentological, and paleontological featuzres were used to define
sight distinct facies in the Watt Mountain Formation in the Nigisi field area. Tiie
following is a description of those cight fzcies ard the interpreted paieohydrodynamic
conditions that genesated them.  The significance of the paleontological features will be

discussed rzore thoroughly in Chapter 4.

321 Facies 1 - Black Shale

Descripiicn

Facies 1 is a distinctive black shale that ranges from 6 93 - 0 45 m in thickness

(Fig3 1) The shale contains thin (<1 mm} horizontal laminations and was typically very
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Figure 3.1 Facies 1 {Black Shale Facies)

A Typacal blach fissile shale of facies 1 Note the contact with an overlving
vravish 2reen mudstone 2 5 om from top of core  The photograph is from
§-23-80-90W S jo0S € m Scale baris2em

B) Contact of blach shale with uaderlving anhvdritic shale of the Musheg
Formation The photograph is from 4-18-79-7WS, 17170 m  Scale bar is

-
-

ol
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fissile. It was located at or near the basal contact of the Watt Mountain Formation

where it predominantly occurs as a single bed, but occasionally it was interbedded with a
tan 10 variegated-in-colour anhyditic shale. Both upper and lower bedding contacts are
always sharp and planar. No biogenic sedimentary structures were observed in the black

shales, however, body fossils identified as Lingula occur in moderate amounts
Interpretations:

These laminated black shzles are vertically accreted deposits reflecting the
process of suspension seitling in a very low energy environment The lack of silt or
sand-sized particies suggests tha! the energy levels remained low throughout deposition
In order for these shales to develop their black colouration they must contain >3%
organic carbon (Potter ef al., 1980). Because organic matter is best preserved in
anaercbic conditions, blach shales are mostly interpreted to represent deposition at water
depths greater than 50 meters (McCollum, 1988). However, Selley (1985) demonstrated
that stratification of the water column and development of anoxic condition can occur in

shallow water environments.

This facies has a distinct lack of diverse benthic fauna and biogenic structures,
suggesling that ecological conditions were largely unfavorable for the survival of most

orgznisms.

3.2.2 Facies 2 - Mudstone

Description:

Facies 2 is composed of mudstones that arc commonly silty and sandy, and exist
in a variety of colours including solid and variegated shades of grayish green, dusky red,

and rarely gray (Fig 3.2 (A-D)) Averageunitsare 1 Sm thick, and thicknesses range
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A)

B)

0

D)

Figure 3.2 (A-D) Facies 2 (Typical Green and Red Mudstone)

Pale green mudstone with scattered fine to coarse sand sized grains at
the base, and a thin (1.5 cm) sandstone ted near the top of core. The
photograph is from a mudstone unit below Gilwood zone 2 in 4-18-
79-7W5, 1715.6 m. Scale baris 2 cm.

Dusky green silty mudstone with sparse sand size grains. The
phctograph is from the uppermost mudstone unit in the Watt
Mountain Formation in 10-21-79-8W5, 1739.2 m. Scale bar is 2 cm.

Dark reddish brown blocky mudstone. The photograph is from a
mudstone unit below Gilwood zone 2 in 10-21-79-8WS5, 1744.0 m.
Scale bar is 2 cm.

Dark reddish brown blocky mudstone. The photograph is from a
mudstone unit below Gilwocd zone 5 in 4-25-80-9W5, 1718.4 m.
Scale baris2 cm.
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from a few cm 10 5.2 m. Single mudstore beds are displayed in units of alternating
colours of red and gresn, separated by either sharp or gradational contacts Mudstone
beds are typically bounded above and below by sandstones. Lower mudstone-sandstone
contzcts can be sharp or gradational, while upper contacts are always sharp and
cccasionally scoured. Scattered sandstone grains ranging from very fine to very coarse
are present in the majority of mudstone beds. These scattered grains may exi~t
ihroughout the facics or in localized areas, and are mostly found near the upper and

lower contacts.

Slickensided surfaces are present in these mudstones. They are best viewed on
the plane view of a vertical core where they can either cover the entire surface area, or
are smaller (<1 cm), diffuse, and randomly arranged. Associated with the small
slickensides is a crumbly texture, as opposed to a typical blocky texture of mudstones

without slickensides.

The mudstones occasionally contain polygonal and irregular shaped cracks,
which were most often filled with a fine-grained sandstone (Fig. 3 2 (E-F)) Sand filled
cracks in red mudstones exhibit a thin (1-3 mm) green coloured zone at the edges of the
crach that enhanced its visibility. Some mudstones contain nodules that are typically
brecciated, but whole forms up to 2 5 cm in diameter were also observed (Fig 3 2 (G-

j) The mudstones of this facies also contain very rare sand filied vertical fractures

(Fig 32 ().

In the mudstones are rare, scattered, and randomly oriented calcareous intraclasts
and calcareous zones They are either spherical, elongate, or irregular in shape, and have

maximum diameters ranging from 0 2 to 2 5 cm (Fig. 3.2 (K)).
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Figure 3.2 (E-H) Facies 2 (Mudcracks and Irregular Shaped Nodules)

E) Sand filled polygonal shaped mud cracks in a variegated dark reddish
brown and pale green mudstone. The photograph is a bedding plane
view of a mudstone unit below Gilwood zone 2 in 4-18-79-7W5,
17159 m. Scale baris 2 cm.

F) Small irregular shaped mudcracks filled with a very-fine grained sand.
in a variegated dark reddish brown and pale green mudstone Note
how the visibility of the mudcracks is enhanced by the presence of a
thin (1 mm) pale green reaction zone. The photograph is a bedding
plane view of a mudstone unit below Gilwood zone 2 in 4-18-79-7WS5,
17159 m. Scale baris 2 cm.

G)  Brecciated appearance of a dark reddish brown mudstone Note an
original spherical shape (S) associated with the brecciated arca  The
photograph is from a mudstone unit just above Gilwood zore | in 10-
19-80-7W5, 1691.1 m. Scalebaris2 cm.

H) A septarian concretion developed in a dark reddish brown mudstone
The photograph is from a mudstone unit above Gilwood zone 1 in 10-
19-80-7W5, 1689.5 m Scale baris 2 cm
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J)

K)

L)

Figure 3.2 (I-L) Facies 2 (¥ractures and Calcareous Clasts)

Vertical micro-desiccation cracks occurring zcross a gradational
contact separating a lower pale green mudstonc and an upper dark
reddish brown mudstone. The photograph is from a mudstone unit
directly above the upper contzct of Gilwood zone 2 in 4-18-79-7TWS5,
1724 7m. Scalebaris 2 cm.

Large sand-filled fracture passing through a dark reddish brown and
pale green mudstone. This fracture initiated from a sandstone bed
located 8 cm below bottom of photograph. Note the pale green
aiteration zone at the edge of the fracture. The photograph is froma
mudstone unit above Gilwood zone 1 in 10-2i-79-8W5, 1744 8 m.
Scale baris 2 cm.

Varicgated dar¥ -eddish brown and grayish green mudstone with
scattered calcareous clasts. The photograph is from a mudstonc unit
just above Gilwood zone 4 in 10-21-79-8W5, 173483 m. Scale baris 2
cm.

Mottled grayish green and dark reddish brown silty mudstone with
scattered fine- to coarse-grain sand. The photograph is from a silty
mudstone unit above Gilwood zone 2 in 6-20-79-8W5. 17433 m.
Scale baris 2 cm.
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Interpreiations:

The mudstones are vertically accreted deposits interpreted to reflect deposition in
alow energy setting by suspension failout Suspension failout is associated with either
temporally or spatiaily decreasing suspension transport (Harms efal | 1982) The
presence of scattered silty and sarndy zones in the mudstone suggests that the
hydrodynansic conditions of the system fluctuated, 2nd were occasionally increased to
levels that sllowed the transporiation of silt and s2nd sized particles Scaitered coarse
grzins may 2lso indicate 2 proximity to relatively strong cusrents (Hamms e7af . 1982)
Because the silt and sand grains remained scaitered and were not shaped into ikin beds,
cumrent velocities remained low encugh 1o prevent the movement of grains on the bed

afier they settled.

Accessory features in this fzcies indicate the existence of post-depositional
altesation of the mudstones. The red coloured mudstones suggest that post-epositional
oxidation occurred since almost no modem streams transpori inuly red 2lwvium (Van
Houten, 1973). Oxidation reaciions mainly occur in well drained soils, but may zlso
Gocur in coarse-grained shallowly buried materials circulated by oxygenated water
(Retallack, 1990). The persistence of green mudstones at all sandstonc-mudstone
contacts is a diagenetic feature (McBride, 1974), cleasly shown when green coloured

mudstones transect red mudsiore bedding

The two sizes of slickensides represent two distinct origins  Slickensides
covering the entire surface are of core are interpreted to represent movement 2long a
possible fault plane, while the smaller types are interpreied to be stress cutans  Stress
cutans are indicated by randomly arranged diffuse stickensides (Retallack. 1999) These
stress cutans can be formed in clayey soils where peds (aggregates of soil) are repeatedly
heaved past one another by swell-shrink during wetting ard drying episodes. or they may
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be formed 2fies burial when compaction alsc causes peds to be crushed agzinst each
other {Smith, 1990, Rezzllack, 1990).

The mud cracks are interpreted to be formed due to shrinkage or desiccation of
muds ¢uring subzerizl exposure, however, desiceation can ocour in beth subzesial and
subegucous emironments Desiceation resulling in the Cevelopment of polygonal or
rectifinear networks of arzcks occurs when interstitial waters 2re removed, causing
ninera grains lo become densely aggregzted (Potter ef al., 1980). Mudcracks have
been reperted to ocaur in both borizontal surfzoes or on Bll slopes as steep 25 38
degrees (Plummer and Gostin, 1981). The complex nodular formis of the red mudstone
are interpreied to be seplasian nodules. Fluctuztions of oxygeaztion in palecsols may
induce sepiarizn cracking, a process wiich resulis in brecciation of the nodules

(Retallzck, 1950).

Simiter descriptions of caicareous nodules have beea described under various
terms, incheding concretion, nodule, comstone, 2nd karkar The formation of these
nadules is inlerpreted by most workers to be dusing ezrly diagenesis 2bove the water
table, and some have related them to soil-forming processes (McBride, 1974) Soil
sodules 1nd concretions ate commony formed in dy, well dreined soils. 2rd reflect the

avzilzbility of oxygen at ihe iime of formation (Retzllack, 1990).

3 23 Facies 3 - Small-Scale Cross-Stratified Sandsione

Description.

Facies 3 is charzcterized by thin beds (<8 em) of cross-laminzted sandsione (Fig
3 3) that is commonly muddy and chiefly fine- to very fine-graired Cross-stratification

is donsnated by asymmetrical tabular forms, but more complex slightly symmetrical
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Figure 33 Facies 3 (Small-Scale Cross-Stratified Sandstone)

Fine-grained, small-sc2le cross-siratified sandsione with cumvent 2nd
combined fow ripples. Nete the near planer grayish green mud
periing (p) 2nd the mud flasers {f).  The photogrephis from the upper
part of 2 finning upward sandstone within Gilwoed zore 1 in 1-32-78-
8W5, 17291 m. Scalebaris2cm

Fine-grained, small-sca’e cross-stratified sandstone illustrating
climbing fipples formed in 1.5 cm sets. Note the planar laminated
szndsiene overhing the smell-scale cross-sirztified sendstone  The
photegrzaph is from the lower portion of 2 coarsening upward
sequence developed in Gihwood zone 2in 4-18-79-7W5, 17328 m
Scalebaris2em

Photograph illustrting the close relationship between fine-grained
smail-scale cross-siratified sandstones and planar laminated
sandstones. The photograph is from a lower pant of Gilwood zone 3
in 12-25-79-8W5, 17198 m. Scalebaris2cm

Medium grained, smell-scale cross-stratified sandstone  The
pholograph is from Gilwood zone 1 in 12-30-79-7W5, 1711 Tm.
Scalebaris2om
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cross-stratification can be present. The asymmetrical tabulas-shaped cross stratification
is internally composed of hish-angle (>20°) cross beds with set thicknesses of <3 cm,
and cesets ranging up 10 a maximum of 8 cm. The shape of the lower bounding surface
vasies from straight to cunved, and can be inclined up to an angle of 160 The upper
bounding surfzce is simier 10 the lower except gradational forms may 2lso exist This
faries is not 2 very common one. It is usually associated with the planar laminated
sandstone fzcies, and is dominantly located in the upper beds of fining upward sequences

which zre initiated by large-scale cross-bedded szndstones.

Thin (1 mm 1o 5 mm) mud drapes and discontinuous mud flasers occur in this
facies. They are presert as laminations in the sets and cosets of the small-scale cross-
laminated sandstone. The drapes hav e lower contacts that are sharply conformable to
the lower bounding surface, and upper contacts that are either sharp or scoured
Comvolute bedding in the form of slumping occurs rarely, and it may produce a near
vertical appearance to the f2bric of sediment Angular mudstone intraclasts ranging in

size from 0 2 to 3 cm are associated with the slump features
Interpretations: .

The cross-laminated sandstones are intespreted 10 be the result of migrating
small-scale current and combined flow ripples  Ar 2bundance of asymmetrical form-seis
suggests the domination of low s clocity unidirectional currents  The minimum and
maximum current elocilies needed to generate small ripples is dependent on mean
sediment size. For very fine- to fine-grained sediment small ripples are generated at
curreni velocities of 15 10 60 cm/s (Harms et af , 198%). Climbing-sipple (ripple drift)
cross-lzmination suggests rapid deposition in sediment laden waters (Moslow and
Tillman, 1986) Combired flow ripples are an intermediate form of ripple influcriced by

both currents and naves Allen (1984), sugges*ed that combinzd flow sipples zre
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generated in shallower waters than wave ripples. The lack of well developed wave

sipples suggests that this facies was probably generated in a current dominated setting.

32 4 Facies 4 - Cross-Stratified Sandstone
Description

Representatives of facies 4 are widespread, numerous, 2nd characterized by
trough and planar cross-stratified sandstone (Fig. 3.4 (A-H)). The cross-bedded
sandstones occur in solitary or grouped sets making up sedimentary units from 0.15 to
2.5 mthick, and average approximately 1.2 m. Lower bed contacts are either sharp o7
scoured, ard uppei bed contacts either sharp or gradational The planar-tabular sets

have both unidirectional and bi-directional dip directions.

The sandstones are subrounded to angular and raage from fine- to very coarse-
grained. They commonly contain scaitered coarse to pebbly sized grains and exhibit
rapid and extreme vertical changes in grain-sizes. Sorting is typically poor to very poor
in the coarse grained sands, and mederate to poor n the medium-grained sand Well-
sorted sandstones are rare and tend to occur in medium-grained sand. The pnimary type
of csoss-bedding is planar-tabular  These cross-beds have apparent foreset dips of 100 -
30° that are either tangential or non-1angential with the lower boundiny surface. Trough
ctoss-beds display concave-up foresets that are tangential to the underlying surface and
increased in inclination upward to maximum apparent dips of 359 Inboth types of
cruss-bedding individual forescts commonly exhibit normal grading, distinguished by

differences in colour. grain size, and degree of cementation.

Mud clasts are commonrly found in the sandstones of facies 4. They are either

subrounded, angula, o1 lenticular in shape, and have maximum diameters or lengths that
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Figure 3.4 Facies 4 (Large-Scale Cross-Stratified Sandstone)

Medium-grained, larze-scale planar cross-stratified sandstone Note
the grayish green mud clasts and mud clast molds aligned along
bedding plane. Also note the cementing of the coarser grained
foresets. The photograph is from Gilwood zone 1 in 10-32-80-8WS5,
1709.2 m. Scalebaris2 cm.

Medium-grained, large-scale cross-stratified sandstone. Note the fish
bones. The photograph is from Gilwood zone 2 in 1-32-78-8W5,
1730.9 m. Scale baris2 cm.

Medium-grained, large-scale cross-stratified sandstone. The
photograph is from 2-3-78-8W5, 1782.4 m. This location is 3 miles
south of the study area. Scale baris2 cm.

Fine- medium-grained, large-scale cross-stratified sandstone. Note the
high angle of the cross-beds and the coarser grained cemented lag,
The photograph is from Gilwood zone 4 in 4-10-81-8W5, 1671 2 m.
Scale baris 2 cm.
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G)

Figure 3.4 Facies 4 (Large-Scale Cross-Stratified Sandstone)

Coarse-grained to pebbly cross-stratified sandstone. The photograph
is from the base of Gilwood zone 5 in 10-22-78-8W5, 1738 Sm.
Scale bar is 2 cm.

Medium-grained, large-scale trough cross-stratified sandstone  The
photograph is from the base of Gilwood zone 2 in 4-25-80-9W'S,
1724.0 m. Scale baris 2 cm.

Coarse-grained, large-scale trough cross-stratified sandstone. Note
the cementing of the coarser grained zones. The photograph is from
12-1-80-8WS5, 1706.8 m. Scaie baris 2 cm.

Medium- coarse-grained, large-scale cross-stratified sandsione Note
the scattered pebbles and the sharp planar upper contact The
photograph is from the upper part of Gilwood zone 5 in 4-10-81-8WS5,
16712 m. Scalebaris2 cm.
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range from 0.2 t0 5.0 cm. They typically exist randomly oriented ncar the base of cross-
bedded units. However, smaller clasts that had a tendency to align with foreset laminae
can be located anywhere in the cross-stratified sandstones Mud clasts are generally
preserved, but occasionally the mud was removed leaving only the partial filling of a mud
clast mold. The colour of the smaller clasts (0 2 to 2 cm) was either black or shades of
green similar to those found in the Watt Mountain Formation mudstones, while the

larger (2 to 5 cmy) clasts were only black.
Interpretaticns:

This facies contains cross-stratified sandstones interpreted to be the product of
migrating bars or dunes generated by unidirectional fluvial currents Planar-tabular
cross-stratified sandstones with parallel dipping foresets result from down current
migration of straight crested (2-dimensioral) bars or dunes, while trough cross-
stratification is generated by down current migration of sinuous crested (3-dimeasional)
bars or dunes (Harms er al., 1982). Ir reality. all bed forms have three-dimensional
geometry. However, when describing bed forms from a standpoint of fluid flow, thosc
with a leagth or breadth that is large compared to their height are referred to as two-
dimensional (Allen, 1968). Friend (1965) suggested that the origin of groups of sets of
cross-strata is the result of the passage of groups of megaripples, cach moving as a result

of simultaneous deposition of cross-strata downstream and crosion of material upstream

Dunes may be generated on the bar tops during low water stages (Miall, 1977)
They are asymmetrical flow-transverse bedforms very similar to small ripples in
geometry and movement, but are an order of :nagnitude larger (Middleton and Southard,
1984). The relationship betw-cen the sediment size and flow velocity determines whether
a dune or ripple will be generated With increasing mean sediment size, duncs are

preferred over ripples at lower flow velocitics For the sediment sizes desciibed in this
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facies, the lowest range of flow velocity needed to genesate dune bedforms ranges from
approximately 35 to 65 cm/s (Harms ef al., 1982). For grain sizes less than medium to
coarse, an increase in flow velocity will produce a change ir bedforms from current
ripples, to duncs, to a plane bed {uppers stage). For sands with a2 mean grain size greater
than medium to coarse, ripples can no longer be generated, and with an increase in flow
velocity, bedforms will change from plane beds (lower stage), to dunes, to plane beds
(upper stage) {Allen, 1984). Migrating, straight-crested (2-dimensional) dunes produce
tabular cross-bedding, and with a higher flow velocity, migrating sinuous-crested (3-
dimensional) dunes, commenly linguoid in form, will produce trough cross-bedding

(Harms er al., 1982).

The rapid manner in which grain sizes and sedimentary structures change in this
facies suggests that it was subject 1o rapid and variable flow conditions. The distribution
of grain size and sedimentary structures suggests that both increases and decreases in
flow velocities occurred, sometimes changing very rapidly. Fining upward cycles
gencrally record the waning or progressive decrease in flow velocities, coarsening
upward stzatification is the result of increased flow velocities. The 7are occurrence of
mudstone partings contained in the cross-bedded sandstones suggests that current
velocities were rarely reduced sufficiently enough for deposition of muds from

suspension.

Mudstone intraclasts are interpicted to be rip-up clasts locally derived from either
reworhing desiccated mud crack-generated fiagments or by the hydraulic erosion of
cohesive mud Jaminae or beds The occurrence of angular mud clasts suggests that
transportation before deposition w .. minimal, because mud clasts round rapidly during

transport (Smith, 1972).
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3.2.5 Facies 5 - Planar-Laminated Sandstone
Description:

Facies 5 is characterized by very fine- to coarse-grained planar to iow-angle
(<59) laminated sandstone (Fig 3 5). Laminae defined by slight changes in grain size
and mineralogy, range in thichness from 1 to 9 mm. Pale yellowish brown laminations
are composed of sand, grayish green laminations are shale, and the black laminations are
mica The sandstones are poorly- to moderately well-susted, and may contain scattered
coarse to very-coarse grains of quartz, feldspar, and angular green shale clasts (- .5 cmin
diameter) Bed thicknesses range from 0.5 to 9 cm and have lower truncation surfaces
that are planar or scoured. Upper contacts are fornd to be either planar, scoured, or
gradational. Although this facies dominantly occurs as a single isolated bed, it was
associated with facies 3 (small-scale cross-stratified sandstone), and also locally
interbedded with laminated and thinly bedded green mudstones in the upper portion of

this facies.

Accessory features include thin (.3 cm) horizontal to wavy mud laminations and
flasers, scatiered coatser grains and pebbles, and consolute bedding  Rare fish plates are

also present.
Interpretations.

The planar laminated sandstone facies is interpreted to represent sediment
transport under upper flow conditions Planai laminated beds can be genciated ov
large areas in either tractional forces gencrated in luwer flow (38 10 S8 cm's) and upper
flow velocities (60 to 175 cm's), or through deposition fiom suspeasion fall out A
specific origin for the generation of plane laninations can be ambiguous However,

certain criteria can aid in deveioping correct interpretations
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Figure 3.5 Facies 5 (Planar-Laminated Sandstone)

Very fine-grained micaceous planar-Jaminated sandstone. Note the 2
cm massive zone in the center of photograph with scoured base, and
the 3 coarse sand grains in the upper planar laminated zone. The
photograph is from the top of Gilwood zone 2 in 4-28-79-8WS5,
1741.5 m. Scalebaris2 cm.

Very fine-gzined micaceous planar-lamirated sardstone. The
photograph is from Gilwood zone 5 in 4-18-79-7W5, 1704.7 m. Scale

baris2 cm.

Very fine-grained planar-laminated sandstone. The photograph is from
the top Gilwood zone 2 in 10-36-78-8W5, 1799.1 m. Scale baris2

cm.

Medium-grained planar-laminated to thinly bedded sardstone. Note
the cyclic finning upward cycles. The photograph is from the top of
Gilwood zone 1 in 10-32-80-8WS5, 1708.0 m. Scale baris 2 cm.
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Deposition of planar laminated beds by tractional foroes rather than suspension
fall cut can be deduced by the existence of sharp ercsional lower bounding surfeces If
the plane laminated beds were genesated by suspension fall out, a draping effect over the
nonplanar substsate would be produced (Hanms e7al, 1982). In 2ddition, matenial
coarses than fine sand size cannot be generated through suspension f2l out since the
curient velocities noeded to spread out the sedimernt for substantial distances would
cieate tractional forces  Fine sand sized mateniai can only generate plane laminated beds
in upper flow regime conditions Howeves, if it has been decided that tractional forces
were imohved in generating the plane laminated beds in sediment sizes ~0.7 to 2 mm,

additional aitena are needed o distinguish between upper and lowes flow ongins Ifthe

1)

planar bed is subseantially thica it is unfilely Giat lower-slsge transpori rales were
imvehved, and when planar laminated beds 21e imerbedded with trough cross-stratified

sands an upper-stage condition is suggesied (Hamss er al | 1932)

The thin mud laminztiens supgest thet the hydredynamic conditions expenenced
brief decreases in flow velodity aflowing ihe deposition of the finer muds. The
occasional scattered coarse grains in the fine-grained planar laminated sandstones is a
reflection of bricf increases in flow velouty capable of transporiing coarser-grained

sedunen;

Comolute bedding is the result of the expeiling of pore fluid during the eariiest
stages 01 sediment consolidation  These type of struclures are most commonly
assouiated with water-1aid sediments in a seitiny prone to high rates of sedimentation

which prevents excessive packing of the sands {Allen, 1984)
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326 Facies 6 - hiassive Sandsieone
Descaiption

The ma2ssive sandstore f2cies is a minor one charactesized by a structureless
sandstone that is sen fine- 1o coarse-grained, and poorly - 10 well-sorted (Fig 3 6) Bed
ikicknesses range froma few cmt0 69 m  Lower bed contacts are scoured or
gradations!, and upper bed contacts are shatp of gradational The massive sandstoncs
can exist as solitary isolzted beds, but they were mostly associated with other facies
The well-sorted masshve sandstonss are interbedded with facies S (planar laminated
sandstone), 2ad the poorly-sorted sandstones, that could also include scattered mud 2nd

iimestons dasts, 21¢ efien associzted with facies 4 (cross-stratified sandstones)
Intespretaticne.

Rapid deposition without subsequent tractional transpost is the mecharism Gt
likely generated the massive febric of this facies  Rapid deposition resulted in the
deselopmen of ibe pocrly-sorted massive sandstones, located 2t the bases of fining
ypuard Gcles This rapid deposiaion is supported by the presence of xattered mudstone
and calcarecus intreclasts  The moderately - to well-sorted massive sandstones are
intesbecded with planar laminated sandstores, supgesting an assodiation with upper flow
segime conditions Beynon (1591), suggested that rapid deposition in upper fiow
conditions can suppress the formation of planar laminated beds and result in the

generation of 2 massive fabric

The appearance of a massive f2bric 1s not 2lways the result of massive fabnc
generating processes A massive appearance may be the result of difficulty 1n

secognizing poorly developed sedimentary structures Renault and Owen (1991) noted
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- Figure3.6 Facies 6 (DMassive Sandstone)

A)  Medium-grained well sorted massive sandstone. The photographis
from Gilwood zone 5 in 12-20-79-8W5, 1691.9m. Scalebaris2 cm.

B)  Coarse-grained massive sandstore with abundant feldspar. Note that
this massive zone is well cemented. The phoiograph is from Gilwood
* : zone 2 in 4-25-8§0-5\W5, 1721450 Scalebaris2em.

C)  Medium-grained well sorted massive szndstone. The photograph is
from the base of Giiwood zone 3 in 4-28-79-8W5, 1740.8 m. Scale
baris2cm.

D) A coarse-grained massive sandstone overlying a cross-bedded
sandstone. Note the pebble size clasts scattered throughout the core
and the cemented coarser zones contaired in the lower cross-bedded
sandstone. The photegraph is rom Gilwood zone 3 in 2-21-79-8W5,
17452 m. Scalebaris2 cm.
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that sedimentary structures in smali modem beach bars on Leke Bogoria are poor.y

developed, and in some cases the sandstones, granules, or petbies, may appear massive

327 Facies 7 - Interbed:1od Szadsiene and Mudstone
Descnipticn.

facies 7 i5 a minor facies characterized by a platy to thinly interbedded massive
i laminated mudstone and very fine- (G coarse-grained sandstone (Fig 3.7) Interbed
ihichnrsact ranee from 0.6 to 10 ¢om, and decrease upward in the interbedded unit Rare

scatiered coarse grains occur in both the sandstone and mudstone interbeds.

The sandstones range in grain size from very fine-grained sand to pebbles The
sandstones are poorly - to moderately -sorted, and some thicker beds may exhibit normal
grading Internal stratification of the sandstones is demorstrated by a variety of
sedimentary structures, but in a particular interbedded unit it usually consists of either
planar-hunzontal and low-angle cross-stratified sandstones, or structureless sandstones
Rare mudstone intraciasts with texiures simiiar to the underlying mudsiones can occur in
the sandstones. The basal contacts of the sandstone interbeds are generally sharp and
planar, or scoured Mudstone beus are massive to laminated and are commonly very
sandy In the mudstones are occasional isolated lenticular sand bodies and extremely
rare small crachs filled with fine-grained sandstone A cross-sectional view of these
crachs displays an irregular shape with a sub-vertical to vertical orientation, which
extended dowvnward approximately 0.5 cm from the base of an overlying sandstone unit
Basal contacts of the mudstone beds are typically sharp and conformable to the

underlying sandstone, but gradational forms also exist.
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Figure 3.7 Facies 7 (Interbedded Sandsione and Mudstone)

Thinly interbedded fine-grained sandstones and grayish green
mudstones (Type A). Note the shrinkage cracks (S) and the rare
occurrence of Planolites (P). The photograph is from the base of
Gilwood zone S in 4-18-79-7W5, 1708.1 m. Scalebaris2 cm.

Thinly interbedded fine-grained sandstones and grayish green
mudstones (Type A). Note the planar laminated sandstone bed (L),
syneresis cracks, and the scattered coarse grains. The photograph is
from the upper part of Gilwood zone 2 in 10-19-80-8W5, 1716.1 m.
Scaie bar is 2 cm.

Interbedded coarse-grained poorly sorted sandstones and grayish
green mudstones (Type B). Note the massive appearance of the
sandstone interbeds. The photograph is from Gilwood zone 3 in 10-
19-80-8W5, 1745.2 m. Scale baris 2 cm.

Interbedded coarse-grained poorly sorted sandstones and grayish
green mudstones (Type B). Note the massive appearance of the
sandstone interbeds. The photograph is from a unit below Gilwood
zone 2 in 12-18-80-8W5, 1725.3 m. Scale baris 2 cm.
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Fish remains in the form of plates are present. Biogenic structures are extremely

rare and are limited to occurrences of Planolites.

Interpretations:

The interbedded nature of the sandstones and mudstores is a result of alternating
depositicnal processes. The mudstones are simply a result of suspension fallout during
periods of low energy, while the sandstones represent a variety of depositional
processes. Planar and low angle cross-stratified sandstosnes reflect varied flow velocities
during deposition involving tractional transport. The planar horizontal beds with sharp
lower contacts are generated in upper flow tractional settings similar to facies 5, while
the cross-laminated sands represent sediment transport i lower flow tractional settings
similar to facies 3. Poorly sorted massive sandstone interbeds consisting of medium- to
coarse-grained sandstones reflect rapid deposition through suspeasion fallout withcut
subsequent tractional transport. The high re.ief exhibited on the upper sandstone
contacts of some massive sandstone interbeds suggests that some of these deposits may
have been formed by mass emplacement Mass emplacement can result when the
concentration of seitling sediment becomes unstablc on an inclined surface (Harms er al ,

1982).

The small fine-grained sand-filled cracks are interpreted 1o be shrinkage cracks
whose origits has not been determined. Shrinkage cracks can form at the sediment-air
interface by desiccation processes and at the sediment-water interface or substratally by

syneresis processes (Plummer aud Gostin, 1981).
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3 28 Facies 8 - Mixed Sand and Mud
Desci:ption

Facies 8 is cnaracterized by a homogenous mixture of sand and mud (Fig 3 8)
The mixture has varying <»nd to mud ratios that can increase o1 decrease upward !fuds
arc typically green, and the sands, which vary from fine to very-coarse, arc poorly sorted
The facies can be up to 1.4 m thick and dominantly occurred near sandstone-mudstone
conacts Rarely the mixed sand and mud had a convoluted fabric. Commonly
associated with this facies are modest amounts of scattered calcareous clasts ranging in
size from 0 2 1o 3 cm, and partially cemented calcareous zones up to 20 cm thick The
calcareous clasts were irregular in shape, micritic, and were found to replace and

surround clastic grains
Interpretations

The mixed sand and mud deposits are interpreted to reflect a rapid decrease in
flow velocity, which resulted in decreased flow competence and the immediate
deposition of sediment Rapid decreases in flow velocity can occur when sediment-lacen
fluvial currents enter relative stationany deposits of water However, in order for three
dimensional mining and appreciable sediment deposition to occur at the point of
interaction, the two mixing waters must be equally dense (Elliott, 1986).

Scattered calcareous intraclasts are interpreted to be rip-up clasts, which were
derived from either caliche or fresh water limestone deposits. The calcareous cemented
zones have the characteristics of caliche deposits formed above the water table in

aridland soils (Retallack, 1990)
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- Figure 3.8 Facies 8 (Mixed Sand and Mud)

A)  Mixed sand and mud illustrating an upward decrease in sand content
Note the few scattered pebbles. The photograph is from Gilwood
zone 4 in 4-28-79-8W5, 1735.6 m. Scalebaris2 cm.

B)  Thoroughly intermixed coarse-grained sand and grayish green mud
The photograph is from Gilwood zone 3 in 10-27-79-8W5, 1723 S m.
Scale bar is 2 cm.

C)  Mixed fine- to coarse-grained sand and grayish green mud Note the
moderate amounti of calcareous cement. The photograph is from
Gilwood zone 3 in 10-27-79-8W5, 1724.3 m. Scale baris 2 cm

D)  Mixed fine- to coarse-grained sand and grayish green mud. Note the
dense concentrations of calcareous cement  The photograph is from a
unit below Gilwood zone 5 in 2-21-79-8WS5, 1739.0 m Scale bar is 2

cm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Y

:

b

:

b

. yd
st
A
, ¥

W

LTERY
L)

s, AR Y e ™
Y4 A o o
! [}
|
'

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.29 Limestone

The foilowing limestone description is not a facies in the definable sense, but isa

localized unit with a recognizable "state ®
Description.

Thick (up to 45 cm) solid calcareous zones containing scattered fine- 1o coarse-
grained sand occur in 12-18-80-8W5 and 10-21-79-8W5 (Fig 3.9). These limestone
deposits have a nodular habit and are light gray te cream in colour Separating the

nodules are continuous and discontinuous mudstone laminations.
Interpretations:

Based on the appearance, thickaess, and intimate 2ssociation with lacustrine
deposits, these limestones are intespreted to represent accumulations of freshwater
carbonates. In shallow waters (<10m), carbonate production is dominantly biogenic or
bioinduced (Platt and Wright, 1991). These carbonates were probably deposited in small
localized standing bodies uf water where charophvte/algal mounds grew Rottenfusser
{1974) analyzed limestcnes with a similar appearance in the Wati Mountain Formation
north of the Peace River Arch, and through isotopic and petrographic analysis he

interpreted them to be freshwater in origin
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Figure 3.9 Limestones

A)  Photograph is part of a 45 cm thick calcareous zone deseloped
below Gilwood zene 2 in 12-18-80-8W3, 1723 6 m  Note the
nodular habit and thin discontinuous shale laminations  Scale baris 2

<m

B) Dense calcarcous zone dexeloped in the upper part of a fine-grained
sandstone unit Noie the scatiersd sand grains, discontinuous
mudstone laminations, and the upper contact with a overlying grayish
green mudstone  The photograph is from the top of Gilwood zone 3
in 10-21-79-8W5 1738 Sm Scalebaris2cm
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CHAPTER 4 WATT MOUNTAIN FAUNA AND ICHNOLCGY

4.1 Introduction

Paleontclogical data from ihe Nipisi field area has been published by Thachuk
(1967), Kramers and Lerbekmo (1967). and Alcock and Benteau (1976). The
combination of these studies provided 2 very comprcheasive account of the total fossil
content in Watt Mountain Formation The wiiier has confirmed the ideatification of
phosphatic brachiopods (Lugula), fish remains of the order Antiarchy, and arthiopuds of
the order Conchostraca. The following discussion will examine ti.c smironmental
significance of all fzuna contained in the Wait Mountain Formation of “he Nipasi ficld

area, including those identified by the writes, and those refescaced in previvus studies

4.2 Wait Mountain Fzuna

The phosphatic brachiopods identified as Lingulu only existed in the basal black
shale facies (Facies 1). When Linguia and otker normally beathic forms are found in
black shale emironments they are usually interpreted to be epiplankiic (Ettensohn &
Bamron, 1981). McCollum (1988) however, suggested that a Lingulu infayna may
deselop in a shallow epeiric sea with reduced salinity. This interpretation is favored for
Lingula occurring in the Nipisi field area bevause similas conditions likely eaisted during
time of deposition. Considering the thin blach shale facies is encased between evapontes
and lacustrine mudsiones, both of which are shallow water deposits, it is unlikely that
during the limited time of blach shale deposition, a signifiant decpeniny event oceunred
inthe area The reduced salinity corditions required for the existence of Lingula in
McCollum’s (1988) mode! probably developed in the Nipisi area when periods of

elevated fresh water inflow caused the mixing of fresh and marine waters
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Of the fiy-1wo cores examined, thirty-three contaired fish remains in the form of
plates, scales, bones, and teeth  Fish remains ieere mostly presest in the lower 93 m of
mudstone deposits, and only sasely in the sandstones or the middle to upper portiens of
mudsione deposits  Thachuh (1967) ideatified these fish remains to be frem the order
Antizrchi and family Asterolepidae These were ammored fish considered to have been
coltom-fiving forms that inhabited fresh to possihly brackish watess (Thachuk, 1967)
Middle to Upper Devorian fish remains from other areas have similerly been interpreted
10 have fresh to brackish water origins Devorian "fish beds”™ fiom the Old Red
Sandsione deposits of Swotland and Ireland were interpreted as freshwater lake deposiis
{(Trewin, 1986). Gorden (1988) however, stated that although most fish from the
Middle te Uppes Devonian Caskill Magnaiacies have beea assurmed to represent
freshwates species, some evidence suggesied that the fish may have fived in braclashio

even manine conditions.

Combining the observations of Thachuk (1967), and Alcock and Bentezu
(1976), two types of charophytes, Eochara wickendeni, and Chovanella burgess:. kave
been identified in the Watt Mountain Formation mudstones and in some of the upper
Gilwood sandsteres  Charophytes are calcarecus green aigze of the genus Chara that
can be found :n both modemn and ancient lakes (Dean and Fouch, 1983) They are
sommon on lake margins weic they grow onlow encrgy substrates downto 15-20m
depth (Cohen and Thouin, 1687) Because they contain both intema! 2nd extemal
CaCOj3. charophytes are a major seurce of biogenic carbonate (Dean and Fcuch, 1983)

Alcock and Benteau (1976) classified samples of Conchostracas from Nipisi as
Asmussia membranacea, and Ulugkerma simuata  Corchostracas are crustaceans that
commenly live in ponds or other small temporary bodies of water A few species

owever, have also been located in coastal salt flats (Robison and Kaesler, 1987)
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42 Ichnology

Trzce fossils can be found throughout 2 range of marnine and pozmarine
emironments, and examples of tsace foss assemblzues bave bera dvcumenied m sodhs
of similas and clder age than the Watt Mouniain Formation (¢l Bradshaw, 1981, Vs,
1581, Pollard et al , 1982, CGorden, 1988) During exzvdnation of cotes fom e Wail
Mountain Formation only very raig examples of Flusulites, a feeding bt of 2
infzunal deposit-feedes, were identified (E3d2le vt of | 1984) This simgde whoyenera is
known to occur in beth continenizl and manae emironmends, 224 bas 2 beta
interpreted to be a facies-independent burrow (Grecpoie, 198%) Theichare, linsted

information can be directiy obtaized by the existemr: of Plonsliis.

ronmarnne, theaefore, a distinct lack of thom in the Nipiw field z1es can induadly provide
insight into the emvironmental condilions that euisied during sodimrentzcion of the VWait
Mourtain Formation in this 2rea  The sunival ard abundance of nenebrate
tracemahers is mainly dependent on factess such as tempetature, foed supply, mwistuse
levels, salinily, substrate chasactenstics, and intensity of wave or varrant agitation (Froy
and Pemberion, 1987) Therefore, the iimited oucurtence of tsacemalers suppests that
not all of the 2bor & mentioned facien were continuoushy fnorabie fur ther sunial
Considering the facies maling up the Watt Muuntain fermation depusiis, it s unlikely
that factors such 2 insisture ievels, substizte charactenstice, o1 intensity of wave and
curvent agitation would be factoss that could inhibit traue fossi evaunrenie throughout
deposition of these facies  Therefore, temparature and food supply are the likely

candidaes, which may sugsest that eitker paleoclimatic conditions were foo hot, o there

was a lack of food supply duriisz scdimentation of the Wait Muuntain Fermaiien
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43 Pzlynology

Extremely rase fragments of primitive plants, Psilopinies, were identified in the
cores examined in the Nipisi field area  This lack of flora was consisien: with tha
findings of other worhers who have studied the Wit Mountain Formation in the vicinity
of the Peace River Asch. Payinclozic processing by Alcock and Benteau (197€] on three
wells in the Nipisi field arca revealed only some wood and cuticle, Rotienfusser (1976)
discovered limited flora north of the Peace River Arch, and Kramers and Lerbekmo
(1967} discovered fimited flora in the Mitsue field area However, during the Wadd!
Devonian other parts of the wosld were lush with greenery. This indicztes that plant
growth was somehow discouraged in the Peace Rives Arch region, perhaps by very hot
and dry conditions that occurred over much of the area during this time (Nelson, 1970)
These hot ans dny conditions are supporied by Witzke and 1 xckel (1988) who placed

most of Middlz Devonian Euramerica in an arid evaporitic belt.
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CHAPTER 5 VERTICAL FACIES ASSOCIATIONS AND INTERPRETATIONS
5 1 Introduction - Facies Association

The tenm "facies association™ was onginally defined by Potter in 1959 as "a
collection ef commenly associated sedimentany aitributes™ (Miall, 1984) The purpose
of this chaptes is to describe and interpret the most common sequeatial associations of
tke eight facies presented in Chapter 3 An individual facies may provide some evidence
10 sugges! 2n emvironment of deposition, but most facies are not exclusively gererated in
any one eavironment (Harms ef al , 1982). Therefore, in order to increase the
significance of an emironmental interpretation, it should be based on a grouping of facies
that represent recuring facies associations, or geaetically related sequences (Collinson,
1569, Walker, 1992). The eight facies in Cnapler 3 that represented recurring
structures, textures, and biological attributes, were qualitatively grouped into 4 facies
associations. The facies in each association were then collectively interp. sted with the

intent of determining the mzjor palcocnvironment

5.1 1 Facies Association 1 (Lacustrine Deposits)
Description.

Facies association 1 is characteristically domirated by red or green coloured
mudstones (Facies 2) that contain accessory features such as stress cutans, calcarcous
nodules, and mud cracks  Silty to sandy zones, and thin (2 to 11 cm) finc-10 medium-
grained sandstore interbeds are common in the mudstones (Fig 5 1) Internally, the
sandstone interbeds are characterized by citier planar-laminated (Facics 3) or small-scale
cross-stratified sandstones (Facies §) This association ranges from a few cm to

approximately 5 m in thichress, with the thickest deposits located on the castern cdge of
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Figure 5.1 Facies Association |

Coted sequence aflustrating the typiaal silistones and mudstones of Faues Asseciation |
Thes selatn el thick sequence waith limited s2ndy zones has dexeleped because of its
distal Locatien from the sestern sourced clastics  The deposits illustrated in the photo

inciude

1-2 Uppet fine-mamed sandstone of Gilwood zone 1 gradationally ;verdain by 10 cm
of pale ureen mudstone  This thin mudstone is a typical illustrasion of the
im anable presence of gicen coloured mudstcnes at all mudstone sandstone

cOnlacts

-d

23 Dark reddish brown blochy mudstone exhibiting septanian craching

ry
'
-

Blochy mudstone dominantly gravish green with scattered darh reddish brown
patches  Fish scales and small slickensides were present abon e the sandy zone (s)
45 Darh reddish brown blocks mudstone that 1s fissile in part

I'he photograph is from [0-19-80-7W S 1691 4-1680 8 m  Scale bar is 40 cm
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the Nipisi field and become progressively thinner toward the west  Fish fragments and

Chara were the most prevalent fauna.
Interpretations:

Facies association 1 is interpreted to represent an accumulation of deposits in a
fresh to brackish water lacustrine environment. This interpretation is based on the
lithologic, paleontologic, and sedimentologic characteristics of the facies in this

association (Fig. 5.2).

The mudstone deposits that accumulated by suspension fallout in a relatively low
energy hydrologic system (Chapter 3) are interpreied to have been deposited in a
lacustrine setting. The presence of charophytes and Conchostracas in the mudstones
also supports this lacustrine interpretation since thev can buth be associated with lakes or
small temporary bodies of water (Alcock and Benteau, 1976, Dean and Fouch, 1983)
The water chemistry of this lake was likely variable, but the presence of fish fragments of
the order Antiarchi in the mudstones suggested that fresh to brackish wates conditions
existed (Thachuk, 1957). Additionally, because the mudstones dominantly lacked
lamination and only fish fragments and not intact fish sheletons were found, deposition
was likely from a relatively shallow dominantly unstratified lzhe (Rogers and Astin,

1991).

The presence of sandy mudstone zones, thin sandstone beds, and subacnially
exposed areas in the mudstones, suggests rapidly changing hydrodynamic conditions
Although hydrodynamic changes can occur in bath lacustrine and marinc environments,
lacustrine settings are more susceptible to rapid climatically and tecionically controlled
fluctuation because they commonly have narrow facies belts (Platt and Wright, 1991)

Subaerial exposure is also a very common feature in lacustrine en.ironments resulting
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from oscillations in lake level and shoreline positions (Allen and Cellinson, 1986). The
lack of evaporites in the Watt Mountain Formation despite frequent subaenal exposure is
very significant. It suggests that the lakes were composed of fresh water, which would

have inhibited any evaporite formation (Tucker, 1991).

Watt Mountain Formation mudstones and associated sandstune interbeds lach
evidence indicating active tidal or strong wave processes. Although large lakes closely
resemble shallow seas in processes of deposition and facies patterns, negligible tidal
effects and lower wave energies are two differences that can distinguish lacustrine fiom

marine environments (Picard and High, 1972).

5.1.2 Facies Association 2 (Marginal Lacustrine Deposits)
Description:

Facies association 2 is characterized by a coarsening and thickening upwaid
succession of sandstone and mudstone (Fig. 5.3), and is 'imited in oceurience relative to
the fining upward successions in the Watt Mountain Formation An idcalized succession
begins with a lower massive mudstone (Facies 2) that grades upward into a mixed silty
to sandy mudstone (Facies 8), followed by a unit of interbedded sandstone and
mudstone, and an upper unit of thich-bedded coarseniny upward sandstone  However,
the units of mixed silty to sandy mudstone (Facies 8) and interbedded sandstone and
mudstone may be absent The termination of facies association 2 is indicated when the
coarsening upward succession is replaced by either lacustrine deposits or less comnuunly,

scour-based fining upward sandstones

The upper thick bedded sandstone unit dominates this facies association It

consists of a coarseninyg upward fairly- to well-sorted sandstone that may be up to 2
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meters in thickness. Grain sizes ar= typically in the medium- to coarse-grain range, but
may also be fine-grained or pebbly. internally the sandstones contain intra-erosive
surfaces, and although cross-bedded sandstones (Facics 4) dominate, massive (Facies 6)
and planar-laminated (Facies 5) sandstones are present  In the sandstones are mudstone

clasts, occasional mudstone laminations, and very rare occurrences of fish remains

When present, the lower mixed silty to sandy mudstone (Facies 8) and the

interbedded sandstone and mudstone portior of fa.1e+ association 2 are typically 0 3 to

1.0 min thickness The s its commonly show upward increases in the
relative proportion 0: - (one. Sandstone interveds ranye from very fine-
to medium-grained, » ipieally composed of cither massive (Facies 6),

parallel laminated (Facies 5), or small sale ripple cross-laminated (Facies 3) sandstones
The mudstone interbeds a- e mostly green, massive, and contain varying amounts of

scattered sand grains and fish remains
Interpretations:

Facies association 2 (Fig 5 4) is interpreted to represent deposits gencrated on
lacustrine margins, such as fluvial mouth bars, beaches, sp.s, and barriers  The fluvial
mouth bars formed when fluvial systems entered the lake basin, while the beaches. spits,
and barriers, formed by processes commonly associated with lo= * . ;mermediate wave

encrgy marine environments (Lin Changsong er al , 1991, Allen and Collinson, 1986)

The classic view of deposits gencrated by prograding mouth bars s ofien
summarized in a single, coarsening-upwards sequence, however, in reality there are
bound to be large- znd small-scale variations in facies (Elliots, 1985) The upper thick
bedded sandsiones which represent proximal mouth bar or channel deposits are aiways

preserved in the Nipisi examples However, rarely present are the distal bar deposits
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repiesented by the sandy mudstones and interbedded sandstones and mudstones at the

bases of these coarsening-upward successions.

Partial sorting exhibited in some sandstones is a result of minor reworking of
sands along tl.e marginal lacustrine arcas by waves which dominated the shorelines
during the quiescent periods betwcen basin infill stages  These shorelines are interpreted
to have occurred in relatively shallow waters, Renaut and Owen (1991) showed that

beaches could form in fresh or saline shallow lakes with a2 me2n depthof only S5 m

The limited occurrence of this facies association can be attributed to the lack of
tidal and 'agh wave energies, and diffielty in recognition Marginal lacustrine deposits
are difficult to recognize because rapidly fluctuating lahe levels may obscure the
identification of shoreline processes  Flctuating levels continually transform shoreline
configurations to an extent tnat effectively inhibits the des elopment of broad
progradational shorelinz sequences (Pi.ard and High, 1972) In addition, recognition of
these littoral deposits also depends greatly on the degree of post-depositional
modification (Ren. »t 2nd Owen, 1991)

513 Facies Association 3 (Interdistributary Deposits)
Description.

The suvcessions characterizing facies association 3 exhibit considerable variation
in facies sequences, consisting of both sandstones and mudstones in a wide 1ange of
relative proportions (Fig 5 5) A general sequence includes 2 mudstone unit ( Facies 2).
and vasiable amounts of fining and coarsening upward sandstonc interbeds  The
mudstones (Facies 2) commonly contain accessory features such as mud cracks, siress

cutans, and calcareous zones and intraclasts, while the sandstone interbeds consist of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 5.5 Facies Association 3

Cored sequence sllustrating the deposits representative of Facies Association 3 The
photosaph demunstrates the cyclic deposition of silty to sandy mudstone deposits and
tinn fine- 1o coarse-grained sandstones This particular sequence includes 4 fining
upward crcles (labeled 1-4) Each cycle contains a lower sharp based sandstone
dominated umit overlain by a mixed sandstone and mudstone followed by a sandy
mudstone coniaining scaitered calcareous clasts and small slickensides

The photograph is illustrating Gilwood zone 5 in 10-32-80-8W5, 1697 3-1701 5m (25
m of mudstone is missing at 1700 5 m) Scale bar is 40 cm.
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very fine- to coarse-grained cross-laminated (Facies 3) and cross- stratified (Facics 4)

sandstores that range up to 0.45 m in thickness
Interpretations

Facies association 3 is interpreted to represent an accumulation of deposits
generated in the interdistributary areas in the lacustrine braid-delta plain
Interdistributary areas are generally enclosed shallow bodies of water that are quict or
even stzznant, and periodically intruded by deposits normally located in the river
channels. The wide range of facies and sequences is a resuit of the variety of processes,
including overbank flooding and crevassing, that can be responsible for the filling of

interdistributary areas (Fig 5 6) (Galloway, 1981, Ellion, 1980)

The mudstone deposits in this associatior reflect the deposition of fines by
suspension fall out during relative quiescent periods in the interdistributary arcas, while
the sandy bedforms are interpreted 1o be crevasse events  Crevasse events can generale
both coarsening and firing upward sequences that represeat progradaticn and gradual
ahandonment respectisely {(Miall, 1985). Deposition in the upper part of interdistributary
bay-fill sequences may be indicated by an increased abundance of current generated
structures similar 1o those of facies 3 (cross-laminated sandstone), which is a result of
the ncreasing in energy of the shallower water as the bay fills with sediment {(Hom er i,

1978)

5.1 3 Facies Associaticn 4 (Channel Deposits)

Description

Facies assuciation 4 i« characterized by the stacking of fining upward ard, less

commorly, coarsening upward wcle., which tog-ther can gencrate sandstone-domimated
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units up o a few meters thick (Fig 5.7). Individual cycles zre dominated by large-scale
cross-stratified sandstones, and are commeonly separated by either thin deposits of

mudsiene (Facies 2) or minor scour surfaces.

A typical fining upward succession begins with a sharp scoured base of low rediel’
(<2 cm) and a coarse grained lag containing randcmly onented mud clasts  Immediately
foliowing is a middle urit consisting of large-scale cross-statifuad sandstunes (F acies 3),
and an upper unit made up of cross- and planar-faminated sandstenes (Facies 3 and §

respectively).
Interpretations:

The stacking of fining and coarsening upward sandstone-dominated cycles which
characterize this facies association (Fig. 5.8) is a reflection of repetitious channci
establishment and abandonment at a given site, and can be attributed to factors intninsic
to the fluvial regime (Allen, 1970). Add:tional features in these deposits such as the
rapid changes in facies showing increases and decreases in flow velocity, and the
relatively iow abundance of trough cross-stratification relative to planar cross-
stratification, are feaiures characteristic of braided channc! deposits (Moedy Steant,
1966, Smith, 1970). Similar associations also interpreted to represent braided channc!
deposits have been described by Boothroyd and Nummedal (1978), Pollard ef 4l (1982),
and Femandez ez al (1988). Braided river systems ase characterized by many channcls
separated by bars or small islands, and when compared with meandering rivers, they have

a lower sinuosity, coarser sedument load, and higher width/depth ratio (Miall, 1977)

The development of the braided pattem is a result of complex interactions
between sediment supply and water discharge (Collinson, 1986) Braided pattems are

preferentially formed under fluvial en-ironments containing excess sediment load and
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Figure 5.7 Facies Association 3§

Coted sequence Mustrating stached fining upward successions representative of Facies
Association 4 Within the 3 large-scale fining upward cycles (1-2, 2-3, 3-4j there are
numerous fininy upwaid and cccasional coarsening upward sub-cycles reflecting rapid
fhuctuations in flow velocity The tops of the fining upward sub-cycles occastonally
indJude mudstone_ (m) This lack of mudsione results in the deposition of a relatively
continuoys sandstone unit  Fining upward sequences ase dominated by large scale cross-
bedding in the Jower medium- to coarse-grained sandstones. and these grade into an
upper finci-grained small-scale cross-stratified or planar-stratified sandstene

The photogsaph 1s from 2-3-79-8WS, 1731 7-1727 1 m (Gilwood zones 3 and 4) Scale
ar 15 40 ¢m
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highly variable discharge rates (Smith, 1970, Boggs, 1987, Miall, 1992) They result
from the splitting of flow initiated by the development of mid-channel bars and islands
that temporarily store the excess sediment that is available when a river no longer has the
capacity of energy to cary its sediment load (Miall, 1992). Given adequate sediment
supply, the development of low sinuosity channels is common in asid climates where

sporadic discharge rates are common (Elliotz, 1986; Miall, 1992).

The lack of flora in sediments cf the Watt Mountain formation (Chapter 4) was a
significant factor toward the development of braided channels Braided channel patiemns
are favored in non-vegetated sediment because of the limited ability to confine channels
Channel banhs coniaining vegetated sediments are mere cohesive than nor-vegetated
banks and result in the development of channels that tend to form meandering rather than
braided patiems (Cottes, 1978). Smith (1976) conciuded that non-vegetated sediment
could be 20,000 times less stable than sediment with 16-18% by volume plant root (Fedo
and Cooper, 1989). By decreasing bed load grain size, enhancing fine sediment
production, and by increasing bank. stability, vegetated sediment has the ability to retard
erosion, decrease sediment yield, total runoff, discharge, and flood peaks for a given
precipitation period (Schumm, 1968, Cotter 1978).

5.2 Depositional Facies Model For Watt Mountain Scdiments

The definition of a facies model was given as "a general summary of a specific
sedimentary environment. .* by Walker (1984). Based eon the four recurring facies
associations 1) Lacustrine Deposits, 2) Marginal Lacustrine Deposits, 3) Braid-Delia
Plain Interdistributary Deposits, and 4) Braid-Delta Plain Channel Deposits, in the
sediments of the Watt Mountain Formation in the Nipisi field area, a lacustrine braid-

delta facies model is suggested

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



80

The term braid-delta was defined by McPhersor ef al. (1987) to represent delta
formation where braided fluvial systems pregrade into standing bodies of water This
type of delta, which has been previously classified as a fan-deltas, has similar shoreline
and subaqueous compenents as a fan-delta, but has been separately classified because of
its distinctly different subaerial components. Subaerial componznts of a fan-delia include
an alluvial fan consisting of interbedded shectflood, debris-flow, and braided-channel
deposits, while a braid-delta consist entirely of braided-river or braid-plain deposits
(McPherson el al., 1987). Soegaard (1990) suggested that these differences are a direct
consequence of the basin margin gradient. Therefore, fan-deltas are more restricted to

areas where steep alluvial-fan gradients can be maintained while braid-deltas are a0t

A hydrologically balanced system occurs when evaporation and outflow is equal
to inflow and precipitation. In the deposits of the Watt Mountain Formation there is
evidence suggesting that major periodic changes occurred in the paleocnvironmental
conditions. These changes significantly impacted the subcomponents of the lacustrine
braid-delta system by changing the hydrologic balance, which is an important control on
facies development (Platt and Wright, 1991). The stacking of repetitive facies sequences
indicated that the paleoersironmentai conditions were cyclic, with each cycle represented
by facies development in either periods when inflow exceeds evaporation or when
evaporation exceeds inflow. During these changing conditions it is uncertain whether all
facies associations were in existence continuously throughout Watt Mountain deposition
Two end-member paleoenvironmental models (A and B) are suggested for the Nipisi
area (Fig 5.9). Model A illustrates the paleoenvironment when inflow excecded

evaporation while in model B evaporatinn exceeded inflow

In model A (Fig S 9), channels in the braid-plain prograded into the lacustrine

basin and limited the accumulation of lacustrine deposition to the distal arcas  This high
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Figure 5.9 Two end member paleocnvironmental models for the Nipisi ficld ares.
(Modificd from Rodgers and Astin, 1991)
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inflow resulted in elevated lake levels and a landward shifting of the palevshuilines and
their associated facies. At the highest levels the lahe may have had outlets, however, the
maximum depth of the lake and possible spill level that limited it must remain the subject
of speculation. When the braid-plain reached the margins of the lake, individual channels
either generated marginal lacustrine deposits or continued subaqueously Billi cral
(1991) explaired two processes that allowed the formation of subaquevus channels, both
of which may have occurred at Nipisi  The first process initially required braided
distributary channels to cut into the lake bottom when it was exposed to subaciial
conditions during dry spells. This would makhe it much easier for channels to continue
subaqueously when more humid conditions weie se-esiablished, because theie would be
a pre-established channel path. The alternative hypothesis invoh ed strong hypespycnal
flows that allow ed the formation of subaqueous channels since they ceuld cavly scour

into the lacustrine clays as they entered the lake.

In model B {Fig 5.9), lowered levels of inflow relative tc evapsration resulted in
the shifting of paleoshorelines and the exposuie of previously submerged arcas  During
this evaporation phase it was likely that the lahe was hydrologically closed, and the laci.
of prograding channels allowed the depusition of lacustrine deposits throughuut the
basin, including those areas previously dominated by sandstone depositivn The eatieme
limit of exposure during the evaporation phasc may have been extensive, but the
existence of isolated occurrences of fresh w ater carbunates suggests that small isolated

bodies of water remained for some length of time
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CHAPTER 6 STRUCTURE
6.1 Regional and Local Structure

Searching for a geological 4atum in northern Alberta, Rottenfusser (1974)
constructed a structure map on the top of the Slave Pcint Formation with a 200 feet (61
meter) contour inierval. The map covered a 15 square township area and illustrated that
the Siave Point top was a nearly planer surface with a dip %o the southwest of 4 7 mkm,
and was suitzble for use as a datum. The regional structure in the Nipisi arca
approximately 2.75 square townships) was determined using a 10 m contour inteival on
this surface (Fig. 6.1), and although there are some distortions te the regulasity of the

contours, a southwest dip of approximately 5.4 m’km was calculated.

Rottenfusser (1974) expressed concern over using the top of the Watt Mountain
Formation as a datum north of the Peace River Arch. His concemns were based on the
difficulty in distinguishing between the Watt Mountain and overlying Slave Point
Formation, and uncertainties ir how flat-lying the top of the Watt Mountain Formation
was. Within the Nipisi area, the top of the Watt Mountain Formation can be correlated
with confidence, and many workers have used this surface as a datum. The similarity
between the Watt Mountain and Slave Point formations siructure contour maps, with the
exception of some increased nosing of the contours in the northein part of the field,
suggests that the top of the Watt Mountain Formation is also a reasonably flat surface
(Fig. 6.2). Thachuk (1967) proved that the nosing of contours was a reflection of
significant basement topography, which was in excess of 60 meters in the northern Nipisi

area.

The contact between the Watt Mountain Formation and the underlying Muskeg

Formation is an erosionai unconformable surface (Alcock and Benteau, 1976). Although
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there is a similarity between the structural pattern of the Musheg Formation top (Fig.
6.3) and the top of the Slave Point and Watt Mountain formations, the top of the
Muskeg Formation has a significantly larger averaged southwest structural dip of 7.3
m/km on the eastem part of the field. This difference suggests that the structure of the
Muskeg Formation was affected by events additional to those that generated the segicnal
structure in the Nipisi field. A restored structure map of the top of the Muskeg
formation, using the depositionally flat Slave Point Formation as a datum, iliustrates a
north-south trending trough-like feature within the Nipisi field area (Fig. 6.4). This
trough-like feature is clearly visible in a (hree-dimensional paleostructure diagram of the
Muskeg Formation using the Wait Mountain Formation as a datum (Fig. 6 5). The
trough resulted in the thick Watt Mountain sediment accumuiation in the Nipisi area. A
Watt Mountain Formation isopach (Fig. 6.6) illustrates the relationship between

thickness of the Watt Mountain Formation and deepness of the trough.

6.2 Origin of Muskeg Trough

Previous studies have suggested that the Muskeg trough was the result of salt
solution collapse prior to depositicn of the Watt Mountain Formation (Thachuk, 1967
and Alcock and Benteau, 1976). Thachuk (1967) suggested that the salt solution
occurred in the thick salt bed lucated at the base of the Muskeg Formation. Evidence for
this was illustrated in an isopach map of this basal salt, which showed the existence of an
erosional salt edge located approximately in the center of the Muskeg trough. This basal
sah is imporiant because it is the thickest salt bed in the Muskeg Formaticn. The present
study shows, however, that there are many other thinner salt beds that appear to have
been removed by salt dissolutior, and these also contributed to the thinning of the

Muskeg Formation over the Nipisi area.
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An iscpach map of the Muskeg Formation (Fig. 6.7) illustrates that the whole
formation gradually thins in a westward direction, therefore, it is not surprising that the
total accumulation of salt within the Muskeg Formaiion would also thin in this direction
as demonstrated by Thachuk's iscpach map of the lower Muskeg salt (Thachuh, 1967).
A problem exists though, as to what causes the increased thickness of the Musheg
Formation to the west of Thachuk's (1976) zero salt edge. To the west of the zero salt
edge, there is no lower salt left to explain the increased thickness of the Musheg
Formation. However, the increased thickness of the Muskeg Formation on the westen
side of the Nipisi area can be explained if al} salts in the Musheg Formation are thought
to have contributed to the salt solution coliapse. A total salt isopach map was generated
by using a 65 us/&t cutoff on the sonic log (Fig. 6.8). The map ilustrates that the
thickening of the Muskeg Formation on the western side of the Muskeg trough is

associated with a thickening of total salt accumulation.

6.3 Timing of Sait Solution Collapse

The :iming of salt solution has been documented by previous workers to have
occurred prior to Watt Mountain Formation deposition during a period of Musheg
subaerial exposure (Thachuk, 1967 and Alcock and Benteau, 1976). 1t is possibie that
parts of tire Nipisi field area experienced limited collapse during this Mushey exposute
period, but detailed mapping of the 6 Gilwood zones suggested that collapsing aisv
occurred during the deposition of the Watt Mountain Formation. In this study, co'lapse
was recorded at the end of Gilsvood zone 2, Gilwood zone 4, and at the end of *Vait
Mountain deposition (Fig 6.9, €.10, 6.11). A progression of coliapse at these time

intervals can be demonstrated (Figs. 6.1210 6 16).
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CHAPTER 7 DISTRIBUTION OF WATT MOUNTAIN SEDIMENTS
7.1 Introduction

The sediments in the Watt Mountain Formation in the Nipisi field have been
divided into four facies associations that collectively suggested that sedimentation
occurred in a lacustrine braid-delta system. Braid-delta deposits have high lateral
continuity, and on a large scale they commonly produce sheet-fike bodies over the length
and width of the flood plain (McPherson ef al., 1987). In the Nipisi field, six laterally
continuous sandstone-dominated zones have been identified. The paleogeographic
distribution, relative s2nd body geometry and thickness of each zone, were found by
constructing an isopach map of each (Figs. 7.1 to 7.6). Separating the six sandstone-
dominated zores were mudstone deposits. These deposits were also laterally continuous,
however, there were rare occusrences where these mudstones were absent, resulting in the

stacking of one Gilwood zone over another.

The complexity of the vertical assemtdages that make up the Watt Mountain
Formation in the Nipisi field suggested that paieoemvironmental changes occurred during
sedimentation of the Watt Mountain Formation. These were zattributed to changes in the
climate and tecionic seiting, which are the two fundamental controls that influence the
evolution of any basin (Reynolds es al,, 1989). Climate may influence the evaporation to
precipitation ratio, discharge rates, and modes of sediment transport, while tectons<
activity may control the basin geometry (Anzdon ef al., 1991).

In describing the distribution of the Watt Mouniain sediments an attempt was
made to include the relative importance of the factors associated with the climate and

tectonic controls.
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Figure 71

Isopach map of Gilwood Zone 1.
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7.2 Distribution of the Gilwood Sandstone Zones

Each of the six Gilwood zones represent a period of high clastic input sourced
from the west. Gilwood zones 1 and 3 are the most areally restricted of the six zones,
suggesting that the Musheg trough strongly influenced the distribution of these sediments
by confining them as they prograded into the Nipisi area. The eastward tonguing of
sediment in Gilwood zone 2, and the extension of Gilwood zone 4 out to the eastern limits

of the Nipisi field, suggest some periods of Gilwood deposition were less influerced.

The differences in the areal distribution of the sandstone zones is strengly
dependeat on the shape of the Muskeg trough prior to deposition of the zone, and the
amount of sediment deposited. Eastward progradation of a Gilwood zone deposit can
only be achieved through progressive filling of the trough. Therefore, when the relief of
the trough before deposition was small, less sediment was needed for the progradation
across the Nipisi area than when the trough's relief was iarge. The lack of preservation of
Gilwood zones 1 to 4 in the northwestern corner of the Nipisi field area is a 1sult of
successive deposition over this area, which resulted in the erosion of all but the upper two

Gilwood zones (5 and 6).

The amount of collapse that occurred between the end of Gilwcod zone 4 and the
end of Watt Mountain Fortnation deposition was relatively minimal (Fig. 6.11). This
resulted in the progradation of Gilwood zones S and 6 into the Nipisi area without the
distribution of their sediment being significantly influenced by the Muskeg trough.
Therefore, the depositional pattern and eastward progradatica of these two zones across

the Nipisi field was mainly controlled by the energy of the hydrologic system.

Gilwood zone 5 illustrates extensive complex tonguing emanating from a

nerthwestern to westem source with no apparent north south trend. Gilwood zone 6 is
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the last major episode of sandstone deposition recorded in the Watt Mountain Formation.
The limited eastward progradation of this zone compased to Gilwood zone 5 suggested

that the energy of this depositional system was significantly less.

7.4 Distribution of Watt Mountaia Mudstones

The Wat: Mountain Formation mudstones represent lacustrine deposits (Facies
Association 1) that accurulated throughout the Nipisi field area during quiescent periods.
These mudstones formed laterally continuous beds that effectively separate each of the
Gilwood zones. During high inflow periods, sandstone deposits dominated the western
areas of the Nipisi field, and mudstone accumulations were limited to areas beyond the
sandstones westward progradational limits. The thicknesses of the laterally continuous

mudstores that effectively separate the Gilwood zones are illustrated in Table 7.1.

Between Gilwood Zones Thickness (meters)
Average Range
1,2 1.3 0.6-23
2,3 1.1 60-3.4
3,4 2.0 03-3.0
4,5 0.9 00-12
5,6 1.1 06-24

Table 7.1 Thickness of mudstone units separating Gilwood zones.

A trend in the distribution of sedimentary structures in the mudstones was also
observed. The mudcracks and stress cutans, interpreted to represent subaerial exposed
areas, mostly developed where isopach values of the underlying Gilwood zone were smal:.
These small isopach values were associated with areas around the fringe Jf the trough,

which are also the first areas to become exposcd when lake levels dropped.
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CHAPTER 8 DEPOSITIONAL HISTORY OF THE WATT MOUNTAIN FM.
8.1 Introduction

The Elk Point sea covered the Nipisi field area during early Watt Mountain
Formation deposition as suggested by the existence of a basal black shale facies (Facies
1) containing distinct marine fauna. However, most of the Watt Mountain Formation's
sediments do not contain evidence to suggest deposition occurred in 2 marine setting,
The vertical facizs associations determined in Chapter 5 suggested that depositicn

occurred in a lacustrine brai--delta setting,

The interbedding of the Gilwood Sandstone Member with the Watt Mountain
Formation mudstones clearly suggested sedimentation occurred during episodes of
fluctuating paleoenv.ronmental conditions. These fluctuating conditions occurred in
cycles that generated a recurring sequence of deposiis that consisted of three stages of
deposition. The first stage is a sandstone dominated deposit that makes up the Gilwood
zones. This was followed by a second mudstone dominated stage that was deposited
during a quiescent period, and a final stage that reflected a period of exposure. The
spatial distribution of these deposits was a combined reflection of differing degrees of
influer:ce on sedimentation by the Muskeg trough, and the energy and duration of the
hydrologic system. The following interpretive depositional history is a sequence of
paleoenvironmental conditions that likely existed during Watt Mountain deposition. It
was determined by integrating the distribution of facies associations and the depositional

patterns of the Gilwood zones and Watt Mountain Formation mudstones.

8.2 Depositional History

The lacustrine braid-delta setting in the Nipisi area was initiated by salt solution

collapse in the Muskeg Formation in early Watt Mountain deposition. This developed a
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north-south trending trough in the center of the Nipisi field which, during a regressive
phase in the Elk Point sea, formed an isoiated body of wates, or lake. After formation of
this lake, changes occurred in the type of sediment being deposited. In the Nipisi area,
the change was from biack shale containing a distinct marine fauna to a variegated
mudstone containing fish that were believed to have proliferated undesr fresh to brackish
conditions. However, the conditions for the survival of these fish deteriorated as the
ratio of evaporation to inflow increased. This resulted in a progressive lowering of the
lake and exposure of previously submerged areas, as indicated by the presence of stress

cutans and mud cracks in the mudstores that underlie Gilwood zone 1.

Gilwood zone 1 represented the first major influx of coarse-grained sediment
into the Nipisi field area, and the beginning of the first depositional cycle in the Watt
Mountain Formation. The restricted cand body geometry of the first stage of deposition
(Gilwood zone 1) was attributed to significant relief in the trough which limited the
progradation of braided channels. Changes in the paleoenvironmental conditions
terminated Gilwood zone 1 deposition and initiated stage 2, which was the deposition of
mudstones throughout the Nipisi area. This rapid change in the palecemvironmental
conditions likely caused a rapid demise of the fish living in the lake, since their remains
were only located in the lower 0.3 m of this mudstone urit. The existence of a high
evaporation to inflow ratio progressed the cycle of sedimentation into stage three, where
continual drops in lake levels resulted in the development of soils around the fringes of
the lake. Most modern lakes are bounded by subaerial erosion surfaces with some
degree of soil development (Picard and High, 1972). The existence of the fresh water
carbonates located in the center of the trough indicated that some areas remained
submerged. It is unknown whether these submerged areas were localized ponds or the

continued presence of a very shallow lake in the center of the trough.
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Gilwood zone 2 was the beginning of a second depositional cycle. This second
cycle was very similar to the first. Hc;'we»er, a lower reliefin parts of the trough,
resu ed in siage 1 deposits (Gilwood zone 2) to be more widespread and extend farther
southeastward than Gilwood zone 1 stage 1 deposits. Stage 2 and 3 deposits of this
cycle were very similar to cycle one. Abundant fish remains in the first 0.3 m of the
overlying mudstone indicated rapid deterioration of favorable living conditions, and a
lowered lake level again resulted in the exposute of mudstones and the development of

soils in the fringes of the Nipisi field area.

Prior to the beginning of the third depositional cycle there was a significant event
of salt soiution collapse in the Muskeg Formation that resulted in an extremely limited
aerial distnbution of Gilwood zone 3 (Fig 7.3). The nosthwestem to western sourced
sediment of Gilwood zone 3 was confined to a narrow north-south-trending band that
followed along the axi; of the trough. The existence of some sandy mudstone zones in
stage 2 deposits of this depositional cycle suggests that smaller streams continued to
supply sediment to the lake. Howeves, the water conditions still detericrated
significantly encugh to make the {a!-;e-waiers unfavorable for the survival of fish. A
result of evaporation exceeding inflow was the development of soils around the fringing

areas of the Nipisi field during stage 3 of this cycle.

Before the beginning of cycle 4 deposition there was only minor salt solution
collapse. Therefore, the significant collapse occurring before cycle 3 is almost directly
related to the amount of collapse illustrated ir: Figure 6.10, which is the amount of
collapse occurring between the end of Gilwood zone 2 and the end of Gilwood zone 4
deposition. The limited relief occurring before cycle 4 restricted the amourt of excess
thickening that normally occurred aloag the axis of the trough, and consequently a more

widesprea? distribution of sandstones developed. Stage 2 was very short resuiting in the
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deposition of a thin mudstone. Although stage 2 was domiaated by mudstones, the
significant number of sandy mudstone zones suggests a continued prese<cc of inflow into
the lacustrine basin.. The lack of stress cutans in these mudstone deposits signifies that
lake levels did not drop enough to cause submesged areas to become exposed for soil

. development (stage 3).

The £fth cycle of deposition in the Watt Mountain Formation began with the
deposition of Gilwood zone S. The distribution of this zoze (Fig. 7.4), suggests that
zone 5 deposition was no! influenced by the trough . The lack of major reliefin the
trough removed one of the majos depesitional controls imposed on clastic sediments
entering the lacustrine area. Sandstones were deposited on a slightly sloped bra:d-delta
plain, forming a broad cheet-like sandstone with thickes, complex eastward-extending
tongues. Begianing at the Geposition of zone 3, there was a significant change in the
depositional setting of the Nipisi field area. Although stage 2 mudstones developed, they
had a biocky grayish-green to olive-gray colour, which was distinctly different from the
stratigraphir ally lowes mudstone deposits that were primarily vanegated red and green in

. colour. This difference in colour may be associated with a change from a primenly
subaenial oxidiang emvircnment. or a subaqueous one with input of continental oxidized
sediments, to a primarily subaqueous eavironment (Martim ef al,, 1591). Very littie
collapse occurred between the beginning of Gilwood zone 4 and the end of Watt
Mountain depositicn (Fig. 6.11). Gilwood zone 6 is the last major clastic pulse of
sedimentation reflected in the Watt Mountain Formation, and it's depositional pattern
reflects the lack of depositional control imposed by the trough (Fig. 7.6).
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CHAPTER 9 SUMMARY AND CONCLUSIONS

The Mzddle Devonian Watt Mourtain Formation within the Nipisi oil field area,
consists of a complex succession of lacustrine braid-delta deposits. This
paieoemitonmental interpretation was based on the existence of four recurring facies
assoaations. (1) lzcustrine deposits, (2) marginal lacustrine deposats, (3) interdistnbutany
deposits, and (4) channel deposits. The complex succession of depusits was subdivided
intc six cycles of deposition, wihich record the progradation and 2bandonment of
lzcustrine braid-deita deposits. An idealized cycle is intemmally characienized by three
stages of deposition. The first or lower stage is donunzted by s2adsione deposits,
followed by 2 mudstone domunated middic stage, 2nd an uppes stage which refiects
deposits exiibiting evidence of subzanial exposure.

The stage onc sandstone deposits consist of channel and marginal lzcustnine
deposits which prograded 2cross a low gradient braid-delta plain during periods of
sandstone influx. These periods of influx have been attributed to tectonic activity
associzted with the Pezce River Aszch  Channel sandstone deposits prograded eastward,
awey fiom the Arch, forming lzterally continuous sheets of sandstone across the Nipiss
area. In the distal areas beyond the sandstone progradational imits, lacustnine mudstone
deposits were 2)s0 being accumulated. However, the siage two facustrine mudstone
deposits which separated each of the Gilw.ood sandstone zunes dumanantly aaumulated
in the periods between sandstone influx.

The distribution of braid-delta deposits was strongly coatrolled by the shape of
the Muskeg trough, which was a d=pression that developed in the center of the Nipisi
field area through dissolution of salts within the underlying Muskeg Formation
Dissolution related subsidence occurrec prier to and during Watt Mountain deposition,
modifying the amount of reliefin the Muskeg trough The effect of this relief on
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Gilwood sandstone zone deposition is reflected in the depositional patterns of these
deposits  Gilwood sandstone zone deposits strongly influenced by the trough were
restricted in their arcal extent, while zones less influenced had wider aseal distributions
beczuse of their ability to freely prograde across the Nipisi field area. The understanding
of the paleoenvironment and depositioral history of Watt Mountain Formation sedimenis
in the Nipisi field area provided information that was essential in delermining that Nipisy
oil is distributed within a layered resenvols. The knowledge that each of these layers has
different reservoir characteristics and 2real distribution will 23d in develuping exploitztion

stralegies.
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LEGEND FOR APPENDIX
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ABBREVIATIONS USED IN CORE DESCRIPTIONS
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——  Zcky rd sh grshgm ip s s, 2bnt sTs and micro skks,
grach s wry.

—— wery brokenup, ésiygmnsh,

i manlyvig sswihigmybedsandscalosgrip. muddy

shomn byt lams eort and oo

J—— g s wih scme Ig bads 2nd ers of beds and sct grains,

cver2l fin up mainly planar abeds, most s cemented

I crsh gm shel wi dise approx horz lams

~— ¢ hd by sh, Scoken into sm by pieces through
excepl upper 15em which is mose sty
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—  gryshomsofysh, ssesigandss bohscatand found i
Um lembds

—— bRk shw!dusky gm paiches, bracks

TN- vz, ten Goysh gm, ey 1d, generaly hosz
tams-mzssace. Sop 20 om s vary vasiabla en ooior wl horz
lensandfrac

——  &kygmbkiphd Bssh fchoixe bound in dky gmsh

—  metties &hoiomand dokyrd yellow D

PN

4

W y oty anky horz lamd conv 21 fop w uppar unt
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Amoco Unit 353 HNipisi

o silt
VeV —cla;
it 1 od

7

3 . 4 | dcxbmiozimdanhysh

2= I dgiw-wmmhkyﬁwmwsm‘s}k
{g

4-18-79-7vi5
GRAIN SIZE
cctble I P
pektble E 90
P

—— whwhishozlemd anly w/ Gaen hoz lamd 2nhy, 23
=)

Lt i §
Rodood

Oounn

b o

—— Cskygm -cry mod bley sh, very mic theou, vig sndy bds
(i-2cm thick horz lamd)

K TN ()T

| WO T W T TRRUR TN T ¥

v’g shly ss, perhictly horz lznd, very mic on becken
surizces

dsky gim - gy hed By sh, [sdip, sc21 mingr Bsh sceies

N\

17— mgsstoush @baselows ioiop, fishple 3enfomicp
} cium

non

1 ‘—— fg shly ss-sndy sh, Esky gm, climbing rip @ base - horz
- o iop

= igss, chaclic bdng @ base, pos froug, upper planar lamd

-Gg

L=  Zg s troushbdng, loss muddier than below

=="{ — cgxyss, wiewmd spup clasts @ baws, high > béng
-1 = \@bese%aahnsﬁmaﬁ@ _

-\ iihig ssw/gryshgmsh, bds 25-1cm thick, fsh plates
& psblbyy

grysh qrn mass veey sndy sh, sndyness decr up
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= ™3 sswicg @y, fin up to minor scourthen fnvp again,
crst bands cnid fop of lower snd i510cm grysh gm sndy sh

|—  pperetd hed bl zh

——  TZbd grysh om waxy sh w! microsks mxed v drblxocin
2ppeal. g1a contains fish scales and plates, dib mainly hed
blky w! some beec and microsiks; fower drb hed by shwy
2bnl mixed grych gm and micresks b, fish plates and
scales

k St Al g §

S ‘fgsswimcgleg, ower horz bmd wigryshgmshsyn
cracks, md Iow angle bénn, upper horz lamd w/ gryshgm
sh, farge fsh plate 7om fong @ base

—— gryshgm sandy sh, psbl hosz bdng when sandy, snd

TN-  Erb-dsky 5d hed blky sh, sandy and horz tamd i,

— vgid dribpl gmn sh, ks and mud cracks, many mud
cracks ase nillied w! sand, shis waxy P and sandy hard
-\-bl'sy:-;a,gsgméc:bws!:awzes

1Sempigmbrdbky sh

—— gryshgm Sty-sndy sh, dst-horz &dng, upper contactis
shamp w/ Scm pl gin waxy sh,

—\- grysh grn slty-encdy sh, dist-horz bdng, upper contact 15
sharp w Som plom waxy shw/sks

tanvgidanhy sh
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oohhis
sebbis

LGLaiFie

S VIC L

reenoon

caic sh v anky, brecizted ip, dyb @ base tan @ top

soid anhy
caic shhoz lamd, dyb-clgry

—— olgry hd by sh@ iop and bX very fs! @ base

—— olgry hrd very fsish

—— dyb-lan anhy sh hrd bky horz lamd

— gryshgm sh, general discription for vhola un3, v fs! ip,
hrd by ip

— giysh gm sndy sh, starved rip,

— gryshgm softfis sh just below the sndy sh
™ med-hidfissh

— dybum-kgss, trough @ base, fow angle in mid, and
pianar bdng @ top,
mass ip, fair porosity throu, few smtd paiches of crsr gr ss

-—h::bd grysh gin sndy sh 4-10cm w/ pyb shiy ss 2-5cm ss

_________ pianar bdng & starved cimbing ripples, mostly fg, upper ss

s '\\_ is mg
| vpper half mixed drb2grysh gm mod {sl sh, lower half mod

-\_fs! gryshgmn
\- giysh gm shly snd, wavy low 2ngle bdng,

unnar 173 of unit is mivad drb & arveh am sn' il ch
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i mu&;ip-. med 173 of un‘aisao!gr;s:!xys‘;tmas-. bot 133is
grysh gm med fis sh,

drb - dsky rd sh , hrd biky at base & stiy, bemg more {sl
up to top, upper 25cm is ol gry mod fsl sh.

drb very sl sh, same type of sh as grysh gm below,
grysh gm very sl sh,

very breken up mod soft {s] sh, mixed color throu dsky
red-drb w/ grysh gra, v Is] throu, fish scales, few stks and
microstks

—— plolig shly ss, gen mass, horz bdd ip.
grysh gra sndy sh,, horz sometimes discontinuous bdng,
very fs!
-\- drb med §sl sh
\bei;faia!ed drb-dsky rd sh w/ grysh grn sh, few thin fcm ss
s

——— upper uni grysh gm very fsl sh,
lower un2 grysh gm sndy sh, sharp contact betwn,snd gr
f-peb

vgtd sh as below

%

intbd b {sl sh w/ dyb mudsione (looks ke boudinage
struc)

vgtd drb, tan grysh gm, reddish, med slightly fsl sh
mixed ol gry-bik sh, mod {s!

r(// /'5 tan anhy
7

ey
FWA VR WY WOUY WO T 1
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FPC Nipisi

12-30-79-7w5
GRAIN SIZE
ccbble £EP
pebble £ Q
granule 7 @
sand §
silt L
vemfvl
il ey 5%
7
5

:%—— dyd g ss v/ scat pbl and {g sd. fairly well sitd, upper Sem
i;ez pbl layer, few scat md clasts, fish plate in the thin sh

grysh grn sh mod fsl.
pyb md ss v/ cg lag, thin mud bds 3mm, low ang bdng.

dsky grn-gry hrd fsl sh

dyb sndy sh hrd bky

grysh gra sft sl sh, mixed w/ dib ip, fish scales throy,
pyb-pl ol horz thin bdd g ss
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{ | intbigss (1-2cm) wip! gm sh hrd biky bot half, top haf
1 w/gry-bk hrd fis sh. fish plates & pos bone.

3= pyb ss cg-g fin up, mud clasts, fish
= \ sndy sh bot 19¢cm (rreg mixture of grysh gm&dyb),
5] mainly dyb sndy hrd by sh, upper 22cm is pl ol
164 -
L1
0

—— plolshy sh, sndy toward base.
= pybmainly mg ss v/ trough and planar bdng

o

o

DYool YOO W N WK WOR WO §

tan-bk calc sh
~ Top Muskeg

mlu‘ 2 A A A A ) lml Nlm

mllllllllqw

[ W WO WU W W VAR YO 1
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Amoco Unit 216
2-3-79-8w5

K0t

KNGO O

g =3—— g ss low angle bdng @ top, well sorted and bdng hard 0
7 disc @ bot

—\ dsky gm - gry @ base fwd bky sh, fslon edge cf core
pieces, atnt fish scales al base of unit

. I mq ss vi/ sm & lrg mud clasts, low angle bdng throu

g —— 13 ss mg @ base, bow > bing- pos wave np@ tcp. a
3x1cm anhy clast 2cm from top of uni

l ™N-  mixed dib-grysh gm sh. scat sand gms , sks

TN— g ssw/flaser bdng @ base, kow > bdng throu- pos wave
fip near iop

3 —— cmvery mic shale bed.

very mic dsky g <h 13cm thick

=~ g sslow > bdng throu, large 6x2cm anhy clasts wfina
£cm zone near center of this mg ss

anhy dasts 2xécm

[~ |—— dsky grn hrd waxy sh, slks
cg ss. bdng hard 1o see. looks ke low > bdng

g —— ol fg shly ss, flaser bdng. disc horz mud lams, scat m-cg
sand through

B e Ach.urn ce fin in hrdnn vary hard 13 malo At cchl lrus
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L [ atusndiidat= St Shanddheg od D = - TTees g sewree &
£'5> throu well srid for gr size, psbl wave rip. some subrounded
'Q .i?‘ gms

si—— {9 ss, ul-med at base, low angle bdng through,es gins are
somewhat rounded, and pos wave rip near top. sciting is
excellent in placas and makes bdng hard 1o ses

~]—— {g ssindet bdng pos wave-cur 1p
- db hed by sh, upper 10cm is pigm

—— 4cm i-mg ss wi scoured base.
15cm of pl gin waxy sh underneath ss, & mxed dib-pl gin

—\-éovm 10 next ss.
16 mg ss completely cmid, high > bdng - churred, one large
\_mud clasl, aimosi a bed in centre of unit. uppaer conlactis

w/Scmpigmsh
mixed pl grn-dsky rd sh, upper 13 cm is pl grn only
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Amoco Unit 310
12-12-79-8w5 5SS Covered by Wax

Remarks: Almost all ss is covered by orange wax to
preserve original reservoir characteristics

GRAIN SIZE

ccbhble

"
B
2
(1]
L IGTU L

| oo

—~—— 1{angryhorzlamd anhy

FYOUR WOUE YRR WY YO YO 1

M

1

4

h

N

h

|

|

H ‘

:a‘.b“ L} L 4 L ) h ) A { L

dsky gm hrd blky sh, gry bot hatf cf unit
Tt 1]
(== T o3
== L o )
oy L | |—— bmnborzlamd anhy sh
':::: L] — grysh gm - gry hrd biky sh, bix @ basal contuct for Sem
i 5] | svshommodbisy gy presen
Tt %
- —— drb mod by sh sft sl ip.

TRy

e . o e —— -

—— gryshg:n -gry hrd bky sh

L)
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ote
e
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X%

<
P,
@,

.

&S

*
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e
X
&
&

¢
*
*
*
O

\/
X
&
&
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&
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&
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&
%
&
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7
%
&
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&
&S
2
)

e
*,

*.

o
O

05

@
*

&S

S

S
’
0K
oJede
%
&
0%,
&5

250

®.
*.

(X

e
$
5

&
5
%

&5
S
&

e

B35 o,

L,

="}~ mg ss por sitd abnt crsr gras, faint low angle to trough
) - bdng.

— mainly mass - psbl disconlinuous wavy horz bdng sndy
grysh grn sh, base ss is mg w/ high angle bdng
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— drb hrd by sh upper 25 cmis gryshgm , uppar parts of
dib shis grysh

—— b endy sh, sh and g ss. grysh gin in sndyr parts and
a3 contacts w/ sand ang mixed drb grysh grn in shiyr parts

mg 55 pooys seriing, faind bow angla bdng

mg ss fax suring few pbl @ base_faxva low > bdng

fg shly ss horz béd @ base - cimd np @ top, very mic

i3 ss-stsy, horz Hdd, very viell sontod

¢rb hrd bixy sh, brec i, vpper 10cm s plgm hed by sh,

mixed dib-grysh g sh brec ip, sndy

gryshgm hrd sky sh

—— mixed dsky 1d grysh gm mod by sh.

—— gryshgm mod Is! sh, very waxy, sndy @ base vh plan
or condriles

an anhy sh, vgid P (yel, grych gm, dsky rd) horz bdd

PP
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Shell et al Nipisi
4-14-79-8w5

cctble FP
pebble E %
grarule T g
sand S
silt z
veofv T
1 . a
TN e ¥ _ A
_L-&—L_&-&.J.—L-A L I 1 r(}ﬁfwi
_:_:_:_i.:.:_:_i: = gry.tan.ck b laminaled mudsiose,cac p,Coo?2,anhy??
Tl il
it-.‘-.s-L-.a:a.-&—.g.r. =

——— — ————— — )
- o — —— > wo= o
-——— s e e e o e

b o o e L e 2o A 2

o A dn et e e o

Pt 2 2

1 |—— TOPWAITMOUNTAN
) &% gry SH, hd, by

i

2]

&

2 Alllclu‘lminlllllhl‘l

non

lui

1)
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5]
5
6
5]
3
oo 3 B N plylsh bm g SS, pody sad
s I '\_ cyshgm SH, bd, sifsl scatfors grrs
'-'-'-'-'-:-:-:- ----- Pyishbrnmg SS, flaserbdg, inblessp
"""" ™~ plom mdy ig SS.gids frm below basturb p.oc mg

...... —— plylshbm ors-mg SS, mainly mass, wl seid, rounded
RSO gms, ss ffable ip

.....

= ——  Ckykshbmmg SS, 2bndt ors bds

------------

1‘3;;:':':':':':':'}//' I
Tyt 4| topcyshgm SLIST.massbemg shiyr; cntrgryshid,
SRRSO I bot pl ol SLTST, thaly lam thru wiciming ripShzntlwavy
ERNIOCINNNS i bdsf5om;
S 11
-------------------- 6
iyt g‘ —— drb SH, hd, by, occ sicks, grysh grn @ top Sem

—— giyshgn SH, mod hd, 11, sy ip
TN- ¢ SH, bd, by, oce sicks

plcimg SS, mdy i, ighe, v poorly snid

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Amoco Unit 285 Nipisi

10-14-78-8w5
GRAIN SIzZZ
cckhle TP
petble Z ¢
gramale =< g
sard g
—silt
venfy e T
gl e v _
{ g —— Crxyshbmars g ss w/faint lows - horz bidng, ebntscat
} peb atbese, peb g in vpper 2omci cors
‘-\_ﬁ cryshomshsclifis | 25 shbelow,
fyshbmigsswicnmgls, 3thn 1IRencort mud
izms,1 Eshbone
~ mg oiysh b ss, crumbly o touch, mas - int low > bdng
throu
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Shell et ai Hipisi
6-20-79-8w5 depihs may be ocut

GRAIN SIZE

cctble E 2
petble £ Q
granule = &
sand S
siit I
1=y s T
cl=y g ¥
ORI — %_ —— piyEhixncmg 58,27 sgne
0008 - - - o—— -_«_; -
r:_:_:.:_:-:.:_:_:.;_‘ 3 : ——— ﬁ 33'3 gg s's ! ‘ofﬁ: gﬂ 54’3 m
(=1 1T modykhbmyiy 55/pmd
PRt = &
................... 18] |—— oickve 55 mtand w! grysh om 545, iog up, A s

s gms

=t T plylshban S8, 2o o ol 045, lant iowc g

...................... 17—~ mrby SS 2z beinw

TN~ poissing conn fonen s, Crscried 256 Sh oy
T, thathuck

\- gryshgmy mey f-ors SS. wighdrs oy Yishs
~— plyishinig 85, wel orid, scat 23 gras, massbasd
T mixed grysh grmid o SH wlabdet lors ot giris

I 5]
': -84
o g.
-

=

-

- 4

- -

QWOLh

L et Sl Bund Aeims Sule ke Soowy 4
[ YORE Y0 YORF 1NN WAOU OU |

o

0o

L S hat Sl Sane 4

Lwe )
llllllll
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Ty EYERCNIr 3o, aRG GRS OS G pOioGs

{—— mzedgryshgm & Czky rd SHw/abdnifors scetigms
—— plyshbmmg SS,ms crs3pbl cmid bads

— Hyshbmmg SS, mros &pticidbnds, bong sy &
top

I mxed ¢ & d g shly m5 SS, Somers & phleyericp

---------

............. —— plyshbinmgSSaidniascidbdsthuiow <

——— 1D SH, scatf-ors gm thry, 15om deky om vert fracs,
Semlkgmsh@top

— SLiSTv/gnmudian2 O mgySSlensses

AV, pome e o

~——— dsky gin & €:b SLTST, a5t scatf-crs gmns thr, bemg
shiy @ top

— ?;gam@%.&ésgwmm@%@.%ﬁ’&@
s ]

=~ dsky . grysh gm, pl yish bm the’y lam i3 SS, hztl
bdng, scat {Rin sh bds

........ =t — plyishbmigSSwigryshgmmdlan @1op
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Shell et al Nipisi

2-21-75-8w5 Thachuk's

TYPE LOG

)Lty

o;mn

HRON O

crysh g SH bd biky. mass bemg intbd w/ SS below

plyshbm g SS itlam widshy gm SH as 250v0 & bolow,
bemg more sndy and badded toward bass.

— <X ylshbm g SS few mg bds,int low< blg.pst! npples

Y T

plyzh bm S3 wizbét g csi{2xicm)Blam

grvsh gm SH.hd by few Siscont s lam @ mid st <!
neartim

— plysh b as-ig §5.3 finng vp sequence thin gin md
lam,scat pbis

i cve vig SS.thn hzntHow and lam @ base,ig kny s¥st
blebsincrislopgiving mot 2ppsCali T T B

—— gryshgia SLTST.w/ thn md lam hzrtlwavy-chumed

pl7ishbm mg SS.,2bCnt pbis.mass

grysh g mdy SS,abdnt caic emi blebs-giving mont
2pp.shyyrtotop

43— plyishbm g SS.abdr1 scat m-crs gins

grysh gm fg+!g SS,bemg shly twds top,iop 2cm 2bm
calc clasts

plyish brin o3 SSlow< x-bd,ocmg hantl twds top

3 ‘VJ\

grysh gmad rd SH,hd by few mcro-sicks

P! yish bra crs-fg SS,3 main fining up sqncs,scat ers gms
thru, 2b¢1 @ top, red mcy lam@iop of bt 2gnc, grR&bk md
clasis @ top
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- - -
- — — D Gp Y S G W Gu S 0o

——— iostcose psbiy d gm SH,v sftv {s!

—— plylshbmcrs SS.cmid.ow < x-bdg

L T~ plylshbm cisig SS,massalow <bdg,crs cmid bads
thru.mdy lam @ top, fining up

thn mg bds, hzntl-lowddg,cmid bnds
T~ sSmmmudlenvi/pbs

—— grysh gm SHd biky,.scat si lams

—— &b SH.tdl bemg By &mass @ top,few scat micro-siicks,
scat pi gm shiy ss bds, 6” msng core @ base assumed to
besh

| gryshgm-dbmdsl, scalcrs gms thrutop, smcurrrip &
low< planar bdg

|——  grysh g & dsky rd sty SH, hd, biky
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Amoco Unit 152
10-21-79-8w5

GRAIN SIZE

ccbble
pebble

=Jtrstry g

IO O

vemfv

Hirgl ~ea

_________ — dsky grn hard blky sity sh

T N | —— intbd vig-sity ss w/ dsky gra-ol gry sh, ss bds approx
e 7cm thick & have horz to wavy bdng, sh is hrd biky, some
= . possble bumows.

. o ° o
P WL PLVPY

{——— {-mg mod yish b ss, mainly mas and wed soried, fow
mud clasts @top, faint frough xbds al base

~]—— intbd dsky grn - ol gry shwith g lamd ss. shis hed blky &
: shghtly mic,ss is drk ysh ben w/ low> wavy dicc bdng, peb
I2g at base.

—\_ fg interbed horz-wvy beddingw/ a pebleg
plyish bm mg ss w/ indeterm bdng @ base & mud clasts

up o 2x1cm, upper pan is Jow angle bdag with pos plant
(weed) freg Scm feng.

™~ dsky gm - grsh gm hrd by @ base mod & very fis a1
.\-wp,unidem%ﬁed fossi at sop, fooks Fxe a sholl vith lots of

holasinf.

\ cg ss w/ 2bnt ghis, fow minor cmid bands
grshgm hed by sh highly mic

grsh g shly ss, epparent grading crs up, thin .5cm-2om
P 1 crs gr-peb bands not complele beds.few Emy blebs @ bot,
5 Fo= ‘\- upper 14cm highly cmid.

pyb mg ss w/ abat cmid arsr bands

1—  mixed drb-grsh gm hrd by sh w/ scal Emy blebs.

T Mainly mg a5 with scat minor cemid bands, soma grsh g
: sh lams in upper 27 cm

— The 10cm below the minor scour is 4om grsh g sh & vig
pybwellsor ss

—— p: grn hed by sh v/ scat sand grs and peb, mc p
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—{=— dskycrn hrd by sh

ss
pl o vig-stts, herz bdng, bk mdy disc lams near top.

— plgm shly mg ss v/ scat crs gr @ base, bdng indeterm

11— intbd - mixed fg-mg ss w/ drb & plgm sh, scat ers gr and
peb
T pybmg ss v/ trough bdng & scat anhy dasts 1x2cm,

— grshgm frd by sh, bwerconlact 45 deg >

—— pybmg ssfaintlow > bdng @ base w/ers gr & peb ,up
pant mas, well sort

— c¢g ss v/ a2bn! peb, trovgh bdng

“{=—— vig pyb-grsh gm ss v/ stacked 1cm cEmbing rip beds &
B norz beds, few burrows.

—— drb sh, med fis @ base and hrd bky @ top

{—— rd biky sh, one farge frac. centre Zcm fg ssihen Sem
g sh then drb sh. thin 4cm mg-Ig ss bed z2bove frac,

ceppsd by a plgm waxy sh
mg ss vgic in colour mainly pale g, pos faint iovs> bdng
mixd drb-grsh grn sh, abnt sks & microsks, hard fis

\ plyish bm mg-{g ss, fin up scat minor cemt patches, faint
o> bdng

TN
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7 :t abat sm Emy biebs bemg more dense to top wifin pl gm vig



Amoco Unit 286 Nipisi
2-23-79-8w5

GRAIN SIZE

Reproduced with permission of the copyright owner.

pebble
- granule
_C 3%
silt

vemfv

cobble

=
F
=N
=
=
=
-
-T
-

4
%
]
S
I
T
¥

—

—— dsky gmsh, shi fis, sky in

— gryshgrash, hard by, 3 Emy clasts icmx 12 cmin

cenler

—— dsky gm sofl fis sh
_— dsky gmvary sandy sh, sand grs are Ig, capped by a

_\-k:nmgssbﬁ
yshbm mg ss, med scat pebs. one peb bed w/ mud

clasts w/in the as gr ss. Int low > bdng through.

— grysh grn sndy sh grading from fg ss below, 2bnt my

biebs dense ip and sunmounded by bk sty.

—— dsky grn hasd {si sh,scal {-med gr @ base
T~ dxyishbrn ss fining up, ireg calcite cm'd patches @

based icp

— plyishbm ig SSJow <,2bdnt swel md ciets, 1 kepar

clst(5x10mm)

g — grysh grn pl ol drb mdy SS,bemg mdyr & finer tvds 109,

sm fmy tlebs
viHg SS, as below, sh fams
——rd mon B dole: od ad.. 1S Aladat cnnd msas tee [ P PO
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4

THAU Qi1 & USny U SUy O 8, AU DQIRI YD UL U, 111 207y <

Y
A

\ bdng
plyish bin-dib vig SS, thaly lamd wimica, low< -hznll
lams

Iy A AL A ! lm:ﬂm .U‘
o

\J
4

—1— plol & grysh g & drb sh, f-mg sdy SH, chumed
(slumped) @ basa

:\v pl ol vig SS, tharly hentl lam
* dibSH, hd, bny, mass

X

|
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Sheli et al Nipisi

4-24-72-8w5

GRAIN SIZE

venfv

ccbble

wJteyte)ieg

o

epe—rr

QNN

HRIHNOW O

—— dkgm-yry SH, hd, "y stis!

o g s W/ 2R scA oS g & pals
719 3, thnly lam, dev:atering struc

. bre m-cg ss, no apparer® grading on Irg scals,
. 1sm scals (1-3cm) fining up seqe

T dsky grn sh, soft & bXy - saghily {s}, abnt ig-med g1s scat
. pl yish brn med gr ss, sca1 cg's and pbi's.

—— bo! 10 cm of pbl layer s churned w/ a grysh gm sweling

clay
—\- plyish b mg ss, mainly low > bdng, scat pl grn mud lams
and pbl sized clasts.

vie ~rysh grn ss, Some lams showe lov: > bedng. contains
scat crs grs and Emy clasis which are surrounced by bk
-\ lams. Scat grs bemg more 2bat 21 base.

= high > bdng in grysholfg ss (7cm) (slump feaiure)
T~— only one 1cm sel of cumem .ipples, rough above and

mas below
TN- b SH, gm sh® top & bim1Gem, e Mty is, ccat
micro fract thru

%—— plyishbmig SS, thn p! gra md lams thru, grades into sh,

scat ars grns thru upper pant
-—— grysham SH sit, {sl, abnt ss lam
N\~ db sdy SHintb it v sft, fs) sh

&lams @ iop
— gryshgrn SH v sft, mod fs!
grysh grn ig SS, 2bnt mdy lam @ base decr 1o top w/icm

'\- shbd 16cm ir top
pl yish brn SS,variable gran sze-no grdg,
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—— plgmiySSs, thaly lam w/! pl gm md @ top, hzntl bdg, scat
med gms within 1cm aiong bdg planestim fool-Ck yish b
mg-{g SS, high angle mg bdng thru

— nhdplylshbmvi-mg SSw/dgm #D & ploive SLT

~——  d%rdsh o SH s}, micro-fract thr, dess clecks @ bzase

—— drbgrd in'o pl gmn mg SS,v pr sit,scal gms {-as ths, mdy
@top

T~ glgm SLTST hd.mass,sczt f-m gms thru,iop conlact

'\_sharp colour change but gracdztional arain sizae change

pigm Ig SSdsky rd @ top.svirl sgnces w/ mg 12gs’, mass

—— plgm SH, md hd, v{s!, scatgms
TN-  db SH, mod 5d. st scatgms @ top

—— dsky g1a SH, mod id, v 3], waxy b, some dsky id @
basa

—— 2.7 ol missing core i last 10.2" i core

—— plyisi, b SH e 3w/ &k gry shiscine intriamd grysh bm-
palo yish bm-2X rdsh brn &grysk: oSve shales @iop & base,
hznil-convoluvied

T bk SH, si1, v {5}, abat scales, tr armour
i yish bm anhy SH. psbl top Muskeg??

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Shell et al Nipisi

12-25-79-8w5
GRAIN SIZE
cctble F 2
petble =0
granule F 5
S
I
¥

— i=3%d gry sightly cale shi wf Sk ysh ben lamd vary cale sh

.\ Gy emdsh
ez ysh b lamd sh

—— gykmdsh
— grshgingry hrd by sh,

—~ blkhrd 5 sh py @ base,
—— dskygmshhrdbkynfis i,

mixed ¢ib dsky grn tud {15 sh, a8 broken vp i box,
dsky grn sh hrd by  fis ip,

a

— mslygrshgm sndy (ig) sh v/ scal paiches nearbz 20!
dib. cne 2cm upmg s5 bed approx 15om: from Sop, viy soft
=0 bim 12cm whese Sib exists.

—— {g-mg s5 mass - conv

\- w2bd - itlam {379 pd grn ss v/ grsh grn mud & bix specs
. vy disc,
sndy  and shly ip

— wtd - inilam fg-vig plgrn ss w/ grsh grn mud
™~ dyb mg s5 bow > bdng horz above muissing core
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—— grshgm mas sist w/ one Scm cendral area with 2bnt sand

—~— drkidshbm hud by sh, breccppearw/ grsh grn &2 base

—— grysh gm hrd bxy sh w/ sparse fish scales and bones,
scaipebagrs

= ™~ fg un2 v/ mosty horz lzamisina éyb <hly ss, scat mud

fams vp o 12 cm at base bul most are 1-2mm. mg ss ag.

fich bene found in muddiest und just 2bcva lzg.

—— From bhera 1o base cf core is sct pieces of ntble
: cavtion!
Upper & 35d sh is grsT: grn hrd by
SS splyshbmmg ssw/faint low > bdng.
-\_Ls*#ersh dsky rd hed by
crb-grysh gmn slty - §9 ss, ihin beds 1-8cm of changing

cEmbing 1, hovz, low >, capped by a massive sty - ig ss.
Base is @ g ss viah abnt mud clasts giving a brecd 2ppear.

— manly db vf scat erysh gm palches, brec appear &
base, distt zpprox honz lams seon by color changes, sady
P

- 2fnupssqw/mglegsupinogyshemsy

\- motted dib grysh g ity sh, long Ecm vent frac 2Gem
from top

— inthd mod ysh bin Ig 55 w/ dsky gm sh a2nd shiy snd. bds

-\ 12-2cm
upper med-cIs 6r ss, scal peb throu,cmid @ base and
paiches throy, faint low > bdng throu

\ mxed gryshgmanddibhrd & by, herz lemd ip

—— dsky gmvery fis med, becken up into Etls pieces
through sy

—— bXxshmodis!
™~ vgid sh lamd and conv
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—— bkmedls

—— {an hard anhy sh
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Shell et al Nipisi

10-27-79-8w3S

GPAIN SIZZE
cctble E P
petble 290
—————granule 3 3
S m— A
silt I
venfy T
l mz;l [ty ¥

SO0

— coreis mestly becken up depths may be out, not sure
whete missing core
kamd sncy shis pyb w/ bow > - horz béag, siy shic olqiy
fard by

—\— clory s%y sh, mass,

G

\J
A

Y W Y WY W ¥

............ =l— pybogss, wed amid throw, fow > throy, muddy lzns iabot
ha¥,

~|——  oryshgm sndy sh, scet Emy clast, lamdsnd 2 sh@ bt
vl iow >bcng.

—— Gydmg s, low arigle bédng tivough, bones, entd orse
bands

J——  shiy cg skl ssin lower ha'f of un w/ mud clasts 20cm,
fich bone, 2nd &y clasts, upper un? asady gryshgensh
vi] fevs 5031 Ty clasts,

™~ ) istb-intiand, i3 53 w/grysh gm sh, current 2nd ciinbing
.

tep of veg muddy ss, in upper 13 in contzins scat Emy
clasts {rmore dense fust 2bove the Ig un? and mote se2thn
upper pant of whole unit

—— pybTgss, bowangla béng

— pybss, fnup, scat shiams & thin 22m sh bds, very few
Emyciasisinupper 5 inof un,

~—— pybigss, trouzh ;n center, low-high angla @iop,
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~}
fud

—  pybmg ss, Gryshom ig, fnup, manly w 7ngl lam-horz
bdng

“1—  pib g ss hesz-dow angle bdng, muddy P, pos cut ip

—— Cihgryshgm sits, kow angle bdng, manly honz bdng,

vertfrec gm inside brn ot

~—— uriknown buow extending down from afemground, wfina
Crb sndy sh

4 N\ pybssicg. mucdy ip, ow ngle lams
TN cporyehomeh, sadyip, shvery

k -\- €55 {-mg 55 fin vp, manly bw angle bdng 0 lower heS,
AT AT v - -] mose mas fioward top

{9 ss. we3 sorizd, bdng hard to ceoen

b f“1——  dib sty shhed biky. upper Zomis pigm

vpper Bom s ig ss within Z2mm sud lams

11— plgm sy sh, fraciure
N\- tangry hed by sh
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Amoco Unit No. 121
4-28-79-8w5

-
»
-~
-
>
-
-
-
-~
3
a

<HIOON

— Ccrkyshbm mg ss. fam low angle becng, generaly mass
in eppear

—-—-b:-:ei:?edwﬂagem:dc%& {Ecoxécm) psdl fish bene, no
-, bcngvissible

olgry sh @ base with 2bnt fish plates hard 5], bomg
dusky grn hrd By 21 fop, with sks.

\ grshgmsnSysh
Pl o5l yish bra mg s, vith ireg cemid areas ,weld sonted

—— mixd & me! &rbgrsh gm med slisi shvery micip, grshem
@1top

—— plyish bm mg-fg ss, cnid @ base, wrough throu. fining up

= mﬁgﬁyﬂ&‘i --st!gr;.hgmsﬁ,seméshis
mod (g v/ sks

— crshomshly Ig s3, Iow > - rippled (could be just
énturbed), becming &b and shly toward top.

Crb-grsh grn soft fs1 sh very mic, sndy ip
mixed drb-greh grn sndy sh

shly pl gm g ss v/ scal pbl 2nd ors gins. broken upin
box. cmid

—

Ty

WY WY VPR Y WORN W

)‘\I}h‘ v
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“h

= plyishbm-diX yish brn umed-iors or ss. wel sorted w’
subroundad -mded gms. faint low > bdng @ mas in appsar,
tpper 7am is a ig lamd ss churned w! ss below

=——  drb med fis sh, abmt ks

T~ viglamd ss, plyish brngrshgm, manly horz lamd w/ o
rp 21 base @ mdeler rp i vpper 10 om (may be just
cesisrbed bdng., scat peb @gns i, very micaceous

\lhmzsghl.
©3 ss v/ ond pbls, faint high > bdng seen in few dsc
cemt hoz

P yish-Cik yich bm ss, cg-ig fining up. o3 ss conizns
(in sh bds 1om, mud clasts and scal peb), low > bdng
throu, ig ss s plgm @ mass
geiting muddier towards top, siks in upparmost shhyr nan

DRI

— &b sisy, grsh grn @ base, sndy ip shly p v/ sks, mot
¢ib grsh g @ 10p

“{—— plyshbm mg-ig ss w/ cg cmid bds, pos low > bedng, mud
) ciast (Sx2cm)
™~ sty shcrb @ base & gl ¢l near top, scal mucis frac

— dyb ors-mg ss v scat gl ol orid ireg palches, manly
mass, fair son

Tl mainly &b med {51 sh, broc in appeas, sk and mio sks
throu, some of the grsh gra sh is very waxy,

—— ntbddgm, dyishiun, bix shw/ db 2 base. horz lamd

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



176

through, scat brac in bk sh
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Hamilton Nipisi

2-29-79-8w5
GRAIN SIZE
cchble I 2
peoble =0
granule % g3
- - 1
sana S
—silt I
rclay ¥
................... 1 —— ssmg-ig, fin up, low angl bdng throu, fax scrt , bot 6cm
RSSO | cemented
RO |
ORI ) |
gETr (24 }—— gryshgr hdr by sh
------ 6
1
1)

~——— {g shiy ss v/ abnt scal crer gms throu, ss content
increases up, ower ha'l is grysh gm wah higher ch content
(&sweting clays), upper hal is more pl ylsh brn

— T
—— e —— ——— ——

- m oae e
M s s e ms e ae ae e w

s ww s ee ae me me e

E]— pldrkyish brn s, 3 fin up seq. cgrss ( low anglo bdng), {g

ss horz lamd viith pos cZmbing np

—— broken up pl gm hard by sh, sandy ip.
N\—  dsky g shiy fg ss, horz lamd, few 2x1cm calcde dasts,
mic

{g ss 15 pl - drk yish ben, its mdy ip makeng it i grn, mas in
appear but bdng hard to diccern, appears o crsn up 1o cg
ss viih low > bdng

€15 Gr 55 vi/ mainly low > bdng, athin Som fg unt & Scm of
crs gr 2bova that shows high > bdng, upper pantof crs gr
uni s horz bdd

=1-——  mixed dsky 1d- grysh grn sh, mic p, sndy p, upper 6cm 15
grysh gin.

intbd pl ysh bn ig ss w/ pl grn med sl sh, ss 15 horz famd
v
occas vir escape struc

mo!l drb-dksy id sofl-med fis sh.
met dsky rd and dzky grn sh, v it and fi5 throu, becmg

_\_ more sndy up
drb horz lamd stist, scour s by more sitsl, ccat gl grn
areas throu
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SIks =] [g —— Csky «d hrd biky sh, scal mic bds, 2 skks in upper 20 cm
14
40

- - ———
e ————

—— plgm hed wxy sh

e8007-- 7 il BTN dyb ers gr ss. bdng hard to discern, one peb horizon Scm
----- thk10cm from top
OO
el 16
-------------------- =i
Sl s ST |—— mot dsky rd-grysh grn sh med-hrd by, scat sks
T
Tty iy
-P“M‘. . _ .
j-———————1 4 |—— dsky g hsd bky sh slightly isl
oo g2l |— olgyhdbkysh
5]
0]
5]

— gryshrd sTy - sndy sh w/ abnt pl grn branching root Exe
struc

—{— mainly mg ss with rapid changes in sed siree, main units
from base up are high angle bdg , horz, fow angle v/ mud
clasts, faint low > - mas

deky rd very sl sh al base bemg dib up. top 6cm is grysh
grn hed By

¥-1—— plolmg ss w/ 2bnt Ig parts, many stacked beds vith horz
J -\_bases& no inlemal bedding visible

dusky rd med fsl sh, brecin appear ip, sndy ip, and plgm
ip, some fong 15cm irac {(some are pl gm inside others drb
insice). upper 12cm is grysh grn hrd wxy sh in contact v/ ss
above

—— drb hrd biky sh, few pl gra 7oot Eke struc near top

— dsky rd slt fis sh, cbnt mic-osks, 3 limy blebs near base

—— imb plgm & drb sndv sh, sh is soft fis & mic, few scat

Emy blebs
= \

mainly mg dyb ss w/faint low > bdng, mass appear ip
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— dybmanly mg ss w/ high > béng some sma'er bds 2-5cm
of fg mass

{— 4o mindr scours below here w! ors gr lag, emtd @ bot w/
high > béng

™~ P gm hid by sh, scat ssgins
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Cairn et al Nipisi

2-5-80-7w5

-

GRAIN SIZE

ccbble
pebble
granule
sand

ilt
vemfy S

I e

]ttty

rFENCH

V)

|

~——  bin sh, bemg gin towards base, v by, becomes fsl at
base

1cm mg sand wih micro mud drapes

gry Ig sand with gm sh lam, med angle x-6d

{g sand floating in a malirx of soft, fnable grn ch
tan-gry sandstone, fining up

very coarse bed {Scm) vesy feldspathic

S

coarser bands appear o be fining up

med g sh, hd, thnhz bdng

thn (2cm) sand bed, med grnd, with scattered course
grains

red shale, hd at fop bemg sft & friabla at base, v thn lamd

/

k]
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——  1ed shale wth 2bnt tan mud lam, fam are very conlorted,
1 abnt shckensides

—— mad gm, v soft, occ slickensidss

—— darkgm, friabls, zbundant Engula

™~ dsky grn sh, sitly lam (5-2cm) throughout
abundant ingula brachs, possible planciies

—|— pl grn cg sand grains in a sty matnx,

4-5 coarsening upweard sequences (3-8 cm) thick,
thickening uvpward

—\ floating red clay ciasts below conlact
-'i\- dib very fel shle

s grains in precominately shale matirix moited

appearance
farge mud cles. {(Ecm x 10cm)
microfauiting ,and mud cracks infiled parialy w/ caldite
dark brown shale

—— ccattered fish scales and armour fragments

e 13 " dust
”/ 7, g Contact w/top of Muskeg
/ 0]

5]

(51

6

S5
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Amoco Unit 378 Nipisi
2-6-806-7w5

Ity

rémtn oo

——  dsky gm sh, med hd, fs! in pant,few scat fish scales,
anhy dasts {2x1cm) scattered from 1659.7-1655m

= bXsh icmthick
%\ mg ss bed (3cm), K gry, upper cm coarsar(not

‘\_g:ada:i}nai)
\ scanered Engula, 2nd fish armour fragments

c¢xgn shv fissie

grysh gm reddich towards base, v sand.arpTlaceous,
scad coarse grains, mincr sickensdes

ft g1y 1o bl mg ss, scat peb (1om), high <bdng

1— med grn, st fiss3e shale interbeddad w/ vi il Gty <, scal
crs grains

“}——  (1-2cm) sand bed. few scattered dasts (lcm)quz &

K
\ bunrow {Ecm) infiled vith sand as 2bova
v thinly (mm) laminated sand’shale
™~ red shale massive,td

abundant stickensides 1705.7 - 1705.2

1 gt sh, by, rubbled,mmnor slickensides

——— dibsh w/ some gra moitling p.hd,massve

—— ginsh, sfi,v fissfe scattered fish scales

s
o o o o u--—ls:
L F-;;;;;;:% —— & gmwi dispersed red meiiing
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red shale,med kd fissile,montled win gra sh in part
4 g vi ss,scid fine grains Yioating' in mainx, ig g
med grn sh, fissile sit

greenish shaly fine sand v/ coarsas sand lenses.2xicm
calcite ciast

purple shale, 2bdnt slickensides,bd

Ecm zone of interbedded fine/medum gmd, red andgm
sand

reddish grn,vi sand, 1 mud clast (2x3cm)
gm sh, soft, fissZe w/ bik sh intbds
tan mudsione

== (/| |

massive & grn sh v/ occred iam
inerbecded grysh gm (cm) & red {mm) sha’e
¢x brn,hd, sSghtly le—inated, top Scm Rbm, sl sty

U

16

1] bk.softfissile

5
1 brn masswe sh, sl sy, 1 k-feld clast (2cm)
ifén {2cm) 1ed shzle 2bove contatt

) nl it Mk St el |
[V WK T W T W 1

OV

ON

L

183
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Uno-Tex SOBC Nipisi

12-6-80-7w5
GRAIN S8Iz=2
cceble T2
rexble = ¢
=e—granvle 3 G
{————sand S
ooty silt s ;;;
b 4ra-d T a2
i e 3 Y
po 5]
javavr—
Saplgdp L lylolylyl BN
r-::-:—:_:-:-:-:—: ) contact mkd by sh bemg laminated wih tanbm shales
y \— dusky gm sh,hd massive st isi @ top

—— gryshginshsiLy 3!

—— dusky gm sh.hd,massve,sl ! @ top

B pale yish bm sand, veg@base.fining up o mg, bdg &f to
- discern bust ranges from hzil 1o high angle, some x-bdg @
base

—— oc={eldepar and Giz grains up to Tcm in €i2m to base

T grysh gra, v s, fissZe

grysh bea 35,fg,mass, possbie low > bdng, pr sit @base
gdenDiop

lam SH, b% @ base bemg grysh gin @ top, hd @hase
bomg sft and {sK@ top

\wl S5.grysh o5ve,cg.po0r sii, ss bems less abnd! twds top
dx ylsh bin, mg, masswe

] i grysh olfg ss w/mnr 2cm scid fining up brnsh ove

» a
»
)
.
.
.
.
.
.
.
.
\J
A

[YE W WO ¥
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ksquances
\ brash gry ss.fg.g si.massive

grysh cive.hd, massive biky sh
dusky rd sh,hd bxy sl fissle ip
grysh ove sh, hd, sl fissile, mnr slickensides

dusky red, hd by, massive

grysh olive, md hd fissZe, slickensides

grysh o%ve speckled w/ ¢k rdsh b, hd,mod fsl, scat fish
cive giy sist,

grysh clive spockled v/ ¢k rdsh brn, Rd sl fissie

dx grysh olive si1, v fisstie scattered fish remains

grysh gm, lam v/ grysh cve ig s5.psit some bands ol
mg ss beds are planar @ iop.sl convolrle @ base. 2bX

fams{1-5mm) altcp
ol gry v/ dib, bemg ol twds top, kd biky., slis!
dusky 1d,hd by sl fissZe

grysh gm sh,hd blky, <! fslscid feld gms (up to 4mm)
grysh o%ve ss, ig ,vpsit sl coavolute bdg at top
pale ol ss v/ 2bdnt k-spar,mg vpsil, high > x-bd 21 base

grysh cZve sh, hd,sifiss3e
dusky rd sh, md hd, sl fissile, mnr shckensides
tan skst w/ thn (2mm) gm laminze

désky 1d sh,inirbd w/ ccc dx grysh ol 3k benshrd shv
sftis), mnr skks

&k yish brn mud{3-7cm),¢k grysh cZve sh {1cm),hd
thin{.5cm) grysh olive sft shbed at top

vgid grysh bin,pale yish brn,dx rdsh brn2grysh ol shging

T T

=

"

Cxr tvads base
¢k bk sh, hd by , v Is] 2t base bemg more by 21 top,
fish r~nains
pale vish bm sh,hd by, thin(1cm) grysh oZve st sh bed
Top Muskeg Arhydrte
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dno-tex Nipisi
12-18-80-7w5

GRAIN SIZZ=

w]teginy ey

|remitnOo

—— drk b horz lams anhy

T

H |— gbxslisish,

L 1 |—— so%d piece psdl anhy sh, deky gm-gry-bm, very hrd

[s] |—— grysh g - gry by - slislip sh, fish scales and plates
o3 assoc vl {sish

L5

LD

15

od

[ 1 |—— arysh-plgm sit very fsl shwi/ abnt scales and plates
] N fin vp seq, basal 3 ft ha¥ mg half og ss, crsrgr bds omid,
1 abnt scat peb,mid mg ss has less crsr bands and peb
™ {trough throu these two zones) thin p! grn sh 2cm before
2 upper fg un, low angle bdng, shly i, upper 25cm mibd
:g: f-cg dsky grn sncy shss Sem v/

] 13

[ ] P45

[ cp67

13 P29

7 cp 10-11

intbd ss sh, ss bds decr in thickness and gs up,
basem-cg, i5 @ top, fish plates and scales found in center
of und, shis gryshgramed fis

grysh gm hrd blky sh, broke up 5o contact w/ iovier 6o ?
dsky 1d hrd bly sh f=l cn udges, scat grysh grn paiches

[ &
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—— core brcken up, mod hid biky {51 on ecges, a2bsorbs vitr
fact, decr amis of grysh gm up, mainiy éro

—— dibvery Cense wreg wormy mod hed by sh, wormy text
produced
by gryshgm
N intbd ss-sh, ssis m>nY fg but few scat mg-peb, shis
dsxy grn sfi-hed, bds ard not always continvous but 2pprox
\rmz.bdng scale of .2-2cm
gry hrd biky sh, fsl on ecges, scat drb paiches.

—— ireg pa'ched mixed drb-pl am sady sh @ base, sity sh
mid, sndy sh @ top, upper 20cm s mainiy b & brec,

o)

—— mgssmainly trough, w/ few sh intbds @ base
bx 12¢cp12-i3bx123 o 14,15

[V YO W Y O OO 1

-:5;- vgy anhy sh, mosty grysh gmn-ciy w/ scal drb, ye), and
a tan adyy
5]

] |— scidtan anhy

oot

TR rTTTTTTY T Ot
FYRN W WK WA WO W

R

e
LT Y RN T 1
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HBBA Nipisi

10-19-80-7w5
GRAIN SIZ=
cckble D
i petble E O
—————=—granule % o
=
veofv silc 7
clay 5 &
i = 2y
277777731 |—— drxbmborz lamd anh sh, cake
ot ttokwkvle ]
E:::.::.—::.:: ] N drk grn brn gry, hrd by sh w! scat smal cm anhy zones.
pro
s g
E_:_:.:_:_:_:_:_;: 1 |—— dsky g mod bxy sh, always md fis - soft around scale

ar1eas

-— glshghily grysh gin massive sly sh-siisione

Tl——  d#hicutt 1o make out bdng, pos trough, definate fin up or
' decin am! of pb's up, cmd corss bads throy

j—— eaxtrem var in gs, psb! trucgh bdng but more Ixely
convoluted, scat pbis throu, abni plales @ base of cg s

- ]——  intbd 55w/ sndy sh@base and ss v/ sftIsish@
top,grad contact from below, lower ss bds are mg poor
= sored up to Ecmthick, upper ssis fg well sorted Lp tc 7cm
thick, 2bnt fish plates wiin lower mg ss. bdng s herz-wavy
through, (12cm basse of ss above is same as this upper g
ss and contains sm .5cm mud dlasts, is low ang'e bdd)

grysh gm med-hird bizy sh sl on edgas, abri plates @
base,

mg ss trough throu w/ 2bnt sh lams & bds, cmid throu

mainly med -sft by sh fslip, scat grn worm patches decr
up, upper 15cm is pl grn hed Biky

"
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—— med - sft bXy sh, finly mixed drb-grysh gm eh, sxs &
microslks, very irreg wavy circular texture in center of unit

«|—— grysh g-n sft {sl sh w/ scat dib paichis, abnt scaies at
basal contadi, hrdr in sndy past w/ 2bm sls and microskks
above sndy parnt

T~ gy hrd by sh w/ strange small scale viormy drb feztures

-\-thrcu
brec d;b hid blky sh, basal 12cm is grysh grn - pl g,

™ finup seq, mg-ig ss, psbl trough or convoluted bdng
5 throu, gradational contact v/ 2bove grysh gm sh

“|—— wvarying sh, bat 20cm very fis abnt sks and microsks,
€cm mixed pl gra sft sh v/ tan anhy, upper 37c mainly dib
hrd by sh v/ ca2 thin 1cm tan anhy bd, vgid w/pigm
upper 15cm, and S5cm only p! gm med hrd by sh 2t vpper

—— bk {sish bot, dik gra vif anhy ciasts @ top hrd by

7777, _5: ~—— tan anhy sh (@ base pure 2ni.y gry @top
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Hamilton Uno-Tex E Utik
10-1-80-8w5

GRAIN SIZE

f ccbble E ‘.‘3
!——-——Debble =
—granule T 3-
—sand s
—t silt I
vemfv T
cl L
e ¥

——  dk ylsh brn sitst, similar to siist below
N\_  dusky gm 1o med gry ip SH. hd Jamiinated v fs! 8slfslip

—— current ripples over 30cm,lt gry vi ss interbeds (2mm)

—— four distinct layers sep by thin (.5-1cm) bk sh; 1{€cm) mg
SS{5cm),occ fitg pbis.grysh gra sh-slt(Smm),chumed;
2(2cm}vig planar lam SS; 3{4cm) mg SS cumrent

} -\sipp:es;f,(zm)sg chiming rples capped by mg hznt lam

.:' Z grysh oin hd @base bemg v $it @ top, scat s gms,
<=y =R slks

= ¢k ylsh bin SS,high ang'a @ base bemg massive twds

top

grysh grn,dusky rd SH.v stt, fslslickensides

dx yish brn SS, two fining up squences, high angla bdg in
cg bemg massive in fg ss, upper sequence grades into gin
mud

dx ylsh br ss,fg @ base.mg @center,jaint high angle
bdg ,mdy @ top 2core box may be cut of Grder

——  dusky grn bang grysh gra @top,hd st sl

~——  dusky rd SH.hd,mod fsl ip,s! shy ip

——  dusky grn SH,hd sl Isl,scird fish ccaies

~——  intbd dusky rd & grysh grn SH,v it,v fst sh,tr stks,abnt
fish frags

—— b SS.{g.r current ripples @ base,paraliel lams center,
Sem distbd zone wi/ red sh &anhydrite clasts 20cm down,

ocmeanictlodom ta daem
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paIaNe UUIY w tup

iT™— dusky rd SH, hd,s! fsl bemg v fsl @base, grash @ base,
shy @ top

—— dkylshbrmolive ip SS,cg
intbd grysh grn & dk rdsh bm SH w/ dk yish b mg SS,

e ---"- < [ —— grysh brn ss,vig,v well sit,bcmg sl shly @ top; climbing
OO ripples @ top; intbds of nea, planar beds and current
ripples vifsl finer dk yish brn ss in the center; stacked sels
of cumrent ripples bottom 40cm

N dk ylsh brn ss, c-mg vp stt, med-high angle bdg,fining up
=~ dkrdshbin,and grysh grn sh

———  dx ylsh bra ss,fg, thin (<.5cm)grysh gm sh lam,massive
wis| convolute bdg

grysh grn sh,hd.fsl{€cm)
dk ylsh bra ig ss churned w/grysh gm sh
‘\ intbd drk 7dsh brn,dusky grn.grysh ofive shales,v fsl to

sl{si @ top tr ingula
it ofive gry mdst intrbdd w/blk sh

intrlamd grysh bm,pale yish bm.drb &grysh ofive shales

dusky gm sh, sl sftfisl

. it ofve gry mdst lamd v/ dk gry sh @ topabase, mdst

appears ‘clast-fike' in center,possitle fluid escape

features?
7cm bk sh @ base
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Amoco Unit 320 WIW Nipisi
12-1-80-8w5

GRAIN SIZE

cobble

| OO

— grysh gm SH,hd bky, sit sl @ oim Scm

mod bm my SS, pl ol @ cntlr, scat qtz & k-spar pbis,
sft g mud clasts @ top

5. % intrbd st t grysh gr SH wilp! ofive {g SS.psbl ripples

nt:bd dusky grn dusiky red SH.v sft, v {s!

mod brn & pl ofive SS, colour varias throsghout due 1o il
stain, current ripples: abndt mud clasis & lam @ iop
10cm,dewalering?

F——  mudzlast at base 5x5cm?, scattered smaller (Smm)
above

intbd fg pl yish bin SS w! dusky grn SH, bdg is contosted
psbl zpples

dusky gm SH,v sft.v {sl,micaceous,few sctd crs gras
%z v muddy SS, grysh grn & dk yish brn,

pl ylsh brn & pl ofive SS, cg 55 is pl ylsh brn & has high
ang'a bdg, fg ss is mass v/ abdni {lig crs grains in matrix @
basz and top

dusky grn SH,mod id by, st sl
dk rdsh brn, dusky rd grdg SH, hd blky, cntr mod isl

—— mixed dk rdsh brn & dusky gra SH, few small sis,hd
blky, <l fstip few fish remains @ top : bim 10cm has scird 1
cm ss lam, psbl fish bones

™= mod yish ben SS intbd v/ sh as below, v well cmitd, psbl
frag bone

% grysh b sap SS, cg, current ripples(irough x bdg?)

-\ grysh grn sh, hd biky, massive

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



193

- ¢k rdsh b SH, hd bxy,massive, mod sl bim 40cm

mixed grysh grn & dusky rd shales,v hd bliy

—— modbrn S&P mg SS units 2-4cm thk,sep by dkr mud lams
Smm thek, (Sxicm)anhy clast, top Scm is crsr and gmsh
{out of place?)

plylsh ben {g SS.s! chumed wih gmsh mud,more mud
tvids iop.crs gms @ base ’

mixed grysh gm & dusky ¢d shales, v sft & fs1 @ base,

pl yish brn w/ dusky gm lams,’dasi-ike’ appearance ?;
top 14cm {1-2cm) bk sh lam;

bim 40cmintrbd dusky grn, drk rdsh brn, pl yish bm
shales,sl convoluted bdg top to parallel @ base

- o -
e s 8 & o

> = 2 »
S S S G S St Sui S S S

—— bX-vdkbmSHy{s|, hrd bky i

—— 120 SLiST(mud??anhy?7 ), mzssive.v well cemenizd, 1
gry anhy bed (1-2cm), 30cm fr base v/ 2bdnt medium anhy
grns floating m matrix dersg upwards for 30cm

——  Top Muskeg Anhydrite - contact scoured vif anhy clasts
@ base of siist

omo

%
45

ot hnd

bt 2nn ga |
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Amoco NGU Unit 293 Nipisi

10-2-80-8w5
GRAIN SIZE
cobble I P
pebble 3 %
granule 7 o
sand S
silt %
il e ¥
ﬁ:"“::"—::: [ ——  dusky grn SH,hd by - v sifs), fish remans @ base
E=aon]
e —— dkylsh brncg, p st SS, pbis @ base, cmid crsr grain
=T bands, low ang'e & planar (rough x-siratified?)

.............
-------------

-------------
.............
............
-------------

-------------
.............
------------

-----------
-------------
.............
-------------

------------
.............
-------------
-------------
------------
-------------

ODQO" * ¢ b s -
o o s el wul and oud el b el Y e o8~

11— p' ofive SS,cg v/ abnt phis{qizék-spas mar caicite), intbd
vir dsky gin SH, Sem @ center,rmdr <icm thk, lows angie
bdng

dk yish brn m - g SS., c1s gms&pbis sctzd throut mg,
planar & ow angle bdg throu

—— dusky grn SH, biky massive

dusky rd SH, hd, sl {slip, grnsh twds base,small siks @
base

—— mixed grysh grn to dusky 1d SH w/ p! ol fg SS, SS bemg
more abdnt & inibd twds top,~ paraliel lams,sh bemg dk gry

_ @wp
-_—__-_-.- ._:__-;'_”5 ——— dk gry SH.mod hd,v fs], armour/scales/ieeth?, small sks
S eded = 1. J— intbd v pr sriipbis-fg) SS {1-2cm thk) v/ grysh gra SH;
Tt LA hzntl lam, abnt psb! bones
e dk ylsh brn SS,cy-mg.fining up,v cs @ baselow > planar
T Y e "o ol sl el on o w2 o O L] _\ bdng
‘ ....................... . =3
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% - dkyish brn mg SS.fining up.crs gmd lenses {1cm) every
= (3-5cm), top 10cm disturbed wi/ sh clasts

™~ grysh gm & dsky rd SLTST,hd,mass, Scm mg SSas
below 15cm frtop.

4

— gryshgm&duskyrdSH,vhd, mass, p s1t SS zone (5cm

1hk),
-\- dusky rd SH, hd mass, v/ {ev/ scird gm sh bands

——  dusky gm SH, sl fsi,mar sickensides, grds into a reddish
bmsh

pl oive SS,, upper portion has several minor scours vl
mg-g, fining up sqncs,sep by 1mm mud,

gk yish bm, mainly cg SS, generally fining up (v prsnig)

—— cg SSw! as &fg lenses (2-5cm), faint current ripples

—— mmxed grysh gm & dusky rd shales,mod hd, slfsl

—— plyishbmmdy SH (1-2cm) v/ b shiam(i-2mm);
{enlire box was rubble)
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Amocco Unit 264 Nipisi
12-2-806-8w5

-
-
-
»
At
-
~
1
-

b4
0
R
(o)
S
X
Fy
¥

dusky gm-b% SHy hd by

J——  dkyichbm cg SS, mass bemg v mdy @ top witlig ve
grns,hzntl bdg?

— duskygm mdy SH, mod hd by, crs gms @ base,

=l dusky grn SH,mod hd o%ky, mass, lower contact has
- some cg S inlbds
= \ plyish bm Ig-mg 5S.coarsening up?.mod angle x-bdg.
pois @ top
inibd ssfsh as above (possibly misplaced core)
pl vish bm fg-mg SS, coarsening up, mod angle x-bdg
dusky grn SH, hd blocky
dusky rd SH hd blocky

e e e s a— a os -

CCozeesee
T

S5 25 below,inbd v/ grn mud & bl sh, planar sub-paraliel
lams, fish fossil frag, grdg into grysh grn sh at top 20cm

625 g yish brnfg SS,swelling clay clastsf2cm).Jow angle
psbi (trough?) few intbds of dusky grn & dusky rd SHsfiv
{s], sm slicks

dk vish brn SS,c3-mg changing rapidly above 1710.8m,
exirmly
pity sid throughout!!, small current ripples @ 1710.9
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dx yish brn ss, cg, plis @ base.y prly snd, (crumbles @
touch)

N\ ploiva SLTST.vwel cmid,nd.s¥ size gz gms in a gmsh
clay matrix,faw mecium grns in 2-4cm Zones,masswve v/
fzint planar paralel bdg, sweling clays below sbova
contact

TN-  dusky 1d SH,bd by mod fsl, mar sfickesisides

——  dusky gm SH,mod hd by .7 slis!

—— ploive SS,w/ dusky rd bands.extremely pily srid, mainly
mg v/ ig (1cm) bands scird thru,numercus sats of stacked
sm current fipples @ base berng mettled @ iop.éem cg ss
w! scoured base 1Ccm friop

-\kr éuﬁngmSH,modhdb’éty.s!fs!.sms&k&-aside
moitied & banded gryshi ol & dsky 7d SS, mq wiicrsr gmns
ficating in v shly malrix, scird 1cm caicie blebs throughout
\- gio!&gr,'shol&éérﬂdss.SLTST.Sﬂ:fgs@basa
intbd wi/ sh; grég 1o sy sh@1op

— dusézyrdaduskygmsumodbdbkj.s!isﬁp.gm@

R arrr i top
Z=mBOTEA { ] N\ gan SHimud?) 1amd vt ik shiop 100m 2Tbk & dsky g
sh, (oones)
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Amoco Unit No. 123
12-3-80-8w5

ccbble EP
pebble £9
granule 7 g
sand S
i I
T

Y

——  dusky gm SH,hd by

—— plyishbmmg SS, gin mud lams, psbl conent rpples,
-\-m%?iams@%c?
SH,as abova w! 1mm organic layer & scal fish {rags

N_ piyish bm SS.cmg.y fnt bg hznthow <b sh bedizem)
10cmiricp

TN\ cxyish ben SHw/ bk @ top & base kd by

—— plyish b SS.vc-mg, paralel mud kem i bower mg sodk,
{tg pb's thru (mainly 2bove scour & top), hzml beg thr

—~— gryshgm-med gry SH.hd, by boms mdy @ top

= ——  plyish br-grysh cfve SS.fining vp.cgdg.int Iow < x-bds
thru,
sm swel md clasts 30cm ir iop, ig 55 dasts @1705.45

—— plyishbm-grysh ofve SS .2 fining vp sgns.cg-igbemg v
: mdy twds top, fnd low < planar & low < x-bds.near hzei @
top

*}—— grysh om SH.{g ss lenses incr 1o top, hd, mor slgks
T~~~ mxed dgm &d1d, 2bdat Ig siickensides hd, bixy, scat
c1s gras

™~ mod ylshbm SS, cig, 2mnr scours @ top, b slich
(2cm}@1702.9,

{ew scat calc blebs

~—— plyshbm-oiveigmg SSw/tX & gmmudlem

—— plyishien SS, c-fg wi oid bds (mm-om) wisea1 pis,
trouch x-bdo Siow < bdo. abdnt ars cins i@ 100
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ﬁf&am;ngss,wﬁewasgmbés.ssa:béswe!md

st vintbw <& x-bdg

“{—— SHasbelowbutsir
X ¢l yish bm mg SS,w/iew crs gm bds, scat bds swelmd

cist,
= \_vi:ﬂba<&x—bég
18 \ d g & d rd SH,mod bd fsimar siicks

L oiyishbm SS, ors{g, it hzrtHow-hish <bég.x-bdg ip,
b% mud iaminfg ss.scal polg mud dast

% Grysh gin sh, 2bnt scal ors gms, hd Bky

grysh b vig-s¥y SS widd wommy appear decr vp bom
cryshgm @ iop

grysh ol s¥y & dsky 1d i SS, wspy planar cm mud lam,
vi/ thn mg hzntl bds, Cewir sir

— Csky I SH, b, by

—— gryshol sty SS, wspy planar gm mud lam scatcalc
ciasis & crs gms

T~—  dsky rd shmot w/d gm, hd by slis], scatrs gms

v5i grysh ofve & dsky rd SS.2 fning vp sanescat By
clasts

i dsky 2 & dsky gini sh, mod hd By, stislip

motiad deky red & plciSS, fining up, thaly lam planar
i3 @ basaScm x-bXg @ 1719m, mass @ «0p

199
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Amoco NGU Unit 294

2-11-80 -8wb
GRAIN SIZE

ccoble r2
pebbie Z g

grfémle T O

'——saz S
vc:va—Silt é

: 2 3
i Ce¥ ¥

_____ — 32§ |—— owegymdl

plyishbm {- cg SS w/ Grysh grn mud, bemg méyr tvads
4£0cm

[ W WO WO TR W Poueedl )

"l"

noon

L)
A

—— plyshbmn SS,mgbetf & ors bads thy, 4 mam unis sep
by minor scours high < bdg, gm-bk mud iam @ base

“|— gryshgm sdy SH, scal grs are f-crs soma (3-6cm)

bnds,scat calc clasls

—— plyish bm $S.as g.vp srid.curr rp encased i hzntl
lams,
1C cm zone of grysh g md wih abnt vig-pbls

p! ciiva S5,grn md flasers, curr rp o hzatltop
plgrn sty SH.hd bky,
drd SHhd mod <],

grysh grn SH,hd sl fsl scales

—— -plgm g sdy SH hznil lam,mg-crs ss @ top,bones
-¢x rdsh b fg sdy SH,2bénl g md drapes (1mm),bones

——  d gm SH,hd,wxy,micro-slick, scales,not caic”

LN B

—  miriam fg ss.mdy sh,cbl zone @ base

N ol yish b 3S,mg.scat bds ers g,scal pbl thru,mass-4nt

—  drbmdst, plgrm st lam bd,bky,curr 1p ©based30em fr
1Gp,
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d rd SH-p gm SHP base,gm lam.psb! burrows

f-cgpiyish b SS, inlembds
¢l gm SLST,mass,scat ig sand
&« 1dsh b sh - grysh gm @ base.hd bly,2bnt vert fract

(/]

=S plykh bm SS.mg w! ors bads @ base,overai fining
: vp,med-hich< & x-bd,gmsh mdy lams @1713.7

j—— mixed grsh g & dsky rd SH,mod by fsl Avay p
Sparse mio-sicks

\ plylshbn méstwdgmabklams

bim 50 cov insh dsky gm.¢k résn bm), &pl yish bm SH

——  b-X b S hdvis]
T~ TopMuskeg

NN
A
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Amoco Unit 296 Nipisi
2-14-80-8w5 note: 1.5m lost care??

20z

GRAIN SIZE
! ccbble

k-
pebble =
ot =

T

OO

-------
..........

) — — ——
........
------------
-----------
-------
-------

........
------------

-----------
-----------

------------
-----------

-------------
-----------

--------
---------

............
------------

----------

-------
------
------
-----
------
---------
------------
-----------
------------
------------
------------
-----------
.......
-------

s s . o> S
> - —— — o o —
- > aun w w— a w—t

veg plylsh b SS
2|7 modyishbm fg, paraZel lams
gryshgm SH, hd by
ploZva - pl yish bm SS overad fining up w/ vasiety of grain
size thru, disc hzntl lam to mass

——  mgss,crs & 73 bds thru,cors is wi omid high < psbl trough

" ——— gryshgm SH, hd, by
—— % rdsh brn SH.ad,slfs! to blky @ 10p

——  dsky gin SH,mod hd.fs few scat Engula

—j—— plylshbmapioivels SS w/dsky gm laminae fish bones;
b% SH, sit, fsl, zbdnt scales; dsky gra & dsky 1d SH wiSem
nttd mg SS @ base & S5em Ig nirbd SS @ topbones @
toplg sfck

plyish brn 5SS c1s up{but not evenly gradllow -higlic
planar bd, scat gm clay clasts thru top /4 Sirr bix md
clasts & lam,sc ptd

1 | > gryshgm SH.hd by
dsky rd SHhd by fews ig sSek

{—~ plgm & dsky rd SLTY SHhd (5! @ cntr & 10cm {m-crs 5
ss nirbds, mass @ basg,hznt! @ top
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=} —— ik yish brn mg SS,1mnr scour @ t0p

—— pale gm SLTST,massive,fg med gms @ base

dsky rd SH,16cm dsky g @ base,hd,mod fs! few scat
sm shicks

——  plyishbm SH wibk-dsky grn hzatlvivy &wspy lam,mar
sk @ iop

'\Il

— iopmuskeg

A 3 Iu\mlmlu‘ 1

L]
4.1

N\
ouunn

™ i g
[l VIR ONE YR WU WO T |

‘uonn
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Pacific Nipisi

10-16-80-8w5
GRAIN SIZE
£ P
20
ER
- TO
——sand S
—r—sil I
il ey 2y
=1 _g:—’ —— mod hrd part {sl sh, becmg hrd by and gry to top
Ty S
j::.:.: .............. .-+ myg ss v psb! rough bdng hard to see, crsrcmtd bds
................... SRS
_______ 1 1¥|—— grysh am sndy sh, decr in sndy up, mod scal limy clasts
| e @ bot ha¥ of unit
o]
A arar e O
' g8
[ 7 1-}— intbdfgss high>bdd ssw/ sit fsl sndy sh containing
__Isite arno] 1 limy clasts, upper half grysh grn, lower hall mixed grysh g
Lo 1:_'_'_:_'_'__‘_'_“ B dusky rd. sks and microsts throu (looks Eke dint or soil Ip)
==
%lk's'-'_ s
MRCT € e 53
———— 15,
%:—:—:—:—:—:—:-:— =

-------------
------------
------------
-----------

—— intb ss W/ sh, sh is grysh gin, mod hrd bky, mod fis - bxy
and caps fin up seq., ss is very variable but grneraily prly
std, bdng hard to meke out.

-----------

mg ss contzins abnt scal cg-peb clasts, trough @ base

mainly fg ss v/ iov-high > bdng, fair -well sorted throu
except basal 20cm, shickest fg weli sorted seen yel

“|——  mixed grysh grn drb sh, grn at sand contacts and mostly
drb in mid, abnt large fish plates in cater of uni, bot hrd blky
, top =oft fsl w/ slks

mn cc wl fow rrar cmtd hande lahinh < M haco mird

or § ema—
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sersy W 40 saron wewe wesveas areacsmery s es Ssegyes s TS eoSe cosoms

trough, and upper fg planar horz bds

—— g ss w/ st cmtd bands, abnt scat peb, trough throu

_\_ strange sharp contact for such a cg ss overlying sh

fin up seq, base {g 5s low > bdng, mid grysh grn shly ss,
upper sh is grysh grn @ both snd contacts and Ecm drb in
mid

1 -\- {in up seq. base Scm cmtd cg ss, Scm grysh g hrd by
B sn.{g ss horz bdng, vpper mixed grysh grn drb shly ss vith
few scat limy clasts

A— mixed drb-pl g sh, pl gin @ base and top 8cm mid part
colour almost wormy in appear, mostly hrd by, med bky
vil slks @ top

[ 1 |—— grysh gm very sady sh, sim to beiow except more sh,
some dewat strucé irreg drb patches

\- mixed pl grn ,grysh grn,drb 1g shly ss-sitst, horz bdng,
conv ip when shly

vgid pl grn tan and thin dsky «d anhy sh, mostly tan

V '.;; z

- . o = o - o ]
P N e o

uNoOY,

—— b mod {s! sh psblbrac

%

LML AP I B Bnd lend Mk Mt |
3 [V W )

Swan,
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Mobil NW Nipisi

12-18-80-8w5

Ittty

f—— mg ss w/ abnt crsr grs, bdng hard 1o see, mainly trough,

grns subrounded & fair sorted parts

up- pl g hid biky sh, mid- mod hid by shw/sks &
microsks, bot- pl grn mod hrd bly - fis ip sh v/ minor
microslks

---------

----------

cmtd mg ss wreg bdng, scoured base, pebble zone3em @

-\-top but fins up
mixed dib-grysh gin med biky sh, mostly drb, sky
througk, thin 8cm sndy zone is more pl gin

"{—— mainly mg ss vith very abnl crsr gr cmid zones and scat

snd grs, few peb zones, great variablily in gr size although
they do fin up, sed struc incl trough, low & high > bdng, and
horz bdng at top of unit. core is broke up inlo many sl
peices for core analysis

—— up 15cm grysh gra sndy shw/ 1 imy clast, 45cm of large

irreg shaped limy areas sep by disc shlams, kmy area very
dense, rest is grysh grn shly ss fg v/ few scal imy area,
and pos horz-vavy bdng.
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—— intbd snd sh & cg ss, gs and thick ¢f ss dds decr up from
cg -ig

—— plgm slty sh v/faint horz -wavy bdng and v/ater escape
features

"N\-  drbmod by sh, minor gm areas
—~— ireg patched gry anhy 90% v/ dib sh, hid by
™~ plgmmas shly ss w/ few gry patches

ary shiy ss very calc, many approx horz-wavy mud lams
through, upper 20cm is mixed pl g, gry, 6b in co!

-

—— plgm{g shly ss, mas @ base and 2pprox hoiz @ 16p.

——  drbmod hrd by sh, grysh gm viormy ip, sndy @ base

fg ss completely cmid, bdd hard to make ou, ireg at
best.

Ay WL LY

— o OB

grysh ginsh sady sh - sh, dense my areas @ base decr
1o top, w/in dense fimy areas its actually smaler ones
packed together sep by styl

mg ss, cmptly cmtd in irreg paiches, inferring conv
bddng, bddng hard to disc

drb sndy sh-shly ss, scat fimy clasts throu, psbl root
infi“ad v/ Emy material, basal 20cm and upper 10cm is more
pigm

mg ss w/ 2bnt scat crss grns, psbl trough, cmtd more at
base

top 20 cm pl gen hrd by sh, 56 cm of med bixy drb sh v/
scat mixed brec gin areas - scat microstks & stks through,
28cm mainly dsky rd med by sh mixed w/ minor grysh grn
brec appear, sks throu, base 15cm is grysh gra mod fis
waxy sh v/ scat fich scales

p——r]

dsky rd med hid biky , upper 15cm very fis waxy dsky rd
sh w/ microslks, bot 15 cm is grysh g wxy mod sl sh

top 3cm bik fsl sh, 18cm mod fsl vaxy ip grysh g shw/
scat fish scales, 18cm dsky grn - gry hid bky sh, €cm pl
grn fis sh w/ abni fish plates

,V/////: o tan anhy sh, vgtd ip ( dsky rd, dsky gm, tan , bik), horz
7 / [ ] bd
0/ A

//|/r/

P
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Atlantic Muskwa
10-32-80-8w5

GRAIN SIZE

ccbble EP

pehble = 9
————granule 7 é
B E—rrs 2
vCmiv silt %
i

il e ¥

—— anhy

abnn

C):"'

—— drkgry hrd bXy sh

l—— {-mg ss bed ZGcm. contains kow > and horz bdng. pos crs

up
\- hard by gry sh, 12om from base there is 2 3cm cg-peb
ss bed

anhy clasis 3cm x 2cm

avg mg ss, gr size changes rapicly inlo many smalllem
fin up seq wih veg @ base to fine gr 2! top, cne Jong 17cm
fraciure goes through the ss and is fitled v7ith grysh grn sh.
vpper 18cm is aintbd {g ss wilh the overlying grysh grn sh.

fin up seq. from cg ss @ base v/ levr mug clcsts and
grysh grn sh beds up to a sandy sh containing ali gr szes
and is mic

w2l TN— Thick unit of sandy shale vgtd pl gn & drb, three thin
8-13cm m-cg ss beds which have faint low angle 1o horz
bedding. scat imy clasts throu but also conc more ina
20cm zone in the center of this ung, few scat micro siks

rf—‘."—‘-P-—’-ﬁ‘d—'-
- —— P e e
Prr® o e e e sl

- o - —— s = o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



209

can not make out bdng, psbl iow angle to horz

very thinnly bdd grysh gm fg ssw/dibshss
beds{1mm-.5cm) sh{.Smm-1mm)

grysh grn sndy sh crumbly to touch, few Emy clasts
intb mg ss w/ 2-3mm grysh gm sh, horz bdng

g ss vl kow angle bdng, crsrbands cmid

pl grn hrd by sity sh

drb hrd bXy sh, brec lock throu, 3 smal 1x.5cm anhy
clasts found in upper 4Ccm

==r

ig ss vil fewi 1cm gtysh gm sh intbs, bdng is ireg

o

mixed drb-grysh grn snd;’ sh, w/ 2bnt fish piates in bot
haY of un2 bot15cm is intbd mg s5.25-1cm w/ grysh gm
shicm. 2bnt fish plates upper past of un is mainly drb hrd
by sndy sh soma parts being very sandy

f-cg ss, overall fin crs up, bot hatf i-mg shly ss crumbiy to
touch, upper hatf cmid cg-peb ss w/ few mud clasts

el 5] emixed grysh gm ! (less dib )sady sh, very sndy ip and
=== | fin up when sndy, mod amt of Emy clasts v/ more inthe
yerayiyiarirs i upper had of this unit

CEEsmzeaa] |
é—?:i’-' 15
= 18
0]
0

~{——  c¢g-ig ss, overall fin up and small fin up seq,

bot is emtd, fow angle, is underiain by 2cm of pl gra sh
mid is crs -ig ss low -horz bdag, crsr bands emitd
upper is med-ig ss w/ more shly intbs and horz bndg

mixed drb-grysh grn sndy sh, mostly dro-dr ip, few scat
Limy clasts, sks throu and v 2bnt ip, one thin 1lcm mg ss
bed with no discernable bdng
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1—1—— mg4g 55 wrlow > bidng to planar @ top, cmild
——  muddy ss, irreg mixed in col {érb & grysh gm). ss is m-cg

-1——  cgss olin oo, trough @ base w/ few mud dlasis & more
~ borz to top, very wel cmid @ base

tan-vgid anhy mudstone v/ fev pl gm and dib thin 1cm
shale inlbs
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" Mobil Utik Nipisi
12-21-80-9w5 Depth's may be out

vt

|rertmitroon

onon

\.I\)‘C').Uﬂl LY WY WO W WO

L

— d&kygmhéh’ézyﬁ:.bﬁé’misé%ﬁaﬁdsﬁg&g;eﬁfm

is b wil anky

=}  dyb m-cg ss mostly trough, some bow> - hez @ iop,
’ panizty cmid

FYIUN TS YR SR Y {

i;i dsky gra sndy sh, hed iy
o} -\- Ay m-cg ss, trough bdng throu

ﬁbm@ss.&mghh&ag.aﬁmﬁcsmﬁe:eﬁmﬁvﬂaﬂh

ol gry hed by sh, kg anhy noduzisexZom,
éybi-mg ss, troughbeng,

)

dsky gra sndy sh
p;%:i-cgss.é‘scshia:nwha!a%ﬁmﬁcsmd.&%gﬁ

bdng,
upper hat not skly, trough & less emid
deky 1d sndy sh, hrd By

275 cg 55, bons, pobd trouch, ieg béng not conv kooks
siumpded @ iop, anhy dacis 1x2cm, omid ip, mudy @
base

mixed dsky rd, grysh gn, sndy sh, hed by, sks,
IC705XS

m

——  m-cg ss v/ abnt scat Emy clasts, mdy ip, pos low > beng
T gryshammg shy ss, Emy clasts @ iop, mas
TN\-  grysh gm mdy ss, trough, almos! thinly bdd
|~ dsxy red sndy sh, sks.microsiks, mod bky
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-
<9

=3 . - —t
1 :§- T ;ﬁg!ﬂ iy SS, aﬂg amn szes, ttougn
-3 B -
01 " pab cong a1 basa, fin up 1o mg 55w/ 2bat scal ped,
L - trovgh
- hd - 5 W
P, ;:g:;f:f:f‘:f:‘f‘:‘:‘va‘?" i \— Breczted zono, incd pebs, sand, and 2bnl Eny clasis
23
6] -
/ ;
///,: 1|
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4-24-80-9w5

-
=
-

5
s
=

o~
a

hrermnQuon

——  Eryishbmanhy shtmnly lend trough

——  é:ky gmshbd fis, masin 2ppear, sty @ bat iGcmnear
corizal

i3-ors gr sndy zone Scn gk

——  plyzhbm-Z2zykhbmosigss, a:-aa&_&:&:gq:w
not gradziona), Cewatening siuci i3 sSgvng conv

24= deky gmsh, mad. fis
ﬁ'\\k. plyishbm ors of - peb ss, wel cameried, scat md

clesis {icm)
gyshom iy mgss, mas,shcs

- ﬁﬁ@f,ﬁéigssﬁmWé‘@ﬂmm%
\Msmmh%sswﬁwﬂm

plylchbnig ss, fanthorzizm

—— plolcg §5, well o, grés into dsky rd sty SHahove

N\-  ¢baplala gyshgm SH, bet 20cm maiy fimy bieks,
brece zbove, sty (@ top w2 (Semjlam zones,sm fract thru
Lr@base

51 I gysh omsty SHgrs up frombelow
- \ fl¥sh bm-pl ol 85, bt s grysh gm mud clasis & scat
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.

]

U
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i C
X

- e

i
|
|
I
|
|
[
|

s gmns
—\- d:b SH. bd, s, grdg doento plcliva & gryshgmshly S5,
Grmedwhzrien @Em

ﬁyﬁ:mmss.asamgm@mﬁmmm
cisis(2-15mm)

ol cva §g SS.3 fining ©p sgnoes wimg-rs kags, troegh
bég, tha kzed shizm top Som

&s@ﬁmm@mawas@ﬁ:ﬁ@-
base, shiyr @ cri, o2t sTiek & micrp-stick s, kmy Hlals
Obaso

dsk rd SH, hd, 5], 2541 siicks & few mo-shoks

—\‘ fyshbméboyshgnin SS.shtanPip& bn

(zr2owd, chasicbdgban lan

AN glyish bxn mg S, kew< big thy, bomg mass @ 199,

sczicm shale dsis @i0D

] piyhben SS, (mtd 5@ base rg @ top.sm (10:Gm)

ﬁ?&s&bsﬁ&fb,m!asgmabmgcﬁy@@

N\—  cryshom Bdsky rd Sy blsbs & brecapp @ baze,
25t sks

\  Jiyshbmemes mdy SS.mas

gﬁmamﬁygﬁmm%am@@
base

gl yish b {g SS, 2bét 73 bids @ iopod s1 @ baze
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Arco IOE Nipisi
4-25-80-9w5

E
=
=
=
=
)

—— Gty kmaniysh

(YR YOO W WO YRR WO YOS 1

— és%ygm&amdﬁs.ms:ﬁymseﬁ’mﬁém%?cn&aﬁ
bacs.

——  s¥y grshgm shwiseal send or (f-ors) throusfa bt moce
conc2ibol B s, ttinlem 2t base

—— dékygmshhdvery ismpans

T{— sicl-pyb. migss, 2brt scaters gr and ped. some
bimodal beds, marly iow > bdg scme pritous)

—— dskygmsh, s, sty id

Lt St )
el YR W Y YOO ¥

Rty L
6

—— - —

It

\J
3

—— plomsady sh, sad 15 mostly vig some mg, thin fam horz
- s wavy

TN~ dsky rd sh hd £is, s, 21 base, s%s through

(=)

L e St M S S ek )

ﬂlilllll
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A— dyb ss fg-crs gz, overall fining up not gradational, ers gr
k ss amid. bomg 4y i upper 30cm w) scat ors gt hor - ow >
throu

— dro-grsh gm sty sh mot appear,dewat stue throvg,
capped by 3omgrshgmsh hd is!

“{—— plgmorsss, mass
cyb.smed grss, {2t trough x-bads, scalas gins

grsh gm, dsky 10, pl yirh brn, sy sh, few mans? scour
suriaces

plgm shw’ abt any sh, breccaated
éb @ basa - &b ©top, med very fel, mroo sicks

o727

intbd deky grn, drb, pl yish bin, conv @ base -/t icp

bk ch, verysftand fis

plyish bm anhy SH, méy ip w/ bk iams

dsky rd, sky sh, id, slks, mot appear wigish of
—— dsky gm - b sh, med &s, mancs bracs
—— plyhbmenyy SH.mdy p.widgma bxame

—— -——

Top Muskeg
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Pan Am H-2 Nipisi

12-32-80-8w5
crrile FP
peple =9
qe:z: s
£y i3e x
venf T
i1 ¥

r,’///’// /

"+

\

:
g
.........
E_.""

L omu,

(&) ——

LA 0 Bk

5]
3
]
2
5
5
=
5]
+ 61
0
:55
&1
=

A

4

’/////5

9\......I¢>I~Jy\bﬂll."

—— aahy mostgry -12a horz bdd, not érk b By anhy shiike
-\oﬁa\:cse'es
cyshgm-gry hed by sh
base 7emig ss v/l iow > béng, 20 cmbit Rbdig ss v/
crysh gm sh (coniains low > - horz bong, camb rip, mud
{asers, cony @ 1op.). 1Somig ssw few mud lams low
ang'e bdng, Scm hoiz bamd {g ss v Giysh gm masd, uppsr
1ScmGryshgm soii sh, ¢p i-210p sad Zbot snd

Gysh gm- Gy hadbiky sh

—— ssunicpdis fowerfg ss v low angla bdng, upper 15cm
isf-mg ss matrix w/ 2dnl scal ped up 10 1.5x1.5cm
'\-uppamsa':sm-méd%.h@ﬂmnugss

gryshom sh, 50 S5 sndy-sly, sndy pis &ra herz bdo, sh

is sft-mcd isl
T~ cryshgmmod-stislsh, ona fish plata, and a few scales
sTighlly mic threu,

—— upper25cmis bms g ss-sist v/ grysh gmi sh, nommal
fayted

TN~ conv- brec sncy-pably sh w/ ciasts of anhy and cale mud
one clasts of fe'd 2pprox 22cm, shis grysh gin, hich
ang'e bdng @ top-siumped, Cecrin grsze up.
nbd anhy sh, shdsky gm {s], curved wavy bds @ top,
{olowing scour from snd above.

fow ang'a bod anhy - conv @ top, few thin Icm dsky gm
shbds

mas grysh Gm - Gy hrd bixy sh pos w/ scat anhy, pos al

\my

- hozbddanhymasipandshivip
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Amoco Et Al Nipisi
5-34-80-3w5

veafv

T

EI[CLT]
|erdmnmomn

—— 15 2ciuaty 10 boxes bt | used only boxes containing Wit
_\;.m And started the depths from the anhy sh contact
\. drk ben borz tamd znhy sh

dsky grn soft fs sh, upperi3cm is hrd by and kea
transition zone, sh is sndy ip wi/fin bot half of uni( flasor
bdng), -a 2cm ©g ss bad is present 4cm from bot of unit,
this ss is crsr gf then the upper part of the underlying ss

mg <s v/ high > bdng @ top and lov/ > thiou rest, small

N
N\

o
H
1
l.
I
)
H
th
L!
W

ony

‘p‘lll\lll

5] Sxicm mud ciasis scat throu.
% ™~ intbd ssash forbot 15cm
________ 5 _\ @ygm-g;ymdbi;ysh,someﬁshpameshcemmo!
———— el the unit

—— grysh gm mod sndy sh, very soft sl ip

L]
[ WO W YRR G

—— mgss, ove, bov > bdng but hard 1o see in lower hai,
fevi mud lams in canter of unit

—— f-mgshlyss, shly incrup, few low angle bds present
—— {g'ss, wellsnd. faint low > bdng, bm in col (d4 then upper
sand)

—~—— plgmshlyfgss, caicemt @ base

pl yish bin mg ss, bdng hard to see. psbilo >, snd gins
mndd-submdd
-~

— top el finup seq. mg ss low > bdng w/ pyr and subrounded
grns up 1o pl grn shly ss. some pyr in lower s3,
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Pan Am G-1 Nipisi
13-7-81-7w5

GRAIN SIZE

ccbble E P
pesble 29
~—granule T ¢
B 3
3 silt I
vCinLy T
IRRRL] Y .
—]—— grysh g med fs!, med-viaxy sh, very 2bat fish plates, &
scales
TN\ dsky grn - gry hrd blky sh - slist, base Scm has 2bnt
scales and mod fsl
- N\ I ss approx hzntl v-avy bdng, mud flasers, ss content
and grdecrup,
o base 17cm is mod {s! dsky grn sh, upper partis p! gm hrd
| e

blky siistn
shly ss, fish plate at base of unit
grysh gm hrd by sh, scat small drb specs ip,
drb -dsky rd hrd by sh, scat stks (minor in number)

=

—— gryshgm-plgm hrd bky sh

—— gradaticnal contact zone for 3Ccm, mainly gryshgm
some dsb

motiled dib - dsky rd med {sl sh

fori7cm

‘\_ss. scat minor fish scales

Scm in contact with sady unit

1. \ dsky grn - gry hrd blky sh
tan anhy w/ horz bdd gry anhy bds

A7
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™\~ drb hrd biy sh, gradational contact from below moitled

_\- med fis grysh grn sh vi/ few drb spots, hrdr in sndy areas,
jarge 5x3cm anhy ciast in center of urit, sndy spots are fg

'\ anhy clast 5x3cm
muxed & mot dib & grysh gen hrd blky sh, grnish upper




Pacific et al Nipisi
10-20-81-7w5

GRAIN SIZE

copble E 2
pebble EQ
granule 7T %
= 8
vcmfv silt %}
I N ¥

— med bky grysh grn sh
"N\~ intbddtan anhy w/ thin grysh gin sh bds Sem
—~— grysh gm mod hrd - {sl on edges, fish plate 2t base of unzt

~—— mixed drb-grysh grn mod-hrd sl ip sh, few sm 1x.5 anhy
clasts in upper 10cm of un2

—— upper 25cm mod sl grysh grn sh, lower 25cm mixed
grysh grn, drb sh at gradational contact

% one 2nhy clast 1x.5cm

-\- dib hid by sh
plgrn hrd by sh w/ 1 drb paich, iew sm anhy clasts
\wesen! 2xicm

drb-dsky 1d hrd biky sh, scat pi grn paiches

—— anhydast 1x2cm

—— brec drb htd by sh

—— plgmhid by shw/fich plates conc @ base
~—— drbhed by sh

[ S

7cm of plgrn hrd biky sh, ireg wavy upper contact sharp

lrvawsor rantact
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—— bot ol gm hrd by sh w/ plates, grad upto drbbrecin
appear hrd blxy sh

T~ ten anhy, upper 24cm is brec vi/ plgrn sh
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Atlantic IOE Nipisi
10-5-81-8w5

-
|

5

-
E
=
L=
T

1N OO N

J—— dskygmgiyhrdbkysh

e §-crs gr ss, fin up, trough @base and upper Gin distuyr,
: completely caid

~l——  pigm sky mg ss, scat Emy clasts @1op

——  dense Enry dasts in a sk-mg ss in upper Ecm, grading
dovin inlo a intbd 55 & sk horz bdd undl.

}7j——  ctd dyb-pigm cg ss, trough @basa bomg hoz @iop,
fish bone

1— mot 2ppaar dib-grysh gm hrd by sh, pos rooling, abat
slksamicrosiks

[ 1 {—— plgmigss mudy ip, tiough

——  pyb-plgmi-crs g ss horz bdd,partly intb wip! gm sh, fow
mud clasis

= upper 9om pl grn hrd vixy sh, beiow i1s mixed mostly drb w/
tess pl gm giving brec appear, minor amis ¢f microsks
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mixed drb-pl gm fg ss, both horz bdd & cur rip{cimbing )

—— polgmhudwxysh

—— pigm hrd wxy sh, fsh pizies

Poi— plyshbmcgss v/ zbatpeb, one 2xiom, cid @bese

ik,

mixed grysh gm-c:b sts, sks in upper 2§, f2iat horz
tdng B,

i pgmmedfsishyst,

below is intb cg s 1-2cm wigrysh gm mud .Scm, hoiz bdd.

—\- phcirk yish bm mg ss, cnd orsr bds @base, menly

trovgh beng.

~1——  drb hed by sh, few micro sks.

1— plgmi-cgss, mainly cg v/ 2bnt feldspar ciasts, moslly

cemenied, fin up, mainly low angle bdng.

i M— chly ss, mainly f-mg, grysh gm @ base, dib @iop

{—— phdk yish bm mg ss, mostly centd, trough @ bas, faint

o > @1op

i intb pl yish bm - tan anhy w/ dsky rd - grysh gm hrd biy

sh. Some of the anhy cont micro frac that are dsky rd.
Lowesi sh is bX hrd fis. no fos found
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ARCO IOE NIPISI
12-5-81-8w5

GRAIN E€IZE

=)Lty

remmnomon

——— g1y SH, ginch twds bel, hd bky-sl is!

—~—— plolvig SS, scal mx f2ms, shiy bds@lopibase,
sels of #oughdhishe

—— gtyshgm SH, mod hd-zlfsl

—— by SH.Grb-dsky gin @ base,sit:@ Izl base

—— plyishbinig SS, scat thn dis sh lam @ base

=
517 ]—— dib- grysh gm0 ol =dy SH.mere s5 @ cnlr & top.brece
— == o g @ bot, unks: {05 @ base
RN _____—:-_- —— plyishbrn c-g ss, several in ¢p sgncs, uicegh @
- basedlbow<hiu
________ | I=|——  plyishbmig SS. good sg, fish armour frag @ basa,
o his g ts] | BEACH?

n ety ? T~ mned dsky rd & grysh g SH, g (@ top, mod hd by,
oo scat Emy blews bot 8cm

-\ 1ntbd SSrsH{1em), sh bds consit of tha hzatl-wavy lam,

-\ ataks OC 73 bamn i ssilnnnt rem mvm Snre Loess o rmnt fom nona
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-———g AP YT sty Vg L LT e Kt e Kol b

thry
'% b SH.s4 s1§s), 2be1 em micro-fracsdes ciks?

tam grych grndaxy rd séy SH, ssnip shiem below,icm
1\@‘3‘;’ o= hase, bomg s€yr 10 top, scal sm Emy biebs
pa’sci?

W WO WO ¥

U= i

Y

Al

rod vgt SS°SH, orsemodsT) s (1-10cm),

) h ]
PV WO WY YO YOO WA |

— gplyshbmbomg oryshod @ beseddird scatm-asgm

fAnl )]

onunn

i yish bm bemg erysh rd © base, 2bdnt scai m-ors gm thu
_ £ly’sh b mg SS. wellemd, ow-hsh < scat md csts

2 éib SH 2s belcagrysh om @ top Sembrecc 200 858y @
Haseoois?

Tata®, . ow s o =
i..4' PPPIT PEPE TP
Wity iy

[WG W RO W WO U 1

Ch.cryshom SH, mpdwipiychbm g SS
dib SH, hd, By, 2t sicks

[

—— gryshgm & éib endy SHSLTST.SS, 2bni slcks

—  plylshbm-plci mg SS. v omid, scovred contact? @ base
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tiantic NMuskwa
4-10-81-8w/5

SICIVLY
[rer3itraOWON

K NI TN

[ W] WO YOO WO O T

— gskygm-gry modizlch

dexygm - gry hed by sh

grysh g v sl shw! 2bnt fioh scaltes and lew pites

—— mgssw pos toush xbdng, sthm ppaarto ssbeiow
——— gryshgmmod fsl shw’ seat frh szales, waxy
—— gryshgm sncy shw/lew imy cazis

plom mg sty ss, mass n 23ppear

11— gryshgmshly sistw/ 2bnl Imy casls amosicense,,
many ¢f the £y ci2cis are onentated verlcaly wivls beng
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—— o . —— -
—— e s s
—— i o o -

\sm
caed éboyshgnmed By sh mep

=_'.'::.:.:.:,:;:.:,:. | &~ Sopseq. ogtoushxdbdng@beseisigss @iop.ean
- N nct see bdag mupper patcithe o

——  fnupoyde og hizh > xods @ base 1o iy S=ved cimbing
£ - horz © iop, Slzser bing, few sl < Scoy sexa by
cisw/infgss

— b plomadid by s wlalew sendy shbeds it are
Swaysplom. sooecl heplgmshaiesizve asirangs
eppea

N &5 bt By <4

TN- plgnbdtkysh

T~ &bivdbkysd

— plogmixdbiy<h

—— oo hera o ned comment s 2l broken wp rbtle. ey
é5b B bilky shm! sc21 grysh o spets, fow miresks in &b

3N

— gyshcmmdisich, w/ scatfishseales

T~— gy sswlscaiphlzones {pebs up to 2xicm avgixi). ow>
bing trou, uppr Scns 2 3 shiy sswialow mud clasis

—~—— plgmivd by sndy sh, stbhorz fams

vgid plom:d sh sady , worm ke 2ppear, sc2t
MICICSKS

void plgmdid sh, mcon bodding planes sub horz lams

—— base licnipigminhssshsmibphiZSbulbedsnctas
waldcned uprerpanis Ch styshw/hazlams @bacsedd
o rp @ top, 2lis somewhal Ceformed by waler escope

faxtizac
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N\ o35 s5 Enup, 2bnt Bdrpar daets, fow angia xbing
N &5 et Blky £, upper contact w55 15 sndy shior éom

U= hUL

A

——  tanachysh

onnn L L

| e §
Candand
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Atlantic Muskwa
4-15-81-8w5 Slabbed

| i tn OO

— giyshgm-gly bedbliy sh

—  gyshomvery idsh pstl 1 Bshecele

— gyshem-grylzithy sh

—  Girshommod fis «yery fs1sh w/ abet so f5h scalss

£ wp, fg ss W/ 22 sm 1om g bds, toush thvou, and
scal mwd clasis 1 o 2x2em, sody sh has aprex horz wavy
beng

oiyshgm shly sad - sndy sh, epprox horz wavy tdng

£in vp sen. 21 mainly fg ss et scai mcg Casis CocT U,
manly fow anglia xbdag throy, bt oneiSem troush blny

—— gryshgnsadyshiosh@1iop,

TS g pocely sorted s wi scat mud clasts theow, high>
xbeing @ basa 1o ow > xbdng @ 40, béng conv win zone
cAdensamud ciasis

— giyshgm bed by sh, sndy @ beasedecruplonosnd @
top

—= dsky rd sndy shw/horz bdd in sndyrpanis, bol20em s
gryshgm

- ® 8 s M a8 s & . &
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s s — e I S VY 0 CRESES 27 T S ST P, Uong
— g hard % soe bul bips ow > and 2'mosl coav, §3 oMt incr to
,r;-i-;-Z:I:Z:Z:Z:Z:Z:Z:Z‘. i basa thin sh Som is ked By & giyshgm.,
oo T~ gyshgmmodisishohadbiy @top

[—— b modislsh manly broken up nsbble

—— mbed dbgryshgm mod bky shid D, abal fsh plates
and scales,
bot Scm s plgmenY, core s broken vp tdle

{— Gfysh gin hwd bixy sh, bet 10cm of unit is dib, contact is
grad

TN~ mrixed drbgrysh gm mod fsl sh blky fp, scat fish scales
thou, sndy ip, core is 21 broken up rubble

l‘lllllll

OWHL,

F YIRS WO YOO WO WO WO §

—— mostly dib txd Bixy sndy shw/few gryshgm paichy
asoas
_________ 4:
hrslersiersiesisisi- sy g_
ey yayipapepe 3
".;.;._:;:_-_'_-:-:'.' "1 |—— fnup unt, base conv shiy Ig ss, intb shly ss w/ grysh g

sh scale{1cm bds) horz bdd, upper sist- shly slist horz bdd
o sTightly wavy 1o top

——  drb-dsky rd mod bixy sndy shfslip, sks and microsies,
few snd fited frac which are pl gm in ¢o), Lpper Sem 1s grysh
gm berng mic o ton

/) ) viavy horz bid i *b anhy sh, vgid dibtan 2 grysh gin o,
M ] brec tan ashy at centact v/ upper snay sh
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Pan Am M-2 Nipisi

10-1-81-9w5

GRAIN SIZE
ccrtle Tz
perple 2O
granule = B
r—~sa_3“d S
[vcafy Silc ;
T =i

—]—— muxed clgiy-Gyb oz lamd calc sh,

—— olgry hrd biy sh, core box 1s subble,

€cm dyd ss, well emid, scoured base, vert frac, bdag not
vis pstd horz.
¢l gry hid bXky sh., few thin Scm sndy layers

——  dsky gn sndy sh, bemg more sndy up, race of kmy
clasts 1x.5cm @base

——  pybcg ss. irough @ base and rough-low angle thiou
1es!. upper Z0cm 15 more muddier occas hoz mud lams &
fich bone, very var gr sze throu many smal 4cm fin up seq

| dlomndbAysh, same as then sh uni below

—— pybigssy/shlams, bwange bdng

—— plclc-mgss, fow > thru, pobl high > @ base. shmp up
clasis (@ base.

hrd by sh, drbin mid and g gn @ contacts vith sand
above and below

N pyb vc-ig ss fin up, low angle bdng @ base, horz bdng @
. 1op v/ mud lams troughs near iop

mainsy dro-Csky 1d sh sndy 1, grysh gmip as biotches &
top Sem which ss in contact w/ upper sand.

—— gryshgir. sndy sh, horz-low angl bdng. ss below 15 pyb
f-veq ss, mu'tple fin up seq each 16cm, mud clast, muddier
{folep
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———  drb med bky-isl ip sh, sndy ip, skks & microslks throu

J—— pyb, vcg ss v/ few ig aseas which are scoured and

capped by another veg unl, mainly trough-pos low angle, ig
urits are low angle and muddier., wel cmid through crsr gr
unils

“]—— intb skst & mg ss, fin up Three uniis

1. upper 20cm grsh gin sady siist
2.miduni7cmceigssfinupplam

\-3. iCcmsameas i
drb med fis sh, bky, sks, mixed ip w/dsky rd

—~ plolsndy sis, fluid escape fealures @ base, upper hal
sady horz béd.

™~ pl i m-{g ss, low > bdng, mud clasts @ base, few viir

escape fealures

dsky rd-Grb mixed v/ 1 gra med very fis sh due to the
2bnt siks

dsky grnmed fis sh
herz lams anhy sh, tan, pl g,

Yoz lams anhy sh,vgtd col. tan pl grn ol gry, dsky rd

% he@ fis sh, sks-miciosks
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