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‘ ABSTRACT

The geologic history of sedimentary strata exposed oft the southeast coast of
Baffin Island on Quqaimt Durban and Padloping islands is poorly understood. A
model explaining the environments of deposition and age of these strata is a valu-
able contr_ibution towards the construction of the geologic history of this region, both
in terms of‘platé tectonics and hydrocarbon exploration. |

By using facies ‘anélyses. deposition at the onset of faulting took place in braided

streams which was followed by deposition in backswamp regions of fluvial environ-

_ments, meandering streams, and locally, distal alluvial fans. Volcaniclastic facies are
A A y

~ also represented at the upper contact of strata with volcanic basaltic breccia.

Two 'miospore assemblages consisting of: Assemblage 1 (dominated by bisac- »
cate pollen, and contains specimen(s) of Distaltrigngulisporiles Qam[g_xus (Singh)
Singh, Enmﬂmnbmudmmﬂts (Hediuna) Burger, J..y.cnnomamdnesnanatmu_
latus Singh and Qg_dﬂp_ugs ganadgnms Pocock among others and woody and coaly

: .debrts) and Assemblage 2 (contammg specimens-of Trivestibulopollenites betuloides |

nd Pesavis iault..tﬁns.ts Elsik and Jansonius among others and dinoflagelates)

are dateq as Aplian to latest Albian and Late Paleocene-Eocene, respectively. Dat-

Islangstrata, and in strata located below the first volcanic ash and debris flow on
Padloping and Quqaluit islands, resbectively. Assemblage 2.occurs in strata located

n and above the first volcanic ash on Padlopmg tsland and in strata. located above

» the dsebris flow on Quqalunt Island.

The vegetation in this small fault-bounded _basin appears to he that of a conifer
dominated forest. High percentages of bi%accate pollen _in thé meanderihg stream
complex may indicéte a vegetation preference twith fluvial style, however, hydrody-
namic conditions played an‘important role in pollen distribution.

Thermally immature, wood and coal dominate the organic matter in these beds.

pa!éo'b—otany is éupportive of these ages. Assembllagre 1 occurs in Qutbah -




ﬁ e
. iii

Therefore, thege strata, given a sufficient geothermal histoqy. may source gas and

minor liquid hydrocarbons offshore.

The depositional model indicates that the timing of either initial rifting or crustal

attenuation between Greenland and North America was Early Cretaceous. .

KEY WORDS: Sedimentology. Palynology, Facies, Fluvial, Hydrocarbons, Baffin Is-

land, Cretaceous.

fr




. "ACKNOWLEDGEMENTS

In the course of this research many people have encou raged and offered helpful
advise. My supervisors Elliott Burden and Ali Aksu,are ackndwledged for their con-
stant assistanee, friendship and patience. Fellow graduate students, in particular

-Paul Myrow, Chris Ryley and Brian Sears, are thanked for their informative conversa-

“tion, editing and valuable suggestions. H. Gillespie assisted with palynomorph proc-

essing. _ »
Financial and Iogusncai support was provided by the Geological Survey of Canada
(E. Burden), Natural Sc:ences and Engineering Research Counczl (E. Burden) and
Polar Continental Shelf Project (E. Burden), a Texaco Research Grant (A. Langille),
‘and Depanrhem of Indian Affairs and Northern Development-Northern Scientific
Training Progfam Grant (A. Langille). Logistical si.ipport was also provided by Parks
. Canada (Brdughton Island) Chevron Canada Resources Limited and Shell Canada
Resources L:mxted are thanked for their support |
Acknowledgements are-also addressed to J. Bassunger E. Deutsch H. Kutluk, B.
Clarke, and J. McMnlIan. A special thanks to my mom, Iate father- and sisters whose
_ﬂendlessmmaLsupponhas_beeﬁ invaluable. Final thanks ara addréssed to my wife,

Anne Charlebois, for her constant understandihg. encouragement and love.




A

DEDICATION

- This thesis is dedicated
to the memory of

‘my unequalled educator;
Bennie Ladgille, |

my dad.

.




- TABLE OF CONTENTS | )

N . Page
- Abstract ' _ e
Acknowledgements r
Dedication Ty
TableofContents .- . . . ) vi
List of Figures . } S ix
List of Tables . X
CHAPTER 1 INTRODUCTION 2 1
1.1 Purpose and Objecti\)es e S 1
1.2 Previous Studies — 1
1.3 Access and Logistics e 5
1.3.1 Field Methods e 5
1.4 GeologicSetting-  __ __ . .. __ 6
' 1.4.1-Tectonics S 6
1.4.2 Structural Framework e 9
- 1.43 Basement ____ . .. 9

1.4.4 Sedimentary Rocks o 9
145 Volcariigj S _ e 12
CHAPTER 2 SEDIMENTOLOGY - NN . 14
2.1 Introduction | . 14

2.2 Facies Descriptions, Distribution and
- Process Interpretatio_ns b_____‘,_u_w_. e 14
2.3 Facies Associations : 3 A I X ]
2.4 Synthesis of Environments of Depositon .. . '40
'




2.5 Sandstone Petrology

2.5.1 Detrital Modes

2.5.2 Framework Grains

2.5.3 Matrix and Cement

2 5.4 Grain Size, Sorting and Texture

2.5.5 Petrologic Summary

2.6 Reservoir Rock Patential

CHAPTER 3 PALEOBOTANY, PALYNOLOGY AND
OTHER ORGANIC MATTER '

3.1 Introduction __

3.2 Palecbotany -

3.3 Palynology ,_.w._ﬁh_,

3.3.1 Methods
3.3.2 Systematics

3.4 Other Organic Matter _.. S

CHAPTER 4 DISCUSSION R

4.1 Biostratigraphy — —

4.1.1 Assemblage 1

4.1.2 Assemblage 2

4.2 Palynology and Lithology .

4.3 Geologic Model .

" 4.3.1 Local Basin Development

4.3.2 Regional Scope

T
4.4 Petroleum Geology

4.4.1 Present State of the Offshore

4.4.2 Petroleum Prospects (Cape Dyer Region)

vii
43
45
45
48
48
48

- 49

51
51
52

52

52
57
107
112
112

112

114
116
119
119
122
123
123

. 125




" ‘ \ viii
CHAPTER5CONCLUSIONS .. . .. P )
REFERENCESEITED . . 128
PLATES _

e 14

APPENDIX A -A, Stratigraphic Sections ..~ . ... __ . . (in pocket)

APPENDIX B, B, PetrologicData _______ ~ . . __ 159
APPENDIX C,, C, Palynology Sample Data . . . ... . 161
APPENDIX D Palynomoph Counts _ . .. _ . * (in pocket)
?
<3




LIST OF FIGURES (Short Titles)

Figt.J're '
1..1 Location of study area . ] i 2
1.2 Location of Buchan Gult and Scott inlet and |
| Location of oc;aanic crust in Batfin Bay : ' - 4
1.3 Sedimentary strata on Padloping Island - 7
1.4 Formation of Baff_in Bay and the Labrador Sea 8
1.8 Seismic (normal faults in subsurface) . 10
1.6 Fault on Durban Island R 1
1.7 Basattic flows and basaltic brgccias ' . 13
-2.1 Facies A (Coarse Grained Sandstone) .. 18
2.2 Facies B (Mudstone) - ' 18
2.3 Facies C (Interbédded Sandstone and Mudstone) 20
2.4 Facies E (Epsilon Cross Sets) : .27 |
2.5 Facies E (Channel Cut-and-fills) Y
2.6 Convolute lamination in Facies E ‘ 28
2.7 Bulbous concretion;ry sandstone in Facies E | 28
2.8Facies F (Arkosic Sandstoné) 32
2.9 Facies G (Gravel-Supported Conglomerate). _. . , 32
2.10 Facies H (Volcanic Ash) . L 34
2.11 Braided stream‘depositional environment ] ' 41
é.12 Meéndering stream depositional environment i - 42
' 2.13 Correlation of depositional complexes | | 44
2.14 Detrital plots for sandstones . 46
2.15 Detrital plot for sandstones (> 15% clay) _ ' ¢ 47
3.1 Pollen "diag(am-Padloping Island (sec.1) . | (in pocket)
3.2 Pollen diagcam-Padlo;jing Isiand (sec.2) - (in pocket)




3.3 Pollen diagram-Quqaluit Island (sec.1) _____ _ . -

3.4 Pollen diagram-Quagaluit Island (se¢.2)

3.5 Pollen diagram;Durban island (sec.1) _.

4.1 Range chartof significanttaxa __~
- 4.2 A Geologic history (Phases 1 and 2)
B Geologic history (Phéses 3 and 4)

4.3 Regional stratigraphic corre!ation

4.4 Hydrocarben exploratory wells in Davis

Strait and northern LabradorSea ... .. . .

Lo x
L]

(in pocket)
. (in pocket)

e {In pock !i
(inpoc 92;
115

120
121
124

126




LIST OF TABLES (Short Titles)

,

Table

2.1 Proximate analyses of coals

- 2.2 Facies associations . _____

3.1 Summary of paleobotanical analyses

3.2 Organic macerals . .;f

3.3 Organic matter typing (reﬂe\cted light)

3.4 Organic matter typing (transmitted light)y
&»

3.5 Maturity measurements

4.1 Summary of palynological data




‘CHAPTER 1 INTRODUCTION
1.1 Purpose and Objectives .

Discovery of hydrocarbon slicks in .Baﬂin‘Bay during the 1970's has initiated an
interest in \the sedimentary outliers exposed along the southeast coast of Baffin Is-
land (Loncarevic and Falconer, 1977, Levy, 1978, 1979; Maclean and Falconer,
1979; Levy and MaclLean, 1981; Grant gt al., 1986). Study of the pre-Quaternary
sedimentary geology of this area contriputes information towards a better under-
standing of the timing of tectonic events in Batfin Bay and Davis Strait. Research of
ih‘is nature also provides important data concerning the hydrocarbon potential of the
adjacent offshore region. This study is a sedimentologica! and palynological investi-
gatiqn_of ihe reported Cenozoic strqta oft the southeast coast of Balfin [sland in Mer-
chants Bay, on Padlc;piﬁg. Quaqaluit, and Durban islands (Figure 1.1).

This ir?asearch involves the identification of depositional environments, utilizing'
facies analysis and age refinement of strata using palynology and paleobotany, thus
eéfablishing a basis for postulating sedimentary basin development. Investigative
techniques for eéch subdiscipline of. this study are presented at the beginning of
each chapter.

1,.2 Previous Studies

Thq first documented reports of sediments on Padioping, Quqgaluit, and Durban
istands is fro'm the Norse sagas (Mowatt, 1965). Mowatt (1965) states that in 982
(A.D.) Erik the Red crossed Davis Strait and explored the coast of Balfin Island.
Mowatt (1965) mentions a prominent point.“ known 1o Erik and his people as Coal
Cape, which may have been the sediments near Capa Dyer (Figure 1.2). 'Sutherland
(1853) reported coal at Cape Durban which was used to supply whaling fieets along
the coasts of Baffin Island and Greenland. Mowatt (1965) and Sutherland (1853)

constitute the only reports of coal occurring on the coast ot Baffin Island. Howaver,
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3
this author suspeéts Suthedand (1853} is referring to Padioping 1sland since the only
coal observed in the study is on Padloping Island.

Based on megalfloral remains found in shale§ on Durban Island, McMillan {1910)
proposed a Tertiary age for the sedimentary strata in the region. .

Over the next sixty years literature concerning this area deals mainly with volcanic
rocks which conformably overlie the sedimentary strata. Works by Kidd (1953),
‘Wilson and Clarke (1965), Clarke (1967), Clarka (1368), Clarke (1970), Clarke and
Upton (1971), Deutsch gt al. (1971), and Kristjansson and Deutsch (1973) discuss

the volcanics in detail. Clarke and Upton (1971) mention the sedimentary strata

briefly and suggest that the coastal outliers at the Cape Dyer area are erosional prod-

ucts created during the rifting stage prior to the opening of Baffin Bay. They also

state, based on paleobotanical work by Bell that the sediments on _qualuit, Padlop-
ing and Du[pan islands, are Tertiary in age.

- During 1976 and 1979 hydrocarbon slicks were observed in Scott Inlet and
Buthan Gult (Loncarevic and Falconer, 1977; Levy, 1978, 1979; MaclLean and Fal-
coner, 1979; Levy and MacLean, 1981; Grant et g|., 1986) (Figure 1.2). These ob-
servations, at a time when Canada was attempting to secure hydrocarbon reserves
for future se'f-sutficiency, generated a great deal ot interest in the sedimentary strata
below Baffin Bay and Davis Strait and in the pre-Quaternary sediments exposad
along the coast of ea;tern Baffin Island. )

The most recent works in the study area are those of Holloway (1984) and Sears
(1986). Holioway (1984) reached the following conclusions: (a) the age of the sedi-
ments on the three islands is Early Cretaceous; (b) the depositional environment was
terrestrial; and (c) the sediments may or may nol be related to the rifting ot Batlin
Bay. Sears (1986) states that the sediments are of a fluviodeltaic origin and were
deriVed from the surrounding gneiss and local granite. He correlated the sedimen-
tary outliers from the three islands and suggests that the strata on Durban Island

represents a distinct lobe of a delta comipiex.




BAFFIN
Y

R \ Yy
Echiose Saund \
( 74 |

GREENLAND
N ;
Sucnan Sul \due
¢ . \' \
0"‘6 Scott lm:t ?
S AN
Y, \
- 4 \\
¥ » 7 = \
S J z Ny \
/ ?
{

Hoisteinsoorg

N

A Y
_ \\ N
v
4 \
-, > A \‘
‘! 5’\/[ ) N
HUDSON <, LABRADOR™S
BAY 3 SEA T~
2 v N Ity
o) : ~
[o] N
3-8 .
Figure 1.2 Regional Map (arrows show location of Buchan Gulf and Scott Inlet,

area within dotted lines contains oceanic crust (according to Shell
Canada Resources Limited, 1986)).




1.3 Access and Logistics .

Access to fhe study area is achieved by flying north from Montfeal to lqatuit (for-
merly Frobisher Bay) and Broughton Island. The study area lies approximately 80
km southeast of Broughton Island. Trave! fo this remote locality is by small insﬁore
fishing vessel. | , | ’

Weather and ice conditions play a major role in the quality and quantity of geo-
logic field work that can be carried out on the southeast coast of Baffin Island. Wiih-
out helicopter support the field season can be very short, three t6 four Weeks in late
July and egmy August because of poor weather and pack ice cqnditio?s. During the
field season of 1985, weather and ice conditions presented no transportation or ac-
cess problems. The field season of 1986 was not so favorable; lhick; pack ice short-

“ened the field seéson to only two days. . ‘

The main base camp for field operations in 1985 and 1986 was constructed on
the north shore of Padloping Island, justinland from a prdminent spil. -From this loca-
tion the strata on Padlpping Island, east of the camp, and the strata on tha north
coast of Quqéluit Island, were examined. Field work an Durban Island (1985 field

season only) was based in an abandoned D.E.W. (Distant Early Warning) Line Sta-

tion warehouse. Sedimentary strata are located on cliffs east of the island top camp.

~ 1.3.1 Field Methods
_' Field operationé consisted of detailed measurement of sections noting lithology,
color, grain s;ize. bed contacts, (scoured, sharp or gradational), and primary and sec-
. ondary sedimentary structures. Pa}ynologicél sarhpres were collacted approximatety
evary five metres. : ' " | '
Five stratigraphic sections have been measured {two sections from thaluit and

.Padloping islands and one section from Durban Igland) (Appendix A‘-AJ) (Figure
1.1). Collections include (a) 150 palynological samples, (b) 26 petrology samples
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(thin sectioned), and (c) 15 s‘amples of fossil plants and plant remains. The sedimen-
tary sections on all three islands are located or: sleep- cliff faces adjacent to Davis
Strait (Figure 1.3). ’
1.4 Geologic Setting
'1.4;1 Tectonics

The tectonic history of Baffin Bay is a complex, and to date, contested issue. The
present geological setting is explained by invoking one'of two general models. The ~
tirst states that Baffin Bay formed in the Paleogene as seafloor spreading along the
wastern arm of the Mid-Atlantic Ridge seperated Labrador and Baffin Island from
Greenland (ClarkeUpton, 1971ﬁ Keen et al., 1972, 1974, Srivastava, 1978;Jackson
et al., 1979; Menzies, 1982; Rice and Shade, 1982) (Figure v—1.4A). The second
model states that Baffin Island and Greenland did not drift épart to form Baffin Bay.
Baffin Bay formed by the foundering of continenfal crust b_y extensional forcss; Iittlg
. new opceanic crust was p;oduced (Grant, 1975, 1980; Umpelby, 1979; Kerr, 1980)
" (Figure 1.4B). A small belt of oceanic crust has been observed near the centre 6f
Batfin Bay paralle! to, and running between, Cape Hooper and Bylot Island; (Figure
1.2). Oceanic crust has not been observed in Davis Strait east of Cape Dyer ('J. Krill
and O. Friedenreich, pers. éomm.. Shell Canada Resources Limited). Howaver, ac-
- ¢ording to Rice and Shade (1982), only a por_t_io_n of Davis Strait is not floored by true
oceanic crust. 7

According to Rice and Shade (1982) sedimentary strata preserved in the Cape
Dyer area on Quqaluit, Padloping and Durban‘ islands, mark the initiation of the Cre-
taceous-Tertiary spreading events of Balfin Bay and 'are therefore a key in ung_er-
standing the tectonic history of this area. Srivasta;/a (1 978)" suggests a Late Creta-
ceous (75 Ma) date for the initiation of rifting betwgen Greenland and North America.
This prasent study has redefined the age of the strata as Aptian to latest Albian and




Figure 1.3 Sedimentary strata overlain by volcanics and talus on Padloping Island.
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Lale Paleocene-Eocene. respectively.
1.4.2 Structural Framework
Npmerous northwest-southeast striking, westerly-dipping normal_faults (Menzies;
1982) and many fault-related Teniar!-Cretaceous sedimentary basins are located in
the Davis Strait-Baffin Bay area (Miall, gt al., 1'980). Nommal faults ére visible on off-
shore seismic sections (Figure 1.5) and in outcrops onshore (Figufe‘ 1.6). Thess.
, strike northwest-southeast and dip towards the west. Throw on these faults is in the
order of hundreds of metres with the angle of throw decreasnng with depth (listric (J.
Knilland O. Fnedenremh pers. comm., Shell Canada Resources Ltd). These faults,
likely assocuated with nﬂmg or crustal ananuanon of the region, formed ha!f -graben

tructures into which continental sedlments were depos:ted

1.43 Basement
The reguonally extensive Precambnan basement consists of mngmatxzed amphi-
bolite to granulite facies paragneisses, composed of quartz, feldspar, and biotite,

with miner amounts of apatite, muscovite, gamet, epidote, zircon, and magnetite.
The gneisses are cut by pegmatite dykes of 1700 m.y. (Clarke and Upton, 1971), and

on Durban Island, by an undated muscoyite-tourmaline granite. A regolith, usually
five to ten metres thick, is commonly observed on basement rock which is covered by
sedimentary strata.. The regolith consists of weathered bedrock weakly bound in a

yellow-orange clay matrix.

1.4.4 Sedimentary Rocks
Sedimentary strata, previously described as Cenozoic in age and of fluviodel-
taic origin, occur as oguiers on the southeast coast of Baffin Island on Quqaluit, Pad-

loping and Durban islands (Clarke and Upton, 1971 and Sears, 1986). Strata consist _
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Figure 1.6 Fault visible on Durban Island.
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of poorly lithified sandstones and "shgt‘esiwith rﬁinor coal which is locally found uncon-
formably overlying the regelithic ‘paragneiss (Sears. 1986). The sandstones are
_composed of quartz, feldspar, and mica (Clarke and Upton, 1971; Sears, 1986).

The sedimér;taryb strata were deposifed in small fault-bounded basins on the mig-
: maiized Precambrian paragneissic basement (Sears, 1986). Sections have been
~disrupted by post-depositional faulting, soft-sediment detormation and cryogenic ac-.
tivity (Sears, 1986). '
1.4.5 Volcanics ;

Vc;lcanic strata cor)formably~overlie thg sedimentary strata on all the islands ex-
amined in Merchants Bay and .tdnn high clitfs between Cape Dyer and Quqaluit ls-
land (Figure 1.7). The volcanics consist of subaerial olivine-rich basaltic lava which is
underlain, locally, by subaquepus volcanic precc}a (Clarke and Upton, 1971). V;)l-
canic ash beds are interbedded with sedimentary strata on both Padloping and
Qugqaluit islands. The geology of these basaits and volcar;ib breccias has been dis-
cussed in detail by Wilson and Clarke (1965), Clarke (1970) and Clarke and Upton »
(1971). Clarke and Upton (1971) suggest an age of 58 + 2 m.y for the basalts based
on potassium-argon dating by Farrar. However Deutsch gt al. (i971)‘ and B. Clarke
(pers. comm., Dalhousie University) state that the potash content of the rocks ’is ex-
ceptionally IoW tor continental basalts and thereby makes potassium-argon dating
very difficult. 8. Clarke (pers. comm., Dalhousie University) and E. Deutsch (pers.
comm., Memorial University of Newfoundland) question the credibility of the botas- )

sium-argon date.
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Figure 1.7 Basaltic flows and crossbedded basaltic breccia compose the cliffs at
Cape Searle, Quqaluit Island.
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- CHAPTER 2 SEDIMENTOLOGY
2.1 Introduction ‘

‘Sedimentary strata, consisting of interbedded sandstones, mudstones andr coal
are well exposed on the southeast coast of Baffin Island. These strata are excellent
research material fof facies analyses.

Facies descriptions, spatial distribution, process interpretations, and associations
allow the generation of local an\;ironment of deposifion interpretations. With this
framework, the construction of fluvial facies models and the reconstruction of the
depositional history for the sedimentary strata, exposed on the southeast coast of
Baffin Island is achieved. -

2.2 Facies Descriptions, Distribut'ion and Process
. Interprelations ‘

Eight' facies are described, illustrated and interpreted using the criteria for tacies
outlined by lieading (1978). Exposed strata of facies are referred to as “units”. Min-
eralogical composition and sorting were dgtermined from the study of thin sections
’ (Section 25). Detailed lithological logs (stratigraphic sections) of all‘.fa'cies are pro-
vided in appendices A -A,. The eight facies are: o

A: Coarse-Grained Sandstone E: Medium-Bedded Sandstone

B: Mudstone ‘ - . F Arkosnc Sandstone

C: Interbedded Sandstone and Mudstone G: Gravel-Supported Conglomerate

D: Subbituminous Coal ~ H:Volcanic Ash

Facies A: Coarse-Grained Sandstone
" Description N ‘

Facies A is characterized. by beds of medium to coarse—grained subarkosic to
quanzareniﬁc sand. whits to grayish-whits in color (Figu}e 2.1). This faciesis found

in units whose average thickness ns 3 5 metres with a minimum of 0.25 metres and a

maximum of :approxumately 6 metres. Bed thickness ranges from centimetre-scale

-~
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near the base of units to decimetre-scale near the top of units_. Bed contacts in Fa-
cies A are always scoured. i

Trough cross bedding is very common; sets average 10 cm in thickness and 30-
40 cmin length. Granuleé and very coarse sand are common at the basa of the sets.
Locally, centimetre-scale ripple cross stratification, outlined by organic plant debris,
are prbsent in finer beds of this facies. Thin bands of terrestrial organiG debris occur
between trough cross bed sets. Other rarel'y obseived depositional sedimentary
structﬁres include centimetre-scale horizontal lamination and centimetre-scale mas-

sive sands. Aithough fossils are uncommon, some samples from beds of Facies A

yield terrestrial palynomorphs and wood.

. Distribution

This fac_ies occprs at the base of all sections except Section 1 (QU-01A) on
Quqalm'.t Island (Figure 1.1)’ Beds coarsen upward frc;m medium grained sand to
coarse grained sand witﬁ granules. Centimatre-scale beds near the base of units
thicken to decimetre-scale Beds towards the top of units. The lou)er contact of beds
is always scoured aﬁd the basal occurfenée is uncanformable over highly weathered
-Precambrian migimatized g‘vneiss.. The upper contact of @he highest beds of Facies A
is always sharp to beds of Fd¥les B, D, or .

Process lnterpretatlon

Lithology, grain size, and sedimentary structures indicate that sediments of Fa-

cies A were deposited in a high énergy setting where currents winnowed silt and

clay. Trough cross stratification in medium- to coarse-grained sands has been ad-
dressed by many researchers (Harms and Fahnestock, 1965; Miall, 1977). It has
geherally been acéepted that large-scale (depth greater than 10 cm) trough cross

-stratification is formed by the migration of dunes in the lower flow regime (Harms and

Fahnestock, 1965; Miall, 1977). Trough cross beds 10 cm in thickness dictats

megaripple amplitudes of 15-20 cm (Cant, 1982). According to the studies of Harms
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and Fahnesto'ck (1965) water depth would have exceeded 30 cm. Ripple cross
stratification, more common in thinner beds of Facies A, occur most commonly near
the top of beds where they formed as “small” ripples superimposed on the underlying
megaripple.

The coarsening upward (reverse grading) of beds in this facies, is explained by
migration of bar heads over bar tails as sand forms migrated downcurrent; this is
similar to depaosits described by Steel and Ae;sheim (1978). Preservation of a com-
plete bar deposit may result in a coarsening-upward sequence; however, the more
common situation is the praservation of partial sequences consisting of numerous
superimposed sets of trough cross badded sandstones (Miall, 1986). The increase
in thickness of beds of Facies A upsection may be a function of increased deposition
(higher deposit_ion rates and/or greater availability of sand) thereby creating larger
sand forms with time. v

Petrologically, the absence of sedimentary rock fragments, the prorﬁinence of
gneissic and granitic rock fragments and the angularity of clasts in the sandstone
samples from Facies A strongly suggests only one cycle of weathering and deposi-

: fion. vThese sandstones resemble the first-cycle fluviatile Sioux Quartzite sandstones
of southwestern Minnesota (Southwick et al., 1986).

The absence of fine-grained sediment and presence of many indicators of a high

énergy environment and the stratigraphic position of this facies - at the base of each
smeasured section, where it unconformably overlies the Precambrian. migmatized
gneiss (not uncommon, e.g. Southwick et al., 1986), combined with information on

lithalogy, grain size, fossils and sedimentary structures, suggests that Facies A rep-

resents the deposits of sinuous crested dunes in a terréstrial aguatic depositional '

environment.

Facies B: Mudstone
Description
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Facies B consists of grey to black, massive or laminated mudstone. Laminated
dark-colored sec.:tions. which containa high concentration ot organic matter are pres-
ent. The thickness of beds varies significantly from 1.5 metres to a maximum ot 6.0
metres. Terrestrial plant dabris, laminated plant debris and terrestrial palynoamorphs
(discussed in Chapters 3 and 4) are common. Root traces and faunal remains are
not common; only one root trace w‘as identified in this investigation. At some locali-
ties there are welt preserved coniferous needles and tern fronds on bedding planes.

Two very thick beds (1.5-3.0 m) of s‘tructureless. ofganic rich mudstone are of-
note; they contain well preserved logs and log debris of ?Metasequoia (Plate 1, Fig-
ure 1). These occur in the upper part of Padlopihg Island Section 1 above beds of
Facies H (Volcanic Ash) and in the upper part of Quqaluit Island Section 1 above
beds of Facies G (Gravel Conglomerate) (Figure 2.2).
Distribution ' '

Facies B makes up only a small perceniage of the sections studied; it is prasent in
wide[y spaced intérvéls. Uppér and lower contacts with beds of other facies (A, C,,
C,. D,F and H) are shamp. |
Process Iinterpretation

Grain size and lack of traction featur'esu indicate that sediment of this facies wés
deposited from suspension. The dark color of this facies .is from high levels of carbon
associated with with plant detritus, variations in which have produgad laminae (Potter
et al,, 1980). Siderte éoncretions may form around nuclei of decﬁying organic matter
under conditions of low Eh and high H,S levels produced by sullate-reducing bacte-
ria (Pettijohn, 1975). These concretions commonly form around terrestrial plant root-

lets (Collinson and Thompson, '1 982) as may be the case in this study‘.A
- Based on the sedimentologicgl characteristics it is likely that Facies B (mudstone),
formed in pools of standing water. The presence of terrestrial palynomorphs ahd

abundant woody debris suggests a terrestrial origin.




Figure 2.2 Extremely organic rich mudstone containing
?Metasequoia logs and voluminous organic debris.
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Facies C: Interbedded Sandstons and Mudstone
Description : - |

Facies C is characterized by interbgdded (cm-scale) ﬁ_né,to very fine-grained
poorly lithified sandstones {subarkoses -and greywackes) -and grey to grey-black
mudstones (Flgure 2.3). This facies has been divided into three subfacies based on

.the estimated ratio of sandstone to mudstorte in the strata (C, -20% poorly Inthmed
'sandstone C,-50% poony lithified sandstone; C,-nsar 100% fine- gramed moder
ately sorted, poorly lithified feldspathsc greywacke). ‘

Subtacies C, has an average unit thickness of approximately 2 metres and
ranges from 0.25 to 20 metres. Beds of bulbous (upper surface ol beds) calcnte ‘
cemented concretnonary sandstone are presentin a 20 metre thick unit of C.. These
calcite-cemented quartzwackes are medlum bedded genera!ly < 0. 40 metres thnck ,
very fine grained and poorly to moderately sorted Woody plant debns form Iammae
and are common in the silty and clay-rich strata of this subfacies. Orgamc plant mat- 4
ter includes coniferous needles, “planthash”, fern f(onds and terrestrial’ palynomor ‘
phs (discussed in Chapters 3 and 4) | L

Subfacies C, ranges in unit»thickn'ess from 1.0 to 3 metres With an average of .1 3
metres. Laminae of woody plant debris are common in the silty and‘c'lay.-'rich strata. -
Plant matter includes coniferbus needles and “planthash” with poorly pr.ésrerved fern _
fronds Palynomorphs present in samples from strata of 5ub!ac:es C are terrestnal

- Subtacies C, is characterized by thinly bedded (3-10 cm) fine- gralned moderately
sorted, feldspathic graywackes and well-sorted quanzaremtes which are white to yel-
lowish whlte (cream) in color Average unit thickness of subfacies C, is 0.50 metres
with a range from O. 2% 0.60 metres. Horizontal lamination is the dominant sedi-
mentary structure; locally, small-scale ripple cross stratification and massive beds

are*present: Rip-up clasts (< 3 cm in maximum dimension) of red (oxidized)

mugstone are common, particu{any along lower contacts. Also present are rare,
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Figure 2.3 Facies C: Interbedded sandstone and mudstone (subfacies C,, C, and
C, are indicated; total thickness of C,-C, is 10 m).
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small (< 2 cm in diameter) siderita goncretions.
Distribution
Beds of this facies are common and occur in all sections examined in this study.
The intemal and lower contacts betwsen beds of subfacies C,, subfacies C, and
subfacies C, are gradational‘. The upper contact of beds of subfacies C, to beds of
subfacies C, are usually scoured and sharp, however, all other upper contacts of
beds of these subfacies to overlying strata are gradational, except when overlain by
beds of Facies A or E, g which case the contact is sharp and erosional.
Process interpretation ( ~
The predominance of very fine sandstone and mudstone in éubfacies C, suggests
that thesa ynits were depo‘sited in a relatively low-energy environment, such as
'abandoned‘channels and other topographic lows, with periodic interruption by a
higher energy deposition medium; similar to‘ deposjts discussed by Williams and Rust
(1969). Thin laminae of mud in subfacies C, represent suspension sedimentation in
‘pools of standing water like those discussed by Miall (1977) ahd Tunbridge (1981).
Based on the data presented, including terrestrial organic matter and palynomorphs,
subfacies C, most likely represents continental deposits which formed in pool's of
shallow water.

SublaCies C, is very similar to subfacies C, and the processes of deposition are
intimately related. In comparison to subfacies C, this subfacies contains more sand- _
sized particles and a greater amount of horizontal lamination. Higher sand content,
and the dominance gf horizontal lamination is interpreted to represent higher-energy
conditions in'similar processes of deposition.

Subfacies C, is interpreted as havihg formed at higher energy Conditions than ei-
ther C, or C,. The grain size, bed 'thickneés. dominance of horizontal lamination

(upper flow regime plane bed) sugqgests that this deposit likely formed at high flow

‘velocities in shallow water. Abundant terrestrial organic matter along with lithologic
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type and sedimentary structures suggests a terrestrial origin similar to subfacies C,,

however, higher energy.

Facies D: Subbituminous Coal

Description

Coal found in eight ialarally restricted (presumed < 50 metres long), thin (max.
thickness = 1.5 m) seams on Padloping"lsland is black and blocky with thin {(mm-
scale) bright bands.- Lithotypes, associations of different macerals and mineral mat-
ter giving the coal a diSti|nct banded or stripped aspect, have been estimated accord-
ing to terminology from McCabe (1984) and Bustin et al. (1983). The coal consist:s of
approximately 60% vitrain and 40% durain; resin in the form of amber is present in
minor amounts (1-2%). Padloping Istand coals contain a rich assemblage of terres-
trial fossil palynomorphs (discussed in Chapters 3 and 4).

Proximate analyses (Bonnell, 1986; Cape Breton Coal Research) of the coal
show wide rénging Qalues of % moisture, % ash, % volatile matter, % fixed carbon,
and BTU/b (Table 2.1). The sulphur values are consistently low (0.34% to 0.53%).
Distribution |

Coal is restricted in its occurrenca; it is found only in Padloping Isiand Section 1.
Facies D is overiain by beds of mudstone (Facies..B) in all but two cases where the
coal is overiain by beds of Facies E and subtacies C,. respectively. Upper and lower
contacts 6! the coals are sharp, however, scour surfaces are not present; Rooted
hqrizqris‘ below the coals were not observed. However, six out of the eight coal oc-
currences lie directly over beds of Facies A or Facies E, quartz-rich sandstones,
other coals'occur associated in sequences of Facies B. Spilits in the coal are com-

mon.

s

Process Interpretation _ _
According to Bustin g1 al. (1983) the initial stage of coal formation is the‘deposi-t ”
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TABLE 2.1
'PROXIMATE ANALYSES OF COALS
(from Bonnell;, 1986) .

~Sample Numbers
PD-0IC-19A  PD-01A-00 PD-01C-11 - PD-01C-15 -

Moisture 7.23 8.53 10.29 14.09
Ash 128 863 24.92 20.91
Volatile Matter 43.67 4113 | 33.93 33.12
Fixed Carbon 3782 - 4171 30.86 31.88
Sulfur 45 47 34 53
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tion of peat in quiet shallow water settings, isolated from clastic inpu.t. Bright bands in
the coal, vitrain, form from undegraded peats. The absence of fusinite in coals sug-
gests an even precipitation pattern with a high water table (McCabe, 1984). How- |
ever, banding in the coal {vitrain and durain), may indicate subtle variations (energy ;
- level and/or supply of organics) in the depositional enuironmenl at the time of peat
a;wmulation. High ash content in coals (> 8% for coals from Padloping Island) may
be attributed to clastic input in the area of peat accumulalion‘(Fleldlng. 1985, Bustin,
atal. 1 983; McCabe, 1984); ewarhps must be isolated from active clastic deposition
for peat accum_ulalion to reach sufficient levels for the formation gf-coal (McCabe.
1984). Thin Vcoal seams (< 1.5 rr\) with numerous thin interbeds of mud (splits) are
formed bu frequent contemporaneous progradation of overbank fings into swamps
."‘_‘c;o‘mbined with locally rapid basin subsiden%e or flooding (Falini, 1965; Fielding,
1985). This scenario of an uneven subsidence rate is applicable to the coal seams

-on Padloping lsland Peat growth may have been periodically terminated by a rapid

. rise of the water table caused by floods, avulsions or subsidence, Wthh drowned the

bogs and allowed only mud deposition T herelore it seems likely that the coal seam

thinness is related lo poor peat development condmons rather than erosion (scours = '

~at lhe top ol coal seams were not observed)

Coal on Pad!oping Island has low sulphur values wrth a very limited range. Hunt .

and Hobday (1984) ina study exammlng the petrographlc composrt:o‘nj and sulphur

content of some coals from eastern Australia, conclude that fluvial coals usually con-
tain.< 0.55% Sulphur. They, as do Casagrande EI al. (1977) and Home et al. (1978),
: attribule higher sulphur values in lowar delta plain coals to higher concentrations of
sulphate in manna waters. Cecrl et al.(1985) state that pH rather than the srmple
* ‘presence of marine water, is the undertying tactor controllmg the -concentration of
sulphur Low pH will result in coals with low sulphur and ash (from mmeral leachmg) '

values. - - - ' - »
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The absence of root trace.s and stumps in growth position suggests, according to
work (by Bustin gt al. (1983) that these coals are neither autochthonous nor hypauto-
chthonous. The absence of root traces below the coal beds is likely related to the Eh
of the environment. However, Nye and Tinker (1977) propose fhat the pH in the

immediate environment of the roots may rise and cause disintegration of the roots.

‘Fluids present during or after the formation of the coal may have destroyed any root

traces which might have been present. Alternatively, the initial organic matter form-
ing the base of the coal deposit may not have been rooted at all, suggesting that the
initial vegetative materials were allochthonous.

Peat associated with the coal fand on Padloping Island probably accumulated in
a backswamp environment. The backswamp coals in the meandering river deposits
of the Port Hood Formation (Gersib and McCabe, 1981) are an excellent analog to

the coal found on Padloping Island. ‘ -

Facies E: Medium-Bedded Sandstone
Description
" Facies E is characterized by beds of fine-grained poorly lithified sandstone,

subarkosic to quartzwacke in composition, white to yellowish-wbite in color (Figures

.2.4-2.7). Grain size of individual beds ranges from medium-fine to fine, however,

very rare coarse lenses occur. Bedding is decimetre scale with an average bed
thickness of approximately 1 dm. Unit thickness of Facies E averages 5 metres with

arange of 1.5 to 12 metres. Sedimentary structures include largeg-scale cross sfratifi-

cation in the form of epsilon cross bed sets (Figure 2.4). These cross beds tend to

- dip 10-15 degrees in an easterly direction, depending on local variations. Foresets

are usually highlighted by variations in very fine sandstones, mudstones and lerres-

trial organic debris. A localized occurrence (near base of Section 1 on Quqaluit Is-

land) of Facies E exhibits scour-and-fill structures (Figure 2.5). Scours (channels)
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are 2 metras deep and approximately 10-15 metres wide. Other less common de-
-positional structures inciude isolated small-gca'e trough cross beds, ripple cross
stratification {(most common neér the upper contact of beds), and a few thin (<3-5 ¢cm) -
horizontally laminated beds. ’

At soma localities there are convolute laminas present in the upper 1-3 metres of
units of Facies E (Figure 2.6). Convolutions, outlined by fine sedir_nent and tarrestrial
organic debris are defined by broad folds. Small, (< 3-5 ¢cm in d‘viameter) red
mudstone rip-up clasts, which imply local erosion af poorty lithified iubstrale. are
common in beds locéted at the base of units of Facies E. Their abundance generally
decreases upsection within each unit of Facies E. Siderite concretions (3-6 cm in
diameter) occur sporadically in units of Facies E. Bulbous calcite-cemented concre-
tionary sandstone (< 1 m thick) occurs rareth in beds of Facies E (Figure 2.7). Fossils
in beds of Facies E include wellbreserved ?Metasequoia logs (located above the
first volcanic ash on Padloping Island), terrestrial plant debris and a rich assemblage
ot le}reslrial palynomorphs (discu;sed in Chapters 3 and 4).

Distribution | |
Facies E is observed in all the stratigraphic sections except that measqred on

" Durban Island. The basal contact of beds in this facies is always sharp with erosional
evidenca, rip up clasts, present. The upper contact is usually gradational to beds of
subtacies C, or C,. However, when overlain by beds of Facies B or D the upper con-
tact is sharp. The single unit of Facies E containing fossil logs_énd log debris (Io;
cated above Facias H on Padloping Island) has both a shérp upper and lower cén-
tact with-beds-of-veicanic breccia-and Facies B, respectively. -
Process Interpretation ’

_ Deposition in channels by laterally migrating bars commonly produges sand de-

posits with lateral accretion surfaces - epsilon cross stratification (Walker and Cant,-

1984; Allen, 1964). However, Allen (1964) states that lateral accretion may also form




Figure 2.4 Facies E: Fine grained sandstone; epsilon cross sets dip 10-15 degree to
the east (staff is marked in 0.5 m intervals) (Quqaluit Is.).

Figure 2.5 Channel cut-and-fill and epsilon cross sets in Facies E (Quqaluit Is.).
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Figure 2.6 Convolute lamination in Facies E.

Figure 2.7 Bulbous concretionary sandstone in Facies E.
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by the downcurrent, and lateral spreading, of channel bars‘ by foreset addition. The
scant presence of scour-and-fill slructufes in Facies E is supportive of bar |
migration(e.g. Allen, 1964). |

According to Gersib and McCabe (1981) channel sand thickness is roughly
equivalent to channel depth. Channels representmg Facies E wers approximately 2
metres deep and ware commonly erodmg mto previously deposrted channel-ills to
form stacked sands (Figure 2.5). v '

- Horizontally laminated sands within thivs 'f'ac.ies formed at high velocities (high flow
regime). Rare small-scale ripple cross stratiﬁcétibn near the top of beds of Facies E
a_re related to the migration of ripples as flow velocities 'decryéased to lower flow re-
gime. Small-scale cross_stfatificatioﬁ in the middle of bedvs.of Facies E is related to
small asymrﬁeth‘cal ripples formed by low intensity cur‘r-ents.. Normal grading within
the sandston’es of Fécies E is a reflection of the decreased ability of the depositing
medium to carry sediment during channel abandohment (é.g. Howell and Ferm,
1980). - -

Contorted and convoluted bedding, caused by either syn~depositiona] or early
posl~depositionél liquetaction (producing sediment which acts thixotropically), sug-
gests that Facies £ sands may have formed by_’extremely ra'pid deposition with rela-
tively high pore p're'ssures (Ayers, 1986; Collinson and Thbmpsbn. 1982; Gersib and
M=Cabe, 198i; Miall, 1977, ghd F{éy. 1976). Liquefactioﬁ can be triggered by exter-
nal forces §uoh as sddden uplift or eart‘hquake activity possibly related to regional |
tectonic ac‘:tivity\(Collins.‘on and Thompson, 1982; Gersib and McCabe, 1981).‘ Cal-
cite‘cefnented concrétionar'y sandstone beds» presént in Facies E form»as aresultof
cementation by downward percolating fluids {saturated with respect to CaCO,); stra-

'tigraphicélly controlled'by fine-grained hdrizons, which acted as impermeabile layers -

stopping the flow of fluids downward. Sandstones of Facies E represent terrastrial,

moderate to hugh energx. channehzed deposition.
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Facies F: Arkosic Sandstone
Description ’ |
Facies F is a medium- to co_arse:grained, arkosic to subarkosic light pink sand-

stone (Figure 2.8); bedding is massive. The only sedimentary structures present
were, rare small-scale tfough cross beds found near the top of the section on Durban
lsland. Strata in the upper 9 metres of section on Durban lsland coarsen upward.
Organic matter prasent in beds of Facies F includes coni(erous needles, terrestrial
palynomorphs and terrestrial “planthash”.
Dlstrlbutlbn }

The only in F_uu occurrence of Facies F is on Durban Island where it is very poorly

exposed due to internal slumping and surface erosion. This facies apparently makes

up more than BQ% of the sedimentary strata on Durban Island. Very thickly tjeaded

strata of Facies F are well exposed in the upper 9 metres of the stratigraphic section.

Float samplas (isolatad cobbles) of Facies F are present on high cliffs above the

- sedimentary strata on both Padloping and Quqaluit istands. The lower contact of the

. single unit of Facies F, over beds of Facies B (mudstone) is sharp. The section ex-

amined is not overlain by any othe} strata. Clarke and Upton (1971), cite this Qnit of
Fécies F as being upwards of 250 metres thick, However, this author's investigation
indicates a thickness of only 86 metres; Clarke and Upton (1971) may have meas-
ured repeat section caused by faulting.
Process Interpretation .

The characteﬁstics of this facies may suggest a very high energy d‘eposit, how-

ever the single outcrop observed is very poorly exposed (only tentative interpreta-

~ tions are implied). Granitic rocks are@ common sources for arkosic sediments (Pet-

tijohn, 1975); the strata of Facies F appear to occur és a thick- wedge-shaped deposit

which is fault-bounded to the east against a ?granite. Coarsening upward in the

upper 9 metres of the section on Durban Istand may be in response to basinal tecton-
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ics. Progradation of sand bodies down-slope in an attempt to retain equilibrium in a

subsiding basin will result in a deposit which cparsens upward (Rust and Koster,
1984; Ethridge, 1985b, Heward, 1978). Fécies F represents a high energy continen-
tal deposit. '
Facies G: Gravel-Supported Conglomerate
Description

A single outcrop (6 metres thick) of very poorly sorted, polymodal, grave|-s‘up-'
ported conglomerate occurs in Quaqaluit Island Section 1 (Figure 2.9). This yellow-
brown weathering conglomerate is composed of sub-rounded gneiss and granite»
boulders (approximately 20% of total volume) up to 0.75 metres in diameter, and a
gravel matrix composed of similar material and quartz pebbles. No sedimentary
structures or organic matter were observed in the cbnglomerale.
_ Distribution
~ This facies comprises approximately 2(5% of Quqaluit Island Section 1 (QU-01A).
The lower contact of the only occurrence of the facies, over beds of what may be
. Fames E (7). was not observed directly. Although lateral relahonshups could not be
observed in detail, it appears that the congtomeratnc body pinches to the west and
may be lensoid in shape. The upper contact of this unit is sharp with beds of Facies
B (mudsloné) which contain Iogs and organic debris of ’7M_e_tas_egu,ma
Process Interpretation

According to Harms, Southard, and Walker (i982). polymodal, matrix-supported -
; grével conglomerates with boulderé and no obvious pre‘ferred clast origntations, like
Facies G, are deposifed in extremely high-energy envivronrgents. Absence of grac-
ing, lamination, imbricatic;n, and any internal sedimentary structures, along with the
matrix-SUpported nature of the gravel, according to Miall (1977) indicates deposition

in a very high energy setting, possibly, debris flows.
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Figure 2.9 Facies G: Gravel-supported conglomerate.
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* Facies H: Valcanic Ash
Descrlptlon
’ Moderate to well-sorted volcamc ash beds (Fagure 2.10), cons:stmg of volcamc,
glass, minor quartz crystals and grams feldspar and biotite crystals and scattered
- lithic fragments (gneussac). constitute Facies H. The only sedimentary structure pres-
' enf in Facies H is slight normal grading. observed.miéroscopically. Two petrologically
distinct volcanic ashes-have been recognized. The ash onj Pradtoping Istand is
dacitic, whereas the ash on Quqgaluit Island is basaltic and contains marine palyno-
‘morphs. - o '
Distribution ) ‘

~Volcanic‘ash occurs atthe upper contéct of Padloping Istand Secfion 1 and Cuqa|~
uit Island Seétion 1. The volcanic ash is found on Padlopmg Island in beds shghtly

~over 2 metres in thuckness separated by beds of Facues B (mudstone). Medium bed-

| _ ded (10-20 cni) volcanic ash is also present in Padloping Istand Section 1 (located at
approximately the same stratigraphic level.as the “main” voicanic ash beds). Upper
: and lower contacts of the ash beds are shamp; no internal scour surfaces were noted.
Process lnterpretation ' | o

_ Fames H (Volcanic Ash) is mterpreted as an air-fall ash This is supported by fi- -
. thology sorting and graded bedding. Air-fall ashes are composed of at least 50%
ash sized pamcles (< 2 mm) that are usually well sorted (Best, 1982; Williams and
Mchrney, 1979). Baseq on the two ‘petrologically ditferent ashes. more than one ‘
phase.of “air-fall” occurred in the study area. The presence of marine palynomorphs

" indicates marime conditions at the time of basaltic “air-fall” in the region.

V 2.3 Facies Assoclations

Five faaes associations’ (groups of 1acaes that tend to occur together and which
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Figure 2.10 Facies H: Thin beds of Volcanic Ash interbedded with fine grained sedi-
ment on Padloping Island.
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ars geneticaily or environmentélty refated (Reading. 1978)) are identified and sum-
marized in Table 2.2. ‘
Eaﬂmmmhcies A (Coarss-Grained Sandstone, terrestrial debosits of
sinuous-cresied dunes) and C (Interbedded Sandstone and Mudstone, overbank
déposits) constitute Facies Association 1. A number of terrestrial environments may
represent Facies A. Given the lack of fine-grained sed'iment and many characteris-
tics of a terrestrial high energy environment, the possibilities include (a) alluvial fans,
(b) braided streams or (C} meandering streams. Howe;/er, the abundance of trough
cross beds suggests a subaqueous origin in well confined channels, thereby ruling
out (a). | :

Miall’s (1977) classification of the various fluvial lac_ieé in a braided depositiona!
environment states tha.t a medium to 'véry coarse-grained sand, which may have
pebbles and sets of trough cross beds, forms by the migration of dunes in the lower
flow regime. and is common in braided streams. Williams and Rust (1969) point out
that pebbly beds and pebbly sands are commonly formed in high energy channei-bar
complexes. The occurrence of Facies A directly on the Precambrian basement aids
in ruling out possibility (c) listed abova. Facies A represents deposits of sinuous
crested dunes, possibly, in a-braided stream environment.

According to Williams and ﬁust (1969) deposits like subfacies C, are commonly
formed ih 'relatively ldw-energy environmenls.' such as abandoned fluvial channels.
Change in grafn éize from sand to silt and clay indicates waning flows, which com-
. bined with lack of evvidence for.traction deposition, is most consistent with deposition
as overbank deposits on a floodplain (Elliott, 1974; Miall, 1977; and Steel énd
Aasheim, 1 §78). Thin laminae of mud represent suspension sedimentation occur-

ring auring the final stages of a flood cycle in pools of standing water in a fluvial envi-
ronment (Miall, 1977; Tunbridge, 1881 ); Subfacies C, r'épres'ents floodplain deposits

which were‘ periodically interrupted by higher energy deposits.
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TABLE 2.2
FACIES ASSOCIATIONS
FACIES -
ABSOCIATION MAIN FACIES INTERPRETATION
A (Coarse Grained
Sandstone
(Deposits of BRAIDED
1 Sinuous Crested '
Dunes)) ‘
STREAM
C (Interbedded .
Sandstone and Mud- ] ‘
stone DEPOSITS
[Overbank Deposits))
B (Mudstone [Pond
Deposits))
| BACKSWAMP
2 D (Coal [Deposits
. of Peat Swamps])
3 : DEPQSITS
“C (as above)
E (Medium Bedded MEANDERING
Sandstone [Point '
3. Bar Deposits]) "STREAM
C (as above) DEPCSITS
F (Arkosic Sand ? DISTAL
4 - [Alluvial ? "ALLUVIAL FAN
T Fan)) ? DEPOSIT
G (Gravel Supported '
. Conglomerata VOLCANI-
[Debris Flow]) '
5 ‘ CLASTIC
H (Volcanic Ash
[Air-fall Volcanic DEPOSITS

Ash))
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Subfacieé,c is very similar to subfacies C, and a!so reprasents OvVe:b'ank’debos-'
its. Accordmg to Tunbndge (1981) and Harms and Fahnestock (1965) horizontally
' lammaled sands may represent deposits of h:gh energy sheet flood deposits. How-
. ever, Eil:_ott (1974) pomts out .that rap:dly alternating sands and muds of varying
.thickpess‘implies deb_osition on ievees of river or stream banks. Levee deposits
(subfacies (’“.'.2 ?) are finer than channel deposits and are composed of very fine sand -

and silt with minor thin laminae of orgahic debris or clay (Coleman and Gagliano,

1964)

Grain size, bed thickneés domihaﬁmrizontal lamination, and stratigraphic
relanonshnps suggest. lhat strata of subfacies C, were deposnted as fluvial overbank
flows (crevasse splays), sumllar to those described by Harms and Fahnestock (1965),
Tunbridge (1981) and Walker and Cant (1984). Crevasse splay deposits form at high
flow velocities, shallow depth and are typically sandy, fairly well sorted, and well

stratified (Nilsen, 1 982).

Based on the stratigraphic positioh of Facies Association 1 (base of each meas-

ured section, where it unconformably overlies the Precambrian basement), lithology,
terrestrial fossils, organic debris, grain size and sedimentary structures, it is sug-
gest'ed that it represents the deposits of sinuous crested dunes (Facies A) and minor
overbank fines (Facies C) in a braided stream environment. Facies Association 1 is
termed the “Braided Stream Complax”.
Eacies Association 2; This facies association consists of mainly Facies B {Mudstone,
pond deposits), D (Coal, organic accumulations) and minor amounts of C (imerbed-
ded Sandstone and Mudstone, overbank deposit§. discussed above). Based on
- sedimentologica!l and paleotological characteristEcs. Facies B (Mudstonae), formed in
pools of standing water, in Backswamp regions of a fluvial depositional environment,
like Facies “Fsc” in Miall's (1977) classification .ot fluvial facies. Facies D (Coal)

formed from organic accumulationsin peat swamps isolated from clastic input.
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Thefassocilafion of ponds, peat swamps and~minor overbank sediments {(quiet
water deposiiioh); absence of high energy de_posits (i.e. Facies A or E), ahd abun-
dance of terrestrial o-rganic mattes and terrestrial‘ for.e;sils. éu§§e§ts that qu[es-Asso- :

' ciaiion 2 mdst likely formed in. backswamp regions of a fluvial dépositional’system.
Facias Assocnatlon 2 is termed the “Backswamp Complex”. |
Eaggs_Assg_gmm Facies E (Mednum Bedded Sandstone terrestnal channel de-
posits) and Facies C (lnterbedded Sandstone and Mudstone overbank deposnts
discussed above) constitute Facies Assocnatlon 3. Epsilon cross stratification in Fa-:
cies E représents the Iateral_migration of channelsin a terrestrial environment; most
_ iikely in a fluvial setting. Small-scale cross $traﬁﬁcation in the mictle of beds of kg _

cies Eis related to small asymmetrical rip.ples forméd by-low intensity currents; th::\
are sometimes found.in thé middle part of poiht bar deposits (Ray, 1976; Hobday et
al. 1_981). Fining-upward segbences, like beds of Facies E, are characteristic o‘f fine-
grained ﬂuVial deposits and most likely formed by point bar migration (McGowen and
Garmer, 1970; Steel and Aasheim, 1978). The upward fining in units of Facies E is
the:result of'the lateral migration of ehvirohments (i.e. channel floor, pbint t;ér, flood
plain) characterized by ditferent grain sizes. The. relatively thick, massive sands of o
\Facies E that do not exhibit sedimentary structures, are interpreted as point bar de-
| ppsits similar those described by Plint and Van de Poll (1982). Their elxplanation for

the lack of sedimeh‘tary structures, like beds decribed by Gersib and McCaba (1981),
is du.e to relatively uniform grrain’size and post-deposition in sity liquefaction. Exbo-
“ sure and oxidation of overbank sediments (Faciés C) produced small siderite concre-
tions, which according to Hobday gl al. (1981) are abundant in point bar sands (Fa-
cies E). According to Fiay'(1976)iconvolute lamination can occur during the waning
. phase‘of a ﬂbod, in fluvial depositional settings. Thfs author concludes that Facies E

represents deposits of point-bars in a ﬂuvial environment. -

Thé anomalously thick (20 metres) unit of subfacies C, in Padloping Island Sec-
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tion 2 likely represents a sequence of vertical accretion'depqsits (overbank fines) '
which accumulated adjacent to stacked sand bodies (Facies E) that ware being de-
posited in a confined meander belt (e.g. Walker and Cant, 1984). |

The presence of point-bar and overbank deposits 'in Facies A_séociation 3 sug-
gests a fluvial setting; most likely a meandering stream environment. Facies Asso-
ciation 3 is termed the “Meandering Stream Complex”.

Eacies Assaciation 4: Facies Association 4 consistQ of Facies F (Arkosic Sandstone,
high en'ergy terrestrial deposit) énd minor amounts ‘7 of Facies C (Interbedded Sand-
stone and Mudstone, overbank deposits, diséussed above). The characteristics of |
Facies F suggest a very high energy deppsit. however the only section of Facies F is
very poorly exposed. Possibilites for processes producing such a deposit include (a)
debris flows, (b) braided stream deposits, (c). alluvial fan deposits. The presumed
small percentage of mud and sedimentary structures, isolated gccurrence, and strata
thickness may suggest that Facies Association 4 represents d mid to distal deposit of
an alluvial fan. The presumed lack of sedimentary structures and the sediment sort-
ing (moderate to well) rule outpossibilities (a) and (b) respeactively. According t6 Rust
(1 9795 deposits of this type are of tectonic signiﬁéarice and indicate sharp terrest;ial

relief at the time of deposition. Facies Association 4 is termed the “Distal Alluvial

o -

L]

Fan”, , 4
Eacies Association 5: Facios G (Gravel-Supported Conglomerate, very high energy
deposii, possibly é debris flow) é‘nBJFacies H (Volcanic Ash, air-falt ash) constitute
Facies Association 5. Facies G, a very high energy denosit, may be a de_bfis flow. A
number of criteria for.debris flows, outlined by Nilsen (1982), apply to Facies G: (a)
the composition of the cbnglomerate dictates that the sodrc’:e W'as'hear (i.e. the Pre-
cambrian gneiss and the granitic body on Durban Isiand); (b) the deposit e_xhibits o
characteristics ofa vefy high ensrgy depositiqnal environment; () poor sorting with @

wide range of c¢last sfzes; (d) sub-rounded clasts, indicating a short period of trans-

-
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- port prior to depbsition; (62 ye"ov\) color and lack of organics and vfoss‘ils suggesting
deposition in subareai oxidizing conditions; (f) absence of sedimentary structures;
and (g) association with a fault-bounded sedimentéry basin. Facies H (Volcanic Ash)
is hydrodynamically mterpreted as an air-fall ash. '

The association of two 1acnes ‘which indicate hlgh energy and fectohic acpwty in
the region suggests a volcaniclastic- re'tated origin. Facies Association 5 is termed

the “Volcaniclastic Complex™.

2.4 Synthesis of Environments of Depoéitlon :

The stratigraphic sequence on Padloping, Quqaluit and Durbaﬁ islands indicatés
initial depositionin a bfaided fluvial environment (Figure 2.11) which, on Quqaluit and
Padioping isl;_ands-, is followed by deposition in a meanderihg fluvial envigonment"
(Figure 2.12). Paleocurrent direction was approximately to the north, based on cross
bed measurements (Facies A and E) and the increase in lhic'kness'of braided and
meandering stream deposits northward towards Quqaluit Island. This change from
braided to meandering deposition pattern is not uncorﬁ_mon in other similar se-
quences (e.g. the Fort Union Formation; Beaumont ,1979). In the Scalby Formation
(M. J_urassic) of Yorkshire a similar change from braided stream deposits to meander-
ing stream deposits wés aﬁributed by N;':Imi_ and Léedef (1978)' lo the reduction of
stream gradients duning the initial deposition stages following uplift.

An important considerétion in this context is t-h;at vertical séquences may not be

. . ~ . . s . .
due entirely to the migration of laterally adjacent faaes within a particular deposi-

tional system (i.e. coal overlying pointbar sands), but rather to major changes in de-

positional systems through time (McCabe, 1984) The change in-river system
(branded to meandsring) refiects changes in discharge of the river, or of slope ‘origi-

pating from tectonic, climatic or gistatic charges. Tectomc movements in lhe local

~
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Figure 2.11 Braided stream depositional environment.




42

Lateral Accretion

Previously Deposited
Channel Sand

Figure 2.12 Meandering stream depositional environment.
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source area may.have'fesulted in fowering the source rocks relative to the drainage
region or é lowering of gradient through time in the sedimentary basin and a change
in fluviat pattern from braided to meandering. ‘

Strata from all three islands have been correlated in stratigraphic sections which‘
use the upper contact (with basaltic breccia) as a datum (Figure 2.13). This was
" chosen because of the likelihood thét these beds represent a geologically instanta-
neous eyeat. Upper strala (Facies F) on Durban Island are anomalous and repre-

sent deposition in a separate depositional basin. Faciesr F (DistatAlluvial Fan) is of

tectonic.significance and méy represent a local deposit formed proximal to an uplifted

area.

2.5 Sandstone Pétrology

Twenty-eight samples of $andstones from outcrops on Padloping, Quqaluit, and
- . Durban islands were thin-sectioned andv»st'aineq for a variety of carbonate specias
(High Fe, Low F‘e Calcite and Dolomit'e) using Alizarin Red S and potassidnﬁ ferricya-
nide following a stéining method as stated in Adéms gt al. (1984). In these samplas
only low Fe ca}dte was found. Many samples were vary poorly consolidated and |
were therefore irhprégnated using blue epOxbeefore.thin sectiénihg. The blue dye
facilitates re'cogn.ition of pore space. A minimum of 500 poinis per thin section sup-
plieq dataon mineralogiéal composition. This numberinsures that for'major consvti.tu-
ents, the volume of observed constituents is 'With'in +4.5% of the actual volume with
‘a 95%'lev'el of confidence (Van der Plas and Tobi, 1965). Grain size and/or thin
| séctibn condition éilowed ohfy 250 poir{;s for three samples (PD-OTA-BASE, PD-018B-
09, and'PD-OZA-SB)L Fragments counted in the analyses iAnclude: quartz, feldspar,
mica, tourmaline, gémét. ma'g'nevﬁte; organics, and lithic rock clasts (only granitic and
gneissic rock clasts were present). Clay matrix, calcite cement, hematite‘ cement,

and pore space were also counted (Appendix B,).

iy
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Figure 2.13 Correlation of depositional complexes.
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2.5.1 Detrital Modes . )
Sandstone sémples have been classified according to M'c:B}tde (1963). Wackes,
those samples.comaining more than 15% matrix are "c.lassiﬁed according to Folk
(1880). This classification allows best representation of data (referring to apices of
triangles for plotting detrital mode data) since the only lithic rock fragnﬁents present
are granitic or gneissic. Granite and gneiss are the two roc‘k types presumed to be
the source for the sandstones. In McBride’s (1963) classification, the majority of the
sandstones from this study fallin the arkose and subarkose fields. Sandstones from
Durban Island (Facies F) fall in the subarkose and arkose categories (Figure 2.14).
Sandstones from Quqaluit Island (only 3 samples) tall in three separate categories,
qUartzarenite (Facies E), subarkgge and lithic subarkose (Facies A), with the mean
cbmposition falling in the subarkosae field (Figure 2.14). Padloping Island sandstonés
have varied compositions, most plotting near the quartz pole (Figure 2.14); the mean
composition of these sands is subarkosic. Padlioping Island sandstones with >1 5‘;/0
clay matrix (Figure 2.15) include quartzwackes, and more corhmoniy. quartz-rich

feldspathic greywackes (subfacieé C,and Facies A and E).

2.5.2 Framework Grains e

Quarlz is the most abundant framework grain present in all the sandstoneé; it
ranges from 37% to 83% of the total rock volume (Appendix B,). Monocrystalline —
quartz is dominant with polycrystalline quartz found in only very small percentages

(< 3% rock volume).

Feldspar, both alkali and ptagioclase, is common; plagioclase is far more comr;won
“than orthoclase. - Carlsbad and albite twinning are common in the plagioclase fald-
) spars. Microcline, exhibiting polysynthetic twinning, is the most common alkali feld-

.-spar.
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Figure 2.14 Detrital plots for sandstones (= mean compaosition).
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Figure 2.15 Detrital plot for Padioping Island sandstones with >15% clay matrix;
(*= mean compositicn). ' o
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Rock fragments consist of clasts of weathered granite and gneiss; both are sus- |
pected source rocks for the sediments. Detrital heavy minerals include tourmaline,
gamet, and magnetite. Biotite and muscovite compose < 5% of total rock volume

(muscovite is more common than biotite). 0

2.5.3 Matrix and Cement

Sandstones which contain > 15% clay matrix are termed wackes (Folk, 1980).
The only wackes identified during the study were from Padloping Island. Many o} the
uncons‘olidated sands from Quqafuit Island appear to 69 wackes, however, inabitjty
to sample precluded thin section determination.

Cements (calcite, hematite, and quartz overgrowths) contribute from 0% to 44%
of total rock voluma. Hematite cement is found only in sandstohes from ‘Durban Is-
land. Secohdary calcite cement is observed only in sandstones from Padloping Is-

land and represents precipitation under diagenetic conditions that were unusual for

the sediments in this study.l Quartz overgrowths were observed in some samples; |

however, they wera difficult to discern and so their abundance is probably underesti-

mated.

2.5.4 Grain Size, Sorting and Texture |

The grain sizes (visual estim‘aﬁon) of the samples studied in thin section are:
medium to rvery coarse for Facies A, very fine to inedium for‘Facie;s C, very fine to
very coarse for Facies E (only three samples), and medium to very co;rse fbr Facies
F. Sorting of theée sandstonés varies considerably (very \pt')or .to.we!l), however, the
majority of the sandstones 'ére poorly sorted. All samples exhibit subangular to an-

gular grain sha'pe_SQ

2.5.5 Petrologic Summary

The higher percentages of heavy minerals in the Durban Island sandstones (no
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finer than other sandstones from other areas in this study) probably represents closer
proximity to the granitic source. Hematite cement found in Durban Island samples,
forms from the removal of approximately 1% Fe,O, by intense weathering and leach-
ing of the common iron-rich minerals such as magnetite, ilmenite, biotit, and horn-
beende (Greensmith, 1979), Iﬁ this case from the local granitic source rock located
adjacent to the sédiments. |

The absenc~a of sedimentary rock fragments, the prominence of gheissic ahd
granitic rock fragments and the angularity of clasts in the sandstones of this study
siro,ngly suggests only one cycle of weatherihg and deposition. The promirient lithol-
ogy represente;i lies in the quartz-rich subarkose to arkose dategory. However, as in
the ‘ﬂuvial facies of the Port Hood Formation (8.g. Gersib and McCabe, 1981) few

ditferences in composition between sandstones of different facies are prasent,

. 2.6 Reservoir Rock Potential _
The environments of deposition for the strata in this study are mainly fluviatile.
Fluvial sedimentary sequences often constitute Signiﬁcaht hosts for hydrocarbons
(Ethridge, 1985a); the largest oil producing field in North America, Prudhoe Bay, is
reservoired in braided stream deposits. '
Fluvial depositional systems produce hyarocarbon feservoirs which are highly
variable. Galloway and Hobday (1983) state that braided river deposits produce
abundant potential resefvoir rocks but lack good seals; meandering deposits, on the
other hand, have smaller reservoirs with adequate sealing rocks present:
Porosity estimates have been made for all sandstbnes_ 6n Quqaluit, Padloping, _
and Durban islands. During point counts for-sandstdne-petrology. pore spaces were
counted taking great care not to include voids due to plucking. Appendix B, ox-

presses pore percentages in terms of total rock volume. Porosities range from 0% to

more than 24% in sandstones varying in grain size and compositioh. : Acco'rding to
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"Levorsen’s (1967) classification, porosities of 5-10% are poor, 10-15% fair, -1 5-20%
good, and 20-25% very good. Some sandstones, especially on Durban Island, have
good to very good it;tergranuiar porosity “w
Demiléd measurements. ;or permeability h'a'vé not 'been made, however, using the‘

porosity values for these samples, general estimates of permeability have been

made; the majority of the sandstones have good (10-100 millidarcys) permeabilities.
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. CHAPTER3

PALEOBOTANY, PALYNOLOGY AND OTHER ORGANIC MATT-»E'FI
3.1 Introduction .

Paleobotany and palynology have been employed for age deterrﬁinétion of the -
strata exposed on the southeast coast of Baffin Island. Previous works, based solely
on paleobotany repor} lheée sediments as Paleocene in'aga (McMilla.n'. 1910; Clarke
and Upton, 1871). '

It is a long and well understood fact that oil and gas are formed by the t‘her'mal
maturation ot organic matter ‘(Levor'sen. 1967). Infor(mation concerning the type of |
organi¢ matter lead; to conclusions about the type of'hydroca.(bons that potential
- source rocks may provide. Organic matter observed in polished blocks of coal and
mudstone samples and in palynology strews has been utilized for organic matter typ-
ing and organic maturation assessment. | .

A source rock is defined as any fine-grained rock which, 9n thé basis of organic
richness and maturity is believed' to be p}esently, or formerly, capable of expelling
petroleum (Levorse}u, 1967). Thé basic requirements for a source rock are: (1) or-
ganic richness, (2) organaic type, arlad (3) maturity (Tissot and Welte, 1978). Source
rocks are commonly classified on the basis of chemical composition and ratio of H/C
to O/C (Gutjahr, 1983); however, these chemical analyses are very time consuming

and expensive. Microscopic techniques also permit recognition of source rock qual-

ity. » '

According to Waples (1982) the two most commonly used parameters for measur-
ing thermal maturity -of potential source rocks are thermal alteration index (TAl) and
vitrinite reflectance (%Ro). However, Dembicki (1984) points 'out, in an interiabora-
tory comparison of source rock data, that most methods of source rock analyses are
subject to much error. Also, Heroux, gt al. (1979) state that thers is no known ther-

mal parameter which is self-sufficient in hydrocarbon exploration. TAl and %Ro are
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erﬁployed for organic maturity assessment.
3.2 Paleobotany °
~ Samples of tree bark, woody detritus, petri?ied wood.- coniferious needs, and fern
: impressions were analysed by»J Bassinger (University of Saskatchewan) fqr- taxo-
nomic affmmes and age determination (Table 3.1). |
Logs of ?Metasequoia are preserved as wood some flignitic, and locally by per-

‘mineralization through silica replacement. Orgamc matter of this typc,_.comferous
needles, fern frond impressions, and "plénthash" is present in beds of Facives} C, B
"and D-(overbank and baekswamp), however, fossil logs are only fouqd above the

debrié flow on Quqaluit Island and above the first volcanic ash on Padioping Island.”

3.3 Palynolo.gy
3.3.1 Meth‘ods
Processing
Over 150 samples were collected from freshly exposed strata on Padloping,

*Quqaluit and Durban islands; fifty samples, representing the various Iithollogies' and
~ facies of the se‘vction, have been processed and examined for palynomorphs and
other organic debris (Appendix C,). - B

Before preparatnon all samples received a five dng‘t laboratory number (Appendnx_
C,) identitying the sample and year of processmg Consolidated samples were
washed in distilled water, scrubbed with a wire brush, and air dried for approximately
twelve hours; many of the samples were poorly consolidated and washing was not
possibla. 'Samp_les were then Wrapped in aluminum foil, crushed to millimeter sifze. | “
weighed (15 gm for shales. siltstones and coals, 30 gm for sands and sandstones,

. and 60 gm for volcanic ash) and placed in labelled 250 ml beakers. Before chemical

treatment four tablets each containing 12,100 + 400 Lycopodium grains (Stock-
marr, 1971) were added to each crushed sample to provide an estimate of
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‘TABLE 3.1

SUMMARY OF'-PALEOBOTANICAL ANALYSES
(* indicates samples loca;ed above the'f@rst volcanic ash)

Possible Aga

5 l D . I,' Affin

PD-01B0O3 . - Coniferous 2Elatides Aptian-Albian

PL1.Fig. 2 needles

*PD-01B-15 Tree bark Taxodiaceae Cretaceous -
Tertiary

*PD-LOG Permineral - ?Metasequoia ocelon Paleocene -

Pi.1 Fig. 1 ized wood ?Glyptostrobus Eocens

Qu-2 Root unidentifiable

P11 Fig. 4 |

Qu-s Fern Frond ?Gleichenites Early

PL1 Fig. 7 : _ - Cretaceous

Qu-6 ‘Fern Frond ?Cladophlebis Earty

PL1 Fig. 6 Cretaceous

PD-2a Leaflets “?Podozamites Early

Pl.1 Fig. 3 Cretaceous

PD-2b - Fern Frond ?Gleichenites Early

PL.1 Fig.5 ’ ' Cretaceous
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palynomorph concentrations, ) ‘
To remove carbonates 100-150 ml of 20% hydrochloric acid was added to ea_cﬁ "
sample. Methano! was used to control any excessive effervescence. The sémple
was left for approiimately 8-10 hours until the reaction was complete.. Sémpieé were
- centrifuged and the acid decanted. Distilled water was addéd. centrifuged and de-
- canted to remove all remaining hydrochloric acid. At least 1hrée washings were nec- '
essary to neutralize the sample.
Hydrioflt‘.voric (HF) acid was used to remove silicates in the samples. Samp}es
wera left in 150 mi of HF for 8 to 12 hours then washed in distillg—:d water, centrifuged
- and decanted three times. Residues were then examined to dete_rmirie the quantity
of 6rganic and remaining mineral matter. Prior to sieving, a slide (1" of '5) of this
: unoxidized,’unsi‘eved sample was prepared. Darvan (100 rhl) was added to.particu-
I'arlly mud-rich samples prior to sieving. Darvan removes the < 3 um particles and
speeds up processing. Few samples‘required this step and no noficeable difference
in the percentage of total orgapic matter in treated sa'mples waé detectéd. A’shide of
the darvan residue contained 99% clay mattefﬁand,very fine 6rganic mral,ter; no paly-
nomorphs were present in the darvan residue. o ‘ ‘
Sémplés were then sieved thfough a 1Q um screen using a tecﬁnique described

by Cwynaret al. (1979). Prior to-ox}dizing. a slide (2 of 5) was mounted of this

sieved, but unoxidized, sample. In addition, about 5 ml of-the residue was placed in

‘a labelled vial with 2 drops of phenol. Wet mounts of samples were microscopically

examined to detarming the amount of time requiréd for oxidation in “Schultz” solution.

The time limitations were based upon the color of the palynomorphs present‘in each

“sample. If the palynomorphs were black the sample was placed in Scﬁulfz solution
for 5 minutes; it they were brown, 3 minutes; and if yellow only 1 minute.

" About 20 ml of Schultz solution was added to samples in a 50 ml tést thbé an&

then stirred. Samples were washed and cenlrifuged three times. While wash-
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ing and sieving for the final time 10% potassium carbonate was added to the oxi-
dized samples briefly and then washed out with distilled water. The sample was then
re-examined under a microscope. [f 100 éandy, heavy liquid was employed to sepa-
rate the organ/ic fraction followed by decanting as outlined above. Samples (3. 4 ang
5 of.5) were mounted. .

To mount slides one drop of sample was placed upon a glass coverslip with three

drops of polyviny! alcohol and spread evenly with a toothpick. The sdmple was left to
| dry for approximately 2 hours. Once dry. two drbps of Elvacite (Dupont) were placed

- upon the residue on the coverslip and then turned over onto the glass slide. The

coverslip was allowed to settle on the slide where it was left to dry for approximately 8
hours. To preserve residues, 2 drops of phenol were placed in a labelled vial with
remaining sample.

Idéntiﬁcation and Statistics

A Reichert Zetopan microscope, serial number 341717, with a Reichert Photo-
automatic camera was used for strew examination and palynomorph idemilicatiops.
Photographs were taken using black and white, Kodak, PX 135, 1SO 125 tilm, with
the opti\cs set for interference contrast.

Slides were scann.ed on at least ten hqrizontal traverses; total counts of pailyno-
morphs were taken to 200 grains not including the grains of the Lycopodium tracer.
The abundance, type and condition of organic matter other than palynomorphs were
also noted. | o

Contidence limits (0.95 confidence level) (error bars on pollen diagrams, Figures

3.1-3.5, in pocket) for relative frequency abundance are calculated from equation:

p(0.95, ) = (Z + (K/2N} £ K L {(Z(1-Z)/N +{K¥/4N")}

1 +(K?/N)
(N = the number of graing in the count)
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where Z is the relative percent abundance of a taxon and K is a constant equal to

' 1.96 (Maher 1972).
Statistics have beéh calculated to determing the diversity and evenness of spe-
cies contained in each sample (Appendix C,). Beerpower and Jordan (1969, p.
1186) define diversity as the “number of equally common taxa” and they state (p.
1196) “retiect both the number of taxa pn;esent and their proportional abundance.”
- Diversity, H is given by the formula for the “Shannon-Wiener Index”(Pielou,

1966; p. 290);
Dt‘s

H'=-3d In(p)

i=1 i
“where p, is the propdrtion’ of the community that belongs to the i species.“. S équals
the number of species in the _assém.blage. The units given here are not ifnportam as
long as consistancy is practiced in the base of the logs (Pielou, 1966).
The sampling vériance of diversityris given by;

5

gH=VN (OB (np'p-H? )
i=1

where n, is the number 61 individuais in taxon i andas' is“i(he. number of speciss
counted in a count of N grains and p=n/N (Pielou 1966) |

' Evenness which is dependant upoh diversity, is a measure of the. equnabuny of
-probabslmes for palynomorphs in a particular sample (Burden 1982). -Evermess may-
be expressed as a ratio between the prev:ously ca!cuta!ed dxversny H’ and the num-
ber of specxes in asample. Evenness, E, is represented by,

ExH/ins
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and the sampling variance of evenness is represented by;

~

~ This statistical inférmation (Appendix C,, Figures 3.1-3.5) can be used in
. paleoecolegic analysis as an aid for detining environmenta! boundaries. H‘owéver.
due to ttans_ponation and selective preservation t’hese statistics may not directly re- .
fate to the sites where plants grow. o |

DRV
3.3.2 Systematics

As the phylefic aftinities of fossil‘ palyndmorphs Can rare.ly be 'deterfhined wifh cor-
tainty, most classification schemes (morphblogiqal) are somewhat aniﬁcial.v» |
A mo.rphologic'al‘classiﬁcation. system i‘s used’in t'h‘is_‘study., Palegeéqldgical or
phylétic affinities are notinferred. This claSsificétion schemé is that of/fi’urden (1982) .
and Burden ‘and Hills (m prep.) and is based on the taxonomsc key of Burden and '
Hills (in prep. ) of the Lower Cretaceous of western Canada Palynomorphs are sub-
dlwded mto the follow:ng groups and subgroups
TERRESTRIAL PALYNOMORPHS B
Trilete Spores ‘ I o
Monolete Spores " . |
inapértufate Pollen
Bisaccate Pollen
Monosulcaté Pollen
Tricb!baté’_l?ollen A /
Tricolporate Pollen
Triporétevv Pollen

Periporate Poflen
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FUNGAL REMAINS
MARINE MICROPLANKTON
Chorate Dinofiageliates
Proximate Dinofiagellates
Cavate Dinoflagellates
The entry for each taxon nncludes a photograph selected synonymy, a short de-
scnpnon for some spemmens classitied only to the generic level, worldwide range,
pccurrence in this study, relative abundance, and any spemahzed characteristics
unique to this study. 7 '
The species from Padloping, Quaaluit and Durban islands, are illustrated as paly- -

nombrph cbunts in Appendix D.

" TERRESTRIAL PALYNOMORPHS
Trilete Sportas
- Genus Eg_[y_gmgulan_sm_nm Slmoncsws and Kedves
V emend Playford and Dettmann 1965
Type Species: Egjm_gguj_ansngmﬁs girculus Snmoncsms and Kedves, 1961.
| Polycingulatisporites sp. cf. E.[_;mams Singh, 1971
, PL2Fig. 1 b .
Selected Synonymy: S ]
1971 WWSmgh p 131 pl. 18, flgs 4- 7

Remarks: The single specimen observed, resembles EQL\I_Q[DQW Lad;ams. ‘
howevef._it is corrbd‘ed énd therefore as.éignment to this species is questionable. B,
. LadLamS is reponed from the early Aptian to late Albian (Burder'\ and Hills, in prep.).-
The smgle occurrence of this taxon |s in a sample trom a bedof Facies C (overbank)

located below the debns ﬂow on Quqaluit Island.
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Genustmmang;msnmm Smgh 1971

Type Spemes lexa_x_mngujmmesmms(&ngh) Smgh 1971.
Qtﬁ&almanaulﬁmnmmmﬁ(slngh) Smgh 1971 °
' Pi.2Fig. 2
Selected Synonymy
1964 Apmnmmsme_ﬁmjngmgh p. 55, pl. 5, figs. 6-9.
1971 Distaltiangulisgorites RErRIexus (Singh) Singh. p. 89, pl. 12, figs. 1-6.
1975 D_lmalmmmmg_nms p_e_m[gxus (Singh) Singh; Brideaux and Mcintyre,
p. 16, pl. 2, fig. 40. L
1982 D_leanu_angu_[mpgums pemlexus (Smgh) Smgh Burden,
p. 183, pl. 9 tigs. 17-20.

Remarks: The reported range tor this species is Valanginian to late Albian (Burden,

' ? 1982). Specimens in this study are 5-8pm larger than Singh’s (1964)»maximu§fsize

(45}:1r'r_|) forthe speciés. This taxon is present (in very low'ab'urgdance; 2 specimens)

'~ in asample from a bed of Facies G (overbank) from below the debris flow on Qugaluit

"l_sland.

Distaltriangulisporites irreguiaris Singh, 1971
. Pl 2Fvg 3
Selected Synonymy:
‘ 1971 Wwaus&ngh p. 91, pl. 12, figs. 10 13.
1982 Wm&ngh Burden, p. 185, pl. 9 f:gs 23 26.

Remarks: Burden (1982) reports a.range of late Berriasian to Albian for

- Distaltrianqulisgorites Wans Only two specimens, each.in a sample from abed -
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of Facies C (overbank) located below the debris flow on Quqaluit Island were ob-

served.

Genus anamspgnm Weyland and Krieger emend. V
} - Dettmann, 1963 »
Type species: ngms yelatus Weyla'nd and Kreiger, 1953.
. Dﬁﬂ&QlﬁanﬂﬂimlﬁﬁQiuﬂu.lamﬁBrenner 1963
PL.2Fig.4
Selected Synon)my
1966 Qeusmspgumsmmmgumus Brenner Burger,
p. 253, pl. 22, figs. 1, 2; pl. 23, fig. 1.

1971 WW Brenner; Smgh

p 46, pl. 3, figs. 11, 12,
1975 ansmspgumsmmmgum Brenner Bndeaux and Mclntyre

p. 16 pl. 3, fig. 4. : v '
19'8A0 Densoisporites microrugulatus Brennerr;' Wingate, p. 11, pl. 2, fig. 9. 7_ |
1982 Densoisporites microrugulatus Brenner; Burden, p. 306, pl. 24, figs. 12,13,

Remarks: According to Burden (1982) the range ior Densoisporites mmmgmm

is Berriasian to Albian. This species occurs (1-3 specimens/sample) in samples from
beds of Facies C, B and D (overbank and backswamp) on all three istands. - It occurs
once (corroded) in a sample from a bed of Facies B (backswamp) l_r)cated above the

. debris flow on Quqaluit island.

- Genus Appendicisporites Weyland and Krieger, 1953
Type Speciés: Appendicisporites tricuspidatus Weyland and Greifeld, 1953.

- Appendicisporites bifurcatus Singh, 1964
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PlL2Fg. 5
lSelected Synonymy:
1964 App_enmmmnmsmmmamS Singh, p. 54, pl. 5, hgs 1.8,
1971 Ame_nmmsmum pifurgatus Singh; Singh, p. 56. pl. 4, figs. 3-5.
719,75 Appendicisporites bifurcatus Singh; Brideaux and Mcintyre, .
p. 15, pl. 2, tig. 10. ' |

1975 Appendicisporites bifurcatus Singh; Srivastava, ’

f p. 12, pl. 2, figs. 810, pl. 4, figs. 1-8, pl. 5, figs. 13.

. Remarks: Specimens in this study resemble more closely Si"ngh's.(1971) assignment
than his earlier 1964 'assignrrrent. Appendicisporites bifurgatys is restricted to the
middle and late Albia_n of Western Canada (Singh, 1964). Srivastava (1975) reporis :
~a North Arnericar\ range of Barremian:Cenomanian. Thié\species is rare in the |
samples examined frorh the study area and occurs only three times in samples from
beds of Facies D and C (backswamp and overbank) located below the first volcanic
ashon Padloping Island and below the’ debris flow on O.uqaluit Island |
' Annenmmsmmsnmmgmannus (Burger) Slngh 1971
Pl. 2 Fig. 6 '
Selected Synonymy e
196621ma_te_lj_ag_m_b_l_em_angaBurger p. 245, pl. 10, fig. 3.
o7 Appendicisporites problematicus (Burger) Singh, p.63, pl. 6, figs.r1-6.
1975 Appendicisporites problematicus (Burger) Singh; Srivastava,
p17p|9hgsa4 :
19§é Appendicisporites Qm_b_[gmamu_s (Bergerj Sin'r_;h; Burden,
_ - p. 206, pl. 11, figs. 9, 10. ‘
Remarks leeAmndmmmmamﬁ Smgh Annﬁnmmnmimmgmam
(Burger) Smgh is well preserved. However A. nmm_e_mmm is much more. trequem: A ‘.
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than A. m[atmahs occurnng in samples from beds of Facies D and C (backswamp
and overbank\ from Padloping and Quqalunl nslands and a single occurrence in a "
sample from a bed of Facies F (distal attuvial fan). Corroded specimens (1-2 speci-
mens/samplec) occur in a sample from a bed of Facies B v(ba‘ckswamp) Iocated .
above the debris tlow on Quqaluit Island. A. Qmm_e_m_anma is found in Berriasian to
Albian strata of Western Canada (Singh, 1971) and in Bemasnan and Valangmran ‘
strata of Holland (Burger, 1966). ‘ _'

Genus Mumma Somers 1952
" Type Specaes Mumspgm manthomers 1952

Mumpmamasazmca Pocock 1961
Pl 2 F.g 7

Selected Synonymy: -
.1961 Mumspm_amesgzma Pocock p. 1233, text-fig. 1, figs. 3- 5
1982Mum5ngmmgagzmga Pocock Burden, p 210 pl. 11 figs. 13, 14

Remarks: The North Amencan range for Mu_mp_o_[a mg_s_qz_mga is Portland:an to

Alblan (Burden 1982). This spec195 oceurs, in. on!y two samples in the study area.

Both occurrences are below the first volcanic ash and arein a coal sample (Facnes D) .

(2 speclmens) and a sample from a bed ot Facnes B (backswamp mudstone) (1

specnmen) located on Padlopmg Istand..

Genns.I[ﬂgn_QmLims Pant, 1954 ex. Potenie’, 1956
Type Specnes mngmmginanmm (Delcourt and Sprumont) Potonie’, 1956
Inlgbgspm_m n,anngnm {Delcourt and Sprumont) Potome 1956
Pl. 2 Fig. 8
~ Selected Synonymy

1963 Iulnhgsmnues n,an,ugmm (Delcoun and Sprumont) Potonie’; Delcourt
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Dettmann and Hughes, p. 288, pl. 43, figs. 9, 10.-

1982 Trilobosporites hannonicus (Delcourt and Sprumont) Potonie’; Burden,
p. 211, pl. 11, figs. 15-16.

1984 ﬂJQQQsQQLm hannonigus (Delcourt and Sprumont) Potome Burden,
p. 265, fig. 11e.

RemarkS' This species occurs in Valanginian lo,middle Albian stratar (Burden'and
Hills, in prep. ) Trilobospoerites hannonicus is very rare only three spec:mens inthree
’ separate samples from beds ol Facies B (backswamp) and Facres C (overbank)) lo-

"cated below the first volcanic ash on Padloping Island were observed.

Genus\jmgamgjsng_[_a Venkatachala, Kar and Raza, 1968

- Type Species: Impardecispora apiverrucata (Couper)-Venl(atachala, Kar and Raza,
1968.

Mww (Dettmann) Venkatachala, Kar and Raza, 1968

PL2 Flg 9

Selected Synonymy

1963Iu]g_bg§mmg§mbmm Denmann p. 61, pl. 12, tigs. 10-14.

1982 ]mgamg_gmm mb_g_tus (Deltmann) Venkatachala Kar and Raza Burden,
p 221 pt. 13 frgs 10-11.

Remarks: According to Borden (1982) the range of this species is not well defined. it
oceurs in the middle to tate Albran in nonhwestern Alberta (Smgh 1971), however it
also oceurs in both younger and older strata lrom Australia and Siberia (Dettmann

1963) This species occurs only once (highly corroded) in a sample of Facres B

‘ (backswamp) laken from abed located abovo the debrrs flow on Quqalurt Island
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Genus Sestrosporites-Dettmann, 1963
Type Species: Sestrosporiles irregulatus (Couper) Dettmann, 1963.

Sesirosporitas pseudoalveolatus (Couper) Dettmann, 1963
Pl. 2 Fig. 10

' Selec!_ed Synoymy:
1958 Cingulatisporites pseudoalveolatus Couper, p. 147, pl. 25, figs. 5, 6.
1963 Sestrosparites pseudoalveolatus (Couper) Dettmann, p. 66, pl. 13, figs. 11-16.
1964 Hymenozonotriletes pseudoalveolatus (Couper) Singh, p. 83, pl. 10, figs. 1-3.
- 1971 Sestrosporites pseudoalyeolatus (Couper) Dettmann; Singh,
p. 44, pl. 3, figs. 3-7. - :
1982 Sestrosporites p_sgmaly_e_glmuﬁ {Couper) Dettmann; quden,
p. 222, pl. 13, figs. 14-15. ‘ : :
Remarks: Singh (1971) reports a composite worldwide range of Bajocian to early
Cenomanian for m pseudoalveolalys. Only two specimens were ob-
served in this siudy. Both ('specimens of are in a sample from a bed ot Facies C

(overbank) located below the debris How on Quqgaluit Island.

Genus Gleicheniidites Ross 1949 ex Delcourt and Sprumont emend. Dettmann,
- 11963 ‘ .
Type Species: ﬁlmgb_emmugs senonicus Ross'. 1949.
Gleicheniiditas senonicys Ross, 1949
' PL2Fig. 11
Selected Synonymy: _
1958 Gleicheniidites s_engmg_us Ross;'coupe‘r. p. 138, pl. 19, figs. 13-15.
1964 ﬁ]mhe,nudng; senonicus Ross; Singh, p. 69, pl. 8, figs. 10, 11.
1965 mmnngmmmsgmnms Ross; McGregor, p. 30, pl. 10, fig. 6.
1966 Glejcheniidites seponicus Ross; Burger, p. 239, pl. 3, fig. 5.
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1971 Gleicheniidites senonicus Ross; Singh, p. 97, pl. 14, fig. 1.
. 1973 Gleicheniidites senonicus Ross; Hopkins and Balkwill,
p. 14, pl. 1, fig. 2,
1974 ﬁmmngmy_dm senonicus Ross; Hopkins, p. 12, pl. 2. fig. 22.
1975 Gleicheniidites senonicus Foss; Srivastava, p. 41, pl. 18, tigs. 7-15.
1980 Gleicheniidites senonicus Ross; Wingate, p. 21, pl. 8, fig. 10.
1982 Gleichenidites senonicus Ross; Burden, p. 223, pl. 13, fig. 20.

Remarks: The range for this cosmopolitan taxon is Jurassic arwd Cretaceous wdr{d-
wida (Burden, .1 éaé). This spore occurs (1-15 specimens/isample) in almost every
sample, both aboye and below the first volcanic ash on Padloping Island and both
above and below the debris flow on Quqaluit Island. it is very abundant (up to 25

specimens present) in samples from beds of Facies B and D (backswamp).

Genus mmglmmgmmm Burger 1976 |

Type species: Emggl&mhﬁnumle&mnmsaus (Hedlund) Burger, 1976.

Egymmmmmmisus (Hedlund) Burger 1976

Pl. 2 Fig. 12
Snlected Synonymy '
1983 ngg_o_glmgh_anmmaggnmsmmedlund) Burger; Smgh p. 39, pl 4, tig. 3
[ §

.Remarks According to Smgh (1983) khe range of this taxon is Albian and Cenoma-
nian. The single specimen observed in"a sample from a bed of Facies B .
(backswamp), located below the debris flow on Quqaluit Island, is 9 pm larger than
Singh's (1983) specimens (Singh's (1583) sbecimens measure 30}:m i-n maximum

-

equatorial diameter).
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Genus Lycopediacidites Couper emend.'\Potonie’, 1956
Type Species: Lycopodiacidites bullerensis Couper, 1933. " -
Lycopadiacidites canaliculatus Singh, 1971
PL 2 Fig. 13
Selected Synonymy:. ‘

1971 Lycopodiacidites canaliculatus Singh, p. 38, pl. 1, fig. 15.

Remarks: Singh (1971) reported this species f'rom the middle and late Albian in the

Peace River area of Alberta. Only two specimens, each in two separate samples '

from beds of Facies C (overbank) located below the debris flow.on Qugaluit Island,
- g :

were observed.

Genus Hammmmm Krtuzsch, 1959
Type Species: Hamulatisporis hamulatis Krutzsch, 1959.
R ' Hamulatisporis sp. ?
' PL.2Fig. 14

Remarks: The single broken specimen in this study does hot have a proximal face,
theretore accurate specieé assignment cannot be made. “The specinﬁen occurs in a
sarppl_e fr_om a be'dr of Facies B (backswamp) located above the de.bris flow on Qugal-
uit Igjand. S)bne'(1973) and Wilson (1978) state thétﬂamula;jsp_misnamulaﬁs oc-

curs in upper Campanian to Eocene 'strata in both Europe and North America.

, Genus Qmammsmgnms Pﬂl:lg and Thomson, 1953
Type Species: Cleatricosisporites dorogensis Potonie’ and Gelletich, 1933.
" " Cicatricosisporites annulatug Archangelisky and Gamerro, 1968
| Pt. 2 Fig. 15
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Selected Synonymy:
1964 Cicatricosisporiles sp. B; Singh, p. 60, pl. 7, figs. 4-6.
1971 mmmms annmams Archangelsky and Gamerro; Singh,
p. 67, pl. 6. figs. 134'5; pl. 7. figs. 1, 2.
1975 Q_Lg_alnmmsnmm_s annulatys Archangelsky and Gamerro Brideaux and
Mclntyre, p. 15, pl. 1, tig. 33,34
1982 Qmmm annmm_us Archangelsky and Gamerro Busden,
© p. 235, pl. 14, figs. 14-18, :
Remarks: According to Singh (1971) the range of Qmamsmugs ammlams is
Crelacebus. This spore’is exfremely rare in the study area; it occurs only three time‘s

in a coal sample from Padloping Island.

WW Cookson Potonie’, 1956
Pl 3 Fig. 1
Selected Synonymy
1963 anmggmspgmgsausnmnms (Cookson) Potonie’; Dettmann,
- p 53, pl. 9. figs. 10-16.
1971 MWW {Cookson) Potc)n:e Singh,
' p. 69, pl 7, figs. 12-15.
1974 Cicatricosisporites aystraliensis (Cookson) POtOnle Hopkms
p. 15, pl. 3, fig. 32.-

, 1975 Qmammmsmumaausnahensﬁ (Cookson) Potonie’; Brideaux and Mclntyre.

p. 15, pl. 1, fig. 37:

1982mmmgsausnamnms Cookson) Potonie'; Burden,
p. 239, pl. 14, figs. 21, 22.
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" Remarks: As with Appendicisporites Weyland and Krieger, this genus also exhibits
excellent preservation compared with the fotal assemblage in this study. This taxcn
occurs only once, in a sample; from a bed of Facies C (overbank) located below the
debris flow on Quqaluit Island. The range of anqusmpgme_s aystraliensis is Cre-
taceous worldwide {(Singh, 1971). ) | 4
Qmmummnmnalm Delcourt and Sprumont 1955
"PlL3Fig. 2
Selected Synonymy: |
1964 Cicatricosisporites medigstrigtus (Botkhovitina) Pocock Smgh
p. 59, pl. 6, fig. 8.
1966 anmmsmumsnﬂm Delcourt and Sprumont; Burger p 244, pl. 9, flg 2.
1971 Cicatricosisporites hallei Delcourt and Sprumont'Smgh p. 71, pl 8, hgs 7-11.
1975 Q;_gaummsmm hallei Delcourt and Sprumont Bndeaux and Mclntyre
15 pl. 1, hg 38.°
1975 ngmnmgmugsnaum De!court and Sprumont; Snvastava
p. 27, pl. 11, figs. 5, 6.
11982 Cicatricosisporites hallei Delcourt and Sprumont; Burden, -
p. 239, ;;l. 14, figs. 25, 26.

Remarks: According to BQrden (1982) this cosmopolitan taxon is distributed in Kim-
“meridgian to- Santonian strata. Cicatricosisporites hallej is the most abundant spe-
cigs of Cicatricosisporites present in this study. It occurs in sarhples from all thrée
islands. itis tbund in fow abundance (1-3 specirﬁ'é‘nslsample) both above and below
the first volcanic ash on Padloping Island and both above and below the debris tlow
- on qualuit Island. Specimens found in samples from above the ash or debris flow

- are corroded,

© Cicaricosisporites hughesi Dettmann, 1963
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Pl.3Fig. 3
< Selected Synony&\y:

1963 Cicatricosisporites hughesi Dettmann, p. 55, pl. 10, figs. 6-16. '
1971 Cicalricosisporites hughesi Dettmann; Singh,

p. 72, pl. B, figs. 12, 13; pl. 9, figs. 1, 2.
1975 Cicatricosisporites hughesi Déttma_nn; Brideaux and Mclntyre,

«p. 15, pl. 1, fig. 42. _ ’

1982 Cicatricosisportes hughesi Dénmann; Burden,

p. 240, pt: 14, figs. 27-31.
Remarks: Burden (1982) reports Qmatnmsmmnms hughesi as a cosmopolitan spe-
cies which ranges from the Berriasian to the Danian. This species occurs only twice
in a sample from a bed of Facies C (overbank), taken from below the debris flow on

Quaqaluit Istand.

Cicalricosisporites imbricatus (Markova) Singh; 1871
Pl.3 Fig.4

<

. Selected Synonymy:; . _
1966 Cicatficosisporites striatus Rouse; Burger, p. 244, pl. 6, figs. 1, 2.
1967 Appendicisporites potomacensis Brenner; Norris, p. 94, pl. 13, tig. 1.

1982 Cicatricosisporites jimbricatus (Markova) Singh; Burden,
p. 240, pl. 14, figs. 32-35. ' :

Remarks: The"range o'f Cicatricosisporites imbricatys is Berriasian and Cenomanian '
of Europe and Siberia and middle and late Albian of Alberta (Burden, 1982). Two

specimens are‘ present in a sample from a bed of Facies C (overbank) located below

the debris flow on Quqaluit Island.




Genus Qn_qmmmgm (Naumova) ex Naumova 1953 emend. hart 1964
, Type Specnes Qmmm y_ed_uggnﬁm Naumova 1953

anmo_tzﬂelesmm(i(edves) Pocock 1970
Pl 3 an 5

Selected Synonymy _
.1977 Qng_mnzmagsmmg_[(Keaves) Do” rho"fer and Norns p. 88, pI 1, hg 32
1982Qngmp_mgmsmmm(}(edves) Pocock Burden p 296, pl 23, hgs 1.3,
1983 Qngmg_mj,e_tg_smmg[(l(edves) Pocock Smgh p. 34 p. 2 fig. 8, ‘
1986 Chomotriletes minor (Ked_ve_s_) Pocqck. Boland, p. _137,Apl. 3, h;,. 5. -

' Remarks: Accordmg to Burden (1982) this specnes is wndespread in the northem
hem@here occuring in Upper JuraSsic and Cretaceous strata. The smgle speamen.
‘present in this study occurs in a sampic from a bed of Facues C (overbank) !oca!ed

below the debris flow on Quqaluit island.

Genus Batitriletgs Van der Hammen,‘19'56. ex Piéréef »

' emend Do’ring, Krutzsch, Mai a'nd Schu_l_z, 1963
Type Specnes Bgmﬂexesglgbgs_us Pierce, 1961. ) |

N Bﬂmmms singhii Snvastava. 1 972
' PI. 3Flg 6
Selected Synonymy
1964Lxmgﬂ1umsmmesmamnam§ Smgh p. 41, pl. 1, figs. 7- 10
1971t Wmmsmmmm Singh; Singh, p. 43, pl. 2, figs. 12- 14
1975 Lm@ummms Singh; Brideaux and Mclntyre.
p. 15,pl. 1, fig. 22. v

- 1975 Retitriletes amgnu Snivastava; Srivastava,
p. 59, pl. 27, figs.‘4~8: pl. 28, figs. 1, 2.




. ) Selected Synonymy .
“'1971 Bmmujlsp_o_mgsglgngam&ngh p 134 pI 18, llgs 11 12

71

Remarks: Accordmg to Burden and Hills (in prep.) the range for this specnes lS Val

" anginian- Maastrnchtlan Only two specm‘ens of Bgnmmﬁ gm_gm[ were observed in

this study Both specrmens occurred in a sample from a bed of Facies C (ovemank)

Fa

located below the debns llow on qualurt Island.

t

Genungngulmmes Potonle and Kremp. 1953 .

o Type Specues B_emuhsmm:zsnamgﬁanmams Weyland and Krreger 1953

Bmmﬂmmmsmngam Smgh 1971
 PL3Fig.7

~ Remarks: Recent unpublished work by Fensome (1983) suggests that this species

- should be transferred o the genus Saxetia. Basis of this transfer is its poesession of

an indistinct 'distal polar crassitude. This species is reported from the middle and!ate

: "Albxan of Alberta (Singh, 1971) and from the Oxfordian- Hauterivian strata of the:

: Aklavrk range, N W.T. (Fensome 1983). A composite range of Oxfordran Iate Alblan -

"_ is lnferred Bet.g_uhsmmes elp_ngaus occurs only occassuonally (1 2 specrmens/
' sample) in samples from beds of Fncres C (overbank) Iocaled below the flrst volcanlc |

- ash on Padloping Island and below the debris flow on Quqaluit Island.

Genus Tappanispora Srivastava, 1972

Tyoe Specues Iamammmmmmu Srivastava, 1972.

Iapnanmmremulma (Singh) Srivastava, 1975
Pl. 3 Fig. 8

. Selected Synonymy:

1971 Lgnmue_smmu]amss:ngh p. 139, pl. 18 flgs 17, 18.
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1975 Iappamﬁnm,a reticulata (Singh) Srivastava, p. 64, pl. 29, figs. 7-9.

Remarks The reponed range forlagp_amsma reticulata is early Barremianto early
T t

Cenomanian (Burden and Hills, in prep) I [gm;u_[am |s rare inthe s%udy area; only
7 four speCimehs were observed. Sarﬁples which yielded this specnes wera collected

on Qupaluit Island from beds of Facies C (overbank) located below the debris flow.

.Genus Eovegsporites. Bélme, 1957
'Typé Species: Eoveosporites canalis Baime, 1957,
Foveosporites labiosus Singh, 1971
| PI.3 Fig. 9
‘Se!ected Synonymy
1871 Wﬁm&ngh p 121, pI 17, tigs. 1-3.

. Remarks:. ﬁ&o Specimens'of Eoveosporites labiosus are present in separate
' samples from beds of Facies C (overbank) located below the déb_ris flow.on-Qugaluit
Island and first yolcanic _ash on Padloping Island. The range for this taxon is
Hauterivian to late Albian (Burden and Hills, in prep.).
\
Genus Klukisporites Couper, 1958
Type Species: Klukisporites variegatus Couper, 1958.
|  Kukisporites pseudoreticulatus Couper, 1958
, Pl. 3 Fig. 10 |
Selected Synonymy:
1958 Klykisporites pseudoreticulatus Couper, p. 138, pl. 19, hgs 8-10.
1971 Klukisporites pseudoreticulatus Couper; Singh, p. 96, pt. 13, figs. 12-15.
1975 Klukisporites pseudoreticulatus Couper; Brideaux and Mcintyre,




T s

‘ 73-
~ p. 15,pl 1, fig. 28. v _
~ 1977 Klukisporites pseudoreticulafus Coﬁber; Do"rho"ter and Nonis,
 p.88,pl1, fig. 12. ‘
Remarks: Singh (1971) repqrts' a rang_e q! Laté Jﬁrassié' to eérly Cenomanian for
Klukisposites gseudoreticulatus. Only.one specimen of Klukisporites pseudoreticula:
tus occurs in the study area. ltis fouhd belc:w the first volcanic ash in a sample from

a bed of _Facies B (backswamp) on Padloping Island.

Genus undy_[ansmmgs Pflug, 1953
Type Species: Undulatisporites microcutis Pfiug, 1953,
) uudulanspmnes umu[agglus Brenner,1 963
- " PL3Fig. 12 |

Selected $ynonymy: » ‘ ‘
1971 i ites undulapolys Brenner; Singh, p. 148-149, pl. 20, tigs. 11, 12.

. 1974 Undulatisporites undulapolus Brenner; Hopkins, p. 21, pl. 5, fig. 62.
1980 Undulatisporites undulapolus Brenner; Wingate, p. 31, pl. 11, fig. 15.
1962 Unduatisporites undulapalus Brenner; Burden, p. 260, pl. 17, figs. 21-22.
1983 Undulatisporites undulapolus Brenner; Fensome, p. 444, pl. 16.1ig. 2.

Remarké; The range for this species is Oxfordian to Albian (Burden, 1982; ‘Fensome.
1983). This species occurs occasionally (1-2 specimens/sample) in samples from
beds of Fagies B, D and C (backswamp and overbank) below the first volcanic ash
on APadIopin_g Island and belowAthe debris fi;w on Quqaluit Island. Two corroded
specimens were observed in samples from beds of Facies B'(backsv&amp) above
the debris flow on Quqaluit Island. ’ , -

[
|
t
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Genus B_uanmm&s Delcourt and 'Spfumont emend.

Delcourt Dettmann and Hughes, 1963
' Type Spemes ﬂmm Qo_mmam Deicourt and Sprumont: 1955

BjLQllSp_QﬂIﬁﬁD_QlQmaﬂ Delcourt and Sprurnont 1955
Pl. 3 Fig. 13

Selected Synonymy
1963 B_L;_gnsp_g_mescf B. polonigei Delcourt and Sprumont Dettmann,
p. 26, pl2fugs 1,2
1971 Biretisporites potoniaei Deicourt and Sprumont Smgh
p. 49, pl. 3, figs. 15, 16. ' .
' 1980 Biretisporites potoniaei Delcourt and Sprumont; ngate p. 14 pl. 3, hg 50

1982 B_[{ﬁﬂﬁpg[neﬁ potonigej Delcourt and Sprumont Burden,
| . 263, pl. 17, figs. 33, 34.

Remarks: -This species 6ccurs frequehtly (1 5 spe'cimens/sample) and is presentin
almost all samples from the study area One corroded specimen occurs in a sample
from a bed of Facies B (backswamp) located above the debris flow on Quqalunt is-
_land. O_ne probIem encountered when exammmg spores which may or may not be
Biretisporites is preservation and félding. When this species is folded it is extremely
ditficult to discérri it from anmm_s minor Couperr or Delloidospera halli Minéf. )
Biretisporites potoniaej is }ound in the Early Cretaceous of Western Canada, Belgium
and France (Singh, 1971 Norris, 1967) and the Early Cretace0us of Southeastern'

<

Australia (Denmann 1963).

Genus Dictvophyllidites Couper emend. Dettmann, 1 963
Type Species: mnmnnxlmm&snamsu Couper 1958,
Dictyophyllidites sp.
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N -~ PL3Fig. 14
_ _Selected Synonymy B
1971m;mgphyuldng§sp Srngh p. 104, pl 14, hg 13
1973Q|_Qty_9nhxlhdr_tessp Hopkms and Balkwill, p. 14 pl. 1, hg 24

‘ 'Re‘marks: -The North American range for Dictyophyllidites sp. is Cretaceous (Singh, |
1871). This is a common species and accurs in most samples (1-5 ',sp'ecirnensl /
' sanﬁple) both ab'ove and,beloyv the first volcanic ash on Padloping Istand and above

and below the debris flow on Quqaluit Island.

Genue Stereisporites Pflug, 1953
| Type Species: S_Le:msngmasammdgs (Potome and Venrtz) Pflug, 1953.
7' S_tg[_e_]sp_Qﬂ_Les annguaﬁm (erson and Webster) Dettmann, 1963 -
| PL'3 Fig. 15 .
" Selected Synonymy o

1963 S_Iﬂeﬁpg_\:m am)guasng_mas (Wr!son and Webster) Dettmann
Ap25pl1f1952021 o

1971 WW (erson and Webster) Dettmann Smgh
p.33-34, pl. 1, tigs. 4, 5.

197S‘S_te[_elsggne§ antiquasporites (Wnlson and Webster) Dettmann Bndeaux and
Mclntyre p. 14, pl. 1, tig. 6

1982 s_mmmp_qnmamauaammgﬁ (Wilson and Webster) Dettmann; Burden

p. 266, pl. 18, figs. 3, 4.

Remarks: Singh (1971) states that Stereisporites antiquasporites occurs from the
“Jurassic to Tertiary, worldwide. In this study S. antiquasporites occurs occasionally

(1-2 specimens/sample) in most samples from below the first voicanic ash (Padlop-




. _Type Specnes Qy,ammnﬂsaumnsCouper 1953.
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' ing Island) and below the debris flow (Quqaluit Island).

_ _ Genus lemdgsnm:a Miner. 1935
| Type spemes le{mdg_sp_o_r_a nauu Miner, 1935.

- * Deltoidospora hafli Miner, 1935

PL3 F:g. 16

Selected Synonymy - '

1964qug_|_dgsg_9_f_anaj_l_u Miner; Singh, p. 80, pl. 9, flgs 13, 14

" 1971 Deltoidospora hallii Miner; Singh, p. 1v1‘8, pl. 16, fig. 8.

1980 Deltoidospora halli Miner; Wingate. p. 24, pl. 9, fig. 14.

1982 Deltoidospora hallii Miner; Burden, p. 261, pl. 17, fig. 23.

1986 Qeﬂmjg}pma nalm Miner; Boland, p. 108, pl. 1. fig. 11.

Remarks qumdgspgmnauu ranges from Jurassic 1o Cretaceous worldwide (Singh, -
1971; Burden 1982) Thns is a common specles in the study area it occurs com-
monly (1-10 specumens/sample) in samples from beds of most facies except for coal
samples where as many as 27 specimens were observed in a200 grain count. Only
one specimen (corr_oded). was observed in ‘_a _sample from a bed of Faoles B

(backswamp) lacated above the debris flow on Quqaluit island.

‘Genus Qy_athj.djlga Couper, 1953

Cyathidites minor Couper 1953
Pl 4 Fig. 1
Sulatted Synonymy
1958 Cyathidites minor Couper; Couper, p. 139 pl. 20, figs. 9, 10.
1963 Cyathidites minor Couper. Dettmann, p. 22. pl. 1, figs. 4, 5.




.
1964 mmm Couper"Singh' p.71,pl. 8, fig. 13.
11965 Cyathidites minor Couper. McGregor, p. 24, pl. 7, hgs 3 4.
1966 QxammugsmmmCouper Burgsr, p. 237 pl 4, hg 1,
1971 .Qxattll.dllﬁsmmmCouper Singh, p.-101, pl. 14, fig. 9.
1973 _Qy_a.mmuﬁmmg,( Couper; Hopl-uns and Balkwnll p. 15, pﬁ fig. 27.
1974 Q_amm{esm;m_[ Couper Hopkins, p. 12 pt. 2, fig. 20.
1975 Qxammmﬁmmo; Couper; Brideaux and,Mclntyre, p. 14, ph. 1, 1ig. 3.
1982 Cyathidites minor Couper; Burden, p. 267, pl. 18, ig. 6.

" Remarks: Cyathidites minor is a cosmopalitan taxon with a range of Jurassic to Ter-

tiary (Sihgh. 1971; Burden, 1982). This is an abundant species and occufs both
above and below the first volcanic ash in samples from bedvs of most facies. As many .
© as 32 spercimen‘s of Cyathidites minor are present in samples below tha first volcanic
. ash (Padloping Island) and debris flow (Quqaluit Istand), Wheréas above the ash and
7 debris flow the maximum numbe'rbof specimens/s%\n/{bfe encountered is 8. As pointed )
out in the remarks of B_u_e_nspgme_s potoniaei Délcoud and Sprpmont. preservation
plays an important role in identification of this genﬁs.
Genus Q_;mmmr_ugs Pflug, 1953

Type Specnes ngayJ,smmgsmgm Pflug, 1953.

Concavisporites jurienensis Balme, 1957 -
: ~Pl.4Fig.2
* Selected Synonymy: |
1966 angammmasmﬂengnsﬁ Balme; Burger, p. 237, pl. 4, fig. 6.
1971 Qo_u_gamp_omg_smnmnﬂs Balme, Singh, p. 112, pl. 15, figs. 16, 17.
1980 Copcayisporites j umgngnms Baime; Wingate, ,p. 25, pl. 9, fig. 12.
. 1982 Q_Q_n_Q_aﬂSQ_QMEﬁ jurienensis Balme; Burden, p. 267, pl. 18, figs. 7-10.




78

Remarks: This taxon ranges from Late Jurassic to Early Cretaceous worldwide
(Singh, 1971; Burden, 1982). The two occurrences of this species are from coal
samples located b.elow'the first volcanic ash on Padloping Island. '

—

LI ‘4

Genus Concavissimisporites Delcourt and Sprumont, 1955 . _
Type Species: Concavissimisporites verrycosus Delcourt and Sprumont emend.
Delcourt, Dettmann and Hughes, 1963. | |
Qqnmmsmﬁpgﬂmmmm (Pbcock) Delcourt, Dettmann and Hughes, 1363
PL 4 Fig. 3 |

Selected Synonymy:
1971 Concavissimisporites minor (Pocock) Delcourt, Dettmann and Hughes; Singh,

p. 113 pl. 15, flg 18. ’
1982 angamsmpmngsmmm (Pocock) Delco.;rt Dettmann and Hughes Bur

den, p. 277, pl. 19 figs. 21, 22.

Rem;uks: The stratigraphic range of an_gamssmmmﬁ minot, according to Bur-
“den (1982), is Late Jurassic to Albian within Western Canada. Only two specimens -~
of ngamssmﬁmums minor were observed below the first volcanic ash'in a coal
sample from Padloping lsla;wd, and mudstone (Facieé_ é) sample located below the

debris flow on Quqaluit island.

Concavissimisporites penolaensis Dettmann, 1963
* Pl. 4 Fig. 4
Selected Synonymy:
1963 Concavissimisporites penolaensis Dettmann, p. 31, pl. 3, figs. 13-16.
1970 Concavissimisporites sp. cf. C. penolaensis Dettmann; ;(emp.
p. 85, pl. 10, figs. 4-6.
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1982 angayﬁsmmm,s sp. cf. G. penolaensis Dettmann; Burden, -

p. 278, pl. 19, figs. 27;. 28. '
Remarks: The one specimen, in a sample from a bed of Facieé C (overbank) located
below ;he debris flow- on Quqaluit Island, has interradial .thickenings on the distal sur-
face"and is 5}:m smaller than Dettmann’s (1963) minimum size, which is 52)'.|m. for _
this species. The distribution of this taxon is Valanginian to early Aptian worldwide

(Dettmann, 1963).

Genus Megms{m:}ga Potonie’, 1956
Type Species: Neoraistrickia truncata (Cookson) Potonie’, 1956.
Neoraistrickia fruncata (Cooksen) Potonie’, 1956
PL4Fig.5 |
. Selected Synonymy: -

1963 Ngg[amngmamumm (Cookson) ; Dettmanﬁ, p. 36, pl. 5, ﬁgs. 4,5,

1971 Nmmmmmm(Cookson) F’otonié'; Singh, p. 47, pl. 3. fig. 13. ‘

" 1982 Neoraistrickia truncata (Cookéon) Potonie’; Burden, p. 268, pl. 18, figs. 11-13.
( , . | |

'Remarks: According to Singh (1971) Neoraistrickia ma is distributed worldwide

in the Jurassic and Cretaceous. This species (one specimen in very poor condition)
occursin a samplé of the volcanic ash on Padloping Isléhd. once (poor condition) in
a sample from a bed of Facies B (backswamp) located above the debris flow on
Quqaluit Island and once in good condition in a sample from a bed of Facies £

(meandering channe!) located below the first volcanic ash on Padloping Istand.

Genus Q;muudagidlmﬁ'COUper. 1953
Type species: Qsmundacidites wellmanii Couper, 1953.

-
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Qﬁmundacidimwmanﬁ:cmper; 1953
" Pl.4Fig. 6
' Selected Synonymy . |
1958 Qsmuuﬂacmue_sueﬂmanu Couper Couper p- 134 pl 16, hgs 4,5.
1963 Qsmun_dagmmsw_eﬂmann Couper; Dettmann, p. 32, pl. 3, figs. 19-21,
1964 Qamindacidites wellmanii Couper: vSingh. p. 44, pl. 1, fig. 20.
1966 Qsmunﬂamdnes wellmanij Couper: Burger, p. 251, pl. 20, fig. 3.
1971 WWCouper Singh, p. 50, p!. 4, fig. 1.
1973 Qsmmdam_dngswgﬂm_am Couper; Hopknns and Balkwill,
p12pr1fgs 15 16 R
1974 Qﬁm_undagduesm_eﬂmam Couper; Hopk.ns p. 13, pl. 2, feg 24
1975 Qsmundacidites wellmanji Couper; Brideaux:and Mcintyre, p. 14, pl. 1, fig. 11.
1975 Qsmundacidites wellmanii Couber; Srivastava; p. 54; pl. 25, figs. 13, 14,
1982 Qsmundacidites wellmanii Couper; Burden, p 268, pl. 18, figs. 14, 15.
Remarkg: The stratigraphic range for this species is Liassic to Senonian worldwide
(Srivastava, 1975). Qsmundacidites wellmanii is 8 common species and océurs oc-
casionally (1-2 spec:rnens/sample) in most samples collected below the first volcamc

ash on Padioping Island and bslow the debns flow on Quqa!uat Island.

‘Genus Baculatisporites Thomson and Ptlug, 1953
Type Species: atispori primarius (Wolff) Thomson and Pflug, 1953. -
| B;m;% (Cookson) Potcnie’, 1956
PLAFiG7 !
Selected Synonymy:

1963 Bagulanms comaumensis (Cookson) Potome Dettmann,
p. 35, pl. 3, figs. 22, 23.

w7
By
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1971 WW(COOMOM Potonig'; Singh, p. 48 pl 3, hg 14,
1982§_agulammnmsmmaumms (Cookson) Po{ome Burden
p269 pl 18, hgs 16-18. _
Remarks: This species, accordmg to Singh (1971} is cosmqpolitan and ranges from
Late Triassic to Tertiary. Only three speéimens of this taxon Were encountered in |

samples from beds of Facies C (overbank) located below the debris flow on Qugaluit

Island.

.Genus Acanthotriletes Naumova, 1939 ex 1949
Type Species: Ammnhmgsghm(t(nox) Potopie’ and Kremp, 1954.
Ahﬂﬂiﬂﬂﬂﬂ&ﬁ varispinasus Pocock, 1962
| Pl 4 Fig: 8
Selected Synonymy:

1962 Acanthotriletes varisginosus Pocock; p. 36, pl. 1, figs. 18-20.

1964 mmmmmw Pocock; Singh, p. 43, pl. 1, figs. 17, 18.
1971 Agamngnumgsmw Pocock; Singh, p. 45, pl. 3, fig. 8.
1975 Acanthotriletes varispinosus Pocock; Brideaux and Mclntyre,

p. 14, ph 1, fig. 13.

1977 Aganthotriletes varispinosus Pocock; Do"rho"ter and Norris,

' p. 88, pl. 1, fig. 16.
Remarks: According to Singh (1964, 1971) and Norris (1967) A. yarispinosus is a
common Early Cretaceous spore wotldwide. Specimens of Aganmg_mmEa varispi-
nosus obcurred occasionally (1-2 specimens/sample) in samples from _beds of Facies
B, D and C (backswamp and oirerbank) both above and below the tirst volcanic ash
on Padloping Island and above and below the debris flow on Quqaluit Island. Speci-
mens found above the first volcanic ash (in a sample from a bed of Facies B) and

debris flow are corroded.
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Genus Granulatisporites Ibrahim emend. Potonie’ and Kremp 1954

i Type Spemes Granulatisporites granulatus Ibrahim, 1933.

Graﬂulansmmes sp.
Pl 4Fig. 9
Selected Synonymy:
1964 Granulatisporites sp.; Singh, p. 98, pI 13, fig. 8.
1982 ﬁr,auulanammﬁs sp.; Burden, p. 274, pl. 19, figs. 13-16.

Remarks: This spore occurs in the Early Cretaceous of eastern Australia (Hopkins’

974) and in the Barremnan’ o mnddle Albian in the northern hemzsphere (Burden
1982). Q_Lanuml_sngnmﬁ sp occws occasmnally (1-2 specumens/sample) in sampies;
from all sechons. both above and below the first volcanic ash and debris ﬂow how-
aver, spec:mens from sariples above the hrst volcanic ash and debris ﬂow are cor-
roded. o - _ e '

Genus Yerrucosisporites I_brah‘imémend. Potonie’ and Kremp; 1‘954
Type Species: Meuummnes verrucosys ibrahim emend. Po_lonie' and Kremp,
1955. . | |
Yerrucosisporites rotundus Singh, 1964
Pl.4Fig.10

Selected Synonymy: ‘ S

1964 Verrucosisporites rotundus Singh, p. 96, pl. 13, fig. 3.

1971 Verrycosisporites rotundus Singh; Singh, p. 149, pl. 20, fig. 14.

Remarks: The North American range for Yerrucosisperites rotundus isrAptian‘ and
Albian (Singh, 1971; Hopkins, 1974). This species occurs frequently (1-5 speci-
mens/sample) in samples from beds of Facies C'. B and D (overbank and

backswamp) and occasionally (1-2 specimens/sample) in sampies from beds of Fa-
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)

cies E (meandering channel) and Facies F (distal alluvial fan). One corroded speci-
men was observed in the f_irst volcanic ash on Quqaluil Island and in a sample from a
bed of Facies B {backswamp) which overlies this ash.

Monoiete Spores

Genus Lagymamsmmﬁ Ibrahim emend. Schopf Wulson and Bentall, 1944
Type Species: Lamgmgsggmgs y_u_!gau_s (lbrahnm ) ibrahim, 1933, ‘
Laevigatospgrites anms Wilson and Webster, 1946
Pi. 4 Fig. t1
Selected Synonymy ‘

1963 Lammsmumsuamswl!son and Webster; Dettmann, ’ //
p. 86, pl. 19, tigs. 9-11.
1964 Laevigatosporites ovatus Wilson and Webster; Singh, p. 89, pl. 13, figs. 9-11.
1971 WMWilson‘am Webster; Singh, p. 105, pl. 14, fig. 14.
1973 Laevigatosporites Qxalus Wilson and Webster; Hopkins and Balkwill,
p. 15, p! 1, fig. 25.
1974 Lagmamsmmgsgymmlson and Webster Hopkins, p. 14, pl. 3, hg 28.
1975 Laevigatosporites gvatus Wilson and Webster; Bridéaux and Mcintyre,
p.16,pl. 3,1g. 8.

1980 Laevigatosporites ovatus Wilson and Webster; Wingate, p. 23, pl. 9, fig. 6.

Remarks: Singh (1971) and Hopkins (1974) suggest a Jurassic and Cretaceous agev
for Lagvigatosporites m; however, Hopkins (1974) suggests it is much more

- abundant in the Tertiary. This monolete spore is very common in the study area
“occurring in almost all samples located both above and below the first volcanic ash

' (Padloping Island) and debris flow (Quqaluit Islanc).
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GenusEungxamspgnm lbrahim, 1933
Type Spec-es Eunﬂamsmmgsmmum.qlbrahxm 1933,
‘ EnndalnsmMesssahratua(Couper) Singh, 1971
Pl. 4 Fig. 12
Selected Synonymy:

1958 Maraftisporites scabratus Couper, p. 133, pl. 15, figs. 20-23.

+1971 Punctatosporites scabratus (Couper) Singh, p. 106, pl. 14, fig. 15.

1980 Punctatosporites scabratus (Couper) Singh; Wingate, p. 13, pl. 3, fug 2.
1982 Punctatosporites scabratus (Couper) Singh; Burden,

p. 285, pl. 20, figs. 30, 31.
Remarks: According to éinéh (1971) and Burden (1982) E_ungla,{gsmnms agamam;
occurs frorh Late Triassic to Albian and is widespread in the northern hemisphers.
This spécies occurs ir{ most overbank (Facies C) samples (1-4 specimens/sample)
and in a sample from a bed of Facies Ff (distal afluvial fan) on.'Durban Island (12

il
specimens).. A single occurrence of this’ taxon above the debris flow on Qugqaluit Is

‘land (Facies B backswamp) is corroded and very poorly preserved

4

Inaperturate Pollen

| Genus Inaperturopolienites
Pflug, 1952 ex Thompson and Pflug emend. Potonie’, 1958
Type Species: Inaperuropolienites dubius (Potonie' and Venitz) Thomson and
Pflug, 1953. . |
Inaperturopollenites sp.
Pl. 4 Fig. 13 -
Selected Synony‘my:v

¢
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1971 Inaperturopollenites sp.; Singh, p. 150, pl. 21, fig. 1.
1973 Inaperturopollenites sp.; Hopkins and Balkwill, p. 20, pl. 2, fig. 45.
1974 |naparturopollenites sp.; Hopkins, p. 23, pl. 6, fig. 70.

Remarks: Singh (1971) and Norris (1967) report ages of middle and late Albian for
this species in the Peace River and Central areas of Alberta. This species is found in
most samples below the first volcanic ash'(Padloping Island) and debris tlow {Quqal-
. uit Island). It occurs in h’igh abundance (up to 35 specimens/sample) in samples
from beds of Facies F (distal alluvial fan) and in samp!és from bedg of Facies Cand B

(averbank and backswamp).

Genus Taxodigceaepolienites Kremp, 1949 ex Potonie’, 1958

Type Species: Taxodiaceaepolienites hiatus Potonie’ ex Patonis’, 1958.
Taxodiaceaepalienites hiatus (Potonie’) Kremp, 1949
‘ Pl.4Fig. 14 -

Selected Synonymy:
1871 Iaxodiaceaepollienites hiatus (Potonie’) Kremp; Singh, p. 15;3. pt. 22, fig. 7..
1975 Iaxgdmgaggglmngsmama (Potonie’) Kremp; Brideaux and 'Mclhtyre.
p. 17, pl. 4, fig. 19. - : ,
1980 Iaxodiaceaepollenites hiatus (Pdtonie') Kre‘mp; Wingate, p. 37, pl. 13, fig. 15.

Remarks: Singh (1971) states that the distribution of Jaxodiaceaepollenites hiatus is
widespread throughout the world; it occurs in middie Albian to Miocene strata of
Western Canada. It is very common in all samples in this study. Higher conéentra-
tions of I. hiatus occur in samples from beds of finer grained facies, particularly Fa-

cles D (coal). -
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Genus Sequoiapolienites Thiergart, 1938
Type Species: Sequoiapolienites polyformosus Thiergari. 1938.
Sequoiapollenites paleocanicus Stanley, 1965
R - : PL. 4 Fig. 15
Selectéd Synonymy:
1965 Sequoiapollenites paleocenicus Stanley; p. 283, pi. 38, figs. 8-11.

. Remarks: Stanley (1965) reports this spacies from Paleocene strata of northwestern
South Dakota. This taxon occurs only four times; one specimen in a sample from a
bed of the the volcanic ash on Padloping Island and 3 spécimens ina sa{mple froma

bed of Facies E which overligs the ash on Padloping Island.

Genus-Araucariacites Cookson, 1947 ex Couper 1953

Type Species: Araucariacites australis Cookson, 1947. ‘

| Acaucariacites australis Cookson, 1947

PL5Fig.1
Selected Synonymy: . -
1958 Araucariacites australis Couper, p. 151, pl. 27, figs. 3-5,
'1963 Araucariacites australis Cookson; Dettmann, p. 105-106, pl. 26, fig. 15.

1971 Araucariacites australis Cookson; Singh, p. 186, pl. 22, fig. 4.
1974 Aaucariacites australis Gookson; Hopkins, p. 22, pl. 5, fig. 66.
1975 Araucariacites australis Cookson; Brideaux and Mcintyre, p. 17, pl. 4, fig. 15.
1980 Araucariacites australis Cookson; Wingate, p. 37, pl. 13, fig. 14:

Remarks: The minimum size of this taxon, according to Couper (1958) 1s 52 pm.

Specimens in this study are commonly as small as 40 um. Singh (1871), Couper
(1958), Hopkins (1974) report that Araucariacites gustralis occurs in Jurassic to Terti-
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ary strata and is widespread in many parts of the world. A. australis is commd'n (1 5

specimens/sample) in most samples in the study area.
Bisaccate Pollen

Genus Podocarpidites Cookson, 1947 ex Couper 1953

Type Species: Podocarpidites ellipticus Cooksoh, 1047,
' Podocarpidites canadensis Pocock, 1962
, PL5Fig.2

Selected Synonymy: \ ,
1964 Podocarpidites canadensis Pocock; Sihgh, p. 183, pl. 16, figs. 1-3.
1965 E_nggammnesganadansm Pocock; McGregor, p. 24, pl. 7, fig. 40.
1971 Podocarpidites canadensis Pocock; Singh, p. 163, pl. 23, figs. 3, 4.

1975 Podocarpidites canadensis Pocock; Brideaux and Mclntyre, p. 16, pl. 4, fig. 2. 7

1982 E_Q_dggammes canadansis Pocock; Burden, p. 310, pl. 25, figs. 7-9.

Remarks: Burden and Hills (in prep.) report a Canadian range of Valanginian to late

‘ “Albién for Egdggammnes canadensis. P. 'ga,nadansis isnota common speciés in
this study. It occurs occasionally (1-2 specirﬁens_/sample) in samples from both
above and below the first volcanic ash (Padloping Island) and debris flow (Qugaluit
lslénd). Specimens from strata above the first volcanic ash and debris flow are cor-

_ roded and identification is difficult. | | |

Podocarpidites minisculus Singh, 1964
PL. 5 Fig. 3 |

!

Selected Synonymy: :
- 1964 Podocampidites minjsculus Singh, p. 117, pi. 15, figs. 15, 16.
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1971 Podocaridites minisculus Singh; Singh, p. 165, pl. 24, fig. 1. |

1982 Podocarpidites minisculus Singh; Burden, p. 313, pl. 25, fig. 157 o
1986 Podocarpidites minisculus Singh; Boland, p. 162, pl. 4, fig. 7.

Flemariés: This species was previQusly observed by Singh (1964, 1971) and Burden
(1982) in Neocomian to Albian strata of western Canada. Podocarpidites minisculus

hés been observed only rarely (1-2 specimens/sample) in samples from beds of Fa-

cies E, F, C and B (meandering channel, distal alluvial fan, overbank, and
backswamp) ‘taken from below the debris flow on Quqaluit Island and from Durban

lsland.

Podocarpiditas multesimus (Bolkovitina) Pocock, 1962
| Pl.5Fig.4
Selected Synonymy ,
19642Qdmmmm§mung§mu§(8mkhovmna) Pocock Smgh - e
p. 116, pl. 15, figs. 12, 13. B ' .
1971 Podocarpidites multesimus (Bolkhovitina) Pocock: Singh, p. 166, pl. 24, fig. 2.
1975 Podocarpidites multesimus (Bolkhovitina) Pocock; Brideaux and Mcintyre,
p. 16, pl. 4, figs. 3.4. 7
1980 Eqngcammas multesimus (Bolkhovitina) Pocock ngate
p. 38, pl. 14, figs. 7, 8.
1982 Podocarpidites multiesimus (Bolkhovutma) Pocock; Burden
' p. 314, pl. 25, fig. 16.

19862_ngcam1dnesmuna§|mus(Bolkhovmna) Pocock Boland, p 163, pl 4 fig. 8

Remarks: The range in the northern hemisphere and Australia for E_Q,dg_cm _
multesimus is Jurassic and Crataceous (Burden, 1982). This species has only been

?
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observed occasnonally {(1-3 specimenslsamp!e) nn samples from Facnes C.B and D
(overbank and backswamp) taken from below tha tirst volqamc ash (Padlopmg Is-
land) and debns flow (Quqaluit Island) ‘

‘ GenusﬁﬁnsmmasSeward emend. Manum, 1960 .
Type Specles Pityosporites antarcticus Seward, 1914 '

mmnmalanmﬂammmouse) Smgh 1964
) | ~ Pl 5Fig.5

Selected Synonymy
1964&musmmesalmmmmmmouse) Smgh P- 123, pl. 16, fig. 10.
1971 &magnmsammmmms(ﬂouse) Smgh Smgh p. 173, pt. 25, fig. 9

1982ﬂmsmnmmangg_unnma(ﬁouse) Slngh Burden.p 315, pl 26 f;g 1.

“Remarks: The range of this specues in westem Canada, accordmg to Smgh (1971) ; |

is Late Jurassic to Late Cretaceous Thls specnes !S present in many samples in low

~ abundance (1-3 specimens/sample), located below the ﬂrst_volcamc ash (Padlopmgt)
Istand) and debris flow ('Quqa‘lui‘t'ls|and) and once in very poor condition, in a sample
from a bed of Facies B located aboyo_ the debris flow. Itis-most common in samples

from beds of Facies C (overbahk). ‘

Genus AbmsmﬂguﬂesThlergan emend. Polome 1958 ‘-
Type Spemes Mesnguemms absglums Thnergart 1937.
Ab.lﬂﬁmﬂﬂnﬁﬁﬁ sp.
~ PL5Fig.6
Selacted Synonymy: |

1971 Abjespolienites sp.; Sinbn, p. 168, pl. 24, fig. 8.

[Remarks: Singh's (1971, p. 169) description of Ablespolierites sp. is suitable for
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spe}:imens in this study. ‘Singh (1971) reported Anmspgﬂmnes sp. from the middie

~ Albian in the Peace River area of Alberta. The separation of Ablaspollanites and
' &Qe_apguﬂnna_s in this study Is extremely difficult due to the absence of well pre-

served speccmens Many brokan pieces of large bisaccates are prasent both above
and below the first volcanic ash. These broken bisaccates are most common in
coarse and medi um-grained sandstones (Facies A, braided channel sands). Broken

bisaccates from samples located above the first volcanic ash (Padloplng Island) and

‘ debns flow (Quqalust [sland) are corroded

Genus mmlsp_qm&s Leschlk emend Jansomus 1962
Type Specnes ymmsp_q_nm& signatus Leschik, 1955 ,
) mmexsmdmsnamdus (Reissinger) Nilsson, 1958
Pl 5F|g 7

-Selected Synonymy

1964 mmsmmasnamqus(ﬂenssmger) ansson Smgh p. 102, pl. 14, fag 1.
1965 )m:msm namdus(ﬂecssenger) Nilsson; McGregor, p. 24, pl. 7, fig. 38
1966!1119151&:11&5 Qamdus(Relssmger) Nnisson Burger, p 256, pl. 27, ﬂg 3.

‘1971 Yitreisporites pallidus (Reissinger) Nilsson; Singh, p 154, pl. 22, fig. 1.
'1973 m:a_mpmm namd,us (Reassmgef) Nilsson; Hopkins and Balkwill,

p. 16,p. 2, fig.34. -

_ 1974 Yitreisporitas pallidus (ReisSingér) Nilsson; Hopkins, p. 21, pl. 5, fig. 65.

1875 Yitreisporites gaum (Reissinger) Nilsson; Brideaux and. Mclntyre.

p. 16, pl. 3, fig. 30.
1980 Yitreisporites pallidus (Reissinger) Nilsson; Wingate, p. 35, pl. 13; fig. 7.
1982 Yitreisporites pallidus (Réissingér) Nilsson; Burden, p. 318, pl. 26, fig. 4.

Remarks: ‘According to Singh (1971), Srvastava (1975) and Burden (1982) the
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range for Yitreisporites pallidus is Triassic to Cretaceous woridwnde This specnes
occurs occasionally (1- 2 spec:mens/sample) in samples from beds of Facies D, B. _
- and C (backswamp and overbank) located below the first volcanic ash (Padlopmg
Istand) and debris flow (Quqaluit Island). -

Genus Alisporites Daugherty emehd. Jaﬁsoni'us.'{ an
Type Species: Alisporites opii Daugherty, 1941,
o Alisporites bilateralis Rouse, 1959
| PL5Fig.8
Selected Synonymy: '
1964 Alisporites thomasii (Couper) Pocock; Singh, p. 109, pl. 14, figs. 11, 12.
1965 Ahsmmas mgmasu (Couper) Nilsson; McGregor, p. 24, pl. 7, fig. 39.
1966 Alisporites thomasii (Couper) Pocock; Burger, p. 259, pl. 35, fig. 2.
1871 Alisporites bilateralis Rouse; Singh, p. 169, pl. 24, fig. 9. .
1975 Ahnnmesmm:aus Rouse; Brideaux and Mclintyre, p. 16, pl. 3, fig. 32.'
1982 Alisporites bilateralis Rouse; Burden, p. 318, pl. 26, figs. 5, 6.
-1985 Almnmshuamzalm Rouse; Burden and Holloway, p. 34, pi. 1, fig. 3.

Remar.}xs: -Singh (_1‘971) reports a range of. Late lJuraesic to Cenomanian for
Alisporites bilateralis. This very common (Sing’h?'1971) Early Cretaceous bisaccate
| penen grain is abundant in most samples both above and below the first volcanic ash
and debris flow. Grains in samples from beds located above the ash and debris flow

are corroded.

Alisporites grandis (Cookson) Dettmann, 1963
7 PL.5Fig.9
Selected Synonymy: '




92

1964 Alisporitasrotundus Rouse; Singh, pi. 14, ﬂgs. 13, 14;p. 110, pl. 15, figs. 1, 2.
1971 A[spg_umsgcam (Cookson) Dettmann; Singh, p. 170, pI. 25,figs. 1, 2.
1975 Alisporites grandis (Cookson) Dettmann; Brideaux and Mclntyre,
p. 16, pl. 3, fig. 29.
1980 Alisporites grandis (Cookson) Demnann‘;”%ngate. p- 39, pl. 15, fig. 1.
1982 Alisporites grandis (Cookson) Dettmann; Burden, p. 318, gI-26, fig. 7.

, , . .
Remarks: Burden (1982) reports a range of Mesozoic in the northern hemisphere

" an& Australia for Alisporites grandis. This species is present in samples from beds of
Facies C (overbank) located belowsthe debris flow on Quqaluit Island. Fe,w
.Ausp_qnms grandis specimens are present in the study area. Spemmans of thas taxon
found in samples from a bed of Facues B (backswamp) Iocated above the debris flow .

on Quqaluit Island are corroded. -,

~ Genus Piceaepolienites Thiergart, 1937, 1938
Type Specues Emga_m_lmmamus (Potome) Thuergan 1937.
- Piceagpollenites sp.
# B Pl 5 Fig. 10
.Selected Synonymy: | o ’ o
1964 Piceaepallerites sp:; Singh, p. 121, pl. 16, fig. 7.

Hemark::;_: ‘Singh (1964) reported this species as being very rare in the middie Albian
of western Canada. The separation of Ahj,e,annannes and Piceaepcllenites is ex-
" tremely difficut due to the absenca of well preserved specnmens This taxon occurs
| occasionally (1-3 specimens/sample) in most samples of beds Iocated below the first
volcanic ash (Padloping Istand) and debris flow (Quqalu:t Island). Broken, corroded
pieces of these bisaccates are present in samples from beds locaied above the first

.
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volcanic ash and debris flow.

Genus Rugubivesiculites Pierce, 1961
Type Species: Bugubivesiculites Gonvalutus Pierce, 1961. |
Bugubiyesiculijes reductus?Pierce, 1961 . . .

| PL5Fig. 11
Selected Synonymy; '

1971 Emuﬂmmmm Paaroe Smgh p. 167, pl. 24 figs. 4, 5

“ta

Refrwarks: ’Spﬁmens in this study are markedly corroded and therefore are only
- tentatively assigﬁed to this spacies. ‘AccOrding to Burden and Hills (in prep.) this
‘taxon ranges from the early Albian to Palaocene. B Ledugms occurs'o‘nly once in a
sample from a bed of Facies C (overbank) located below the debris flow on Quqaluit

Island.

v ~ Genus Cedripitas Wodéhouse. 1933
Type Species: Cedripites aocenicus Wodehouse, 1933.

Cedripites canadensis Pocock, 1962
Pl. 5 Fig. 12

Selected SynonymV: _

1964 Cadripites canadensis Pocock; Singh, p. 112, pl. 15, fig. 6.
1971 Cedripites canadensis Pocock; Singh, p. 171, pl. 25, figs. 4, 5.
1975 Cedripites canadensis Pocock; Brideaux and Mclntyre, p. 16, pl. 3, fig. 37.
1982 Cadripites canadsansis Pocock: Burden, p. 325, pl. 27, figs. 1, 2.

Remarks: According to Singh (1971) this species is distributed in Barremian to Al-
bian strata in Alborta, Cedripites canadensis occurs occasionally (up to 8 speci-
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" mens/sample) in most samples from beds located below the first volcanic ash (Pad

lopmg lsland) and debris flow (Quqalun island).

| Qednmmm&acnus Pocock, 1962
| F}l. 5 Fig. 13

Selected Synonymy _ 4

_ 1964 Qedmnasm;m Pocock Singh, p. 111, pl. 15, figs. 3-5.

1971 Cedripites cretaceus Pocock; Singh, p. 171, pl. 25, fig. 6.

" 1975 Cedripites cretaceus Pocock; Brideaux and Mcintyre, p 16, pl. 3. figs. 33, 34.

1980 Cedripites cretaceus Pocock; Wingate, p. 40, pl. 15, fig. 4.

1082 Cedripites gretaceus Pocock; Burden, p. 326, pl. 27, figs. 3, 4. .

Remarks: _-Burden'(i g82) fepons a range of Valanginian to Campanian for Cedripitas -~ ——
gretaceys. This taxon is very common (up to '31 specimens/samgle) inv most |
éahples. Cormroded specimens of this species are commonin a sample from a bed of
Facies B (backswamp) located above the debris flow on Quqaluit Island.
Genus En,snnnamﬂnnnas B.D. Tschudy, 1973
Type species: Ensnnusm[!gm:g_a microsaccus (Couper) EP{ Tsi:hudy, 1973.
- Pristinuspollanites microsaccus (Couper) B.D. Tschudy, 1973
" PL5Fig.14 |
Selected Synonymy: ‘ .
1958 WW Couper, p. 151, pl. 286, figs. 13, 14.
1982 Pristinuspolienites microsaccus ((?oupef) Tschudy; Burden,
p. 319, pl. 26, figs. 10-13. ‘

Remarks: According to Eiurden‘(weZ) the range for this species is Late Jurassic and

\
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Cretaoeous worldwnde Only one specnmen of Ensnnusggnamas microsaccus is
present in the study area. it occurs in a sample from a bed of Facies C'(overbank)

collected below the debns flow on Quaqaluit Island.

Monosulcate Pollen

Genus Cerebropollenites | Ndbson 1958
Type Species: Cergbropollenites mesozoicus (Couper) Nilsson, 1958.

memmllﬂunesmasnznms(Couper) Nilsson, 1958
| PL.§ Fig. 15

Selected Synonymy
1966 Carabropollenites Mesozoicus (00uper) ansson Burger,
p. 261, pl. 27, fig. 4; pt. 28, hg 1
1971 Cerebropolienites mesozoicus (Couper) Nilsson; Smgh p. 172, pl.'25, fig. 7.
1975 QWW (Couper) Nuisson Bndeaux and Mcintyre,
' p1€p|aﬁgssae ' |
1977 Q_e_[ghmmnannas mesozoicus (Couper); Do}'-'rho"'ler and Norris;
p.88,pl.1,fig.3. o ) '
1980 Q_amnmn_qﬂgnma mg,s_gznms(Couper) Nilsson; Wingate, p. 40, pl. 15, fig. 5.
1982Qammnennasmesgzmm(00uper) Nilsson; Burden, | : -
P 307, pl. 24, ﬁgs.14 15. ' '

et R o woa

_ . < ,

Remarks: This monosulcate pollen grain is widespread in both North America and
Europe in Jurassic and Cretaceous strata (Burden, 1982). Cersbropolienites meso-
Zoicus is a common species in most samples from all three islands in the study area.

1t occurs in samples from beds located both above and below the first volcanic ash ‘
on Padloping Island and debris flow on Quqaluit Island.




ﬂ, Type Species: Qmadgnngamumam Wilson and Webster, 1948

1985 ngammas mm;u[aus Wilson and Webster; McGregor p 26 pl. 8 hg 24.
. 1983 ngadgpneg mumm Walson and Webster, Fensome. ,

- Trcolpate Pollen o

. N 964
Genus Cycadopites Wodehouse, 1933

Cyecadopites mum wuso(and Webster, 1946
PI 6Fig.1
Selected Synonyrny 3

1964Qy_cadgpmnagmsSmgh p. 103, pl 14, fig. 2.

p553pl2‘lﬁgs46 - LI .
Remarks The woﬂdwnde range for this species, 3s given by Fensome (1983); is Iate .
Paleozoic to Cenozonc\J This species occurs occaslonally (1- 2spec|mens/sample) in e T
most samp!es from beés located below the first volcamc ash (Padlopmg lsland) and '

debrls flow (Quqalunt lsland)

Tricolpites sp. 1
"PI. 6 Fig. 2

Description: Tncolpate gram The equatorial diameter of Impj,mm_s sp. 1is 37 )Jm

The exme of the speamen is granulate

Remarké.i This _specimén resembles, Tricolporopollenites krushchil (Potonie’) Thom-
son and Pflug sensu Elsik, 1968 [n Gaponoff (1984) howaver, due to the orientation
of the smgle speamen encountered definite identification was not possible. Omy one
specimen of Ingqjmm sp. 1 is present; ina sample of Facses 8 (backswamp) lo-
cated above the debris flow on Quqaluit island.
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Tricolpites sp. 2
Pl. 6 Fig. 3

Description: This tﬁcolpaiq spherical grainis 18 x 16 ym with a tectate wall (1.5 pm

thick) and exine which éxh“ti_bits uniformly distributed fine reticulate sculpture. One

colp is visible and is a simple short (7 um) slit, 2 pm wide.

Remarks:. A singla spacimen ofﬂj_mlp_i_m_s sp. 2 was observed in the sampie of vol-
canic ash from Padloping Island.
- Irgolpites sp. 3
Pl. 6 Fig. 4

Description: This prolale tricolpate grain is 22 pm in polar length aﬁd 18 um in equa-
torial wi&h. The wall of the grain is thick (1.0};m), however, the surtace of the grain
is psi11am except within the colpi. The colpi extend the entire length of the grain and
flair stightly at the poles to 4;6pm in width. The surface sculpture of the colpi is

granulate.

Remarks: A single specimen of Inggjmm sp. 3 was observed in the sample from a
bed o(.volcénic ash from Padloping Island.

| Tricolpites sp. 4
PI.6 Fig. 5 - B
Description: This tricolpate subtriangular grian is 17.5 pm in largest equatorial width
and 15.5 pm in smallest equatorial width; the wall is 1.2 um thick. The exine exhibits
evenly distributed granulate sculpture. The ona visible colp flairs slightly (to a maxi-

mum width of 8 um) at the poles.

Remarks: Iricolpitas sp. 4 was observed anly onca in a sample of volcanic ash from
Padloping Island.
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- Tricolpites sp- 5
Pl.6 Fig. 6 .
Description: These tricolpate grains range in polar length from 19 to 31 pm and in
equatorial width from 10 to 19 um. Surface sculpture conasists of a reticulate pattern
which becomes slightly smaller nearer the poles (from muri width of approximately 1

Jmnear the equator). The colpus is a simple slit which extends to both poles.

Remarks: Two specimens of Jricolpites sp. 5 were observed in a sample from a bed

of the volcanic ash from Padloping. Island.

Tricolporate Pollen '

Genus Cupuliferoipolienites Potonie’, 1951 ex Potonie’, 1960
Type Species: Qmuh[gmm_g_ﬂ_enﬂg;pgsﬂj_uﬁ (Potonie') Potonie’, 1960,
Cupuliferoipollenites sp.
Pl. 6 Fig. 7

Description: This prolate tricolporate grain measures 22 um in polar length by 18 um

in equatorial width. The wallis psilate. Colpi almost reach tha poles.

Remarks; One specimen of Cupuliferoipollenites sp. (in a sample of the volcanic ash

from Padioping Island) was observed. Frederiksen (1983) reported this genus from

- the Middle Eocene of Califomnia.

Genus Bugutricolporites (Gonza'lez) Guzma'n, 1967
Type Species: Bugutricolporites falix (Gonza’léz) Guzma'n, 1967.
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Bugutricolporites sp.
Pl. 6 Fig. 8

Selected Synonymy:
1983 Bufutricolporites sp. 1; Frederiksen, p. 85, pl. 23, figs. 17, 18.

1

f

Remarks: Frederiksen (1983) describaE Rugutricolporiles as prolate to subprolate,

" tricolporate; usually possessing long colpi. The single specimen observed in this
study (in a sample fro‘m the volcanic-;s‘h on Quqaluit Island) is 23 ym in polar lengh

" by 16 um in equatorial width. This size falls well within Frederiksen's (1983) size
range for this taxon. The exine of this grain is 1.5 um thick and is striate to rugulate.
This ornament runs oblique to the polar axis. Colpi extend nearly the full length of
the grain. Frederiksen (1983) reports this genus from the Middle Eocene of Califor-

nia.
Triporate Pollen

Genus Caminipites Srivastava, 1966

Type Species: Carpinipites ancipites (Wodehouse) Srivastava, 1966.
Carpinipites sp. ¢f. €. spackmaniana (Traverse) Zhou, 1975

' Pi.6 Fig. 9
Selected Synonymy:
1986 Caminlpites sp. cf. Caminipiles spackmaniana (Traverss) Zhou: Norris.

p. 39, pl. 10, figs. 31-33.
Remarks: According to Norris (1986) this taxon ranges from Eocene to Miocene.
Specimens of this spacies are present in a sample of the volcanic ash and in a
sampie from a bed of Facies E (meandering channe!) located above tha ash on Pad-

loping Island.
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Genus Myricipites Wodehouse, 1933
Type Species: Myricipitas dubius Wodshouse, 1933. -
Myricipites annulites (Martin and Rouse) Norris. 1986 -
Pl. 6 Fig. 10

Selected Synonymy:

1966 Myrica annulites Martin and Rouse, p. 195, pl. 9, figs. 91, 92,

1969 Myrica annulites Martin and Rouse, Hopkins, p. 1124, pl. 10, figs. 153, 154.
1986 Myricipites annulites (Martin and Rouss) Norris, p. 39, pl. 10, figs. 30, 34.

Remarks: This species has been observed in the Upper Oligocene and Miocene
strata of the MacKenzie Delta area, Northwest Territories (Norris, 1985) and in the
Eocene and Qligocene of British Columbia (Martin and Rouse, 1966 and Hopkins,
| 1969). This taxon occurs (3-5 specimens/sample) in a sample from the volcanic ash
andin a sample from a béd of Facies E (meandering channal) which overlies this ash

on Padloping Island.

. Genus Trivestibulopollenites Pflug, 1953
Type rSpecies: Trivestibulopollenites batuloidas Pflug, ;953.
Irivestibulopolienites betulgides Pflug, 1953
— " PL6Fig. 11
Selected Synonymy:
1986 Trivestibulopolienites betuloides Pilug, In Thomson and Pfiug; Norris,
p. 40, pl. 10, figs. 38-42.- ‘

Remarks: Norris (1986) reported this taxon from the Late Oligocene and Pliocene of
the MacKenzie Delta region of the Northwest Territorias. Thomson and Pfiug (1853)
as cited in Norris (1986) state that this species is present in the European Tertiary
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and is abundant in the Pliocene. Norris (1986) summarizies the range as Paleogene
and Neogene. Irivestibulopollenites bnmmm_e_a is a dominant (19 and 27 spaci-
mens/sample) species, found in two samplas from beds located above and in beds of

the first volcanic ash on Padloping Island.

Periporate Pollen -

Genus Polyatriopollenites Pfiug, 1953

Type Species: Polyatriopollenites stallatus (Potonie’) Pflug, 1953.

( Polyatriopollenites steliatus (Potonis’) Pﬂﬁg, 1953

| PI. 6 Fig. 12

Selected Synonymy:
1966 Ptérocarya stellatus (Potonie’); Martin and Rouse, p. 196, pl. 8, figs. 79, 80.
1969 Emmnaaa stellatus Martin and Rouse; Hopkins, p. 1121, pl. 9, figs. 122-124.
1971 Ptarocarya stallatus (Potonie’) Martin and Rouse; Piel,

p. 1910, pl. 13, figs. 113, 114,
1986 Palyatricpollenites stellatus (Potonie’) Pflug; Norris, p. 42, pl. 11, figs. 5-7.

Remarks: According to Martin and Rouse (1966), Hopkins (1969), Piel (1971) and
Norris (1986) this species is common in Eocene and Oligocene strata of British Co-
lumbia and the Northwast Territories. 1t also occurs in Tertiary strata of Europe {Nor-
ris, 1886). This taxon occurs only once from a sample from a bed of Facies B

(backswamp) located above the dabris flow on Qugaluit Island.

Polyatriopollenites yarmmontensis (Traverse) Frederiksen, 1980
Pl. 6 Fig. 13

Selected Synonymy:
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1983 Polyatricpollenites yemeontensis (Traverse) Frederiksen; Frederiksen,
p. 43, pl. 13, figs. 4, 5.

Remarks: Martin and Rduse (1966) consider Polyatriopollenites stellatus (Potonie’)
Pflug and Polyatriopollenites yermontensis Traverse synonomous. Frederiksen
(1980) suggests that P. yemmontensis (Traverse) Fredelidsen be used for North
American speéimens and P. stellatus (Potonie’) Pflug be used for European speci-
mens on the basis that P. stellatus has higher labra than P. ygrmontensis. ‘Based on
the criteria stated by Frederiksen (1980), the two species have been divided in this
study. Frederiksen (1983) reports this species from the Middle Eocene of San Diego,
California. P. yermontensis was observed in samples from beds located in and
above the first volcanic ash (10‘specimens in the volcanic ash sample and 1 speci-

men in a sample trom a bed of Facies E (meandering channel)) on Padloping Island.

FUNGAL REMAINS |

Genus Pesayis Elsik and Jansonius, 1974
Type Species: Pesavis tagluensis Elsik and Jansonius, 1974.

Pesavis lagluensis Elsik and Jansonius, 1974
PI. 7 Fig. 1 -

Selected Synonymy:
1974 Pgsayis tagluensis Flsik and Jansonius, p. 956, pl. 1, figs. 5-‘1 1.
1976 Pesayis 1agluensis Elsik and Jansonius; Jansonius, p.\131"‘. pl. 1, fig. 1.
1986 Pasavis tagluensis Elsik and Jansonius; Norris, p. 26, pl. 3, figs. 24, 25. ~

Remarks: Fungal spores increase in abundance upward (stratigraphically) from the
Maastrichtian-Paleocene boundary (Eisik and Jansonius, 1974). They report a Pa-

leocene-Eocene age for these fungal forms in Northwestem Canada, British Colum-
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bia, and Alaska. This fungal b&dy is present in samples from beds located in and
above the volcanic ash on Padloping Island and in a sample from a bed of Facies B
(backswamp) (located above the debris flow on Quqaluit Istand and above the vol-

canic ash on Padloping Island).

~

Genus Callimothallus Dilcher, 1965
Type Species: Callimothallug partusus Dilcher, 1965.
Qauimﬁmmlu: pertusus Dilcher, 1965
- PL7Fig.2"
Selected Synonymy: | L '
1965 Callimothallus pertusus Dilcher, p. 13 pl. 6, fig. 45.
1986 Callmothallus pertusus Dilcher; Norris, p. 30, pl. 6, figs. 4, 6.9, '
Remarks: The range for Callimothallus pertusus is Eocene (Dilcher, 1965; Norris.
1986). This fungal bady is common in the samplesA taken from beds of Facies B and
E located abova the first volcanic ash on Padloping Island and in samples from beds
of Facies B (located abova the debris flow on Quqaluit Island). |
MARINE MIQROPLANKTON
Chorate Dinoflagellates
Genus Qligosphaseridium Davey and Williams emend.
Davey, 1982
Type Species: Qligasphaeridium complex (Whifs) Davey and Williams, 1966.
Qligosphaaridium complax? (White) Davey and Williams, 1966

| PL.7 Fig. 3
Selacted Synonymy:
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1971 leqsp_hagmmm complex (White) Davey and Williams; Singh,
“p. 333, pl. 53, ﬁgs._4-6. '
1975 thosnhaandmm complax (White) Davey and Williams; Brideaux and Mclin-
tyre, p. 19 and 28, pl. 8, fig. 2.
1975 ngg_snnae,ﬂ,dlum complex (White) Davey and Wiiliams; Williams and
" Brideaux, p. 110, pl. 21, fig. 2. o
1985 legspnaﬁnmum ;;_Qmplex (White) Davey and Williams; Williams and Bujak,
p.935, fig. 34.14. |

Remarks: According to Brideaux and Mclntyre (1975) and Singh (1971) this species
is Widely distributed in Cretaceous and Tertiary strata. Only one pcorly praserved
specimaen, in a sample from beds of the first volcanic ash located on Quqaluit Island,
was observed in this study. This sihgle poorly preserved broken specimen is only
tentatively assigned to this species (only one undamaged orthogona! process re-

mains on the cyst).

Genus Spiniferites Mantell emend. Sarjeant, 1970
Type species: Spiniferites ramosus (Ehrenberg) Loeblich and Loeblich, 1966.
Spiniferites sp. 1
Pl. 7 Fig. 4
Description: Spiniferitas sp. 1 is a subspherical chorate cyst measuring 46 um x 38
um not including processes. Processes measure 10 um long and 2 um wide, the tip_

of which bifurcate. Preservation of the single specimen is poor.

Remarks: Only one specimen of Spjnifarites sp. 1, in a sample from beds of the vol-
canic ash located on Quqaluit Island, was observed.
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Spiniferites sp. 2
Pl 7 Fig. 5
Descnpnon Smmmnm sp. 2.is a spherical chorate cyst measunng 62 pm in dname-
ter not mcludmg processes. Processes measure 14 ym Iong and are < 2 pm ‘wide.
The tip of the processes appear to be capitate, however preservation is poor. The
specimen posSessgs a radial split which has been interpreted as a mechanical break
and not an archgopyle. The number and position of the processes could not be de-'

termined.

Rerharks: A singte specimen of Spiniferites sp. 2 occurs in a sample from a bed of
the volcanic ash located on Quqaluit Island. This genus is long ranging {Lentin and

Williams, 1985) and therefore of little assistance in age determination.

_ Spiniferites sp. 3
pL7 Fig. 6
Description: Spiniterites sp. 31s a chorate spherical cyst which measures 30 pmin
diameter. Processes are 10 um long and 2 ym wide at the base. The processes
taper in width towards the tip to < 1.5 Jpm wide. Dua to poor preservation the exact
number and position of processes, therefora tabulation pattern, could not be deter-

mined.

Remarks: Only one specimen is present in a sample from a bed of the volcanic ash

on Quqaluit Island.

Dinofiagellate Type 1
Pl.L7Fig. 7
Doscription: This chorate cyst is subspherical and measures 58 x 42 pm. Processes

.
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are approximately 24 ym |6ng and taper to a point (processes measure 6 Jm wide at
‘the-base and < 3 }im wide -at the tip), however, many processes are broken. The

cingulﬁm and tabulation pattern were not discernable.

Remarks: A single specimen of “Dincflagsllate Type 1" was found in the study area

(in a garmple from a bed éf the volcanic ash on Quagaluit Islandy.

Proximate Dinoflagellates

Genus_&n{n}ﬂjnium Cookson and éisenack emend. Lentin and Williams, 1976
Type Species: Spinidinium styloniferum Cookson and Eisehaclz, 1962.
’ Spinidinium sp.? |
Pl.7Fig. 8 -

Remarksf Only one specimen of S_mmmmum sp. is present in the study area in a
sample from beds of the volcanic ash Iocateg on Qugaluit Island. This broken proxi-
mate cyst measures 75 x 42 pm. This cyst is broken in both thé apicatl and antapical
areas therelore assignment t'o‘this genus is only tentative. According to Lentin and
Williams (1985) this genus occurs throughout the world in Cretaceous and Tertiary
strata. ' ‘

i

Cavate Dinoflageltates

Dinoflageliata Type 2
_ ~PL7Fig.9 |
Description: A cavate cyst which is two layered;both an endocoel and pericoel are
evident. The length of the main body ranges from 37-71 um; the width of the main
body ranges from 38-48 pm; the total cyst Iength.ranges from 60 um to 104 um. The
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main body of the cyst is folded and.possesses a granular sculpture. The antapical -
and apical cavities (pericoels) are psilate and triangular in'_shape. A cingulum is evi-
dent on one specimen énd is approximately 4 pm wide. Tabulation pattern could not

be discerned.

Remarks: fwo specimens of “Dinoflagellate Type 2" were discovered in a sample
from a bed of the volcanic ash located on Quqaluit Island. *Dinoflagellate Type 2

may be related to Geiselodinium tyonekensig sp. nov. described by Engelhardt
(1976). * ' '

M ‘
3.4 Other Organic Matter

Organic matter present in coal samples from Padloping Island and mudstone
sémples from Du'rban Islahd has been assessed for source rock quality. This was
performed using both plane polarized light and ultraviolet ligﬁt microscopy on pol-‘
ished blocks. .Macerals w'erre identified following the work of Guﬁahr (1983) (Table
3.2) and percentages of each were astimated (Table 3.3).

Organic matter types were also studiéd and classified following the work of Bujak
gt al.(1977a, 1977b) (Table 3.4). This classification scheme has been used for the
Scotian Shel! and Grand Banks and _catégorizies organic components using trans-
mitted light. Organic matter has been dascribed and classified using four morpho-
IogiEal terms: amorphogen, phyrogen, hylogen and melanogen, corresponding to
amorphous (organic matter in flutty 'magses). herbaceou; (ali nonopaque recogniz---
able plant matter; includes cuticle, ripoms; pollen and dinoflagellates), woody (nono-
paque fibrous plant material) and coaly organic matter (opaque organic material),
respactively. |

Maturity estimates have been determined (Table 3.5) using vitrinite reflactance

and thermal aftqration index (TAI). Percent vitrinite reflectance has been measured

v
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using plane polarized light microscopy with reflectance measurement capabilities.
Thermal alteration index (TAl) measurements on palynomofﬁhs (a bisaccate pollen
grain population and a spore p'opulati'ori) were taken (Table 3.5) following the work of
Staplin (1969, 1982). His scale ranges from 1 to 5; higher numbers correspond to a
greater thermal maturity. The color chart used for this study was that of,Pearson
(1984). Panto;; ;olor chips ware ;mployed to measure the subtie color differences
in the patynomorphs. Upon obtaining the measurements, the average TAl for sach

sample was calculated.
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TABLE 32

ORGANIC MACERALS (modified from Gutjahr (1883))

1

INERTINITE (Carbon-rich)
' ~ Constituents of coal which are more or less non- reactrve fusibility

- of these macerals is very weak or nil.
Fusinite - Thae richest of carbon content of all the constituents of coal.
Semi-fusinite — The intermediate stage between Fusinite and Vitrinite.
Macrinite — Non-granular groundmass of high reﬂectance exhibits no
structure.
Sclerotinite = - Fungal remains.
Micrinita - Pale grey to whita grains; reﬂectance higher than Vitrinite, is

related to Liptinites and may be formed from them
(particularly from Resinite).

VITRINITE (Oxygen-rich)

-~ The most common maceral occumng in coals; forms the humic
fraction,

LIPTINITE (Hydrogen-rich)
-~ Precursors of oil and gas.

Sporinite - From exines of spores and polien.

Resinite -~ From resinous secretions; excretions of ptant cells
Cutinite ~ From cuticles of leaves and stems.

Alginite - From akase.

Suberinite -

Consists of corkified cell walls (bark) formed on the sudace of
the roots, stems, and fruit. .
Uptodetrinite ~ Fragments of the above.

BITUMEN (Solid hydrocarbon)
- End product of Liptinite.
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TABLE 3.3

ORGANIC MATTER TYPING USING REFLECTED LIGHT

— SAMPLE NUMBER )
PERCENTAGE PD-01C PD-01A POD-01C PD-10C DN-01A DN-01A
, - -19A - -00 -1 -15 -08 -06 .
Mineral . 5 .8 9 9 73 84
Total Vitrinite 33 30 34 39 2 0
Semifusinite - 3 2 '3 2 6 0
Fusinite 9 6 6 6 4 2 -
Mictinite , 30 25 26 30 0 0
Total lnertinite 42 3 35 K}:] 10 2
Resinita 2 10 7 1 0 0.
Sporinite 2 1 2 2 0 0
Cutinite 9 0 1 6 0 0
Alginite . 6 19 10 4 0 0
" Uptodetrinite 1 T2 1 1 1
Total Liptinite 20 31 _ 22 14 1 1
Solid Hydrocarbons 0 o 0 0 6 6
Other - o 0 0 0 8 7

(200 Points Gounted)

TABLE 3.4
ORGANIC MATTER TYPING USING TRANSMITTED LIGHT

SAMPLE NUMBER

PD-01C-11 PD-01C-19A
PERCENTAGE
AMORPHOGEN 3.6 0.0
PHYROGEN 138 - 5.0
HYLOGEN 60.0 40.2

MELANOGEN 228 54.8
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TABLE 3.5

- MATURITY MEASUREMENTS

~ SAMPLE NUMBER
PD-0IC PD-01A  PD-01C  PD-01C
-19A -00 -11 -15-
Vitrinite (Collinite) ) :
Reliectance (%Ro) . 517 548 500 481
(50 Points) ‘

Mean Vitrinite Reflectance = .527
Standard Deviation = .0425
Max. = .589° Min. = .,481(

Thermal Alteration

Index (TAl)

Spores 1.06
Mean a 1.26
Standard Deviation = .2828
Max. = 1.46 Min. = 1.06

Bisaccates. 1.76
Mean = 1.95
Standard Deviation = .2055
Max. = 2.14 Min. = 1.76

Coal Rank - HVB HVB = HVB
HVB = High Volatile biturninous.

DN-01A
-08
589

MATURITY MEASUREMENTS (SUMARY)

CORRELATIVE
MEAN -~ %Ro

Vitrinite
Reflectance (%Ro); 527

Thermal Alteration : ‘
. Index (TAl): Spares: 1.26 < 0.3 Waples, 1982.
. Bisaccates: 1.95 ,< 0.3 Waples, 1982,

. CodRank: High - :
Volatile Bituminous ‘ (<0.4-1.0)
' Bustin, gt al., 1983.




CHAPTER 4 DISCUSSION
4.1 Bloslratlgréphy

Palynological analyses of sedimentary strata from Padloping, Quqaluit and Dur-

ban islands fall into two distinct palynological assemblages, herein called Assem-
blage 1 and Assemblage 2; figure 4.1 indicates the known ranges of the significant
*

. taxa in these assembages.

4.1.1 Assemblage 1
Taxa

Assemblage 1 is characterized by the occurrence of Polygingulatisporitas sp. cf.
B. radiatus Smgh Qlﬁlﬂllﬂﬂnguhsn.o.ums perplexus (Singh) Singh,
Distaltriangulisporites irregularis Singh, Densoisporites microrugulatus Brenner
Appendicisporites bifurcatys Singh; AmndmmMesnmbIamans:ua(Burger) Smgh
Iula.bgsnmue.s hanng_mc_us (Delcourt and Sprumont) Potonie’, Foyeogleicheniidites
QQJJ.IQS.S.MS (Hedlund) Burger, Lycopediacidites canaliculatus Singh,
Qmatnmsjspg_mgs imbricatys (Markova) Singh, Batitriletes singhii Srivastava,
Tappanispora reticulata (Singh) Srivastava, Foveosporites lahig_aus Singh..
Qangammmmmmas penolaensis Dettmann, Yerrucosisporites rotundus Singh,
Podocamidites canadensis Pocack, Bugubivesiculites reductus? Pierce, and
Cedripitas ¢canadensis Pocock.

Other very common taxa in Assemblage 1'include: Alisporites bilateralis Rouse,
Cedripites wrefaceus Pocock, Cerebropollenites mesozaicus (Couper) Nilsson,
Cyathidites minot Couper, Gleichenidiles senonicus Ross, Inaperturopolienites sp.
énd Jaxediaceaepolienitas hiatus (Potonie’) Kremp. Rare taxa found in this assem-
~ blage are indicated in palynomorph counts in appendix D.

Distribut /
Assemblage 1 is fouhd in strata locatéd beiow the first volcanic ash on Padloping
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Island and below the debris flow on Qugaluit Istand, It is also found in ail sedimen-
tary strata examined on Durban Island. '
Age
The basis for the age of Assamblage 1 has been determined from the westen
Canadian palynological studies ofrsingh (1964, 1971, 1983), Burden (1982), Burden
_and Hills (in pr‘ep‘); northern Canadian studies by Hopkins (1974) and Hopkins and
Balkwill (1973); an Australian study by Dettmann (1963) and a European study by
Burger (1966). '

The restricted ranges (Figure 4.1) of Foveagleicheniidites confossus (Hedlund)
Burger, Lycopodiacidies canaliculatus Singh, and Vermucosisporites fotundus Singh
suggest an Albian age for Assemblage 1, however Albian strata located further north
(Hassel and Christopher Formations) contain simple angiosperm grains (Hopkins,
1§74; Hopkins and Balkwill, 1973). Other stratigraphically signiticant palynomorphs
(Figure 4.1) in Assemblage 1 are found in the Lower Cretaceous (Aptian-Albian)
rocks in Alberta (Singh 1964, 1371; Burden, 1982; Burden and Hills, in prep.). Based
on the occurrence of the same taxa (Assemblage.1 and Aptian-Albian strata of Al-
berta) and the presence of angiosperms in westem and northern Canadian Albian
strata, an Aptian to latest Albian age is suggested for Assemblage 1. Early Creta-
ceous plant megafossils are restricted to strata which contain Assemblage 1.
Bemarks

1. Assemblage 1 contains few or no species of Irilobosporites Pant ex.
- Potonie’, Pilosisporiles Delcourt and Sprumont, and Concavissimisporjtes Deicourt
and Sprpmont. These genera are present in'the‘ Christopher Formation (Albian)

(Hopkins, 1974) and in western Canadian studies (Burden, 1982; Burden and Hills,

in prep.; Singh, 1964, 1871), howsever, are rare to absent in the Hassell' Formation
(Hopkins and Balkwill, 1973). ,
2. In Assemblage 1, specimens of Cicalricosisparites Pflug and Thomson and
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. Appendicisporites Weyland and Krieger are very rare. Both these ganera haQe been
reported in westemn Canadian studies (Singh, 1964, 1971; Burden, 1982) and occur
in the Christophar Formation (Albian) of Arctic Canada (Hopkins and Balkwill, 1973);
howevaer, they are very rare in the Hassel Formation (Hopkins and Balkwill, 1973).
3. Assemblage 1 contains high percentages of bisaccates, particularly Cadrig-
iles Wodehouse. High counts (Appendix D), suggests only that the radiation of this
taxon may be linked to favordble climatic conditions subsequently followed by favor-
able preservational conditions. Very abundant bisaccate pollen is also found in the
Hassel Formation; however, itis less abundant in later Cretaceous rocks of the cen-

tral Sverdrup Basin (Hopkins and Balkwill, 1973).

4.1,2 Assemblage 2 E
Taxa

Assemblage 2 is characterized by the occurrence of Cupyliferoipolienites sp., Bu-
gulmmues sp.. Carpinipites sp. cf. G. spackmaniana (Traverse) Zhou, Myricipites
annulites (Martin and Rouse) Norris, Irivestibulopolienites betuloides Pfiug,
Polyatriopolienites yermentensis (Traverse) Frederiksen, Palyatriopollenites stellatus
(Potonie’) Pflug, Pesavis fagluensis Elsik and Jansonius, and Qa]hmmanua per- .
tusug Dilcher. ‘

Common, reworked and corroded, Early Cretaceous taxa found in Assemblage 2
include: Ahsnnmas bilateralis Rouse, Alisporites grandis (Cookson) Denmaﬁn, Tax-
odiaceaepollenites manm (Potonie’) Kremp, Gleicheniidites senonicus Ross,
Cyathidites minor Couper, Gadrpitas cretaceus Pocock, Biretisporitas potoniagi Del-
court and Sprumont, and Yarrucosisporites rotundus Singh. Also present in this as-
sehblage are six specimens of dinollagelates and five unknown tricolpate species;

indicated in appendix B.
Distributi i
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Valanginian
Hauterivian
Barremian
Early Aplian
Late Aptian
Early Albian
Middle Albian
Late Albian
Cenomanian
Turonian
Coniadan
Santonian
Campanian
Maastrichtian
PALEOCENE
EARLY EOCENE
MIDDLE EOCENE
LATE EOCENE
OLIGOCENE
MIOCENE

Berriasian

Polycinqulatisporites sp. cf. P. radiatus Singh

Distaltrianqulisporites perplexus (Singh) Singh

sttaltxlwggggltes irreqularis Singh
Densoisporites microrugqulatus Brenner

wm_te_s bifurcatus Singh

» i ra
Foveogleicheniidites confossus (Hedlurd) Burger ———
Lycopodiacidites canaliculatus Singh e

Cicatricosisporites imbricatus (Markova) Singh
&t;tr;lg singhii Srivastava

Tappanispora reticulata (Singh) Srivastava
Foveosporites labiosus Singh
c:mcavissimigsgrites penclaensis Dettamann
Verrucosisporites rotundus Singh

Bodocarpidites canadensis Pocock
?Rugqubivesiculites reductus Pierce
Cedripites canadensis Pocock

* Cupuliferoipollenites sp.

* Ruqutricolporites sp.

* Carpinipites sp. cf. ¢. spackmanjana (Traverse) Zhou »
* Mvricipites annulites (Martin and Rouse) Norris

* Trivestibulopollenites betulcides Pflug
* Polyatriopollenites vermontensis (Traverse) Frederiksen
* Polyatriopollenites stellatus (Potonié) Pflug

Pesavis tagluensis Elsik and Jansonius
* a&mﬁa&s pertusus Dilcher

Figure 4.1 Range chart of significant taxa identified in this study (* indicates species
which occur in or above the first volcanic ash on Padloping Island and/or
above the gravel conglomerate on Quqaluit Island).
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Assembtage 2 exists in sections located above the lower contact of the first vol-
canic ash zn Padloping Island and above the uppsr contact of the debris flow on
Quaqaluit Island. ’
Age

“The basls for the age of Assemblage 2 has been detarmined from the western
Canadian p;Iynologic_al studies of Martin and Rouse (1966), Piel (1971), and
Hopkins (1969); northerm Canadian studies Elsik and Jansonius (1974) and Norris

. (1986) and American studies by Frederiksen (1983) and Dilcher (1965). The ranges

of the taxa in Assemblage 2 (Figure 4.1) suggest a Late Paleocene-Eocene age. In
particular, the presence of: Irivestibulopollenites betuloides Ptiug (Paleogéﬁe-
Neogene), Callmothallus pertusus Dicher (Eocens), Cupulifercipollenites sp-
(Middle Eoceneg), Bugutricolperitas sp- (Middle Eocene) and Pasavis tagluensis Elsik
and Jansonius (Paleocene-Eocene) are good evidence for a Late Palalcwce.ne'-Eo- -
cene age. Palgocene-Eocene plé'ht megafossils are restricted to strata ~which_ con-
tain Assemblage 2. ' | |
Bemarks ‘

The high percentage of reworked Cretacequs' taxa in thig assemblage is not un-
common for an Arctic Tertiary basin deposit. Norris and Miall (1984, p. 174) stafe
that "Arctic Tertiary basins in Ellesmere and Axel Heiberg islands are characterized
by rejuvenation and uplift of marg_inal areas lgading to recycling of older palynomor-

phs, including Cretaceous, into Tertiary.”

4.2 Palynology and Lithology

Hughes and Moody-Stuart (1967) used the phrase “palynological facies” to in-
clude all organic elemants in a kerogen preparation (the entire acid resistant organic

content of the rock). Its application has been directed towards paleéenvironmental,

biostratigraphic, and source rock studies (Batten, 1981). Other authors (Habib and




117

Groth, 1967; Hughes and Moody-Stuart, 1967) have used palynologica! assem-
blages (characteristic of spacific lithological units) for defining sedimentary palecen-
vironments on the basis of their palynologicfr c;ntent.

Soma factors which affect the abundance of spores and potlen in a rock include:
" production rates (some taxa produce large numbers of palynomorphs relative to real
abundances; size, shape and density effect where palynomorphs occur in terms of
hydrodynamics; the more common and closer a parent plant is to the depositional
site, the more palynomorphs it will deposit and, post-depositiohal effects such as
secondary corrosion and biodegradation (Williams and Sarjeant, 1967; Batten,
1982). '
| Some generalities concerning the organic content in the various sedimentary
rocks from the study area have been identified (T able 4.1 ) H

1. Concantration Factor (no. of Lycopodium grains/total no. of grains counted)

is extremely useful in identification of environ-ments of deposition in terms of “energy
of depositional medium". The lowest palynomorph concentrations (high Concentra-
tion Factors) occur in high energy depositional environments (i.e. Facies A, braided
stream), whereas the highest palynomorph concentrations (low Concéntration Fac-
tors) occur in lower energy (relative) dépositional environments (i.e. Facies D, peat
swamp).

, 2. High percentages of bisaccates (conifer péllen) oceur in meandering stream
envurdnme nts (relative to other environménts). High paféentéges may relate to eithe(
the transport of conifer polien frbm hinterland areas or that the flood plain was co-
vered with coniferous vegetation. Conversely, high percentages of bisaccates may
not directly reflect vegetation type; abundance may be related entirely to hydrody-
namic oonditi_ons (e.g. Catto, 1985). '

 3.The presenca of dinoflagellate cysts in one sample of air-fall ash suggests

that the ash “rained” into a marine or marginal-marine environment. -
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TABLE 4.1
SUMMARY OF PALYNOLOGICAL DATA

braided meandering
backs backswamp tai
Corresponding Environment stream S haecs ELTTRD ey B
complex complex ponds paat BRAMmDE alluvial tan
Corresponding Facles A and C E and C B o} H G
#Concentration Factor 0.25 0.05% 0.03 %> 0.01 1.56 0.54
Diversity 1.5-2.5 1.8-2.5 1.0-2.6 2.0-2.3 1.4-2.2 1.6-2.0
Evenness 6-9 4.5-9 4.5-8.5 7-8 6.2-8 7-7.3
Total 20-50% 10-95% 30-55% 15-40% 15-42% 40-60%
Bisaccates
Broken 20-65% 10-90% 10-75% 20-45% 50-70% 30-60%
Gleichenlidites 1->14% 0-12% 0->14% 2->14% 0-8% 0-5%
Taxodiaceaepollenites 0-20% 0->30% 0-30% 5->30% 5->30% 0-6%
Inaperturopollenites 2-21% 0->30% 0-30% 5->30% 4-24%
Angiosperm Pollen >0~28%
Dinoflageliates 0~-<1%
Other Spores 10-21% 4-28% 5-25% 10-35% 5-12% 15-25%
Other Pollen 0-12% 2-10% 0-5% 0-8% 0-<1% 0-<3%
’
Woody Debris Abundant Abundant Present Abundant None Present
Corroded Corroded Amprohods Corroded Corroded
Comments 0. M.
Palynomorphs Palynomorphs‘ Present Palynomorohs| Palynomoa’phs'

*no. of Lycopodium grains/total no. of grains counted in sample, i.e. the iower the value the higher the palynomorph concentration)

*=Nthree samples in this complex have vaery iow abundance ratios, approximately 2.15)

stwo samples in this compiex have low abundance ratios, approximately 0.28)

O.M. = Organic Matter
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4. Corroded palynomorphs ére common wherever exposure and seco;1dary :
meteroric water cirpulétion are 'l,ikely to occur. Woody debris is abundant in high
energy and oballyfdepositiqnal environments; this is almost e§rtainl'y related to the
energy‘ required to carry these particles and to the source of these particles. Amor-

phous organic matter in pond deposits relates to the presence of algae and bacteria.

4.3 Geologic Model
4.3.1 deal ‘Basin beVelo_bmé_nt )

Detailed‘o_bservation'of the sedimentary strata for lithology, facies and palynol-
ogy provides ihe basis for reconstructingvthe geblogic history of these deposits.
Phase 1 (Early Crétacédus) dépicts initial basin faulting producing a half-graben, and
rapid sediment infilling in a braided stream depositional environment (Figure 4.2A).
Faulting was normal, striking approximately N-S, with a small rotational component,
thereby producing an alevated (relative) region to the south. The Precambrian

gneiss and local (Durban Island) granite are considered the source rocks for these

' sediments. The half-graben formed during basin filling. If the half-graben was pre-

Sediment infill, the braided stream complex would probably have eroded the -exten-

sive Prﬁcambrian regolith. Phase 2 (Early Crataceous) illustrates continued infilling
under conditions of uniform subsidence {Figure 4.2A). The depositional environment
during phase 2 is that of a meandering stream. Phase 3 indicates renewed motion
(Late Palgocene-Eocena) of the major fault controlling the development of this sedi-
mentary deposit and ths onset of volca.nism in the area (Figure 4.2B). A gravel sup-
ported conglomerate (debris ﬂow).'uncohformably overlies Lower Cretaceous fluvia-
tile strata which contain Crela-u:eou.s sediments shed from this uplift. Air-fall volcanic
ash, which overlies the conglomerate or, where the conglomerate is not present, di-

rectly overlies Lower Cretaceous fluviatile strata, was deposited during volcanic

eruptions. This hiatus (50 Ma between Phases 2 and 3)is recognized solely on paly-
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Floodplain

Meandering Complex

Braided Complex

A

-
¥ ¥

(95

G

Initial basin faulting and rapid sediment infiiling in a braided

Phase 1

Not to Scale

depositional environment.

Phase 2 Fluviai-meandering sediment infiling, with flood blanks.

Not to Scale

Figure 4.2A Geologic history (Phases 1 and 2, Early Cretaceous).
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subsidence and deposition of subaqueocus basaltic breccia.

Phase 4 Basin subsidence, deposition of thin terestrial deposits, renewed

Not to Scale

Figure 4.2B Geologic history (Phases 3 and 4, Late Paleocene-Eocene).
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nological evidence and is addressed in section 4.3.2. Phasa 4 is charactérized by
continued fluvial deposition (Late Paleocen_e-Eocene) and deposition of cross bodj
ded subaqueous basal'tic breocia (Figure 4.2B). Foliowing Late Paleocene-Eocens
sediment deposition, yet prior to the deposition of volcénic breccia, thé basin sub-
sided.” The overlying basaltic breccia was deposited in at laast 60 melres of water
(Clarke anid Upton, 1971). Following emplacement of the overlying basalts the entire
‘ Area was uplifted such that it was a coastal nunatak dqrin; the fast glaciation (An-

drews, 1980).

332 Réglonal Scope

The Mesozoic and Cenozoic sedimentary strata located on the southeast coast of

Baffin Island constitute ona of several 'sedimentary deposits in the north-east Arctic
Archipelago, Gresnland and and north-west Atlantic ocean (Figure 4.3). Many of
‘these deposits exhibit similarities in structural style and stratigraphy (Miall gt al.,

1980). Points of note includg: v
1. Sediment transport was along the basin axis; this is the case for tiuviodaltaic

strata in the Eclipse Trough (Miall gt al., 1980) and for Cretacéous deltaic strata in

theNugssUa.g Embayment of western Greenland (Henderson gt al., 1980). Accord-

ing to Miali gt al. (1980) basih-parallel deposition patterns indicate active subsidence
during deposition. | '

2. A regional 'Iéte Maastﬁchtia;n-éarly Paleocene unconformity in both Eclipse
Trough and Labrador Shelf may also occur in strata of southeastern Baffin Island
(_between the Lower Cretaceous and Upper ﬁaleocéne-Eocene strata on Padloping
and Quqaluit istands)r. According to Miall g1 al. (1980) the tirhing of 'lhis unconformity
may correspond with the tectonic movements separating Greenland §nd North Amer-

ica, the generation of Baffin Bay -volcanic rocks, and tﬁe occurrence of global

changes in sea level.
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. 3. Menzies (1982) states that marine conditions existed in Baffin Bay at tha
end of the Cretaceous. Also, MacLean and Williams (1980) report a rich Campanian
dinéﬂagellate assemblag'é from a core taken in Buchan Trough. This supports the
existence of a seaway connacting the Buchan Trough area with Dévis Strait, and the
North Aﬂéntic in the Campanian (MacLean and Williams, 1980). Although the
mudstones and sandstones which compose the sedimeﬁtﬁry strata above beds of
the debris flow and volcanic ash on Quqaluit and Padioping islands contain only ter-
restrial palynomorphs; a sample of the volcanic ash from Quagaluit Istand contains
dinoflagellates, an indication of marine to marginal-marine conditions.

4. The assignmant of these strata (volcaniclastit: complex and thin overlying
terrestrial sediments) to the Late Paleo‘cene-Eocene supports Clarke and Uptoh’s
(1971) 58 + 2 ma (Paleocene) aga for the overlying volcanics.

5. Nonmanne Albian sednmemafy sfrata sampled in core, at “station 16" loc-
ated 13 km nonheast of Padlopmg lsland in Davis Strait (MacLean and Wulhams.
1983), may be depositionally equalent to strata in this study and may suggest wide-
spread Early Cretaceo_us terrestrial deposition.

According to Srivastava (1978), initiation of ritting between Greenfand and North -
America occurred in the Campanian (75 Ma). However, this study illustrates from -
paleobgtany and 'pa!ynology that sedimentary strata were deposited in rift-related or
crustal attenuation-related Ihan grabeﬁs active in the Early Cretaceous (Aptian to lat-

est Albian) and Late Paleocene-Eocene.

4.4 Petroleum Geology
4.4.1 Present State of the Offshore
To date, no exploratory wells have been drilled in the offshore area adjacentto

the study region. This is primarily because of high exploration costs and lack of well-

defined prospects. However, five wells have been drilled off the coast of west;m
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w

Greenland and two wells have been drilled oft the southem coast of Baffin island in-
T

the northern Labrador Sea (Figure 4.4). -
The five wells drilled, through Neogene to Campanian strata, in the offshore re-
~ gion of westem Greenland did not discover hydrocarbons (Rolle, 1985). The two

wildcat wells (Gjoa G-37 and Hekja O-71)drilled off the south coast of Baffin Island

Y )
penetrated Paleocene to Eocene strata; Hekja O-71 intersected a gas/condensate-

filled sandstona (Klose gt al., 1982). This: hyd_rocarbon-béaring sandstone was de-

'posited in deltaic to nearshore conditions during the Paleocene (Klose gt al., 1982).

" -4.4.2 Petroleum Prospects (Cape Dyer Region)

As expected the brgahic matter contained in the fluvial sedim\entary rocks ex-
polsed on Padloping, Qugaluit, and Durban islands is immature.- Bo;h TAl énd %Ro
values (apperimately 1.6 and .53 resp:e.cﬁvely) are lower than the values for the
main géneraﬁon stagds for oil and gas. In addition.taccord‘mg to Gutjahr's (1983)
cta:ssification of potential source rocks: the Padloping Island coals and the shales
from Durban Island are landplant-containing source rocks. It is therefore suspected

| «that _thesa potential source rocks may produce gas and minor oil, given a sufficient
thermal maturation history. , |
‘Sandstones from aif thrée istands exhibit variable porosity and lateral extent. For
these reasons one would explore with ;:aution. a potential reservoir (possibly off- -

shore) of this nature.
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‘CHAPTE.R 5 CONCLUSIONS
integrated sedimantological/patynological study has established a geologic model
using depositional environments and palynomorph biostratigraphy ot Mesozoic and
- Cenozoic fluvial strata from islands located off the southeast coast of Baffin Island.
The results improve our understanding of the tirhing of initial rifting evénts or crustal
attenuaiion between Greenland and North America and the likelihood that hydrocar-
bons may be pfesent offshore. ' | |
‘ Strata on a thick regolith of Precambrian gneiss consist of braided, backswamp
and meandering flﬁvial deposits; deposits of distal alluvial fans(?) and volcaniclastics
(at upper contact with volcanic breccias and basaltic flows) are ;Qeéent locally.

Strata are of two ages: Aptian to latest Albian (Assemblage 1), located on Durban
- Istand and below the first volcanic ash on Padloping lslénd and debris flow on Qugal-
‘ vit Island, and Late Paleocene-Eocene (Assemblage 2), located in and above thé
first volcanic ash on Padioping and Quqaluit islands and above the debris flow on
Quaqaluit Island. These ages, Early Cretaceous and 'Early'Tertiary. defined by paly-
nology, are supportad by paleobotany.

Since these strata are related to the timing of either initial rifting events or crustal
attenuétion betwesn Greenland and North America an earlier age for the timing of
either tectonic eventis propo_§3d. Initial rifting or crustal attenuation probably started
in the Early Cretaceous, at least 30 ma earlier than previously stated.'

Organic matter in the sedimentary strata is immature and largely humic in nature.’

If sediments, similar to those onshore, are buried offshore, gas and minor liquid hy-

drocarbons might be expected.
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PLATES
Al specimens; except those in plate 1 (paleobotany), are illustfated in interfer-
ence contrast at 1000 X magnification, unless otherwise stated. Specimens are fol-
lowed by a sample and slide identification number, microscope coordinates and

4

©view.

Plate 1

‘The scale for afl specimens is in centimetres. The sample identification number

follows each figure number and caption.

- Figure 1. Fossilized Log, ?Metasequoia ocelon or 7Glyptostrobus; PD-LOG.
‘ Figure 2. Coniferous needle, ?Elatides; PD-01B8-03.
Figure 3. Leaflets, ?Eb_dgzamjjgs; PD-2a.
Figure 4 Root; QU-2.
Figure 5. Fern frond, ?Gleichenites; PD—éd.
Figure 6. Fern frond, ?Cladophlebis; QU-6.
Figure 7. Fern frond, ?Gleichenites; QU-5.

]
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Plate 2
Figure 1. Eglmng,ulansmnmssp cf B r_adlamsSmgh QU 01B-19, 86154(3/5),
122 5 18.3, Distal.
Flgur92 DIslalIdanguhsp_Qmﬁsnﬁmlexus(Smgh) Slngh QU 018- 19, 86154(3/5)
 11719.1, Distal.
Figure 3. Distalrianguiisporites irequiaris Singh: QU-01B-23, 86155(5/5) 124.6
242, Distal. -
Figure 4. Qensg_lspgmasmmmmgulatus Brenner; PD- 02A-47 86166(3/5) 126.8
- 26.9, Proximal,
Figure 5. Annendmmmasnmmmus&ngh PD-01C-19, 86114(5/5), 120.129.9,
630 X, Mid- focus
FIQUI'OS Anngndmispmﬁasnmhl&mahgus (Burger) Smgh DN-01A-18, 86160(5/5)
1244 12.1, Distal.
thure 7. Mmsmmasgzmga Pocock PD 010—15 86113(4/5), 125 28 S,
Proximal. |
Figure 8. Trilobosporites hannonicus (Delcourt and Sprumont) Potonie’; PD-02A-10,
86008(3/5), 121.1 34.3, 400 X, Proximal. '
Figure 9. lmp_a[dégmm tribotrys (Dettmann) Venkatachala, Kar and Raza; QU-
01A-02, 87027(5/5), 1203 17.7, Mid-focus.
"Figure 10. Sestrosporitas p_sg_mg_augmam; (Couper) Dettmann; QU- 018 19,
86154(3/5), 120.3 18, 630 X, Proximal.
Figure 11. Gleicheniidites senonicus Ross;lPD-02A~1 0, 86008(3/5), 127.8 25.8,
630 X, Mid-focus. o B ,
Figure 12. Fovaggleichaniidites confossus (ZHedIund) Burger; PD-02A-47, 86166(3/ .

5), 125.9 41.8, Proximal.
Figure 13. Lycopodiacidites canaliculatus Singh; QU-01B- 19 86166(3/5) 1234

a7. 3 Proximal.
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Figure 14.?Hamulatisporis sp.; QU-01A-01, 87025(4/5), 122 20.9.

Figure 15. Cicatricosisporites annulatus Archangelsky and Gamerro; PD-01C-08,
~ 86110(5/5), 120 16.3, Proximal. :
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A Plate 3 -
Figure 1. mamwmlanmwookson) Potome QU 01823 86155(5/ '
' 5),121.4 43.4, Proximal. . ) '
Flgure 2. Cicatricosisporites hallej Delcourt and Sprumont PD-01B-11,-86007(3/5), "
122.7 17.5, 630 X, Mid-focus.

FIQUfG3 Qmammuapgms hughesi Dettmann; PD 02A 10, 86008(3/5) 1222
43 8, 630 X, Dustal

anure 4 Wﬁmm (Markova) Singh; QU 018 -23, 86155(5/5)
121.835.6, 630 X, Distal. _
‘ Flgures an_[ngmmm_smmm (Kedves) Pocock QU 01B 14, 86153(3/5) 123 7
43.2 Mid-focus. )
Frgure 6. BannuﬁmmnghuSrwastava OU 01B-19, 86154(3/5) 117. 2 19 6,

‘ Proximal. _ : -
Figure 7. Bﬁimmgjgngm Singh; QU-01B- 19 88154(3/5) 120.5 31.9,
Distal.
- F:guree Iangan]smm[ﬂmulata(&ngh) Snvastava Qu- o1a 19, 86154(3/5)
' 124.820.5, Distal.
Flgure 9. E,QymmmaslabmsusSmgh PD- 02A 7o 86010(3/5) 125327, 630 x

" Mid-focus. ' K

Figure 10. Klukisporites pseudoretiulatus Couper; PD-01C-01, 86109(4/5), 124.6 -
25.9, Proximal. » |

Figure 11. Unknown; QU 01B—27 86156(3/5) 126.7 44.3,

Figure 12. ummmﬂsnn_dujmm Brenner; PD-01C-01, 86109(4/5) 124. 7

‘ 22.5, Mid-focus. , :

Figure 13. Biratisporites potoniaej Delcourt and Sprumont QU-01B-19, 868154(3/5),

126 423, Mid-focus.

Figure 14. Dictyophyilidites sp.; QU-01B-19, 86154(3/5), 125 43.5, Mid-focus. -
‘ . .

-
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Figur‘e‘ 1 5.' Stereisporites ammasmme_s (Wilson and Webster) Dettmann; PD-01C- |
08, 86110(5/5), 120 37.1, Midfocus. o
Figurp 16. Deltoidospora hallii Miner; DNOlA_—O?_. 86013(3/5), 124.2 36.7,' Mid-focus.

'
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_ Plate 4

Figure 1. Cyathidites minor Couper; PD-02A-10, B6008(3/5), 126 12.6, Mid-focus.

Figure 2. Concavisporites jurienensis Balm; PD-01C-09, 86111(3/5), 12434.2, /
Distal. ' » v

Figure 3. Concavissimisporites minor (Pocock) Delcourt, Dettmann and Hughes;

 PD-01C-08, 86110(5/5), 120 30.7, 630 X, Mid-focus. '

Figure 4. Concavissimisporites penotaensis Dettmann; QU-01B-19, 86154(3/5),
120.4 12.2, Mid-focus.

'Figura 5. Neoraistrickia truncata (Cookson) Polonie'; PD-02A-68, 861 72(5/5); 128.2°
49.8, Mid-focus. ' |

Figure 6. Qsmundacidites wellmanii Couper; PD-01C-08, 86110(5/5), 124.2 49.5,
Mid-focus. , , -

Figure 7. Baculalisporites comaumensis (Cookson) Potonie’; QU-01B-19, 86154(3/
5), 120.7 19.2, Mid-focus.

Figure 8. Acanthotriletes varispinosus Pocock; PD-01C-19, 86114(5/5), 120.2 14.7,
Mid-focus. | |

Figure 9. W sp.; QU-01B-23, 86155(5/5), 121.7 9.6, 630 X, Proximal.

Figure 10. Yerrucosisporites rotundus Singh; QU-01B-19, 86154(3/5), 126 43.3,
Mid-focus. _ |

Figure 11. Laeyigatosporites ovatus Wilson and Webéter; PD-028-05, 86115(3/5),
126 30.2, Equatorial. _

Figure 12. Punctatosporites scabratus (Couper) Singh; PD-01C-09, 86111(3/5), 124
34.6, -Equatorial. «

Figure 13. Inaparturopolianites sp.; QU-01 B;19. 86154(3/5), 124.1 36‘.'9. Equatorial.

Figure 14. Taxodiaceaepollenites hiatus (Potonie’) Kremp; QU-01B-19, 86154(3/5),

124.5 13, Mid-focus.
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Figure.15. Sequoiapollenites paleocenicus Stanley; B-5, 87049(4/5), 120 45.9, Mid-

focus. ’

-
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’ L Plate 5
“Figure 1. Ammmausnahs Cookson; QU-01B-19, 86154(3/5) 123.7 19,
630 X, Mid-focus. '
. Figure 2. Bo_dp_gamdmm Pocock Qu-018-19, 86154(3/5) 124.6 34. 6
630 X, Proxlmal -
Figure 3. Eg_dggammmﬁmmgulus&ngh ON- 01A 14, 86158(3/5) 122.2 16.1,
‘ Equatonal oblique. *
Figure 4. *Eg_dg_gam‘dma muﬁgsimua (Bc;lkdvitina) Pocock; PD-01B-04, 86006(3/5), ‘
. 124328, 630X, Distal.
Fxgure 5. &Msmnmalam_alle_nnes(ﬂouse) Singh; PD-02A-65, 86170(3/5), 120
17.2, 830 X, Equatorial.
Figure 6. Abmsp_q_lj_annessp PD-02A-45, 86165(4/5), 124.7 44.1, 250 X, Obhque.
anure 7. ymmpgmﬁs namdus(ﬂenssmger) Nilsson; PD-01C-09, B6111(3/5), 130
.38.2, Distal.
Figure 8. Alisparites bilateralis Rouse; PD-02B-05, 86115(3/5), 125 45.1, 630 X,
Distal.
Flgureg Ahsmma,sg[anms (Cookson) Dettmann; PD-01C-01, 86109(4/5), 131.5
24.6, 400 X, Distal.
© Figure 10. Piceaepollenites sp.; PD-01C-01, 86109(4/5), 122.4 25.2, 400 X, Equa

torial obluque ' ,
_Figure 11. 7Bngummmuthmumu5Puerce Qu-018B-19, 86154(3/5) 120.5 17,
630 X, Equatorial.
Figure 12. Cedripites canadensis Pocock; QU-01B8-19, 86154(3/5) 124.7 33.9,
630 X, Equatorial.
Figure 13. Qﬁdmngsgmtage_ua Pocock; PD-01C-01, 86109(4/5), 119.9 25.9, 630 X,

Equatonal : -
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Figure 14. Pristinuspolleniles microsaccus (Couper) B.D. Tschudy; QU-01B-19,
86154(3/5), 120.5 26.5, 630 X, Equatorial end view. ‘

Figure 15. Qmmuammmﬁgzmgus(%uper) ansson PD-02A-70, 86010(3/5).

129.5 30 Equatonal

4
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_ Plate 6

Figure 1. Cycadopites follicularis Wilson and Webster; PD-02A-36, 86164(4/5),
1268.2 22.1, Proximal. _

Figure 2. Tricolpites sp. 1, QU-01A-02, 87027(5/5), 127.8 32.3, Polar.

Figure 3. Tricolpitas sp. 2, B-5, 87049(4/5), 127 45.?. Equatorial.

Figure 4. Tricolpites sp. 3; B-5, 87049(4/5), 123.9 32.4, Equatorial,

Figure 5. I_rngjnnas sp. 4; B-5.'87049(4/5), 124.1 23.3, Equatorial.

Figure 6. Iricolpites sp. 5; B-5, 87049(4/5) 126.4 39.3, Equatorial.

anure 7. Qu,p,um_e[mmﬂ_emgssp B-5, 87049(4/5) 120 141.2, Equatonal

Figure 8. Bugutricolporites sp.; QU-01A-03, 87028(4/5), 125 29.4, Equatonal

Figure 9. Qmmnmnassp cf. C. spackmaniana (Traverse) Zhou; QU-01A-02,
87027(5/5), 119.5 41.4, Equatorial.

F‘igur‘e 10. Myricipites annulites (Martin and Rouse) Norris; B-5, 87049(4/5), 125.2

| 22.8, Equatonial.

Figure 11. Trivestibulogollenites betuloides Pfiug; B-5, 87049(4/5), 125 38.1, Equa
- torial. ' |

Flgure 12. Eg_lxam_qngﬂ_enm s_tguams (Potonie') Pflug; QU 01A- 02, 87027(5/5)
1 125.8 41 8, Equatonal .

Figure 13. Polyatriopollenites m[mgnm[xm (Traverse) Frederiksen; B-5, 87049(4/
5), 126.8 34.3, Equatorial.

Figure' 14. Corroded Appendicisporites Weyland and Kreigqr; Qu-01 A-02. 87027(5/

.5), 123.8 37.1, 630 X.

Figure 15. Corroded Bisaccate; QU-01A-01, 87025(4/5), 121.5 40.1, 400 X,

Proximal.
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_ Plate 7 )
Figure 1. Pasayis tagluensis Elsik and Jansonius; B-5, 87049(4/5), 125.9 37.6, Mid-
focus. | )
Figure 2. Callimothallys pertusus Dilcher; QU-01A-01, 87025(4/5),‘ 121.840.1,
630 X, Mid-focus.
Figure 3. ?Qngg_snh.aaudmm complex (White) Davey and Williams; QU-01A-03,
87028(4/5), 125 38.7, 630 X, Phase contrast, Mid-focus.
Figure 4.5,p_|mf_em§ﬁsp 1; QU—01A 03, 87028(4/5), 125.1 35, 630 X, Mid-focus.
Figure 5. Smnﬂamas sp. 2; QU-01A-03. 87028(‘4/5). 125 34.2, 630, Mid-focus. -
V Figure 6. Spiniferites sp- 3; QU-OiA-OS, 87028(4/5), 127.5 23.2, Midffocus.
Figure 7. Dinoflagellate Type 1; QU-01A-03, 87028(4/5), 127 41.4, 630 X, Mid-

focus.

Figure 8. ?Smmﬂmmm sp.; QU- O1A 03, 87028(4/5) 125 36.4, 630 X, Phase con- o
trast, Mid-focus.

Figure 9. Dinoflagellate Type 2; QU-01A-03, 87028(4/5), 124.7 32.7, Phase con-

trast, Mid-focus.”

>
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- APPENDIX B,

" Petrology — Pointcount Percentages (Rounded)

Q=quartz, F=teldspar, M=mica, T=tourmaline, G =garnet, -

Mg = magnetite, O = organics, C =clay matrix, Cc = calcite cement,

H = hematite cement, L = granite and gneiss fragments, Ps = pore space,
* = 0only. 250 points, (F) = glacial float.

Sample Q F_ L M T G Mg O C C H Ps
DN- o
01A-03 71 4 6o 5 5 o0 . 1 1 12 0 .0 1
01A-04 79 7 2 0 O 1 -0 0 0 0 o 11
01A-05 - 81 2 o 0o o0 .o 0o 0 0 0 2 15
*01A-09 69 10 2. 2 0~ 0 0 0 7 0 0 10
01A-13 49 19 0 4 0 o 0 4 2 0 13 9
01A-19 66 - 6 - 2 0 1 0 0" 0 2 0 0 23
01A-20 75 9 0 0 0 o 0 0 4 o0 5 7
AL-1 (F) 57 3.6 1 0 0 0 0 1 o 15 17
D-3A (F) 90 3 0 1 1 0 2 0o 2 0 0o _2
D-3B(F) 66 4 0 0 0 0 14 0 o 0 15 1
Qu- - -
01B-04 60 - 5 4 1 0 0 0 0 M 0 14 5
01B-21 51 2 0 2 0 0 0 21 14 0 0 10
TOP (F) 59 15 15 1 0 0 0 8 0 0 2
PD- ” | - ‘
01-01(F) 39 7 6 4 0 0 o 0 0 0 44 0
O01ABase® 60 4 0 0 2 0 0 0 16 17 0 1
. 01B-09* 45 4 0 0. 0.0 0 2 30 .17 0 2
01B-14 ~ 37 1 0 4 1 0 0 31 25 0 0 1
01C-06 65 6 1 o 0o o0 o 0 10 12 0 6
01C-13 63 - 5 6 5 0 ] 0 0 15 0 0 6
01C-17 49 0 0 .0 1 o o0 ¢ 20 13 o 17
02A-14 ~ 45 7 1 4 1 0 0 5 37 0 (0] 2
02A-16 47 1 o 1 0 0 0 30 10 0 0 1
02A-31 50 5 1 1 0 0 O 24 19 0 0 0
02A-34 51 7 3 1 0 0 0O 10 13- 0 0 15
02A-53 46 9 1 0 o 0 "o 8 @ 1 0 9
02A-58* 46 7 0 1 0O o 0 12 26 0 0O 8
02A-69 38 0 0 o 0 0 0o 18 19 0 0 25
02B-09 . 41 3 1 4 1 0 0 19 30 0 o 1




Sample

Facies
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APPENDIX B, Petrology — Detrital Modes

Q% F% RF% Grain Size Sorting
DN-
01A-03 A 94.1 59 M w
01A-04 A 89.7 85 1.8 M/C M
01A-05 A 98.0 2.0 vC PM
01A-09 F 84.9 12.1 3.0 , C P
01A-13 F 719 278 0.3 M - M
01A-19 F 89.2 84 24 vC VP
01A-20 F 89.5 105 Cc P/M
AL-1 (F) F 86.5 5.0 8.5 C P
D-3A (F) F 96.9 3.1 & M M
D-38 (F) F 94.3 5.1 0.6 M M
MEAN 895 8.8 1.6
S.D. 7.5 73 26
Qu-
01B-04 A .-870 6.6 6.4 ve PM
01B-21 E 96.9 31 - F M
TOP (F) F 66.1 171 16.8 vC VP
MEAN 83.3 8.9 1.7
S.D. 15.7 7.2 B.4
PD-
01-01 (F) F 746 12.7 12.7 vC vP
01C-06 E 90.0 8.0 20 M M
01C-13 E 835 7.7 8.8 M MWW
02A-16 C 98.7 1.3 . F M
02A-34 C 82.1 11.7 6.2 M P
MEAN 85.7 8.3 59
S.D. 9.0 - 4.5 51
PD- " , .
01ABase® A . 931 6.3 06" vC VP
018-09° E 91.8 8.2 . vC VP
01B-14, E - 979 2.1 - F/M P
01C-17 E 1000 e VF MW
02A-14 C , BS5.1 12.9 20° F M
02A-31 o] 89.2 9.4 1.4° F P/M
02A-53 ] 83.1 185 14 F P
02A-58* - C 85.7 13.2 1.1 " F P
02A-69 C - 989 1.1 . VF P/M
02B-09 . _A 92.1 57 2.2 M M
MEAN 91.7 7.4 0.9 '
S.D. 5.9 52 0.8

Q = quartz, F =feldspar, RF =rock fragments, W = well sorted, M = moderately
sorted, P = poorly sorted; VF = vary fine grained, F = fine grained, M = medium’,
grained, C = coarse grained, VC = very coarse grained; S.D. = standard deviation;
(F) = glacial float, ° = only 250 poinis, ** = > 15% clay matrix.
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APPENDIX C,

Fleld 1D M.UN. ID Facies and Environment
PD-01B-04 86006 D  (backswamp coal)
PD-01B-05 86105 D (backswamp coal)
PD-01B-06 86106 C, (overbank)
PD-01B-10 86107 C, (overbank)
PD-01B-11 86007 B (backswamp mudstone)
PD-01B-12 86108 C, (overbank) -
B-5 87049 H (air-tall volcanic ash)
PD-01B-14 87029 E (meandering channel sand)

87048 E (meandering channel sand)
PD-01C-01 86109 E (meandering channel sand)
PD-01C-08 86110 D (backswamp coal)
PD-01C-09 86111 B (backswamp mudstone)
PD-01C-11 86112 D (backswamp coal)
PD-01C-15 86113 D (backswamp coal)
PD-01C-19 86114 D (backswamp coal)
PD-02A-10 86008 C, (overbank)
PD-02A-17 86163 C, (overbank)
PD-02A-36 86164 Co (overbank)
PD-02A-43 86009 '8 (backswamp mudstone)
PD-02A-45 86165 Cy (overbank)
PD-02A-47 86166 - C, (overbank)
PD-02A-49 86167 C3 (overbank)
PD-02A-52 86168 C, (overbank)
PD-02A-57 86169 B (backswamp mudstone)
PD-02A-65 86170 E (meandering channel sand)
PD-02A-67 86171 C{ (overbank)
PD-02A-68 86172 C{ (overbank)
PD-02A-70 86010 C; (overbank)
PD-02B-02 86011 C, (overbank)
PD-02B-05 86115 C, (overbank)

. PD-02B-08 86116 A  (braided channel sand)

PD-02B8-15 86012 C, (overbank)
QU-01A-01 . 87025 ‘B (backswamp mudstone)
QU-01A-02 87027 B  (backswamp mudstone)
QU-01A-03 87028 ‘H (air-fall volcanic ash)
QU-018-03 86149 A (braided channe! sand)
QuU-01B-05 86150 Cq

‘ (overbank)
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QU-01B-07 . 86151 C, (overbank)

QU-01B-09 86152 C, (overbank)

Qu-01B-12 86162 C; (overbank)

QuU-01B-14 86153 C, (overbank)

Qu-01B-19 86154 - Cy (overbank)

Qu-018-23 . 86155 C, (overbank)

Qu-018-27 86156 . B (backswamp mudstone)
QU-018-77 87026 E (meandering channel sand)
DN-01A-07 86013 B  (backswamp mudstone)
DN-01A-10 86157 C, (overbank) '
DN-01A-14 ' 86158 F  (distal alluvial fan)

- DN-01A-16 86159 F  (distal aliuvial fan)
DN-01A-18 86160 F (distal alluvial fan)
DN-01A-21 86161 C, (overbank)

APPENDIX C2
Palynology Statistics Data
Diversity Diversity No. of Evenness ~Evennéss
Fieid 1D (X 10) Variance specigs (X 1000) Variance
PD-01B-04 238 0.0059 18 8.23 0.0007 ‘
PD-01B-05 BARREN «
PD-01B-06 1.39 0.0445 6 . 7.88 0.0139
PD-01B-10 1.55 - 0.0128 16 5.61 0.0017
PD-01B-11 2.16 0.0229 14 8.18 0.0033
PD-01B-12 0.92 0.0538 7 4.47 0.0124
B-5 2.21 0.0005 13 8.65 0.0001
PD-01B-14 1.38 0.0103 12 5.57 0.0017 .
PD-01C-01 190 ~  0.0114 23 5.97 0.0011
PD-01C-08 - 229 0.0062 21 7.52 0.0007
PD-01C-09 225 . 0.0083 2 7.27 0.0009
PD-01C-11 2.08 0.0044 17 735 0.0005
PD-01C-15 2.18 - 0.0064 - 20 7.27 0.0007
PD-01C-19 2.05 0.0064 20 6.84 0.0007
PD-02A-10 1.96 0.0057 17 6.91 0.0007
PD-02A-17 2.05 - 0.0086 20 6.87 0.0011
PD-02A-36 2.00 0.0224 9 8.69 0.0042
PD-02A-43 1.68 - 0.0265 11 - 7.01 ~ 0.0046
PD-02A-45 2.13 0.0078- 20 7.11 0.0009
PD-02A-47 1.26 0.0107 16 4.54 0.0014
PD-02A-49 1.74 0.0227 7 8.99 0.0060 :
PD-02A-52 1.87 0.0102 16 6.77 0.0013 :
PD-02A-57 163 = 0.0384 6 8.40 0.0101




PD-02A-65
PD-02A-67
PD-02A-68
PD-02A-70

PD-02B-02
PD-028B-05
PD-02B-08
PD-02B-15

PD-01A-01
PD-01A-02
- PD-01A-03

QU-01B-03
QU-01B-05
QU-018-07
QU-01B-09
Qu-01B-12
QU-01B-14
Qu-01B-19
QuU-01B-23
. QuU-01B-27

QU-01B-77

DN-01A-07
DN-01A-10
DN-01A-14
DN-OtA-16
DN-01A-18
DN-01A-21

\

) ot
163

1.51 0.0102 18 522 0.0012
2.01 0.0083 15 7.25 0.0011
2.26 0.0086 23 7.11 0.0009
1.56 0.0149 12 6.27 0.0024
BARREN —-

2.12 0.0084 24 6.69 0.0008
1.58 0.0116 12 6.37 0.0019
BARREN -----
1.52 0.0114 16, 5.48 0.0015
0.51 0.0070 8 232 0.0014
1.44 0.0149 10 6.25 . 0.0028
BARREN

248 0.0077 26 7.61 0.0007
1.85 0.0106 21 6.09 0.0011
1.97 0.0071 - 17 6.81 0.0008
1.62 0.0240 6 9.05 0.0075
1.85 0.0109 20 6.17 0.0012
2.03 0.0086 21 6.66 0.0009
2.10 0.0058 17 7.41 0.0007
2.30 0.0084 21 7.55 0.0009
2 2 = OSSOt
1.19 0.0104 13 4.63 0.0016
1.81 0.0066 14 6.86 0.0009
2.11 0.0067 18 7.32 0.0008
1.67 0.0082 12 6.73 0.0013
1.78 - 0.0075 14 6.75 0.0011

BARREN
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STRATIGRAPHIC ENVIRONMENT SAMPLE No. - &

LOCATION(M)
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o ->
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STRATIGRAPHIC ENVIRONMENT

LOCATION (M)
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FIGURE 3.2
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.. STRATIGRAPHIC ENVIR o3 : .

LOCATION (M) VIRONMENT SAMPLE No. 0\% (X 10) N
90 pond QuU-018-27
60 overLbank QU 01B-23
54 overbank QuU-0IrR- 19
41 overbank QU-01B-14

R overbank ‘ QU 0w 12 — ’

20 overbhank QU 0B 09
15 . overbank QU VB-07
6 overbank Qu-01B-05
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5 10152025 2
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