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Shufflin’ through people like cards Take a walk

Oh det ‘'em blow around like sand Inside yourself

Maybe it'll uncover some beauty in tiheir eyes  Get to know the person behind the face
Maybe it'll give me a place to breathe Is it someone you can really love?

Maybe it'll give me some room to stand I+ it somebody who looks down from above
I'm hangin’ by a thread With a view of the rain?...

Hangin’ by a thread...
- american music club

There's roads and there's roads
And they call, can't you hear it?
Roads of the earth
And roads of the spirit
The best roads of all
Are the ones that aren't certain
One of those is where you'll find me
Till they drop the big curtain

In the bright diamond sky
These mountains are waiting
Brown-green and dry
I'm too old for the term
But I'll use it anyway
I'll be a child of the wind
Till the end of my days

Little round planet
In a big universe
Sometimes it looks blessed
Sometimes it looks cursed
Depends on what you look at obviously

But even more it depends on the way that you see...
-Bruce Cockbumn

Seems like folks tumn into things
That they'd never want
The only thing to live for
I'm gonna put a hole inmy T.V. set
I don't wanna grow up
Open up the medicine chest
And 1 don't wanna grow up
I don't wanna have to shout it out
1 don't want my hair to fall out
1 don’t wanna be filled with doubt
I don’t wanna be a good boy scout
I don't wanna have to learn to count
I don’t wanna have the biggest amount
I don't wanna grow up...

Plus ¢a change, plus c'est la méme chose

- Urge Overkill

= Voltaire
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ABSTRACT

A study of sixty-nine cores from the uppermost Bow Island/Viking
Formations from Townships 22-29, Ranges 18-22w4 has distinguished two
major facies associations. Facies Association One (FA1) comprises beds of
thoroughly burrowed, very fine grained sandstone, siltstone and shale,
interbedded with rare one to fifteen centimetre thick, rippled, very fine
grained sandstone. An abundant and diverse trace fossil suite consisting of
twenty-three ichnogenera characterises FA1. The overlying Facies
Association Two (FA2) comprises rarely to moderately burrowed, very fine
grained sandstone, siltstone and shale, interbedded with thickly bedded
(0 15—4 Om) lc:w angle laminated very ﬁne to fine grain’ed sandstanes FA2

dnversnty (ie. fnfteen 1chnpgenera) and burmwmg intensity as cnmpared to
FAl. Micro-faulting, synaeresis cracks, structureless/massive sandstones,
and soft sediment deformation features are also locally present in FA2,

FA2 is interpreted to represent the sandier upward continuation of
FA1 within an overall conformable succession, although locally, evidence
suggests that relative lowstand and trasgressive surfaces may separate the
facies associations. The upward decrease in burrowing intensity and
diversity corresponds to a transition from upper offshore/distal lower
shoreface conditions (FA1), to wave dominated delta front conditions (FA2).
Trace fossil and sedimentologic analysis indicate that oxygenation, salinity,
and turbidity stresses were significant factors during the deposition of FA2.
These stresses may have arisen as a result of the introduction of freshwater
and associated episodic sedimentation within a wave dominated delta front
environment.

The facies associations are stacked to form sandier upwards shoreface
and deltaic cycles. Depending on the nature of the FA1-FA2 contact, FA1
and FA2 may represent two stacked parasequences separated by a previously

ised discontinuity surface, or alternatively, may represent a single
sandmg upwards parasequence. Regionally extensive erosive discontinuity
surfaces are found at the base of FA1 and at the top of FA2.

Integration of detailed ichnologic analysis with sedimentology has
proven to be a powerful tool for differentiation between strandplain and
deltaic depositional systems.
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CHAPFPTER 1: INTRODUCTION, SCIENTIFIC PROBLEMS, OBJECTIVES,
RATIONALE FOR RESEARCH
1.1 INTRODUCTION

This study was undertaken to investigate the Lower Cretaceous
(Upper Albian stage) Bow Island/Viking interval in south-central Alberta.
While numerous studies exist on the Viking Formation of central Alberta
(see Chapter two), little has been published on the relationship of the Viking
Formation to its approximately equivalent strata in northwestern Alberta
(i.e. the Paddy and Cadotte Members of the Peace River Formation), or
south-central Alberta (i.e. the Bow Island Formation). In 1989, a Ph.D.
research project at the University of Alberta focusing on aspects of
ichnology, sedimentology, and stratigraphy of the Viking-Paddy/Cadotte
transition in northwestern Alberta was undertaken by James MacEachern.
This M.Sc. study was undertaken to complement recent research on late
Albian strata being conducted at the University of Alberta. The purpose of

1.2 SCIENTIFIC PROBLEMS AND SELECTION OF STUDY AREA

121 Stratigraphy

It is assumed that the subsurface Viking Formation (Upper Albian) of
the Alberta Central Plains and the Bow Island Formation of southern
Alberta are approximate stratigraphic and age equivalents (Glass, 1990).
Glass (1990) addressed the stratigraphic nomenclature change simply and
eloquently, by stating, “The western occurrence of the Viking Formation
forms the thin distal part of the northeastward thinning Bow Island-Viking
coarse siliciclastic wedge. Thus in southwestern Saskatchewan and
southern Alberta the Viking Formation is replaced by a thicker sequence of
sandstones and interbedded mudstones and shales referable to the Bow
Island Formation.”. Because the exact stratigraphic relationship between the
Bow Island and Viking Formations is unclear, detailed correlations between



the two formations are problematic. The development of a systematic
stratigraphic framework was required to allow for more accurate
correlations and comparisons. The most useful stratigraphic framework is
one that allows depositional systems to be viewed as a continuum. That is,
a framework that allows time equivalent sediments to be examined as parts
of an overall depositional system. The “skeleton” for such a stratigraphic
framework is based on significant physical surfaces visible in outcrop and
drill core. Moreover, where cores are referenced to their respective
geophysical well logs, these surfaces can be characterised by their well log
signatures. Determining what surfaces are key is difficult in itself, however,
careful examination of subsurface cores and well logs allow demarcation of
bounding surfaces that are correlatable over the study area. These surfaces
generally represent major events (e.g. transgressive ravinement,
transgressive flooding, incision associated with relative lowstands of sea-
level elc. ) that divide the entire Bow Island/ Viking interval into a senes of
set Df clastic depnsmmal systems, Tlus cc;mcept af key boundmg surf;ngs is
paramount to allostratigraphy and sequence stratigraphy. Elements of
allostratigraphy and sequence stratigraphy were employed with a degree of
success for the Viking Formation in the Willesden Green field area (Boreen
and Walker, 1991). Boreen and Walker (1991) provided a detailed
allostratigraphic subdivision, and their results further support the use of
sequence stratigraphic/allostratigraphic analysis in other Bow Island/Viking
field studies. Hadley (1992) recently proposed an allostratigraphic
framework for the Harmattan East and Crossfield fields which appears to be
more applicable to the Bow Island/Viking interval in this study by virtue of
geographic proximity (Fig. 1.1). The concept of genetically related
sedimentary packages bounded by key surfaces has been employed as an
element of this study.

Proper understanding of the Bow Island/Viking stratigraphy is
extremely important. Observations and results from this study can be
compared to pre-existing Bow Island (e.g. Cox, 1991; Cox and Williams, 1991;
Reinson ef al., 1993) and Viking (e.g. Boreen and Walker, 1991; Posamentier
and Chamberlain, 1990, 1991a,b; Hadley, 1992) studies for the purposes of
providing a better regional understanding of the strata.




1.22 Depositional Environments

The Bow Island/Viking interval is composed of a series of marine to
marginal marine sandstones, shales, and conglomerates. Locally (especially
towards the Foothills belt in western Alberta), non-marine coal and

major goal of this project was to document and interpret the facies and
depositional history of the sediments. The interpretation of the sediments
for the bounding discontinuities, whether autocyclic or allocyclic in nature,
were also carefully examined and considered. Genetically related sediments,
when approached in this manner, can be viewed in their proper
stratigraphic context and overall depositional framework. The facies
analysis carried out relied on the combination of ichnologic (i.c. trace fossil
or ichnofossil) and physical sedimentologic observations.

It has become clear that palaeoenvironmental interpretations cannot
be based solely upon primary sedimentary structures. More comprehensive
animal-sediment relationships). Application of trace fossil analysis, in
combination with a rigorous sedimentologic investigation, can provide

Moslow and Pemberton, 1988; Jones and Pemberton, 1989). Ichnologic
observations such as trace fossil size, morphology, assemblage and diversity,
supply indirect evidence of initial sedimentary conditions which may
represent one of any number of physical conditions (e.g. salinity, substrate
coherence, water turbidity, oxygenation, rates of deposition etc.). Ichnofossil
assemblages may be correlatable with ancient animal communities, which

Moreover, trace-making organisms can modify their behaviour in response
to even the slightest environmental change. Recognition of these subtle
behavioural inflections contributed information to overall interpretations
that are commonly unobtainable from conventional examination of
primary sedimentary structures. It was felt that integration of both
sedimentology and various ichnologic concepts was required in order to best
characterise the depositional history and consequent palaeoenvironmental
reconstructions of the Bow Island/Viking sediments.



1.23 Study Area

Taking the above general study goals into consideration with other
factors, lead to the selection of the appropriate study area. In order to
investigate such things as ichnologic suites, sedimentary facies, depositional
environments, key bounding surfaces, and stratigraphy, a significant
database of rock (i.e. drill core) and well logs is required. The detailed study
area comprises Townships 22-29, Ranges 18-22W4; a 1440 miles? (~3730 km?2)
area which encompasses a number of oil and gas fields, including Wayne-
Rosedale, Hussar, and Wintering Hills (Fig. 1.2). On oil industry “picks”
cards, the transition from Viking to Bow Island nomenclature takes place
from T23 south, and from R18W4 east. Glaister (1959) referred to this
nomenclature change as “arbitrary” and placed his limit of the Bow Island
Formation in a NW-SE linear trend extending from approximately T27 to
T15 (Glaister, 1959, Fig. 2). Glaister’s (1959) trend roughly corresponds to a
dramatic thinning of the overall top Mannville Group to top Viking
Formation isopach north of his trend (M.]. Ranger, pers. comm., 1993). The
nomenclature change is, for all intents and purposes, arbitrary, as it is largely
a remnant of whatever name the wellsite geologist decided to assign to the
Bow Island/Viking interval. The central problem with the Bow
Island/Viking transition is that the stratigraphic relationship between the
two has not been clearly documented.

The study area is important in terms of aiding in the resolution of the
existing stratigraphic inconsistency, although the overall well log character
is relatively consistent throughout the study area. As a result, the probable
“true” Bow Island/Viking transition occurs just to the north of the study
area, as opposed to where the “picks” cards tend to suggest. Unfortunately,
the core database north of Township 29 is not particularly good until at least
Township 34. Therefore, the study area chosen was the best compromise in
terms of importance in Bow Island/Viking Formation stratigraphic
nomenclature, palacogeography, available core and well log data, and lack of
published data. No detailed study has been published for the study area,
although it has been incorporated in larger studies (e.g. Amajor and
Lerbekmo, 19680; Beaumont, 1984; Ryer, 1987; Amajor and Lerbekmo,
1990a,b). The well logs and overall isopach thickness of the Mannville
Group to top Bow Island/Viking Formation, together with Glass’s (1990)
abservations, suggest that the interval of interest in this study is more



amenable to descriptions of the Bow Island Formation as opposed to the
Viking Formation. As such, the Bow Island/Viking interval will be referred
to as the Bow Island Formation for the remainder of the thesis. It should be
noted, however, that the scout tickets in this areca dominantly refer to the
interval as the Viking Formation.

1.24 Specific Objectives

Specific attention was aimed at two major scientific problems:

The first is the refinement of a core based stratigraphic framework for
the uppermost Bow Island Formation in the outlined study area.

There is a major change in stratigraphic nomenclature between what
is termed the Viking Formation in the Central Alberta Plains, and what is
termed the Bow Island Formation in the Southern Alberta Plains. The Bow
Island Formation is commonly ~100m thick, and consists of a series of at
least seven stacked marine to marginal marine sandstone, conglomerate
and mudstone sequences whereas the Viking Formation is generally a
much thinner interval (~50m) that is composed of four to five
sanding/coarsening upwards sequences. It has generally been accepted that
the Viking Formation in the Central Alberta Plains somehow correlates to
the Bow Island Formation in the Southern Alberta Plains. A major
objective for this scientific inquiry was to formalise a stratigraphic
framework for the Bow Island Formation in the chosen study area as a
reference point for other stratigraphic investigations to the south and north
of this area (e.g. Cox, 1991; Cox and Williams, 1991; Reinson et al., 1993;
Hadley, 1992). A current research project at the University of Alberta is
focusing on the Viking Formation in an adjacent area north of this study
(i.e. the Fenn, Chain, and Mikwan areas; see Fig. 1.1). Careful core
examination and correlation to well log response was conducted in order to
construct a working stratigraphic framework based on core. It is stressed that
no detailed cross section work was carried out because the main focus was
on the recognition of stratigraphic breaks in core.

The second objective is the interpretation of depositional
environments and relative sea-level history of the Bow Island Formation in
south-central Alberta based on ichnologic and sedimentologic facies
characterisation.



Assimilation of information obtainable from ichnofossils, taken
together with primary physical sedimentary structures results in the most
plausible palaeoenvironmental interpretation of these sediments, based on
exacting ichnologic and sedimentologic (i.e. facies) analysis. The nature of
key bounding surfaces was also examined. Their interpretation requires
ideas regarding the rﬁle of relative sea-level rise and fall in the C‘retaceous
parameters as ter:torut:s, actual eustatic changes in sea-level, su,bs;dem:e rates,
sediment accommodation space, sediment flux into the basin, and natural
processes associated with depositional systems (e.g. delta lobe switching,
channel abandonment efc.). Basically, the importance of allocyclic versus
autocyclic geologic processes had to be carefully investigated.

1.3 DATABASE AND STUDY METHODS

database of an Is!and Fgrmanon dnl! cores to wark mth, Slxty-nme
subsurface cores were examined in detail within and adjacent to the study
area, with specific attention paid to the ichnologic features and physical
sedimentary structures present in the rocks. The core data was entered into
a core logging software package which allowed them to be computer drafted
(see Appendix 1). Grain size measurements were made with a Canstrat
grain size card and a binocular microscope. In addition, the study area
contains extensively drilled large oil and gas fields which produce from the
Lower Cretaceous Mannville Group; this provides a huge database of
geophysical well logs that pass thraugh the Bow Island Formation.
Approximately 500 well logs were examined in the course of this study. The
general lithologies obtained from core observations were compared with
their respective suites of well logs in order to characterise the actual rock-
types represented by the well log signatures. These results were then used as
a guide to interpret lithologies from well logs where no tangible core data
was available. The majority of the cores penetrated only the upper 10-20m
of the Bow Island Formation, which is ~100m thick through most of the
study area (see Fig. 1.3). As a consequence of this, very little actual rock data
m&h@—m&ﬂemmmm:nmﬂaﬁmdﬂn




The facies descriptions and designations proposed in this study are
obviously controlled by the available core database and therefore, are
dominantly based on observations of the uppermost 10-20m of Bow Island
Formation section (i.e. the “First Bow Island Sandstone”).

Both the Viking and Bow Island Formations are substantial oil and
gas reservoirs in Alberta. As of December 1989, the Energy Resources
Conservation Board estimates Viking Formation initial reserve volumes of
conventional crude oil in place at 2.939 X 108m3 (~1.85 billion bbls). Initial
volumes of raw natural gas in place in the Viking Formation are roughly
3.89 X 1011m3 (~13.8 Tcf). Bow Island Formation reserves are not specifically
addressed although it is widely known that many Bow Island fields in
southern Alberta have been prolific gas reservoirs since the 1940s and
earlier. Producing Viking Formation facies have average porosities of 15-

R17w4) areas, while Bow Island Formation porosities of southern Alberta
range from approximately 10-16% (E.R.C.B., 1989). Detailed facies analysis
ultimately yields depositional models that can be used in oil and gas
exploration and exploitation strategies for significantly porous and
permeable hydrocarbon bearing facies. Bow Island/Viking deposition was
followed by a widespread transgression of the Colorado Seaway, which
resulted in deposition of the unnamed dark shales of the Lower Colorado
Group. This transgressive phase reworked existing sediments and moulded
them into discrete relict (i.e. “cannibalised”) sand and conglomerate lenses
(commonly referred to in the oil industry as “the Viking Grits”). Careful
recognition and characterisation of these distinct sediments in cures and

economically viable, unexploited reservoirs. Such an approach has resulted
in recompletion of Viking oil wells in the Joarcam Field (~T47-50; R19-22w4)
which has added 4.72 X 10°m3 (~2.97 million bbls) to the initial estimated oil
reserves (E.R.C.B., 1989; Posamentier and Chamberlain, 1990). Exploration
for natural gas in Bow Island Formation sandstone and conglomerate
reservoirs is currently ongoing in the confines of the study area. Moreover,
the Bow Island/Viking interval in general has always been an attractive



natural gas target (largely due to its shallow burial depths and consequent
cheaper drilling costs); a fact supported in a recent article by Trollope (1993),
which ranks the Viking Formation the fourth best marketable natural gas
reservoir in Alberta. Stratigraphic traps are the norm for Bow Island
Formation reservoirs, and so correlation of regional flooding surfaces found
in the study area has significant effects on exploration and development
strategies. Finally, it is widely known that lowstand associated incised
valley-fill deposits exist in the Viking Formation. The Crystal Field (~T43-
50; R2-5wS5) alone possesses primary oil reserves of 1.62 X 106m3 with an
additional 5.8 X 10°m3 under secondary recovery (Reinson et al., 1988).
Valley-fill deposits have also been recognised in the Bow Island Formation
in southern Alberta (Cox, 1991; Cox and Williams, 1991); the possible
existence of undiscovered, potentially economically viable Bow Island
valley-fill associated reservoirs within the study area, could not have been
ruled out at the beginning of this project.

Obviously, documentation of factors such as facies distributions,
stratigraphic trapping mechanisms, and stacking patterns of individual
depositional systems, have profound economic ramifications. Such
academic research has the potential to aid in better understanding existing
Bow Island and Viking Formation reservoirs, and perhaps, even generate
new oil and gas exploration prospects.
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TYPICAL GEOPHYSICAL WELL LOG RESPONSE
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CHAPTER 2: BACKGROUND, PREVIOUS WORK, STRATIGRAPHY,
PALAEOGEOGRAPHY AND STRUCTURAL SETTING

2.1 INTRODUCTION
Cretacenus shelf and shallaw marine sandstone and ccnglcmeraté

throughcut the Western Canada Sedlmentary Basm. Consequent!y, their
study, and understanding the processes that affect them has historically been
of paramount importance. Cretaceous, long, linear reservoir sandstone and
conglomerate bodies are commonly sharp based, continuous for tens of
kilometres along strike, and encased in marine shales. Early researchers
routinely interpreted them as “offshore bars” that were deposited on the
shelf and moulded by shelfal currents. These interpretations had problems
explaining such factors as how the sediment was supplied to the shelf, how
the sediment was then moulded into coarsening/sanding upwards
successions, and how the sand bodies were then encased in marine shales.
These problems, amongst others, exist for several Cretaceous aged oil and
gas fields throughout Alberta (e.g. Downing and Walker, 1988).

DeWiel (1956) and Glaister (1959) were pioneers in recognising the
significance of relative sea-level fluctuations on Lower Cretaceous units in
the Western Canada Sedimentary Basin. In the early 1980s, work by
numerous researchers began to re-discover the importance of relative sea-
level fluctuations in the complex depositional histories of these enigmatic,
multi-storey sandstone and conglomerate bodies. Since that time, most of
the research carried out has stressed the role of relative sea-level fluctuation
in the sedimentology and stratigraphy of numerous Cretaceous units
including the Turonian Cardium Formation (e.g. Phnt, 1968; Plint et al.,
1986, 1988; Bergman and Walker, 1987, 1988), the Cenomanian aged
Dunvegan Formation (e.g. Bhattacharya, 1988, 1989, 1992; Bhattacharya and
Walker, 1991), and the Viking Formation (e.g. Boreen, 1989; Boreen and
Walker, 1991; Pattison, 1991a,b). These studies focused on the recognition
and correlation of allostratigraphically significant surfaces throughout the
respective study areas. The recent research on these and other units has
provided conceptual frameworks useful for both exploration and
development schemes.




Many Bow Island fields in southern Alberta (¢.g. Pakowki Lake, Taber,
Pendant D’Oreille, Blood efc.) have been prolific hydrocarbon producers
since their initial discoveries. The name ‘Bow Island Formation” is derived
from the initial natural gas discovery well (6-15-11-11w4; C.W.N.G. Bow
Island No.1 is the type locality) drilled by the Canadian Western Natural Gas
Company, just to the northwest of the Bow Island townsite in 1909
(Gammell, 1955; Glass, 1990). This discovery triggered oil and gas
exploration in the time equivalent Viking Formation of central Alberta.
The Viking Formation was formally named by Dowling et al. (1919 fide
Glass, 1990), and while no type section is officially designated, the name is
derived from Slipper’s (1918) original designation of the producing
sandstone reservoir in the Viking-Kinsella field, near the towns of Viking
and Kinsella, Alberta (~T46-47; R11-12w4) (Glass, 1990).

22 SUMMARY OF PREVIOUS WORK AND INTERPRETATIONS

Early researchers interpreted many of the producing Cretaceous
sandstone and conglomerate bodies as turbidite deposits (Beach, 1955, 1956,
1962; Roessingh, 1959). Others interpreted the Viking Formation deposits as
parts of offshore barrier bar/beach/island-spit systems that separated open
marine environments from shoreline environments in the Suffield area
(~T19-26; R1-16w4) (Tizzard and Lerbekmo, 1975), Joarcam and Joffre (Ryer,
1987), and at various other locations throughout central and south-central
Alberta (Amajor, 1984; Amajor and Lerbekmo, 1990a,b). Tidal currents have
also been credited with depositing sediments of the Viking Formation
(Evans, 1970; Simpson, 1980; Grujenschi, 1984; O’Connell, 1984; Leckie,
1986a; Boreen, 1989; Raychaudhuri, 1989; Davies, 1990). Kroon (1951)
suggested that the Bow Island sandstone lenses in the Pakowki Lake area
(~T4-5; R7w4) resulted from the filling of depressions in the sea floor as
opposed to shoreline sand bars. DeWiel (1956) recognised the role of
relative sea-level changes on Viking Formation deposition, supporting a
tectonic control by stating, “even the slightest oscillation of the Cretaceous
exogeosyncline (Kay, 1951) brought about a considerable lateral displacement
of the shoreline without producing a conspicuous disconformity.”. Glaister
(1959) supported changes in sea-level as the controlling factor in the
deposition of the Bow Island Formation, by noting that, “slight fluctuations



in sea-level shifted the strand line many miles” and, “The Bow Island
sandstones appear for the most part to have been deposited during slow
regressions of the sea, followed by rapid transgressions.”. Beaumont (1984)
was the first to specifically address the importance of relative sea-level rise

Joarcam and Joffre fields. Subsequent work on the Viking Formation
focused on the recognition and delineation of discontinuities that
enveloped packages of genetically related sediment. The two main
stratigraphic schemes that require such an approach are sequence
stratigraphy and allostratigraphy, both of which have been applied to the
Viking Formation. Sequence stratigraphy was recently applied to the
Joarcam Field by Posamentier and Chamberlain (1990, 1991a,b) whereas
Boreen and Walker (1991) and Hadley (1992) applied allostratigraphy to the
Willesden Green (~T39-44; R5-8w5) and Harmattan-Crossfield (~T28-33;
R28w4-5w5) areas respectively. In the context of these types of stratigraphic

estuarine incised valley fills at Crystal (Reinson et al., 1988; Pattison,
1991a,b,c; Leckie and Reinson, in press), Sundance, Edson (Putnam et al.,
1991; Pattison, 1991a,b,c), Cyn-Pem (Pattison, 1991a,b,c) and Willesden Green
(Boreen and Walker, 1991; Pattison, 1991b) (Fig. 1.1). Ryer (1987) interpreted
Willesden Green and Crystal to be tidal inlet/channel deposits. Gas prone
valley fill deposits have also been described in the Bow Island Formation of
the Blood Field (~T6; R22w4) in Southern Alberta (Cox, 1991; Cox and
Williams, 1991). Alternatively, Bow Island conglomerates and sandstones
in the Blood Field have been interpreted as wave formed bodies (Putnam et
al., 1991). Viking Formation sediments have been interpreted as shoreface
deposits at locales including Gilby A and B (Raddysh, 1988), Joarcam (Power,
Walker, 1988), Chigwell (Raychaudhuri, 1989; Pattison, 1991a; Raychaudhuri
et al., 1992), Caroline (Leckie, 1986a; Hein et al., 1986; Davies, 1990),
Garrington (Hein et al., 1986; Davies, 1990) and Harmattan (Hein ef al., 1986;
Hadley, 1992) (Fig. 1.1). Ryer (1987) suggested that the Garrington and
Harmattan East fields were representative of wave-dominated delta or
strandplain deposits. The Viking Formation sand body at Eureka field,

& deltaic source in “perhaps a few tens of metres of water”, as a sand plume,
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that was then degraded and drowned by a later transgressive event
(Pozzobon and Walker, 1990). These interpretations of Viking/Bow Island
Formation sediments, together with some interpretations from older work,
are summarised in Table 1.

The majority of the aforementioned studies were carried out north of
Township 30, with rare studies of the Bow Island Formation in southern
Alberta generally concentrated on a geographic area south of Township 20.
Furthermore, the studies are primarily based on sedimentary facies analysis
surfaces). The purpose of this study was to examine the transitional Bow
Island/Viking Formation area in detail between the bulk of the pre-existing
work and integrate ichnology with sedimentology and stratigraphy in hopes
that a multidisciplinary approach might resolve the obvious complexities
inherent in unravelling Bow Island/Viking Formation
palaecenvironments and their palaeogeographic distributions.

2.3 REGIONAL STRATIGRAPHY AND ALLOSTRATIGRAPHY

231 General Stratigraphy

The Viking Formation is uppermost Lower Cretaceous in age,
specifically, belonging to the Upper Albian Substage. The Lower Colorado
Subgroup of the Alberta central plains comprises, from bottom to top, the
Joli Fou Formation, the Viking Formation, and the unnamed shales of the
Lower Colorado Subgroup. This corresponds to an overall transgressive-

regressive phase. The Viking/Joli Fou contact is locally unconformable
(Glass, 1990) and the Viking/unnamed Colorado Group shale contact is also
unconformable (VE4 of Raychaudhuri, 1989; Boreen and Walker, 1991;
Pattison, 1991a; Davies, 1990; Hadley, 1992), although previous workers have
considered the contact conformable (Glass, 1990).

2.32 Joli Fou Formation

In southern Alberta, the Joli Fou Formation is rarely present, as it
grades into the lower portion of the Bow Island Formation. The Joli Fou
Formation thins to the west, where it becomes essentially correlative with
lower (i.e. Second and Third) Bow Island Sandstones. In addition, the Basal



Colorado Sandstone underlies the Bow Island Formation throughout much
of southern Alberta (Banerjee, 1989). The Joli Fou Formation underlies the
Viking Formation in the central Alberta Plains, and has been referred to as
the Basal Lloydminster shale (Bullock, 1950). Approximate equivalents to
the Joli Fou Formation include the Skull Creek Shales of north-central
Montana, the Taft Hill and Flood Members of the Blackleaf Formation of
northern Montana, and the lower Thermopolis Shale of Wyoming (Glass,
1990; C.R. Stelck, pers. comm., 1994) (Fig. 2.1).

2.33 Viking Formation/Bow Island Formation

Taken together, the Viking and Joli Fou Formations are
approximately equivalent to the Bow Island Formation of southern Alberta,
where the Lower Colorado Subgroup comprises the Basal Colorado
the Lower Colorado Group. Other approximate equivalents to the Viking
Formation include: the Paddy Member of the Peace River Formation of
northwestern Alberta, the Pelican sandstone of northeastern Alberta, the
Dakota and Montana, the Muddy Sandstone of Wyoming, and the *J”
Sandstone of Colorado (McGookey et al., 1972; Glass, 1990; Leckie and
informal terms have also been applied to the Viking interval including
Viking Grits, Viking Chert, and Viking Conglomerate, all of which have
Viking Formation. The term Viking Conglomerate, in fact, was first coined
to describe the producing pebbly reservoir at 11-11-27-20w4, which lies in the
Wayne-Rosedale field area (Glass, 1990) (Fig. 1.1).

Moving westwards into the Alberta Foothills, the Bow Island
Formation becomes essentially indistinguishable from sandstones of the
Bhnmmlllmville Gmup,, md is ummfﬁmbly cwerhh\ by the Fish
approximately equivnlmt ) ﬂu Ma Butte Futmﬁm/f.‘mwm Formation
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separated the Bow Island Formation into (from youngest to oldest) the First,
Second, and Third Bow Island Sandstones, aithough these three main
sandstones appear to be made up of several, smaller stacked sandstone
bodies. The First and Second Bow Island Sandstones are separated by shaly,
commonly bentonitic strata called the Red Speck Zone. The Red Speck Zone
is equivalent to the Vaughn Member of the Blackleaf Formation of
Montana. The distinctive reddish colouration is imparted by the presence of
a low-medium temperature zeolite mineral called clinoptilolite (a fairly
stable zeolite similar in structure to heulandite). The clinoptilolite is likely
an alteration product of volcanic glass shards found in the associated
bentonitic horizons. The implication of these somewhat convoluted
stratigraphic relationships is simply that the Basal Colorado Sandstone and
Second and Third Bow Island Sandstones are essentially equivalent to the
Flood and Taft Hill Members of the Blackleaf Formation. It follows that the
Red Speck Zone and its equivalent Vaughn Member, separate the Second
Bow lslmd Sindsm/ﬁft Hlll Member fmm the mrerlying First Bow

upper porﬂonof the Booﬂeger Memher is ll.kely eqmvalent to the bnsal
portion of the unnamed shales of the Colorado Group. These relationships
McGugan, 1988), although Cobban et al. (1959) also suggest that the Vaughn
Wyoming, and consequently, that the First Bow Island Sandstone is
equivalent to the basal Mowry Shale/unnamed shales of the Lower
Colorado Group. The composite subsurface core section from southern
Alberta of Lang and McGugan (1988) shows no occurrence of the Vaughn
Member, and their isopach maps and idealised stratigraphic cross section
indicate that the Vaughn Member thins dramatically from WSW (area of
Marias Pass, Montana) to ENE (~T6; R11w4). Furthermore, Lang and
McGugan (1968), adhering to the stratigraphy of Cobban et al. (lﬁ?).mﬂer
the Vaughn Member to be older than the Taft Hill Member, a he
stratigraphic chart shows the Vaughn Member interfinger
Taft Hill and Bootlegger Members of the Blackleaf Fo
K&eaﬁsgld:(lﬁ)mhuﬂuwmlewnhﬂe
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Formation, and the top of the Taft Hill Member to the top of the Viking
Formation. Similarly, Arnott (1987, 1988) agrees that the entire Bootlegger
Member is younger than the Bow Island Formation and instead corresponds
to the unnamed shales of the Lower Colorado Group. Obviously, there is
some debate as to the exact nature of the stratigraphic relationships.

Informal designations adopted in this work include “upper Bow
Island Formation”, which essentially refers to the First Bow Island
Sandstone, and “lower Bow Island Formation”, which roughly refers to the
Second and Third Bow Island Sandstones.

2.34 The unnamed shales of the Lower Colorado Subgroup

No formal name has been given to the dark shales that overlie the
Bow Island/Viking interval. Cross bedded medium grained sandstone beds,
thin conglomeratic beds, and pebbly sandstone beds are commonly found in
the basal portions of the interval (i.e. the Viking Grits). The unnamed
shales overlie the Viking Formation, and pass upwards into the Base of Fish
Scales Zone. The Base of Fish Scales marker has been designated the top of
the Viking alloformation (Boreen, 1989; Boreen and Walker, 1991; Hadley,
1992). As no formal name exists for these shales, they have been referred to
as the Lloydminster Shale (Tizzard and Lerbekmo, 1975; Amajor and
Lerbekmo, 1980; Hein et al., 1991), the Post Viking Shale and the Shaftesbury
Shale (Stelck and Koke, 1987), the Lower Shaftesbury (Stelck, 1958), the
Colorado Formation (Boethling, 1977a; Beaumont, 1984), and the Lower
Colorado shales (Leckie and Reinson, in press) ( ¢f. Fig. 2.1). For the
essentially equivalent to the upper portion of the Bootlegger Member and

and the Big River Formation of Saskatchewan (McGookey et al., 1972;
Simpson, 1975, 1982; Glass, 1990).

dating of the Bow Island Formation and its equivalents. Folinsbee ef al.
(1963) did some of the pioneering work in the field of potassium-argon (i.c.
K-Ar) geochronology on volcanic ash beds. Folinsbee et al. (1963) extracted



sanidine and biotite crystals from bentonite beds of the Mowry shale
(Neogastroplites megafaunal zone) near Casper, Wyoming. The sanidines
revealed a date of 94-97Ma and the biotites gave a date of 86-96Ma. The
sanidine dates were considered more reliable because biotite tends to give
dates younger than the actual dates due to what is termed “argon leaking”
(Folinsbee et al., 1963; H. Baadsgaard, pers. comm., 1993). Tizzard and
Lerbekmo (1975) extrapolated these dates and estimated the age of the
Muddy Sandstone (~Viking/Bow Island equivalent) to be 96-98Ma. Three
sanidine dates and two biotite dates averaged 101Ma and 96Ma respectively
for samples collected by Tizzard and Lerbekmo (1975). Tizzard and
Lerbekmo (1975) attributed the somewhat older dates to impurities
contaminating the analysed sanidine crystals. Regardless, they concluded
that their dates were in agreement with those they extrapolated from the
work of Folinsbee et al. (1963). Moreover, Tizzard and Lerbekmo (1975)

suggested that the true radiometric age for the Viking Sandstone is 100+2Ma.

Weimer (1@4) mﬁd that radinme&ie ages deﬁved from bentonites

ﬂ‘E eycle was depmted between HM: The major 1mphcatmn bemg ﬂ\at
the entire Bow Island-Lower Colorado shales package was deposited in
approximately two million years. Weimer (1984) also suggested that the
regressive Viking phase is likely a result of the 97Ma sea level drop of Vail
et al. (1977). Cant (1989) concurred that the regressive Viking Formation
resulted from an Albian sea level drop, but places the age of the drop at
98Ma.

2.36 Biostratigraphy
2.36.1 Megafaunal zones

Megafossils were only observed in one core in the study area. The
paucity of megafossil uhrge!ynfumﬂmnfﬂgrehhvely:maﬂm
umphﬂutpmvidedﬁemd:diﬁbuefnrd\himdy Obviously, the
likelihood of encountering an ammonite, fnrex:mple inathmehfnur
i.nchv:rﬁcalmbeahﬂ:ki;mtgﬂat. Nevertheless, Stelck and Armstrong
(1961) did find megafc ,';'mdﬂnmﬂﬂgmmmm
shales interval in southern Alberta. The ammonite Neogastroplites
septimus was fourd in the Fish Scale Zone at 6-34-10-22w4 (~3318°), and the
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that marks the top of the Bow Island Formation at 11-24-11-23w4 (~3833.5')
(Stelck and Armstrong, 1981). Stelck (1958) found few megascopic fossils in
the Viking Formation, stating, “The writer’s fossil list for the Viking sand
phases is brief and includes a small limpet-gastropod; cycloid, ctenoid and
ganoid fish-scales and other fish remains; sporitoid-like bodies and
comminuted plant fragments...”. Lang and McGugan (1¢88) listed
Inoceramus fragments and prisms, fish scales, spines and teeth, shell
fragments, and comminuted plant debris as the only megafossils visible in
their composite subsurface section of southern Alberta.

The lower Bow Island Formation (~Taft Hill Member/Joli Fou
equivalent level) overlies the uppermost Mannville Group (Stelckiceras
liardense Zone), and belongs to the Inoceramus comancheanus Zone
(Caldweil et al., 1978; Kake and Stek:k, 1985) The Lower Colarada shnles
1985) (Fxg- 22). lnocmmus camguchecmus is a pelecypod that lmgaﬁed
northwards from the Gulf of Mexico during Joli Fou time (Stelck, 1958).
Most of the upper Bow Island Formation and its equivalent Viking
Formation belong to a zone in which no megafauna occur, and this zone
persists into the basal portion of the Lower Colorado shales as well (Koke
and Stelck, 1985). Stelck (1958) pointed out that dating the Viking
Formation is difficult due to the lack of good mega- or microfossil
assemblages, and consequently, that the position of the Viking sand phna
can only be constrained by the more correlatable, more populous microfossil
assemblages characteristic of the Joli Fou Formation and of the Lower
Colorado shales.

2.36.2 Microfaunal zones

Although no microfaunal zonation of the Bow Island-Lower
Colorado shales interval has ever been published, microfaunal zones for the
equivalent Joli Fou-Viking-Lower Colorado shales interval do exist. These
praentinﬂEVanantmnmbutmmglntqmnﬁﬁa(Stdekm
Koke, 1967). As a result, most of the microfossil work on the Viking
Formation of central Alberta is based on shaly Viking equivalents in
northeastern British Columbia (e.g. Stelck, 1975, 1991; Koke and Stelck, 1964,
1985; Steick and Koke, 1967; Steick and Leckie, 1990). The Joli Fou
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Formation overlies the uppermost Mannville Group (Gaudryina
nanushukensis Zone), is early Late Albian in age, and belongs to the
Haplophragmoides gigas Zone (Stelck, 1958; Caldwell et al., 1978). The
Lower Colorado shales are late Late Albian in age and belong to the
Miliammina manitobensis Zone (Stelck, 1975; Caldwell ¢t al., 1978). The
Miliammina manitobensis Zone has been divided into three Subzones (in
ascending order): Verneuilina canadensis, Haplophragmoides postis
goodrichi, and Bulbophragmium swareni (Caldwell et al., 1978; Stelck, 1991).
The contact between the Bulbophragmium swareni Subzone and the
overlying Textularia alcesensis Zone is indicated by the Fish Scale marker
bed (i.e. the Base of Fish Scales Marker). The basal portion of the Textularia
alcesensis Zone straddles the Albian-Cenomanian boundary (Caldwell et al.,
1978). These basic relationships are illustrated in Figs. 2.2 and 2.21.

The work of Bullock (1950) found that there was no distinct or abrupt
microfaunal change between deposition of the Viking Formation and the
surrounding shales of the Joli Fou Formation and Lower Colorado shales.
Bullock (1950) characterised the Joli Fou sea as a shallow, slightly brackish,
transgressive sea, whereas the Lower Colorado sea was characterised as a
static, shallow water sea. Alternatively, microfossil studies by Leckie and
Reinson (in press) suggest that the basal shales of the Lower Colorado sea
were deposited in restricted, brackish, and/or stressed environments, which
yielded to predominantly more normal marine conditions upwards.
Interpretations based on ichnology of the Lower Colorado shales came to
similar conclusions (MacEachern et al., 1992b).
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Commission on Stratigraphic Nomenclature, 1983). Boreen and Walker
(1991) stressed that their nllmmﬁgaphy is informal and therefore they use
allomember and alloformation with lower case letters. Boreen and Walker




(1991, Fig. 3) define the base of the Viking alloformation as their BV (i.e.
Base of Viking) well log marker which they picked as the first major
rightward deflection on resistivity well logs. The top of the Viking
alloformation is considered to be the Base of Fish Scales Zone condensed
horizon (Boreen and Walker, 1991). Leckie and Reinson (in press) have
recognised two prograding cycles and two (possibly three) unconformities in
the Viking Formation of southern Alberta, and have correlated them to the
Paddy and Cadotte Members of the Peace River Formation of northwestern
Alberta. This, however, seems unlikely because biostatigraphically, the
Cadotte Member is older than the Joli Fou Formation (C.R. Stelck, pers.
comm., 1994). Comparison of these two stratigraphic schemes has yet to be
completed. The work of Boreen and Walker (1991) represents the only
published allostratigraphic subdivision of the Viking Formation (Fig. 2.3),
but for the purposes of this study, the allostratigraphy of Hadley (1992) is
more applicable and appropriate (Fig. 2.4).

241 Foreland Basin, Tectonics, Source of Sediment

The Alberta Foreland Basin formed during the Middle Jurassic, as the
Intermontane superterrane was accreted to the western margin of the North
American craton, triggering the Colombian orogeny (Ricketts, 1989; Cant,
1989). The westernmost portion of the basin underwent maximum
subsidence (i.c. creation of the Alberta Foredeep along the Alberta/British
Columbia border) as a flexural response to continued crustal loading
associated with additional accretionary events and sediment input into the
basin (Fig. 2.5). These elements facilitated the development of a shallow
epeiric seaway which persisted in various configurations throughout the
Interior Seaway, on a broad, shallow “ramp” of the Alberta Foreland Basin.
Sediment was derived from the uplifted Cordilleran rocks in the west and
accommodation space and the sediment source were tectonically controlled;




consequently, so were the sedimentation patterns and thickening/thinning
of the Bow Island Formation.

The presence of the Crowsnest volcanics in southwestern Alberta, the
largely bentonitic non-marine deposits of the Vaughn Member, and the
numerous bentonite horizons in the Bow Island-Lower Colorado shales
interval all attest to volcanic activity concomitant with deposition of the
Bow Island Formation. This volcanism is associated with the emplacement
of the Idaho Batholith in central Idaho, and its equivalents in Canada. Age
determinations made from rocks of the Idaho Batholith range from 217-
38Ma, with the majority of dates concentrated in the Cretaceous (McGookey
et al., 1972). The intrusion of batholiths and associated volcanism during
the Cretaceous is most likely the source of the bentonite horizons and the
Red Speck Zone in the Bow Island Formation.

Cant (1989) noted that the dominant coarse clastics of the
Mannville/Blairmore Group contrast markedly with the dominantly shaly
Alberta/Colorado Group; he ascribed this dramatic change in sedimentation
to an overall decrease in activity of the Cordilleran orogenic belt, coupled
with a world wide eustatic rise in sea level. Monger (1989, Fig. 2.3) showed a
break in time between accretion of the Intermontane (~167Ma) and Insular
(~98Ma) superterranes of the Canadian Cordillera. The smaller Bridge River
terrane was accreted to the southwestern margin of the growing Cordillera
between the two superterranes at ~100Ma, although its role, if any, in
deposition of the Bow Island Formation is unknown and difficult to discern
(Monger, 1989, Figs.2.3, 2.4; P. Erdmer, pers. comm., 1993). Mid-Cretaceous
sediments were derived from the uplifted and eroded Omineca Belt and
Cache Creek terrane; this implies that Bow Island Formation sediments
were also sourced from these areas (Monger, 1989, Fig. 2.12b). Jones (1961)
postulated that Viking sediments of southwestern Saskatchewan were
derived from the Selkirk Mountains, British Columbia; he was at least
partially right, as the Selkirk Mountains lie in the Omineca Crystalline Belt
(S. Gilmour, pers. comm., 1993).

242 Western Interior Seaway

Reviews of the Albian palacogeography of the Western Interior
Seaway can be found in McGookey et al. (1972), Williams and Stelck (1975),
Steick (1975), Stott (1984), Vuke (1984), Koke and Stelck (1985), Stelck and



Koke (1987), Cant (1989) and Leckie (1989). The Joli Fou seaway was
periodically continuous from boreal Arctic regions to the Gulf of Mexico
(Williams and Stelck, 1975; Koke and Stelck, 1985; Stelck and Koke, 1987);
this allowed a mixing of boreal and Gulfian faunas (Fig. 2.6). Evidence for a
continuous Joli Fou seaway lies in the fact that boreal-affiliated
Haplophragmoides gigas foraminifera were found together with Gulfian-
affiliated Inoceramus comancheanus within the Joli Fou Formation
(Williams and Stelck, 1975). The remainder of Albian time was
characterised by a partially landlocked interior Mowry/Lower Colorado
shale seaway that was open to the north and closed at its southern end in
the vicinity of central Colorado (McGookey et al., 1972, Fig. 17; Williams and
Stelck, 1975) (Fig. 2.7). A palaeogeography during deposition of the Viking
Formation is also given by Leckie (1989) (Fig. 2.8). Stott (1984) includes the
Joli Fou-Viking/Bow Island-Lower Colorado shales interval in his, “Second
Clastic Wedge”, and provides a series of four palaeogeographic maps that
span the interval (Fig. 2.9).

2.5 STRUCTURAL SETTING

As previously discussed, accretionary events and their accompanying
orogenic activity played a large role in overall basin development and fill.
Some of the major structural elements of western North America are
shown in Figure 2.10. The study area lies just to the east of the deformed
Cordilleran Belt, but west of the Sweetgrass Arch. No significant thinning
of the Bow Island Formation occurs in the region of the Sweetgrass Arch,
and so it is unlikely that the Sweetgrass Arch was a major factor during Bow
Island deposition (M.]. Ranger, pers. comm., 1993). A structure map created
slightly northwest of the study area, in the Harmattan-Crossfield vicinity
(~T28-33; R28w4-5wS5) showed a shallow regional southwesterly dip of
Viking/Bow Island strata of 11m/kilometre (~0.63°) (Hadley, 1992).

Drill cores and well Jogs used in this study did not reveal any sign of
interval), although some cores did exhibit synsedimentary microfaulting
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Figure 2.1 Lihostratigrephic chart with Albian siratigraphy of Southem Alberta correlated with
some adjacent areas
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Figure 2.2 Molluscen and foraminiieral Zones for the Albian Stage, Western interior of
North America [modified from Caidwellst a/. (1978)).
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[modified from Steick and Koke (1987), Steick (1991), and C.R. Steick (pers.
comm., 1903))
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Early Late Albian Seas (~Joli Fou Seaway)
Inoceramus comancheanus time

Figure 2.6 Map showing the palaeogeography of the Joli Fou seaway in early
late Albian (~/noceramus comancheanus) time [modified from

Koke and Steick (1985)]



Late Late Alblan Seas (~Lower Colorado/Mowry Seaway)
Neogastroplites cornutus time

Figure 2.7 Map showing the palaeogeography of the Lower Colorado
Seaway in late late Abbian (~Neogastropites comutus) time
[modified from Williams and Steick (1975)]
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Table 1: The following three pages contain a brief summary of studies carried
out on the Bow Island and Viking Formations, including the
authors, the field areas worked on, and interpretations.



TABLE 1: Summary of Previous Work 37
AUTHOR/DATE STUDY AREA PROCESSES/DEPOSIT TYPE

Kroon (1951) Southem Alberta Sand infilling scafloor depressions
Badgeley (1952) Central Albenta Deltv/offshore bars
Humt (1954) Joarcam field Bottom currents/skorm waves/iffshore sand bar

Gammell (1955) Central & Southern

Stelck (1958) Abberta
Rocssiagh (1959) Souther Alberta
Jones (1961/62)

Evans (1970)
Reinson ef al., 1983)

(197%)

Simpeon (1975)
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TABLE 1: Summary of Previous Work (continued)

AUTHOR/DATE

Reinson ef al. (1983)

Cirujenschi (1984)

Rcaumont (1984)

Slau (1985)

Farshori and McKay
(1986)

1 ockic (1986a)

Hein e1 al. (1986)

Ryer (1987)

Downing and Walker
(1988)

Lang and McCugan
(1988)

Power (1988)

Raddysh (1988)
Reinson ef al. (1988)

Boscen (1989),

Boreen and Walker (1991)

STUDY AREA
JolTre ficld

Caroline ficld

West-central Alberta

PROCESSES/DEPOSIT TYPE

Storm-gencrated density currentsiidal
cumrents/offshore bar complex

Density currentsitidal cusrents/prograding wave
dominated shoreface

Increascd tectonismAides/climate/southward flowing

(Viking & Cardium Fms) marinc currents/long, narrow, paraticl sand bars

Joarcam-Joffre ficlds
Lastcm Alherta

Joarcam-Joffre fickds

Giroux Lake field

Caroline ficld

Harmattan ficld

Garrington ficld
Caroline ficld

Joffre-Joarcam ficlds
Willesden Groon-
Crystal ficlds

East fields

Joffre icld

N. Montans/S. Alberta
(Blackical Formation)

Gilby ficlds
Crystal ficld

Wilicadea Green

Transgressively reworked shoreline sediment/offshore
bars/drowned delas
Deltas

Reworked shoreface sediments/offshore bars (afler
Beaumont, 1984)

Fluvial supply reworked by storm, longshore and

tidal currents/shallow marine environment/shelfal
siorm ridge/offshore bar or shoal

Regression/storm currents/prograding wave dominated
shoreline/Aransgression/tidal currents-debris
flows/reworked shoreface

Scdiment gravity flows/submarine cut and filled
shelfal valleys/shoreface

Shoet sandstones/ridge and swale deposits

Prograding shoreline/barrier island sysiem

Offshore barrier island-spit complex
Tidal inlethidal channel deposits

Wave dominated deltas or strandplains

Storm currents/lowstand incised
shorefacc/Aransgression

Deltaic, floodplain, coastal plain deposits/marine-bar
sysicm/hyposaline and normal marine conditions

Siomas/reworked shelf/incised shoreface
Waves-longshore currents/incised shoreface

Transgression-tidal curventsitidal channet fill in larger
estuarine channel-bay complex

Tramegression-tidal currents/cstuarine vallcy-fill/
incised shoreface



TABLE 1: Summary of Previous Work (continued) kD)

AUTHOR/DATE

STUDY AREA

Chigwell field

Raychaudhwri et al. (1992/93)

(1990a)

(1990b)
Davies (1990)

Pozzobon and
Wilker (1990)

Chamberiain (1990/91a,b)

Pattison (199091a,
b.cA2)

Putnam e al. (1991)

Cox (1991),
Cox and Williams (1991)

Hein et al. (1991)

Hadicy (1992)

Pemberson (1992/93)

MacEachem et al.

(1992)

erion &1 al. (1992)

Reimson et al. (1993)

Central/south-central

Edson/Cyn-Pom fed
fickls
Blood ficid, S. Alberta

Blooo ficld, S. Alberta

Gaeringion ficld

PROCESSES/DEPOSIT TVPE

Transgressively incised low energey shoreGine

Prograding shorelines/migrating offshore sind ridpes

Waves, longshore, tidal currents/storm amd gravity
induced currentv/barmicr islands/hack amicr/lagoons/
tikdal Natddehas/offshore sand ridges-hans

| shiwclace

ssod-reworked sand plume associaled with
il ,L'ﬁlﬂl‘dﬁm:mlg;

ine valley-fill/shuwelace deposits

e valley-fill/progradational

mm
Mhﬂdﬂhﬂcﬁa&miﬁmﬂ

arine valicy-fill

mmﬁm shell sandstones/shelf
mple - = gmviy ﬂnmlsally lﬁh’li
flows/Stom- Imﬂ currents/ofTshose ridge

Progradational joms/inciscd valicy-fills
Sﬁ!ﬂbﬁaﬁeqﬂaﬁ:ﬂpﬁﬂﬂkﬁ
marine transgressive deposits

wine valicy-fill



CHAPTER 3 FACIES, FACIES ASSOCIATIONS, ICHNOLOGY AND
SEDIMENTOLOGY 7

3.1 INTRODUCTION

Facies analysis was necessary in order to best interpret the observed
rocks. This chapter deals with detailed description of the observed facies,
with respect to their lithologic, ichnologic and sedimentologic features.
Some of the facies are stacked in recurring packages. These packages are
referred to as "Facies Associations”, and the two main Facies Associations in
this study will be discussed in this chapter (i.e. FA1 and FA2). Facies
Associations are defined as, “... groups of facies that occur together and are
considered to be genetically or environmentally related.” (Reading, 1986).
The Facies Associations are also stackable into bigger scale sedimentary
packages which must be interpreted on the basis of their facies-oriented
elements, as well as their context in a stratigraphic framework. Aspects of
the stacking patterns and regional bounding disconformities are discussed in
Chapter 4.

3.2 FACIES DESCRIPTIONS

Observed sediments in the study area have been divided into sixteen
facies based primarily on the ichnologic and sedimentologic characteristics
they exhibit. Grain size was determined using a Can-Strat card. A
comparison of Can-Strat grain size with actual phi and millimetre grain size
is given in Table 2. It should be noted that where maximum and average
pebble diameters are given, the diamete
because the cores only provide two-dimensional views of pebbles which
corceivably have even greater diameters in the unobserved third
dimension. At least twenty-five types of trace fossils were encountered in

3.3 FACIES 1: Black shale with minor dispersed silt
Lithology and Sedimentary Features: Facies 1 comprises black shale and/or
mudstone (depending on the fissility of the rock at any given well location),
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with a minor amount of dispersed silt and lower very fine-grained
sandstone (Fig.3.1A,B). The facies is increasingly less fissile with increasing
silt content. No physical sedimentary structures are visible, although there
are extremely rare millimetre scale sharp based discontinuous lenses of
siltstone/lower very fine-grained sandstone. Locally, thin zones of shale are
siderite cemented.

Ichnology: No obvious trace fossils were visible, but possible Planolites
were observed. Vague burrow mottling was apparent near the rare
siltstone/lower very fine-grained sandstone beds.

Interpretation and Discussion: This facies was deposited in an offshore
marine environment where deposition was almost entirely from
suspension fallout. The interpretation is largely based on the context of the
facies within overall shoaling upwards shoreline cycles. Sand and silt was
likely supplied partially from suspension fallout, and possibly from storm-
generated currents. The sand and silt, then, would represent the most distal
deposition of major storms acting on a correlative shoreline.

The lack of any significant burrowing suggests two possible scenarios:
a) the existence of environmental stresses, b) a lack of lithologic contrast
with which to highlight the burrows. The most likely explanation is the
lack of lithologic contrast. Sampling for microfossils in this facies yielded
robust arenaceous marine foraminifera (J.A. MacEachern, pers. comm., 1993;
C.R. Stelck, pers. comm., 1993). Further aspects of apparently reduced
burrowing intensities in this and similar facies is addressed in the
discussion of Facies 14 and by MacEachern et al. (1992b).

34 FACIES 2: Burrowed shaly sandstone

Lithology and Sedimentary Features: This facies is dominantly lower fine-
grained sandstone with only a minor amount of shale (Fig. 3.1C). Bedding
features were obliterated due to the total sediment homogenization caused
by the activities of burrowing organisms. The sediment contains swelling
clays which appear to be bentonitic or smectitic in nature. Other features
include glauconite, pyritised nodules, and organic detritus.



Ichnology: This facies is characterised by a very high burrowing intensity
that imparts a thoroughly mottled or churned appearance to the rock. Trace
fossils found include Terebellina, Teichichnus, Planolites, Palacophycus,
Thalassinoides and possibly ?Subphyllachorda. The overall appearance of
the facies suggests dominance by Teichichnus.

Interpretation and Discussion: This facies is only visible in one core within
the study area (6-15-24-20W4) because the 6-15-24-20W4 core is the only one
in the study area that penetrates the basal portion of the Bow Island
Formation. The core likely represents the basal portion of the Third Bow
Island sandstone. Although only seen in one core, the corresponding
geophysical well log respose is consistent throughout the study area; so
indirect evidence suggests its designation as a facies. The unit grades out of
essentially black shales (Facies 1). The intense burrowing suggests that the
facies was deposited in a well oxygenated, nutrient-rich, marine
environn.ent. The abundant glauconite supports a marine interpretation.
The trace fossil assemblage and burrowing intensity also suggest a low
energy, lower shoreface environment. Burrowing intensity and the lack of
preserved sedimentary structures indicate that the sand was probably
deposited slowly, in thin beds, such that the abundant types of organisms
inhabiting the lower shoreface environment were able to maintain their
pace of burrowing with the rate of sand deposition. The sand was most
likely supplied by weak and/or infrequent storms.

35 FACIES ASSOCIATION ONE (FA1)

FA1 comprises beds of thoroughly burrowed very fine grained
sandstone, siltstone, and shale (Facies 3), interbedded on a larger scale with
rare one to fifteen centimetre thick very fine grained sandstones (Facies 4).
FA1 increases in sand content upwards, from thoroughly burrowed,
Helminthopsis-rich, silty and sandy shales into sandier shales above. The
intense biogenic mottling commonly obscures any vestige of physical
sedimentary structure, although some remnant laminse are rarely
preserved. Although the interbedded portion is thoroughly burrowed, local
variations in the intensity exist. These moderately to poorly burrowed
interbedded intervals tend to be more common stratigraphically higher
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within FA1, and can be considered transitional between FA1 and FA2. This
transitional interval is also found locally within the basal portions of
overlying FA2 and will be discussed as a part of FA2. The contact between
FA1 and FA2 is ordinarily very sharp, and is based on an increase in the
thickness of sandstone beds, and the abrupt change in burrowing intensity
(Fig. 35A)

forms: Angamchnus Palaeaphycus, Mncammchnus; Polyklgd;chnusf
Cylindrichnus, Terebellina, Asterosoma, Rhizocorallium, Zoophycos,
Ophiomorpha, Thalassinoides, Planolites, Chondrites, Helminthopsis,
Teichichnus, Bergaueria, Skolithos, Rosselia , Arenicolites, Diplocraterion,
Gyrolithes, Siphonichnus and (?)Phycodes. Although not all these
1chmgenera are represented ina smgle drill core, they have all been

twentyfone lchnogenerg exist thhm FAI and are summaﬂsed in 'I‘able 4
Detailed facies descriptions of FA1’s constituent facies are given below.

351 FACIES 3: Thoroughly Burrowed Sandstone, Siltstone and Shale
Lithology and Sedimentary Features: This facies comprises burrowed
lower to upper very fine-grained sandstone, siltstone and dark shale, and is
found throughout the study area (Fig. 3.2A,B). It is dominantly shaly, dark
grey in colour, with sand and silt content ranging between 10-35%. The sand
and silt content normally averages between 15-20%. Rare millimetre to 2cm
may be discontinuous on the scale of the core, thereby locally giving this
fa:ie: a ""ihiedded" appenrm The nndsm heds are generally sharp

ﬁmwﬂﬁﬂ)lﬂbﬁﬂyhﬂmlﬂmlymwmdyfﬂgﬂmnﬁmhed
with them. Possible fern leaf imprints were observed on a bedding plane at
6-9-27-18W4. A very fine grained siderite cement and up to 10cm thick
sideritic horizons can also be found in this facies. Locally, this facies has
interstitial swelling clays; this seems to be restricted to zones around thin
bentonite beds (Facies 16). Minor pyrite is also present. Moving




stratigraphically upwards within any single core, Facies 3 becomes
interbedded with Facies 4 to create Facies Association One (i.e. FAl).

Ichnology: The burrowing intensity ranges from common to abundant in
this facies. In addition, actual numbers of individual trace fossil forms are
high. This facies is found in essentially all the observed cores, and contains
the most diverse assemblage of trace fossils in the study area. This facies has
been informally referred to as “the regional Viking” by industry and
academic geologists alike. The facies is characterised by an ichnofossil
assemblage comprising the following sixteen ichnogenera: Arenicolites (Fig.
3.4A), Asterosoma (Figs. 3.3D,H,I), Bergaueria (Fig. 3.3E), Chondrites (Figs.
3.3B,D; 3.4B,D), Diplocraterion, Helminthopsis (Figs. 3.3A,B,G,I; 3.4C),
Ophiomorpha (Figs. 3.3F,G), (?)Phycodes (Figs. 3.4F,G), Planolites (Fig. 3.3B),
Rhizocorallium, Rosselia (Fig. 3.4C), Skolithos (Figs. 3.3A; 3.4A),
Teichichnus (Figs. 3.3D; 3.4A), Terebellina (Figs. 3.3C,H), Thalassinoides (Fig.
3.3G) and Zoophycos (Fig. 3.3G). Of these, Helminthopsis, Planolites,
Chondrites, Terebellina and Asterosoma are by far the dominant
ichnogenera present. Teichichnus, Ophiomorpha, Thalassinoides,
Zoophycos, Rhizocorallium, Rosselia and (?)Phycodes are common; and
Skolithos, Bergaueria, Diplocraterion and Arenicolites are rare. Dense
concentrations of Helminthopsis are ubiquitous in this facies and although
Helminthopsis and Chondrites are not mutually exclusive, dense
concentrations of each are not commonly found together. Although not
every one of the sixteen ichnogenera mentioned are found in any single
drill core, they can all be found associated with this facies somewhere within
the study area. Planolites is locally pyritised.

Interpretation and Discussion: The physical sedimentary features indicate
that the sandstone beds, where present, were deposited in an overall upper
offshore to distal lower shoreface by storm-generated oscillatory currents.
The facies was deposited below fairweather wave base, but the presence of
within storm wave base. The wavy parallel laminations found in the
sandstone beds represent combined flow/asymmetrical oscillation ripples.
Tlnﬁmlyoomnﬁnuﬂdargmlcd:ﬁhuwulhabmgmmm
environment by the storm-generated currents and incorporated into the
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oscillation/combined flow ripples. The wavy parallel laminations could
alternatively be interpreted as remnants of hummocky cross stratification.
Other, probably weaker, storms brought sand into the environment but not
in sufficient amounts to deter complete reworking by organisms. The
discontinuous nature of the sand “lenses” suggests that very little sand was
being transported into this environment, and that the rippled “lenses” are
locally interpreted to be sediment starved ripples. The loaded bases indicate
that the underlying muddy substrate was soupy, allowing for the sand to
“sink” into the mud, creating load cast ripples. Rare bentonitic horizons
suggest that periodic volcanic ashfalls were penecontemporaneous with the
deposition of this facies. The minor pyrite indicates that conditions were
locally reducing.

The diverse ichnofossil assemblage reflects deposit feeding or grazing
trophic strategies, both of which are amenable to the Cruziana ichnofacies
(Pemberton and Frey, 1984). Furthermore, the Thalassinoides and
Ophiomorpha observed are horizontally oriented; such burrows tend to
become progressively more vertically oriented with increasing energy
conditions on a shoreface (i.e. from the lower shoreface to the upper
shmefam) The relative importance of horizontal and vertical burrow
X es in shoreface sediments and ichnofacies designations is
dmmmgeamdenﬂinmeandPM(lﬂ) The less common
ichnogenera are all thought to be dwelling structures of suspension feeders
or passive carnivores.

The pauci'ty of Skolithas Diplofrilerian and Armicclitcs, as well as

Gphmorphj are mistent with an upper affshare to dlstal lower
shoreface setting, due to dominantly low energy, quiet water conditions that
do not favour suspension feeding organisms (cf. MacEachern and
Pemberton, 1992). The predominance of deposit feeding and grazing
behaviours, the high diversity of trace fossils, the abundant burrowing
intensity, and the sedimentary structures all indicate that these sediments
are fairweather marine deposits within well oxygenated, nutrient-rich,
upper offshore to distal lower shoreface environments.
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352 FACIES &: One to Fifteen Centimetre Thick very fine Grained
Sandstones
Lithology and Sedimentary Features: This facies is made up of sandstone
beds that range in grain size from lower to upper very fine-grained, with the
dominant grain size being lower very fine (Fig. 3.2C,D). The sandstone beds
exhibit low angle undulatory to wavy parallel laminations, normally
accentuated by finely comminuted organic detritus. In some of the thicker
beds, low angle inclined parallel laminations are evident. In rare instances,
some of the thicker bedded sandstones exhibit convolute bedding (e.g. 7-1-
27-20W4). Similar to the sandstone beds/lenses in Facies 3, these sandstone
beds locally have ripped up coaly or woody fragments. In addition, they may
contain glauconite or small ripped up sideritic clasts. This facies is
interbedded with Facies 3, with beds of Facies 4 generally becoming more
abundant and thicker upwards within FA1l. The sandstone beds are on
average 1-5cm thick near the base of FA1, getting up to 10-12cm thick on
average moving stratigraphically upwards within FA1.

34EF), Ophwmorpha (Figs. 3.4B,C), P:beophycus (Fig 3.4B), Plﬁnahtes (Fig.
3.4H), Polykladichnus (Fig. 3.3C), Rhizocorallium (Figs. 3.4B,D),
Siphonichnus, Teichichnus (Fig. 3.4A), Terebellina, Thalassinoides and
Zoophycos. Seven of these ichnogenera are essentially restricted to the
sandstones of FA1; of these, the two most common are Anconichnus
horizontalis and Palaeophycus, with Palyklgdtchnns,, Cylindrichnus,
Macaronichnus simplicatus, Gyrolithes and Siphonichnus being the others.
Polykladichnus and Cylindrichnus are rare, whereas Gyrolithes and
Siphewichnus are extremely rare, as each is only found in one core within
the study area. Asterosoma, Ophiomorpha nodosa, Ophiomorpha
irregulaire, Planolites, Rhizocorallium, Teichichnus, Terebellina,

facies) and the thoroughly burrowed intervals (Facies 3) that comprise FA1.
The Ophiomorpha, Planolites and Thalassinoides which occur in the
sandstones are commonly reburrowed by Anconichnus horizontalis or
Helminthopsis (Figs. 3.4F,H).
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Interpretation and Discussion: The low angle undulatory to wavy parallel
laminations are interpreted as oscillation to combined flow ripples and are
thought to represent distal storm deposits in an upper offshore to lower
shoreface setting. Locally, the ripples appear to have small scale foreset
laminae within overall wavy bedform morphologies; hence their
interpretation as possible combined flow ripples. These sharp based
sandstone beds snmmcmly have burmwed tsps [ie “'parsllel laminatedim-

to scrambled" or "lamisaam"] md in genersl, the numbsr and thlskm-ss c:f
the slnﬂstone beds m:resse upwards witﬁin FAl The ubserved increase in

rsﬂestmg msressmgiy shs!!awer water condmons, such that the
environment lay more commonly within storm weather wave base, but still
within the lower shoreface. Storm effects were felt more significantly in this
psrt of ﬂ\e lower sharsfsce,p thereby exphining the thicker and more

These beds were also depo&&d by sm-gnsrated currents snd are most
commonly associated with the lower shoreface. A more complete
discussion of HCS is covered in the interpretation of Facies 6. The
occurrence of convolute laminations in this facies is rare, and they likely
formed as a result of rapid deposition related to storm-generated currents. It
is envisioned that storm-generated wave setup at the shoreline ultimately
resulted in a seaward flowing bottom currents that moved sand from the
foreshore to the lower shoreface. The sediment likely had a large
proportion of interstitial water which escaped upon or shortly after
deposition, rendering the sandstone bed with convolute laminations.

The burrowing of the sandstones is generally quite sparse and
represents biogenic reworking of the tops of distal storm deposits. The
deposits are not necessarily the result of single events, but rather, may
represent amaigamated storm beds. The occurrence of Anconichnus
mm&mﬂ!mﬂﬂﬁnﬁpphdnﬁsmganaponﬁm

’ nent association 1 of Goldring ef al. (1991). Furthermore,
Goldrlngetsl (1991 Fig.16) restricted such an occurrence to the upper
offshore to offshore transitional position on a shoreface profile, lying above




storm (i.e. maximum) wave base but below fairweather (i.e. minimum)
wave base. It is generally thought that burrowing organisms are capable of
completely reworking sand beds up to fifteen centimetres thick in an upper
offshore to distal lower shoreface setting, barring rapid burial by a
subsequent event bed (Kranz, 1974; Wheatcroft, 1990). It follows, then, that
in order for a storm generated sand to be preserved in such an
environment, it would have to be tlncker thm ﬁ&een cenumetres

butareunabletototally pmoget thesand hence thephysncal
sedimentary structures of the sands are at least partially preserved. The
organisms that colonise the storm sands may have been transported into the
upper offshore/lower shoreface environment by the same storm induced
currents responsible for transporting the sediment from the nearshore to
the offshore (for details, see Pemberton et al., 1992b). As a result, the
ichnology of the storm sands is superimposed onto the resident fairweather
ichnofossil community, and so the ichnofossil signatures of the two
subenvironments do not necessarily bear any resemblance to one another.
This may explain why the seven ichnogenera that are restricted to the
sandstones are both rare and unique with respect to the resident fairweather
ichnofossil suite of the thoroughly burrowed sandstone, siltstone and shale

colonisingﬂ\esmmund, lnsmhcns,&-zenhﬂﬁngmganismaﬁ
commonly referred to as a community of “doomed pioneers” (Follmi and
Grimm, 1990). The reburrowing of pre-existing trace fossils in the
sandstones probably represents a later stage of opportunistic feeding whereby
the makers of Helminthopsis and Anconichnus horizontalis feed off either
ﬂwupﬂcmmmmwmnﬁnpﬂﬂzoﬂgmﬂ pportunistic suite
opportunhﬁcuoembhge. The ichnology of storm deposits is discussed in
greater detail by Frey (1990) and Pemberton et al. (1992b).
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36 FACIES ASSOCIATION TWO (FA2)

In contrast to FA1, the overlying FA2 comprises unburrowed to
moderately burrowed interbedded very fine grained sandstone, siltstone,
and shale (Facies 5) that is itself interbedded on a larger scale with discrete,
thickly bedded (0.15-4.0m) low angle laminated very fine- to fine-grained
sandstones (Facies 6). FA2 is widespread within the study area and is
characterised by an ichnofossil assemblage that is impoverished in both
quantity and, to a lesser extent, diversity as compared to FA1. Portions of
FA2 may be thoroughly burrowed, although the burrowing intensity overall
is much less than in FA1. FA1 is sharply overlain by FA2 in most cores, and
this contact is locally demarcated by chert pebble conglomerate (Facies 7 or
Facies 13). Where present, the conglomerate is commonly overlain by a
thin zone of highly burrow mottled rock (Facies 3). Generally, this
burrowed zone gradationally passes upwards into thinly interbedded Facies
5. Locally, moderately burrowed, thinly interbedded Facies 5 directly
overlies the conglomerate. Where unburrowed to rarely burrowed, Facies 5
consists of shnrp based 3-15cm thick very fine-grained sandstone beds that
grade upwards into equally thick dark shales (Figs. 3.5B,C,D). These thinly
interbedded portions of Facies 5 locally contain 1-2cm thick stringers of
granules and/or small, rounded pebbles (average 5-10mm in diameter).
MyinMPﬂcisSmt oomm ',',,ymmnﬂiebaseﬂFAi

(lowertan’pper ine-graine ﬁ) bempmgmve!y more dnmmant
upwards within FA2. Some of the thickly bedded very fine- to fine-grained
sandstone beds exhibit soft sediment deformational features including
crofaul | pill tructures, oversteepened laminations,
nmmﬂyﬂhnehﬁﬂﬁﬁﬁlﬁmvduemm ln
the following fourteen forms: Chondrites, Planolites, Bergaueria,
Terebellina, Rhizocorallium, (?)Lockeia, Anconichnus, Teichichnus,
Palacophycus, Asterosoma, Helminthopsis, Zoophycos, Thalassinoides and
Ophiomorpha. Fuédmh(u escape traces) are also common. As with
FA1, notewortl sution tendencies exist for the ichnogenera of FA2,




and are summarised in Table 4. Detailed descriptions for Facies 5 and Facies

6 are given below.

3.61 FACIES 5: Unburrowed to Moderately Burrowed Interbedded
Sandstone, Siltstone and Shale
Lithology and Sedimentary Features: Due to the variable amounts of
burrowing in this facies, the rocks commonly have a pinstriped appearance
(Fig. 3.6A). Portions may be commonly burrowed, although the burrowing
intensity overall is lower (i.e. rare to moderate) than in FA1. The sandstone
beds are one to fifteen centimetres thick, are characterised by wavy parallel,
low angle undulatory and low angle inclined stratification and grade
upwards into smaller scale wavy parallel laminated sandstones (Fig. 3.6B)
and then gradationally up into dark, organic-rich shales. The sandstones
locally appear lens shaped and, in some cases, may represent sediment
starved ripples. The “pinstriped” appearance of this facies is largely
Almost all of the sandstone beds are sharp based and fine upwards into
black, organic-rich, essentially unburrowed shales (Fig. 3.6C). Rarely, the
sandstone beds are erosively based cut and fill structures (Fig. 3.6D). As with
many of the sandstone beds in other facies, the sandstone bed laminae are
cummmly :cﬂenhnﬂd by ﬁnely mminuted organic detmus eﬂily md/or

t,rmmuy pming upwuds inb) lﬂgr burmwed Fnag 5.
Overall, the sandstone beds get thicker, and locally coarser, upwards.
Commdy,ﬂemmhedswﬂlhemmeﬂﬁcksupwmm
sequently be overlain by a succession that is dominantly shaly again,
withﬁiinmurd:mbeds. The shale portion of this facies is organic-rich
and normally quite friable. Ubiquitous dull brown organic detritus and
vegehﬁvede@ihuhfounﬂlnﬂzﬂulsﬂnhugaﬂemﬁsiﬂhmﬁnﬂy

cemented with a very fine grained siderite. On core parting planes, the
3.9E). The shale beds are dominantly 1-5cm thick but are locally up to 15-



20cm thick. Facies 5 is interbedded with Facies 6 to make Facies Association
Two (i.e. FA2).

Ichnology: This facies has a markedly reduced burrowing intensity,
abundance and diversity compared to Facies 3. The ichnofossil assemblage

Anconichnus (Figs. 3.5C; 3.8B), Asterosoma (Figs. 3.8C,D), Bergaueria (Fig.
3.9B), Chondrites (Figs. 3.5B; 3.8B,D,F,H), Helminthopsis (Figs. 3.8A,D),
(?)Lockeia (Fig. 3.9A), Palaeophycus (Figs. 3.8B; 3.9B), Planolites,
Rhizocorallium (Figs. 3.5B,D; 3.8A,C,D), Teichichnus (Fig. 3.9A), Terebellina
(Figs. 3.8D; 3.9C), Thalassinoides (Figs. 3.8A,D) and Zoophycos (Figs. 3.5C;
3.8E,F,G). Chondrites, Planolites (Figs. 3.8A,D,F), Rhizocorallium and
Terebellina are the most abundant traces; in contrast, Bergaueria, (?)Lockeia
and Teichichnus are extremely rare. Of the thirteen ichnogenera
represented, Bergaueria, Chondrites, (?)Lockeia, Planolites, Rhizocorallium
and Terebellina are restricted to this facies, with the other seven
ichnogenera being common to both this facies and Facies 6. The dark
organic-rich shales of FA2 are ordinarily burrowed by only one or two
ichnogenera. The Chondrites-Planolites association is most common in the
dark shales, whereas single occurrences of Asterosoma and Rhizocorallium
are less common.

Interpretation and Discussion: The wavy parallel and low angle
undulatory stratification are interpreted as combined flow to oscillation
ripples which are locally aggradational in nature. The sand was deposited by
a combination of fairweather and storm-generated waves. Some thinner
sandstone beds locally appear lens shaped and, in some cases, may represent
sediment starved ripples. The low angle inclined stratification found in
some of the thicker bedded sandstones is interpreted as small scale
hummocky cross stratification (i.e. HCS). The HCS sandstone beds were
deposited by storm-generated oscillatory currents. The HCS beds commonly
grade upwards into smaller scale wavy parallel laminated sandstones, which
in turn pass gradationally upwards into dark, organic-rich shales. The
smaller scale wavy parallel laminated sandstones that cap the HCS beds are
interpreted as combined flow and asymmetrical oscillation ripples that
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represent the reworking of the tops of the HCS beds by either waning stage
storm-generated oscillatory/combined flow currents or fairweather waves.
The emsicnally based cut and fill structures are intezrpreted as

ﬂnented umdlrecnona! currents were active. The underlyxng shale was
likely hydroplastic and possibly semi-cohesive. The cohesiveness is
supported by the fact that the shale actually has a slightly overhangs the
overlying sandstone (Fig. 3.6D). The shale was likely cut by seaward
nriented rip currenh and subsezquer’\tly filled with very fineigfained sand

currents ﬂnwmg in appes:te dxrectmns (Walker and Pl.mt 1992).

The organic-rich shales that gradationally cap the small scale
oscillation and combined flow ripples may be related to observations on
seasonal fluctuations of concentrations of organic material (i.e.
phytodetritus) that have been made for the deep-sea by Rice ef al. (1986). It is
postulated that the dark, organic-rich shales that cap the sand beds may
represent suspension fallout deposition associated with the waning flow
portions of sandy storm beds (as oppoeed to a return to “true” fairweather
deposition by suspension fallout), as well as the lower shoreface expression
cf seasonal phytodetritus cﬂneentraﬁam in the deerﬁea/sh&li Amther
wnthm thm f:e;es, C‘nmmenly, the nndsm beds t}ueken upwards only to
gradationally return to much more thinly interbedded sandstone and shale
of the same facies. This may represent a record of seasonal variations
controlling such factors as frequency and/or strength of storms, as well as
sediment supply. In core, the sandstone versus shale dominance in this
facies is quite subtle and may locally appear to be a flooding surface.
Obviously, seasonal change is only one possibility to explain variation in
this facies, and other factors such as relative sea-level and autocyclic events
(e.g. delta lobe switching or channel avulsion) should also be considered.

The sideritisation of the organic-rich shales most likely resulted from
incipient diagenesis, catalysed by in situ breakdown of organic material
(Berm lﬁ) Orgnﬂcdeﬁimhviﬁbhinﬁmemud:mdhmuﬁm

scopic scale in samples processed for the purpose of
biaitﬂﬁglphk analysis. Moreover, the sampled muds are essentially
barren of microfossils (J.A. MacEachern, pers. comm., 1993), which supports




the interpretation of rapid deposition during storm events. The synacresis
cracks probably formed in response to shrinkage of clay minerals, which can
be caused by salinity fluctuations associated with the introduction of
freshwater into open marine environments (Burst, 1965; Plummer and
Gostin, 1981). The ubiquitous synaeresis cracks indicate that there was a
significant salinity stress during the deposition of this facies; this accounts
for part of the reduced burrowing abundance and diversity noted in Facies 5.
It is suggested that periodic introduction of freshwater locally reduced
salinity, thus preventing all marine organisms from exploiting the less
saline conditions. This environmental stress ultimately manifest itself in
the rock record as a reduction in the overall ichnofossil assemblage observed
in FA2,

The ichnofossils represent a slightly impoverished Cruziana
assemblage, owing to the dominance of deposit feeding structures (Frey and
Pemberton, 1984). The assemblage is depleted relative to FA1, mostly with
regard to the abundance of individual burrows and the overall intensity of
burrowing. The dark organic-rich shales of FA2 are ordinarily burrowed by
only one or two ichnogenera. The Chondrites-Planolites association (Figs.
3.5B; 3.8A,D,F) is most common in the dark shales, whereas Asterosoma
(Fig. 3.8C) and Rhizocorallium (Fig. 3.8D) are rare. Regardless of the suite,
the burrowing is relatively sparse compared to similar dark shales associated
with FAl. Itis postulated that the dark shales were exploited by
opportunistic, (?)deep tier burrowing organisms that were able to feed on
the bacteria degrading the abundant organic material available. Such modes
of feeding from storm buried organic material were discussed by Vossler and
Pemberton (1988). The occurrence of Chondrites in the FA2 organic-rich
shales is similar to that observed in the Jurassic Posidonienschiefer
Formation of Germany (Bromley and Ekdale, 1984). In that unit, it was
noted that Chondrites occurred in dark carbonaceous sediment deposited
under chemically reducing, depleted oxygen conditions. Such an association
also appears to exist for Chondrites in the dark, organic-rich shales of this
facies; this implies that much of FA2 may have been deposited under
reduced oxygen conditions. The Asterosoma and Rhizocorallium that are
also found in these dark shales represent similar opportunistic feeding
behaviour.



362 FACIES 6: Thickly Bedded, Low Angle Laminated Sandstones
Lithology and Sedimentary Features: Facies 6 has an average grain size
between upper very fine and lower fine, but the grain size ranges anywhere
from lower very fine to upper fine. In general, these sandstone beds are
coarser than sandstone beds within Facies 5. In addition, the grain size
increases upwards within Facies 6, resulting in an overall subtle coarsening
upwards succession. The sandstone beds range in thxckness behween 0 15m
undu.latory lmunatmns (Fig 3. 7A) at theu' base that pass upwardz into
small scale wavy parallel and convex upwards laminae (Figs. 3.7C; 3.10C).
Sandstone beds that are 1.0m or greater in thickness are generally made up
of several smaller stacked sandstone beds separated by low angle truncation
surfaces; in these instances, the small scale convex upwards laminae are
only rarely preserved. The low angle (~5-15°) truncation surfaces are
ubiquitous and commonly obliterate all trace of convex upward laminae
(Fig. 3.10A). The low angle inclined laminae are commonly accentuated by
finely comminuted organic detritus (Figs. 3.7A,D; 3.9AF,G,H,LJ; 3.10G,I), and
glauconite is also a mﬁﬁﬂm of the sandstone beds. The organic detritus is
especially visible on laminar or bedding planes of the core; the glauconite is
most easily seen under the binocular microscope as very fine grains
interstitial to the sand grains. Rare occurrences of small (i.e. millimetre
scale) coaly and/or intraformational shale rip-up clasts also locally
accentuate the low angle inclined laminations. In one core location (14-22-
22-24W4), a bedding plane in the amalgamated portion of this facies
revealed a small bivalve shell (Fig. 3.7E). The sharp bases of the sandstone
bedsmhaﬂymﬁedbyaﬁwmﬁmdpebblﬁﬂ/mgmul& The

liameter. Locally,
the gmules/ Pebbles m:tu,l!!y accentuate the hmimﬁom (an_ 3.7B).

Ichnology: Burrowing of the thickly bedded sandstones is essentially
mﬁcﬂdbﬁghplo-lﬁﬂﬂ\ebﬁlmmm“pem(h
fugichnia) (Fig. 3.9F), Ophiomorpha nodosa (Fig. 3.9H) and Ophiomorpha
irregulaire (Fig. 3.9G). Ophiomorpha irregulaire was found in only one well
(7-7-25-20W4), where the thickly bedded lower to upper very fine-grained
sands coarsen up into lower to upper fine-grained mottied sand. The escape
traces, O. nodosa and O. irregulaire are restricted to the sandstone beds
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within FA2 (see Table 4). Other observed trace fossils include Anconichnus
horizontalis (Fig. 3.9]), Asterosoma, Helminthopsis (Fig. 3.9H), Palacophycus
(Figs. 3.9L)), Teichichnus (Fig. 3.9)), Thalassinoides and Zoophycos (Fig.
3.7D). Ophiomorpha nodosa and Palacophycus are the most common
ichnofossils within the tops of these thick sandstones. All the burrows, save
Helminthopsis, reflect first stage opportunistic colonisation of sandy storm
deposited substrates, similar to the colonisation of the thinner storm-
generated sandstone beds of FA1 (i.e. in Facies 4). Helminthopsis represents
a second stage reburrowing of the original pioneer trace suite, comparable to
the role of Helminthopsis and Anconichnus horizontalis makers in
reburrowing larger burrows in the sandstone beds of FA1. Overall, the
burrowing intensity is rare to nil; locally, the trace fossils themselves have
been truncated by the low angle truncation surfaces.

Interpretation and Discussion: This facies was deposited in a wave-
dominated delta front or lower to middle shoreface environment. As
previously mentioned, the low angle inclined to undulatory laminations at
the base of the sandstone beds pass upwards into small scale wavy patallel
and convex upwards laminae (Fig. 3.9]). The low angle inclined to
undulatory laminations are interpreted as hummocky and swaly cross
stratification (i.e. HCS and SCS). Low angle (~5-15°) truncation surfaces are
ubiquitous in the thick sandstone beds; where they obliterate all trace of
convex upward laminae, the sands are interpreted as swaly cross stratified
(i.e. SCS) (Fig. 3.10A). Morphologically, Duke (1980; fide Duke, 1985)
distinguished SCS as a variant of HCS in which swales are preferentially
preserved, and hummocks are rarely preserved to absent. Where slightly
convex upwards laminae are preserved, the sandstone beds are interpreted
as hummocky cross stratified (i.e. HCS) (Fig. 3.9)). The HCS and SCS
sandstone beds were most likely formed by storm-generated oscillatory
currents. The small scale wavy parallel and convex upwards laminae,
which commonly cap the thick sandstone beds, are interpreted as small scale
oscillation to combined flow ripples (Figs. 3.7C; 3.10C) that likely represent
reworking of the tops of the HCS/SCS sandstone beds by the waning stage
effects of storm-generated currents or by fairweather waves. It is more
probable, however, that the smaller scale ripples resulted from smaller and
smaller wave orbital velocities associated with the abatement of storm



induced waves. Duke (1990) suggested that the low angle inclined
laminations in HCS beds resulted from oscillatory currents whereas the
wavy parallel and convex upwards laminae resulted from combined flow
currents (i.e. a current in which a unidirectional current is superimposed
and “enhances” an oscillatory current). Much like the rarely to moderately
burrowed portion of FA2, the dark shales that cap the sandstones are
sporadically burrowed with Planolites, Chondrites, Asterosoma or
Rhizocorallium, commonly have synaeresis cracks, and are locally
sideritised (Fig. 3.10C). Burrowing in these muds is predominantly by a
single ichnogenera, and the ichnologic interpretation of these organic-
rich/carbonaceous shales is identical to that of the organic-rich shales of the
burrowed portion of FA2 (i.e. Facies 5). The variable thickness of the
sandstone beds can be attributed to the amalgamation of storm beds, with
each successive storm sufficiently erosive so as to remove any interim
fairweather deposits. The main parameters regarding the relative role of
storm energy on shoreface ichnology and sedimentology are discussed in
detail by MacEachern and Pemberton (1992), but in general, the dominance
of SCS over HCS may reflect the higher energy and shallower water
conditions of the middle shoreface as opposed to those of lower shoreface
environments (Rosenthal and Walker, 1987). Duke (1985) also suggested
that the dominance of amalgamated HCS beds (i.e. SCS) represents, “more
energetic and/or frequent storm events, possibly indicating shallower depth
and/or closer proximity to source”. In general, storms and their deposits on
shorelines are controlled by such factors as storm frequency, storm strength,
seasonal effects (e.g. hurricanes and winter storms), shoreline configuration,
water depth and shoreface gradients. Periodically, either pebbles were
supplied from the source area, or the storm-generated currents were
energetic enough to move small pebbles and granules into the delta
front/lower to middle shoreface. In fact, the author observed small pebbles
and granules in outcrops of HCS beds of the partially equivalent Bootlegger
Member of the Blackleaf Formation in Montana, as well as in the subsurface
SCS/HCS beds of the Albian Falher Member of the Spirit River Formation
(i.e. the Falher A, B and D). Similarly, pebbles were seen accentuating swaly
cross stratified sandstone beds in the Nomad Member of the Wapiabi
Formation (Rosenthal and Walker, 1967). The rare coaly and
intraformational rip-up clasts found in this facies also attest to the initial



high energy, erosive nature of the storm-generated currents, which were
followed by emplacement of the sandstone beds.

Hummocky cross stratification is thought to be generated by storm
induced oscillatory currents. There is some debate surrounding this, but the
most recent experimental flume studies in fine grained sand indicate that
HCS arises as a result of bidirectional, purely oscillatory currents (Southard
et al., 1990). Similarly, Arnott (1993) suggested a purely oscillatory origin for
HCS, specifically, long-period, high-speed oscillations. Duke ef al. (1991)
stated that HCS can be formed by combined flows, but they stressed that the
reasonable to assume that HCS could also be produced by combined flows,
although experimental work. thus far has not substantiated this. Ongoing
flume investigations hope to shed more light on the relative roles of
oscillatory and combined flows on the formation of HCS (R.W.C. Arnott,
pers. comm., 1993).

The recognition and identification of HCS and SCS in subsurface drill
ocore has been a source of debate for a number of years. Strictly speaking, the
wavelength of hummocks and swales (i.e. tens to hundreds of centimetres)
that are characteristic of HCS and SCS are too large to be seen in a 34"
diameter core. Therefore, it is stressed that in core, HCS and SCS are
interpretive. Their interpretation is based on experience, their context in
the overall vertical succession of facies, the grain size of the thick sandstone
outcrop. The author has seen HCS in partially correlative rocks of the
Bootlegger Member of the Blackleaf Formation in Montana, as well as
several other Cretaceous sandstone units throughout the Western Interior
Seaway. In addition, HCS has been interpreted from core and outcrop in the
Turonian Cardium Formation (e.g. Plint et al., 1986, 1988), and from core in
the Viking Formation by numerous authors (e.g. Hadley, 1992). Perhaps
some of the most compelling evidence for the interpretation of HCS and
(1992d) on the Upper Cretaceous Spring Canyon Member (Blackhawk
Formation) of the Book Cliffs, Utah. The outcrop of the Spring Canyon
Member near Helper, Utah represents a shelf to shoreface to backshore
succession of facies. The distal and proximal lower and middle shoreface
deposits of the Spring Canyon Member outcrop contain beautiful examples
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of hummocky cross stratified and amalgamated hummocky cross stratified
(i.e. SCS) sandstone beds (J.C. Van Wagoner, pers. comm., 1993). In April of
1982, Exxon Production Research Company stepped back approximately one
mile from the main outcrop face at Helper, Utah and cored and logged a
well (i.e. E.P.R. Co. Price River “C” core/well) in order to compare known
outcrop observations with their core counterparts. The depositional context
and physical manifestation of the HCS and amalgamated HCS beds in the
Price River “C” core is, for all intents and purposes, identical to those
interpreted as HCS and SCS sandstone beds in this study. Therefore, it is
with confidence that the low angle inclined and low angle undulatory
laminations in cores of the Bow Island Formation are interpreted here as
HCS and SCS sandstone beds. Furthermore, the low angle truncations seen
in core are likely representative of amalgamated, strongly erosive storm-
generated features amenable to SCS.

The burrowing in the sandstone beds is representative of
opportunistic colonisation of the top 10-15cm of storm-generated HCS beds.
The presence of the bivalve shell in some of the SCS beds (see Fig. 3.7E)
suggests that conditions were sufficiently energetic as to allow bivalves to
survive via filter feeding. Furthermore, the shell suggests that some of the
escape traces that are found in this facies were likely created by the action of
bivalves, particularly where the escape traces had very sharp “V” structures
(Kranz, 1974). The overall interpretation of the burrowing trends is
identical to that given for the burrowed storm-generated sandstone beds of
Facies 4.

37  Subfacies 6A, 6B, 6C and 6D

Facies 6 has four subfacies which have been designated Subfacies 6A
through 6D. The subfacies are not commonly found within the study area
but are important enough to be included here with Facies 6. Moreover, the
subfacies have a significant effect on the overall interpretation of the
lithologic successions noted in this study. The reason they are subfacies of
Facies 6 is simply that they are most commonly associated with Facies 6
rocks and tend to be variants on Facies 6. As a result of their overall affinity
for Facies 6, all the subfacies can be considered to be components, albeit

from most commonly found to least commonly found. Subfacies 6A



through 6D are colloquially referred to by the author as the “anomalous
facies”.

3.71 Subfacies 6A: Soft Sediment Deformed to Apparently Structureless
Sandstone
Lithology and Sedimentary Features: Subfacies 6A is dominantly lower to
upper very fine in grain size and does not have any visible burrowing. This
subfacies is dominated by soft sediment deformational features including
oversteepened/convolute laminations (Figs. 3.10E; 3.11A,B), ball and pillow
structures (Fig. 3.10F) and microfaulting (Figs. 3.10G,H; 3.11C). The
oversteepened/convolute laminations are generally visible due to minor
grain size variations, the ball and pillow structures are made obvious by
shaly laminae which have also been deformed; the microfaulting is most
evident when the minor laminar offsets are clearly visible due to colour
contrast supplied by either shaly laminae or finely comminuted organic
detritus. Locally, the sandstone beds are apparently structureless (Figs. 3.10D;
3.11D). In these rare cases, no physical or ichnologic features are observed,
the fabric of the rock is uniformly massive and the grain size is extremely
consistent (most commonly lower very fine to siltstone). A second
inspection of the apparently structureless sandstone revealed the local
presence of vague low angle inclined laminations, but the identification is
tenuous at best. Making X-radiographs of a slabbed piece of the apparently
structureless sandstone might be a viable way to check for lamination types,
but this was not done as a part of this study. X-radiographs were taken of
similar, but thicker, apparently structureless sandstones in the Belly River
Formation by Power (1993); his X-radiographs revealed that the sandstones
were, in fact, structureless. In addition, large siderite cemented clasts and
intraformational rip-up clasts are associated with this subfacies (Fig. 3.101).

Ichnology: There were no trace fossils observed in this subfacies.

Interpretation and Discussion: The apparently structureless sandstones are
interpreted as beds formed by sediment liquefaction generated by the release
of elevated intergranular pore-fluid pressures. Associated oversteepened
laminations and ball and pillow structures support synsedimentary
deformation in response to extremely rapid deposition of some of the thick



sandstones. Being intimately associated with Facies 6, Subfacies 6A was also
deposited in a starm daminated delta front/ lower to middle sl‘ujrefaee

hummky Cross sﬁatlﬁed beds wlu:h euntamed hlgh amounts af
intergranular water. Instantaneous dewatering of the recently deposited
HCS bed was then Eiggered by imzipient slumping/sliding or other mass

may have occurred short!y :fter the origmal" storm whn;h resulted in the
rapid emplacement of even more sand (i.e. sediment loading) on top of the
“original” bed. This resulted in the instantaneous dewatering of all of the
sand, which left its trace in the geologic record as a set of sandstone beds
with oversteepened/convolute laminations and ball and pillow structures.
As the dewatering occurred penecontemporaneously with deposition of the
sandstone, it locally resulted in the total homogenization of the sandstone,
with no trace of any type of lamination whatsoever. This
penecontemporaneous sediment liquefaction is the best explanation for the
apparently structureless sandstone beds, especially in light of their
association with Facies 6 and the beds with oversteepened/convolute
laminations and ball and pillow structures. The merits of other
mechanisms that can account for the observed sedimentary features (or lack
thereof) of Subfacies 6A are discussed in some detail below.

A possible explanation for the apparently structureless sandstones is
trace Macaronichnus. There is, however, no positive evidence to support
this notion, even though there are Macaronichnus zones in more proximal
facies within the overall depositional succession. Diagenetic alteration
could also cause the sandstones to appear massive; 5o this must also be
considered a possibility. When viewed through a binocular microscope
underlﬁghpuwgr. mucmhnnfdim-ppenrﬁhweamgh
mhmudzﬂﬁeisémﬂﬂnmmmmmpemd

MymmmrmSmﬂmmmﬂa
ened/convolute laminations; this makes it difficult to envisage a
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structureless sandstone beds, then, makes diagenetic effects an unlikely
candidate to explain the absence of visible structures.

Power (1993) suggested that structureless sandstones in the Belly
River Fﬁﬁnation were depasited rapidly with much of the sediment

san,dsto,nes were deposn!ed by shallaw water turbldnty currents lwnth the
structureless sandstone presumably representing the “A” portion of the
classical Bouma sequence (Walker, 1984)]. Shallow water turbidity currents
are a possible mechanism for the generation of the apparently structureless
sandstones of Subfacies 6A; it is suggested that the turbidity currents may
have arisen as delta front entities. Possible deltaic influences will be
discussed later in the thesis. Some main differences between the apparently
structureless sandstones of Subfacies 6A and the structureless sandstones of
Power (1993) include the thickness of the beds (Power’s (1993) are much
thicker) and the overall succession of associated sedimentary structures.
Regardless it is certainly within the realm of possibility that the apparently
tureless sandstone beds were deposited extremely rapidly out of
guspenﬂon as the result of decelerating shallow water turbidity currents.
Thg ide; af turbidity currents in ﬂie Vildng (nnd Baw lsland)

cuﬂenunctingmﬂleAlbemmm Basinhubeenunurceofgre;t
controversy. Among several problems with the turbidity current model are:
1) How are the turbidity currents generated?; and 2) How are the turbidity
currents maintained?. Within an overall shoreline setting, there are only
three plausible ways of generating highly sand laden turbidity/density
currents: 1) The currents were somehow initiated by storm wave activity; 2)
The currents initiated as a result of seasonal floodstage fluvial debouchment
inmﬁ'nmﬂmdomﬂn,ots) The currents may have been created by some
entary mass movement process such as slumping. The first option
huﬂlkﬂy,ucmknmhdg!mgguuﬂmsm:munﬂkelymaue

events in time could account for rapid sand deposition and dewatering via




both as bedload and as suspended load. If the rivers were carrying a large
amount of sand as suspended load, the sand laden freshwater that entered a
marine body of water would be denser than the basinal, marine water. In
the case of deltaic settings, this density contrast is termed hyperpycnal inflow
(Bates, 1953; Bhattacharya, 1992). In this scenario, the apparently
structureless sandstone beds and the sandstone beds with
oversteepened/contorted laminations would have been deposited by
hyperpycnal density flows that debouched from river mouths. As these
density currents decelerated quickly, the sand in suspension would literally
be dumped (i.e. “frozen”) and deposited as an apparently structureless
sandstone bed. This is a plausible explanation, but there are several
problems with it also. One line of evidence to support this hypothesis is the
overall patchy distribution of Subfacies 6A. Generally, Subfacies 6A is seen
in cores that are quite closely spaced (S 2 miles), suggesting that their
deposition was possibly point sourced (i.e. close to a source of fluvial input
from where the hyperpycnal flow could have originated). Unfortunately,
no evidence of fluvial or distributary channels have been found in the study
area, although this may largely be a function of well and core spacing. This
interpretation requires the hyperpycnal flow to have travelled a minimum
of 24km from the nearest coeval emergent shoreline (~T24; R22W4), to the
location of some of the apparently structureless sandstone beds (~T27;
R20W4). The maintenance of a hyperpycnal density underflow for such a
long distance is unlikely, especially given the essentially ﬂlt depmiﬁaml
slopes calculated for the sandstone wedges (~0.03°). Furthermore, the
authorkmwsofmdocumemedcuesofsuchsedimntﬁmpmimd
deposition reported from the modern. This does not dismiss fluvial
floodstage derived hyperpycnal flows as a possibility, but it is perhaps not
the most reasonable explanation.

Finally, consideration must be given to shallow water turbidity
currents initiated by mass movement/slumping of previously deposited
material. Slumping is common in deltaic settings largely because of the
rapid and fluctuating nature of sediment deposition, high sedimentation
rates, and the high amount of interstitial water in the sediment itself.
Slnmplnghnbo.documhdﬁomd\emodemm:dppl Rlvsdeltn

wha!depocmomlummhlghmddndepalm:!opekmhﬂmy



steep and unstable. Given these conditions, density currents could be
generated, particularly at times of high fluvial discharge of dense mixtures
of water and sediment. Lindsay et al. (1984) reported that close to half of the
distributary mouth bar deposits from the Mississippi River delta were later
slumped into more basinal settings; so obviously, slumping also occurs in
proximal areas of modern deltas. Ubiquitous slumping in deltas is due to
high rates of aggradation and/or progradation. The key point is that
wherever one is on a delta profile, sedimentation rates are high and the
sediment is inherently prone to be unstable due tc high pore water content.
In this study, there is strong evidence to support synsedimentary slumping
as an explanation for the apparently structureless sandstone beds. Firstly,
ﬂﬁreisﬂemmmwithbaﬂmdpﬂbwstmdm

nucrofadting, all of w!uch can be l:mnhed for by slumpmg. ln Eact, the
slumping may be the only process required to explain the observed features
in Subfacies 6A, as turbidity currents are not even required. Pore-water rich,
unstable sand was deposited at distributary mouth bars (dominantly at river
floodstage). It is postulated that this sand periodically slumped and was
dumped into a delta front setting. The initial impetus for the slumping of
the mouth bar sand could be sediment or wave loading at the delta mouth
by major storms (and its resultant seaward pressure gradient), or some
tectonically induced event. There are bentonites associated with the Bow
Island Formation sediments in the study area, indicating that nearby areas
were tectonically active (see Chapter 2, Section 2.4.1). The slumped

ediment would have been dumped on pre-existing delta front sediments,
which in turn were deformed [both soft sediment deformed (e.g.
mnteepa\ed/emvﬂute hminlted nndm beds and b:ll and pillﬁw

dumpi.ng qf udiment may h:ve sﬂqnent!y tﬂggeied slnllow water
turbidity currents in the deita front; therefore, what is preserved in the rocks
of interest may record a combination of slumping and shallow water
preceding paragraph is also amenable to this explanation. Also, the
slumping model does not require sustained flows over great distances, but
rather provides a mechanism by which sediment could have been
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Overall, the favoured interpretation for Subfacies 6A involves
slumping and dewatering in a delta front environment. The slumping, in
turn, may have initiated sediment gravity flows. The slumping may have
been triggered by wave loading, sediment loading or seismic activity;
although seismic activity is the most likely cause. Schwab and Lee (1988)
attributed slumping on the upper continental slope of Alaska to earthquake
activity. Schwab and Lee (1988) also attributed the development of sediment
gravity flows on the shoreface to storm wave loading. Although the
Alaskan upper continental slope is not a good analogy for the Alberta
Foreland Basin (i.e. depositional gradients, rate of sedimentation efc.), it is
encouraging that at least the processes and mechanisms being interpreted
for the uppermost Bow Island Formation are observable in the modern.

The high energy affinity of these modes of rapid deposition is
manifest by the incorporation of intraformational sandstone, shale, and
sideritised shale rip-up clasts (Fig. 3.10A). As previously alluded to,
microfaulting is also evident (Figs. 3.10H; 3.11D). The most important
conclusion to be made is that occurrences of Subfacies 6A, where found,
were essentially deposited/created instantaneously as a result of very
energetic events.

Lithology and Sedimentary Features: Morphologically, Subfacies 6B is very
similar to the pebbly/granular portion of Facies 6. The subfacies is
dominantly lower to upper very fine-grained, but the very fine-grained
sandstone beds also contain Slcm diameter, rounded chert pebbles and
smaller granules/coarse-grained to very coarse-grained sand. The coarser-
graimdﬁacﬁmufﬁhmﬁa@nmnmﬂympm:&dinbﬂwnﬁy
Muppavayﬂmw‘dmdmm&pebbla/gmm The beds
themselves show wavy parallel and wavy inclined laminations (Fig. 3.12A).
This subfacies is only associated with Facies 6 and the other subfacies of
Facles 6. !

Ichnology: No trace fossils were visible in this subfacies.
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Interpretation and Discussion: The wavy parallel and wavy inclined
laminations in this subfacies are interpreted as oscillation to combined flow
ripples. Subfacies 6B was deposited as a result of storm-generated,
dominantly oscillatory currents. This interpretation is supported by the
work of Leckie (1988) who suggested that storm waves that formed coarse-
grained ripples were not particularly strong, and likely had wavelengths ot
2-5m and periods of 8-14 seconds. Furthermore, Leckie (1988) noted the
association of coarse-grained ripples with HCS beds, postulating that
oscillatory/oscillatory-dominant flows moulded medium to very coarse-
grained sand, or pebbly sand into 2-dimensional coarse-grained ripples.
These same flows moulded very fine and fine-grained sand into 3-
dimensional HCS, and this is borne out in an outcrop example from the
Gates Formation in which a coarse-grained ripple bed passes laterally into an
HCS bed (Leckie, 1988). Essentially identical associations and grain sizes
were observed in Subfacies 6B as for those modern and ancient examples of
Leckie (1988). These rippled pebbly sandstone beds probably remained
inactive after their formation and were subsequently buried by finer-grained
shifting sands (Leckie, 1988). Gillie (1979 fide Leckie, 1988) suggested that the
coarse-grained ripples formed during the waning stages of larger storm
events, as opposed to during the height of a large storm. Occurrences of this
subfacies have been reported from storm influenced shoreface
environments in other Cretaceous units in the Western Canada
Sedimentary Basin (e.g. Wright and Walker, 1981 in the Cardium
Formation; Leckie and Walker, 1982 in the Gates Formation; Rosenthal and
Walker, 1987 in the Nomad Member of the Wapiabi Formation).
Transportation of S2cm diameter pebbles into lower shoreface
environments requires storm waves on the order of 1-9m high and 6-16
second periods; can be found in water depths from 3-160m (Leckie, 1988).
The most important implication of this is that waves are capable of moving
fairly large pebbles, and therefore every thin pebbly horizon seen in the rock
record does not necessarily require major allocyclic processes such as
lowering of sea level. Furthermore, the overall context (i.e. commonly
associated with HCS sandstone beds) and abundance of Subfacies 6B favours

its interpretation as a storm-generated phenomena.



3.73 Subfacies 6C: Structureless/Soft Sediment Deformed Grey Siltstone
Lithology and Sedimentary Features: This subfacies comprises siltstone
with minor lower very fine-grained sandstone (Fig. 3.12B). No physical
sedimentary structures are readily apparent, although what appear to be dish
structures are visible. Rare small scale soft sediment deformational features
are also seen "a this subfacies (Fig. 3.12C). Overall, the fabric of Subfacies 6C
is massive. Subfacies 6C is only found in one or two of the studied cores and
was found in bed thicknesses <15c¢m.

Ichnology: No trace fossils were visible.

Interpretation and Discussion: This subfacies was deposited in a wave-
dominated delta front environment. Subfacies 6C was most probably
deposited very rapidly by similar processes to those responsible for the
deposition of the apparently structureless sandstone beds and soft sediment
deformed sandstone beds of Subfacies 6A. For a detailed account of these
processes, please refer > the discussion of Subfacies 6A. The dish structures
and soft sediment de .rmation features are indicative of rapid deposition
and dewatering of the siltstone beds. Subfacies 6C has many similarities
with the apparently structureless sandstone beds of Subfacies 6A, but have
an even finer grain size.

3.74 Subfacies 6D: Fining upwards pebbly sandstone

Lithology and Sedimentary Features: This subfacies has a variable
lithology and grain size. Subfacies 6D is only represented in one core in the
study area (i.e. 6-2-24-17W4). The bed in question has a sharp base and is
overlain by a thin zone of conglomerate with rounded chert pebbles in
excess of 4cm diameter (Figs. 3.12C,E). This passes gradationally upwards
into a pebbly sandstone (low or to upper very fine-grained) with smaller
pebbles (average 1-2cm rounded diameter) dispersed throughout (* . few
pebbles were observed touching each other, and this became even less so
upwards within the bed). This gradationally passes up into a deformed silty
very fine-grained sandstone similar to Subfacies 6A, but with the persistence
of a few scattered <8Bmm diameter rounded pebbles dispersed throughout
(Figs. 3.12C,D). This succession is then sharply overlain by a low angle
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inclined laminated sandstone bed with a few scattered lcm diameter scale
rounded pebbles.

Ichnology: No trace fossils were visible in this subfacies.

current that it triggered. The mechanisms for major slumping and the
generation of sediment gravity flows is discussed in detail in the
interpretation of Subfacies 6A. This bed resembles what have been called
seismites. Figure 3.12C also illustrates coarse-tail grading. Coarse-tail
grading simply means that there is an upwards normal grading of the
coarsest fraction of this event bed.

375 Brief Summary of the “Anomalous Facies”, Subfacies 6A through 6D
Subfacies 6A through 6D were deposited in close association with
storm-generated HCS and SCS sandstone beds of Facies 6. As such, Subfacies

overall wave dominated succession. The “anomalous facies” likely
represent beds generated by delta front slumps which may have been
initiated by any one of a number of processes. There also appears to be
evidence to suggest deposition by rare sediment gravity flows; these flows
were likely triggered by the slumps. It is stressed that one or more of
Subfacies 6A through 6D occur in only ~10% of the examined cores.

38 FACIES 7: Clast And Matrix Supported Conglomerate
Lithology and Sedimentary Features: This facies is composed of well

touching one another, bedding planes reveal that most of the pebbles are in
contact; hence the designation of this facies as dominantly clast supported.
However, examples of matrix supported conglomerate do exist (Fig. 3.13B).
The beds of unimodal conglomerate range in thickness from 1-75cm, with



the average bed thickness being 1-15cm. The pebbles are dominantly sub- to
well rounded, and range in grain size from 0.5-6cm in diameter. The
average pebble diameters range from 0.75-2.5cm. In most of these beds, the
maximum pébble diameter cbserved was on the Dl‘déf cf }alcm, with

pebble calaurs mcluded black, whne, green and red. A minor component of
the pebbles appeared to be of lithic origin. Subangular to well rounded
siderite and intraformational shale rip-up clasts, as well as rare woody or
slightly coalified wood fragments also comprise a minor component of this
facies. The siderite/ripped-up shale clasts range from 3-8cm in diameter and
tend to be larger than the pebbles they are associated with. Although Facies
7 is dominantly clast supported, there is still a significant amount of matrix
that occupies the interstices between the pebbles. Most commwnly, the
matrix comprises very well sorted lower to upper very fine-grained
sandstone that appears both macro- and microscopically to be identical to the
sandstone surrounding Facies 7 (i.e. normally Facies 5, 6 or the Subfacies 6A-
D). The grain size of the matrix does vary somewhat from a maximum of 1-
Smm diameter granules, through to shile but tl1e lowe:r to upper very fine-

very fme—gramed matrix is not mlly feamreles,s, Lucally; the pebbles
appear to distort very fine scale laminations in the very fine-grained
sandstone and siltstone that comprise the matrix (Figs. 3.13A,C; Figs.
3.14A,B). In the 16-8-26-19W4 and 6-18-27-20W4 cores, the matrix actually
appears to be bedded on a fine scale. Furthermore, the 6-18-27-20W4 core
shows a unique example of pebbles apparently “floating” in a shaly matrix
which is burrowed by the ichnogenus Chondrites. Locally, this facies fines
upwards (e.g. in Unit 4 1658:26-19\"4 Unit 2, 9-14-28-21W4; Fig. 3.13C),
although few other sedimentary fabrics were determinable. No obvious
examples of preferential pebble imbrication were noted anywhere in the
study area. Some of these unimodal clast supported conglomerates pass
upwards into upper medium-grained to lower coarse-grained sandstones,
which pass upwards into oscillation rippled very fine-grained sandstones,
which in turn pass gradationally upwards into unburrowed black shale (e.g.
Unit 4, 6-6-26-18W4). In many of the cores where this facies is visible, there
are actually two thin (i.e. <10cm thick) but distinct beds of Facies 7 which are
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separated by zones of shale or interbedded very fine-grained sandstone and
shale. This relationship is a real one, as in several instances, the pieces of
core in question were reliably fit back together (Fig. 3.14B).

The nature of the contact between Facies 7 and whatever facies
underlies it is variable. The contact is always lithologically sharp because it
normally juxtaposes 2-5cm diameter pebbles on top of very fine-grained
Evidence for erosion includes an undulatory contact on the scale of the core,
as well as demonstrable truncation of underlying features such as physical
sedimentary laminations or burrow forms. Also present, are locations

any other sharp bedding contact (e.g. the Unit 7/Unit 8 contact in core
location 6-9-29-22W4). In some cores the contact appears very “gentle”, with
some of the pebbles delicately overlying and distorting (but not truncating)
fine scale laminations in the underlying sandstone beds (Fig. 3.13A; Fig.
3.14B). Also, a few of the pebbles are actually detached from the true well
sorted clast supported conglomerate bed and are found “floating” in the
underlying substrate, with laminations in the underlying sediment actually
wrapping all around the pebbles (Fig. 3.13A). Other occurrences of the basal
Facies 7 contact show vertically oriented (i.e. pebble C- or long axis) pebbles
location 6-6-26-18W4).

Facies 7 is commonly overlain by thinly interbedded Facies 5 or Facies
3. The Facies 5 interval has a pinstriped appearance to it, with common to
moderate burrowing intensity, whereas the Facies 3 interval is thoroughly
mottied by a diverse marine assemblage of trace fossils. The superposition
of Facies 3 on Facies 7 is somewhat subtle, but is seen in many cores. It
should also be noted, that Facies 7 is normally quite thin; so recognition of
this facies on well logs is essentially impossible.

Ichnology: No trace fossils were obviously visible in this facies. In the rare
instance that the pebbles were in a shale matrix, some Chondrites were seen
in the shale. In addition, the sandstones and shales that comprise the fining
upwards portion of some of these beds are burrowed with traces similar to
those found in Facies 4 (Fig. 3.14D).



Interpretation and Discussion: There are two main possible interpretations
for bucies 7: a) The facies was deposited by storm-generated currents; b) The
facies rcpresents transgressively reworked lowstand derived deposits. A
critical discussion of these interpretations is given below.

Storm-generated density currents may have deposited this facies. The
depositional context and processes associated with a storm-derived origin
are very similar to those proposed for Subfacies 6A, 6B and 6D. When
assessing this particular interpretation, it is important to note that in many
localities, the facies that both underlie and overly Facies 7 are the same (i.e.
Facies 6 or one of its subfacies). The main differences between Facies 7 and
Subfacies 6B are that Facies 7 contains larger pebbles and lacks the ripple
forms characteristic of Subfacies 6B. Otherwise, they are quite similar,
especially in their association with HCS and SCS beds. It is suggested that
storm-generated density currents were responzible for deposition of this
facies; this was followed by a period of storm-wave reworking of the
deposited material. The fact that the sandstone matrix locally retains some
unaltered fine scale lamination suggests that the conglomerate beds may
have been deposited by decelerating density currents that caused the pebbles
to “freeze” and be emplaced very quickly, with open frameworks. Then, as
the very fine-grained sand associated with the density current began to settle
out of suspension, it filled in the open interstitial pore spaces between the
pebbles. The fining upwards of many of these pebble beds supports the
interpretation of rapid deposition by single decelerating flows (similar to
Subfacies 6D). It is envisaged that major storms were able to “pile up” water
at the shoreline, thus creating a hydrostatic pressure gradient capable of
driving seaward oriented bottom currents (Walker and Plint, 1992). This
seaward pressure gradient is augmented by storm-driven oscillatory currents
capable of producing the shear stresses required to move sediment offshore
(Walker and Plint, 1992). An alternate method of moving sediment
offshore is related to waves breaking at the shoreline and setting up a system

they can combine to create a seaward oriented rip current capable of moving
sediment offshore (¢f. Figure 3 of Walker and Plint, 1992). As Wright and
Walker (1981) pointed out, however, maintaining energetic offshore
oriented currents capable of moving up to Scm diameter chert pebbles as
bedload over 5-25km distances is highly improbable. Therefore, it is
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suggested for this facies that transport and deposition occurred as the result
of density currents or turbidity currents associated with rapid and
fluctuating deltaic deposition (e.g. floodstage discharge of lots of sediment in

thicknesses are variable and the individual beds do not necessarily occur at
consistent stratigraphic levels. Some of the beds can be traced over small
distances where core control is very good, but individual beds are difficult to
correlate over large distances. This suggests that their location may be
controlled, at least partially, by proximity to coeval shorelines and possibly,
the location of fluvial systems/delta distributaries on the corresponding
shoreline. Several previous studies of Cretaceous rocks of the Western
Canada Sedimentary Basin have proposed sediment dispersal of pebbly beds
by storms and storm-induced currents. Density currents have previously
been invoked as a mode of rapid deposition of gravel up to 7cm in diameter
in Cardium Formation outcrops near Seebe, Alberta (Wright and Walker,
1981). Similarly, Leckie and Walker (1982) suggested that sharp based, fining
upwards conglomeratic beds of the Gates Formation were actually emplaced
by storms, and noted that the conglomeratic beds were rippled at their tops
and *ere associated with SCS beds. Rosenthal and Walker (1987) observed
pebbly layers and beds in the Nomad Member of the Wapiabi Formation
which they interpreted as storm-wave reworked storm rip current deposits.
Moreover, Rosenthal and Walker (1987) suggested that the sand in the HCS
beds may have been initially deposited by storm-generated turbidity
currents. This implies that the processes depositing sand could have
included storm-generated density and turbidity currents; that the presence
o: absence of pebbly material could simply be related to availability of
pebble-sized material. Facies 7 was found in the identical depositional
context in the Harmattan area (Viking Formation) by Hadley (1992). Facies 7
of this study is the same as Facies 6 of Hadley (1992). Furthermore, cores
logged in this study are in the same depositional cycle as those logged in
Allomember D by Hadley (1992). In other words, the two studies are based
on similar rocks at the same stratigraphic level. Hadley's (1992)
conglomerate beds ranged in thickness from 1-90cm (average 20-25cm thick),
and his chert pebble diameters ranged from 0.6-15cm in diameter (average




2.5cm diameter). Hadley (1992) suggested that the pebbles and cobbles of his
Facies 6 were transported onto the shelf by geostrophic flows during very
large storms, and were subsequently winnowed by waves. Hadley (1992)
goes on to suggest that HCS and SCS beds associated with his Facies 6 reflect
waning effects of the same flows. Hadley (1992) ultimately interpreted the
presence of pebble beds with SCS beds as reflecting periodic gravel supply to
a shallow shoreface environment. The pebbles and cobbles were supplied to
the beach by fluvial channels and subsequently transported offshore via
intense storms (Hadley, 1992). A similar interpretation is suggested as an
explanation for the pebble beds of Facies 7 in this study. The best evidence
for this lies in the observed rocks. Figure 3.14C beautifully illustrates a
storm generated sandstone bed that passes from pebbles at the base, thuough
hummocky cross stratified very fine-grained sandstone and continues
gradationally upwards into massive grey siltstone and organic rich shale. It
is suggested that modifications to this type of deposition and storm
reworking may also be parﬁally lpplieable to the origiﬂs of Subfaéies SA, B,C
generated deposit to E;gure 3.144:; with the exeeptmn of an opportunistic
marine trace fossil suite f:ﬂlcnising H’\e mdy substrate

relative sea level. As menhmed, this f,l(:les is mmmonly found near the
FA1/FA2 contact. This cnntnct is mﬁmlly very sharp and is easily seen in
dramatically reduced burmwmg mtemnty af FAZ eompared to FAL 'l'hu
abrupt change represents one of two things: a) a sharp transition from distal
delta front/lower shoreface (i.e. FAl) to proximal, storm-dominated delta
front/lower shoreface (i.e. FA2) within a single, overall shoaling upwards
succession, or b) a basinward shift in facies, with proximal facies (i.e. FA2)
overlying genetically unrelated distal deposits (i.e. FA1), with a
discontinuity surface separating the two. Firstly, if there are two shorelines
separated by a surface of some allostratigraphic significance, then Hadley’s
(1992) allostratigraphy (see Figure 2.4 on page 27) would have to be modiﬁed
such that a discontinuity surface would be present within allomember D,
between his VE3 and VE4 surfaces. 'Ihebamwmlﬂﬁtmfmamﬁiatby
the FA1/FA2 transition would suggest that the two facies associations were
separated by a relative lowstand surface. Locally, erosively based Facies 7




does occur close to or at the FA1/FA2 contact. In this interpretation, the
pebbles would not have to be transported offshore because the relative
lowstand would facilitate the supply of pebbles and other coarse detritus into
previously offshore environments. If Facies 7 is the byproduct of a relative
lowstand event, then one would expect to find age correlative/
stratigraphically equivalent incised channels and/or valleys and possible
updip evidence of subaerial exposure, but no evidence of these types of
deposits were discerned in the study area. A relative lowstand event, then,
solves the problem of transporting the pebbly material, but does not explain
how many of the conglomerates were moulded into fining upwards beds.

In this interpretation, the relative lowstand was followed by a transgressive
phase and it was in the transgressive phase that the conglomerates were
reworked by storm waves. Similar interpretations of transgressively
reworked, rippled conglomerates have been suggested for other units in the
Cretaceous of Western Canada (e.g. Cheel and Leckie, 1992 in the Chungo
Member of the Wapiabi Formation). The common occurrence of Facies 3
overlying Facies 7 is also evidence of a deepening event. Therefore, it is
possible that a relative lowstand facilitated deposition of the pebbly material;
this was followed by a transgressive phase which is manifest in the rocks by
a return to essentially fully marine conditions as indicated by Facies 3 (and
its associated wide diversity/heavily burrowed nature). Storm and
fairweather waves could then have winnowed and modified the
emglamerate beds.

current deposlts, but averill the favoured mterpretahon is that the maprity
of the occurrences of Facies 7 represent deposits of | 'rge waves that resulted
from major storms, perhaps coupled with a supply oi pebbles to the

shoreline during times of high runoff/discharge from coeval fluv:al or delta
dlsﬂ'ibuhry channels. The reasons for this include the placement of Fac:ies 7

smhgnplﬁc levels, its lack of widesprend mrrelatnblhty, its association wnth
facies of similar origin, the literature concerning these types of beds, the
nature of the basal bed contacts and matrix, and the common fining
upwards of the conglomeratic beds. An amalgamated
lowstand/transgressive interpretation [or “Flooding Surface-Sequence
Boundary” (i.e. FS/SB) in the terminology of Van Wagoner et al. (1990))




cannot be ruled out, as their is some evidence to support it, but it is not the
favoured interpretation. There is the possibility that both interpretations
contribute to the observed characteristics of this facies. It is possible that
there are in fact two stacked deltaic/shoreface cycles separated by an FS/SB
and that each of the two cycles within what correlates to Hadley’s (1992)
Allomember D have density current or storm-induced conglomeratic beds
associated with them. Perhaps this combination of the two discussed
interpretations is the best way to explain all the characteristics of Facies 7.

39  FACIES 8 through FACIES 11

Facies 8 through Facies 11 are only present in one core in the study
area (i.e. the 14-11-22-24W4 core); so their descriptions and interpretations
will be brief.

3.10 FACIES 8: Rippled fine to medium grained sandstone

Lithology and Sedimentary Features: Facies 8 comprises upper fine-grained
to upper medium-grained sandstone. Small scale angle of repose foreset
laminae were observed (Figs. 3.15A,B). Maximum ripple heights were on
the order of 3-4cm and the small scale foreset laminae were accentuated by

Facies 6 as part of an overall coarsening upwards succession.
Ichnology: No trace fossils were visible in this facies.

Interpretation and Discussion: This facies was deposited in an upper
shoreface environment. The small scale angle of repose foreset laminae are
interpreted as current ripples. The current ripples were small, migrating
bedforms in the upper shoreface which suggest that unidirectional currents
were prevalent.

311 FACIES 9: Planar parallel to very low angle laminated medium-
Lithology and Sedimentary Features: Facies 9 comprises planar parallel to
low angle laminated, lower to upper medium-grained, greyish coloured
sandstone (Figs. 3.15B,C). Facies 9 grades and coarsens slightly out of Facies
8. The sandstone comprised dominantly black and white quartz sand grains.



Ichnology: Facies 9 has a monospecific trace fossil assemblage. The only
ichnofossil found in this facies is Macaronichnus segregatis (Figs. 3.15B,C).
The M. segregatis are 1-2mm in diameter and some burrows show
significant vertical components, although the burrows are dominantly

one another. Where the M. segregatis occur, they were found in dense
concentrations, particularly right above the Facies 8/Facies 9 contact, and in

found in association with primary physical sedimentary structures, they do
not appear to disrupt the stratification. As such, the burrows appear to be in

their visibility was enhanced when water was sprayed on the rocks. Upon
inspection under a binocular microscope, it became clear that the M.
segregatis were unlined, but their fills were entirely made up of white quartz
grains. The lack of dark, mafic grains in the burrow fills made it look like
the burrows had a distinctive lining, but in reality, no true lining was
observed.

Interpretation and Discussion: Facies 9 is interpreted as representative of
foreshore/beach deposits (i.e. the intertidal portion of a shoreline
dominated by the zone of wave swash). The planar parallel to low angle
laminations observed are interpreted as swash zone laminations
characteristic of foreshore and beach environments. As classic beach and
foreshore wedge sets are too big to be seen in core, it is stressed that these
features are purely interpretive, and based on the nature of the stratification,
grain size, overall depositional context and trace fossils. Laminations in this
facies are distinct from those of Facies 6 because of larger grain sizes, fewer
truncation surfaces and lower angles. The presence of dense zones of
Macaronichnus segregatis in this facies had a prcfound effect on the

interpretation. M. ségregaﬁs was named by Clifton and Thompson (1978); as
they pointed out, dense concentrations of the trace in intertidal to shallow
subtidal nearshore environments constitutes an important exception to the

commonly held notion of decreasing burrowing intensity with proximality
to the beach. Both ancient M. segregstis and modern Macaronichnus
ting worms are commonly found at the contact between the upper




shoreface and the foreshore (T.D.A. Saunders, pers. comm., 1993). Such a
relationship appears true for this study also.

Dense zones of M. segregalis are typically associated with the
foreshore; as such, dense M. segregatis zones seem to be faz es controlled.
Normally, deposit feeding strategies are more characteristic of low energy
conditions (i.e. Cruziana ichnofacies) whereas vertically oriented,
suspension feeding organisms are more characteristic of shifting sandy
substrate high energy envimnments (i' e Skolithas ichmfacies) M.

that is atypmal of h:gh energy,, sluﬂmg substrate eondmam that cha:actense
the foreshore/beach (Pemberton and Saunders, 1990). Modern studies on
the west coast of Washington State by Clifton and Thompson (1978), and on
the west coast of Canada by Saunders (1989) and Pemberton and Saunders
(1990) showed that opheliid worms that made M. segregatis-like burrows fed
preferentially on microorganisms (i.e. epigranular bacteria) that lived on the
surface of selectively ingested sand grains. It follows, then, that dense
concentrations of M. segregatis are and were related to zones with abundant
bacteria. Saunders and Pemberton (1990) suggested that within high energy
foreshores, wave swash waters rich in dissolved oxygen and nutrients
infiltrate up to several metres below the sediment-water interface. This in
turn allows epigranular bacteria to flourish to appreciable depths, and may
be related to where the dense zones of M. segregatis are found (Saunders and
Pemberton, 1990). Ancient examples of M. segregatis found in the
Pemberton (1990) Detiiled mervnlims of buﬂow emﬁgunﬁm

the fnﬂmwh\g canc!usiam i) prior to mpdon, the trm:emker ieh.eﬁvely
removed grains unlikely to host much food; 2) the tracemakers maximised
their "fmdconsumed/mmupaﬂedlookingfwfmd" ratios by
employing phobotaxic and notaxic behaviours (Saunders, 1969;
Scmldgﬂmdl?mberhi,lm BaddlngphmahservuﬁomofM
segregatis revealed that where one burrow converged on another, the
“approaching” burrow either veered away sharply (i.e. phobotaxic
behaviour) or ran parallel with the “encroached upon” burrow for a short




Pemberton, 1990). Hints of these types of burrow relationships were
indicated on core bedding planes, although true analysis of such
behavioural modes are not conducive to small diameter subsurface drill
cores.

The observed sedimentary features, together with the strictly facies
controlled occurrences of dense zones of Macaronichnus segregaltis in Facies
9, strongly support its interpretation as representative of foreshore/beach
deposits.

3.12 FACIES 10: Mottled and rooted shaly medium-grained sandstone
Lithology and Sedimentary Features: Facies 10 comprises mottled and
rooted shaly lower to upper medium-grained sandstone (Fig. 3.15D). The
mottled fabric of this facies obliterates any trace of original sedimentary
structures. Abundant organic/plant detritus and coal and coalified wood
fragments are common. Facies 10 was actually separated from Facies 11 by a
very thin zone of organic-rich shale (Fig. 3.16B) that is included as part of
Facies 10. The organic-rich shale was made up entirely of finely
comminuted organic/plant detritus and coaly fragments.

Ichnology: Vertical, wispy root traces characterise this facies (Fig. 3.15D).
On average, the roots are between 5 and 10cm long and are millimetres
wide. They are made up of fine organic/carbonaceous detritus. The roots
were sinuous in nature and commonly thickened and thinned along their
lengths. Rare, very thin bifurcations at the terminations of the roots were
visible under the binocular microscope. No other trace fossils were
observed in this facies.

Interpretation and Discussion: Facies 10 is interpreted as representative of
beach and/or backshore deposits. The sediments were likely initially
deposited as part of a beach complex. As the shoreline prograded, original
beach deposits eventually came to lay in the supratidal zone. This allowed
the establishment of vegetation on these deposits, which manifest itself in
the geologic record as rooted sandstones. The overall mottled fabric of
Facies 10 was imparted by the establishment of root systems which disrupted
the original traces of stratification. The organic-rich shale is specifically
interpreted as a backshore deposit. Strong wave swash (likely during times



of sterms) carried ﬁrganicaﬁch ma'terial into lows that lay behind beach ridge

vegetated pnssnbly marshes or areas ad),acent to shal,lcw lakes (see
interpretation for Facies 11).

3 13 FACIES ii' Unbﬁﬂmﬁe{i di'rk bln:k’y mudslnne

mudstone with mxll:metre seale snltstane/ lower very fme-gramed
sandstone “stringers” that are discontinuous on the scale of the core (Fig.
3.16C). The facies passes from dark grey/black at the base, into grey, and
finally into a greenish grey. This progressive colour change is gradational,
and goes upwards into Facies 12. The greenish grey coloured portion has a
higher sandstone proportion, is cemented and represents the transition
from Facies 11 into Facies 12 above. No physical sedimentary structures
were visible although the siltstnﬂe/lower very ﬁne-grained sandstﬂne

orgamc detntus coal fragmeng wmd fngments and abundant, blotdiy
patches of pyrite (see Fig. 3.16C).

Ichnology: Root traces are the dominant ichnological feature of Facies 11.
Other than the rootlets, the only other trace fossil observed was a rather
large ?Planolites near the top of the facies.

Interpretation and Discussion: Firstly, this facies is called a mudstone
because of its blocky nature and lack of good fissility. The mudstones are
interpreted as representative of backshore pond or ephemeral shallow lake
deposits. Alternatively, Facies 11 could be representative of lagoonal
deposits, however, the lack of core in this area does not allow the definition
of barrier island/lagoonal environments. The abundant organic detritus
and coaly and woody fragments were likely transported short distances into
harsh environmental conditions which were possibly reducing at times
(although the pyrite could also have formed much later). ankofbum
with marine or marine influenced affinities also support a non-m

possibly stressed, environment of deposition. lfﬂiunvhmmmtwn

)



actually a lagoo~. associated with a barrier island system, one might expect to
find a more marine trace fossil signature to this facies. Regardless, it |-‘-
impossible to say from a single core. The thin sandstone beds could have
been supplied from either the marine or non-marine realm. The colour
changes are likely related to the level of subaerial exposure experienced by
the sediments, as Facies 11 passes gradational!; upwards into subaerially
exposed rocks of Facies 12 (see Section 3.15). The depositional context and
sedimentary and ichnological feat' ‘es strongly support interpretation of
Facies 11 as deposits of backshore ponds or shallow lakes that were rarely, if
ever, inundated with significant amounts of saline marine water.

3.14 Summary of Facies 8 througn Facies 11

Basically, Facies £ ihrough Facies 11 represent a continuous shoaling
upwards succession that overlies Facies 6. The shoaling goes from the
marine uprer shoreface, foreshore and beach environments (i.c. Facies 8
and 9), into the essentially non-marine realm of the backshore (i.e. Facies 10)
and backshore ponds or shallow lakes (i.e. Facies 11). Where found, Facies
12 grades out of one of the interpreted non-marine facies and is greenish-
grey to greenish-yellow in colour.

3.15 FACIES 12: Friable silty shale/shaly siltstone and siltstone

Lithology and Sedimentary Features: Facies 12 comprises friable silty shale
of somewhat variable colour. The facies is light green/greenish-yellow to
greenish-grey in colour, and commonly grades out of Facies 11. The amount

sense, be considered to be shaly siltstone or siltstone (Fig. 3.16D). The finer
grained the material comprising the facies, the more crumbly and friable the
rock. The facies is very commonly found as pieces of rubble in the core
boxes that easily fall apart even with minimal handling. The facies is
characterised by a waxy texture that appears to be imparted largely by the
abundant shiny slickenside surfaces (Fig. 3.16E). Disseminated “wispy”
organic detritus, coal and wood fragments are also common.

Ichnology: Wispy, vertical rootlets were the only ichnofossil visible in this
facies. What appeared to be leached rootiets were visible in Unit 3 in the 11-
9-22-25W4 core. The roots were very thin and characteristically had large
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length to width ratios. When viewed carefully under a binocular
microscope, thin vertical bifurcations were also visible at the terminations

of several root structures.

Interpretation and Discussion: Facies 12 is interpreted as a palacosol
deposit. Palaeosols develop due to extended periods of subacrial exposure.
The colouring of the palaeosol deposits is extremely variable due to the
varying degrees of exposure, wetting/drying, drainage patterns and
exposed coastal plain of a prograding delta. In this autocyclic scenario, the
palaeosol simply represents non-marine deposits associated with a coeval
prograding delta. Alternatively, the subaerial exposure that caused the
podsolisation of preexisting sediments may have been facilitated by a
lowering of (relative) sea level. In this allocyclic case, the palacosol becomes
very important because it suggests the lowering of sea level and all its
accompanying lowstand deposits. Moreover, the sca level facilitated
exposure surf.ce would be considered a sequence boundary (i.e. SB) in the
terminology of Van Wagoner et al. (1990). Aspects of these possibilities are
discussed later in the thesis.

3.16 FACIES 13: Polymodal conglomerate/Pebbly and shaly mottled
sandstones

Lithology and Sedimentary Features: This facies comprises both clast and

matrix supported conglomerate; with common locations of clast supported

conglomerate gradationally passing upwards into matrix supported

shaly mottled sandstones. Where the proportion of pebbles becomes even
lower, the facies is referred to as pebbly and shaly mottled sandstone (Figs.
3.17C,D). The conglomeratic portion of Facies 13 is different from Facies 7 by
virtue of its being polymodal, having extremely variable matrix
composition and being mottled/burrowed (Figs. 3.17A,B). Generally, this
facies sharply overlies FA2 (i.e. Facies 5 or 6) rocks except in well locations
where the non-marine facies were preserved, in which case Facies 13 sharply
overlies one of the non-marine facies. The basal contact is commonly
undulatory and sharp, indicating an erosive relationship between Facies 13
and the underlying rocks. Furthermore, the facies underlying Facies 13 is



locally cemented with a fine grained siderite cement. Pebbly and shaly
mottled sandstones of Facies 13 were also commonly found in thin 1-15cm
thick beds, interbedded with Facies 14 and Subfacies 14a; in this context,
Facies 13 is mottled pebbly medium-grained “salt and pepper” sandstone.
The largest pebble observed in Facies 13 was 6cm in diameter, but more
commonly, the largest pebble associated with this facies was on the order of
1.7-2.2cm in diameter. The average grain size of the pebbles is 0.8-1.3cm in
diameter. Varicoloured chert pebbles dominate, but locally, rare lithic
pebbles were observed. The pebbles were mostly subrounded to well
rounded, with only rare subangular pebbles. The matrix of the
conglomerate ranges from friable dark shale to very coarse-grained
sandstone, but the dominant matrix is a distinctive looking “salt and
pepper” medium-grained sandstone (Figs. 3.17A,B). The “salt and pepper”
colouration is imparted by approximately equal proportions of medium-
grained black and white quartz grains. Where thick accumulations of this
facies occur (e.g. 15-16-28-22W4), the matrix gradationally became finer and
finer grained upwards, and the abundance of pebbles became lower and
lower. Other features of this facies include ripped up angular to subrounded
shale clasts, sandstone clasts, sideritic clasts (up to 6.5cm in diameter), coal
fragments and coalified wood fragments. In rare locations, siderite clasts
appeared to be larger than the core diameter. In one location (i.e. 15-16-28-
22W4), the pebbly sandstone showed hints of wavy parallel laminations.

Ichnology: The truly conglomeratic portion of this facies appears
somewhat mottled, but no individual burrow forms were observed. The
pebbly and shaly sandstone portion of Facies 13 has a moderate to abundant
burrowing intensity. The visibility of individual burrows within Facies 13
seems to be enhanced by increased sandstone content in concert with a
decrease in the abundance of pebbles. The scattered nature of pebbly
material was likely caused by the actions of burrowing organisms. Observed
trace fossils in the pebbly and shaly sandstone were generally quite robust,
and include the following twelve ichnogenera: Arenicolites, Asterosoma,
Diplocraterion, ?Ophiomorpha, Palseophycus, Planolites, Skolithos,

tSubphyllachorda, Teichichnus, Terebellina, Thalassinoides and Zoophycos.

Of these, Arenicolites, Planolites, Skolithos and Thalassinoides were the
most common. The contact between this facies and underlying facies is
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locally demarcated by the Glossifungites ichnofacies (see discussion ot
discontinuity surfaces in Chapter 4).

Interpretation and Discussion. Facies 13 is equivalent to Facies A and B ot
MacEachern et al. (1992b), and is interpreted as transgressive or
transgressively modified lowstand deposits brought about by a relative rise
in sea level. The conglomeratic portion passes upwards into sandy mottled
shales with scattered pebbles and this is interpreted as the result of
progressive transgression by marine waters. Evidence for inundation of
marine waters lies in the relatively diverse marine influenced ichnofossil
assemblage as well as from marine suites of arenaceous foraminifera
collected from shales associated with this facies [the basal part of the
Verneuilina canadensis Subzone (C.R. Stelck, pers. comm., 1993)]. The trace
fossil suite represents a relatively high energy, mixed Cruziana/ Skolithos
ichnofacies. The overall interpretation of this facies, the associated
discontinuity surfaces and sediments they envelope is given in greater detail
in the next chapter. Similarly, the significance of the surfaces demarcated by
the Glossifungites ichnofacies are addressed in Chapter 4.

3.17 FACIES 14: Dark shale with millimetre to centimetre scale siltstone
to very fine-grained sandstone beds
Lithology and Sedimentary Features: This facies comprises black shale
and/or black mudstone. Although no physical sedimentary structures are
visible in the dark shale, locally there are patchy, diffuse zones where the
shale has been sideritised with a very fine grained siderite cement. Small
fish scales are observable on shale parting planes (e.g. Unit 8; 7-1-29-19W4).
Rare millimetre to centimetre scale siltstone to lower very fine grained
sandstone beds also comprise a minor component (~10-20%) of this facies.
These siltstone/lower very fine-grained sandstone beds range in average
thickness from 2mm-2cm. Also, the siltstone/lower very fine-grained
sandstone beds generally have sharp and/or loaded bases (Figs. 3.18A,B),
exhibit normal grading/fining upwards, and individual beds can be
discontinuous on the scale of the core, and are therefore apt to appear
“lensoidal” in nature. The thin siltstone/lower very fine-grained sandstone
beds are dominantly oscillation rippled (Fig. 3.18B), but also show evidence
of wavy parallel laminations and rare combined flow ripple laminations



(Fig. 3.18A). The lamination types are difficult to observe as most of the
siltstone/lower very fine-grained sandstone beds are extremely thin. Facies
14 commonly grades upwards into what is termed Subfacies 14a, which is
essentially identical to Facies 14, but contains thicker lower to upper very
fine-grained wavy parallel laminated, sharp based sandstone beds on the
order of 1-5cm thick.

Ichnology: The burrowing intensity is rare ‘o nil in this facies, although
the discontinuity of the siitstone/lower very fine-grained sandstone beds
appears to be at least partially attributable to burrowing activity. Planolites is
?resting traces were rarely seen on the shale parting planes. Similar grazing
and surface trails are postulated in transgressive Facies E of MacEachern et
al. (1992b).

Interpretation and Discussion: This facies is found overlying Facies 13, is
commonly interbedded with Facies 1, 13, 15, and 16, and normally passes
gradationally upwards into Subfacies 14a. Facies 14 and Subfacies 14a are
equivalent to the transgressive Facies E and D respectively, of MacEachern et
al. (1992b), and are found almost exclusively in transgressive deposits of the
Lower Colorado shales that overlie the Bow Island and Viking Formations.
The black shale was deposited in quiet, relatively deep water reflecting
marine offshore shelfal conditions. The thin siltstone/lower very fine-
grained sandstone beds were transported and deposited by the last vestiges of
storm-generated currents that were presumably acting on a correlative
palaeoshoreline. The shale was deposited out of suspension in an

fine-grained sandstone beds indicate that the environment was periodically
within storm weather wave base, and consequently, subjected to storm-
generated waves which transported the silt/lower very fine-grained sand
into the shelfal setting. These same currents imparted the remnant wavy
parallel to oscillation/combined flow ripple laminations found in the
siltstone/lower very fine-grained sandstone beds. The siltstone/lower very
shale was likely a soupy substrate that was eroded slightly with the

83



shale is poorly understood, but may be related to breakdown of organic
material deposited from suspension along with the clay particles.

The poor burrowing intensity and paucity of observable burrow
structures in the shale may simply be an artifact of this facies’ lack of
lithologic contrast with which to highlight individual burrows. In general,
burrowing is more obvious where there is sufficient lithologic contrast, such
as near the smrm—generated beds. Not surpri:in&ly, this is where the

w;th the surmundmg bl,ack shale! Another poss:bnhty fur the lagk Df
observable burrowing in the shale is linked to the preservational nature of
shales in general. The original trace fossil assemblage may have been
obscured, or even obliterated by the high degree of burial compaction that
shales undergo. A third possibility is that the muddy shelf in question was
not amenable to biogenic activity due to some stress (or combination of
stresses) such as anoxia, salinity, unsuitable substrates, or lack of foodstuffs.
Fairly diverse marine foraminiferal assemblages of the Miliammina
manitobensis biostratigraphic zone were garnered from this facies, and these
suites tend to support the notion of relatively unrestricted (or “normal”)
shelfal marine conditions (J.A. MacEachern, pers. comm., 1993).
Furthermore, the microfossil sui‘e indicates that this facies does, in fact,
have a demonstrable affinity for the uppermost Albian stage and likely
represents the basal portion of the Lower Colorado shales [Verneuilina
canadensis Subzone (C.R. Stelck, pers. comm., 1993)]. A thorough discussion
of this type of facies can be found in MacEachern et al. (1992b, pp.271-272).

3.18 FACIES 15: Medium to coarse grained cross bedded and apparently
structureless sandstone and pebbly sandstone

Lithology and Sedimentary Features: This facies comprises pebbly cross

bedded sandstone beds (Fig 3. 19A,B) and massive m Cross bedded medium—

&19C,D); Ea:les 15 is most mmonly fmmd as 1- lﬁcm th:ck beds

interbed’ rbe ded Wiﬂ‘l Fidg 14 1 nnd Subfa:ig 14a. Less commcnly. Facies 15

pebbles and gnnulg mnmy accentuate the Cross lammahons (an
3.19A). In rare localities (e.g. 8-20-26-18W4), the beds are sufficiently pebbly



as to be considered cross bedded conglomerate beds. The pebbles and
granules average 0.4-0.8cm in diameter, with measured maximum pebble
diameters between 1.2 and 1.7cm. The pebbles and granules are dominantly
cherty, with minor amounts of lithic pebbles and granules; the grains tend
to be subangular to subrounded. The dominant sand grain size for these
beds is lower to upper medium. Cross bed set thicknesses reached a
maximum of 7-10cm, with hints of steepening-upwards angles of cross
lamination within a given bed. Cross bedding angles ranged from ~25-30".
The bed boundaries were unclear, but did not appear to be planar horizontal
in nature. Very rare occurrences of wavy parallel laminations were also
observed. The massive to cross bedded medium-grained to very coarse-
grained sandstone beds were dominantly composed of lower to upper
medium-grained “salt and pepper” sand, with only rare occurrences of
coarse or very coarse gra:n sizes. The “salt and pepper” nature of the sand is
imparted by the presence and homogeneous mixture of black and white,
subangular to subrounded sand grains (Fig. 3.19C). These beds tend to be
very sharp based, with rare scattered granules and pebbles at their bases
(average 0.6cm diameter). Rare beds are calcite cemented and have a bluish

tinge to them.

Ichnology: No trace fossils were observed within the sandstone beds
themselves, but the bases of some of the beds were demarcated by the
Glossifungites ichnofacies. The trace fossils found at the bases of some of
these beds include Arenicolites, Diplocraterion, Skolithos and
Thalassinoides. The Diplocraterion are likely the habichi species, as
revealed by the closely paired tubes visible on bedding planes of core (e.g. in
14-11-22-24W4). The burrows are not particularly robust or deeply
penetrative, but they do have very sharp margins and are typically filled
with medium-grained to coarse-grained “salt and pepper” sand and small
pebbles that contrast markedly with the shalier facies that normally underlie
Facies 15.

Interpretation and Discussion: Firstly, the cross bedding is interpreted as
trough cross bedding. The interpretation is based on the observed
steepening-upwards of cross laminations that is characteristic of vertical
sections taken through trough cross bedded bedforms. The cross bedded
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units represent migrating megaripples formed by unidirectional currents.
Alternatively, the cross beds may have been formed by tidal currents.  Facies
15 generally occurs in thin beds within Facies 14, 1 or Subfacies 14a, all of
which represent deposition in offshore marine conditions. In such
scenarios, it is feasible that tidal currents moulded the cross bedded portions
of Facies 15. In offshore to shelfal environments, tidal currents are
essentially rotary, that is, unidirectional in a rotary path. These tidal
currents could also account for the cross bedding observed in this facies.
Similar interpretations in essentially the same depositional context have

1990; Hadley, 1992). Unlike other studies, evidence supportive of a tidal
interpretation does not exist for Facies 15 in this study area, largely due to
the overall thin nature of the beds and hence, their inherent lack of regional
correlatability. Whatever the source of the currents, the currents were
certainly unidirectional and sufficiently powerful to move granules and

of the megaripples, accounting for their accentuation of the cross bedding,.
The local presence of elements of the Glossifungites ichnofacies at the bases
of beds of Facies 15 suggests that the underlying substrate was firm and later
colonised dominantly by suspension feeding animals which, upon burrow
vacation, facilitated a passive infilling of the open burrows with material (in
this instance, mostly medium-grained sand and pebbly sand) from later
deposition. Occurrences of the Glossifungites ichofacies at the bases of beds
of Facies 15 within Facies 14, mark potentially key stratal surfaces which may
represent a record of an extremely complex relative sea level history during
the deposition of Facies 14 (i.e. within the overall rise in relative sea level

in Chapter 4. The Glossifungites ichnofacies and its stratigraphic

implications and applications are discussed in detail by MacEachern et al.
(1992a) and Pemberton et al. (1992a).

3.19 FACIES 1& Light grey bentonite

coloured bentonitic claystone and silty claystone (Figs. 3.18C,D,E). It is
normally found in 1-5cm thick beds, with very rare occurrences of beds from
10-20cm in thickness. Most occurrences of Facies 16 have no visible
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sedimentary structures. In the 7-35-26-20W4 core ‘in Unit 10), however,
there is a 12cm thick silty bentonitic claystone bed that has small scale wavy
parallel and foreset lamination. (Figs. 3.18C,D). The bentonitic nature of
this facies is most evident when the rock is wetted and becomes very
slippery; upon drying, cracks and breaks off in small friable pieces.
Bentonite beds have been well documented as thin beds throughout the
Cretaceous, including the Bow Island and Viking Formatiors (e.g. Amajor
and Lerbekmo, 1980). Facies 16 is most commonly associated with Facies 3,
14 and 15. These associated facies are commonly bentonitic (i.e. have
abundant interstitial swelling clay material) for 10-30cm zones above and
below some of the thicker beds of Facies 16.

trace fus,snl,si The benmmte bed in Umt 10 in t,he 7—3546—20\/\14 core
contained thin Diplocraterion (?habichi) burrows (Figs. 3.18C,D). The
burrows are sharp walled and filled with black shale material from above,
and may represent another occurrence of the Glossifungites ichnofacies.
The Diplocraterion burrows had very well defined rims around the shafts
when viewed in bedding plane orientations (Fig. 3.18E).

Interpretation and Discussion: The claystone and silty claystone beds are
interpreted as bentonite beds that were deposited from suspension fallout in
quiescent marine environments, where their preservation potential was the
gre:test. The bentonites comprise volcanic ash that was periodically
ejaculated from active volcanoes along the western margin of the Western
Interior Seaway throughout deposition of the Bow Island/Viking
Formation (see Chapter 2). The wavy parallel and small scale foreset
laminations are interpreted as representative of combined flow ripples.
Waves locally impinged on the bentonitic substrate and, where sufficiently
silty/sandy, allowed the formation of rare combined flow ripples. The
interpretation of the possible occurrence of the Glossifungites nchnafac.ies
has the identical interpretation for its genesis as outlined in the discussior
of discontinuity surfaces in Chapter 4.




Figure 3.1

Facies 1: Black shale with minor dispersed silt. (A) Unnamed
Colorado Group shale with very minor siltstone lenses, 14-11-22-
24W4, depth 1342.8m; (B) Black shale with sharp based, fining
upwards siltstone beds that are discontinuous on the scale of the
core, 6-9-27-18W4, depth 1118.6m. Facies 2: Burrowed shaly
sandstone. (C) Characteristic mottled appearance with no
evidence of primary physical sedimentary structures. Note the
Some of the unlabelled upwards convex shaly laminae may
represent Zoophycos burrows, 6-15-24-20W4, depth 1220.8m.






Figure 3.2

Facies 3: Thoroughly burrowed sandstone, siltstone and shale.
(A) Typical silty and sandy “regional Viking” shale facies with
total sediment homogenisation by ubiquitous Helminthopsis
(H) burrows, 6-9-29-22W4, depth 1273.1m; (B) Slightly sandier
manifestation of Facies 3 with abundant burrows including:
Terebell.na (Te), Rhizocorallium (R), Zoophycos (Z),
Helminthopsis (H) and Chondrites (C), 6-9-27-18W4, depth
1122.25m. Facies 4: One to fifteen centimetres thick very fine
grained sandstone. (C) Ophiomorpha irregulaire (O) in a thin
storm generated rippled sandstone bed, 7-4-29-22W4, depth
1268.21m; (D) Gyrolithes (G) in a thin storm generated
sandstone bed. Note the low angle undulatory/wavy
laminations interpreted as small scale HCS. The laminations
are accentuated by dark comminuted carbonaceous detritus, 11-
19-26-20W4, depth 1259.9m.






Figure 3.3  FA1 trace fossils; all core photographs are approximately 9c¢m in
diameter. (A) muddy Skolithos (S), Helminthopsis (H), 10-34-24-
20W4, depth 1193.75 m; (B) Chondrites (C), Helminthopsis (H),
Planolites (P), 11-15-27-19W4, depth 1177.3 m; (C) Cylindrichnus
(Cy), Polykladichnus (Pk), Terebellina (Te), 16-25-26-20W4; (D)
Teichichnus (T), Asterosoma (A), Chondrites (C), 10-5-24-18W4,
depth 1109.4 m; (E) Bergaueria (B), Planolites (P), 10-5-24-18W4,
depth 1109.4 m; (F) Ophiomorpha (O), siderite cemented bed
(sd), 8-22-26-19W4, depth 1280.8 m; (G) Zoophycos (Z) and
Ophiomorpha (O) in thin storm generated bed, Thalassinoides
(Th), Helminthopsis (H), 16-25-26-20W4, depth 1223.0 m; (H)
Terebellina (Te), Asterosoma (A), 6-9-26-18W4, depth 1190.25m;
(I) Helminthopsis (H), Asterosoma (A), 10-34-24-20W4, depth
1193.6 m. Also note the thin storm beds.
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Figure 3.4  FA1 trace fossils; for all core phatographs without a scale, the
photographs are approximately 9cm in diameter. (A)
Arenicolites (Ar), Skolithos (S), Teichichnus (T), 16-25-26-20W4,
depth 1217.15m; (B) Rhizocorallium (R), Ophiomorpha (O), and
Palaeophycus (Pa) colonising a thin storm bed, Terebellina (Te),
Chondrites (C), 8-20-26-18W4, depth 1220.7 m; (C) Ophiomorpha
(O) colonising a thin storm bed, Rosselia (Ro), Helminthopsis
(H), 8—20-26:18“74 depth 1220.7 m; (D) abundant E‘handmes (C)
Rhizocorallium (R) exhlbmng oppurtumshc mlomsatmn of a
sandy storm bed, 7-27-29-22W4, depth 1255.3 m; Note that the
spreite point in different directions in the Rhizocorallium (R);
(E) robust Macaronichnus simplicatus (M) colonising a storm
bed, 7-1-27-20W4, depth 1203.9 m; (F) Macaronichnus (M) in a
thin storm bed, Anconichnus horizontalis (An) colonising a
storm bed, (?)Phycodes (Ph) in a dark organic-rich shale bed.
Note the “C” and “U”-shaped hooks with the thin silty halos
characteristic of Anconichnus horizontalis (An). Also note
Hzlmmthaps:s reburrowing Thalassinoides (r), 6-18-27-20W4,

1179.65 m; (G) (?)Phycodes, 11-15-27-19W4, depth 1178.13
m; (H) Planolites (P) in a sharp based, normally graded sand bed.
Note that the Planolites (P) has been reburrowed by
Helminthopsis (r), 8-20-26-18W4, depth 1221.17 m.






Figure 3.5 FA1-FA2 contact, and typical examples of thinly interbedded
Facies 5. All cores are approximately 9cm in diameter. (A) FA1-
FA2 contact, with thoroughly burrowed muddy sandstone with
Rhizocorallium (R), Zoophycos (Z), Ophiomorpha, Planolites,
Helminthopsis and Chondrites below, sharply overlain by low
angle laminated sandstone (HCS). White arrow demarcates the
contact, 6-9-27-18W4, depth 1124.25 m; (B) Thinly interbedded
Facies 5 with Chondrites (C)-Planolites (P) association, and
Rhizocorallium (R)-Chondrites (C) association in the dark
organic-rich shales. Note the thin pebbly stringer, the
interbedding of thin sand and shale beds, ]ﬂd the sporadic

interbedded Facies 5 wnth Zooj hycas (2) and Anconichnus
horizontalis (An), 7-1-27-19W4, depth 1152.1 m; (D) Sandy,
thinly interbedded Facies 5 with Rhizocorallium (R) and
sideritised shale (sd), 6-9-27-18W4, depth 1122.1 m.






Figure 3.6 Facies 5: Rarely to moderately burrowed interbedded sandstone,
siltstone and shale. (A) Thinly interbedded sandstone and shale
giving an overall “pinstripe” appearance. Note the pinching
and swelling of the oscillation rippled sandstone beds, suggesting
that the ripples may be sediment starved, 6-15-27-23W4, depth
1302.6m. (B) Low angle inclined/undulatory laminations
passing upwards into smaller scale ripple laminations. This is
interpreted as a hummocky cross stratified sandstone that
gradationally passes upwards into a combined flow /oscillation
rippled sandstone representative of waning flow competency
facilitated by storm abatement, 7-1-29-25W4, depth 1472.35m. (C)
Sharp based oscillation/combined flow rippled sandstone beds
that fine upwards into rarely burrowed, organic rich shales.

Note the dark carbonaceous laminae accentuating the rippling,
the small Planolites (P) burrows, and the local very fine grained
siderite (reddish-brown colouration) cement (sd), 6-25-29-23W4,
depth 1300.6m. (D) Unburrowed organic rich shale being cut
into and eroded by a small sand filled cut and fill (?guttercast)
feature, 10-14-29-24W4, depth ~1321m.






Figure 3.7 Facies 6: Thickly bedded, low angle laminated sandstone. (A)
Low angle inclined stratification at the base of what is
interpreted as HCS. Note the dense accumulations of finely
comminuted dark organic detritus accentuating the low angle
parallel laminations, 7-35-26-20W4, depth ~1231m. (B) Small
pebbles and granules accentuating the low angle inclined
stratification interpreted as HCS, 6-36-26-20W4, depth 1217.8m.
(C) Low angle to planar parallel laminated HCS sandstone
passing gradationally upwards into smaller scale oscillation to
combined flow ripples representative of the reworked tops of
sandy storm beds as the storm energy waned. The small scale
ripples are commonly overlain by 2-5cm thick carbonaceous,
unburrowed shales interpreted as relatively rapid suspension
fallout of organics associated with the waning storm flows, 6-19-
29-22W4, ~1279.7m.(D) Zoophycos (Z) representative of
opportunistic colonisation of an HCS bed. Note the
carbonaceous detritus accentuating the laminae, 7-1-27-19W4,
depth ~1154.5m. (E) Core bedding plane of amalgamated HCS
beds (i.e. SCS) revealing a small bivalve shell. Similar bivalves
likely created the sharply “V”-shaped escape burrows observed
elsewhere in Facies 6 (see Fig. 3.9F), 14-11-22-24W4, depth
1356.48m.
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Figure 3.8  FA2 trace fossils; core photographs without scales are all
approximately 9cm in diameter. (A) Planolites (P),
Rhizocorallium (R), reburrowed Thalassinoides (Th),
Helminthopsis (H) in moderately burrowed portion. Note the
Chondrites-Planolites association, 8-22-26-19W4, depth 1274.4m;
(B) Chondrites (C) reburrowing an unidentified trace fossil,
Ancanichﬁus horizontalis (An) and Palaeophycus (Pa)

g a thin storm bed, 14-35-26-20W4, depth 1202.3m; (C)
Rhizocorallium (R), and Asterosoma (A) in an organic-rich dark
shale, 7-20-23-18W4, depth 1043.0m; (D) Rhizocorallium (R) as
the lone trace fossil in a dark organic-rich shale bed, Asterosoma
(A), Terebelhnd (Te), Helmmthopsxs (H), reburmwed
Chondrites-Planolites assocmhon, 71 -27-19W4 depth 1155 25m,
(E) Zoophycos (Z), 6-9-27-18W4, depth 1123.95 m; (F) Planolites
(P)-Chondrites (C) association in dark organic-rich shale,
Zoophycos (Z), 6-9-27-18W4, depth 1123.95m; (G) Bedding plane

view of Zoophycos (2), 8-20-26-18W4, depth 1219.4m; (H)

1147 3m.
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Figure 3.9 Tﬂce Inssil: md olher featurgs of FAZ all core phﬂtngraphs

(?)Lackﬂa, Tﬂchxchnus (T) synaeresls cracks (sy) SIdente
cemented band (sd), 6-18-27-20W4, depth 1168.25m; (B)
Bergaueria (B), Palaeophycus (Pa), 6-17-25-20W4, depth 1213.3m;
(C) Terebellina (Te) with “jagged” wall linings, starved ripple
(sr), 6-18-27-20W4, depth 1175.35m; (D) small Planolites (P) in
dark, organic-rich shale, ptygmatically folded synaeresis cracks
(sy), 10-1-27-22W4, depth 1217.1m; (E) oblique view showing
both bedding plane and transverse to bedding views of
synaeresis cracks (sy), 8-5-24-20W4, depth 1153.2m; (F) escape
trace (E) in low angle laminated sandstone bed. Note the sharp
“V* morphology, 7-27-29-22W4, depth 1248.6m; (G)
Ophiomorpha irregulaire (O) in fg sandstone. Note the “spiky”
wall lining compared to Figure 3.8H, 7-7-25-20W4, depth
1205.7m; (H) Helminthopsis (H) reburrowing a pre-existing trace
fossil, Ophiomorpha nodosa (O). Note the single pellet, bulbous
wall lining as compared to Figure 3.8G, 8-20-26-18W4, depth
1228.7m; (l) Palaeophycus colonising a storm bed, 8-20-26-18W4,
depth 1219.5m; (J) Teichichnus (T), Anconichnus horizontalis
(An), and Palaeophycus (Pa) colonising the top of a thick storm
bed. Note the black arrow illustrating the slightly upwards
convex laminae amenable to waning flow stages of storm-
generated hummocky cross stratification, 6-18-27-20W4, depth

1172.2m.
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Figure3.10 Sedimentary features common to the thick FA2 sandstones (i.e.
Facies 6 and its Subfacies); all cores are approximately 9cm in
diameter. (A) Swaly cross stratification with low angl
truncation surfaces and no preserved convex upwards laminae,
7-7-25-20W4, depth 1211m; (B) Aggradational combined flow
ripple. These commonly cap the thick low angle laminated
sandstones and are interpreted as waning storm flow features.
Note the small Planolites (P) and synaeresis crack (sy) in the thin
shales, 8-22-26-19W4, depth 1272.7m; (C) Low angle laminated
thick sandstone passing upwards into small scale oscillation
ripples, capped with dark, organic-rich shale that is siderite
cemented (sd), 11-15-27-19W4, depth 1172.0m; (D) Apparently
structureless (massive) sandstone interpreted as being deposited
as a result of sediment liquefaction, 10-14-27-20W4, depth
1168.9m; (E) Oversteepened lamination/contorted bedding
interpreted as being deposited as a result of sediment
liquefaction, 10-14-27-20W4, depth 1170.1m; (F) Ball and pillow
structure, 6-17-25-20W4, depth 1208.75m; (G) synsedimentary
microfaulting. Note the dark laminae consisting of finely
comminuted organic detritus, 14-35-26-20W4, depth 1200.5m;
(H) Micro-faulting and soft sediment deformation features, 6-17-
25-20W4, depth 1209.0m; (1) Intraformational sandstone, shale,
and siderite i:emented shale rip-up clasts within the thickly

misﬁng of ﬁnely mmmmuted argamc detritus, 6—22-27—2()\!\!4
depth 1152.15m.
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Figure 3.11 Features common in the "exotic" Subfacies 6A. All of the
subfacies are associated with FA2. (A) Note the oversteepened
laminations that locally even wrap around themselves. The
sandstone was rapidly deposited and penecontemporaneously
dewatered, 10-14-29-24W4, depth ~1321.4m; (B) Convolute
laminations at the base of a storm generated sandstone bed
(interpreted as HCS). The association of the oversteepened
laminations with the HCS beds is crucial to the interpretation of
the "exotic” Subfacies. Also note that the convolute laminations
resemble the trace fossil Zoophycos, 6-21-29-22W4, depth
~1260.8m. (C) Small scale microfaulting and convolute
laminations, 6-23-27-21W4, depth ~11555m. (D) An example of
the apparently structureless, massive vfL sandstone beds. Note
the subtle erosive surface (arrow) in this example, as well as its
proximity in depth to Fig. 3.11C, 6-23-27-21W4, depth ~1154.9m.
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Figure 3.12 Features of Subfacies 6B, 6C and 6D. Subfacies 6B: Rippled
pebbly/granular sandstone. (A) Granules and small pebbles at
the base of an oscillation rippled vf sandstone bed (associated
with the moderately burrowed portion of FA2). Note the
granules incorporated into the rippleform (arrow), 8-22-26-19W4,
depth ~1275.9m. Subfacies 6C: Structureless/soft sediment
deformed grey siltstone. (B) Evidence of loading induced soft
sediment deformation (arrow) of otherwise massive grey
siltstone. These features are probably dish structures,
characteristic of extremely rapid deposition and dewatering, 11-
15-23-23W4, depth 1386.7m. Subfacies 6D: Fining upwards
pebbly sandstone. (C) Conglomeratic bed passing upwards into
soft sediment deformed sandy siltstone with scattered granules.
This bed illustrates coarse-tail grading of the pebbly and granular
fraction, 6-2-24-17W4, 976-976.25m. (D) Close-up of upper
portion of bed illustrated in Fig. 3.12C. Note the soft
sediment/slumped deformation and the entrained granular
material, 6-2-24-17W4, depth 976.1m. (E) Close-up of basal
portion of bed illustrated in Fig. 3.12C. Note the disorganised
fabric of the pebbles/granules and the abundant vf sandstone
matrix, 6-2-24-17W4, depth 976.25m.



111




Figure 3.13 Facies 7: Clast and mautrix supported conglomerate. (A)
Unimodal clast supported conglomerate with vf sandstone
matrix. Note the varicoloured pebbles/granules and the
distorted, fine scale laminations near the base of the photo. The
core photo was taken while the core was wet, 6-22-27-20W4,
depth ~1158.4m. (B) Matrix supported conglomerate at base,
moving upwards into clast supported conglomerate. Note the
varicoloured pebbles and the abundant vf sandstone matrix.

The core photo was taken while the core was wet, 6-22-27-20W4,
depth ~1157.55m. (C) Example of fining upwards conglomerate.
Neote the pebbly stringer detached from the underlying,
deminantly conglomeratic interval and the delicate laminations
accentuated by comminuted organic detritus overlying the
pebbles, 7-16-26-22W4, depth 1268.5m.
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Figure 3.14

Facies 7: Clast and matrix supported conglomerate. (A) Pebbles
at the base of an interpreted HCS bed, 16-18-26-19W4, depth
~1220.55m. (B) Three conglomeratic zones separated by low
angle laminated vf sandstone and shale. Note that the basal
portion appears vaguely inverse graded. Also note the finer
grained material draping the pebbles and the lack of truncated
laminae in the intervening sandy and shaly regions. Finally,
note the uppermost bed which fines upwards into vf sandstone
and unburrowed, organic rich friable shale, 7-1-29-22W4, depth
1240.85m. (C) Interpreted storm generated bed passing from
pebbles at the base upwards into HCS vf sandstone, and
gradationally upwards into massive grey siltstone, 7-7-29-22W4,
depth 1286.85m. (D) Interpreted storm generated bed with
pebbles and shaly rip-up clast at base, passing upwards into
oscillation rippled vf sandstone that illustrates opportunistic
colonisation of sandy substrate by marine trace fossils including
Zoophycos (Z) and Palaeophycus (Pa). Also note the abundant
Chondrites (C) in the dark, organic rich shale that caps the
sandstone, 7-35-26-20W4, depth ~1234.15m.






Figure 3.15 Core photographs of Facies 8 through Facies 10. All photographs
are from 14-11-22-24W4. Facies 8: Rippled fg-mg sandstone. (A)
Note the small scale current ripple foreset laminae being
accentuated by carbonaceous detritus, depth 1352.58m. (B)
Hiabﬁiph m“sﬁam ﬂie Flcles BlFacies 9 contact (arrow) from

shoreface/delta front mm (Facies 8) at the base into very
low angle/planar horizontal laminated mg beach/foreshore
sandstone (Facies 9). Note the abundant Macaronichnus
segregatis (M) just above the contact, depth 1352.3m. Facies 9:
Planar paraliel to low angie laminated mg sandstone. (C)
Typical beach/foreshore mg sandstone with very low angle
inclined laminations (arrow), depth 1351.37m. Facies 10:
Mottled and rooted shaly mg sandstone. (D) Foreshore
sandstone with low angle laminations disrupted by wispy root
traces (arrows), depth 1351.08m.







Figure 3.16 Core photographs of Facies 10 through Facies 12. All
photographs are from 14-11-22-24W4. (A) Facies 9/Facies 10
contact. Note that the foreshore/backshore contact is
gradational, depth 1350.87m. Facies 10: Organic rich shale
portion. (B) Interpreted backshore shale is totally composed of
finely comminuted carbonaceous/organic detritus and coaly
fragments, depth 1350.43m. Facies 11: Unburrowed dark blocky
mudstone. (C) Dark grey-black blocky non-marine mudstone
with mm scale siltstone lenses. Also note the blotchy patches of
pyrite (arrows), depth 1349.95m. Facies 12: Friable silty
shale/shaly siltstone and siltstone. (D) Massive grey-green
cemented siltstone that underlies a true palaeosol. Perhaps this
represents a previously deposited facies that was in the initial
stages of podsolisation, depth 1348.76m. (E) Bedding plane view
of crumbly yellow palaeosol. Note the waxy looking appearance,
depth 1348.42m. '



N
IR ._E_,__.,:.:;;V el
it i




Figure 3.17 Core photographs of Facies 13: Polymodal conglomerate/Pebbly
and shaly mottied sandstone. This facies is colloquially referred
to as the "Viking Grits" by oil industry geologists. Polymodal
matrix supported conglemerate. (A) Note the highly variable
pebble size, nature of the matrix, and overall chaotic bedding, 14-
35-26-20W4, depth ~1198.8m. (B) Note the dominantly "salt and
pepper” mg sandstone matrix, 15-16-28-22W4, depth ~1276.15m.
Mottled shaly mg sandstone. (C) Note the robust Teichichnus
(T) burmw The bedding plane view of this particular core

raph reveals the presence of several cross-cutting
Teichichnus burrows, 8-20-26-18W4, ~1213.7m. (D) Mottled
sandy shale with rare scattered pebbles and granules (arrow).
Note the churned/burrowed fabric but the absence of identifiable
individual burrow forms. Also note the "salt and pepper”
nature of the sandstone and the ripped up bentonite clast (b), 14-
. 11-22-24W4, depth 1346.97m.






Figure 3.18 Facies 14: Dark shale with mm-cm scale siltstone to vf sandstone
beds. (A) Note the loaded base of the combined flow rippled vf
sandstone bed (arrow), 14-35-26-20W4, depth ~1196.15m. (B)
Typical facies photograph with sharp based oscillation ripple
laminated vfL sandstone bed interbedded with dark shale, 14-11-
22-24W4, depth ~1345.8m. Facies 16: Light Grey bentonite. (C)
Silty bentonite bed with possible oscillation/combined flow
rippling at base and U-shaped Diplocraterion shaft (D) that may
reflect the Glossifungites ichnofacies, 7-35-26-20W4, depth
~1125.1m. (D) Silty bentonite with possible combined flow
rippled base and dark shale filled, sharp walled Diplocraterion
(D) shafts that may reflect the Glossifungites ichnofacies, 7-35-26-
20W4, depth ~1125.1m. (E) Bedding plane view of dumbbell-
shaped, dark shale filled Diplocraterion habichi (arrows) shafts
in a bentonite bed. Note the distinctive alteration rim around
the Diplocraterion, 7-35-26-20W4, depth ~1125.1m.
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Figure 3.19 Core photographs of Facies 15: Medium to coarse grained cross
bedded sandstones and pebbly sandstones. (A) Cross bedded mg-
cg pebbly sandstone. Note the pebbles and granules accentuating
the cross laminae, 7-1-27-19W4, depth ~1148.5m. (B) mg
sandstone with dispersed pebbles and granules which are
accentuating low angle laminations (possible toesets of large

ples?). Note the interbedded mottled shaly sandstone
being truncated by the sharp based pebbly sandstone (arrow), 15-
16-28-22W4, depth ~1276.56m. (C) Appamntly
structureless/massive mg "salt and pepper” sandstone, 14-35-26-
20W4, depth ~1196.8m. (D) Apparently structureless granular
sandstone/conglomerate, 7-30-24-19W4, depth 1166.1m.
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TABLE 2: Grain size designations used in this study
* U=upper; L=lower

Can-Strat Terminology Diameter (um) Phi (o) size

Very coarse-grained

vcU 1410-2000 05t0-1.0
vcL 1000-1410 0.0to-0.5
Coarse-grained

cU 710-1000 0.5 t0 0.0
d 500-710 19t0 0.5
Medium-grained

mU 350-500 1.5t01.0
mL 250-350 20to 1.5
Fine-grained

fu 177-250 251020
fL 125-177 30t025
Very fine-grained

vfU 88-125 35t03.0
vfL 62-88 40t0 3.5
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TABLE 3: TRACE FOSSILS ENCOUN" Tﬁ' ED DURING STUDY AND

ICHNOFOSSIL

Anconichnus
Arenicolites
Asterosoma
Bergaueria
Chondrites
Cylindrichnus
Diplocraterion
Escape trace
Gyrolithes
Helminthopsis
(?)Lockeia
Macaronichnus
Ophiomorpha
Palacophycus
(?)Phycodes
Planolites
Polykladichnus
Rhizocorallium
Rosselia
Siphonichnus
Skolithos
Teichichnus
Terebellina
Thalassinoides

Zoophycos

377 l’ !QI E,J[
fodinichnia
domichnia
fodinichnia
domichnia
cubichnia
fodinichnia
domichnia
domichnia
fugichnia
domichnia
pascichnia
cubichnia
fodinichnia
fodinichnia
domichnia
fodinichnia
fodinichnia
domichnia
fodinichnia;
domichnia
fodinichnia
fodinichnda/
domichnia
domichnia
fodinichnia
domichnia
domichnia/

fodinichnia
fodinichnia

TROPHIC GROUP
deposit feeder
deposit feeder

grazing trace
passive carnivore

deposit feeder

annelid or other worm-like
phyl:

phyla
annelid worm

decapod crustacean
anemone

nematnde (7)sipunculid

amphipod crustaceans;
(?)polychaete worms
bivalves; worms

polychaete worm (Notomastus)

annelid, polychaete or other
worm-like phyla
bivalves

opheliid polychaetes
crustacean (thalassinid

decapod)
annelid or polychaete worm

annelid or other worm-like
phyla
annelid or other worm-like
phyla
annelid or other worm-like
phyla
crustacean or annelid worm

annelid or other worm-like
phyla
bivalves

gﬁﬂid,pﬂﬁidaﬂ!r
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CHAPTER 4 STACKING PATTERNS AND DISCONTINUITY SURFACES
41 INTRODUCTION

The previous chapter dealt with the interpretation of the observed
ichnology and sedimentology of the designated facies (i.e. the “building
blocks”) and recurring facies associations (i.e. FA1 and FA2). This chapter
deals briefly with the stacking patterns of the facies (i.e. stacking the
“building blocks”). The stacked facies and facies associations form sanding
upw:rdscyclesrefeﬁ&dtﬂaspamequencesmthe erminol j’afVm

mnther by marine ﬂmdmg surfaces A d:scussmn of the s&aﬂgraphlglly
significant discontinuity surfaces that envelope the facies and facies
associations is found in this chapter. The key surfaces will be referred to as
discontinuity surfaces, simply because this study has not illustrated any
mﬂcretehmbieaksatthesurfaces Smcﬂyspeahngmorderfurdme
surfaces to be referred to as unconformities, significant time breaks must be
demonstrated. In addition, the lchmlo@:al signature of the discontinuity
surfaces is discussed. A list of abbreviations used in this chapter and its
accompanying figures is given in Table 5.

Tl’eaveﬂllshd;mgpattermcfﬂiefmcblefvedmbe
Arise ﬁquiubmﬂy ltiiﬂlphlﬁﬂdﬂ\ltﬁﬂlh:hﬂgplm

ﬂmhupwnd:hh:FA!.uﬂhhumﬁdmplybylmm
surface, locally veneered with a pebble lag. This flooding/discontinuity
surface is correlatable to VE3 of Hadley (1992) (see Figures 2.4 and 4.1) and
may represent an erosional unconformity. The cycle above VE3 [(i.e.
mnﬂmamnmmmmmmm

upwards into shoreface or deita front deposits (i.e. FA2, Subfacies 6A, B, C, D,
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Facies 7 through 10), and locally, up into non-marine deposits (i.c. Facies 11
and Facies 12). There is a major transgression on top of the Bow Island
Formation which results in the deposition of the Lower Colorado shale.
Through most of the study area, one of the transgressive facies (i.e. Facies 13,
14 and 15) erosionally overlies FA2 sediments; the major discontinuity
separating the two is correlatable to VE4 of Hadley (1992) (see Figs. 2.4 and
4.1). In a few localities in the southwest of the study area, the VE4
unconformity separates transgressive deposits from underlying non-marine
deposits. There is some evidence from the cores examined to suggest that a
significant surface lies within the shoaling upwards cycle between VE3 and
VE4 (i.e. Allomember D) (Figs. 2.4 and 4.1). This surface is herein informally
referred to as VE3.5 (Fig. 4.1). A discussion of these three main surfaces is

The VE3 and VE4 surfaces are commonly overlain by some pebbly or
conglomeratic material (Figs. 4.2A,B; 4.3A,B; 4.4; 4.5). VE3 and VE4 are fairly
easily recognised in core (Figs. 4.4 and 4.5). Where Facies 13 or Facies 15
erosively overlies FA2 or non-marine deposits, three possibilities exist for
the cause of the erosion: a) transgressive wave erosion; b) lowstand erosion;
c) a combination of transgressive and lowstand erosion. Transgressive wave
erosion (i.e. ravinement) supplies the simplest explanation for both the
erosion surface as well as the transgressive deposits that directly overlie the
VE3 and VE4 surfaces. The difficulty with this explanation is that it does not
interpretation in favour of transgressive wave erosion necessitates the
origin of the pebbles as reworked material derived from unrecognised pre-
existing deposits. Purely lowstand conditions also seem unlikely as there is
evidence of reworking of the lowstand derived deposits into some of the
mmﬁéﬂﬁz FiéﬂlSﬁﬂlS),mdﬂnhﬁlmd

DWStan mpplﬁpthblﬂbywmmndwiﬂi uen
hthtﬁmnd :
ored ,nMMWIMMd
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erosion (i.e. LSE/TSE), or a flooding surface/sequence boundary (i.e. FS/SB)
in the terminology of Van Wagoner et al. (1990). The VE3 and VE4 surfaces
are locally demarcated by elements of the Glossifungites ichnofacies. The
characteristics and significance of the Glossifungites ichnofacies are given in
Section 4.4.

432 The ?7VE3.S surface

The VE3.5 surface is somewhat problematic. As discussed at length in
the discussion of Facies 7 in Chapter 3, some pebbly and conglomeratic
deposits are interpreted as having been deposited by rapid slumps and flows
likely initiated by tectonic activity or major storms. In most cores, the
section between VE3 and VE4 appears to be one continuous sanding and
shoaling upwards shoreline cycle, but there is some evidence that suggests
that a VE3.5 discontinuity surface exists within the Allomember D defined
by Hadley (1992).

mwndemhramssmfaaehezmﬂﬁmlﬁmuawhae
erosively based congic pns are encountered withi
AllomemberD(Flg Q.EA) Mmiuelfmldbeexphﬂedby”” psses
burrowing intensity and diversity commonly observed above the
conglomeratic horizon. Where the conglomerate is not visible at the VE3.5
level, the FA1/FA2 contact is commonly at the same approximate level
(Figs. 4.4; 4.5; 4.6B). The conglomerate (i.c. Facies 7) overlain by thoroughly
homogenized Facies 3 or burrowed thinly interbedded Facies 5 (Figs. 4.6C,D)
may represent an LSE sourced conglomerate that was subsequently
transgressed by marine waters. Locally, these types of surfaces could be
amalgamated, bmﬁngmlﬁ/ﬂﬁﬁﬂymnﬁmbyﬂeﬂi@tbﬂnwﬂ

Mosindlarlookhgcydsm:ﬂm@dadmﬂmhm
aggradational to progradational manner, the ability to discern a subtie
surface between the two cycles is very difficult. As previously mentioned in
tlndhcuuionofﬁﬁ? hmmﬂmﬁwdmdlpﬂﬂm




in the interpretation of a possible VE3.5 surface, the reader is referred back to
the detailed discussion of Facies 7 (Chapter 3, pp.70-74).

4.33 Surfaces at the bases of coarse to pebbly transgressive deposits

The occurrences of 1-15cm thick beds Facies 13 and Facies 15 (i.e.
“onlap markers” in Fig. 4.1) interbedded with Facies 14 and Subfacies 14a
may have similar interpretations to the main occurrence of Facies 13 (i.e.
above VEA and VE3). This, then, implies that VE4 was followed by several
further LSE/TSE events. Evidence to support this is largely from the
Glossifungites ichnofacies demarcated surfaces commonly found at the base
of the beds (Fig. 4.7). Alternatively, the pebbly and mottled shaly sandstone
beds interbedded with Facies 14 and Subfacies 14a may be the only preserved
remrd of Shﬁ‘tiliVEd shllstmd events within the averall samewhat “‘stepa
aﬁgnisverydifﬁmlthdlmduemthemnﬂuuckmnofﬂiebeds
combined with their poor bedding characteristics and somewhat limited
ichnofossil assemblages. As these units above VE4 are commonly the best
mm&mmmuhq,hmwmmd:dﬂmrmwmddbe
useful, but is, unfor y, exts '

44 Gauﬁl act "’iiehnnfa:iu

hmﬂﬂmmﬁcﬁnﬂmﬁdﬁdm ’lhot!urhmsm:le
spedﬂc’ MﬂﬂﬂTwitam ofacies (i.e. lurd’ m.mds' )andthe

idﬁﬂaduhmmhg!ﬂmm: npris : hat as
mmmmwwmmmmmn
marginal marine conditions (Frey and Seilac 960; P Frey,
196S; Pemberton ¢ al., 1992a2,¢; Mlc&dtﬂndnl 1992a). The most common
mm&mm:&ﬁmﬂud,bﬂua*mgwy
e vdsio y ’ cation of the substrate was likely
&dﬁhﬁdbynhshlmdﬁ:ghﬁnﬂ,ﬁm ,
of a previously buried substrate. Riﬂmﬂﬂﬂdﬂm@ﬂum
nyhﬂihmﬁﬁnnultﬂ':' aerial exposure during lowstand, the
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do the pseudabﬁrmg are all Essent,l,al!y marine organisms, thh some fm'ms
able to é!tEﬂd inta marginal marine i envimnmen’ ments. A sehemaﬁc of 'the

Trace fassnls af the Glas,szﬁmgxtes nc!’uﬁfmes are gharp wn!!ed
unlined, dominantly vertical to subvertical dwelling structures of
suspension feeding organisms. The most common ichnogenera comprising
the Glamfungttes lchmfacies withjn the itudfy area are Skalitho:

dwellmg structure of a depmt feechng organism (!8 opmd to a mpem:on
feeding structure).

Trace fossils of the Glossifungites ichnofacies are normally quite
robust, can penetrate up to one metre below the bed junction from where
they emanate, and are passively filled with material that commonly
contrasts the underlying, cross cut material. Examples of the Elassgﬁmguﬂ
khnd:ﬂeswiﬂunﬂﬂsﬁﬂyampem&:ﬁbnmmumaf-lﬂcmbehw
their corresponding bed junction. The Glossifungites assemblages are
generally more robust than the unrelated softground ichnofossil suites they
cross cut.

highly anomalous. If the im:ddy mhltﬂg was nﬁgmlly soft, thg clnly way
nnocgnﬁmmddminﬂinnhngv&ﬂalmﬂwmldbeiﬂt,i; roed its
ofwaﬂlhﬁnginﬂ‘imafﬂﬁcbuifungﬂakﬂmﬂﬁﬂsﬁ\pﬂahth
mbctnlebunwedintﬂwnjﬁﬁcrﬁm This is the only way the burrow
could have been maintai nore, the passive nature of the fill is
extremely important. Thelmpllmﬂm@f!pcilvelyﬂlbdbnﬂwhﬂm
the burrow must have remained open upon burrow vacation by the
tracemaker. If the substrate was soft, upon vacation, the burrow would have
wm&:mmwhm-ﬁmﬂmm
m.manﬂm,ﬂmmm mmmgd (1992a) also
noted that surfaces demarcated by the Glossifun cies tend %0 be
m&wmm&:ﬁmﬂm“ﬁhmn
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niche of a firm substrate. It is in this sense that the Glossifunyites
ichnofacies can be viewed as an opportunistic suite of trace fossils.

The Glossifungites ichnofacies is an extremely important entity to
recognise because it has major stratigraphic implications. A surface
demarcated by the Glossifungites ichnofacies implies that the sediment lying
on either side of that surface are fundamentally unrelated in a depositional
sense. Although the facies on either side of the Glossifungites ichnofacies
demarcated surface may be similar, the mere presence of the Glossifungites
ichnofacies suggests that the facies above and below the surface are not
genetically related. MacEachern ef al. (1992a) deal with the stratigraphic
applications of the Glossifungites ichnofacies in great detail, citing examples
from numerous Cretaceous Formations in the Western Canada
Sedimentary Basin.

441 The occurrence of the Glossifungites ichnofacies at VE3 and VE4
The Glossifungites ichnofacies is present at both the VE3 and VE4
surfaces. Examples from several cores (Figs. 4.2C,D; 4.3C,D) suggest that the
uﬁeﬂymg substrates were firm or semi-lithified, and later colonised by
tunistic biota under marine to marginal marine conditions (cf.
MleEa:hem et-l 1992: Fembertm etdl 1992:) The emumg

p:evkm:ly expased mrfnee created the marine to mlrgnml marine
conditions which allowed some marine organisms to colonise and
pseudobore the firm substrate. Alternatively, transgressive wave erosion
may have eroded down to a semi-lithified substrate that was subsequently
colonised and pseudobored by marine organisms. The first scenario is
favoured because the pebbly material commonly found passively filling the
burrows, is most easily explained as reworked pre-existing lowstand
deposits. In the case of VE4, lowstand exposure is evident as the shoreli
nmhndeuphlu narine deposits and palaeosols. Palaeocsols
ﬂgﬂﬁmﬂﬁmbMHﬂmﬁgmmqu
Myqidhm Figure 4.3D shows an occurrence of the
Ghnﬁmgﬁg chnofacies that actually pseudobores into non-marine




observed sideritisation of the sediments underlying VE3 (Figs. 4.2C,D) and
VE4 is commonly associated with interpreted FS/SBs (J.C. Van Wagoner,
pers. comm., 1993). Furthermore, oxygen isotope values from the sideritic
phase at similar boundaries in studies of the Book Cliffs, Utah, commonly
suggest significant freshwater influence; it has been postulated that the
freshwater influence was derived from lowstand associated fluvial systems
(J.C. Van Wagoner, pers. comm., 1993). This study, however, has not
revealed evidence of any lowstand incised channel/valley deposits coeval to
the conglomeratic portion of Facies 13.
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Figure 4.2 Examples of the ?LSE/TSE surface correlatable to VE3 of Hadley
(1992): (A) Erosive Contact with probable transgressive lag
mantling flooding surface/parasequence boundary. Note the
HCS bed in the underlying shoreface deposit, 7-27-29-22w4, depth
~1264.2m. (B) Erosive Contact with probable transgressive lag
mantling flooding surface/parasequence boundary, 6-25-29-23w4,
depth 1314.39m. (C) VE3 surface with pebbly material piped
down into a ?Thalassinoides burrow amenable to the
Glossifungites ichnofacies. Note the reddish-brown sideritised
shale of the underlymg unit, 11-21-28—1'?w4 depth 110948!!\ (D)

unconformably

Dverlymg sndenused shaly sandsﬁme Note that the surface is

demarcated by a subtle expression of the Glossifungites

ichnofacies, 6-23-27-21w4, depth 1168m.
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Figure 4.3 Examples of the surface correlatable to VE4 of Hadley (1992): (A)
Highly jagged erosive contact into HCS bed below, 10-14-29-24w4,
depth 1317m. (B) Anconichnus in thin storm bed below VE4
surface, 11-19-26-20w4, depth 1250.1m. (C) VE4 surface
demarcated by a passively filled burrow representative of the
Glossifungites ichnofacies. Pebbly lag truncates underlying HCS
bed of FA2, 6-15-27-23w4, depth 1297.35m. (D) Pebbly to granular
sandstone piping down into shaly sandstone. Note the sharp
walled Skolithos amenable to the Glossifungites ichnofacies
subtending from the VE4 surface, 14-11-22-24w4, depth 1348.12m.






Figure 4.4

Box photos of the 6-9-27-18w4 core (~1118.3-1137m): “b”
represents the base of the core and “t” represents the top of the
core; 15cm scale. The core is read successively upwards from the
bottom left to the top right. The white arrow marks the
FA1/FA2 contact (i.e. an expression of VE3.5 relative lowstand

surface?).
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Figure 4.5

Box photos of the 8-20-26-18w4 core (~1211.9-1229m): The core is
read successively upwards from the bottom left to the top right;
15cm scale. (A) Basal three boxes of core; the change from light
coloured sandstone to dark coloured shale represents the
flooding surface correlative to VE3 of Hadley (1992). (B)
Continuation upwards of core. (C) Continuation upwards of
core; the small yellow pin marks to the left of the FA1/FA2
contact. The FA1/FA2 contact may represent ?VE3.5. (D) Upper
three boxes of core. The small yellow pin near the middle of (D)
marks to the left of the surface correlative to VE4 (Hadley, 1992).
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Figure 4.6 Examples of 7VE3.5 surface: (A) 6cm diameter chert pebble as
part of erosively based conglomerate bed which represents the
expression of 7VE3.5 surface, 6-25-29-23w4, depth 1306.88m. (B)
Typical FA1/FA2 contact which may represent a subtler
expressidn of ?VE3.5. Note the well burrowed deposits below,
overlain sharply by a low angle laminated HCS bed, 6-9-27-18w4,
depth 1124.25m. Examples of well burrowed Facies 5 that
commonly overlies 7VE3.5 surface: (C) Heavily burrow mottled
facies sporadically found above VE3.5; ~40cm above a thick
conglomerate, 6-18-27-20w4, depth 1173.23m. (D) Facies
photograph of transitional FA1/FA2 with Zoophy
Rhizocorallium, Chondrites etc. and scattered pinules 6-21-29-

22w4, depth 1262.3m.
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Figure 4.7

Examples of the Glossifungites ichnofacies manifest in the
complex of transgressive deposits: (A) Thalassinoides burrow
passively piping transgressive conglomeratic material into
transgressive mottled shaly sandstone, 7-4-29-22w4, depth
1246.64m. (B) Small "J"-hooked Arenicolites. Also note the
siderite cemented zone below, 6-21-29-22w4, depth 1251.97m. (C)
subtending (not visible, refer to (D)), 14-11-22-24w4, depth
1346.01m. (D) Same as (C) but bedding plane view showing D.
habichi (dumbbell-shaped) and Skolithos, 14-11-22-24w4, depth
1346.01m.
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LSE
TSE
VE3
VE4
FA1l
FA2
FS
SB
Sid

TABLE §: Abbreviations used in Chapters 4 and 5

Lowstand Surface of Erosion
Transgressive Surface of Erosion

Viking Erosion Surface Four [Hadley (1992)]
Viking Erosion Surface Three Point Five
Facies Association Two

Flooding Surface

Sequence Boundary

Siderite/Sideritised /Sideritic Cement
Uncertain



CHAPTER 5: SUMMARY AND CONCLUSIONS
5.1 INTRODUCTION

during tlus study it is sttessed that thxs stfudy concentrates on detai!ed
ichnologic and sedimentologic descriptions and interpretations. Although
this study proposes no formal stratigraphy for the uppermost Bow
Island/Viking Formations, the surfaces, facies and facies associations
observed can be fit into the context of Hadley's (1992) allostratigraphy.
Observations made regarding the key surfaces, facies, facies associations, and
stacking patterns is briefly summarised below.

52 STRATIGRAPHY

$.21 Allostratigraphic nomenclature of Hadley (1992)

The VE3 and VE4 surfaces documented in the Harmat.an area by
Hadley (1992) continue into the current study area, and are quite obvious in
both drill core and well logs (see Figs. 4.4; 4.5; 5.1). The regional extents of
VE3 and VE4 have been documented by Boreen and Walker (1991) and
Hadley (1992), and so it is not surprising that the surfaces continue into the
study area. Although no well log correlations are presented to illustrate
this, comparison of Hadley's (1992) cross sections with well logs from the
current study area suggest that the VE3 and VE4 surfaces do, in fact,
continue into the area. VE4 locally overlies subaerially exposed deposits; so
VEicmﬂdheinmrpretednmnmﬂglmamdlSE/T‘SE,ﬁFS/SBh\ﬂie

plogy of Van Wagoner et al. (1990). VE3 is also locally mantled by
pebbles, butmeﬁdmﬂsuheﬁnﬂyexmd&pﬂﬁmﬁundhﬂ!
underlying strata. The pebbles may have been supplied by a lowstand event,
follmvedbya:ubuqmmmm Tlnpmufﬂﬂcbmﬁmglm
VE3 and VE4 can be interpreted as unconformities.

VE3 can be interpreted as an 7LSE/TSE, but at the very least, it is a
TSE. Ihgoillynmdiﬁaﬁmhfhdky’i(l?ﬁ)m&pphyhﬂn
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of the slight basinward shift in facies manifest by the abrupt change from
FA1 to FA2. Pebbles locally associated with VE3.5 also support a lowstand
component and the highly burrowed material (Facies 3) or thinly
interbedded Facies 5 material that commonly overlies the pebbly material
could be interpreted as the initial transgressive deposits. Therefore, VE3.5
could appear to be a simple LSE, an LSE followed by transgression, or an
amalgamated LSE/TSE. It should be reiterated that pebbly material at or
near the FA1/FA2 contact (i.e. VE3.5) is not common, but is quite common
over very small areas with tight core control. The nature of the
conglomerates themselves is problematic because some sedimentary fabric
or texture that might help elucidate their origin may be obscured simply due
to the limitations imposed by small diameter cores. Alternatively, the
pebbles may have been supplied by major storm events and subsequently
reworked by oscillatory currents. In this scenario, VE3.5 would not have an
allocyclic significance. Figure 5.2 illustrates the variation by representing the
interval between VE3 and VE4 [i.e. Allomember D of Hadley (1992)] as one,
or potentially two parasequences. If VE3.5 is an LSE or LSE/TSE, then the
interval between VE3 and VE4 represents two parasequences (see Fig. 5.2).
The internal stratigraphy of Hadley’s (1992) Allomember D may be more
complicated than originally thought.

522 Allocyclicity versus autocyclicity
‘l‘hraughut ﬂns thgsis it has been s&essed that the key surfaces

199!) P«thi:mﬂ\eVEB VE!md?VEﬁ.Ssu,rf;cesmmsﬁenﬂy
referred to as discontinuity surfaces that are interpreted to be
amalgamated LSE/TSEs efc., but the temporal sense of the surfaces remains
a mystery. If the limited biostratigraphic data is essentially correct, then the
importance of autocydic variations inherent to depositional systems must
be considered. It is postulated that, although VE3 and VE4 are certainly key
surfaces, inclusion of the biostratigraphic data suggests that the variations
myhﬂmnu@ydkmﬂnnmdmh@rmmoqdk

na. For example, if a deltaic model were employed, what may




153

appear as a flooding surface in core may have resulted from autocyclic
deltaic lobe shifting as opposed to a basinwide marine transgression. It is
important to bear these types of factors in mind when interpreting any series
of sedimentary rocks.

If autocyclic variation within a deltaic model is correct, then one
would expect to see en echelon, lobate sand body geometries along strike
cross sections. Unfortunately, the erratic nature of the well log responses in
the uppermost Bow Island/Viking would make such documentation
difficult (cf. Fig. 5.1). If the occurrences of Facies 7 represent reworked
fluvially derived sediment in an overall deltaic model, then the interval
between VE3 and VE4 would represent one parasequence (see Fig. 5.2).
Furthermore, in order to investigate the amounts of missing time, one
would have to sample shales from a larger number of cores at closer
sampling intervals. This is the only way that statistically meaningful
biostratigraphic data is attainable. Without the biostratigraphic control, the
interpretation of key discontinuity surfaces as unconformities is, at best,
speculative.

53 ICHNOLOGY AND SEDIMENT

831 Depositional environments

The nature of the ichnology and sedimentology of FA1 indicates
deposition in an upper offshore to distal lower shoreface setting. Deposition
is dominantly from suspension, with sand largely supplied by storm
generated translatory currents. The diverse and abundant trace fossil
assemblage is typical of the Cruziana ichnofacies and indicates well

reflect fairweather deposits; the one to fifteen centimetre thick sandstones
restricted marine conditions of FA2.




sandstones. The ichnofossils are less diverse and far less abundant than in
FA1, presumably in response to environmentally harsh conditions. The
ichnologic signature suggests that the most significant stress during FA2
deposition was depleted oxygen levels. The episodic, “quick bed” nature of
sand depasiﬁon, salinity fluctuations, and water turbidity also contributed to

D:scrinumhon between wave dominated lower shoreface deposits
related to strandplains and those associated with wave dominated delta
fronts is exceptionally difficult, however, it is suggested that the ichnologic
and sedimentologic aspects of FA2, namely: drastically reduced burrowing
intensity, a reduced ichnofossil assemblage, ubiquitous synaeresis cracks, soft
sediment deformation features, and micro-faulting, may favour
interpretation of a wave dominated delta front setting with periodic
fluvially derived input rather than a strandplain. As previously stated,
Facies 7 occurrences are extremely localised; at least two localised pods of
these occurrences are found within the study area (e.g. ~T29, R22w4 and
~T27, R20w4).

Using a deltaic interpretation for FA2 may also explain the
anomalous occurrences of Facies 7. It is suggested that the local occurrences
of Facies 7 represent loci along a delta/shoreline trend that were point
sources of coarser material brought to the shoreline by fluvial systems. This
type of mﬁu could also be emplayed to explain the many examples of

mterill 'I‘he:edimgnmlogymdmberpretmmnf conglomerates are n
well understood, particularly in subsurface studies. The conglomaates and
“anomalous” facies are found in the study area, and two alternative
interpretations have been presented to explain them, namely relative sea
level fluctuations and a river influenced deltaic depositional model. A
composite core litholog illustrating the depositional interpretations and
their relationship tc the major discontinuity surfaces is given in Figure 5.2.
It is also proposed that ichnology is a valuable tool in differentiating
strandplain from deltaic environments, particularly where only lower
shoreface sediments are preserved, because endobenthic organism diversity,
abundance, and behaviour change rapidly in response to a myriad of
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environmental parameters which physical sedimentary processes are not

sensitive to.

54 CONCLUSIONS

1. The allostratigraphy proposec by Hadley (1992) for the Harmattan area is
applicable to this study but may require minor modification. The interval
between VE3 and VE4, designated as Allomember D by Hadley (1992), may
contain an internal LSE/TSE referred to in this study as VE3.5. If valid, the
implication is that Hadley's (1992) Allomember D would have to be divided
into two parasequences as opposed to one parasequence [using the
terminology of Van Wagoner et al. (1990)] as suggested by Hadley (1992).

2. Although VE3, VE4 and VE3.5 represent individual correlatable surfaces,
their origins may be of an autocyclic rather than an allocyclic nature. As
interpreted, the surfaces likely formed in response to relative sea-level
fluctuations, which were most likely tectonically driven. The limited
biostratigraphic sampling indicates that the surfaces may not represent
significant amounts of missing time (C.R. Stelck, pers. comm., 1993); for this
reason, interpretation of the surfaces as autocyclic in origin cannot be ruled
out. Detailed microfossil work may clear up this uncertainty.

3. The uppermost Bow Island/Viking Formation represents progradational
shoreface and deltaic deposits within the study area.

4. Detailed ichnological analysis shows distinct trace fossil assemblages
representative of both open marine wave dominated shoreface (i.e. FA1),
and restricted marine, wave dominated delta front (i.e. FA2) environments.

S. The use of detailed ichnology, in concert with rigorous sedimentologic
analysis provides a powerful tool for the discrimination of delta front
deposits from strandplain-related shoreface deposits, particularly where
little or no data exists for their respective correlative updip deposits.
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TYPICAL GEOPHYSICAL WELL LOG RESPONSE

BOW ISLAND/VIKING FORMATION,
WAYNE-ROSEDALE AREA

14-35-26-20W4
Gamma Ray Resistivity
Base of
i Fish Scales Marker
VE4 ~o LSE/TSE
FA2
VE3S§ ~» T PLSE/?TSE
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0
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Figure 5.1 Typical well log response for the Bow Island Formation,
50 Wayne-Rosedale/Carbon ares; clear bar represents the

composite core litholog interval; some terminology
modified from Hadley (1992)
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APPENDIX: CORE LITHOLOGS
The following appendix contains drafted lithologs for 64 of the 69
cores that were logged as a part of this study. The following page contains a
legend, and is followed by the lithologs. The vast majority of the lithologs
are from cores logged from Township 22-29, Range 18-22W4. A few of the
lithologs, however, are from Township 22-29, Ranges 17, 23, 24 and 25W4.
Each litholog's location is clearly labelled at the top. Most of the lithologs
are longer than a page; so each litholog is continued in successive pages.
The following is a list of locations and depths for the cores' lithologs which
are included in this appendix [all locations are west of the fourth meridian
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Date logged: December 17, 1992
Logged by: ©1993 indraneel Raychaudhuri
Ground: 91460 m KB:918.60m

Remarks: Core 1, 16 boxes, 1336-1354m, Rec. 17.56m; Core 2, 8 boxes,
1354-1362m, Rec. 8m; 4" full diameter core; well on depth and
excellent recovery; photogenic; occurrence of palaeosol, organic-rich
shales etc.; upper ~2.4m not box shot
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= U1/U2 Contact

e UNIT 1: aseantially FA2 with the interbedded zones being rarely 10 moderaiely burrowed with
& sparse ichnofossil assemblage of small irace fossils, with sharp based fining up aandsions
thicker sandsione beds: generally sharp based fL with burrowed or gradations! tops. some
glauconite




PCP Caresland
11-9-22-25w4

Date logged: March 30, 1992
Logged by: ©1993 Inaraneel Raychaudhuri
Ground: 938.20m  KB:941.80m

Remarks: basal portion not photogenic; gets better upwards
Core 2; 8 boxes, 4" full diameter core, has non-marine facies
4750-4779', Recovered 29', have box shots
no idea where | am on the logs...

GRAIN SIZE

cobble
pebble
granule
sand

3
2 U
silt a
|

o UNIT 15: cross bedded sand at base hat 1s mom busrowesd upwands, wth Plancktes o) the
mud streaks, Palasophycus..

U14U15 Cortact

UNIT 4; similar o U12

U114 Conact

UNIT 13: basically a dark shak! with thin sthngers of mg-cg sarud
U121U13 Conact

UNIT 12: Thoroughly burrowed shaly sand, shale very fnable
- races include robust Terebellina, Palasophycus, Planoktes, [halassnodies, Zoophycos,
Teichichnus, Ophiomorpha(in sandy lenses), Skokthos{may be anoter crypic Glossiungies
surface); local lenses of up 10 cg sand(all salt and pey per)

Tt TSl Y112 Comact

e ., 11\ UNIT 11: cross bedded ig sandsone

: - with Asteroeoma(?). Ophiomorpha( 7). and/or Patasophycus, more bumowed upwards
U10AU11 Contact

UNIT 10: Thoroughly burrowed shaly sand
- e ranegressive facies B of JAM, scaftered pebbios decrease upwards, mammum pebble is
2.5cm diameter, well rounded and chen and lthics, possible crypiic bed jnchon near fop with
Glossikangites type Skolithos and Diplacratenon habichi shafts

UrU10 Contact

UBAU9 Contact: probably tranegressive, with 2.5cm diameter pabbles lying on 1t

UNCoalyUS(organic-rich shale) Contact

UBAST(Cosf) Contact

UNIT §: sarme a3 US but sandier

US/US Contact

UNIT §: mostly sandy shale with a minor sendy shale component at urit bese, quite "notiled
but andy Planciites seen, similar appearance 10 U2, with lots of coaly ragments

U4US Contact

UNIT 4: fg "salt and pepper” sandstions
«©r0es bedded ot base with rounded rip-up clasts of shale and sideritised shale (30 they look
e patbies); more chumed appearing upwards; Plancides neer top

-\\- U¥U4 Contact
,i, UNIT 3: Grey Palasoenl
« iull of sweling clay; wexy testure; possible leached rools; evdence of pedogenic
sichenelides; some coaly debris naer the base; minor disseminated organic matenal
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= UZ/ul Conlact

L

UNIT 2. Sandy witstons

- small coaly iragments, appears churmed but no dentitable irace lossds
= U2 Contact

UNIT 1. Churmad fU-mi *sall 8nd pepper” sandsions
= copous coal Np-ups, coal fragments, wispy Aale rnp-ups, chumed appearance but o
discemible trace losuls, local pyre
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PCP Carsland
6-27-22-25w4

Date logged: March 30, 1992
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 942.10 m  KB: 945.80 m

Remarks: Core 2; 8 boxes, 4789'-4806°; Recovery 17.5' (probably 4786°-4804'); 4"

full diameter core
Nice FA2 with plentiful Terebellina and some coarser than normal

sandstones; photogenic; have box shots of basal 4 boxes

GRAIN SI2¢

VBt

] omc—omm

Ol well 1s FA2

§— typical burrowed portion of FA2: Terebelhna 13 by far the dorrsnant irace m sands and muddy
parts, Asterosoma, Teichichnus, Helminthopuis extremely rare; sparse Chondmles-Planohies
in dark muds

e 9i0f saNdSIONS With allemating laminee of fU and I sand with organsc detritus, lerge
paniislly sideritised ripped up intralormational clast at base




Cdn.Exp.Gas Ohio Mid.Cdn. Gem
6-7-23-17w4

Date logged: July 26, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 797.40m  KB: 801.00m

Remarks: 3 core boxes (out of order), 1" core, 3286'-3321°, very poor recovery;
not a reliable well; not photogenic; no box shots or any photos for this
well

GRAIN SIZE

cobble B W™

pebble ¢

gronule 1
UEF
8s
]

sand

L UNIT 7: interbadded v Sandeions s Shals

= oy thickly bedded and confinuous v sandsions bede(3-8cm) than anywhers slse in e
core with osclialion ripples and getiing up inlo the higher angias indicative of a curent
hil-nslﬂjianntt-ﬂlu-ﬁpﬂiq

cal mukdned, sand iled Frace (7Cylndricivus of runcaied TRossslia)

b= LBAJT contact

lllTl.Buun-iii-hn!id\i!iniinn--nﬂSh-h
m of 1Zoophycos ot top; aleo siderie

== LISAM contact
_\\‘ UNIT 5: Burowsd inlwbacded Shale and v Sandstone
UNIT 4: Burowsd imisrbackiad v Sandeions and Shale

_g#—-—- Cove 4: Fec. =2.0° of driling mud

UNIT & Sumewed intrbadded I Sandeione ard Bhale

ol



UNIT 2 Burrowed Interbegkfed W Sandshone wad Siuhs
- np real sandsione béds unti The op 15cm of url where fisre s a4 elitnely cotliuas - Hiem
sandsione tred that 15 overlan by vo/granules that hoes upwants a1k imy saiad by o saned

VAR “condact
« rire Tereballina, Chondrites, 1ots of Hedminthopsis, shamp based 1-3em thick siwiskwee b

GENERAL NOTES:

Core 1: 3286-2208 No Rec.  Come 2. 120K-3290 Rec -42

Core 3 3200°-3300 Rec.-2.0° Core 4 3300°-3305" Rac -2 0

Core 5 3305'-3310 Rac.-1.0' Cove 6: ANW-I16 Rec. 6.0

Core 7. 3016'-3327 Rec.-2.7

“NE": whave thefe is unfecovered core, { has been assumed ihat the come loss was ol the




Cdn. Exp. Gas Ohio Mid. Cdn. Gem 6-1

6-1-23-18w4

Date logged: July 25, 1990 (great day!, poured with rain...)
Logged by: ©1993 Indraneel Raychaudhuri

Ground: 791.90 m

KB: 795.50 m

Remarks: Cores 1-3, 3277'-3299'; 3 boxes; 1" diameter core; relatively good
recovery; fairly photogenic; no box shots or other photographs of this

well

GRAIN SIZE

cobble
pebble
granule

ARt T

| WRC O

.......
......

-am e e -
.......
- e e e o

- an an a»
------

}

\

UNIT S: Low 1o High Angle Laminated vi Sandstone with rare Shale wisps
- vary top of unit is geting higher angle (cross?) laminations with coaly ripped up material; base
of unit with some siderite and very low angle larminations with °coffes grounds” iype organic
material acceniuating the laminations; well sorted glauconitic, aimost exclusively viU
sandstons

U4AUS contact

UNIT 4: interbedded vi Sandsione, Siitstons and Mudstons
- interbeds on ~ 1-2om scele, sharp based Vi sand beds that grade normally into silts & muds
- rare chert pebble stringer(avg.-0.5cm diameterjvisible on bedding plane neer base
unit; top 26cm of unit is unbuvowed

UMM contact

UNIT 3: Burrowed interbedded v Sandetone, Siitstone and Shale
- chert pabbie siringer{maximum ~icm diameter; sverage -0.5-0.6cm diameter), some shap
based normally graded, oeciliation rippled beds preserved; rare higher angle laminations(~20
degrees)- probably indicating some curment componeni(i.e. combined flow rippling)

o U203 cOntact
e UNIT 2: Thoroughly Chumed interbeddad v Sandstone and Shale

- fower preserved secillation rippled beds than unit 1; Rhizocoralium heve, more Chondrites and
{s0e Helminthopeis in this unit. some rare vertical 19 sub-verticel “mud lined” Sholithos
(uncated 7Rossslia), poselble Teichichrus

« unit above ie similar excapt for the fact thet there are many more sharp besed normally graded
beds preserved dus 10 & uge decresss in the amount of burowing

e UJ1AU2 cONtRCE
" UNIT 1: Chumed interbedided VI Sandstone and Shale

« the sand is very woll serted, aiment all viU), quastz, mafics, glauconite
hwyoodes

« one 10om sssliation fippied VI candetons bedt sideriie in W0p Som of unit

184



CPOG HUSSAR
7=20 23-18w4

Date logged: July 6, 1990
Logged by: ©1993 Indraneel Raychaudhuri

Ground: 821.40m  KB: 826.00 m

Remarks: Cnra ’I 10 boxés 3385'-3435'i 3—5" full diameter core; reasonably

~pebble
=granule
snnd

condinuous across he scale of the core

Esaa.

iiiﬁiﬂinllihiipn-ixinunib-mnguihﬂtn-ﬂs—:phiﬁiﬁs
U920 Contact
UNIT 15 Pabbly conrss grained Sandetons with Shals

2l = thmmmﬂm

I-licuni

U1 Contact

UNIT 17: inievbadided Sarcietons and Shale; bads are ol vary sharp based
; UVANT Contact

I.iﬁnﬂﬂl—ihhnihiﬂﬂﬂiiihithﬂun-i:dhnhmm-hInnnﬂﬂﬁinwdy

pl:i'lsﬂl:iiiﬁyipih-iw!iliqpl-Fnpdin-uiiniialin-illunui--mlniiilg

I18H



S,
.

S PR A SRR W LA RR RN, PRBTRAGED,, B it TR H T
‘i 1SN, Tontact

UNIT 1% (rilerteditend Sandstore and Shale
- ataredant burrowing whaere mud domnates, sand beds are sharp based and are oxciiaton
npplad o HCS, probably deposted by infafrmittent siorms, sand imerbads are bagmning to be
more thickly bedded(S-7cm); pebble sinnger 15 very odd
i L TFposwuble VELS", do have increased burrowing interiuty sbove. ..

L UNIT 13 interbadded Sandsions and Shale

- osciiaton nppled/HCS(7); sandsions beds 5 10cm thick separated by 1-4cm tnck 8t black
muxcis That are ra: .1y vurowsed with Planciiies; afl beds arm very sharp basad; possible
synasfelis Cracks B ut 10p77
capped by UNIT 14: Poorly soried clas! supporied Conglomerate
- s pebble size -2.3cm dumeier; chart pebbles; matn is vi-cL sand

U12/U13 Contact

UNIT 12 s as UNIT 10 essontally
grain size varas sightly and it's subjective as 10 calf these unds vior IL

U112 Contadt

UNIT 11; Davk Shals

V10411 Contact

UNIT 10: LAIS vi-ig Sandsions

U0 Condact

UNIT ©: inlerbeckied Shale and Sandetone; all beds are shawp based. 2em thick pebbly zore
o bans

UMD Coniact: with pabbly bed si base

UNIT & LAIS viL-IL Sandsiore
mmmthbﬁ“mhmmm—m

UNIT 7: interbadkied Sandelons and Shale

« move Thickly bedded and less burrowed than the underlying inlerbadded sandeione/shals
umits (2-7cm thick sandsionsi &8 opposed 10 iterasly burrowsd or 1-2cm thick sandsions
bads balow)

UNITE: Hsﬂﬂﬂim

« vy low angle inclined sirs ion, Mo hrmocks or Funcaions; simost planar paraliel
m“ﬁﬂmmmﬂa-mﬁnm

UNIT 5: similer to UNIT 3 bt with lesa burrowing and mone sandstons in sress
the inkevbedided shals/sandeions 1o LAIS sand bads is relatively gradetionsl
UVUM Conact
UNIT 3: intarbacided Shals and Sandeions{viL-1)
- iots of iraces and good diversity(outer Cruziena); these weird iraces that look e REALLY

m_ymhmmlﬁnﬂmhnﬁmmm
svatagy; NB- thaly Astivosoma, lees lhely &s Phycodes)

U2/U3 Conact

UNIT 2: Barcistons with Burvowsd Shaly it
mnﬂﬂym“-Mﬂiﬂhmm-ﬁ
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KIDD HAMMERHILL
11- 15 23 23wé

rData logged: December 12 1991
Logged by: ©1993 Indraneel Raychaudhuri
round: 975.40m  KB: 979.00 m
Remarks: Core 1; Boxes 1-9, 4530'-4572°, Rec. 42' (actual recovery 37.75',
therefore basal ~4.25’ lost core); BFS 4420' or 1347.22m, tough to hang
on log since no Colorado transgression and no gamma-ray log is
available; photogenic

GRAIN SIZE
- cobble

=2 §§

—=sand

= this whols cors ia probably FAZ 1o ransitional FAZ
= inerbadded portions: sands sharp based and commonly normally grade upwards with

ré- osclilation o combinad fow rippling

» thick badded sands: low angle parslisl laminalions that sre commonly runcaled by low angle
soour surisces(5- 10 degrees); coarss7 and move organic malerial in the upper 1.5m of core,
local zones of sideridesd rip-ups, inguisr shils clast fip-ups some of which appast 1o have long
syraeresis cracks in them, local soft ssdimant delormation with well developed ball and pillow
Iype sruchres
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~—— i this zone of interbeddad v sand and shale, rare burrowing in basal 35cm, overlmn by &
40cm thweck Chondmies dominated zons, and above here is aimost solely burrowed by
Asterosoma, with minor Helminthopsis, and probable Anconichnus horizoniahs

possible flooding surlace/parasequence boundary??
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Grizzly CPOG Gem
Gig-i?!i-i Twd

Date 7logged- November 19, 1532
Lagged by: ©1993 Indraneel Raychaudhuri
v 798.60m  KB: 802.50 m

Rmﬂts 3.5" full diameter core; photogenic; excellent example of ball and
pillow structures with associated fining upwards conglomerate; Core 1;
7 boxes; 3185'-3215'; not sure if core is on depth, but there is full
recovery; box shots

cnilﬂi

2|

chnug although thay don't louch ad are soall

m—  UNIT &: astantially medium bedded FAZ with sharp based fining up vi sand bads 1-6cm thick
with low angle paralisl 1o wavy paraliel 10 oscillation snd combined Row rippls laninelions, ree
s thare are & fow thicker slorm-gone aied sandeions beds thal can be AL and commonly are
burrowad by an opporiuniatic suite of ¥ace lossils

| a— mh i

=== UNIT & locks ihe ons mando event bad thal Sres upwards bom clasl supported
Sangemarain &t base (3-Scwm reurnind pabbiss M very base into average granuies © 0.Scm
damater rpunded 10 subrourcied pabihive) into & pebbiyiranuiey W sarduions ik & W

\ mmniﬂﬁﬁﬁmmﬁgﬁhmmnﬁ
Sow ssesciated with delis berd Wrbidites?7)

= UNIT & mwdum badded inierbadded v sandetons and shale with /s 1o modente burrowing
intorally with isoal paichws of modersie; sverage sardietons bads 1-4cm beds with -3 thicker
o anglt inclired slorm-geraraied sandeions bads with organic detits scoeniusiing the
tariree




\

1R T AHLED

UMNET T sarvahar 16 U2 Bt s miiseratety bigroesrd, noal siderfeatien, some: of the proserven
1- 4 saredstone beds are actually o gramn size

L2/ Contuct drashic change i burrownmg miensity, aiso siijhilly e hes bedied
Sareiginmes
vy parssl 10 oacilabon to combined flow npphng; shamp based trng up beds capped wth
organc-rich sparssly burrowed shakis weth Planoktes, rare small Palasophycus in the
sarisions bads, ke FA2 bt Trenner badded (winks cor s wittun FA2 transitional 1o FA2)

1J1AJ2 Contaci: drastic changs i buffowwg intensily

LINIT 1 moderately burrowed thunly irderbedoed +f sandsione and shale, moderale motthing,
local zores ol alimosi v buirowang, storm bed with Macarorchnus; (018 of those ity
concanincaly lamwnaled Asierosoma, ilerbeioed porion has 1-3cm theck presarved sand
beds (soma IL) with remnant wilivy parsllel 1o oscilation nppls stratification

190
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HB P AM ET WINTER H A11-29
11- 29 24 17w4

Date logged: July 12, 19%0

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 857.40m  KB: 861.70m

Remarks: Core 1; 11 boxes, 3525'-3575' (1074.42-1089.66m); Hussar/Countess
area; OK photogenic; have box shots and prints; cores lower, regional
Viking cycles

"GRAIN SIZE - o
cobble B M
~pebble
granule
- gand g E
[}

= UNIT & inlerbacided vl Sandsions arci Shaile
= gontinuition of the overall sanding upwards ssquence; possibly some more of thowe
lﬁ,ﬂi:‘ﬁﬂyﬁiﬁﬂﬁﬁb‘ﬂ.ﬁ‘l 77777

ﬂi-innj-iiﬁnjiiniaitiilnnﬂﬁy-ﬂui-intm-i-du-ik:lnqumﬂd-pnuinn
{slem emplacemant 77)

e UM/US Corfiact

— tlle.tiiii!iiilhjl.l-ilumllnﬂaiit:-
iﬁhbﬂii!tiiﬁtﬁlﬁsbulmm-a1§niihli§-t!mﬂhni




mfimmmm-ﬁmh
hﬁsdmnﬂ@mmbﬁqmmﬂymnm
- possible N . ; possibly 7combined fow nppling

e UMIT 2: Stuly ig Claucanitc Sandeions with rare Crois Bedded inlsrbeds
mnﬁhMMdhﬁimmnﬁmmmfﬂg
Parchies, Assrosorma(umall), Gholithos, possiis |
“nmﬁﬂﬁﬁﬂiﬂ;“{nﬂ“k;mhﬂ
oWy upwards

e UNIT 1: Chraad intavbackind Sandeions and Sheis
'ﬂiﬂﬁ“mﬂ-ﬁ‘!mmﬂﬂ back ground risiminthopeis

192
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CZAR et al. HUSSAR
10-5-24-18w4

Date logged: August 15, 1990
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 877.20 m  KB: 880.30 m

Remarks: Core 1; 9 boxes, 1101.9m-1114m (3615'-3655'); photogenic; 3.5" full
diameter core; have box shots and prints

GRAIN SIZE

cobble M
pebble
re— g r VU | #
sand

s UINIT 4: Dawk Shale with v scale sharp based sitsiona/vi Sandstons “bads” that comevanly
ﬁ!ﬁr-ﬁﬁlvup-ut-nﬁ-nhnammgﬂyﬁuadmuunnnm--:huiﬁ:an-dn-ﬁ

e burowing
lﬁllﬂiijiiih-liillliludhqnuﬁiillunipiiihiliidipﬁdlpiiﬁh!i!;ﬂidﬂph
lililiniilp-rllnin-itnu-iihu-i-ﬂinﬂvlhhiintuiy:ﬂknnni-lnini!un

= UNU4 Contact

= LUNIT % Essantially Facies Association 2 interbadded, Rarely Burrowsd Nomally Colour
Graded vi Sardetons 1o Shale with thicker bedded Low Angle 16 Oscillation Rippled
Sandetors Beds
iiii-iiilpiimtlh:pi-!:illlinjﬂnni!.ﬂ;gmdpup-in;lihn;imid:!-:iﬁ

s e o o

i.iui!ihIiﬁilih-hiilnii!liﬁﬁiiﬂnﬂutlqﬁn-ﬁdiﬂlniu-izplilil

sssamblage;
— i - Sgruigtons portorc osclintion 1 iow angls urdiulaiory lminations, bads s conemonly shasp
I - Sased with burowed or gredetional tops, glsucorste, some local siderisaiion, rare pyvitiesd
PR TR, KT oipanic detriius Nghlighting the low angle laminaions

= fwoughout unit fusm are coaly{ripped up77)irsgments

dmﬁm*miﬁﬂﬂ )



;mm Pm Pmﬁycui irﬂ im Hi::i i:nmmn ascillaton Rppled beds
cormmonly with sharp 1© burrowed bases and commonly with burrowed or gradational fops, rare
- & couple of rores with scafiefed granuies{mostly itiwcs Ycoarser sand

-l&nﬁﬁﬁﬁﬁmmmﬁﬂdhmhb
" sls, Chandrites, Marolites, TAsterosoma or TFhycodes, thin
m_nmmduﬂmmnnmmm
mnﬂl-ﬁﬁi
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CPOG Hussar

7- 30 24 19w4
Date logged: March 25, 1991 S
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 893.40m  KB: 897.30m
Remarks: Core 1; 13 boxes, 3795-3855', ~ on depth; 3.5" full diameter core;
moderately photogenic but no box shots or facies shots were taken;
good portion of unnamed Colorado shales are cored in this well

GRAIN SIZE

= UNIT &: Dark shale with mim 0 Scm thick shirp based disconinuous MIona/vl Sandilone
thal show hints of wavy parlisl 6 oacilasion npples
= BEVTE Sub-units (vavy similas 1o the type of thing | called lacees 7a at Chugwell)

« 2 rorws of churmed wi-ig sandsions

« local sideviiastion of inevrvals up 10 4cm ek

«*'NB: may wanl © pull this core in the fulure io photoQraph a good portion of the unnemed
Colorado shales with itz sandy/pebbly sub-urets; shoukd also shoot ihese as closs-ups (can't
today becauss Bourak took the camera lemes)™

e Ui; sharp based conglonwrate bed with mg “salt and pepper” send mabvis; masivess pebile
s 2cm dameler, sverage 0.5-1. 1cm darater, chant pabbles. sub to well roundied, coiree




.....
.......

......
-----

-----
ooooooo

-----
-------
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calkcie cement

= UGS cg-vc granuiar sandsions
struciureless, but vague hint f cross bedding. totally caicie cementied, 8 few

- apparenily
| pebbles (maximum 0.8cm diameter); subangular 10 subrounded grains
US/U6 Contact

UNIT §: Burrowed shaley mg sandstons
- basal Tcm is basically a pebbly sandstons with scatiered granules and pebbles (chert
masimum om diameter, well rounded) with a matrix of “salt and pepper® mgQ sand; matrix fines
upwards into fne sand but scatiered ve sand, grarules and pebbies persist
- Planciites, possible Yeichichrus??

U4US Contact

UNIT 4: Poorly sorted conglomerate
- mostly chert pebbles, most are well rounded, maximum 1.5cm diameler, average -0.6-0.8¢cm,

matrix rom mg send 10 minor mud
- rapidly up into rud with ecatiered pebbies, grarudes and sand

U(-FA2/U4 Contact (probably vanegressive)

UNIT 3: essontislly FA2

« il burowing, locally sbundant, Macaronichnus (simplicatus?) and Palasophyous in the
thick bedded sands; Choncirites in one small porion, Heiminthopsis(7): I'm relerring 1o thoes
dark “Trichichmue-Siee” things that have significant vertical components and sre mud filled in vi
sand (may be Anconichnus?), Planclites
- some miner incipient sideriisation in both mud and serd
- sands: low angle laminations up 10 ~ 15 degrees, lower angle funcations, preserved probable
umwmocks, oscliiation ripgiss, 11-430m thick, waning fow features capping
« interbedded portion: sands 1-10om thick, normally colour graded

e U(~FA TV ~FAZ) Contact sharp change in burowing

e UNIT 2: ossontially FA1 with modusate (o conmon burvowing in the interbedded porfons,
minor bunowing in the 8- 10om thick low angle parafiel laminated 1o ceclliation rippled vi
sandstone bede

=2 prominent vi eand beds with low angle paraliel laminations with organic detritus 10, 11om
thick (eimilar but rat as thick as sands in FA2)

- achually, not much trace diversity: mostly Chondrites, Asterosoma, some Planolites, very
minor Helminthopele(rare); small Palascphycus and Zoophycos in sands

- mingr incigient cideriiantion

- noar base of unit is 30cin 30ne of depersed mg-vel sand/chent grarudes




A2 Contact
UNIT 1: vl low angle aminaiad grey sandsione wilh low angle uncasons (HOS7/5CST)
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CPOG HUSSAR
8-5-24-20w4

Date logged: August 13, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 868.10 m KB: 871.70 m

Remarks: Core 1; 12 boxes, 3765-3821' (1147.6m-1164.6m); 3.5" full diameter
core; photogenic, have box shots and prints

CRAIN SIZE

cobble ]
pebble ;

----- Lol s UNIT 3: Essentiafly Facies Assoniation 2: Interbedded vi-L. Sandetons/Shals with thicker
* « intorbedded pevtien: rarely to medemisly buvowed vi sandetone/silistons and shale, moelly
""" e shasp based nermally csiowr graded v sandstens intd erganiosich chale beds; this interbedied

portion aleo conumonly ferms $he waning flow part of the sequence above the thicher bedded
H Astercsome- HIGHLY RESTRICTED TRACE FOSSBR. ASSEMBLAGE, rere synasresis cracks

y, g—— {rice bedding plans views with spindie shapes)
A - Thicldy bedided Sandetons porton: low angle undulatory laminations with common low angle
., Cadnsked uncations(10-16 dagrees), rare srmall soale osciflation ripplad bede, glauconiic, lots more
..... - organic “cofies ground” detrius accenhuating the laminae than in U2, common ripped up shele/
PP ¢ o » o o
Sadede el ]
e
el
ol s
..... - .
e e
............... ,‘
—. e
N4 amaigamated storm-gansraiod sandetens beds; & roapense o ssasonally controlied
L 11 daposiional ratns?, dolia ishe switching?..
': ........




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

jamee  abowve heve, there 13 a sigrvlicanty Buck porion of F A2 whsch is ko 4l sviends and purpoass,

f—  LIZ/UNFAZ) Coniact sssendially i 10 ram burfowing above hee

jommese  UNIT 2 Essantially Facies Associstion 1; intevbedded burvowsd vi sandelo

mmuﬁﬂmmm-mmﬁm“ '
- Interbedded porion: quite burrowed bl 3-5am thick busowed rwnaly graded beds feer uni

baee, gois sendher upwards, dverss Wace lossils: iote of Heln Choredites,
Asterssoma, vars TOphiomorpha (small, - = temn diameter subvertical fubs with hind of irubibled
ﬁ“hh:n—immﬂm

bﬂﬁ“ﬂmﬂtmﬂiiﬂl’“ﬂmh

-ﬁﬂmmaﬁﬁiMﬂﬁlﬁﬁlmﬂ '
UBAUS cantact has besn picked in this well on the basis of #w wmajor changs in iumowing syl
tenen iacies sesecialion (L) and facies asecciadion X(U3)

-l—lh—dim-—ﬁﬂhﬁimnm

19



dharreriat)
- wreiar 10 the dark ity shale commonly seen above the ramsgression al the 10p of the Viking
excap! that thes 15 far more burrowsd and lacks the scatiered pebbles
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TENN DI HUSSAR 6-15MU-24-20
6- 15- 24-20\1!4

Date logged: December 16, 1992
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 885.70 m  KB: 889.10 m
Remarks: 3.5" full diameter core; Core 1, 19 boxes, 4010'-4105'; only logging
boxes 17/19 and upwards; probable depth of logged core is
4004.25'-4087.5"; actual thicknesses of units may be off slightly due to
the dominantly shaly lithology; not box shot

GCAIN SIZE

e UNIT ¥ aasaniially 1w 50 2 UNIT 17 with the excepiion of 1 thin wavy pamiiel laminsis
W sarieions bad; minoy bentonitic hovizon aleo

1




= U18AJ17 Contact

o — UMIT 1% sssantally the same as UNIT 13; some vi sandstons beds oscillation 10 combined

= L1415 Contact

UNIT 14 essantialy the save a8 UNIT 3

= UNIT 1X sesendaly w sarve s UNIT 4




WS A A A A A AT
aAaAadadadi
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may be oud of place
UNIT 11 : dark grey shale

W gramed oscdlaton nppled sandstone (may be out of plice)

Mg sancisions with highly iveguiar lower contact with posuble Toloswhages aid sxinnin
fAp-up clasts, pyntc

iderite comerted shale

USU6 Contact

UNIT §: mottled shasly sandstone with scatiersd drapersed sub 1o well rounded chert pebbles,
masmum 1, 1cm dismeier; scatiersd granuies oic.; some large Thalassinoudes, shale ia
exerwly irabls; sand is dominanily mg Sl and papper in appearance; rpped up cosl
fragmants; this is ranagressive “Facies B° of MacEachem, Bechiel and Pembenon, 1997
Mﬂmmm 1992)
UNIT 4 mm-ﬁmn-ﬂm W i shal p based, commonly
discontinuous em-1cm thick sandsions beds with remnant wavy paraliel and oscllshon ripghes;

orghnic deWilus can Rcceniuste the lamines; (ofs of small scaln soll sediment deformaiion,
load casl ripples eic.; local blebs of pynite

e UNIT 3: davk grery shasle; minor sill component, vary broken up in boses

— U3 Contact

lilf?ﬂhﬁﬁhﬂmﬁﬂim“ﬂdﬂbpm
chant pebbiss; My be resumad Yanagressive reworking of uppermos! Basal Colordo during

UIAR2 Contact

-\ihiﬂmdhmmﬂﬁmm

UNIT 1: crons badded pabbly sandstons; highly gisucomie; moslly 2-4mm subvourded
mmﬁmﬂhmﬂﬂﬂm—mmmm




CPOG HUSSAR
10-34-24-20w4

Date logged: August 2, 1990

Logged by: ©1993 indraneel Raychaudhuri

Ground: 900.70 m  KB: 904.30 m

Remarks: Core 1; 10 boxes, 3872'-3919'; Colorado transgression not cored;
photogenic; have box shots and prints

GRAIN SIZE
—cobble
pebble
granule
sand
silt

l—flﬂy )

[T 1T
I et

e UNIT 4: Facies Associstion of imerbedded vi Sandstone/Shale with more thickly bedded vi

Sandeione

- Sandstorm Parton: kﬂlIﬂﬁﬂ:ﬂnﬂﬁ_llhﬂiﬂiﬁﬁnliiﬂlllEﬂlu!E‘llﬂﬂliEﬂNﬁﬁiﬂlﬁ-
o wonly hitve gradelional iops inio

mﬂmmmﬁﬁ-ﬁﬁmﬁﬂm

!idiyildiitlinnhminﬂhnlgﬂgphﬂai-1&ibd-§ii-risp —n-iyiii:inﬁ

some curent influsnce (Teombined flow ripping: NI lkely just iow angie fruncation sl

scoountable for by the erosive neture of slorm-gereraiad cacliaton fo combined fow

cuvents), locel rip-ups of shals, sicevitiesd shale or coslyorganic malerial, glauconite

« intarbadded Portiors sely burrowsd, syrasresls oracks, small snd rare siresesd Terebeline,

Taichichnus, pyrilissd Plarolies, sharp based 1-20m scale rormally gracded beds the! are

commonly oscillalion rppied

——  oould be TVELS"T; but locks ke it is sirply af w base of & wiorn Qereraled sandelons
bed, with & fow grarules continuing up inlo the sand bed above, BUT the pabbles in the dast
upporied congiomenis ar up 10 & msmum of 2em diameter rounded chert pebbies and sven
hﬁmm

',,:7ff!-T.ileill-l!lﬂlﬂﬁhiﬁl!ﬂli'n.gﬂﬂ'lH‘-L-Hﬂﬂ-!Ilﬂllﬂlﬂ
iﬁiﬁnhisinﬂLnu-nuq:ﬁ:-!mlilbi-i-ihipﬁisleiaiinu'-iiwa-dlvi
higher race fousil dversity




Hippiexd 10 Combined How Hippled Sampione(one bed hw sy Cigviiowey)
- Interbedded Porton less DUrrowry] LeOwands with CoOmespomhing nv rease upwads w1 sharp
based nomMally colour graded oscdlat= - ripplend Dedds (0nee RZoconaliomm near lop), ome (ritty

cg-granules Zone
- Sandsione portion; essentially ali ViU with aDurgant niershitug Chiy Contesnt ghukomie rare

Terebelina, Palasophycus, escape trace
looks ke *transitional FA1/FA2%.type urwt

— TVEISW

= Cheel and Lechie, 1992-type granuies mcorporated nito a shorm et atend oscllation apphad
sandstone

e J2/U3 Comact

UNIT 2: interbedded Burrowed Shale and vi Sandstone
- girnilar 10 U1, but abruptly muddy at the Dase with pebbles (average -0 Imm diameter) and
then sands upwards rom there

e J1/U2 Contact (stacked sanding upwards cycles?): possibly “VE3° of the McMaster RGW
group

UNIT 1: interbedded Burrowed Shale and vi Sandstone
- thoroughly chumed, lots of Heiminthopsis, also Chondrites, Asterosoma, Terebelna,
Planoiites, possible ?Diplocraterion/? Teichichnus, 1-4cm thick vt sand beds that can grade
upwards with hints of srmall scais oscillation ripples, a few scatiered pebbies (mammum -0.2%
mm diameier), also soms pebbles ~at unit 1op contact; bentonies thus thick in this area
typically underke ‘VE3*
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CPOG PARFLESH
2-36-24-22w4

Date logged: December 11, 1991

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 888.50 m  KB: 892.76 m

Remarks: Core 1; Boxes 1-14, 4075-4140° (probably 4079.72'-4143.7')
not photogenic at all since core is broken up, heavily sampled and
stained by severe acid scoring, well logged relatively quickly, have box
shots; BFS 3962’ (1207.62m)

—— ]

UNIT §: FAZ with stackad sand bads af op
- sorrm ol 1he aand appeared 10 be aimont lestursisss vi-iL sa~ds




......
vvvvvvvv
.......
--------
-------

e UB(FA 1YUS{FAZ) Cortuct

UMIT 5: Thereughly Busvowad intswbaddied v sand and shale; FA1

- typical FA1 with large rasmbers and iypet of Face lossita; significant proporiion of the sand
ade are rowovhed by thees /obust Helminthopsis thal have & significant verticsl comporent
arel may scanlly by Arcoriciess hodzondalle

= vl vpdln low angle pasaliel i undidaiery or oacllalionicombirad fow dppisd with shap
nens arvd genavally burvowed fops, thiches! sand beds are 7-10cm thick, Bl most are on e
ardar of 2-4cm thick, sowe of v sandd bads s low angle Inminated and nanally grade up inlo
caclision rippled tops and capped with mud

\ mtﬁmmﬁﬂim
mﬁ“-ﬂ“ﬁiﬁﬁﬁmhﬁﬂﬂﬁ
ﬁﬁiﬁmﬁﬁﬂﬁnuﬂyﬂhm

= LM Coninct
- ﬂﬂzmmmuﬁnm

« twtully dowiratod by HebwinBupsls (pical reglonal bachground Viling taciss, bul with a
\ﬁﬁﬁ--d—-q

UBAS Contnat: £ or 3 soatiorasd pabblssiprarades i ahove confact
~ rmaraied s sulargnder, sasivasm 1.50m daveale
i—-ﬁhﬂnnﬂﬁim-ﬁh!wm_ﬂiﬂh

gl baaes anid ininir dacavndhia nevewing
| TG, USIT 1: Duh, dighly S0y Musioters with very e srom scale S leminee

\ e e e
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CPOG WINTERING HILLS
o 7-36-25-18w4 7
Datalaggad August 14, 1990
Logged by: ©1993 Iindraneel Raychaudhuri
Ground: 892.10 m  KB: 895.80 m
Remarks: 1117.1m-1135.4m (3665-3725'); 3.5" ful diameter core; photogenic,
have box shots and prints; mostly underlying, regional Viking cycles,
maybe get “VE3"

" GRAIN SIZE

s mTthr:—m%imEmﬂmﬂ
= irderbadded poriion is cecllation/combined fiow rippled vi Sandstone that nommally colur
grades up into pavelisl undhiatory ismineted sitstons and shale as part of fw ovesall waning

slorm flow saguance
= thicher sand poriion is minimal in this well but sl daplays low angls undulstorny leminaions
v comeron organic/icoaly derivs s fipg-ups
mhﬁ“dnmmmmmmm
cap e thin slorv-ge §
= UVUS Corviact
UNIT &: Essantially Facies Associstion 1; Thoroughly Burrowsd interbedded vi Sandelors

ﬁﬁﬂhﬁﬁnm}&iﬁniﬁmmmm

- iots of Astercsoma some of which have sity/sandy walls and thevelor may acually heve b
e called thick wallsd Pelssophyous. possible PMacaroniclnus near 1op of unil in & Som thick
sand. somw siderite; oversll this urit has & “bulbous®Jooking tasrowing style

e SN Cortmct

= UNIT 7: & sarviing upwirchs unit of Burowsd intevbedcied Shale and v Sandstons,

rasiaionally svariain by US wivch is the cantiramiion of he sanding upwardeli.s. the

ariters demiraied parten)

= e V-2em thick vi eacilallen riggled sandeions bads

uiﬂmwniﬂﬁﬂi—-—nn:ﬂ:ﬂmhiﬁ
' huwing

_bhﬁﬁﬁniﬁi—pmﬂ—w-ﬁu—h—f il
vl upwards, rvw V-3om escliation sigpied 1 pavaiel wavy becing sardivions el
Praasrved with some urowing fwoughout Them




—— AU Lontac!

3 UNIT & pasal conglofmarate is poorty sored Pmains supponed conglomera (pebbles are
chal ardd Miecs, MaxaTaam =1, 7om GAMSW, MBTIX @ mg sand), then - 7om ol burrowsd
nierbedded v sandstone and shale capped by & couple of cm of shaly v sandsions with some
fawly largs pebbles (manmum -2cm damwisr, sub ©© wall roundsd)

- ““probably mpresents o Meparsie surtaces™
UNIT 4 Wmmﬂm-ﬂm
- 1-5con shaip oF burrowwed basad vf sancsions bads with hints of oacillabon nppies whare

sedimaniary siruciures are nol oblieraisd by burrowing, glsuconiie
ﬁdﬁmﬁdfﬂmmmmmm
sub-vartical W plithos), rave ASSTONoma
ﬂh@ﬁﬂﬁﬁiiﬁﬁﬁﬁhﬁ!ﬁﬁbﬂﬂ“ﬁﬁ

LHT!:WMSI*MW
Wﬁm-pﬂy:mdﬁmmdmw
turvowe(2-4.5cm darvater), e shalyy “wisps® and Ophio & Wrings & comImonly
mqmmm-—mmm

Arericolte
bade
= this incis prabably represaris B contrustion of the undsvying sanding upwards SEqUINCE,

mihdﬁ,“ﬁlbh—ﬁﬁﬁiﬂmﬁpﬂﬁl-hl—lm
repressnts an evosiorylooding surlace “VEY'; also the typical Ophiomorpha and Rosselis-rich
mtﬂﬁﬁmmmnﬁ‘ﬁm

= ihaly jusl & confiramiion of LN within an overall saredfing upwards cycls )
-dﬂm:hl—iﬁnlﬁmhﬂmh&-ﬂ sarche

hﬁidhﬁﬁnuﬂymdﬁmﬁmhﬂﬁﬁ_
sub-vartical 16 verical races (short, thin TSkolithos or TOphiomonpha)
= gond “mgioral Viing” developrrant

e UMIT 4: Thvoughly Bursswesd inievhedded vi Servdstonw and Shale

= anrw H-em hisk vi sarwfeions bads prosarved with amall sonly asalialion dppling: tees bode
% vt asvvasly seniirasus awess the ssale of B e G i uveugh humewing ard
“—lﬂﬁﬂd-‘mﬂ“—-“
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CPOG HUSSAR
10-2-25-20w4

Date logged: August 8, 1990
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 902.20 m  KB: 906.20 m

Remarks: Core 1; 13 boxes (1-6 are unnamed Colorado shale), 3851°-3911", full
recovery, photogenic; have box shots and prints of basal ~8.8m of core

GRAIN S1Z2€

cobble

one ienees that ave shavp based and

s UMIT §: Dark Shale with mn acale W Sandeione/s
colour gradied with hints of cscillalion rippling
:hﬁnn“hhmﬂm‘ﬂmhn
. y rdatons in the lop 1.5m

L X XX
Pl
- e e - e
- e o =
= = o =
- e ol
AL S
TR R
- e - w
- e e - e
- - -
- G O O u
Pl
- Gh A - G =
--Illl..
---1=. i
K-X-E¥



ooooo
-------

== U4US Contact

N\-  UNT & irtavbodkiod sardetors and Shle

- basal Scm is sharp based colowr graded v sandiaiona/sitsions and shals with rams Planclites,
hen into & 19c 20re thal is & sandy shale (sand=ig-mg sall and papper sand) with scatissed
sand grains, grarudes arud pabbles, arul ol this is overiain by 2cm matria(=sall and papper

U-ml sand) sipporiad conglomarats with an undulslory basal contact thal may be &
Glossilungites “muriace”, mumirmum pebble size -1.7cm dameter, chent and Mhic
pabbles/graruies, fairly wall rounded

UU4 Contact

UNIT 3: Probabie Traragressive Daposit

- basal 11cm is sandy shale with scaliared pebbles, overiain by 8cm of poorty sored
main{=mud) npporied conglomarals with grarutes, pabbies {masimum -1, 7om dameier,
sverage ~1. Yo diamater, cht ard lilhicy, fuirly well roundied) and coarse sand

U3 Conact

UNIT 2 Facies Associalion of Normally cokns graded interbadded vi Sandstone/Shals with
thicker bedded Oucillation RippladLow sngle Undchilalory'Wavy Paraliel Sandelones
- 0000 sbueser Tarsbalira with “crinkiad” walls, moatly Plarolivs, rare tirrows and much e
diversity then U1, Asterosoma

 irtorbedded poriiore rormally colour graded, commonty oscilstior/combined flow rippled v
“mﬂﬁﬂﬂﬁﬁm#mmhm

- shales heve Qe0d synasresis cracks, s0me sideritsed aress, some angulsr sidenSsedior nof
mud dp-up clasts

L UNIT 1; Faciss Associalion of Buncwsd inevbedded Wl Sandsions and Shale with Oscllalion

dppled v Sendetorws
- one rees bodhind fLl-ml. glsucenilic sand bod with sidentic rip-ups
« ooolintion rippledl aavel butlaupavavally 5-10cm thick, one -20cm Shick, arganic maleial

soatiored and erganis miree

- 000 Synasredls, bansy: ints of HelwinBwapeis, Clundites, sorm TAstorowne, Tilallng o
omall ?0phisminpiu, or svadl Diglossieion, Torsbaling (quite robust in burrowsd portian;
~~hﬁ“!_ggfmu SN, quite small), probably sall

wmmﬂgummnmunm-mm
Sumowed and shaller Dun v salalivaly powrly insvowsd sardier incies below: TFVELS'TY

&1



Pvery lerous TVE] 5%, probably not, "VE3.5" probably bes lower than the cored saction

-5



CPOG EC HUSSAR
7-7-25-20w4

Date logged:

August 9, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 903.10 m

KB‘QOGSOm

bmmwmhts.aﬁywdmdhﬁudy:g:ﬁthfm
shoreface sediment (just above "VE3.5"-type conglomerate OR whole
core could be above "VE3.5")

Bim

e UNIT & Firw t0 mg Low Angle Laminsied Glsuconitc Sandstons with Rip-Up clests

- unil conrsana upwnds from L Svough U, sl o mU

« unil churactoriond by: rvrous rip-up clasis, most of which se angulsr sidenitiend shale;
“wisgy” shale slreska{soma of which are Ophiomo/pha & observed on slabibad and badding
planis); Ophicrmewpha with apiky walls (L.e. Ophiomompha ineguinire); gmuconiie; carbonised
mﬂiﬁﬁtmgﬂip-ﬁ-ﬂ ]

UNITX ﬁﬁﬁﬁmm
+ palihin masinusm -2 oo Girnotr, SViage ~gramiss 10 0.5cm darvater, chant s Bhics,
sguier o woll murvied, menlly subsaunded, mabiz is susl Svough 1o coaares sand, rpped up
angier shale arvl sidwitiosd dhala, i pobibinn upwants with man my el

ﬁﬂiﬁiﬁihﬂ“ﬂhhﬂﬁﬂm"ﬁi
oes nawid S AN
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U2 Coract

Ouncliation i combirad fow rippled sandeions bads
- sandisions Setween vIL-IL, some glauconite, wall soriad, ganerally pretty shaip based bads
mmmﬂmﬂﬂ =g thick, commonly nonmally grads upwards and have
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CPOG Clark Hussar
6-17-25-20w4

Date logged: March 26, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 903.40m KB: 907.40m

Remarks: Core 1; 13 boxes, 3927'-3987° (probably 3925.6'-3985.6');
~1196.5-1214.8m; photogenic, siump features; have box shots and
prints

GEAIN SIZE

- mfammsﬁﬁmm
vig pore bed are vary shavp based, commonly loaded or burowsd, thicker
hﬁmﬁﬁhﬂ“mnqhhh&mmm
geaded bads with cssliation b combined ow ripples

- sandevaiier facies overall than U4

= 1 2om thick bandonite in this unit
= locally twve e fores of sideritiead shale

m:mqaﬁ-nmulﬂmm
rvisora/lioters bats
- gariaing & low vee of urvewed v anvilsierss aral shale: PMarwlitns, Thaisssimailies, me
ChararlinsT?
= intal sonae of sideriiond shule

& singls subeouniind elurt pabie 0.00m dameter
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= m:mfmmmmmmmm
= looks ke Wiic pabblee also presant but | think that hare anm just mult-colouned cheT© pebbles
(harcirarss chached on several pabbles)

? = ERTLIT =1 B5c diemeter, sverage -0 Bem diameier, rangs 0.2-1cm dismaier, quite & few

1-1.3cm diamater pabbles
= pOUY SaTing ey I part 5 dus 16 burowing, but ro ecopnisabie Yace foseils
Wﬂhnnﬁhwﬁﬂﬂiﬁﬂ'ﬂﬁmﬁmﬂﬁnhmﬁﬁﬂn
= actual condact not vieibls dus 1 sampling ’”dﬁﬁiﬁ
uppar 30-40cm of this sand is apparently siruchusiess (7poseibly quicidy dumped wave
uified sadiment?)
UNIT 2FAZ wypical FAZ il with some of Tvs o “enoiic” lacies also
Iﬁ“-ﬁﬁﬂmm-@ﬂmﬂh-ﬁ
% mmmmmmuduﬂ-mﬂm

e apparandly sinsireiess sand af op of undt aleo

= inlovbadind porliens: sar o modemdie Iarowing which drmalically decraeses in umbers,
Mmmﬂﬂmnmmmmammm
sacilalion/eambined flow rippling, Mminor glaucenite, arganic/coaly defrilus, Faces:
mmjﬂnmmmmu
TRACE FORBILE VERY RARE|, incally e afe spaciatully syraivess oracks, looal small
scale solt sedimant delormation, patchy incipient siderdiestion

J represants ball are pllow sirucre (i.e. woit sediment delormation)
2ol sedirment m-mm Ot
& ghurp banad thin chart pabbie conglomarais; masimum 1. 75om dameier, up 1 3.4om
h“ﬂm“ﬂhﬂmmﬂﬁ

ﬁuhmmmmm wdﬂm“

e (el g0l comsence of Charuiriies




== ciscontinuaus{due 10 burowng?) tem thick lens of ve sand, granuies and pebbins mostly
chert and subangular 0 subroumied (Maxmum O Sem duameter, average - 3Q 4m duimeer,
maxmum siderthsed clast 2cm damelter), SGP says pebbius ane n & Thalassnosde s burmow




Sundance et al. WAYNE
6-6-26-18w4

Date logged: February 26, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 982.50 m  KB: 986.90m

Remarks: Core 1; 5 boxes (boxed backwards), 1226.2-1232.8m; Core 2; 9 boxes,
1232-1244m; ~on depth; full recovery; 3.5" full diameter core;
photogenic; have box shots and prints

GRAIN SIZE

cobbkle

pebile

grenule
B

sand
Lo

iﬂli?iﬂlﬂliii&lﬂnl!ydﬁsnﬂiiEUIﬁiIl‘iiﬂ;ﬂl!!Hﬁﬁ!ﬂﬂﬂlﬁlilﬂﬁi!ﬁ:
« seatiered pabblss/igranies naer base (probably burrowed up from underlying unit)
« arm 5cm thick poorty sorted mg-cg sand bed with grarules/pebbies near unit fop

= UNIT 7: Poorly Seried Carglomenaie

- comsnonly 590N an Fenigrostive wriace, only 1-2cm tick (masimum peblile -1 5om

dampier) conglomants with comrae-y sand ard graruiss (moelly chart with a ibw biios; this

ll:liﬂiniy iﬂnlllipi-nl-lls-ﬁhhl-i-ininiy~l=n|lllni.lhl:!ilhlillnlﬂ
ios; which is evarisin by -om of clast supporad grarler 7 [

tnnll!-ndiiiirinl--llk-:-!yinnl-ilh-lhﬂ-lhﬁl!ii-n;-i-nil-!-iil

Sihics and this has & “salt and papper® marix of mg send

UAIT Coriact (Teanagresaive srisos)
b= UMIT & wasch maes e FAZ bul e “Wick” sand beds sve enly 7-1 7om thick, sscllationdow
ange undulsiony bedded ecintioniow
—ﬁhwmmﬁﬁmﬁmmmﬁ
= e Insming, yrairesls

UAS Condent

b= UNIT & supacts of bath FAY aral FAZ

= o tnishly bodisd v sandl bedl{-2Tem with ow-asehiatory inminaliens): sand bads an
avmpe warp prabably §- Yo sk indt hive baan Invonnd signileandly

K = rpappaeeres of wavy Sy mvine Sase sssehings whish i swrisus- "0 wiry slrs fam
RSN was & wix up with e haning of this conn M- this it nel 90 sious & T bumewing inleally
. * comynanly burenses showe eme of fw "wamding” datt npperad songlvanis hvises
- e Yossbating, mastvate Hoimirdupels ared Chundbites, Asterssama, Fhissssraium fvere
Sun shasntuve), Zeaphyoss, Palasephyous in sands, possible Teishishmu??




.
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LH/LIS Contact “Hws i - wheve Core 2 SLarts arnd ity susgansn is Bt o is Bones) bihwarnds®

UNIT 4 clasl supporied conglomerate
= pubbies are cher and colouriul Whecs, generally well roundedt but there are some

sivedded-laokng wdenie anguiar np-ups alio

= MammLIm pabble suw=-2. Tom dasmeter, range from 0.5 1 7om damwier, masing s chean, well
sored vt sand

= iower contact is undulstory and probably evosne, e C (1e ng)-ans of one of e pebbles at
e base of the bad is essentally vertcal my feebng i that thes bed was deposded very very

quichly
mbﬂi—-mmmﬂmmmmmmhm-m

L ciation npping/wavy parafiel beds
- LB(FW@W

L UNIT 3 essantinlly mecdium bedded FAZ with less mienee burowng upwards, iots of shap
based firing Lpwards vi sandstone beds thal sre oscllakon nppled and pass up Mo ssasnhally
unburrowed black shales

[ ReFAUFA Contect

& fow wvall chusiors of & or &, Ymm dam. scals Tersbelines-

== UNITZ FAY: lﬁﬂlmhbﬂmmmmm“\.-ﬂ
e sharp baeed W oscillation rippled sand beds are anly 1-3cm thick on average (probably dus
© e inloraive nrvowing). rere graded bads

niﬁ!ndm“ﬁdm-ﬁm“ﬁm m

= UIANFA1) Caninct: prubable perssecusncs bourdery
= UNIT 1: imaiedied vf sardistore and shale

= il dasviraied aress tesul © e urvewad susch loes aved by ivenr Ypes of beoes, with dup
beans enler geadey ssaliintien ripgied saruisteors bais file FAZ); vios varss for sand
danirgted s, siasvad (B FAY) syraerasia cracha(T)
-ﬁﬂndlmﬂﬁiﬁﬂmlﬂlhﬁﬁdn
damuter) t wg i arvl e, murvind sidwitent dig-ups; and is seclinlion rigpled; incipiont
slderiioation
i\i Fﬂ-ﬂ[ﬁ“mﬁﬁﬁﬁﬁiﬁm
= Suwe is o shuster of Torpbaline: mavie Schaute fran)
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Sundance et al. WAYNE
6-9-26-18w4

Date loggei March 25, 1991
Logged by: ©1993 indraneel Raychaudhuri

Ground: 942.70 m  KB: 946.40 m

Remarks: Core 1; 13 boxes, 1185m-1203m (actually 1185.8m-1203.8m), 3.5" full

diameter core; photogenic; core goes through lots of underlying regional
cycles; have box shots and prints

GRAIN SIZE

cobble B M

ﬂm _ (whic ﬁynﬂphiﬁimﬁﬂmmﬁi
mﬁmmmmmn—-—mhn
upper 2.3m whave 7-13cm thick vi iow angle urdulelory inminaied sards & Sho s
Palnsophycus in the “hicker" preserved sands
w%mﬁﬁﬁ“ﬁmﬁMFﬂiﬂh
h—pmdmnmu-mmml:—

e crinet within U7 sbowve which e i less burrowing intermily and a conwspording incresse
n "FA2-typs® shavp based rppled vi sandstons beds (medium bedded, -5-13cm thick)

s UNIT §: Crwamad interbadtind v sercisions, siistons and shale
ﬁﬂ_ﬂﬁ and U2 with =50/50 vl sancietons and mst, 24cm 3ons that is iy v

T\ UNIT & evariaty 1 same a8 U1




Al

N\ UNIT % Mud dominaled Relatively Poory Burrowsd inferbedded v sand and sud
ﬁﬁh“dm-ﬂmam“ﬁmﬂm
nﬂmﬁii-ﬂﬁ(iﬁniﬁ) mmmhﬁ-d-dht
corrernty loaded indo undevying mud

- 7m2ﬂﬁmmmmﬂ.ﬂnﬂ—.ﬂr

;‘ mﬂﬁmnﬁiﬁ-dﬁﬁihhmmnﬁ
mvvwran! cacliaion. ow angle paraiel. and wavy piralel leminadiond, minor orginic deiiius,
ghmxorils; sl -2-Tem thick

= ghawp uppar coninct

e UNIT 1: Chusnadsivedded Mud dominaied inlerbedded vi sandsions, alllsions and
uidetons

-ﬂilﬁﬁ-ﬁmﬁ-ﬁ—imﬁhdlﬂiﬁ

= vmnx: 1 Zeaphyass, moslly Tersbeling, Helminthopais, Asterosoma and Planolins

-i-ﬁ-ﬁmmmhﬁiﬁmmﬁﬁﬁn-

“vuided” sppemwres; darp based: locally loaded bad bases; wavy paralial, escliatien

rﬁmhﬁmimmmmmm
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Sundance et. al. ROSEDALE
10- 4-254 Sw4é

Date logged: July 13, 1990
Logged by: ©1993 Indraneel Raychaudhuri

Ground: 943.60 m KB: 947.80 m

Remarks: Core 1; 13 boxes, 1174m-1192m; photogenic; no box shots

GRAIN SIZE

je= UNIT 11: Thoroughly chusrad intwrbadded Sardetore and shale
= viciciind with Helminthopais, one 10cm thick caciliastion rippled bed wih Solifos

4
— U011 Contect

T UNIT 10 nsically intertascided Clusred Mudsons and vi Sandetons
« bpaal =15c is rervally graded, shasp bassdburowsd lops. ceciistion rgpled W sand ©
sl ared abowe this i gots ins Sospughly churred sardy shale

= 7”!“’“&‘&“

ﬁhmmmﬁh-ﬂmmm
= UIVUD Conimot
= UNIT & inwbackind W Sandesions ard shale
= Sprughly chusvad, vickied with Helminthopeis palors, beaal contact is shavp ard has Sves

mmmmmﬂﬁ—uﬂmn-ﬁmnu
Sulorisive bufowing. show evidence of remrunt sucliation sippies, aiso sval Palne

et &hﬂhhﬁmdm-ﬁﬁﬁﬁ-ﬁ-m'ﬁ
olan materal (pareitn, sl-engilir & ni-riuried), sidevitiond ripg-up, fish bons agment
- upper Thom of unll is heavlly sidwiliesd

e USUD Corvinet

N\= UNIT 7: Moutly @ Dark sy shate with s ssale sl sand evingers

- Bmant bt in bntevboding narmaly esteur graded essliation rppied sanistens and shals, Som
L ek ve 00wl o (ot of g ehot rarades fhat arw Siping e e e lewer Sul-ani
(possbls Glesslungiies wih Thelssearaides)

A U Contaet

UNIT & Passly Sarind babvix Supparted Canglon

H*thh‘"—;_ﬁﬂ“lﬁﬁ“
watvix is quite will sovied vi-ig sand

USAS Cantict: ‘VET™?
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L UNIT 5. Inderbedued { Thoroughly Burmowesd t Sandstone stuke) ansd o Oscllaion
Hwbd’li}ﬂ’?sm

|

iy } ,S‘“WMZZ T e
‘ﬁmﬂnﬁiﬂ-pﬁmmmm
= "siorm” beds can contan Palasophycus, Optsomorpha

= 4=Tom fhuch. sand bads, very Wlle sit, sharp based oscllabon nppled beds commonly with
hl_i” ad ops
i, vary rire Terabalra, Asterosoma, Palasophycus i the nlenrvilont oG
mm-.mmmm

= coriinuaion ol owerall Sanding upwards SEQETCE

oo

UNIT 3: intavtaciiad Midtelone, ¥ Sandsions and mindd Sltsions

= ghavp bated sand beds commonly with burrowed 104, beds 3-4cm Sk arcd latively

] coniruous across e scale of e core

l1 = part 3 wilhin an oversll sarding upward cycle, alihough there i cortsnly s varialion wlfen
hbﬁlﬂ!ﬁiﬁ'ﬂh:ﬁ

mmmmmmn?w

h = UNIT 2 imovbadded Shale/Shmtore/ivil. Sandstons

- wors Vi, s in thickar bads on sverage (1-3om thick, arvd more conlirous acvoss the scale
dhm!ﬁ!hlﬂkuﬁmdﬂphﬂ.ﬁﬁﬂmﬁ

mmm
- Palasophycus fourd only in the thicker sand bads (opporkavetc Vace maher colorising slorm

hﬁ?ﬂ

ﬁmdiiﬁ’ﬁ_jﬁﬁﬂ““ﬁ“ﬁ
. rudstores bads men-tom uick
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Sundance et al. WAYNE
8-20-26-18w4

Date logged: February 21, 1991
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 967.70 m  KB:971.90m

Remarks: Core 1; 13 boxes, 1209-1227m, (probably 1211.25-1229m); photogenic,
3.5" full diameter core; have box shots and prints

GRAIN SIZE

cobble

= UNIT 8: Durk silly shale with disconinuous mm- 1cm scale rermnant vi oscilistion rppled sharp
based sandstone bede

Y U8 Coniact

UNIT 7: (Trogh?) Croes Bedded pebblygraruley mg sandeione ai base that appears © be
irwersely graded into (Wough?) cross bedded conglomerate and then up into apparently
massive clast supported conglomerale
= in cross bedded portion, the psbbles are approsimately granudes 1o an average of 0.4-0.8cm in
damater, chent and ithics
« in sere massively bedded conglomerate, masinusm pebble sire cbserved - 1.2cm diameter,
average around 0.8-0.Tom diameter; chert and lithics
= In both cases, pebblss/grarnides are mostly sub-rounded

U7 Contact

UNIT &: Highly busowed muddy mg sandsions
- thovoughly churned, “sall and pepper” mg sand with scatiered pebbles throughout
- sourded chunt grains at unit base; average ~0.6-0.6cm in damelter
- Teichichrus, Asterosoma, Planoites, Sholithos
« 1 ~Som thick massively beddad sand that is unburrowsd

US(FA2YUS(vanegressive) Contact
UNIT §: essartially FA2
« typicsl FA2, alihough between thickdy bedded sands, the intervels tend 10 be more bumowed,
ecoturence of Macesonichnus simplicahs
- thick beds fram 20-85¢cm in hicknesa, erganic material accentusile laminations
- shavp upper contact




e U4(FATVUS(F A?) Cortact

== UNIT 4: contrumton of aandng upwards cycle, bascally FA1

- 1-8cm thick oscillator ripplediwavy paratiel bedoed vi sandsiones, commonly with burrowed
tops (Zoophycos, Palesophycis, rare escape burrows, Aslerosoma??)

- most of urt is heavily churred. amanng rumber and diversty of aces: Asieroloma,
mrmmmmmﬁM7 radl
knobbly walled Ophiomovpha? or i # & mud ned smal Skokthos?, Plana Thelassinoides
-wblMM'ﬁlﬁﬂnmmmmmﬁmhﬁ
is more commonly seen in FAZ

-----

......

2= = Bl |— UsuaFAY) Contect
UNIT 3: continustion of siniing upwards sequence; mors races(iype and mavbers) probably
e 10 incrensed lihologic contmet, lols of burrowing

e UDUI Contact

N\ UNIT 2 ollty intarbodiiod shale (deminsted) ard sand, shwedded sppeararce, deserimas
290w tick shasp based grasig sand bads with remrant oec red Sow rippies
WNWﬁhﬁﬁm&hhﬁﬂmm_
Chondriine, Helmintvepels Aaur unll inp

. mw.ﬁiﬁﬁmuﬁhﬁ
.. . . - basal sontast is sharp, s cuaree sl 0 § olave
---------------- ® 1-1.30m damater) moslly short §

----- : -2 arude shingsrs § and 18em sbove lowsr contact

UIAR Contact: prabably “VET anuivalend

UNIT 1: sand daminaterd bumawad interbackied W sand and shals: very Nils shals, e
dominatod by cosilintion dppisd 7-000m: thisk basls sopasated by 2 Tom Sisk bumowed o sl
ol musd St buve good divarally but inw rusvbers of Paces: Plarwiiion, Ophlsmupia,
Asterssoma, Chandiios, mre FsiminBupsis, mm Zsephyase
« oonls wpwards into Sk biniiadl v sived with low angle wwiiinterypamiie! inminations wily
low angle tamsations (manimuam 12 dagrons)

Bge 0.6cm dasvater) s pablinsfup
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Sun. et al. Rosedale
6-25-26- II\M

Date logged: April 16, 1991

Logged by: ©1993 Indraneel Raychaudhuri
Ground: 942.40m  KB: 946.80m
Remarks: Core 1; 13 boxes, 1170m-1188m, Rec. 18.1m, actually
=1171.5-1189.5m, OK photogenic, have box shots and prints from box
shots

= Ui Binck Sity/vl Shals with diaconinuous man-cm scale 5! sand lamines
= varialions within this unit: shivp based Tores of burrowad ig-my sand ("sall and peppar™) with

scaford graraisv/pebissichery) (sverage= granules; mammum: O Bom dusesior
= ane 3om thick bandonite

« ek bthderd vl sarcis rasdeman Bdcm thick, low < paraliel 1 fow « undulstory but al lesesr
argiues fhan in FA1 § .8, 2-90 degrees). vbiguitous organic detrius Sroughoul the unil, mingd
conly ar shaly dg-ups in the thichly bedded sands, virually no burrowing in tis unil, /e

L
ﬁiﬂpﬁﬂ 1 ol v sand clominaind with similer isstures 1 e fhichly added
sards budl bl 00 Shbwir gl B maxd dominaind ponions & virually unduvowsd

= soim winer laading/eck sadivurnt deforration fashss, syraarssis cracks

‘ mush thiskar pragarvad vi sarel bass




§

|

P —

L FANY

-} At b ause of ts pusiton with respect to deliste FA2 aboww, transtional zore 11 the upper
restrn thast cpacis ko FA T, basal 75cm of uiw is 0lally burrowsd with a wade diversty of irace
ossils &l no vl sand beds preserwd
- “ipwaitis within thes uivl, Face loss] dverslynumber burrowing inlensly decreases,
twckness of preservsd vl sand bedy/ sand percentage NCreases, als0, iNCIDWN! sdentisalion
G s upwards

- sadmeniary siruciures are doImnantly 10w < undulaiory lamwnasons with fruncations of up o
15 degrres, but with some of e humimocks preserved: probably HCS

sharp contact witen U4, sanceer with tracker bedded sands above

= UDAJA(FA1): shisrply shalier above (U4 sands upwurds); but mostly just a ot more burrowsd
above

U3: Burowsd interbedded v ssrd and shale
- sard bads 2-126m thick, some with low < undulatory 1o parsliel leminalions, some thin sharp
sasnd nosmally colour graded Wi sandd © mud bede(these & only moderately burmowad, similar
nﬁmmdﬁmmnmm&mmmnmw

Zoophycos

= lots of waces, highly diverse ssssmblage: Helminthopsia, Temsbeliing, Planolites,
Tralassinoides, Choncrites, Asterosoma, Zoophycos, Fossslia?, Paiasophycus, possible
Sholithos naer 1w op

« thin berionily and minor rare sideriliaation

minor “tenees” of Ig-mg sand dispersed troughout ihe unit

L

base ol 4cm thick low < unculsiory ieminaied W sand bed with 2 sharp base and mg sard st

Coriact; masirwen Pubbls lh“g:!imwwmm
pobbis, rourded 10 sulwourding: seuld this one be YE3I? (Davies, 1980)

U2.5: Burvoned intesbathind shaie arl sand (shale dominaded)
mf“ hhﬁi-ﬁHﬁ'ﬂi“_

- &I_imﬁ“--iﬂﬂ
hﬁﬁj““hﬁlﬁﬂ:ﬂy“y“!
ﬁﬂ_-ﬁﬁﬂﬁ;ﬁiﬁﬂﬁﬂ_ﬂﬁﬁ
aess avul bads o9 upwircs inte ol arul sanl

VAR Coningt: itve of pabiine, shallir shove (purategars hourdaryT) musienan pabble
1.40em damater, suarags O.5em demeter, wall i sulveusuiel shert pabbles, deserdinans on
 snaie of e oIV ay Fepromant VEY? {(Ouvive, 1000)

Ut: Bunswed intvhediind v sanisions and shale
= aare sarvd inaca proarved, shary Sased 2-3cm thick with remwant oscillation rigpied & CFR,
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Sundance et al. HUSSAR
16-8-26-19w4

Date logged: February 27, 1991

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 944.20m  KB: 948.40m

Remarks: Core 1; 13 boxes, 1220-1238m (Rec. 18.9m); photogenic, ~on depth; |
have a suspicion that some of the boxes could be out of order or core
sleeves boxed upside down (especially around U2/U3 Contact)

GRAIN SIZE
e obb | &

o

e pebb l & g

——granule [

————sand UE

ycm viinn = 5
tl cetey -

UNIT & basically FA2
« yas types and numbers of races upwards; “thick™ bedded low angle paraislundulsiory

mﬂmﬂymmmmm
m‘ﬂ-ﬂummm dairming i(r-iiumﬂg-)ﬂm
wmﬂq-mw

prate; vary thin ard in my opinion probably dus 1o ons HUGE sutocyclie
mmmﬂmm-ﬂm“namw bt finar
s il sverage 0.5-1om damater well rounded chen and ithics, siso 1-2mm dameter well
raurcied granules in interstices; vl sand and st is BEDDED with these pebbly bits and e
pebbles distort their fine laminelions

e UN-FAYAM(-FAD) Cordact

UNIT & basisally simllar i FA? eunapt vl sand beds in this well iend 1 be only 1-Bom sk
ol Suwelars lile plysicel sedimartary siruchures prossrved, rather, hoavily bumewnd wilh
anly rerrrunt osciintion rigpies 3 R

-L—im;qu_d!bdsh—im-édh [-EE




......

------

......

------

- o o o e

......

s Tz ek R WS mEE: BEERE S R

Chondries, Flanhohies, P-!I-H@hy(ys 0 Ni- sﬁvn; htn-rgvlhua

- one zone of gntty dispevsed My et

- upper contact is gradatonal and there s 4 Bl ol & faostnys fore: Pectvmsn AT kushaty) shlf
ito FA2 locking stuft

e UNHT 2 vary similar 10 U1 but more sand, Secher sandstons beds (5 12om) with move types of
race lossils
- same FRcEs &8 balow with the addieon of Ophiomorpha (geneTally resincied 1o the thcher

o UNIT 1: Shale domiraied interbadded shale ardd v Sandstons

- omush e Chigwedl facins X La. “shvedind” sppaararce of winds which wer uioubiedly
orignally emygloced with shasp bases; row, dus 1 luvowing. w buds appeer “shreckied” with
e of sriginad snciiation rippies i wavy paralisl bedding

- bits of provervad aivuis arp ~ 1-30m thick, some with loaded basss
““m“f—ﬂ;m“m
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Sundance et al. WAYNE
8-14-26-19w4

Date logged: December 13, 1991
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 987.20m  KB: 990.90m
Remarks: Core 1; Boxes 1-6, 1242-1251.2m Rec. 8.6m (1241.5-1250.7m)
3.5" unslabbed full diameter core
unphotogenic due to extensive sampling of sands, no box photos

- §-Tcm thick miJ rippled salt and papped sand with scatiered pabblers, pebbles average Srm
and are subanguisr 10 wall roundied chant and Whc iragments
ﬂmﬁn“ndﬁﬂmqﬂuﬂm(m&-
Glossiungites waos lochs bhs, bul no “surlace” is visble

Bl UNIT 1: mimilar 10 FAVFAZ yurwitioral

« s bads 1-10cm thick, oecllel ¥ rippled
iﬁdhﬁ‘-ﬂmtﬂlpﬁdmmqm-ﬂ“
M(mhmfm

sl 1.4cm daseier, ﬁis‘m-mmm“

e rrwin Sron thirk rnhiin bl Ashiven wll muavinrt ey chaet well arwtert ol rnhihins




aftarE) 17.m hamester, matng s v sared fourel Boughout s uiel
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SUN et al HUSSAR
16-21-26-19w4

Date logged: December 10, 1992
Logged by: ©1993 Indraneel Raychaudhuwri
Ground: 100590 m KB: 1010.10m

Remarks: 3.5" full diameter core; Core 1; 13 boxes, 1284-1302m (no log; so can't
check depths); quite photogenic, but basal few boxes are a little broken
up; essentially full recovery; box shot

GRAIN SIZE

cobble
pebble
p—ranul e

|

........
......

........
........

== UNIT 19: essentally the same as U17

U119 Contact

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

.......

......
ooooooo
------

surlaces

= U17018 Contact

TN UNIT 17 modersts 1 rarely Isvowed medium beddad interbedded vi sandstons and shals;
2-1%cm sandstons beds, some fam-scram sand beds with low angls iInclned 10 wavy paralisl i
oucillation rigple laminated; organic devitus; quite a lew fypes of burvows, soime shavp basedl
fring up beds that go from sand 1o sit into organic-rich shale; U119 has nice singls
RAhizocoralium going vough one of the oterwise unburrowed organic -nch shale beds; ke
ansitional FA2...

U617 Contact

UNIT 16: essentially totally burvow motted vi sandsions and shale wih one 10cm thick
oscillation rippled sandsions bed nesr 1op of urwt; unit is Ktally dofmermited by Helmnihops

Ut5U18 Contact: extrermely sharp and undulatory

& fow coarss sand graine

UNIT 15 essentinlly back ©© U13-type facies

UtUtS Contact

UNIT 14: similar 1 U13 but such more shale and much lsss bunowing by lewer iypes of Facs
fossils; ‘pinetrips” appearance 1o hhe unit with 1-2cm thick sharp based fning upwasie v
sandetons beds hhat are cecliation and combined flow Appisd pasaing up o sseantially
unbuvowed organic-rich shales

U144 Cortact

UNIT 13 sarely to moderately burowed medium beddied intebedded vi-IL. sandelons and
shals; sangdatons bads 1-8cm thick (most ~Scm) with oacillation, combined low, low angle
nctired ang wavy paraliel laminations; sandetone beds commonly sharp based, fining up and
oapped with shales with enly 1 or 2 chesey Plarwiites; decant trace fousll diversity
st slsse and populations of each of the ichnagenere are vary low; FAZ wps sll mm op

wigpied sante




PR BE EETE B2 AT LA WO 1S el B LN R N AT ST LA U Iy H O TRy, el 8 el
ovaral “bulbous” reture of e burvoseng thai SGP sugges! are ny kitle Teschechnus (could
w30 be clusiers of Asterosoma of Palasophycus), more sharp based treng up oacllation
nppied beds with relatvely unburowsd organc-nch shales on 10p of them (storm bured organc
deritus77), transieonal tackes into U3, sand bads 1-4cm thick

U112 Contact
1 oncilaion fiop!

O 1 Contct

UNIT 10; silty shide with rafe «<1cm shirp based viL. sandsions bed, scatered gramdes;
abundant tasvow

U0 Contact probabie fooding surlace

UNIT 9 smilar ummm iy shaliar

1-20m thick ters* dﬁm—ﬁmcﬂmﬁmmﬁ
lark i 90 closl 1o whare Thine appsars 1 be a sight floodng

UNIT §: sarwfing upwards consinustion of U7, dverss race lossll sulte; 1-4cm thick
sandsions bads with wavy parallel 1 cacillstion rppls inmines; siightly shalier sbove in unit 9

1

— U Contact

e UNIT 7: string up coninuniion of UK, unil is quite chumed bull not seally many iypes of
races soury; moully Helminthopeis; rare 1-20m thick losded based sandstons bads

§= U7 Contact

N\ Mt-ﬁmmﬁmmgﬂ-ﬂnmmm
-\ii-pi—diivmﬁﬁ—miy s on e scals of 0w oove s

0 burvowing: rare Planciies vislbis; unk overiies & fiooding suriece ot the base of US

UNIT & gpuin supperied conglomumts; moully well i subvounded dwt granules (-8mm
diarmuier), with 4 or § musvwied pabbies af base of which masimum diameier is 2. fom; unitis

xmnﬁﬂﬂﬁmﬂy-mq:ﬂ.ﬁrm
Mtldmﬂmﬂﬂhmw-dﬂimh-@

e UMIT X sieniiar 15 U2 bast with move sancielons parcaninge; 3-10om thick sandetons bacls that

commonly have uvowed tope (lam-scriini; sandelonss are dominantly wavy pasiliel io
“mﬂi“ﬁ-ﬁiﬁﬁhdhﬂiﬁm
mMimﬁ-ﬂﬁﬁhﬂ lﬁ_ﬁhﬂi-ﬁnﬁ!

sccontusiing laminas

= UNIT E similr & U1 Int mave saraistens poseariage; vty e Tershalire arvl Telohictons;
mam-i—-_tﬁﬁﬂib,h_ﬁiﬁﬁﬁm
vty reinrveul wil Crarchitos or Halminthapals

= UNIT {: shuie dewiraiod inievbadiled shale irvl saniotins; “swvadied” sppoisarae & &
navewing whish maine bade of mum-Jem thick VL. serviotors bl desentnaus; Svres
mnﬁﬂhﬁﬂ_jiyhm“m

---ﬂx&--; E-i— I---& -ﬁ-— i—--iuﬂ
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Sl B U LA, BRI b AR R R AR R, B4R RAET R, iR SAGEHE LA B

scceruatng lamenae, basdl pant of one overall saiing opwands cpcke conpnse Liels 1.4

[ ]

b
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SUNDANCE et al. WAYNE
l 22—26-1 !\“

Datgmllugsll 1990
Logged by: ©1993 indraneel Raychaudhuri
fiﬁﬁd:i()ﬂiﬂﬂm KB*1DO720m

:ﬂrg CX/HHM phatnﬁui: no bﬁt shots, sa I cm: recheck this
well

GRAIN SIZE

mh“d%ﬁﬂmmdmmﬁ
ﬂnﬂldmuﬂfﬁihﬂﬂnghﬂsﬂm

_ m&kﬂ“‘“m,,
. ju-ﬁhnﬂ-ﬂ“ﬁmﬁ-lﬁd“m
ﬁ‘ﬁiﬁﬁ—vm:ﬂmﬂﬁﬁ.m-ih

damsier, svarmge -0.75-1. tom diamater

== UNIT & Fasise Assssialien, mally of intirbadded vi Sandelora/ihale with tichly badded

vl Saniiiens
“*“H(“‘h“nhﬁ“b* -

“ﬁnﬁﬁmnmﬂﬂ-ﬁﬂ“i
asmbhingd low fippies




o
do
w

= UJU4 Cortact

TN\= UNIT 3: Thoroughly Burrowed interbedded vi Sandsiune and Shale
+goes from shale ©0 Vi sandsions dominaled. 1-2cm burrowed bt relatvely contiuous vi
sandstone beds near unit fop

== U2/U3 Contact interesting that burrowing infensity does ncrease just sbove heve, but due fo
lnck of box shots, | am unable 10 confirm for sure

"N\=  tisis & Cheel and Leckie, 1962 iype pebbly honzon

= UNIT 2: interbedded vi Sandsions and Shale (minor Sitstons)
- parts of unkt are moderately bunowed whils other parts am preserved as sharp based
oscilation/combined flow rippled v Sandsions that nosmally colowr grade up into siltsions and

shalstwaning flow sequences)

- the Sace diversity is quite good, howsver there aren’t very many of any of them: 1 Rossslia, 1
tornous Teichichrus, 1 Ophiomorgha, & couple of nice Rhizocoraliume, rare
Astsrcsomajunioes the clusters of Planclites are actuslly arme of Asterosoma; also mey be
‘Whycodes), rare Chondrites, iots of Helminthopsis in basal couple of metres bit inss upwands,
abundant Manclites

- portions of this unit are mud dominated strictly speaking
- fare rip-up claste in sandetons beds

e UIAS2 Contact

UNIT 1: Tharoughly Burrewed interhediied o Sandstons and Shele
= 1-3cm hick sandetens bed, some with lsaded basss, Ypicel backgreund regional Viling,
Sases: Helmintwpele, small Torabelina, Chondrites, Asterosoma, Planslitve, emull smud-ined
Sholitue, scatiered grarudss/conrss sand
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SUNDANCE Hussar
© 8-17-26-20w4

Date b@dﬂyi? 1990
Logged by: ©1993 indraneel Raychau
Cinnd:SIG 10m KB: SZOGOm

: Core 1; 8 boxes, 1226m-1237m (actually 1225.78-1237.47m),
Recovered 11m (actually recovered 11.69m); 3.5" full diameter core;

mmm&ﬁﬁmﬂtn“mmﬂﬂn
us on the soale of the core; FmaRirasm sendeions bed thicknewslon (2

commonly
di-ll-!ﬂ
« & fow pabbles ol base, munded chan, masimum - 1.2cm diarmeier, Sverage -0.75cm damele

pative surince of asoeion with Five black chert patibles mantiing e

biiseguprn UNIT & Low Angle Laminaiad v Sandsions fhat grades up into & Burrowsd interbedded v
; Sarcistors wxl Shals

UNIT & Poovly Soried Clast Bupporied Conglo

“hh—i“mﬂﬂﬁmhﬁm

mm-ﬁjﬂﬂﬁm_iiﬂ“imﬂh
pally ideniioal 1 the Wi sandslons sbove

_\! UNIT & indovbanivingd of Barsietons aved Shwle intevbacicied with Thicker Backied vl Low
Angle Laminated Soniatore 4. Faties Asescciation 3)

= tiicher sanintons batls sags In Dicirwnss om ~5-Elom thick and Twie e mons of ham in
O banal parien of S ol vl B ovule gt lewar el Thivwer upwards within B unil, sande
e shavp baeed, low angle paveliel inminaied with sems low angle inneaders §HCE o7 8C8T)
o vippn, s of whish are sidesiiond, bodl tops are geravally gradationad andier sightly
umened fiknly waning fiow sepaness)
Hnﬁ-ﬁﬂmﬁm-ﬂm-ﬂhﬁliﬂ.h_)
dverslly. pesaiis syavesis ernin ner e e, of sarele % &0 vory shap
2::.:“““"“"“’““"“‘"“‘“‘““‘"“

ke jﬁﬂgﬁnéhlmhﬂmﬂyh -




= UNIT 2: Burrowad interbadded Shale and vi Sandsiors

- overall, Uil sands upwards, one SIgRVCaNt sand bed that 15 oscllaton nppled and gty up
into angies St sugoest some cument influence (cormbeed fow nppkiyg)

- socordng o Tom Saunders, my Dactyliouiies sre actually Astevosoma and my Asiefosoma
are aciually just thick walled Palasaphwous, NB- the "Dactyfiondies” are more lhely
Astrosoma or TPhycodes

jomaee U2 Contmct

o UNIT 1: irtavbacicied! moderaiely 10 commonly Burrowed vi Sandsione and Shale
- withs ¥acs fosall dversity, looks ully open manwe, beddng Wachresaes 3- 10om, one shap
based mg sandstons badbad
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Sundance et al. HUSSAR
71@ 25-25 20\“7

Date logged: July 9, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 907.10m  KB: 911.30m

Remarks: Core 1; 13 boxes, 3.5" full diameter core; ~1215.3m=1234m (haven't
checked depths against well logs yet); photogenic; no box shots; mostly
lower, regional Viking cycles cored

GRAIN ';IZE

—eee cobbl e g"
—pebble 0 %
sggﬁm,[g T
= 5d Ut

. 3]

8

=== UNIT 8: intvtspcied Sandsions and Shals

- ovarsll, uril srds upwards wilh more Chondrites in the lower shale dominsied part; upper 3m
of urit has some 3-8cmm thick jat biack mudsiones that are rarely burrowed

- possible cryplic bed junciion whire Arenicolins is bul il is probably pan of the ongiral
mm mmhmmb:hnmﬂng-ﬁ
-I-lﬁp_ldﬂmihﬁ-i—v 10cm thick, sharp based with
gradationalburrowsd fops and oscllalion rippled/wavy parailel bedded (HCE777)
= mimile 10 UNIT 2, bt afightly muddier and more thoroughly burrowsd

UNIT 7 Sunewsd imtwbasiios Sarviaiore arvil Shaie

- pasel S0um is Susughly slasvad with soatiered pebbios (moatly chart, some Bthics,
wub-raurvind o cousuiod, susiivasn - tom daneter, sverage ~3-lvwn daveler)
« dagrm thisk pabbiy ig sardeions unll within hal shows hinds of svall ssals eurent to sambingd
flow vigpien

« prubnbie Givsalhngiies “surines” ot urill inp (Bhaiithag, arees ouls Soligrourd sesimblige
and is pasaively Hied with sub-anguier sall arvd papper sand)
= U7 Contat




e e e

UNIT S, same as UNIT 3
U4/US Contact
UNIT 4 same as UNIT 2

77

UYU4 Contact
UNIT 3 Oscillation Rippled v Sarutsione with kitie Hurrowny
U2/U3 Contact

UN'T 2. Burowed interbedded vt Sandstone and Shale
« sands are all sharp based and oscillaton nppled; ~-Scm thick said beds, sarcher uier than
UNIT 1; muddy beds are thoroughly burrowed
- possible synaeresis cracks?

U1/U2 Contact

~ 277

jemee  UNIT 1. interbedded Shale, Sitstone and v Sandsione

« basal 6.7m of unit has rare Chondrites, Helminthopsis and thinly bedking siltsiona/v
sandeiones (0.5-3cm thick) that have hints of small scale oscillahon (o combined flow nppies,
more Helminthopsis above as the sequence sands upwerds; possible 7Rossela, 7Trchuchus
- giltslone/sandstone lenses are sharp based, commonly loaded into shale, and mosly
diecontinuous on the scale of the core due 10 burrowing

« 4cm thick bentonite within s urit




248




249

CPOG HUSSAR
7-35-26-20w4

Date laggad July 11, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 92290 m  KB: 927.20m

Remarks: Core 1; 9 boxes, 4012'-4054'; 3.5 ful diameter core; reasonably
photogenic, have box shots and prints

GRAIN SIZE

= UNIT 10; interbedded Shale, Sistors and Sandsions
- moatly shale wilh vary minor shiwp based, commonly loaded sitsions/vl sandsions beds thet
e comyronly 1om o less in thicknass
ﬂﬁﬁﬁiﬁﬁmﬁﬂﬂiﬁwnﬁlni Ia:miﬁmﬁh

= mrmm“ﬁmm
- i is waadl 0 Mg aandt pabliies are both chen and lilhics; moslly Sub-roundad B Fundel,

wupinesn pobbly ~1.5cm davater; sverage -0.dom demeter

BEN P P i ot




‘\! UNITE memﬂummmﬂm

- low angle Wchned isrenations, less than 10-12 degrees. larger bodiorms than “small wcale

—

amiiﬁnniﬂiﬁﬁﬂﬂm:immﬁ(mnﬂynwﬂuﬁmgﬂd)
|M’"E’(m*,

UNIT & intvtssdded Sandetone, S#istons and Mudsions
mmmmmminmwmnmwm
wssans upwards, remnant cscilshon npples that are commonly not coninuous on e scale of
w come

iﬁﬁﬂquﬁuﬁdi-ean

esaonkally i sams aa UNIT 4; Som of mud below may not be in place
UNIT 4; Comberad Fow Rippled v Sarvisiors
ﬂ““h#“lﬂﬂ.‘( Wﬁw-n) probably combsned flow
fippien, possibly some curent component 1o These ke ek, GIQATAC fich lamines
mhm&-
UEVUM Contact

mrtmﬁmmmm-mmm
-mmmwgﬂmmpnmwdﬁ-ﬂ

nﬁm—ﬂ
Ulﬁﬁﬁhﬁ"‘é;?eﬂﬁh:ﬁ—dmm“
UNIT 1: ig Oscllation Rippled/Adessive appemring Sandstons with rare shaly interbeds
-ﬂ-ﬁ“mﬂnﬂuﬂ:ﬂnmﬁdh“nﬁcﬁﬂ

uhulating, paraliel wavy bedded)
« minor bumowing in shaly irerbeds




Sundance et al. WAYNE
6-36- 26 EQ\M

Date Imggd February 28, 1991

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 909.80 m  KB: 914.20 m

Remarks: Core 1; 13 boxes, 1209-1227m (actually 1210.5-1228.5m), Rec. 18.1m;
3.5 full diameter core; photogenic

GIAIH SilE

- shavp based wih remnant oacllabon nppios; & ew rare scafered pobbies in the basal ¥0cm of

e LWNIT §: probable Wergrestive conglomiraie; pabbiss geravally sub © wall rourcied, chent
and e, sverage 0.5-0.9cm damater, rare pabbles up 10 1.5-2. 1om diameter, maivia i that
*salt arel papper* mg eanct goes up inlo clumed sandy shale with scattered pabbiss, and than
up into similar ihology with many more scalisred pebbles (probably reworked biologically)
i\; UMFAZR IS Tranagresaive Lag) Coniact

= UNIT 4: iypical FAZ

- thichar sandis upwirds;, mom bumowing rear base; milhnhmmuiu
burvowing in FA2 can will be sbundant iocally with comesponding hegher diversity: this is
wrange!

« rnows, bud thicknwsess given on itholog profile
« i inipsbadtied portion, the low sngle lnminsted sards s 1-10cm theck with some oscllaion

rippies s well 52 vary srvall scals combired flow npples
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Yeess - @B Jyl—— Creml and lucum 198 ype pabbly siomm bed
IR N I ¥ '
Cead D
—{ |8

ol e cove; some of the codes matenial -30cm below here may simply have ben burowed
down rom this coniact; sssandially go into FA2-type sedimant sbove hars

= pabbiss e moslly rounded chrt: average 0.3-1.1cm diameler; 2 sidenlised clasis the
frgest of which is Som in diameterf!

UNIT X bamically FA1; 1-00m thick oecillation 10 low angls undhiistory isminations; scallered
g sand and srmadl pabbiss (sverage 0.4cm diarmeter)

[ Htmmﬂjﬂﬂﬁ

iﬂhh“ﬂimmhﬁiﬁﬂ—ﬁt
Lﬂnﬂﬁ_ mgrasenis & fesding mrisce (parssequence bourdiery) el Sis s sles
-

= qrp tin my eandl bad with vary sharp walled Sholiihos sublending om it that s lled with
mpop sl (dsoyclls Glossihungites??)

= US abaws s essendally e saene batt b & Migher % sarwitony Ten UB




— U1 UP Conlact



TGT MOBIL OIL CPR
7- 1

N STANDARD 16-1
26 22w4

Date bggr.d December 10, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 878.70 m  KB: 883.30m

Remarks: Corel Boxes 1-12(7-12 logged) 4105-4165' (prob 4138-4167); Core2
Boxes 1-8 4165-4200' (probably 4167-4202')
reasonably photogenic; actual thicknesses of beds suspect since very
few pieces of the core could be properly put together

GRAIN Sll[

am
r *:pllilil! § %
_ggrimﬂ, it
Ut
RS

B

i

UNIT 4 Dark Sdty Shale
- viry htile sl here, and no mg sand in this unit, local zones of siderksation

e VLM Contact

ﬁiﬂﬁpﬁnnﬂ
-ﬁnm;ﬂmhmmaﬁmhw
_ﬁpﬂhqmmm-dmw“m-“hﬂ
roundad, chavt and Bihic fmgments

T UDASS Caniast

- UNIT & Poovly Bortad Chusned mabix Supported Conglomansie

- wsntly woll rourdied chat avd Bis peblies, mimusn diamater Jom, maivix s salt and pepper
uﬂnmiﬁhﬁ“mmn_mﬁ_

pﬂnmﬂ
U2 Contact




td
* ]
k53]

= the Tarnmiious” well morkesd conghomerake Tl geieeally T gpw.ands

T UNIT 2 bascally Fanssonal FAZ miko | A wilh he Arwurighnss Surted owg upwar s
conglomerale

- rach sands. low angle paralel 10 Lncuiatory lamanabions with low argle uncabon surlaces,
glauconic, snme angular shitle and sdenlised ap-up clasts, genevally VUL, wel swiesd
sands, organe detnius commanly accentuate tha lamwae

- wierbedded porion. iess burfowed upwards, sharp based nommally graded beds common,
urchialorny LaTwiakons, glaucorsie, some shale np-up clasts, MnNor sdenisaton, synae
Crachs NCTOARE UpWards

- conglomeraie well soried, fines upwards, clasts generalty well unded, rvakse of cherl,
Whecs, scleniied clasts, 4 Scm maumum dameter & base 10 2-3mm dametor ol op, main s




—NDO




Maynard Dorothy
1 G-Zi -27 17w4

7Date logged: Deeevrﬁe.r 14, 1992

Logged by: ©1993 indraneel Raychaudhuri

Ground: 81560 m KB: 819.60m

Remarks: 3.5" full diameter core; lots of sampling and very few pieces fit
together; Core 1, 13 boxes, 3374'-3434° Rec. 57.3'; Core 2, 5 boxes,
3434°-3457' (actually 3439'-3462'), Rec. 21.1'; reasonably photogenic;
6 box shots; top 1.5m of core not shot

GRAIN SIZE

== UNIT 20 vavy similar 1o U1 it with more (bul sill rare) wavy paraliel k oncillation rippled o
combined flow rigpled vil. sandsions beds up 10 Tem thick; shamp based firwng up bads sla;

;

e UNIT 11 sl 10 U7, l0BBG

R} j=— UNIT 15: swtind sandy sl graruiey isbie shale; rare Plarnoiites, Tersbelive and
Thalussingises fvay oven bn TOphismopha). diaperesd granules sulvourdied ¥-4wen
diarnster; fom ig sarvisions bed

N T 17 aiy tinbie shale with o scale sharp based fring up, disoonirucus shetene to
i sarvisions “lenees”; rare s0re of vi grained sideriie comanied shale reer unil inp

hﬂﬁwq“m*ﬁhm#,m
it b 1 ron dlaeraing

T UMIT 1§ sangluwansie: seursdied o subvounded, moslly cher with minar armall lithice, malvis




=l \j UNIT 15 black inable shale
UIU14 Gonlact UNIT *4 1om of salt snd pepper mL L sand with rare pebbles (rounded,
mansmum Bmm dismeter, cherl); Glossfungies sute with Thalsssnoides

actually shale dominated but oversll und 15 sand dorwnated, fraces ife quite dwerse buil we
cancenirated info thinner Mervals, afe more sporadically distribuled, and there are lewer
actusi numbers and sizes; local synaeress cracks, widerite cemeniad Zzorws; 1.64m from unit
base is a vary Thin benionitic/smacihic hofifon, sandsions bads s dominantly ocitaton o
combined flow 10 wavy paraiisl inmwnaied with lesser iow angls inclined srathcation

U12A113 Contact: esseniinlly FAT/FAZ cormact

—  UNIT 12; sbundantly busvowsd chumedimotiied v sandsions and shale with increasing
-mmm-t:m-imliﬁnms-hnmiﬂﬂﬁh
mﬂnﬁdmﬁﬂhﬂHMMj’, n with

mﬁiﬁﬁmihiﬁh—-ﬂymhﬂm sl

= 11412 Contact may represent the basinwerd sxpression of ihe "VE3.5° conglomeris 77
(NB: savious increase in burrow inlerwily sbove this slight flooding svent)

o _—

UNITE 9:11: one evarell sareiing upwanils syile with “sivediad” appawing
“—ﬁ-nﬁmmnﬁﬂ-ﬂm“;‘m:ﬂ
gﬁrﬂlﬂnqhml ﬂm&mmn-ﬁ-:i
““E““bﬂmﬂiﬂ:ﬂ“hm
shove in UTE; coniact is alee wuvhed by ssaliered mi-ol. sardd graire sreund and showe e
coniact; vary dverse sseawbiage of race fossls Bust gols lses intense and siightly mom
siomn dominaied upwards
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.l

1= 1046 65m- 1048.19m was nol actually cored

B — uNITE: commonly burowed and moSied sandsione and shale; quste chusmed with many

types of race fossis; mmmﬂbmmuﬂbinwﬁmpm
Troughoul the unit; rounded 10 subrounded chert snd minor ihic granulsspebbls

N

UNIT 7. intertsacided shale with menor siVvil sand; sand bads are sharp biied Wing up with
ﬁ-hﬁﬂmmﬂﬂmmmﬁmmmmhm
of the come dus 10 minor burrowing. aand deds mm-1em thick; local londed biss; Benionilic
HHMMME-&M@“M“WUI rare acalievad
oranues

L7 Contact
= LINIT §: clest supponied conglormenste; well 1o subrourded cherl pebble s masimum 2 Gcm
alaT; Sverngs 4-7ren damsier

UNIT & sllty shale with minor organic detritus; sVl sand bed &1 top of unit with wyy peraliel
laminstions
- m:&mmﬂhmmmm

chasts up 10 6.Sem diameter; sandsione below contact is also sightly sideritsad (therslors may
b vip-up il in e conglomarsie T); marix is 0g-my sand; coalied wood dip-up clasts sleo
found

U3 Contact

e Miiﬁﬁi-ﬁgmm“ﬁdimmh
“siveid” appeararce 0 o thess units dus 1o stenaive busrowing saving “lerees” o
mn-dom thick v sandeions; send bads with wavy paralisl 1o cecliistion Appie lamines




Sundance et al. ROSEDALE
6-9-27-18w4

Date logged: July 17, 1990
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 866.80 m  KB:871.20m

Rerrrks; Core 1; 13 boxes, 1119m-1137m (probably 1118.3m-1137m), Rec.
18.25m; 3.5" full diameter core, very photogenic; have box shots and
prints

GRAIN SIZE

cobble
pebble

granule

sand

L —i
T ;I clay

OIS =t O e OB
[Valagd Lo 1oob 4

| === UNIT 12: Dark Shasls with mm scals sitsione stng sraflamnae that are generally
discontinuous on the scale ol thw come

- gnity pebbly 2one with Aremcolites shafts (granules-0.8cm diameler chert and hithwe pebbles)
- another pebbly 20re above (granules-1.7cm dameter cher! pabbles)

o= U11/U12 Contact Traragressive

\ UNIT 11:; Colow Graded Relstwely Unburrowed interbedded Camenied Sanostons and Dark
e e s Mudsione (0.5-10cm thick sandstons beds)

. U111 Contact

UNIT 10: Low angle lamsnated 1o Oscillation rippled vi Sandsions

U110 Contact

UNIT 9: Moderalely burowsd interbedded vi Sandsions and Dar Shele
- sand beds 1-10cm thick amn oacillaion 1 combined fllow rippled; dark shales with rae
Planoliles

= U/UD Contact

fruncation surfeces

- parts ook ke they're gatiing up 15 high angle Fough orons ecking(st isast CFR definiely,
but ey not oroes bakding as the angies are rarely higher than 15 degress in w core and can
Mhm&hh—-@-mﬁnmﬂhwlﬁm
M).Mmmwnh-ﬁ mrvirationd, rare shalier

Mbmmﬂnhﬁ-i-rﬁ)

- eome eideritieation i shaly; local bumowing in the shalier porions; low angle fipple
m‘ y oscifiation with small current componant & angise ere slariing o get up
» degrees

- 98Me up © I wide varisty of raoes foseli; basal ~2.6m conmine mout of e Tersbeline and
bove tis is really where we got the moet Chondites and Rzocoralium (other Seces:
Plaroitee, Sholihos, Amnicolites, posaible emall TDiplocraterion; sscape Vaoes,
Opiuamerpha, more Miisssaraliosm, Palsseshyous in the mere contnusus sardelens beds,
Asterosome efc...

LR -



ol

SETRME Sl RS U LWLl W b0 ) 4 0 b M, § SRR LIS @ LB

- s berds 3-1.00m thck @kt Durowesd disoiibitinasis tisss vl pavssbihe fenrmannsl o odabon
NPEes Arvd 1 e Icher MR Cnituais ssuntshores Beats e e wasy pae e Lumigaleis
(HCS?), combined fow oscilabion npples, W kv drajic ool Leniatesis

- pebbie stringer at base of unit(0 5-1 Som diimeter) arvd saisile overkan by st
pebblesi0 5 1on dameiir) - 4m up trorm wis! base

- also carbomsed plant tragment(fem leal?)

e many of the interbedkied sandsione and shaks mnlervals b here arm Wlally chumesd by
burowng organisms (7related 10 a possibk: 7VLE 3 47 everid)

e USUE Contact

TN\=  UNIT 5: interbedded Shale and vt Sandsione (with scafiured pebbles ruer the base), (J0/10)
- low diversity of races, possible Glossifungites(Skolithos) “surlace” af lower contact, iees
sand upwards, discontinuous vi sandsion/sitsions lenses with rerrnant oacillason npples

U4/US Contact
UNIT &: chumed interbedded v sandstor wid shals (60/40)
UU4 Contact

UNIT 3: Very Poorly Sorted Conglomeraie

« mostly chert pebbles(0.5-2.5cm, well rounded) misad with granules, ig-my sard
apparendly bedded thin dark mudstone wispa('!)
« & sacond iook reveals that this conglomerale fines upwards rum clast suppofied o e bas
into & pebbly'granuley mg sandstone above

U2/U3 Contact

UNIT 2 Burowed and inmerbedded vi-fl. Sandsiore ard Shale

- some normally calour graded beds, sandiiors beds range rom -3-7om thuch with oscillabon
0 combined fow rippied 10 paraliel wavy bedded, sendsions beds are shap besed and
MMMM sandstons bads aled contan sacaps Faoes as wall 53 e rere




262

—  UNIT 1 Burrowe  interbedded Shale, Séistore and Vi Sandstone
- grades n1o sardber 1acKes above, churmed but kifle khologic contrast 1o dacem ndvdual
vace types, very small races, discontinuous vi sand beds with loaded bases




CPOG EW WAYNE
7-1-27-19w4

Date logged: March 1, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 883.90 m  KB: 887.30m

Remarks: Core 1; 9 boxes, 3768'-3808' (~1148.5-1160.7m), ~On depth (+/-2'),
photogenic; box shots and prints

UNIT 5 (Trough77) Cross badded rmg-cg pebbly Sarsistims

horizontal beddng boundanies ar cbssrved
wavy paraiel bedding

U/US Condact

UNIT 4 Apparertly structureless clast supporied co

pabbiss near base; coaly fip-up near 1op

sand comes in)

mm

between thy thickar badded vi sande of FAZ

- pabbles/granuies acceniusie the hgh angle cross bads, average U 4-0 Rem damehs
petbley/granuies; sinwd is mostly mi but can gel up 1o cU, expecully rear w bass of e uw
- cross bed asts minimum 7-10cm, probably nol planar bular cruss bedony becauss o planar

= uppe? pirl of urel shows §ile wgn of physcal struchure, although # luuks vagusly ke shghlly

mﬁﬁléﬂmm-ﬂﬂbm mipﬁblnlnli\:nm
mowlly chart with mires Wivcs; hind of $0me wivy Wough ke siruchae roar the base but

rounded 1o subrounded; acaitered peblles probably due 10 INlenans e IEWONNg. more

e and thicher airchs upwards; hve the sinds lend ©© B 1- 100 freck wilh remnan
ouciiation © 0w anght paraliel 10 Undulsiory laminasions; iots of buTowing alfough rones up o
200m thick are virually unburrowed with shavp bases snd rommally grads up wih swrome

mm(ﬁﬁﬁlﬂswdw-hmmﬁ batween the thick
mmnmmdaﬂmmm—mmmm
mhn_ ﬂl!lihl‘.htph 10cm thick, mwnor vaces: Zoophyoos, Rhifoo

_ m Paroies; m-m-ﬂﬁmﬁh

— gorwrally, Yu amount ard diversity of bultowsng decreates i 1 inlevbadded poreans

20}
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UI(FA1TAR(vansidonal FA2 1 FA2) Contact
- gramles and og-mg sand at base of U2, sharp, undulatory contact

UNIT 1: probably a bit of FAY
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LALTA C.P.0.G. WAYNE
1 1-1?*27?‘ w4

Date logged: February 19, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 882.40 m  KB: 886.10 m

Remarks: Core 1; 11 boxes, 3818'-3870" (prob. ~3824°-3876'); 3.5" full diameter
core; photogenic; have box shots and prints

GRAIN SIZE
cobble M
pebble f
granule ]
sand U E
i LS
8

— LNTQ mmmum:mmmu; h--ds

« iihic and chart pabbles disparssd Svough this uret (on average 0 Tome 1 1om duameien),
probably by the inlensive bialogical reworking of sedmernd
+ contairg 2 M “salt & pepper® sandevrw bods that are (rough?j crss brsdided, 9 10cm theck,

relntively shirp basnd
= g 130 thick g “sall A papper” sandeions bad hat is very sha/p based &nd has pebbles &t

Joanry gisire s base (mostly semi-rounded chent and kifics; average - 0.6cm-granules in dameter,
m‘ﬁfﬁf { masienum chan pebble 1.5cm dismeter); this bed appears 1o be unburrowed arv fMaseve in
....... : wrure
N Al « chimad but individual iraces dithcult 0 discerm: Asterosorma, Thalasssonies??

J=—— UNIT 2FAZ: thick badded low angs lererwied viU-IL sandslones wih orgarec "oolies

graunds” sccenkualing the laminee; in the inlervening interbacdded rarely burrowed i
sendimusd, e are e Planciites: sven raret Thalassnoides, very small Tersbeline, lew

mdm“mﬂmi m'hlh- Techichrimas??,

------
oooooo
------

s e s+ e o ==




Last sigrwticanireasonably abundani accurrence of Chondrites, Asteroioma

FA1F A2 Contaci (U1/U2 Coniact)

UNIT 1. FAY
mmwm Asierosoma, Rhizocoratium, Zoophycos, Chondriws,
m_f-ﬂu.mmm Zoophycos in nomally graded

- Sorvcombined flow fippled sande 5-7cm thick

aiso smaller pebbles; sringer ie disconinuous and <1em thick
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CPOG EW WAYNE
6-29-27-19w4

Date logged: February 22, 1991
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 843.40m  KB: 847.34m

Remarks: Core 1; 6 boxes, 3750°-3775' (probably 3751.35'-3774.55', or
1143.41-1150.48m); not photogenic (?0il staining? and gouges caused
by core barrel); have box shots and prints; BFS 3626' (1105.2m)

GRAIN SIZE

=== UNIT 3 Thoroughly Chumed mg “salt & pepper" sand and mud
- scatiered graruies (average -3-Srmim diameter) and a few pebbles (average - 1cm, maxsmum
~2.1cm diameter) @ base and scattered about within the unit (probably due 1o itensve

biogenic reworking)

- Astorosoma, Teichichnus??, Plarolites??, Thalassinoudes??

- probably ranegressively reworked sediment
'\-M“MM,«MMMWW

......

UAFA2YUI(Tranegreseive...) Contact

UNIT 2/FA2: pretty typicel FA2
- rumbers of races way down, but diversity is vanable; good in places, poor 10 1 in others
- interbadded porsion: sharp based nommally colowr graced beds wish remnant oscillation npples,
''''''''''' rare burrows generally, Chondrites, Asterosoma, ram small Terebeling, rare Zoophycos,
............. Planciites, etc., rare synaeresis, no visible Teichichnus, some loaded based sands, rare

) ing/solt sediment deformasion?

- Thick bedked Vi sands: fow < undulatory laminalions, low < Funcakons, same warsng flow
©0ps into oscillation ripples 1o it 10 Mud, some glauconde, lots of organic detnius accentustng
he laminee, rare burrowing

-----
-------
oooooooo
.......

e UI(FAUR(FAZ) Contact

o (1BMT KA aminat TAC
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Tppnm v rr e

- 510 cm thack oscilation nppled Vi sands (with glauconite) that are sharp based and commonly
have burrowed 10ps

- waces nciude Oplvomorpha (in sands), Asterosoma, Chondrites, Heiminthopsis; may be a
ace association with hose bulbous brancteng Asterosoma (that | onginally calied
Dactytiohtes, and may actually be small, shallow Techuchnuses) and Chonantes which are the
only vaces present in some of the lesser burrowed mud dominated portions
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CPOG W WAYNE
7-1-27-20w4

Date logged: July 31, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 892.50 m  KB: 895.81m

Remarks: Core 1; 11 boxes, 3903'-3954' (core more likely 3906.6'-3955.81°
(1190.73m-1205.73m)), Rec. 51° (more like 49.21'); 3.5" full diameter

core; fairly photogenic, have box shots and prints; BFS 3811°
(1161.59m)

SRAIN SIZE

cobble M
pebble
jrnnulg
UE
RS
[

== UNIT 5: Dark Shals with mwn scals Discortnuous Sityv Sand L aminae
= rire burrowing (dus 10 the lack of hologic conirast, Waces are probably dithcull 1o sen)
gnllil!nﬁp-pp-rmgllﬁnnnnih-duﬁh|nﬂuuknyhia:(nn:nnﬁﬁﬁﬁn(ﬂﬁnntiq:hn)
- piichet ife sidetil:

e UMAUS Coriact

T\- UNT & Poarty Sarted Cast 10 Mesis Supported Conglomerate o petibly and sandy matted
shals
:l « aregressive ing. basal -15cm has granules 1o W sand malra srd upper ~Z5om e lewer

-----




bbb s{itincs af vl cheerl, mansmum -3 Scm diameler, sverage - 1cm dameler, moilly well o
sh-rounded), ard a8 much shaher matnx with a b of sah and pspper mg sand

LFVUM Cordact

UNIT 3: Facies Association ol inlerbedded vi Sandsione/Shale/Sitsiona fral is
“intarbedded” with Thechly bedded vi Low angle Laminated/Oscillaton Rippled/combined low

Riopiod Sancsions
*giftgrant thisn Faciss Assacishon in Unit 1 dus 1o ths much more thickly badded sandsionss

-i-ﬂl*ﬁmdhmmf 11“‘

hvgﬁmn@dﬁﬁmm“mm Am)
mmtﬁhlﬁ-m

rq:ﬁninlmmmnﬂhnmhmﬂmﬂﬁmm
sandsiones

- koohing clossly seveals that the “tow angile paraiiel lsminations® do in tact undulsts shghtly snd
one can see vary low angle (1-2 degress) runcations; HCS7?, BCST?

TN UNIT 2 Well Sored ViU Grained Sandsione

- basal 156m is sumpy/solt sadiment delormed and sbove this is *apra:
sandsions sithough there s hints of my‘mhnl.mﬁmi.im“gﬁﬁl
imersinal clay as visible under the binoculsr microacope

!\—“ U2 Contact

= UMIT 1: Faciss Associstion really, ﬁhﬁhﬁﬂﬂmwﬂlﬂﬂm

coniinuous and thicker bedded Osc d Now Rippled viU-I. Sandetons beds

« "aands® of pleniiiul M i ',hmdhmmﬂmmm
wm_pmmhmmnmmmm
mmmwﬁ“mmm“
Tiﬂ;!i—gm;m,,,,, f,p—ﬁlﬁaﬂlﬂihﬂﬂ
vt acet in e basal intevbadded vi santstone/shale, some verical ¥race that starts ©
“F{TArenicoliies)

- ﬂmmaﬁis*nm;::—;mm&udhhm
raavily barvowad than anywhare balow.... also, e sandsions beds & noticeably thinrer for a
distance sbove hem

270
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Mobil et. al. WAYNE 10-1MU
10-14-27-20w4

Date logged: July 19, 1990

Logged by: ©1993 indraneel Raychaudhuri

Ground: 852.50 m  KB: 856.20 m

Remarks: Core 1; 13 boxes, 3800'-3860' (1158.2m-1176.5m); OK photogenic; have
box shots and prints

GRAIN SIZE
—cabble M
—=pebble F
granule &
a 3
5

8

s o The scale of the core dos o bumiowey)

MMMH-— reimnant oscillaton npples
= rare scatiered granules

T UMIT & Poorly Sored Matrix Suppored Conglomerste
= graruies i 1 Scn dismater chert ared Bthic pabbles in & mssd up mainix of shals, sitsions and

sandetons; possible Glossiungites “suriace” af unit base
- raregreseive lag

= USA CONTACT




|

U4US5 CONTACT

- UNIT & vt Grainod Well Sorted Sandsione

- apparently rough cross-bedded at base (but likely oversieepened laminations) then into a
zane of much soft secment deformationy slumping with lots of overstespaned
bedding/corwolute laminations

- then info a 20ne of apparently massive sandsione with only vagus hints of low angle inclined
statification; above this into a zone with definite low angle paraliel lsminations and “coties
grounds’ type organic laminas that accentuale the low angle paraliel Laminaions

- rare lithic pebbies(-0.8cm diameter) and sideriksed mud rip-up clasts {rounded, -1em
diameter); near base in the solt sediment delormed area is a large, anguiar ripped up mud clast
- base may be surtace of valley incision(?777), or this may be a part of an incissd vallsy il

) (contact not compietely visible)-NB: unikely, more apt 1o be quickly depasied,
storm-generated, poseibly wave liquefied sandstone

o™

O ~=s.

= oversieepensd laminations; looks fike cross bedding but kikely isnt
TN\ U4 CONTACT

UNIT 3 inlerbedded vi Sandstons and Mudstons
- more burowing upwards, nons ol those big Chondrites(?) as seen bulow tuat lotsa’ ittle
pinprick Chondrites
- scatiored pebbies prab. burrowed up rom cgl. below, granules along Wavy lafminas in
ostillation rippled sandelone

scafiered up 1o 2om diameter pebbles in burowed shaty zone
U3 CONTACT

UNIT 2: Sorted clest Supportod Conglomerate
« most pebbies- 1cm diameter, rounded chert and Tiithics (or possibly just mutt-colaured chen
pebbies), matrix of shale and ig sandetone
- 2 hovizons separated by unburowed dark shals
= UWR CONTACT
------ UNIT 1: Buvowed interbecided vi Sandstone and shele (-4.3m)
e ; - races give that “restricied ernvironment” sort of isel; a few robust Tershelina rear base,
Helminthopels, sre Chondrites, Asterosoma(?) or are they those robuit Chordriies7? (NB-
possibly 7Phycodes): regardiess, there are iots of them, rare short vartical shalts, Plarcliles
- smafl acale osclliation 10 combined flow ripples, rare small scale combinad fow'current
fippies; normally graded beds with osciliation ripples; some more thick and conirunus sand
beds with oscliiadion 1o wavy paraliel bedding and Palasophycus
- paichy sideriésation Swoughout but significant thickness sideritised &1 uppsr contact; rre
isolated pocket of chert gramules




CPOG W HUSSAR
6-18-27-20w4

Date logged: July 26, 1990.
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 830.60m KB:833.90m

Remarks: Core 1; 10 boxes, 3827°'-3872’, Rec. 45'; 3.5" full diameter core;
photogenic; have box shots and prints; occurrence of thick
"?7VE3.5"-type conglomerate

GRAIN SIZE
cobble L]
pebble ¢
grenule [ ]
sand g [
L £
[ 8

=== UNIT 7: Dark Shale with rare mm scale silty larenas

+ sharp based sitstone/vi sandesione bods, a ] salt and pepper sarisions bad naar bass,
and a burrowed mg sandy/pebbly zone just above, rare hint of vory small scale (cacllabon
nipplesicombined flow ripples

\ UNITE: mmwmwmm
- ransgressive lag, mavix is essentially mudstons, MllxiTam pabile - 1.66m diemetel, average
~0.8-i.0cm diameter

\ UNIT S: irterbedded v Sandstons, Shels and Siltsions #at is isell inlerbeddn
thicker low angle paraliel % combined flow to oecillalion hppled Vi Sandslones

**i.0. & facies association of interbedded W Sandeiona/Siistons/Shale with thick badded low
angle laminatedicombined flowoecilistion rippled Wi Sandsions tacs™

« lower interbeckied portion(ie. below the 2 closs thickes! bed. sands). sirangly burrowsd by a
wide diversity of iraces(Heiminthopeis, Tersbelline, Chondrites, Teich Rhizocoraliumg
-n-mmmmwmmmmmvmnz
thick sands, the interbedded facies is rarely burrowed with a few scrappy Planclies and nowt
dnhmwwmummm.pmmmm_m
cracks) (perhaps moving rom a More open Maring SEing inlo & more Fesincts
onvironment?)

- thicker bedded sands have low angle paraliet, low angls undulaiory I possibly locally
oversteapened faminations, commonly with small scals ripples (oscilakon and
currentoombined flow rippled) at the top (probably waning flow cycles)

- organic laminae can accentuate laminations, some siderinad areas

- anomaious 15om thick elstone bed with no srucires ollw? than maybs baing 100%
biokwbated?, or more liwly, dish structures




== UdUh contac)

UNIT 4 Flosonabily well somod CList sippsatiad s nghonsenae

- matne for most of Wl consists of vl sl graiadiss with o Bt of auad bot a4 sl peiteii of B
urit has pebbles Mloatng® ¢ A muakdy mals il cowilens Claiaides!, absi e peldides o fae
shaly powton ook ke they've latien il fee sk aid deshoniust Linsiae within e atubsg e
shale was unhitwhed)
= pebble both cheert and hihees, mosBy oeindend o s ronitabend, muiuninan e 4w
chamaier, average - 1. 5cm duamoler

= LIAM contact

—— UNIT 3 nlerbeckind Wi Sandsboie and Shorke iderbnh bt onth tedativndy thnchly beschbing, bw
angle laminaied/cominimd How rppled vl Samishone
= sand beds' 10-30cm thick, low angle uiribatory bimmudeie, bow gl panalie] batsnatene. up
o small scale combiwed flow npples, rve small scale ow ainyght nwalons, orgaes oinlin
Svoughoul rarely acoertuating the low/medim anple ameuitns

- irderbedded vi sand and muxd ponion: baredy b rowesd withy rebaively krw dnad sty arsid
numbers of Waces, mosily litthe scrappy Planoldes, possible 7 hycoukes, arwe sowlh vivy simall
Rossskia, one small probable Tersbellinn, distirbed Limsnualns i1 sonwe sami ol am protuldy
aacape races; localal sderitised areas

- probable synaeresis cracks

U2AU3 contact

= UNIT 2: Moderalely to Commonly Burrowed nlertidden ] vi Sankbhum e Lhale
ul:ﬂnm 10 combined flow rippled sand beds, sam beds are shurp hased/umrowsd Wps,
mﬂy colour graded, md Z-5cm thick
_ * i probably Macaronchiis (Saursiers, pers conwm, 100K0) sl e wesind
'lﬁﬁm ftype thing ia puhdjy some weird torm of Dactyloihi: s{Sauriors,
plrl comm., wm) NB- it is liksly Phwcades

j—— UIAJ2 Contact

™ UNITY: wmﬁﬂﬂﬁlﬂnﬁfﬂsm

- dominated by H ba, sharp based sandatone beds with borrowsd inps, some normally
wmmmh& =1cm thick

AR

st



TCRL WAYNE
6-22-27-20w4

Date logged: July 23, 1990
Logged by: ©1993 indraneel Raychaudhuri

Ground: 833.60 m  KB: 836.10m

Remarks: Core 1; 7 boxes, 3759'-3790"; Core 2; 4 boxes, 3791'-3811"; quite
photogenic, have box shots and prints; occurrence of non-marine facies
and thick 7"VE3.5"-type conglomerate

GRAIN SIZi

cobble
pebble
granule

e

MO =O e
P e

mee  UNIT 15: Essentialty the same as U14 but more and thicker siltstone/vi sandsione beds
. 5.10cm siltstons/sandsione beds, oscillation rippled; local sideritised patches

-

e U14U15 "Contact’

siftstone/vl sandsione

mmeMMMnmmm"um-lmmi
average ~0.75¢m diameler

U114 Contact

UNIT 13: Poorly Sorted Conglomerate -
- basal 11om is clast supperied conglomerate (lthic pebbise and shert; average -0.Tom,
| masirnan 1.80m damoter) and sbeve tis is essontially mg ealt and pepper sub-anguler

sandetens with pebbie sivingers that ase comwnenly in discontinuous wieps of mudelons

T U12U13 Contect
Tl - UNIT 12: Dominantly Low angle Pasalisl Laminated to Oscliiation Rippled Well Serted,
S, Qlsusonitic VU Sandsions with areas of Siightly Burrowed Interbedded vi Sandsters and

.'.'::.:.:.‘ Shale fe. FA2)

“N\—  UNIT 14; Dark Shale with Sharp based mm acale 10 2cm thick smal scale oscilaton rippled

- near base is another ~4cm thick poorty sorted matrix supporied, sandy/pebbly shale; malrix

275



Y-
AFEL

;_._‘. . o -Gl i < HIZOCorRIY, possdie Lot o st st an fescags e
V22 e - one Ara s chaotieally Bevhfeud samped coft sesdinunt e wet o iesd nggend (g
~5 —— I'e sidenhe clasts

- upper part of it appears massae

P 1
ol B
GI. .t a
. . « o e , . . ﬁ
_____ - U1H{-FAIYU12(~F A?) Contact
W
""" ——  UNIT 11: Burrownd Inferbedded Vi Sandstorm and Shake
l - siressed owt small rare Techichnuses, Terebelinma, mostly Chorcites, Hekimtinpsis, fucker
continuous sandstone beds(5-10cm) contam escape facas, Palasophycus, Asterosoma, aliso

Rinzocoralum, Planokies, rare Skohthos

- sandsione beds mostly oscillation 1 wavy/low angle paraliel kirrw saksd

- i's weird, soms areas are thoroughly churned sandstomey'shiale whnreas i otter portons of
this unit, the sandsione/shale have beon irerbeddad witt ittle o N burrowwyg m wheeh case
the sandstone beds are commonly shamp based and romally grade upwards

U101 1 Contact

UNIT 10: vi Osciflation Rippled 10 Apparently Massive Sandstonn, possibiin kw aryin wckond
laminations also

UYU10 Contact

UNIT 9: Burrowed Interbedded Shale and v Sandstone

U819 Contact

UNIT 8: Reasonably Sorted Clast Supported Conglomerate
- lithic and chert pebbies, range 0.8cm-2.3cm, averagn ~1-1.2cm dameter
- basel 31cm is totally broken up and contains some smaller pebbles suslar lo e size common
in UNIT 6; 90 the ackusl thicknesses and grain size ranges given may nol be complelely
accurale
- mairix is mud 10 Vi sand thet appears aimost beddad; coarsnns upwards with accompanying
increass in interstitial v sandsione

UTNJ8 Contect
UNIT 7: interbedded v Sandstone ard Shale
Ua/U7 Contact

UNIT 6: Wel Sorted Clast Supported Conglomerat.
- rounded 10 sub-rounded lhic and chert pabbies in a v sand matnix; pebble sizes rangs from
0.2-1.0cm dameter, average ~0.6-0.7cm diameter

USAUS Contact

UNIT §: interbedded Burrowsd Shaly vi Sandstons and interbedkded Colour Graded Shele and
- mostly muddy sandetone(vitS); ‘wispy” mud streaks; sand dominated portions have that
Bulbous look 1o their busowing

XX UAUS Contect

e . UNIT & Moted Rooted Grey Pelasceo!

UNU4 Contact

UNIT 3: ODark Carbonaceous Mudetone with cosl fragments
UNIT 2 Cond

LINIT 1° Sandy RBntnnn fnnlnanani? with Sandd Fillard Dnsireatinn Coarkn

l




< poneabie: dearcation Cracks tat are Lik.d with 1g sandstors:
- tnnegsrs, of cunous hile found things with cracks in them (spherulie: suiente??,
ostrandns?7) some paraliel ammations



Spruce et al. Hussar
6-23-27-21w4

Date logged: April 19, 1991
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 796.40 m  KB: 800.10m

Remarks: Core 1; 11 boxes, 3.5" full diameter core, 3780-3830', unsure of
depths?? (check well logs), overall unphotogenic, have box shots

GRAIN SIZE

cobble E M

pebble [ ¢
pe————granule 7| g
3

£

8

|—— U9 true FA2 with the occusrence of fus oddball sitstone

= 7possible Glossidungies?

ht UMNUS(FA2) Contact

US: Sorted Conglomerale bedded with interbadded vi sand and shele
- lower contact is achumlly undulatory but not in an erosive sense, rather, the conglomarate
seems 10 be draping a small scale oscillstion/combined flow ripple
- Gom conglomarate, then 4cm of v sand domineted inlerbedded sand and shele(rare burrow,
Planoites), then ancther 16om of conglomeratel

- moelly rounded chert pebbles(0.4-0.6cm diameter, maximum 0.9cm dismater); 9.5cm
diameier anguder siderits clast in lower conglomerate

« matvix is Vi sand: upper conglomerale appeers 10 be low angle wavy laminated ol the base

L UT(Transitionsl FA1-FAFA2YUN(Sorted Conglomerate) Contact

« burrowing decresses upwards; basel 2.41nx Planolites, Palasophycus,
Wﬂ. Heiminthopeie(rare- only ssen up 10 the “guliercast”
fostum); top 1.37crm: Planciites, Asterosoma, Palasophycus

for ~20cm beneath the siderite is a 20ne thoroughly burrowed by 1hoee very small ball-lke
Astorosoma

foading struchure? or erosionsl gutiercast(Bhattecharys, pars.comm., 1901); aleo
oynasresie? or dowstering struchures?

anguier shale rip-up clasts
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— UH/UIE AYF A2 Trarmatnralf AZ) Contact
Ui Shale dormwnaied Burower inertedded shale and vl sard
. 1-2¢cm thick sharp based sands with remnant oscillation/combined flow npples; coaly rip-ups
and chen grts/granules(vc sand) at unit base
- Chondrtes, Helmanthopsis, Asterosoma, Terebelina, Piaaolies, Palasophycus. sit-haloed

*Helminthopsn®
- 42em from undl 1op are two 0.5cm diameer chen pabbles
. sharp upper contact; 1.5m from bass of uni is the base of a 2¢m Twck wdentised Tone

— L&EEﬁﬂiﬂ*mlMMMmhimﬁ(?ﬁhm:)

mpbdﬂm sandsions beds 1-7cm thick; anﬂylrwi Pm-gc:m;
Asterosoma, Siphorichnus, Teichichnus, Helminthopsis, Palasophycus, Rossaka

~  U4US Contact: gradational ol sarding Lpwards eqUence
mwwmﬁmwm
= thin sharp based ¥l sands with remnant oscillstion/CF ripples
= - bias of unit hes & 1-2om thick poorly soned conglomerate mads up mostly of rounded ©
sbrounded chart patibles sss than 0.5cm diameder
UUM Contact *NB: gverything balow hem is shatiered up and only small porions could be
meconsinucied, farsiors all e underlying thicknesses and order are anly the best
spprosiation 1o the original order®
&wmﬁymwmwﬂﬂpﬂﬂm
mm
U2: poorly sored conglomarsle with & mp-ve sand marix
L UIAR2 Contuct: sharp! and probably srosive; may represent a fioading suriace(E/T ype
mmm*mmm“mmmﬁh
mmnn—guﬁﬁnmmnﬂhm
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PCP Redland
10-1-27-22w4

Date logged: April 18, 1991
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 830.60 m  KB: 834.30m

Remarks; Core 1; 17 boxes, 4" full diameter core, 1215-1233m, Recovered 18.3m,
probably ~1215.3-1233.8m

GRAIN SIZE

cobble B8 M
pebble 5 ;
gronule 7§ g
sand ueE

vemfv silt 5 s
clay

mpl N

|—— U10: essentially FA?

- there are only Planokies and e ty rare Tercbetria(n the sands) (Sctmubicyarcctonrs?)
in the interbedded portions, NO Chondrites 07 Asterosomss, all traces rare ad small, sonw
synaeresis cracky/ dewalering loading siructures

- thick sands low angle laminated with low angle truncasons ek:

above here is where e’ FA2 is encourtered




[ ]
o
[

——  HFENG Lantantt i trermaear el FAVE AR above

t1e Rk tasiked Kow angh: paralieVurddalory laminaled vl sandstone with orgarc matenal
arcentuating Tt lamenan, menor gisconie and low angle truncation surfaces(parn ol FAZ)

—— LA/ Contact: actusfly, the UR/UD assocaion is very smsiar 1o FAZ but UB and U9 have

bsen spht out as different unils o thes well dus o the sharp change (o & very shaly lacws that
averas U9
= UB: s is much ke the ransitional FA1/FA2 fzcies commonly seen a3 & gradational laces

betwesn FA1 and FA2
mnﬁnﬁndbmgimmlykﬂmﬁmgsmmﬂﬁnmm
in U7, 1o Chondrites and small bali-ske Asterosoma domnation/minor and rare Helmunthopws i
L imenity of burrowng is also less with mors pressrvation of sharp based, 1-7cm thick
E\Emlygmbdomlﬂm angle laminated/combiived flow nppled vi sand(We FA1}

anguiar wispy shale rip-up clasts

== U778 Contact: parl of overall Sanding upwards sequence, more and thicker vi sandstone

!\ above
- U7: essantially the same as US, but with more preserved 1-4cm thick vi sands with remnant
Mmmﬁmmmmmmm
4 : ﬁﬂmmmnnlmm
; ~yarkcal Wace that is

x US/U7 Contact mmm-ﬁia’nlﬁmmiﬂ
wmnﬂmommmxmgm-mu
~7em shove the contact (probibly by burrowing organierms) NB this may be VEI of
Davies{1900)

US/US Contact; pat of oversll gradational sanding Upwards ssquence

")
¥ LA Contact: possible Rooding 8 [ o8 boundary; scatiered ig-mg sand, &
hmﬂmﬁmmommwmh-ﬁm

-1Mlﬁhwﬁuﬁ1&nhﬁﬂuﬂnﬁﬁ:uﬂy-ﬁh-ﬁp§ﬂ
m-ﬂﬁmﬁihﬁﬂﬂﬁdih!ﬁ:ﬁﬁmihh!ﬂ

is oacilalion fo CF ripplad st the top{and sideritesd), with orgenic devitus and glauconits;
rmmmh—dmmmdm

U¥UM Contact part of overall sanding upwards Sequence

UZ: asme as U1 of this wall ;xcapt
wm-ﬂmmmmmh:ﬂ-ﬂm
- more loaded bed bases, e lond caet rippls, moelly very small CF rigples with some apparent

starvad ripples
UNU3 Contact flooding surisce?
U2 v aand dominated Surowsd interbadded sandetons and shale

!‘ ) mhﬁnﬁﬁhﬂﬁﬁﬂﬁﬁm-hmﬂ
- : wirnsous beds an the soale

pouaibis C
L!ﬂﬁilﬂd‘lm
b ﬂih“mﬂ_ﬁﬁﬂmihmﬁm

down and deleaming laminas of a thin .

-ﬁﬁmﬂnnﬁdﬁﬁﬁr hle .y
m-mmﬂ#ﬁ-hmnﬂm

conglomaraies rsply fourd in B “upper” Viking ame fourd I
uuﬂﬂﬁﬁtiﬂd-ﬂﬂ-mm
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\- U1 shak donenated Barrowen [ntereded siuibe amd ot somishune
- traces Planohtes, Asternsoma, Terebe g, probiabdy are taore Dot feene o ettty veery biftle
hthologie contrast
- 1:2cm thuch sharp based oscllatoiv CE nppled S0 low angie paralied Lineratons fops of teds
are generatly bumowed
Samlar 1o U1 of 1435-26-20w4*




PCP REDLAND
14-22-27-22w4
Date logqged: December 10, 1991
Logged by: ©1993 indraneel Raychaudhuri
Ground: 871.30m  KB: 875.00m
Remarks: Core 1; Boxes 1-15, 1268-128B6m, (probabi, ~1274-1292m)
not particularly photogenic; lots of broken up core; 4" full diameter
unslabbed core; have box shots

=== UNIT & Dark Silty Shale with mm scals sharp based, normally graded silf bads that passes
Upwards inko & sighly silier tacies with more and Wecker(1-2cm with sand starved
oscilation/oombined Row ripples: definie small scale foreset! laminas with an overall oscillation

lwhwﬁph-ﬂﬂﬂhﬂlm

ilmlﬁhﬁﬁmhﬂdmﬂ(nyﬂ- ‘afly be thinner but the core is sxiremaly
broken up in this area)

= UNITX Pﬁbﬁﬁﬁhmm

« vary vary similer 0 upparaat Senigreselve conglomurats in 15-15-20-22w4

« it of mabix ls vary biable shale, two 2om thick 2ones while moal of Ml is sall and
pappar g sandd

= asdeam pobbie s Jom damater, pabbiss sverage Tom dameter, e wall rourdied ssept ter
ﬁlﬁm*“mm*
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a8

Bl UNIT 2 s Sty Shake
= may actuatly pist be partot LIV EAS

U= AL Cawitnt

great example of low angle parallel sightty iisduatorey Lvtsisibons wilh ke anghe fneeation
srlces passiig up nlo small scake oscllativny combund fhow ipphes

UNIT 1 Essenbally transibonal FA2 (e Swwd bists average only 7 em bid e
sssemblage more ke FAZ) sanding and coawrseniny upwants aiks fnas | A2
= wck possible HCS sands have low angle frunmabons (5 10 degrees) of kst fe juinilel b
undulatory lamnas
= fower in Unit Blally domenated by Chondmies and Askerosoma




Canpet LM CPOG Rediand
6-1 5f27-23w4

Date logged: March 31, 1992

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 847.00 m  KB: 850.40 m

Remarks: 3.5" whole diameter core; quite photogenic; have box shots
Core 1, 11 boxes; full recovery
4253'-4305' and well is on depth within 6"

GRAIN SIZI

=cobble 8 M
pebble % F
granule 7y g

7——sqnd UE
silt 5 s

fimil ooy

"1 = 3oty rones:

1) basal rones is mg sand with plentiul rounded pebbles up to 2.4cm diameier
ammhw“““mhimWMhmﬁdEMI
mwmmth@mMM(Mﬂ

Dk Shale

sandetons below

typical FAZ with thick sancisionss separsted by slightly burowed shalier zores
lﬂwmwﬁ.iwdﬁﬂn‘gﬁﬁmﬂ hnrpﬂy

"‘H :

mﬂﬂﬂmiﬁmnﬂmmm
- SpArae BUITowng, SyNitesis cracks in the mud sk
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1—— FAIFA2 Conlact

== FA1: sarcher upwarde, kess burrowed upwards; 7Hhwcodes




Oak Ridge et al. WILLOW
11-21-28-1 7\14’"7

Date logged: November 19, 1992

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 875.40m  KB: 879.70 m

Remarks: Core 3; 13 boxes 3590-3650"+(actually 3583-3643.5'), Core 4; 6 boxes
3650-3675'(actually 3643.5-3668.5'); 3.5" full diameter core, heavily

sampled and broken up, unphotogenic; no box shots

GRAIN SI17E

= UUNIT B: ity shale with local lsness of coarser sand/pebbly sand, local sideritised Zones;
4

QI = UNIT 7: patisly mg sandistons: aeo toh of shale and much of unit is brshen up ard Surslen
and vl susvied o subsowvied: some e viloanis pabibies




e  UNIT 6: & very muddy, bumowed verson of | AL with onty kcal portions of the o hawry) twe
charactenistic sharp based nppled beds capped by organa-nch shutes, no visdle syierss
cracks; perhaps losing saknuly stress due 0 much tunther basirwaurd seting, muderdtely ke
commuonly burtowed, one reasonably tiwck storm sardsione bed at top of und

i

e US/UG Contact: *FA1F A2 Contact??

|——  base of 4cm sidoritised zone that may be basinward expression of the “VE.3.5° surace
mwuhm.wmewmnthMMbNm«
“VE3.5° could be at USUS contact

e UNIT 5: sandier version of U4; some 1-5cm preserved sarddsione beds with wavy paraliel to
oacillation ripple leminae; highly burrowed with many types of ace fossils visible on the sirp

—— ummmhmmmnmwummu
missing 70cm has been sempled throughout U4

UNIT & MW«““M;MMUymm
ﬂmmmm

“hmmmummmmwnﬁ
dwve wviart dae Slrven Aomate

“— uﬂtuwmmwmmumm



. -

\- U/ Camtact Transgressne, probably “VE3®

[~ P

—— UNIT 2: saiehing upwards continuahion of UT; 1-6cm thuck wavy paralial 1o oscillabion nppled
safwisiifm bieds near top ol urst, upper Scm of urel is sidenfised with possible Glossiungiles
sirtace ("VE '), commonly burmrowed with many types of races shown in the lithalag

[ —

o —

UMNIT 1: mmummmmimmumm
with loaded bases, commonly disconiinuous on the scale of the core; common busrow
imenaity, minor pyrite; yﬁvmmiﬁuuz(mﬂmwm)
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Anglo Socony Drumbheller #1
9*29 28- ZDVM

Date logged: February 25, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 841.60m  KB: 845.20 m

Remarks: 1" wireline drill core with some unrecovered; well is hard to hang on
logs; ~3840°-3970° (1170.4-1210m); no box photos or other photos

GRAIN SIZE

- —=cabble
—pebble

————granule

—— g and

e UNIT 10: Black Shals
= with rare lenaes(rwn scale) of silty matenal, U9 ardd U0 probably burrowed bl defecult 10 el
dus 1o lack of hologic conwast

= UU0 “Contact’

N\ UNIT 9 Dark Sity Shale
* e W 1om acale shavp based W sandslone/siteions beds with rermrant oacillstion dpples
mdynm-ﬂ-ﬁﬁ\mdhmﬁ_dgmﬂmuﬂ

!‘i‘“ﬁ‘ﬂﬁmw‘ﬂmh_w




N\

- O apparent syuchres

U7{FA2YUB(prab. raragressive sand) Contact
« sctusl obssrved thickness of UB is only 2-3cm but has been made shghtly thicker on the
Stholog 8o that i can be more easly seen

UNIT 7: unknown uppar contact dus 10 missing core af top? at botiom?
UNIT 7(FAZ): mmmgmm
s, Ashrosoma

- Chorwdrites, Plan daminaled assembiage, rare Helminthopsis reer the base
of the unit

~\a#t oocurrence of Chondrites with st occurrence of Astercsoma a low 10's of cm below

US(FA1YUT(FA2) Comtact: kind of ansitional over ~im below this actual placemaent of tw
contact

UNIT &/FAL: ﬁmmmﬁnﬂmuhw
unhdsioryparalie GIBUCONIS, MINGT OrgaNiC deirius Acceniualing lmines; aands
ﬁmmmmmmmmmwnhmm
{similar 1o what is movre iely found in FA2)

= woas include Zoophwoos, Rhizacorslium, iots o Chondrites, some Haelmi i
Butbous Astooma

b
[
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= shawp based, normally colour graded sanduionev/sltstones; rermnant osclationvwavy paraliel
lWarerabons

..... " - very few rumbers of reces: Heimnthopsis, Zoophyoo?, rame Chondrins
N = = G - Hﬁﬁiﬂymﬁdhﬂ mp&hsi'ﬁﬁnmm-diﬁu nﬁbﬁi

mb-:m-ﬂ.kmm aivﬂ:ﬁ!limm Mn-mm-ﬂym

= some pabbles scatiered aboul by burrowing
= upper portion of urdl is much sandier, L more churned with only 1 sand “bed” wih rermnant
combined Row ripple larminalions; more diverss but sl not many aces

probably a continustion of U (similar 1o the lowor part of F A? skl )
jo— pﬂiﬂyimdm = upper GOCm we start goting thicker shawp based vl sands
with low angls lamine parsiel lnminations {10-12cm thick) and the sands s

mmmﬂﬂ‘miﬂfm

md“bhﬂpﬂdFE‘)
thopais, Terebeling, frsl appearance of Chondrites, Asterosoma, Planolites

represents the missng coms in Core 17: 391315
Gﬂn&ﬂ-ll‘ hl&mmu ;m!-ﬂ]‘ﬁt Iﬁ‘ﬁﬁ-la 00-01' Fh: "!

mtm“ﬁnlﬁhﬂ M El . Core 7: 307681 Fh: EE' Gﬁi Wlﬁ‘
8.7 Core 5: 2005-71' Plac. §.3; Com 4: ‘hﬁfﬁt 1.5, E.Tﬂi‘?ﬁltcuﬁlim‘
Rac. 3.7; Core 2 3042-57; Core 1: 340-47 Rec. 1.85°

= UNIT 4: intashdtied vl sardislons ard shale
- chuvwed thovoughly but sl dilerent from the churmed interbedded of sendeions snd shale
—nm—hungﬁﬁ-mmmmmm Teom

ﬁﬁ“ﬁhﬁﬂ

mﬁiﬂ

= unil gavaally saruls upwards with thicher, more irsquand and mom conlinuous sends 55 ws go
up in e unit




- -
N

.....

v v v -

.....

\

= UNIT 3 Chumed interbeddied vf sandetons and shale (sand Jominated)

- confinuation of sanding upwards SequUInce

- rare preserved sand beds 1-3cm thick; sharp based with gradational 10 burrowed tops; some
glauconite; remnant oscillation ripples/wavy paraliel bedding

- lots of Helminthopels, some Planciies, small Terebelling, Asterosoma?

- shale overlying upper contact (possible parssequence boundary?7?) is highly smectiic

U/U3 “Contact”. of & core Sreak wheve thare is no apparent loes of core
probably continuation of U2

Com 31: 4120-4121; Core 30 30083070 Rec. 4, Con I 0145 'R Y
Corm 25: 3000-81°; Core 27: 3056-00' A. 0.5 Core 26 3064-85"; Core 25: 304854 . -1.5"
Onee 94 304148 R, 6.1 Core 2% 3035-41"; Com 22 38535-36; Core 21: 3000-80"; Core 80
S007-32'; Cove 0 300127 Com 15: 3915-21°; Core 17: 3913-15' R. 2, Come & 3000-1F

UNIT 2 Chumed imerbediind vi sandisione and shele )
« typisat rogional Viling sheck Al of Helminthopeis, rere Torsheling,
« ansvin/alin menly anndiresus an the ansin of tha onmf 1°A. mmm-u [~ 7 1" 1}
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1o thuck ared fave remuiant osedlalion npphe o wavy paralied Lt

—  U/U2 Contact
q\i UNIT 1:; Dark Sityivt Sand Shale
= cOfe is Mot 10tally shatered




CPOG WAYNE
 9-14-28-21w4

Date logged: August 8, 1990

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 854.00m  KB: 858.00 m

Remarks: Core 1: 11 boxes, 3952'-4004"; 3.5" full diameter core; photogenic but
is stained, have box shots and prints

GRAIN SIZEF

cobble g
pebble 0
granule g
U
]
B

e UNIT 7: Dk Shale with mm scale diacontinuious sitsiona/v sandsions lsnses; o
discemibls waces dus 16 iack ol ihologic coniraat, rare siderilised paiches, hint of oacllation
rippling in the thin situlona/l sandeions lenses?, lower contact i miseng

f— IHTL mmmmmmﬁqm;mm

mostly sub to well rourued, chert and Mhics, ur fes Upwards wih fewer pebbles and more
salt ardd papper raivix sand

USAUS Coniect

UNIT & Moted, Poosly Sorted Shaly Sandsions with sceliered Pebbles

- pabisle “lag” ai unit base twi overfies sideritiend poriion of U4, maxirmum pabibls - 1om
damater, moslly chan and Bihic, rounded 1o sub-rounded granules; send is igml.

LS Conimct
= UNIT & Facies Associafion 2- intvbadded vi Sancietons sl Shale with Thickly badded Low

angle Unchistory Lamiretions
i“ﬂh‘:,“!.lﬂ'hﬂﬂmhﬁﬁﬂmﬂﬂﬁl“
= interisadded porior: commonly the apparent waning fow pert of the Sows thit prduied e
ﬁmhﬂ.ﬁmﬁﬁﬂ.ﬁym“ﬂb
sarieions o slinlere o sluls, sve syraaresls craths
Mhﬁ-ﬁﬁmh#mﬂﬁnﬂiﬁg—:h
tees Gucuantly 10-15 dagress, liswinaliont &e lw angle pasaliel to slightly undhistory,
domination of low argle svalliostien and seriing suggeet & high dugres of wews sotien iwolved
hhﬂjﬂ“ih-ﬂ_-ﬂﬁhmﬁii
priunie howines, rave (sideviliond) ripped up matarial, ghausaniin
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Qmmm:-mnm:-ﬂm:um

= i unit ia really & Waraitoral fecies sssociation betwesn U1 and U4 where U4 is really e
mFﬂmzﬁmm—mmm:dnmmm
e interbe

LA Coniect

UNIT 2 Quite Well Soried Clasl Suppored Conglomerats

« unit fines upwards o svenage -2-3om dismeler pebbies noar bass ko average -0.8-1.2cm
charvater owaids #he 1op sihough the smalisr sire dominates and doss sxiend locally down io
v bt of 10 Unit; pabbies avw cherl and lithice, all are sub 1o well rounded, nof imbricated, vi
st in interstiial pore spaces; gradetionsl upper contact is overlain by sitsions and shale

LHAR Conlect

ﬁpﬁiﬂmm-ﬂn
ﬂwﬂm-dﬁptm:i-wmibhnpnuﬂphn
“dMMMﬂiﬂfﬁmbﬂlxsﬁﬁiﬁ.ﬂw




CPOG WAYNE
11-22-28-21w4

Date logged: April 2, 1992
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 866.90 m  KB: 870.20 m

Remarks: 3.5" whole diameter core; quite photogenic
Core 4, 7 boxes; 4060'-4089" (don't have the log to check depths); have
box shots (not including basal ~30cm of core)

GRAIN SIZE

cobble g “

pebble 0 %

gronule 7 g
Ut
RS
8

sand
sil
T e

entire well is gradational fom FA1FA2 ransitional into FA2 sbove

intraformational sandsions clast

tooks e ransiional FA2 with thinly interbedded sharp based sandetons beds and dark
black shale beds with iots of Chondriies, Rhizocoraliium #ic.

e ptn of RNIRSSRrElium in this wolk in Soth the dark muuds as the lone imoe vl in B tin slen
sandeionss
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—  frecher of 2 clas! supporied conglomerale Besds thal ane sepatalind by o very Bu sfughe bead




PCP REDLAND
15-16-28-22w4

Date loéged Decgﬂi:er 9, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 858.30m  KB: 862.50 m

Remarks: Core 1; Boxes 1-5, 1268-1273.6m Rec. 5.6m (1269.1-1274.7m)
Core 2; 1 Box, 1273.6-1274.6m Rec. 0.60m (1274.7-1275.7)
Core 3; Baxes 1-5, 1274.6-1280m Rec. 5.4m (1275.7-1281.1m)
reasonably photogenic, have box shots of ~3.2-7.4m of core

GRAIN SIZE

cobble L
— §§
[ ]

= UNIT X Davk Sy Shals passing up into Shale Dominated interbadded Shals and Siltstore
- lower poron ia basically Dark Sty Shele with rare mm scale sharp based sty “bads®

= upper porion: more sharp based siit beds preserved (maximum 2cm thick) with remnant
oacilstion 10 wavy paraiiel lnminations

- both units have minor burrowing (probably dus 1o lack of lhologic conwrasf), and local
mderitisation

-ﬂpﬁﬂmh_imiﬂiﬁﬁﬁﬁﬁﬁyﬁiim

« by sandvtons: hinte of pasaliel wavy laminations, Ave pesonrved Yom thish shale laninas
ﬂﬁ*ﬂﬁ:ﬁﬂﬁﬁhﬁi“h

« ghani supperied songlemarsing: vivy powdy sevind, Suaughldy shumad, Mabls irom mal
-—iﬂ:ﬁﬁqﬁimﬁm-ﬁﬂ“ﬂhhﬂ“
& howiion of mem and s infarie of 2 mvire Seragrassion)
*Eﬂﬁmﬂﬁ-ﬁ.iﬁﬁmﬁl—“




0

—= U112 Comtact

e UNIT 1: Wansitionad 1o Wus FA2

- below the thick sand: more burrowing by maore trace types, some Ancomcinus honzontss

colontsing the eacilation 1o CF rippled 1opa of probable wanng How siorm bedls; some chusters
of srrall Terebeling- could be Schaubcylindrichnun?, sand beds sharp based, commonly e
upwards, 5-10cm thich, can have burrowed 1ops of wanng fow featuress and capped by dark

shale which is commanly burowed strongly with Chondnites

= thick aand with low angle paralisl Larwnas that have low angle Funcabion surlaces

=« above thick sand: moslly 5-10cm thick sand bads with organic deinks sccentustng the low
Iﬁﬂ!ﬂh&ﬁﬁmmmhmﬂmhﬁmmﬁhﬂmﬂﬂ




Petromark et al. AERIAL
11-17-29-18wd

Date logged: November 16, 1992
Logged by: ©1993 indraneel Raychaudhuri

Ground: 840.90 m
Remarks: Core 1; 13 boxes, 1098-1116.25m (actually ~1100-1117.35m);
Recovery 17.7m (actually ~17.35m), 3.5" full diameter core, reasonably
photogenic but much of core is crumbled up in the boxes; have box
shots; wells logged quickly in the interest of time...

KB: 844.60 m

GRAIN SIZ¢
cobble M
pebble z %
~—————granule | g
sand vt
B —— O L
il geter !
>~ :,348‘— UNIT 10: black shele with rare mm scale disconinuous loaded based silt beds; 30cm from
unit base is base of 10cm zone with dispersed fg-mg sandsione; Planolites and possible

NA

-------

Thalassinoides

b {=—— UNIT 9 vansgressive pebbly mg sandsions lag; pebbles rounded chert up 1o 1.5cm diameter

possible Siphonichrus, fugichnia,
hhmmdMMMwM)mmdmh&m
dominantly csclliation to combined flow rippled with organic detritus, soms low angle paraliel i
wavy paraliel laminations; sharploaded based, normally graded fining up sandstone bads
1-3cm neer base and up 10 100m thick upwards (with less burrowing); rare siderits (10cm thick
zone just below upper contacy), rare synaeresis cracks; organic-rich shales commonly
unburowed

i

e UNIT 7 Thoreughly shusned shaly sandsions alin 19 sandy burowed FAY; highly busvewad
oquiibrium race sulle lswer shorelace; fase thin sandetons beds with remnant wavy paralie!
taminations; possibis Sshasboylindrichnus and Subphylischorda; ransiionaigradational up




—  UB/U7 Contact
TN UNIT 6: simiar 10 US but more sand conond
——  US/UB Contact

= UNIT & moliled sandy shals; v sand; locally disconbiuous 1-2cm lonaes wilh ram remnant
mﬁﬂmm mosily Helminthopsis, also Terebelina, Teichichnua,

e mmmmm

— UNIT 4: totally burvowed shaly i sandstons (only iogged as shaly sand since the degres of
] burowing s 8o dominant that only two 3om thick I sand bads (iacally with mg ot their bases)
with revant wavy paraiiel laminations sre pressrved) “squilibrium sulte® of marine burrows,
pﬂyhﬁﬁmﬁﬂhmim vaces: Zoophycos, Teichichnina,
Astarosoma, Planalites, 1 e, reve Choredriten, supsraburdiant robust
mmrﬁnmmmm-g =3cm rons ol
scoliorad (arge rourded chent pebbles (masimum minimum diameter of 1.7cm) much ke P've
a0on In this facies in T28 ard T20:R19wd; scatiored gramuiles (up 10 0.5cm diarmpier
wibvounded chen pabbles) in upper 10cm ol & possible flooding surlace

UNIT 3: shale dominated interbedded shale and vi sandeions; s
_yﬂﬂﬂmmm“ﬂhﬁhimm’ -
sorw with pebblss up 10 1. 7om diameter, but mostly ¢ ,ii,,,hmo&md—nﬁ
ﬂﬂgm“ﬁ“ﬂhnﬂﬂﬂmmpﬂgm
dasoriinums “erast” of sart; commonly burrowed with H Chordnil
MTmmm“nﬂim—-nhﬁd
colls grounds omganic material “drape” the underying ranagreseive _

U/US Coniact

UNIT Z clast supporied conglomarats; chart pebbies well rounded (masimum 2.5cm
diarmater) but moslly 0.5-1om rounded © subrounded grarules; whitish clay maderisl in
mﬁﬂﬁm sharp upper condact

~ UVAR Cantact Flooding suriece s bourdiery (clearly ssen on garena ray wall
tog)

rm— m'l'i ﬂuﬂmmm-ﬂﬂ iﬁmﬂi

nﬂhﬁﬁﬁﬂudn_ﬁﬁmﬁhmmﬁ
@mﬁiﬁ::ﬂmﬁmm 1-Zom thick shale bedy; sharp

R\



Oak Ridge et al. DRUM
7-1-29-19w4

Date logged: December 5, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 843.70 m  KB: 847.95m

Remarks: ~on depth; 3.5" full diameter core, Core 3; Boxes 1-13,
3645-3705'(1111-1129.28m), full rec., Core 4; Boxes 1-13,
3705-3765'(actually 3706.5-3766.5' or 1129.74-1148.03m), full rec.;
photogenic; rechecked some units from box photos (units jibe with logs)

'snin sur

T;EE.?:“* 5 é

e

{e  UNIT & Dirk Shale with nvn Scale sharp based fining upwards normally graded viL/sill i mud
bads with vagus wavy paraliel laminations
- some fsh scaln

= UNIT 7: intsrtpdiched vi sand with Highly busr
which changes upwards info move liw FA2)
= eswermaly plenivhl and dverse sessblige ol Frace losslls
- above whare unil becomes iolally sand dominated (B0%), low angle laminaied wavy paralial
hﬂmnmmﬂlﬂ-mnmmmHh

10-13cm thick
lﬁuﬂnmhpﬂﬂnﬁ .
' 0 anlaliny ﬂmnmmmmmmﬁmm—ﬂ




e ghowe hare the unit i tally sand dormnated, much of d sl ko wiue | called | aces 4 (Pale
Buirowesd Sandstona) at Crigwell

= shavp based, normally graded sands with hints of oscistion rippled 10 wavy parsiiel bedding
= aanda 1-2om thick

- infterval is moderately burawed with two petible siringsrs; masimum pebble tom dismeter, wel
rourshed, in & mavin of mQ sl s papper sand

= yipry thin mud-ined Sholithos
-\i may represant & sscond “suriace”; moslly mg sand with fourded chert granules
o mr&mmmmm
« probably ranagressive lsg 81 & flooding /s Anon bourdary
mﬁﬁnmm-ﬁﬁlmm—lm-ﬁ;mﬂ-ﬂ
papper sard in the max
= lllftﬁﬂ’ﬁm-uﬂaﬁuhmm-dmhlﬁ-i::
pavoaniage of sard (VL)
- ane cnae of delinits armall scale curvent rppiss , otherwiss cecilistion/CFR ripples dominals in
e il
= sand bads masimum Som thick, svarage 3cm with sharp bases/londed bases el may fne
upwanie

« ichnolosels; small rare Flossslia, rare pingrick Chondrites, Ophiormorphe and Palesophyas
ﬁ“mﬂmhhﬁmmﬂm

« pyviiand buvows
- upparmost Vi sard hes iow angls incined lamines with some sideriliasiion and minor wispy

organic rip-ups




=== UNIT 3: Rarely Burrowsd Shale Dominsted inlerbedded W Sandsions and Shale
mvmmmn—annmmmm-dmd
possbils rermnant ¢ 0 5 wavy parallel badding
mﬂﬂﬂnhm(ﬁgnﬁhﬂ)

— L3 Coniact

[~ LINIT 2: Highly Burrowsd imrbadded vi sand and shale

= higher sand percaniage than UY; mmﬂuﬂhﬁ-ﬁ:ﬁ“hiﬂ-ﬁ
& masiwum ihchness of 7om and e sands are sharp bassd{sles commonly with loaded
iﬂ.ﬁq“mwmm*ﬁmﬁi
encliaton o CFA ©© wavy parslel badding: aleo soms organic lamines and soms glaucaniis in
w sande

- ovarell the majorily of this unit is similer 1o U1 bl with more sand
= good divarsily of race fosslls, most of which ars sbundant; sscaps racss and Palss
ﬂ““hﬁmﬁ“ﬂmﬁjﬁﬁ

= miver gyvile which may be ruciested sround lumows

« ntal poriion is achully tolally hawagenissd shaly sardieiore
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PANALTA EMPIRE ST. WAYNE
10-16-29-20w4

Date logged: December 13, 1991

Logged by: ©1993 indraneel Raychaudhuri

Ground: 790.70m  KB: 794.61 m

Remarks: 3.5" unslabbed full diameter core, Core 1 Boxes 1-11, 3725-3774.5,
core appears to be approximately on depth, reasonably photogenic if
cleaned up, entire core lies under the main Viking interval, as of Jan.
‘92 no photos for this well

GRAIN SI17Z¢

pebble
granule

e UNIT 5: Burvowed ig Sard with wispy rud sireaks
wmm-mmmgwmmm-ﬂ
sizig 2 average 8mm diameter)

B - parts of this unit may be slightly out of order since this svea was difficull fo plece back
fogether

UMUS Conact

UNIT & Poorly Sorted Clast Supporied Conglomensis

- mosieusm pebble 1.20m diamster, Sverags 0.7cm demeter, mainix is mostly mg and og send,
most pebbles are well rounded, dominantly chert pebbles but some lithic rock iragments aleo

U4 Conmct

= mawmmas—dﬁﬁ
lidnl-dullnﬁhun!iHQHHNQnshindEFﬂtnhulnylp-mnﬂhnnyp-ilih-ibq
- continuation of overall sanding upwards succEsion

h— UNIT 2 Thorougity Sumewed iisrbedded Wi Sard and Shale
dll'1llul!~h.ulliiiihlIjii(llﬂii-i-i:nini-l:-nb!nul14!=nlii|inl

et proserved with soms dafinils an 10 eambingd flow rippies

« higher vase diverslly San U1 _ﬁliﬂﬂnd-ﬁlﬁm-ﬂm
insrensed Mhelegle sontant

« Assastia and Chandritos e vary me; pesslile Zoophyoos




mﬁhwmmﬁlmmﬁdmmh

= UNIT 1: Thoroughly Burvowed interbadded Shels and v Sand/Sd

miegnmmmh;mm) hapAoads
viL sand-slll bade with revweni races of oacillalion npples
- basal pant of an overall sanding Upwerds succession




CPOG ZAPATA CARBON
7-1-29-22w4

Date logged: April 1, 1992

Logged by: ©1993 indraneel Raychaudhuri

Grournxt: 827.50m  KB: 831.50m

Remarks: quite photogenic; 4 conglomeratic "lenses” and good development of the
coarse transgressive facies (i.e. the Viking grit); 3.5" whole diameter
core; have box shots
Core 1: 11 boxes, 4022-4072'(probably 4028-4079' or
1227. 73-1243. ?.Bm) B B B

Gllln sI7e

e Dk Silty Shabe with rane mvn 10 12m thick loaded based v sandstons lenaes with remnant
wavy paralial inminations
T base of 10cm thick sideriised zone

= Traragressive deposits:
u&-ﬂm-ﬂmﬂmmgumm
aFﬁﬁyﬁqu-ﬁmgﬂWnﬁ.mFﬁh
=~  dameter

3 Cross budded pebbly mg sandstons

&) Moted sandy shale with lsrss of sy 1o ¢ sand, up 10 3cm diamwier pabbles
ﬁhhdlmmnmhﬂmﬂm-dﬁtm
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e FA1-FA2 Transiioralue FAZ Contact

o aetunlly & lons of pabbly material that doesn't quite go around the entre core dusmevier, both
thin conglomerates are poorly sorted, clast supported, sub 1o well rounded charl and ithics with
mg 1o co/gramds matrix

e 2 thin bedis of essentinfly imeree graded conglomerate with maximum pabble damester - 20
pebbles sub 10 well rounded lithics and chert

jmaune g scale Mg sand “sringer”
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CWNG Carbon

ZidiZS—ZZwi
Dalé logned: May ID 19913 -
Logged by: ©1993 indraneel Raychaudhuri
Remarks: Co e 1; 9 bores; 4080°-4120°, Rec.40" (actual recovery 41.5" or 12.2m); Core 2; 6 boxes;
4135-4165', Rec. 28’ (actual recovery 28.8° or 8.8m); photogenic; have box shots

Mtﬁﬁﬁﬁﬂiﬁl—dmmmwﬂm_yﬂ
inatien; ane 4cm Sick o sisieione bid with guilercaet-lie base; only Plancliles visltde

——  UTIAH2 Contact
Mtﬂ_hﬂﬁ“ﬂ*h-_&gm“#ﬂ—
alions; 00 X g ﬁ—iﬁﬁuﬂiﬁﬂpﬁ_‘sﬁ“

pny—_—-un“—i-n-“—-ﬂm Giosalungiies ai p which s &
__ ainiuion Svn reuniioll pabbies noar bane, mﬂﬂﬁlﬁ_

33 5com darmater sunied pebbies humewed dewn bam sheve

anal 4l s slenl suppavind eenglarrais wilh geod siviing Snd Mads up of granuissipabbiss Sveraging 3-Sae
sione shilavilindd ip-ups et reankly vip-ups; mually subvoursded, soms subanguier

mﬁ-ﬁiﬁﬁ

h—iﬁm“i“ﬂ“-ﬂiu-ﬂm“
-__ﬁﬁﬁﬂ“hmﬂlﬂlﬁ;ﬂi——gu_
AT Tpe———

otk of Swsas shals ninas symials saprssants sl e sopunic-vich wucs that oap Sve sy sterw basls OR Bin




- - -
......

-.-v.- LR
$ie G;.'.:.
SR, AR

A
®abeb, ", *, ",

Y

‘#

lﬂf?_hﬁ_i“ﬁﬁ-ﬁ_nf—ﬂnﬁﬂ

“iﬂ“ﬁi“ﬁﬁﬁﬁ-ﬁ:ﬂiﬁ—pﬂ
(ainalons ssssntuntel by Sy eomninuind spents detlies: buony: Chusiites ande, Habvindupal, Ressalla,
mﬁﬁm
. mﬁﬁﬁﬂqﬁhﬁﬁ

i s ey _.;.’...’.;___"'“’ s e e o bt
ﬂ Mhiﬁlﬁ““m“m
™ G0 R P




\ T & rredilen] Ly duids, seatinred pablies s grstuies in Lasad Bem, Hedrmitwgrr. galorn abo Planobles,
edfe faghte: { Wb deni: 0 bodow  Slorm-waallor wave bara

1AM Cimiwd Tenardmen ﬁiﬁhﬂ ek

pvﬂtsa mm is:i’-il-ih_ ou ,ﬁﬂy' an ; ; lng

'\ UPARS Comtact TSI
LT 2 sand dofrenaled inkevbatdded vi sirdsions and shak; Facs inlally dominated by Ophiomorphs which we
nﬁﬂ;h“(dﬂmdh\ﬂhmnm welh anly ofvs hotloa), sleo
Falanoplwous, Planokies, 0 of sScaps Yaces, ofe Sphonichnus, and ans small chusiar of TAswoioma; oscllalion
wqupﬁmmﬂthmh-@aMMIEbmm
¥ boadls Wit buavowed ops (lam-scra’), minor sidorite, aspecially 8t I0p of unil NaN UPper CORLACE, ApPRErS
o Fepieannl & chivisic wwodersialy siorm dominaied Lowsr Shomslace sucosssion

——  UIAL Conlact
T UNIT shals dorvinaied inderbaded shate snd vil. sandeions; Kaces: dominaled by Helminthopsis, sk, Plavclies,
m?ﬂmiﬂimhﬁﬂimtwiMimhmm

- ENG
-\= should b Yoom logl secovery st base of aore
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CWNG et al Carbon
7-7-29-22w4d

Date logged: May 12, 1993

Logged by: Indraneel Raychaudhuri ©1993

Remarks: Core 1; 10 boxes,

4190°-4230°, Cut 40, Rec. 33.5" (measwed 34.1°) (1277.1-1289.3m, Cut 12.2m,

Rec. 10.4m); 4" full diameter core; photogenic; have box shot the well

CRAIN SIZE

cobble 3 M
']
[ 3
]

E|

— th*mnnmnwmmnmmmmm-u
Mdhm;m%m.n?-mmmdmnummm sandstune with the
mhl’anﬂbmmmwlm'ﬂmmqmd - Yom dharreins

—— LA Contact
% UNIT 2: pabibly and mg sa and pepper sandy Biatse shale, me o tul § e, are S8l 8 cirucem
UIAR Contact: Inisad TSE

Rl Ml:“h*mh'mumuu»muv_ buriowing unnedly Fnt siways vary Ngh,
MHMMMhNMBMMMW
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CWNG RES CARBON
6-9-29-22w4

Date logged: Decer;ber 6, 1951

Logged by: ©1993 indraneel Raychaudhuri

Ground: 826.90 m  KB: 830.90 m

Remarks: Core 1 Boxes 1-14: 1251.2-1266.4m Rec. 14.25m
Core 2 Boxes 1-7: 1266.4-1274m Rec. 7.55m
4" full diameter unsiabbed core; photogenic
depths on AppleCore boxes may still be out by ~1m

GRAIN SIZE
cobble H
pebble
gronule
sand

’—r:si\t

e UNAT 11: Divkc Billy Bhasle with mm scale sharp based sivvil. sand siraaks
mmdﬁmm” rum mm

= U001 Condact
b~ UNIT 10: Ghumwed mg sali and papper sandeions with disporsed roundsd to ahgulad
- miﬁam
« probable ng
iihhi-nmiyﬁdn;-qnﬂdﬁ-hm-d
U110 Conlact
= UMT e Trarwsitioral FA2 into FA2
-_mnmmmmmmnm
Ashsrosoma, Sum lower down, basically anly Planclites and indisinct burrowing in

qﬁ;rpﬁiunnlnnﬂ
t:h-i-ﬂhd:-miﬁ-rihnrgq:iii:n-uhnunihm--n!unpﬁcd:unnfi-h-iq
_ fing the inminas; sl low angle reation suriaces (HCS7). wening flow o

MRmnmdmmmmmmmi

= s FA2 shove i

Jle
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UL Conviact

UNIT 8: Sorted Clast Supported Conglomarsts with a v sand mairix
mhhmﬂmbﬁsﬁmﬂmﬂﬁﬁnﬂmﬁg
Mhﬁmﬁﬁﬂ&‘m“ﬂmﬂnﬁh&idmwh-nﬂhd
i sand identical ©© the snds amured e oo
wmnmmmmmmmni
- dominanily multi-coloured chart pabbiss
« thickress of unit could be (probably is) Incomect dus 10 extensive sampling

U7/ Conlact

UNIT 7: rarwitioral FAVFAZ
miﬁ_gﬁwnsmmmmmFﬂ
Mﬂn“ﬂﬁhh-ﬁmmﬂ\haﬁm

mmwmﬂmmm-ﬂmw
Mnﬁhmﬂﬁﬂymdﬁnmhmmiﬂ
WMHmﬂﬂﬁﬂ

Mthﬂyﬂi with masirmum sard bed Tom thick
- lses Heiminthopsis arxd more Chondvites upwarde{although Chordrites silll rwe, they canbe
m-ﬁmiﬁ-hﬁuuhﬁ@mh-m:m
MM“%IMMhmmmm

Mm_—-ﬁm-ﬂlﬁiﬂihmﬂmﬂﬁ
i d iciad 1o W thicker badded sands

e rgak butwmen Core ¥ arxd Core 2 is approsimaiely here

tene of sall and papper ol.-oU) sarvd with iergest clast an anguler 0.5om diameter shale dip-up

thﬁﬂnm_ﬂ
- ooaresning upwasds S think misol. sand bod with pebibies up 1o S diamater, woll sessded

chont
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L UMNIT 4. Poory Sorted Clast Supported Comglonesake

- probable wansgresswve lag at & foodng srlace/parasegqueive bourwlary

- pabbles are 8 well rounded chen pebbles, some salntined clists (Mmasmum 2 sem
LHT!ﬂS-ﬂm&m,"; edded Sand and Shale

- mmasonabls Wace diversity, mmduﬂmMYrﬂymn;hiﬂ

typas{hwrce & “pinstripe” appearance o some of this un)

- Chondrites and Helminthopais very rve, Asierosoma rare, dommation of Planoldes,

Thalaseinoides and Ophiomorpha (sl lsast 2 types: Ophiomorpha nodosa and Ophiomorpha

ireguiare)
- sivxis afe glauconiic and have lsmines commonly accentuated by orgarec fich matenal,

possible synasvesis cracks, sidertisation near fop of und
mimﬁgﬂ-ﬂﬂﬁ
mmﬁhﬂ-hhm
mnﬂnﬁ:ﬁﬁbmwﬂhﬂ&gnﬂ:mﬁ\mﬂmdm
basad sill bads thal normally grade upwards
= paichy pyritisation which appeers 1 develop around pre-amsiing burfows
U Conimct gracust; part of overall sanding upwards sequence
UNIT 1: Thoroughly Burrowssd interbadded Shals and vi Sand

« typioal regional background Viking lacies with lenees of 1-2cm fluck V1 sands with remvmnt
ouciiation 10 wawvy parslisl laminations
- phandiiul Helminthopeis (sven in tw Banionikc horizon), rarer Chondrtes, Planoliles, arvd small

Astsrosoma
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CWNG CARBON
6-19-29-22w4

Date lgggati Decgﬁﬁer 15, 1992

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 829.70 m  KB: 833.60 m

Remarks: Core 1, 10 boxes; 3.5" full diameter core; 4175'-4220"; Cut 45', Rec.
43.5'; core heavily sampled therefore only marginally photogenic; can't
check depths because | don't have the logs with me; 2 box shots, didn't
shoot basal box or top 3 boxes

GRAIN SIZE

e iry g sfighily motiied sarcielons bad with scaliered granul
drvwn diarmwier chant pabble)

ﬂqﬁﬁﬁiﬂjﬂﬂﬂtﬁ“ﬁﬁﬂ

pabbive, masdmum S diamater; Maraiios, Thalassinsides
ﬁﬂ“ﬂlqﬂﬂmﬁﬂm_ﬂmﬂ

Materssoma, Manaiies, Diplecratorien Wmuﬂﬂdpﬁh:l

i ﬂﬂﬂﬁi“ﬂﬂpﬂiﬁﬂ!—““ﬁ
ﬁﬁﬂﬁﬂ
senglemeepils lng pases up i & palihly i sandetons thal & vagualy wavy pasaliel
ﬂwhﬂ—-ﬂ#mﬁ-ﬁﬂﬁﬂ
&H-&ﬁm




¥
[ %]
=

Bl—— basically sl is ke FAZ, both above and below the “VE 3 5" conglomeraie, the mistbadded
mnmmmbmﬂmmwﬂﬂmm
m;gigmmﬁﬁhwmw-ﬂnmwwm
unbusrrowsd organic-rich shales and the ops of the sands and into the organic-nch shales may

b camaniad with & very ire grainad siderite cement

e poasible "VEL 5" -ype surface with “Wareiionsl FAY" with modersle buowing, bul orrnes of
Chondrites and scaiered granudes sbove (i.8. sightly higher burrowing infensity sbove
congiomersis going above into us FAZ




T
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CWNG Carbon
) Ga?i-zgz?éwi

Date loged: May 12, 1993
Logged by: ©1993 ndh aneel Raychaudhugi

Remarks: Core 1; 14 boxes; 4100°-4150°, Rec. 50° (1249.7-1264.9m, Rec. 15.2m, actual recovery 15.55m); 4°
full dame:ter core; photogenic; box shots of the basal 12 boxes (i.e. boxes 3-14)

CRAIN  SIZ( S ) o ) - -

of ssinad anapaniion; uppareest ons s marked wilth & Glossingites ichaofaoins vl §

~~ UNIT £ similar © balow fncd grades sut of U4, Wi is davk shale wih lenvsos of mg sall and papper sand and

] X-ﬁiﬁﬂjh_ﬁ—!m!mmmmﬁﬁh

L1l )

LMAL: Conlist
= mttnﬂﬁ“:_—pﬂnigﬁiﬁﬂmm*lﬁiﬁ:
iﬁﬁ_ﬂﬁﬁﬁﬁj!mhﬁhh;ﬁlhhm_ﬂhgﬁﬁ
Chant s Wihic pobblen; same Ml & grasuliy W9 00 S g Sand. 50me sandsions and shals dp-ups; Som
= m:mﬂﬁoﬁpﬁ-ﬁ“h-ﬂﬁ!ﬂﬁmnﬁ“ﬁﬁ




Lo el

= UNIT ¥ T“Fllfﬂ‘fﬁhgqmlﬁnﬁam g turrowing dyle, iolally dosinated
ﬁmmmMﬁﬁiﬁdﬂmm Thaless, Fivira,
mm__hhﬂﬁﬁmm mowryg deirsily vl inineaily s g,
acalianyd grnies and pabbiss e sl i Suis fncies; B tacias may segewient banagresive dupealis Ousd
Hﬂiﬂhb“q-ﬁﬁﬁﬂ_hﬁmmﬂhuﬂnﬁm

MM—

"l

L5 ]
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CWNG et al. CARBON
7-27-29-22w4

Date lclgge:; Decm 12, 1591

Logged by: ©1993 Indraneel Raychaudhuri

Ground: 825.10 m  KB: 829.06 m

Remnarks: Core 1; Boxes 1-16, 4080'-4140" Rec. 59’ (prob. 4087-4147°)
Core 2; Boxes 1-4, 41404155 Rec. 13.5' (prob. 4147-4162°)
gxcelﬁltrecmy h!lisqitephatmbutnabaxshots' 4" full

- CRAIN SIZE

o\ Htmmﬁhﬂﬂmﬂm
« inpunl 3com is pubbly with musivasmn pebble 1.5cm dareter, sverage 0.8om dameter,
mnmhﬂmmmﬂ-mmn
gﬁhﬂﬂﬂmﬁimﬁtﬁﬂﬁmuﬂ




1 U&UJ{f A2) Conlact

2}=— UMNIT & Thoroughly Burrowsd Inferbedded v Sarsf and Shale
-i“““ﬂ'ﬂhﬂlﬂm“l“@““snmmﬂ
Ahizocoralium i 80 vary common, the rest of the Faces are K 0 lesser aban
MMLMEEM Mh-dudlﬁ!nmywﬁdﬂﬂn

= epy 3cM by wll rounuiad chenl pabbles st the base of fws sand bad

A~ UNIT & Soned Clast Supported Conglomaraie with & mairix of v sand identical to e

e LINIT 4; banically FA 1 ot bate upwards into kanalional
m:ﬂmn-ﬂmhﬁm-ﬁiﬂmndmi—ph—i
romally oraded sard beds

- overall The unil sands and colrsine upwards sightly
“Hhh“mﬁ—iﬁﬁ-mmmmﬁ
Astercsoma arvd Plaswiiios; Tereboling arvd Palasoplycus end 1o be main:iad 1o e thichsr
badded sarvis for the mast pan

« parwds increass in thiclewis upwieds bom 1-20m thick 1 5-100m thick above; aands can
normally grade upwisds in waning fow sequances whave ther is fare burowing of Fis ps of
s bads could be thoroughly burowed

- scattornd graraies 1o sval pabbiss ot unit base




mmm-mnmw-mum
= marix i dorminandly og sand 10 granues

ﬁ-u&-ﬁﬂm
miﬂlﬂm-ﬂmﬁﬁiwm

Fm

== UNIT 1: Thoroughly Bumowsd inlwbadded v sand ard shale

= typical regionsl bachground Yiking but with a bit lgher sand content

=t 1<2cm thick loaded based sands with rerrant oscillation ripples
mmmnmmmmnmmmh

mnhﬁmmmm-ﬂwm
horizordalis
= much ke FAT iype facies
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CWNG CARBON
6-25-29-23w4

Date logged: November 17, 1992
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 840.30m KB:844.00 m

Remarks: Core 1:10 boxes, 1295.8-1307.2m, cut 11.4m, rec. 11.2m; Core 2;8
boxes, 1307.2-1315m, cut 7.8m, rec. 7.5m; Core 3;8 boxes,
1315-1323.8m, cut 9.8m, rec. 8.8m; 4" full diameter core, very
photogenic, good recovery, box shots; depths on litholog are correct

CRAIN SIZE

i gl
1

77777 f=—— UNIT 23: Dtally chumed shaly 1U sandetons; Woially burowed, sand is “asht and pepper”;
\eaN123 Coned

UNIT 22 vary thin conglomeraiic lag (sckmlly & smesring of verser of masimum fom
dameier pablies on ransgressive surlace); sideritised clasts rourciad and up o Gcm diamevier

UR2AR2 Contact: Tranagressive suriace ("VES)

%—; UNIT 21: amaigamate
ol FA2
6

] UNIT 2 emantally FA2

e gt I Bl BN &, it Wilh 3-8 thick cuclliaion to combined flow 10 wevy paralial
lminaied sandetors bade

e gl & “plrairipey” lacies with 1-46m sharp bastd fning up stomm sarele te ale to mud
. with suirermaly rare inavowing intorally, sideriiond bishe syrmrstls cratie ofe.
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— U120 Coninct

— UNIT 15 essantially 1 same a8 U17; lsssar degres ol burrowing near base; Same Vaoes &
U7, add Anconichruss, sublract visible Tevebetira; Transtional FA?

= U119 Conlact
UNIT 18 clast supponed conglormerate; lsrgest pebbie 1.3cm dismeter but overwhelming
rrajoritly 8-Brmn diarmaier; matrix is Qranules 10 ve sand; thin sireik of shals in e middie with

Chondvites and Planaliss
:\ UI70U18 Contect

- UNIT 17: moderstely burrowed thinly interbedded v sandsione and shale; this unil is a dead
ﬁhﬂl“hnmﬂghﬁémm““tiﬁm

m“ﬂnﬂuﬂmmn&‘mmﬂmﬂh
oaciiation rippls lamines; sandstons beds are sharp based, fining up

= Ut@ANT Conlact

UNIT %: intsbaciied vi sancietons end shale; some §-10cm thick siorm sendaionirs with low
ﬁiﬂm‘ﬂmmmﬁmﬂﬁhﬁﬂ

- Hltﬂmw-ﬁlhﬂmbﬁﬂmm
ohesrved is 3.80mc damirantly quite well rounded chart pabibles with some possible voloanic
clasts; dominantly 1-3cm diarmeter pebbles with & “marix® of 0.5cm petibles, granules and wf
sand similar 1o e suvourciing W sanceions; possibly up 1o Gcm darneter pabblest

LHAUS Contict

L UNIT 14 8040 Shindy inlwviskind vf sandstons and shals; organic deirilus; coaly rip-up
mmmmﬁﬁﬂmm
Palnsephyous, Torsbeling; 1-3cm thick sandeions bads with small scals
rhmnﬁm“ﬁ—ﬂmﬁﬂl
LHAN4 Conint
= UMIT 13 slmiler & urcierlying unit but much sandier with sorme tick beds (10-1Eom) wilth iow
angie balined iaminalans Sut lacally pase up inlo osclliaiion 1 combined lew ripples (waning
-\nmﬁwﬂuﬁmmwmmnﬁm_
sloon banls aleo; leanl siderts; s 0 ol urvewing: mush The thin badded FAZ: baces where
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Planoltes, Palasophycus, Asterosoma, Heltwithopsis, rare Chorsiies, nare Tes b bios, T
Diploctatenon, all waces small, also posstse Ancorectows, kuoks ke Fansdonad § A1 A
LU0 Contact
UNIT @: rarely burmowed organc1ich shale wiih mem Tom ek sit'vil swnd bous tat an
commonly dracontnuous on the scake of the core, oaded based, sham hased iwy 1p
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LOC UNION ENTICE
10-14-29-24w4

Date logged: April 1, 1992
Logged by: ©1993 Indraneel Raychaudhuri
Ground: 816.30 m  KB: 820.20 m

Remarks: 3.5" full diameter core, Core 1; 10 boxes
4300°'-4346' (actually 4310'-4358' or 1313.69m-1328.32m)
quite photogenic; have box shots starting ~1.23m above base of core

GRAIN SIZE
cobble M
pebble E
grenule
sand E
a-.I.r_:—r"“' :
il etey

- ; m— lJ-tlmylhdbuul|nlnlalllhnq»bno-dvtlandltiqywlvut'posuhhnuuvyp-nld
! laminae, wo 1cm sharp loaded based v sand beds near top

j— 'Iﬁﬁhnluhlﬂgﬂ.’lblllIlllﬁdcﬁlﬂlnﬂﬁliCDUIOIﬂlﬁiGilnnllndiigﬂlll'&

iy g poorly sorted, maximum petble 1.5cm diameter, average 8mm diemeter, fewer pebbive
............ upwarde, some anguler shale rip-up clasts also

Bt IO | FA2Transgressive Contact

------------ « upper pant of this clast supported conglomerats has more my “salt end Pepper” sand mutri

KNI and shows hints of cross bedding and seems 10 grade up into the shaly sand sbove

e gleo Anconichnus(?) and thoes wiepy biack races
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—— o obvious sknpng/soft sedment deformation features above here, an Bcm zone of low
angia planas sand above here which 1s overtain by finer grainad, organic-rich apparently
syuctrelass sand/sit (vague hints of some low angle parais! larwnations)

e “psycho’ walled Terebelina

jeeme— FAVFA2 Contact
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Bumper Enron Swalwell
7-1-29-25w4

Date logged: May 11, 1993
Logged by: ©1993 indraneel Raychaudhuri

Remarks: Core 1; S boxes; 1451-1457.55m, Rec. 6.55m; not logged since it 15 all smocuous Cokwado Shale,
Core 2; 14 boxes; 1457.55-1476.25m, Rec. 18.7m; 3" slabbed care, but not very photogenic with
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