of Canada du Canada ' '
Canadian Theses Service  Services des théses canadiennes ‘ -
Ottawa, Canada )
K1A ON4
- .
¥
- P
CANADIAN THESES THESES CANADIENNES
L ’ ‘
. ¥ -
_ NOTICE - AVIS.
The quality of this microfiche is heavily dependent upon |'he La qualité de cette microfiche dépend grandement de la qualité
quality of the original thesis submitted for microfilming. Every de la thése soumise au microfilmage. Nous avons tout fait pour
effort has been made to ensure the highes! quality of reproduc- assurer une qualité supérieure de reproduction.
tiorf possible. , ‘
If pages are missing, contact the university which granted the S'il mangue des pages,. veuillez communiquer avec l'univer-
degree. _ sité qui a conféré le grade. . s
Some pages may have indistinct print especially if the original . La qualit¢ d'impression de cerlaines pages peut laisser a
- pages were typed with a poor typewriter ribbon or if the univer- désirer, surlout si les pages originales ont été dactylographices
sity sent us an inferlar photocopy. 4 r'aide d'un ruban usé ou si I'université nous a fait parvenir

une photocopie de qualité inférieure.
Previously copyrighted materials (journal articies, pubﬁﬁé Les documents qui font déja l'objet d'un drbit d'auteur {articles
tests, etc.) are not ﬁ]med. . de revue, examens publiés, etc.) ne sont pas microfilmés.

Reproduct?on in full or in part 6f this film is governed by the La reproduction, méme partielle, de ce microfilm est sbumise
\ Canadian Copyright/Act, R.S.C. 1970, c. C-30. Please read 4 la Loi canadienne sur la droit d’auteur, SRC 1970, ¢. C-30.
the authorization fgrms which accompany this thesis., - - Veuillez prendre connaissance des formules d’autorisation qui “-\

-~ . accompagnent cette thése.

-

THIS DISSERTATION - LA THESE A ETE

. ~ HAS BEEN MICROFILMED T * MICROFILMEE TELLE QUE

EXACTLY -AS RECEIVED , NOUS L'AVONS REGUE

. . -. » M
"~ NL 339 (r. 86801 ) } . Canada.



L
SEDIMENTOLOGY OF THE\'LOWER PART 0‘1-‘ THE
MORIEN GROUP IN THE SOUTHEAST PORTION OF
THE SYDNEY COAL BASIN, NOVA SCQTIA.
A Dissertation
Presented To The _
School Of Graduate Studies
University Of Ottawa
. Ottawa - Carleton Geoscience Center
vf
In Partial Fulfillment
Of The Requirements For The Degree
Master Of Science
In Geology
By
"—-.:._,'
.  Shawn James -Dilles
. September, 1983
Dr. Brian R. Rust Dissertation Supervisor

N

{«_; Shawn James Dilles, OTTAWA, Canada, 1984,
A he

at



UNIVERSITE DOTTAWA

- UNIVERSITY OF OTTAWA .




*
N
Table of Contents
-
No-
ﬁagé
Figures........ PP &/
Tables...... P 4
AcknowledgmentsS....se0cesae Y vi
Chapter I Introduction

1.1 Purpose of the present study........ R §
1.2 Study area: location and accesS.....cecees0.2
1.3 Previous work........ seesacasenanaens eeveseesh
1.3.1 o Early investigations.......... cesesanas ceeeald
1.3.2 Systematic geologic surveys......... cesesassB
1.3.3 Work related to mining (to 1960)..... P
1.3.4 Recent work (1965-1980)........... ceaann ...10
1.3.5 Current work (1980-1983).......... P I §

Chapter II Stratigraphy and Structure
2.1 Introduction.......... Crseecescsreravaran L.13
2.2 > Regional setting...... Cerectecnsennannanas .13
2.3 Permo-Carboniferous stiatigraphy ........... 17
2.4 " Sydney Basin stratigraphy.......... creeeeeel2
2,5 Structure of the Sydney Basin........... ...28
2.5.1 General structure.......... eteaaeaans ...28
2.5.2 °  Structure of the Morien Bay area...........30
2.5.3 Minor faults in the study area.............34

Chbpter III Petrography

3.1 ‘Introduction..... .........1....... ......... 35
3.2 Methods...... crseesiaeansn ;................}ﬁ
3.3 Previous worK....cveeennoncanes ceerranen .ea36
3.4 Lithotype constituents and classification..38
3.5 Sandstone lithotypes...s-veece.. st e e .. 44
3.5.1 . Subarkosic arenite and wacke......... ceee.add

3.5.2" Lithic and sublithic sandstones....cecceceees 55




Chapter IV

4.1
4.2
4.3

4.4

4.4.1
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6
4.4.7
4.4.8
4.5
4.6

5.1
5.2
5.3
5.4
5.5
5.5.1
5.5.2
5.5.3
5.5.4

.

Page
Minor sandstone tYPeS....ceeescecesccscssa59
Mudrocks..... '.,.......................,;..60
Major;diagenetic features.......ccvevaeu..64

SOUXrCE ArC@.sseecscccaccncscaanccsssosssansy . 69

Lithofacies Types-

IntroductioN...eececcsnsosnnencas cessececesld

Lithofacies: use and definitions..........74.

Integration of- lithotypes, lithofacies,
and sedimentary structures.....cscses- ceeel?d

Lithofacies descriptions and interpre-

Introduction......... tesesaessnserreen «...98
Theory.seeeeeeenss sesessasassanansenasanns 99
Analytical procepure ......... e e esans 100
Application to measured spctions.:..;....107
Analytical results......ccvn0uueee cesessss108
South False Bay section.......ceee.. sesa.108
Cape Morien\section (east side)..eeeesn.. 110
Cape Percé SECELOM. e sse e e enrnennnns cea112

Composite section: Cape Morien and
Cape Percl.......... b it iicterr s es e ne s 112

tations............,.........3 ...... csesse8l
Lithofacies Gm...... ceesaarasas Ceeireeenn .81
Lithofacies Se.,..... U PP - 7.
Lithofacies St..,...... - 1
'Lithdfacies SPerevascnane ceesass Teessrsaa.88
Lithofacies Sh and S1........c.0u.. ....u..BB_
Lithofacies Sr....... U PP 11
Lithofacies Fl and Fm.....co0ve. ceeeraaa ..90
Lithofacies Fr...... cese it eannennenes —— )



_
. Page
5.6 DiSCUSBiON..cveecrsorencscoccesosnsnenaaasllb.
5.6.1 Comparison with existing models...........115
5.6.2 Vertical and lateral, changes in facies
transition data......................;....119
Chapt VI Depositional Environments
6.1 Inﬁroduction........,.....................122
6.2 The Alternating Facies.Assemblege(A;P.A.)..Zg
6.2 Point bar deposits....... e ieeresnapansesasl2d
6.2. Abandoned channel 3ePOSitS..eeaeeenvassss-129
6.2.3 Levee AepOSitS.cciecsvsararisnssncnsannncces 133
6.2.4 Crevasse splay deposits.....ccccneevess...134
6.2.5 Other floodplain depositsS.......cceees eesel35
6.3 The Sandstone Facies Assemblege (S.F.A.)...137
6.3.1 Channel deposits (0-100 M)...evueccascane .137
6.3.2 Channel deposits (100-148 m)..... .........142‘
64343 Other deposits inthe S.F.A,.."...... ce...143
6.1 ' Summary of paleocurrent data..... e ....144
6.5 Deﬁositional history of the study area....148
Chapter VII Summary and Conclusions........ ceecsanan 151
nppendix I...ccceeecacann tessssseseasereassessaces ..157
Appendix IX..ieeeeevaaccaannns ceeseestssecncssnncsnas 178
AppendiX YIl..e.eeveinacncnnens e erecnesasans ...180

BibliograthI--oclco ---------- L N N B N B N I I to.--182



' List of:?tﬁ@&es - .
./’//a/ " JFIGURE : - - PAGE

-,

1-1 Location map of study area showlng measured C 4
sections. -
1-2 Location of recently measured sectiohs in 5
the Sydney Basin.
2-1 . Distribution of Pérmo- Carbonlferous rocks 15
in sAtlantic Canada. :
2-2 Permian palinspastic map of Nova Scotia. 18
2-3 Air-photo of Cape Morien showing change in 30-A
strike of strata offshore of [the headland.
2-4 Mopien Bay structure. 31
3-1 Composition of sandstones, after Dott 43
(1964). . ‘ .
3-2 Thin section photographs. o ' 66
3-3 Thin section photographs. 68
4-1 Oligomictic siderite nodule lag base of 83
-, of channel. .
Ji-z Lithofacies Gm. , . 83
- "4-3 ° Lithofacies Se with mudstone and iron- r1ch 85
-y nodules as intraclasts.
4-4 Lithofacies Se: plant fragment intraclasts. 5
4-5 Lithofacies St. _ 7.
" 4-6 Lithofacies Sp. - | 87
4-7 Lithofacies Sr. 89
4-8 Tabujar mottles in red mudstone. 89
4-9 Deep Tracks in lithofacies Fm. 94
4-10 Nodular weathering pattern in lithofacies 94
* Fm.
5-1 Facies Transition Dlagram and Composite 109
'section for South of False Bay. '
5-2 F.T.D. and Composite section for Cape 111
Morien R \ )
5-3 * F.T.D. and Composxth/sectlon for Cape ; " 113
Morien and Cape Perce 4
5-4 F.T.D. amt_Composite section for Cape 114
\ Morien and Cape Percé
5-5 . Facies Model for the South Saskatchewan 117
* Rdver..
6-1 Meadering fluvial depositional environments. 123
6-2 . Channel sandstone with 1ateral accretion 125
bedding.’
6-3 Channel £ill of sandsténe and mudstone. ,125
6-4 Scour filled with fine sandstone and - 128
mudstone.
6-5 Small scqour filled with mudstone. 132
6-6 In-situ tree burried by splay deposit. . 132
6-7 Braidplain depositional environments. ) 136
6-8 Flute casts at channel base. 138
6-9 Probable slump block in S.F.B. section. 138 -.
6-10 Paleocurrents from lithofacies St and Sr. 146
6-11 Paleocurrents from the measured sections. 147



s

v : - Lo fr

’ ~ IAst of Tables

TABLE

2-1 Stratigraphic nomenclature for the Permo-
Carboniferous of New Brunswick and Nova
Scotia.

2-2 Stratigraphic nomenclatume for the Sydney
—- Basin.

3-1 Major sandstone constituents.

3-2 X.R.D. analysis of mudrocks.

3-3 Lithology of pre-Morien units in Cape
Breton. .

4-1 Lithofacies code of Miall (1978).

4-2 Relationship of lithotypes to lithofacies.

4-3 Relationship of sedimentary structures to
lithofacies. -

5-1 Transition count matrix for the South False

Bay section.
5-2 Transition probability matrix for the S. F B.
gsection.
5-3 Independent trials probability matrix for
the S.F.B. section.
5-4 Difference matrix for the S.F.B. section.
5-5 Most probable transitions in the S.F.B.
section
1 Braided lithotypes and facies.

-V

@ -

.t‘

PAGE

19

24~ .

. 40

62
70
75
77
78

100 .
101‘

102

103

103
140



ABSTRACT

P . '
The Upper Carboniferous Morien Group in the Sydney

Basin, N.S. was the first coal-béariné unit mined in North

.America, and is still an important producer. The basin is

> -

generally sauber.shqped, and covers over 35,300_sqg. km,
99% of{which i§ offshore. The Morien Grouop {equivalent to
the Pictou Group elsewhere in Maritime Canada) was djvided
ifto three megafloral zones by Bell (1923). This study
deaIs_with thé dlder two zones in the eastern part of the
Syéney Basin, between False Bay Head ahd Cépe Berce.

Two facies associations are present in phe-gfudy
area. South of False Bay is the Sandstones Facies.
Association, containing less thaﬁ 15% mudstone. The
alternating Sandstone-Mudstone Facies Association makes ﬁp
the remaining sections (see Fig. 1-1)%.. ﬂerkov Chain
Analysis of lithofacies transitions show a n%n-random
preferred sequence of Se-St-Sh-Sr-Fl-Fm for the Sandstone
Facies Association (see CH. 4). The Altetnating Facies
Association has -a somewhat similar non-random preferred
sequence, and a higher tendency towards cyclicity.

The presence of well presérved fossil flora, coal
seams over seatearths, upright trees, and fresh water
mollusks and ostracods indicate deposition in a

terrestrial environment. Marine fossils and thick

coarsening-upward deltaic sequences are absent.

’
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The Sandstone Facies Assoc15£ion is interpreted as 2 e
sandy distal braiQplain deposit, similar to'facies‘
association S[ii} of Rust (1978). A modern analogue is
the South Saékatchewan River model of Cant and Walker
(¥979) , although the measured sections have fewer planar

" cross-stratified units. The‘presence‘of lateral accretion
‘surfaces qﬁd.low sandétqneﬁ mudétoﬁe ratio indicate that
the Alternating Facies Asso¢iation was deposited by a

meandering fluvial system. Point bar, crevasse-splay,

" . levee and floodplain deposits have been identified.

Mudstone-filled channels resultég from chute cutoff, neck
cutoff, or avulsion.

vPaleogurrents from trough croés-beds show a consistept
N-NE direction, indicating £ﬁat drainqge f}bh the south

and southwest was maintained throughout deposition of the
ﬁorien Group in this area. The basin ig pictured as a
gently downwarped area that gradually filled with
contingntai deposits. De;;sﬁse in slope with tiﬁe was
'aécompanied by a change fro$ a aistéi braided to
heahﬁgniﬁg fluvial style. The change occurred later in’
the west than in the east. Coal development did not
coincide with the start of meandering river deposition in

the east, probably because of unfavorable climatic

cEPditions.

- =vii-



A previously unrecognized feature is a north trending
syncline-seaward of the Caée Morien Headland. A '
reintéépretation of Morien Bay structure was proposed,
suggesting the need.for a re-evaluation of the coal

resource potential of the area.

-viii-
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"On the whole, we can scarcely err in affirmjfig" ' that the
“ habitat... was a peaty swamp, occasionally or peribdically
‘inundated, and in which g:gwing-trees and Calamite brakes

- .
were being gradually buried in sediment, while others were

‘ . . . ' . -
taking root at higher levels, just as now happens in the"

alluvial flats of large rivers." -

John William Dawson (1820-1899)

- -
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. Chapter. 1

- - INTRODUCTION

1.1 PURPOSE OF THE PRESENT STUDY

Coal has Seen mined from the Upper Pennsylvanian
Morien Group in the éydney Basin, Nova Scotia since 1720,
~and much study has been directed towérds.evaluation,
analy;is, and,ﬁorrelation of the coal seams. Until
recently, powever, little work has been directed towards
* the considerable thickness of clastic sediments between
the seams. This study is part of a larger project which
aims to establish lithostratigraphic subdivisions for the
_ Morien Group across the basin and examine its
sedimentology in detail (see Rust et al., 1985).

Work proceeded along four major lines:

1. Geologic mapping and description of sedimentary.

facies in coastal sections of the study area.

2. Logging of a 332 m (1089 ft.) borehole, and

pertinent parts of two other nearby boreholes.
These were correlated as closely as possible with
measured outcrop section.

3. Petrographic and X-ray diffraction analysis of fine

and coarse-grained clastics usiné 65 thin sections

and 65 powdered samples.




4. Markov Chain Anays;s‘to determine
1) if'qA ordéred sequence of facies is present; and
2) 1if there are sighificant vertical and/or
lateral facies changes in the study area. .
In addition, éamples were collected for spore analysis
to aid in chronostratigraphic controi. These. were
| submitted to M.S. Barss of the Geological Survey of
Canada at the Atlantic Geoscience Center. l
Fieldwork was carried out between May and September of
1982. Work was supported by the Nova Scotia Dept. of
Mines and fnergy (N.S.D.,M.E,) and tﬁe Geological Survey’of
‘Canada through the Canada-Nova Scoéia Cooperative Mineral
program:'and by £he Dept. of.Geology at the Universiéy of
Ottawa. THe Cape Breton Development Corperation (Devco)
provided access to the cores that were logged.

1

1.2 STUDY AREA LOCATION AND ACCESS

The Carbonifero?s Sydney Basin occupies the northwest
corner of Cape Breton Island, Nova Scotia, and extends
offshore almost to Newfoundland (Hacquébard, 1983A. Thfs
study was limited to the area between Cape Percé‘and False

N
Bay Head (Figure 1-1).4 This area is underlain by rocks of

the Lonchopteris and Linopteris obliqua megafloral zones




{(Bell, 1938). ‘The Lonchopteris zone at Bateston was

‘described by Rust and Gibling (Rust et al., 1982; Dilles

and Rust, 1983), and is similar to the sectldn at False

Bay Head. The g&ychocarpus unitus zone around. the study

area was described by Guy Masson {(Rust and Masson, 1981).

Figure 1-2 shows.the coastal areas recently mapped. The

N.S.D.M.E. has undertaken the mapping of the entire inland
portion of the basin, as part of the Carboniferous Basin
Mapping %roject. Work began in the 1982 field seasonr and
is expected to conclude in the 1983 season (Giles, 1983,
Persoﬁél Comm.).

All of the sectioné were measured along/t hore.
Qutcrops in the study area ranged from isolljated eXposures
at beach level to continuous cliffs 40 m (132 ft.} high
and several kilometres long. Most outcrops occur'as
near-vertical cliffs between 15 and 25 m (49 and 82 ft.)
high. 1In many cases the sections could only be reached by
foot at low tide, and about 10% of the area was
inaccessible even then. A 4.9 m (16 ft.) aluminum boat
with a twenty horsepower Johnson engine was used whenever
conditions permitted. The boat decreased travel time and
increased both access and safety. Where the'cliffs were
low enough (under 15 m or 49 ft.) and gently sloping
(under 45 degrees), ropes were used instead of attempting

a beach landing.



Figure 1-1

Cape Breton Is.

False Bay

| BNl

Measured Section I

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

-----------

* Pre-Carboniferous. . ... T 0T L.

Mira Bay 0 S

Location of study area and measured sections. Horiz. ruling

Ptychocarpus unitus megafloral zonej vert. ruling: Loncho teris
zone; blanki Linopteris obliqua zone ( of Hayes et al., 1938) .
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In order to provide a comprehensive ﬁicture of the
exposed sections a 35 mm black and white photographic
survey was conducted by boat before mappihg,got under
way. The photos served as a base for further work, and
were especially useful for planning rope and boat access
sites. The geological map # 362-A (Glace Bay Sheet) was
used extensively (Hayes, Bell, Goranson, 1938).
Stereoscopic air photos from the Maritime Resource
Management Service were useful for Planning overlénd
routes, and also aidéd structural interpretation,

particularly in shallow marine areas.

1.3 PREVIOUS WORK

A ]

The Sydney Basin has been the major producer of coal
in Atlantic Canada and has attracted a great deal of

study. The amount of published material on exploration

and development that has built up over the years is quite

large. For the purpose of review five Phases of research

have been recognized. These are: a) Early
Investigations, b) Systematic Surveys, c¢) Early Work
related to mining (to 1960), d) Recent Work {1960~1980),

and e) Current Work (to 1983).

Y



1.3.1 Early Investigations

This phase includes all work conducted before the
first systematic geological survey. ‘Today this material
is-considered to be largely of historical interest. A;
good summary is given by Hayes and Bell (1923).

Coal was first noted_in!the Sydney Basin by Ni ola§
Denys in the "Description Geographique et Historiq::>ges'
Cotes de 1' Ame;iqde Septentrionale", publishéd in Paris
in_1672 (see Hayes and Bell, 1923). The first mine in the
Basin was opened by the French in.1720, providin§ coal for
the nearby Fortress of Louisbourg.

"4 Richard C. Brown published "The Coal Fields and Coal
. Trade of the Island of Cape Breton‘. Included was a 7
detéiled stratigraphic section measured along Sydney
Harbour, and a classification of Cg?boniferous
stratigraphy based on the European system.

Two famous workers made contributions in 1843. 1In his
book "Travels in North America in the years 1841-2" Sir
Charles Lyell classified many of the fossil plants that he
found in the basin. 1In the same year Sir Richard Dawson
published the first edition of "Acadian Geology". 1In

later editions of this book he challenged the é%%tem of

Carboniferous nomenclature proposed by Brown.

o0
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Other workers also made‘contributions in this period.

“Lesley (1863, Héyes and Bell, 1923) for example, made

detailed measurements of coastal sections near Lingan and

Glace Bay.

L]

1.3.2 Systematic Geologic Survéys \«>

The,K first organized éffort‘to map the land portion of
the Sydney Basin was carried out for the Geological Survey
Gf Canada by Charles Robb between 1872 and 1875 (see
G.S.C. Report of Activities for those years). His work
was updated by Fletchef between 1895 and 1897 (see G.S5.C.
Summary Réports).z In 1901 Fletcher publiished a
"Descriptive gote.of the Sydney Coalfield" summarizing
previous work. An impressive amount of work was donﬁlin
this period. For example in 1873-4, Robb made over 4000
measurements and 7,444 m (24,000 ft.) of strata were’
described. Two maps were prepared from the data, with

- vertical sections to show the position of;the coal seems
on a scale of 2 cm to 96 m (1 inch to 400 ft.). This was
the most thbrough investigation to date and it remained
.the standard reference for cover twenty years.

The second G.S.C. survey was begun by Hayes during the
field seasons of 1917-19 and_was completed by Bell in
1921. Their report appeared in 1923 as G.S.C. Memoir

133. Coastal sections were reﬁeasured in the area east of

Py
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Sydney, and new boreholes'were logged. Bell gssigned
strata to zones based on their megafloral content for the
first time. | -

The Hayes-Bell report contains verbal descripti@ﬁs of
sectiggs in the study area, but like the first survey its
fo;us is primafily on the stratigraphic position of the
coal seams. One example from the log of a section‘
currently under study demonstrates—this:

"Strata---254 ft. 0 in.

Coal --- 0 ft. 10 in." :
One of the most useful part of this report is the
correiation 0f coal seams between Cape Perce and Cape
Morien (also known as Northern Head and South Head) and

other parts of the basin.

1.3.3 Other work related to mining (to 1960)

Most of the Sydney Basin lies below the Atlantic Ocean
(King and Maclean, 1976). The early coal mines soon led
to the shore, and continued under the ocean bottom.

N~
Gray (1934) discussed the submerged portion of the

deney Coalfield, a topic updated by Gray and Gray (1941),

and revised by Haites (1952). According to Haites, coal
seams are thicker in the axes of most synclines than over
the anticlines, implying that the folds developed during

sedimentation.

—
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The importénce  of geology to the ecopomic development

of the basin was outlined by MacNeil (1948) and by Haites

Qyas. A

1.3.4 Recent work {(1965-19810)

Knowledge of the Sydney Basin grew primarily along two
fronts during this period. First, a detailed
chronostratigraphy was established for the Morien Group
and time egquivalent units ﬁf the Pictou Group based on
palynology. Secondly, offshore mining necessitated a
better understanding of_the size and shape of the basin,
and of the seaward continuity of its coal seams.

Hacquebard, Barss and Donaldson (1960) first noted the
potential usefulness of fossil spores in correla;ing Upper

.Carboniferous depositis in eastern Canada. Barss and :
Hacquebard (1967) divided the Pictou Group into five spore

zones, which correspond with Bell's (1938) megafloral ' ™~
zones. Cape Morien was used as the type afea for the

lower three zones. Hacquebard and Donaldson (1969) .

contrasted the fluvial deposits of the Sydney Basin wi£h

limnic deposits of the Pictoﬁ coalfield;_ Palynology

played a major role in determihing the local environment

of deposition of the coal seams. Since then Hacquebard

hags made sE;eral resource appraisais pf the Sydney Baéin

(Hacquebard, 1976b, 1979, 1983).
O

_10_



As mining progressed offshore and a new undersea mine
was planned for the Cape Perce area, more detailed
information on seam thickness and continuity was sought.

L ‘ A deep seismic survey of the Scotifn Shelf indicated that

\/j//ihe 510 sq. km (200 sg. mi) land exposure was just a small

fraction of the entire basin. Ring and Maclean (1976)

~

found the offshore extension to cover almost 35,300 sq. km
(13,800 sq.fmi) and reach almost to Néwfoundland. A

shallow seismic survey in Morien Bay detected a

-

disturbance which w d@tributed to a zone;of dislocation

B

(Howells, 1977). As a result of that survey and later

work, the Port Morien area was ruled out as a possible

site for a new undersea mine {Hacqguyebard, 1983).

An unsuccessful search for ci&f:id natural gas was
initiated in the mid 1940's and{reached'its climax in 1968
with the drilling of a té;t hole 'near Cape Perce.(McPhee,
1966; McLean, 1968). The hole was drilled on the axis of
the Cape Perce anticline, and provided a continuous , . (

section through most of the Lower Morien Group. 1

R ;- , . \

1.3.5 Current-Work (1980-1983)

In recent years the 1mportance of sedimentology to
coal mining has becpme establisﬁed (Borne et al., 1980)

Knowledge of the envirohments Qf depqsition of not onl

S - 11 -




the coal but of nearby strata has become uéeful in mine
operations and planning (Fbregerop, 1980; Moebs an@
Ellenberger, 1981) . Becéuse of th@s, new studies have
Been based on sediﬁentological aﬁaiyéis.of the entire
Sydney basdin, (Rust and Masson, 1981; Silles and-Rust,
1983; Rust gt al., 1982). Land exposures along tﬁ% coasti
west of Point Aconi have been described by Duff et al.
(1982) (Figure 1-2). - _'

A final ‘aspect of current researcﬂ in the basin is the
program of coal seam evaluation being carried ‘out by the
N.S.D.M.E. Boreholes aée being drilled.to determine seam
continuity and quality for the purpose‘of strip mining
(Gilles, 1979). Concurrently the Dept. of Mlnes is alsé
remapping the entire land portion of the basin (Giles,

1983 Personal Comm.).

- 12 -



- Chapter II

STRATIGRAPHY AND STRUCTURE

2.1- INTRODUCTION

-~ b
Lower Morien Group' strata form an integral part of the

Sydney Basin, This basin is just one structural element in

a depositional system in Atlantic ~Canada that extended from

the end of the Devonian into the Permian.{it'iy “-1). In the dirse p

of this chapter the regional depositional framework will be

reviewed. Attention will then focus on the sg}bcture and

stratigraphy of the Sydney Basin, » and the Jareal and-

stratigraphic position of the study area within the basin.

2.2 REGIONAL SETTING

Relley {1967) estimated that Carboniferous and Permian
deposits underlie approximately 166,400 sg. km (65,000 sq.
mi) of Atlantic Canada, with about 60% currently submerged.
Subsequent to that study, the offshore portion of the Sydney
Basin was found to be over 34,600 sg. km {13,500 sq. - mi)
larger thua, previously recorded {King and Maclean, 1976;
Hacquebard, 1983), bringing the total area to at least

201,000 .sq; km (78,500 sq. mi}. Figure 2-1 shows the

L3
v

* An informal term used here to designate rocks in the
Lonchopteris and Linopteris obliqua zones,

_13_
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distribution of Permo-Carboniferous sedimentary rocks in the
region.~Fhis area wbs‘updoubtedly much larger before erosion
.removed some.of the original strata. For example, Van de
Pol& {1970) estimated that up to several thousand feet of
Pe}molpennsylvanian strata were removed from southwest New
ﬁrunswick by post-depositional uplift and erosion,

Deposition occurred in a broad, northeast trending area
extending from southern New Brunswick to Newfoundland, and
from northeast Gaspé to ea#rn Cape Breton Island. Within
this area thgge %rg\several distinct depocenters separated
by upland aéééélh'dd}ing the latest part of the Devonian
period the area of deposition was relatively small., It grew
progressively throughout the Carboniferous and Permian d&s
younger deposits overstepped older ones{V.u de Foll, 1972).

This 'area was called the Fundy Basin by Bell (1944)
because the thickest deposits and ..ost intense tectonism
occurred around the present Bay of Fund;. Bell pictured a
wide, generally downwarping trough with 1local areas of
uplift separating complementary basins. In-Cape Breton the
‘Antigonish-Mabou sub-basin was separated from the Sydney
sub-basin by the Cabe Breton High{anas. The uplifted areas

provided material for the young basins. As these primary

basins filled and subsidence continued, sediments onlapped.

over the original upland areas and joined separate
depocenters, Bell's general view was shared by most

subsequent workers {(Poole, 1967; Kelley, 1967). Van de Poll
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*(1972) gquestioned the internal tectonism proposed by Bell
and pictured "mild byt widespread epeirogenic uplift
together with local subsidence and expansion of the basin”

Kp-li)- ’ -

. CANADA

Ref
1) Yew Bruncarich Pral Vo

2) FMoncton sub-busin

%) Cusberlund sub=basin

Yy antiponich=Hubou sub-Lnsin

5) 5t. George-White Bay rub-basin

*$) Syduey nub-=basin

?) Stellarton Gip 8) Ninas sub=hasin
Q) Antiponich uplrau 10} lova Scotin plalform
11} Colequid upland ' 12) Codedonian upland

From Van do Poll, 1072

Listribution ol e eo-Uat hend ferousn rochos i

Ltlantic Conadi (1n bluck),
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Two distinct structural zones are recognizable within
this region. The area between southeast New Brunswick and

//,nﬁrthern Nova Scotia is characterized by thick sedimentary
deposits and a relatively high degree of tectonism. Belt
(19;4, 1969) restricted the term "Fundy Basin" to this
center of deposition. On the jlanks of this basin are
foreland areas wiE} a thin sedimentary cover ang 'little
tectonism, Examples of this region are the New Brunswick
Platform and outlying areas of Nova Scotia (including the
S¥dney Basin). \‘?

The terminology for the tectonic setting of the Fundy
Basin has bt been standardized. Belt (1969) interpreted the
basin as a complex'fault—bounded' rift valley. Howie and
Barss (1974} and Kelley (1970) considered the basin to be
either én epieugeosyncline or a taphrogeosyncline. Poole
(1976) interpreted it as a successor basin filled w}yﬁ/
mélasse of the Horton Groug (upper Devonian to Visean agé).
Keppie (1977) described thg Fundy Basin as a "long, secular,
linear downwarp whose development was arrested at an early
stage of rifting". Using the :erminology<%f Shatski (1961),
he termed the Fundy Basin the Fundy AuloéogeA;.

The structural picture is complicated by movements
inferred to have occurred parallel to the Bay.of Fundy
betweenklate—mid Devonian and early Carboniferous time, and
by east-west movement on the "Minas Geofsacture” {Keppie,
1982). Figure 2-2 shows a palinspastic map of“the area for

the Permian (after Keppie, 1982),
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All tectonism in the Permo-Carboniferous‘is attributed to
the lMaritime or Alleghenian Disturbance (Poole, 1967;
Keppie, 1982), to distinguish it from the Acadian Orogeny of

Mid to Late Devonian age.

2.3 PERMO-CARBONIFEROUS STRATIGRAPHY

Descriptions of Permo-Carboniterous stratigraphy have
been given by Bell (1944), Barss et al.{ 1963), Hacquebard
(1960; 1971), Belt, 1964 , and Kelley (1967). Table 2-1
(modified from Van de Poll, 1972) summarizes Carboniferous
nomenclature for New Brunswick and Nova Scotia.

Bell (19@33 .divided the Carboniferous into six."Groups",
originally on the basis of  fossil content: Bell believed
that these groups had time-parallel boundaries. From oldest
to youngest these a}e the Horton, Windsor, Canso,
Riversdale, Cumberland, and Pictou Groups.

Subseguent workers extended this classification system
across the Maritime ﬁrovinces, frequently without the éid of
fossils for correlation. Aé 8@ result, strata in new areas
were named on the basis of wunconformities and 1lithologic
similarities to the type areas. It was soon found tht the
boundaries of Bell's original "Groups” were diachfonous'from
place to place. It was realized that localized uplift
produced unconformities 1in some areas, while leaving
deposition a few kilometres away completely ﬁndisturbed. As
a result, the oriéinal time boundaries of Bell's units have

been revised (Belt, 1964; Kelley, 1967).



Figure 2-2

cesniiin palicsiastic map wod.
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The Horton Group consists of red and greenish-grey
siltstone, shale, sandstone} conglomerate and coal. In some
areas v$lcanics are interbedded with the clastics. The group
was originally believed to be of late Mississippian
(Tournaisian) age, but Kelley (1967) recorded a Late
Devonian to early Visean range for the unit. In all places
the group rests unconformably on older rocks. The
unconformity is probably the result of uplift and erosion
resulting from the Acadian Orogeny (Keppié, 1882). The
sediments of the Horton Group have been interpreted as
primarily of fluvial and lacustrine origin,

The Windsor Group rests " either conformably,
disconformably or unconformably oa\the Horton Group. It
contains marine carbonates and evapgrites interbedded with
non-marine sandstones, siltstones and shales (Keppie, 1982).
The Windsor was divided into five subzones, A-E, by Bell
(1929). Schenk (1967?) considered these to represent
depositional -~environments ranging from shallow marine
through supratidal to‘subaerial. On the basis of megafaunal
evidence the group. was originally believed to be of Vis;an
age. However, Mamet (1970) wused microfauna to correlate it
with the late Visean to early Namurian.

The Canso Group consists of all non-marine units of
Namurian age below the Riversdale Group. In New Brunswick it
is referred to as the Hopewell Group. It rests either

conformably or disconformably on the Windsor Group and is
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separated disconformably or conformably from the overlying
Riversdale Group. Lithologically the group consists of
non-marine red arfd grey siltstone, and‘non-marine limestone.
In the area near Sydney, Nova Scotia, the Point Edward
Formation was deposited at this time. .

The Riversdale Group <onsists of red and grey siltstone
with grey sandstones and, locally, a conglomerate base. The
Group was - first thought to have been deposited during
Westphalian A time, but has since been shown to extend into
the latest Namurian (Kelley, 1967, Table 2-1). The Point
Hood Formation of the Riversdale group was interpreted as
fluvial in origin by Gersib and McCabe (1981). _ -

The Cumberland Group Qverlieé the Riversdale Group
conformably, disconformably, or wunconformably. 1Its upper
boundary with the Pictou Group is usually unconformable or
disconformable, but may be conformable in western Nova
Scotia (Van de Poll, 1972). The Cumberland Group 1is the
thickest Carboniferous sequence in Atlantic Canada, and
includes the classic section at Joggins, N.S.

The Pictou Group 1is the most widespread unit in the
Permo-Carboniferous of the region. The Group commonly
oversteps older Carboniferous and pre-Carboniferous rocks.
It consists of grey and red clastics with mingr coal and
rare non-marine limestones. Deposition is considered to be
continental (Hacquebard and Donaldson, 1969; Legun and Rust,

1982). The Group was originally believed to extend from
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Westphalian C to D,' but few fossils have been found at the
type locality. Rocks later assigned to'the Group were found
to contain foSsils'ranging in age-'up to the Permian. The
main areas of deposition are the Cumberland, Sydney, Minas,
‘and Moncton sub-basins, the New Brunswick Platform, and
Prince Edward Island (Figure 2-1). The Morien Group of the
Sydney Basin is time equivalent to the Pictou Group.

In summary, the Perio-Carboniferous of Atlantic Canada
was marked by continental deposition, except during the
Windsor marine  transgression. Deposition became more
widespread as irregularities of the basin weré filled by
early deposits, allowing later units to cover a wider area.

Against this general background of predominantly
continental sedimentation, the stratigraﬁhy and structure of

the Sydney Basin will be reviewed.

2.4 SYDNEY BASIN STRATIGRAPHY

Stratigraphic nomenclature for the Sydney Basin is
summarized in Table 2-2. Dawson (1868) and Brown (1871)
based their <classifications on general lithologic
characteriStics.such as the presence and gquality of coal,
and the amount of sandstone in the section. These early
wo;kers attempted to correlate between Carboniferous strata
in North America and Great Britain, and so distinguished
between Productive Coal Measures and the barren

(unproductive) Millstone Grit. Brown and Dawson placed the
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upper  boundary of the Millstone Grit at aitfercut
stratigraphic positions. This is due to a facies change in
this interval from east to west across the basin, and will
be discussed in détail later. |
Bell (1944) wused the megaflora to define three zones in .
the Morien Group. From oldest to youngest thése are the

Lonchopteris zone, Linopteris obligu~ zone, and Ptychocarpus

unitus zone. The lower two wunits were dated as Westphalian
C, and the upper as Westphalian D. Barss and Hacquebard
{1967) found that these megafloral zonées correspond to
miospore zones, From oldest to youngest these zones are
designat'ed A, B.and C (Table 2-2). These workers also dated
strata at the top of Bell's P. uhitus zone as Stephanian.
This was confirmed by recent megafloral studies (Zodrow and
Gastaldo, 1882). oOffshore, strata may extend into the’

Permian (Hacquebard, 1983).

This study deals with the Lonchopteris and Linopteris

obligua zones ( or spore zones A and B} of the Morien Group
in the usuthoanvcorner of the Sydney Basin. These units will
info{ﬁ?élf-¥f referred to as the Lowgr Morien Group. Along
Mira Bay!the measured section dates from the top of zone A
to the middle of zone B. On the west side of Cape Morien and

around Cape Percé the measured sections extend from the top

to the middle of zone B.

v ,_

"
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TN Table 2-2
'stratigrupnic nowenclature ol e Horien Group.
______ == e e e ———— ——————— e
Robb Hayes, Bell Barss and
AGE 1876 and Goranson Hacqueba;d
o 1938 1967
West- Productive Ptychocarpus Thymospora
phalian' coal unitus. ) zone
D, Measures zone t C
G e e e e e
Y West Millstone Linopteris Torispora
L phalian Grit obliqua zone B
\ ¢ ' zone
A e e
N . Lonchopteris Vestispora
zone | zone A

A
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The rocks of the Lonchopteris zone consist of'coarse}to-

medium sandstone grading lqpally into a seguence of’
alternatiﬁg sandstone and mudgtone. Coals are thin and not
laterally continucﬂé acrogs the basig. The base of the zone
is not exposed in the §tﬁdy area. Hayes et al.,: (1958)
believed that the zone lay disconformably or unconformably
over Mississippian Canso-oé older strata. However, an oil
eiploration well drilled just west of Cape Percé suggegts
otherwise. Murphy Oil's Sand Lake well penetrated 1337 m
{4400 ft.) of strata, and reached the Cambro-Ordovician
(McLean, 1968). Strata between 0-842 m (0-2770 ft.) were
interpreted as belonging to‘the Morien Group. épores from
this interval were dated as Westphalian C and D (Barss,
1968). Strata from 842 to 1037 m (2770—3&00 "ft.) were
described as a "dark grey, mafoon, purple to varicolourg&
shale™ (McLean, 1968, p, %) and interpreted as the Point
Edward Formation. This view is in agreement with 'the
sequence of rocks measured in outcrop (Hayes>et‘a1., 1935).
Spore samples from this unit between 851 and 878 m (2800 and
2890 ft.), howeyer, contain an assemblage of _spores
characteristic of the Cumberland Group, cf uppermost
Westphalian B age (Barss, 1968) and not of the late Visean
to Westphalian A Canso Group.

Two explanations for the prejence of these rocks are : 1)
that they represent sediments of ‘the Cumberland Group that

lie wunconformably above 'the Point Edward Formation and

—
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either conformably or unconfo;mably'_below the Morien éroup,
or 2) ‘Ehat they represent ghe base of the Morien Group in
~this area. 1In either case no Westphalian B strata have been
mapped -on the surface in the Basin to date, It is suggested
that spore samples be obtained and ;1alyzeé from the top of
the 'Canso' Point Edward Formation. d?her Westphalian B
spores'ma§ﬂ3bssibly be found.in this unit.

)
Excluding the secEion nérth of False Bay, strata of the

Lonchopteris zone are coarse. They range from coarse to
medium sandstone with some ' thin pebble conglomerate units

and very rére mudstone and coal (Rust et al., 1982). North

of False Bay' the =zone consists mainly of medium and

fine-grained sandstone and mudstone. This lithostratigraphic

boundary is not‘parallel to the biostratigrabhic boundary

. between the Lonchopteris and Linopteris obligua zones.

The lower boundary of the LinopteTis obligqua zone was

- , -placed arbitrarily at 6;1 m (20 ft.) above the Tracy coal

~ o .
seam by Hay%s et al. (1y38), In the study area, rocks in

this zone consist mainly of alternating medium and fine
sandstone and mudstone,  with minor amounts of coal, No

significant " lithologic difference was noted between

»
Linopteris obliqua and Lonchopteris strata north of False
a : -
Bay. However, west of Glace Bay the entire Linopteris

obligua zone' is 1lithologically similar to Lonchopteris

strata south of False Bay: coarse to medium sandstones with

rare mudstones. In contrast, rocks of the piychocarpus

unitus zone are more uniform across the bausin.

-
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The lithologic change across the basin within the

Lonchopteris and Linopteris obligua zones explains why Brown

.

and Dawson disagreed about the upper bouqdary of the
Millstone Grit. Dawson's classification apblies to the
western side of the basin while Brown's coincides with the
eastern half. Even the term "Millstone Grit"” of Brown (1871}
and aub (HO75) fnu rreluner is not strictly a
lithostratigraphic unit as used locally, ‘because north of
False Bay the "Millstone Grit" 1is lithologically similar to
adjacent strata. Because the Tracy coal seam was the lowest
product@ve coal seam, all strata below it were grouped
togethér ‘aé the Millstone Grit éven if the 1lithology
differed locally from the type area in northern England.
Hayes et al. (1938) estimated the greatest thickness.of

the Lonchopteris zone to be 911 m (3000 ft.), but the base

is not exposed in the study area. 48 m (158 ft.) of strata
were measured from this zone north of False Bay and 148 m
"(487 ft.) south of it, with about 100 m (329 ft.) concealed
between, . )

Kobb (1§?5) and Pletcher  and Hoves and Bell (1923) gave
the thickneks of the L. obliqua zoin~ as 699 m (2300 ft.) in
the study area. Sections ' measured along Cape Morien are in
general agreement with their measurements. The Cape Percé
section repeats the top 240 m (814 ft;) of the zone. South
of Cape Percé the cliff section is parallel to the fold
axis, producing a strike section. Therefore, no part of the

section exposed north of the axis is repeated,



28
2.5 STRUCTURE OF THE SYDNEY BASIN

2.5.1 General Structure

Hayes, Bell and Goranson (1938 and B4ll and.Goranson

(1938 «..b,c). - mapped the structure land portion of

the Sydney Basin as a series of simpl 6l1ds, with major
faults along the south and west borders of the basin. The
fold axes trend northeast in the western part of the basin
(e.g. = Boulardarie Syncline and Boisdale Anticline), and
swing progressively towards the east in the southeast parg
of the basin (Cape' Percé Anticline and Port Morien
Syncline). The latter two -folds are ~otably asymmetric, with
their northern limbs dipping over 45 .egrees, whereas their
southerh limbs dip between 5 and 10 dzgrees. ‘

Only minor thrust faulting has been documenféd within the
basin (Haites, 1951). The trend of most of these faults is
NW-SE with thrusting ‘toward _the south, approximately
perpendicular to the trend of the major fold axes. Although
several of the faults show only a .few metres or less
displacement Haites believed the throw increased with depth.
Hacqguebard (1983) extended a minor thrust from :Glace Bay
into Morien Bay to account for an épparent displacement of
850 ft. (253 m) in that area (Section 2.5.2 , Fig 2-4).

King and McLean (1976) conducted an offshore seismic
survey and extended the boundary of the basin almost to

Newfoundland. They described the structural style of the

basin as 'saucer shaped, and except for local folding all
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beds dip towards the center'. Except for the projected size
of the basin, their structural .inte oretation 1s similar to
one reachéd by Gray and Gray (1941).

Folding in the land portion of the basin 1is a minor
overall feature which 'dies out within a short distance
offshore. Some of the folds are known to have a basement
core,  such as the Boisdale - Anticline (over the
pre-Carboniferous Boisdale Hills), and the Bridgeport
Anticline (over the Coxheath Hills). Haites {1951} suggested
that coal seams are generally thicker in synclinal areas
than over anticlines; implying that folding was initiated
during deposition. Hacquebard {19t;, supported this idea,
but coal seam thickness data (Figure 5-7 of Hacquebard,
1983) show more of an eastward thickening than evidengﬁb;
structural control by folding. He attributed the folding ané
minor faulting to "variable subsidence due to sediment load
enhanced by differential comﬁaction of fhe coal measure T
strata". Gray and Gray (1941) believed the folding was
produced by a compressive force, probably from the.
northwest. The asymmetric folds, southeast thrusting and
rotation of the fold axes parallel to the resistant basement

are cited to support their view.
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2.5.2 Structure of the Morien Bay area

Air photos of the Cape Morien peninsula (South Head) shéw
a marked deflection in the strike of strata on eitﬁe} side
of the cape. This ‘indicates the presence of an easterly
plunging syncline with its axis approximately along the line
of the headland (Figure 2-3). This necessitates the presence
of an anticline in Morien Bay between Cape Morien and the
Morien syncline of Hayes et al. (1938). It is proposed that
the "newly recognized sycline be called the South Head
syncline, and the inferred anticline the South Head
anticline. N

The structure\bf the offshbre portion of the study area
is poorly understood. Offshere seismic surveys were
conducted off Cape Percé (Golder Assoc., 1980) and in the
Morien Bay area (Howells, 1977). The latter survey was made
during -poor weather conditions. The author reports that
""high winds, rough seas and subsequently high survey boat
speeds degraded the records sufficiently that, for the most
' part, only prominent reflectors could be seen”. Although
neither of the two newly reported folds (the South Head
_syncline and anticline) were detected, the Morien syncline

h

was traced"—?‘shore for 7 km. Near the entrance to Morien

Bay north o Cape Morien, the axis of the Morien syncline

%
"...takes an abrupt swing to an approximately E-W trend for
at least 3 km offshore."™ Howells (1977) speculated that the
axis shift "suggests the possibility of a zone of structural

disturbance", possibly a N-S fracture zone.
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Ailr-photo showing deflection of strike around

Cape Morien. iorth is at top.
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Figure 2-4. Structure of the Morien Bay area inter-
preted by Hacquebard (1983) (2-4A) and by the present

author {(2-4n) .
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Subsequently, Borehole H-3, drilled in Morien Bay ~—
{Hacquebard, 1983), showed an unexpected stratigraphic
sequence. The Phaleﬁ coal seam was predicted at a depth of
451 m (1480 ft.) but a seam interpretéd as the Phalen 6n the
basis of.palynology was encountered at a depth of 198 m (650
ft.). Hacquebard (1953) believed that the 253 m discrepancy
could be accounted for by a thrust fault. Haites (1951)
reported a small théust with a few metres vertical
displacement at Glace Bay. Hacquebard extended this fault
to meet a small thrust north of Long Beach, and- then out
into Morien Béy to connect with the "disturbed zone™ north
of Cape Morien (see Figure 2-4-A)..

A reassessment of the structure 1is necessary in light of
new and previously~ignored old evidence. Two seismic surveys
made on land between Glace Bay and Port Morien show thrust
faults on Cape Percé, but they ‘trend NNE, not ESE (Golder’
Assoc., 1980; N.S.D.M.E., 1968). The more recent survey is
supported by borehole and outcrop data, and indicates that
the 253 m vertical displacement of the Phalen seam cannot be
explained in terms of a thrust from Glace Bay to Morien Bay.
In the cliff section north of Long  Beach Hacquebard (1983)
noted a fault (Figure 2-4A}. Although the throw of the
fault was not reported in that report, the present author
found it to be 2.5 m. This 1is the same order of magnitude
as the small thrust faults reported by Haites {1951} and not

nearly large enough to account for the borehole data. The

N
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trend of the reported thrust faults is subparallel to the

trend of the oversteepened limb of the Cape Percé anticline,
and the two features may be related.

The "disturbed zone" discussed by Hacquebard (1983) was
recorded by the seismic survey' of Howells (1977) as an
"abrupt swing”™ in the trend of the Morien syncline axis,
This zone must be considered in relation to the newly

recognized South Head Syncline, and its assumed anticline

Coiiplemgnts Ui ohls vasis, Lhe 29) m verllical diﬁcrepancy
in the position of the Phalen sSeam can be accounted for.
~ ilowells (1977) estimatedlthe dips of both limbs of the Morien
Syncline to be about 9 degrees in iorien Bay. Using this estimate,
& southward shift of the syncline axis of about t.6 km (1 mile)
would account for tne discrepancy, and seems a more likely
¢apluanation for tne vertical discrep . .cy 11 Borehole H—}.‘ (Figure
2-4B). The culculution is as follows:
Dip of syncline limbs: 9°
Discrepancy in borehole data: 253 m
Horizontal shift in axis to account for borehole data: X
SIN 9* = 253 m/X or X = 253 m/SIN 9°
SIN 8°® = ,156 , so X = 253/.156 = 1.6 km b
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2.5.3 Minor Faults in the Study Area

None of the measured sections in the study area was
sigﬁificantly displaced, but several minor faults were noted
in addition to the ones near Cape Percé,

On Cape Morien a fault with a vertical displacement of a
few metres was mapped by Hayes et al. (1938). Although it is
clearly visible in the cYiff section, no suitable access was
afforded for detailed measurement. Just below Wadden Cove
slickenslides were found at the base of a channel sandstone,
indicating minor moveme;t relative to the underlying
mudstone. South of False Bay a minor fault was noted below
the ShoemaEgr seam. Although the exposure is poor it appears
that the northern side of the fault moved down relative to

the scuthern side.



Chapter I11

PETROGRAPHY
EEPERNO VTR
r ’ corritu owe ilh Tour maln
objectives: ’
i. To describe the 1lithotypes in detail. The
conglomerate classification of Pettijohn (1975) y
sandstone classification of Dott (1964) and
mudrc:k*élassification of Potter et al. (1980, p. 15)
were used,
2.

To determine as much as possible about the source

area of the constituents

To describe briefly the major diagenetic features of

the rocks, and

To show the relationship between the lithotypes and

the lithofacies of Miall (1978}. This will be carried
out in Chapter 4. : ‘

S
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3.2 METHODS

Petrographic study included both field and lab
examinafion of the basin lithologies. Field observation
emphasized’ characteristics not reédily apparént in hand
samples or thin sections (i.e. uniformity of color in
outcrop; extent and nature of weathering). In the lab over
150 hand samples were described. Thirty sandstone hand
samples were cut and treated with sodium cobaltnitrate and
rhodizonate to stain potassium feldspar and plagioclase. A
total -of 65 thin sections (15 stained) were-made of typical
specimens from each lithotype. Samples were tollected from
outcrops aﬁd from DEVCO core A-45. The mineralogy of the
fine-grained rocks and mudstones Wwes determined using X-ray

diffraction analysis {section 3.6).

3.3 PREVIQUS WORK

No previous work of any detail on the petrography of the < ////

study area is knownto the

author. dell e doroanson (1930 u.b.u)‘

describe the rocks of the Lonchopteris zohe as "arkosic

grit". This presumubly connutus a coarse, angular

sandstone with abundant felaspar (Pettijohn et al., 1973,

pps 162,166), but the amount of feldspar was not specified.
More detail 1is given about. the rocks of this zone 1in the
western part 6fl the basin, where the P basal

conglomerates of the Morien Series carry abundant fragments

of feldspar derived from the igneous rocks of the Saint Anne
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Complex.” (Hayes at el., 1938). These "basal conglomerates”

are a local feature {Rust et al., ©1982), and the source of

feldspar in rocks of Lonchopteris age from®the castern part of

the basin is not as easily traced.

-

The most detailed study to date (known to the author) on

Sydney Basin petrography is by Rust and Masson (1981}. Ten

lithotypes were proposed:

1.

6.
7.
8.
9.

10.

Conglomerate to very coarse lithic and sublithic
sandstone W

Coarse to medium lithic and sublithic sandstone
Medium to fine sublithic sandstone

Fine to very fine sublithic sandstone

Sandstone to siltstone interlaminated with mudstone
or shale

Silty shale and/or mudstone

Purple-green shale and/or mudstone

>

Various calcareous and limestone beds

Nodules

Coal

The authors briefly described the first seven lithotypes.

Subsequently, algal-laminated limestones (part of type 8)

were also described (Masson and Rust, 1983).
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3.4 LITHOTYPE CONSTITUENTS AND CLASSIFICATION )

The two criteria used to classify the wi variety of

“ciastic rocks from the .study area are grain\ size and
composition. Grain size varies from under 2 microffs for the
ciaystones and clayshales to 15 cm for a quartz clast, and

-over 5 m for some carsonized tree trunks, a- range of 10°.
Composition of the constituent clasts also shows great
diversity. Fragments of igneous and metamorphic rocks are
common, as are éxtrabasinar and intrabasinal sedimentary
rock fragments. Almost all of the constﬁggents are present

throughout' the stratigraphic segquencew but there are

significant changes in their relative proportions for each

lithotype.

[}

Table 3-1 summarizes Ythe major constituents. Sevoeril
points of explanation accompany. the table: When
polycrystalline quartz "(Qpxl) grains are stretched they are
grouped as metamorphic roé} fragments (MRF'S}. ‘ Otherwise
they are groupgd- together with ch~rt and monocrystalline
quartz {Qm). The fSllowing-types 0. extinction were noted
for quartz undef crossed polarized 1light: single grain
straight, slightly undulose and undulose; composite grain
straiéht to undulose, Feldspars were distinguished in hand
samples by staining (séctioh 3.2),. and in thin section by

their twinning, cleavage, and alteration (it is anticipated

that the amount of feldspar estimated in upstained thin



-ééctioﬁs is slightly iQy’because of ,tﬁé &éfficu%ty in
recognizing untwinned:" uﬂaltered grains): Granitic rock
fr%ghents were differentiated from arkosic sandstone
fragments by the naéuré'of the-intergrain contacts. Slate
was distinguishedfrom;phyllite.and shaie at the outcrop ana
in hand samples. Some sedimentary rock fragments could not
be d15t1ngu1shed as éither intrabasinal or extrabasinal, but
meist were readily 1dent1f1ed on the basis of composition and
color, Flnally, plant fragments are 00351dered to be rock
fragments, folloqing the definition of "rocE“ by Bates and
Jackson.(lQBO, pP. 542). They aé!tgrc:ped as ‘sedimentary and

intrabasinal.
) |

—The w1de variety and changzng prOportxons of "the primary

const1tuents have ‘produced a correspondingly w1de range of

‘lithotypes. Phe coarse-clastic classification selected to

distinguigh and define these types should best reflect the

properties of the rocks under study, and shduld be widely
‘accepted.  Of ~the more than 50 "sriangle' sandstone
*class1f1cat1ons thét have come intonuse since 1948 (Okada,
1971) the one proposed by Dott (1964) is .used here because

it meets these two criteria. It is espec1ally useful

& - | 7T 39

&

because, un11ke most other classifications, it takes into dccount

~the mudrsize matrix in the sandstones. The appearance of

this system in several widely used texts (Pettijohn, 1975,

P. 211; Pettijohn, Potter, and Siever, 1973, p. 158;
Greensmith 1979, P. 67; and Scholle, 1879, p. 96) attests

to its general acceptance.

—
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Table 3-1

Major Sandstone Constituents

(1) Major detrital mineral constituents

—

(2)

(3)

(4)

(a)

(b)

(c)
(d)
Prgc

{a)

“(b)

(c)
(a)
(e)

(a)
{b)

Quartz - monocrystalline, solyerystalline and.

guartzite?

Feldspar?- Kspar >> élagioclase: Microcline >
: ) )
Orthoclase

Opaques - less than 1 % of any sample
Muscovite .

ipitated mihérals

Silica®

Calcite

Hematite--

Siderite?

Pyrite

lgneous (plﬁtonic) rock fragments?®

Granitoid (Feldspar and Quartz) clasts

Granophyric Granite (showing intergrowgh of Qtz and

Kspar)

Metamorphic rock fragments®

(a)
(b)

Phyllite, Slate (with abundant Chlorite?)
Stretched polycystalline quartz

* Indicates that an example of the constituent is shown in
Figure 3-2,3.



. Table 3-14c6nt.

(c) Schistése rock fragments ‘
(5) Extrabas{nal sedimentary rock ffagments
(a) Mudrocks - shale, mudstone etc.
(b) .Siltstone to medium grained sandstone {commonly
-red).
{c)} Chert
{6) Intrabasinal sedimentary rock fragments
(a) Mudstone ~ Claystone: black, grey, green, some red.
(forms matrix) |
(b) Siltstone to Fine-érained sandstone
(c) Siderite nodules?
(d) Plant Fragments - ranging in size from microséopic
spores to carbonized trees several metres long.
(7) Other
{(a) Minerals produced by weathering of primary
conétituénts: limonite (from hematite, siderite),

various products of pyrite oxidation.
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The only modification to Dott's (1964) classification
deals with feldspar content. In the original system only
oo oogriins of feldspar were grouped under the "F" pole
of the trianuic Because of the intimate association between
feldspar grains and granitic rock fragmentec 1n sandstones
from the study area, the feldspar-ricn to''.: are grouped
under the "F" puic, There v precedent 4+t this in  ine

classifi‘btibn systems of Folk (1974, ». 129) and others.

Figure 3-1 shows the range of constituents 1in the major
coarse clastic rocks present in the s;:}y. area. The major
types are: Subarkosic Arenite and Wacke, Sublithic Arenite
and Wacke, and Lithic Arenite and Wacke. The general

characteristics of these types will be described below.

Mudrocks will be described in section 3.6.



Figure 3-1
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Data frcm appendix III. X= Table Ajp x= Table B.

MODIFIED FROM DOTT (1964)
j(}J?fter Pettijohn, 1975) J

Compocit*inn of sandstones from the study area. Lower
trianclec is an cnlargement of t+ke top half of trianale

at top 1€,
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3.5 SANDSTONE LITHOTYPES

3.5.1 Subarkosic Arenite and Wacke *

To be classified as a subarkose under Dott's (1964)
system a sandstone must have between 5 % and 25 % feldspar
and more’ feldspar tﬁan rock fragments. If there is less than
15 % mud matrix the subarkose is considered an arenite, but
if matrix content exceeds 15 % the rock 1is grouped as a
wacke. -

There are no grain size considegations (other than to
define "matrix" as mud-sized) 1in the system. As there are
significant petrographic differences between rocks- within

the same class, the subarkosic group has been subdivided as

[y

follows:
1. Conglomeratic subariése
2. Coarse-gfained to granule-bea‘ ‘ng subarkose
3. Medium-grained to coarse-grained subarkose
4., Fine-grained to medium-grained subarkose, and
5. Very fine-grained to fine-grained subarkose
Each of these conceivably could be either arenites or

wackes, but in the fiedd the first three occur ~only as

arenites.

3.5.1.1 Conglomeratic subarkosic arenites
A continuum exists from grain-supported conglomerates
tﬁ;ough maﬁrix-supported pebble and granule-bearing

sandstones to coarse-grained sandstones, Commonly a

*¥LotL{1964) used tne terms feldsputhic and sublelds

(1 f patnic)
Pettijohn{1975) used arkosic und subarkosic '
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conglomeratic unit will fine upward into the other units.
The subarkosic conglomerates from the stﬁdy area are
epiclastic (consisting of material derived from the
weathering and transportation of older rocks), polymictic
oéthoconglomerates ( grain-suppor£ed and composed of more
than one rock type) (Pettijohn, 1975)}. A small percentage
"are oligomictic, -

The conglomeratic units are generally 15—4b cm thick, but
rare beds up to 1.5 m thick are present. The units are
commonly lenticular, and occur at thé base of <channel
sandstones and some splay deposits, Pebble-bearing
sandstones may also éccur at the base of trough cross-bed
sets. There are, therefore, three 'scales of lateral
continuity for the units: ©5-50 cm for bedform lags, 3-40 m
for splay and isolated channel lags, and greater than 100 m
for lags of large laterally-migrating channels;

The subarkosic conglomerates are tan to brown when
weathered and grey to slightly greenish-grey when fr#sh.
Pink potassium feldspar graiqs, and dark ggﬁg/t;nd
greenish-grey mudstone intraclasts may locally modify the
color. 1In outcrop this is one of the more resistant-units,
except where organic matter 1is concentrated along bedding
planes.

Internqi bedding planes are usually poorly developed or

absent, but upward fining is common. There are two scales of

grading: 1-10 cm, and greater than 10 cm. The first case
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stggests episodic influx of coarse material, or deposition
at the base ot migrating bedforms. In the sccond case the
entire unit is graded, indicating a gradual decrease of flow

velocity. 1

Bioturbation is rare in this lithotype. Transported plant
fragments are commo; and locally abundant. Coalified
branches and tree trunks up to three metres long are not
uncommon. Flute casts, intraclasts, and the striking absence
of preserved non-woody plant tissue attest to a turbulent
transportation history. The tree trunks are alidhéd at all
angles to the’ paleocurrent direction indicated by trough’

uross—be@ding: from parallel to perbendicular, and randomly. when
present, the greatest concentration of fossil woody material

is generally in .the lowest 1/3 of the conglomeratic units,

In some lags this materialimay be abundant enough to form

k]

Coaly stringers or lenses.’

The grain size distribution for the subarkosic
conglomerates and pebble-bearing sondstones is  summarized

below (sce Appendix 3111},

- T T A e T T = R o e W MR AE Sm e e W e W v Ew N T v M e e e e e e MR A T W e e A A PR A E A

CONELOMERATES PEBBLE-BEARING
SANDSTONES
n-.
GRAIN SIZE RANGE MEAN RANGE 'MEAN

- ' cont, on next page

' when the ¥ of wood fragments exceeds about 10%, the
lithotype technically changes from subarkosic to sublithic

R
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Pebble 20-30%  25% 5-15% 103
Granule 25-80% 55% to 75% 30%
Coarse Sané 0-25% 15% | to 65% 40%
Med. Sand-Mud 0-20% 5% to 40% 20%

tne gfain size distribution
Sorting is generally extremely poor . to poor, andimay be
bimodal. For the conglomerates the granule and pebble
fraction may reach 80-90 %, with medium to coarse sand
filling in the rest. For the pebble-bearing sandstones, the
medium to coarse sand size fraction may reach over - 80 %,
with pebbles (usually all of about t ¢ same size} comprising
the remainder. 1In thé first case sand may have filtered in
after deposition of the coarser grains.

The typical composition of this group is listed below
(see Appendix III for details).

-~
CONGLOMERATE PEBBLE-
BEARING
SANDSTONE
RANGE MEAN RANGE * MEAN
Polycrystalline Quartz 2-10% &% 2-12% ‘5%
Monocrystalline Quartz 52-70% 62% 55-75% ~ 65%
Feldspar : 6-18% 13% 10-15% 12%

S.R.F.'s 3-10% 5% 0-5% 4%



M.R.F.'s 5-10% 5% 0-3% 1%
Organic Matter. . 9-8% 2% 0-3% 1%
Mud-Sized Matrix 0-10% 8% 4-10% 8%
Pore Space " 0-5% 23 0-2% 13

Potassium feldépar is about 10 times more abundant than
plagioclase, and microcline is more common than orthoclase.
The'ratio of monocrystalline quartz (Qm) to polycrystalline
quartz (Qpxl) is 5:1 to 18:1. |

Many sed%mehtary rock fragments occur as rounded mudstone
clasts, and are commonly compacted. When the clasts are
squashed beyond recognition they are grouped as mud matrix.
In most of the conglomeratic units the mudstone clasts are
grey or greenish-grey; red mudstone clasts are rare,.

Most monocrystalline quartz grains are —~angular to
subrounded. ~Quartz grains above granule size and BQpxl
grains tend to be slightly more rounded (subangular to
+ounded). Potassium feldspar grains are usually more angular
than quartz grains (very angular to subangular). This may

‘ be due in part to their cleavage, frequent subhedral
crystal form, and possibly, proximal source. Intrabasinal
ﬂa<\\cqck fragments are generally rounded. This is probably
because most were unlithified at the time of transportation
and deposition {(i.e. mudstone intraclasts, organic matter).

Extrabasinal rock fragments are commonly subangular to

subrounded.
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Grain shape varies with composition. Most mudstone
intraclasts are disk-shaped. Quartz is commonly rod shaped
(probably elongated close to the 'c' crystal axis), , but
equant grains are common. Euhedral and subhedral feldspar
grains are present qithin igneous rock fragments, and
solitary subhedfal feldspar grains are also present. Most of
the large rock fragments (greater than 1 cm) are rod-shaped.
. Pebble-bearing sandstones freguently contain feldspathic
.Elasts of granule or pebble size, without which they would
be grouped @s sublithic, "The classification of some
conglomerates also commonly depends on the presence of a few
granitoid clasts or large feldspar grains. ., However, this
group is significant because it indicates l;rdefinite and
persistent influx of igneous plutonic source material that
can be easily mapped. Since this lithotype is mostly found

within the Lonchopteris zone it 1is understandable why that

zone was equated with the 'Arkosic Grit' beds by early

workers.

-

3.5.1.2 Coarse-grained to granule-bearing subarkosic
arenite )

The coarse—grained' to granule-bearing sandstones
constitute a miner group transitional between the pebbly
sandstones and—~the coarse to medium-grained sandstones.
Their mode of occurrence is similar to that of the previous
lithotype: as lag deposits. near the ba;ef of channel
sandstones, splay deposits, and trough crégg-beds. Bedding

is lenticular, as with the other lags. -




»

50

Trough cross-bedding is more common than in the

conglomeratic units. Planar-tabular cross-bedding,

fining-upward graded beds, and flute casts are also present,

when fresh, the color of this litﬁotype 1s light grey to
grey, with pink potassium feldspar and. dark grey quartz
grains. The color when weathered is 1ig;t grey to tan, and
locally rust brown due to hematitic staining. The beds are

resistant to weathering, but they decompose unevenly when

.¢clay and organic matter are selectiv ly removed,

The grain size composition of sev:ral typical samples is

given below:

GRAIN SIZE RANGE . TYPICAL¥*
Pebble _ 0-5% 3%
Granule | 15-80% 45%
Coarse Sand 30-85% 35%
Medium Sand 0-20% 10%
Fine Sand N 0-10s 5%
Mud _ Ny 0-10% 2%

* Based on hand sample analysis

and outcrop estimates,

Sorting is commonly poor to very poor. This lithotype, was

probably deposited under a relatively narrow range of shear
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stresses where peBbles were left be.ind and finer mate{ial
carried away as suspended load. Genetically, therefore, this
lithotype is related to the previous unit as a lag deposit.
Monocrystalline quartz is much more common than Qpxl (2:1
to B:1). When the ratio approaches 2:1 the Qpxl is usﬁally
"in ‘the form of "exotic™ l;rge.granules or small pebbles
(3.0-4.5 mm). Most of ‘the granule size clasts in this
lithotype are Qm and feldspar. The total quartz content’
(plus chert) ranges up to 80 %; feldspar to 17 %, and rock

fragments to about 10 %. Organic matter 1is present in

amounts up“to about B §&.

3.5.1.3 Medium-grafned to coarse-grained subarkosic
arenite :

This lithotype occurs along with the previous two, and
also at the lower part of some tabular sandstone splay
depgsits. These fine upward into medium-grained to very

fine-grained sandstone, and are wusually interbedded with

mudstone {section 6.3).

'ne composition ol this lithotype is homusencous, and unlike
previous lithotypes the addition of a émall amount of non-

feldspathic sand would not be likely to change the grouping

Color when fresh is Light grey with darker grains giving
the rocks a speckled appearance 'thé "salt, and'}pepper'
appearance described by-Pettijohh et al.,, 1973, p. 187).

When weathered the rocks are tan to bcown. The lithotype is



-
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very resistant to weathering. However, oJrganic matter or

“

mica flakes may align along thin bedding planes, -and sheets
of rock part along such planes. This poses a hazard not'only
to field geologists but to cpal'miners. Extgpsive bolting
may be necessary when undercutting such units during mining
{Moebs and Ellenberger, 1981}.

Ripple cross-ladmination 1is occasionally present, and
trough cross-;tratification is  common. éraded bedding
(scale: 1-10 cm)¥ is abundant, and flute casts may be
present; . Twb grain size distributions have been noted:
unimodal ané” bimodal. Examples are listed beiow (from

outcrop and hand sample data).

Unimodal Bimodal
. RANGE MODE - RANGE  MODE

Grain size

Granule and Pebble  0-5% 2% 1-10% B3
Co#rse Sand 25-80% 30-65% 5-25% 10%
" Medium Sand . 20-70% 35-60% 20-70% 55%
Fine Sand, Mud "~ 0-15% 108 10-30% 208

» . .--‘ .
For the bimodal samples, conspicuwous granules and pebbles
are supported 1in a sand-sized matrix, These samples are

similar to the pebble-béaring sandstoq,s,‘ but }ave fewer,

.
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- discussed in Chépter 6.

y -
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smaller pebbles and finer matrix. Sorting is _very poor to
poor. The'-unimodai samples are prrly_to moderately ?ell
sorted. ' . L - J_\/

Compositionally, the medium to éoarse.subarkose contains

60-80 % quartz, up to 15 % feldspar, and up to 12 % rock

fragments. » Qm is more abundant than Qpxl1 (4: l - 15:1).

Granule size fragments of QpxI. may lower the ratxo .&bout 85
$ of the feldspar occurs as solitary gralns, .compared to
about 70 % for the éoarser lithotypes. The most commo; rock
fragments are mudstone intraclasts (almost a?;ays grey or
greéniéh-grgy), granitoid®fragments of‘guartz and feldspar,
stretched prl; woody plant -fragments, and rare siderite

nodules.

ot

Thé subarkosic sandstones described previoust? are all
épﬂbé;t occasionally

arenites, but in this”lithotype the. mud
exceeds 15 %. The clay may be either primary or due to -the
diagenetic dispersioniof mudstone fragments. 1In these cases

the subarkoses are considered wackes. - o K\le,

b d

3.5.1.4 ° Fine-grained to meédium- gra1ned subarkosic aren1tes

and wackes
This lithotype is-volumetricallj the most abundant unit
below the Tracy seam. It comprises qbout half df the section
south of False Bay, and about 1/3 north of Falsékhay’io the
Tracy. ‘Tﬁg\lishotfpe< is present in almost every sandstone
body in that area, with the exception of _ lag deposits and

finer wunits. .The various depositional se.’tngs will be

A
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" .Grain sige and-compbsifion are summarized below, based on.
‘ - ' - - a
data in Appundix 141 and outerop evutlimales.

~

et AR e A R T e b L o S S — e ——

GRAIN SIZE RANGE MEAN COMPOSITION RANGEﬁ
Coarse Sand 0-10% 4% Q 55-80%
Medium Sand 25-70% 55% F : 8-15% -
Fine Sand 15-75% 35% R,F. 0-8%
»-
Mud 0-17% 6% - MATRIX 0-15%
__________ A
\ &

The rocks are poorly to well sorted, depending on the amount
of matrix present. Organic matter and/or mica plates may be
present along bedding or lamination planes.

A wide variety of sedimentary sﬁructurés is present. They
include trough and planar cross—bgdding, cross-lamination,
ripple marks, primary current lineétion, graded bedding, and
flute casts. Bioturbation is common, and includes both root
penétration and burrowing. |

Color.in outcrop is grey when fresh, and tan to brown

when weathered. Localiy the beds may be stained to a rust

brown by hematite. In addition to pa iing along carbonace
and micaceous bedding planes, the rovks may also part al
current lineated surfaces. The rocks are very resistant
weathering and commonly the beds .are underlain by recessj

mudrocks. These factors compound the chance of rockfalls

cliff section77§;;::.
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3.5.1.5 Ver} fine-grained subarkosic arenite and wackes
This lithotype is commonly found at the top of channel
sandstone bodies, inte:begﬁed with siltstone and mudstone.
Various types of lamination and cross-lamination are the
most common sedimentary structures, Biotufbation by roots
and rootlets is common. Where seatearths are present they
are usually composed of this lithotype.
The general composition of these rocks is: quartz up to
- B0 %, feldspar to 17 % (as solitary grains only), -rock
fragments up to 5 % and organic‘ matter up to 40%.°* The 'mos}
common fragments are éqall -intrabasinal mudstone clasts and
plant fragments. Fossils may be abundant and well preserved.
In a few cases wood was petrified by calcite and siderite,
The clay matrix may reach 20 % as this lithotype gfades into
siltstone. Consequently} wackes aré more common than in the
coarser lithotypes. -In other aspects this unit resembles
the fine-grained to medium-grgined subarkose,

3.5.2 Lithic and Sublithic Sandstones

These two groups are very similar and will be discussed
4 together. To avoid repetition, only differences between
thege lithotypes and the corresponding subarkosic types will

be discussed. Unless noted, all characteristics are the qﬂﬁe

“"’F?Eh¢or the analogous subarkoses.

‘* When the organic content exceeds about 8 % the rocks
become sublithic. -
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To be grouped as suBlithjs a sandstone must have between
5% and 25 % lithic fragmeﬁts, and more lithic fragments
than feldspar. 1If the amounﬂ of rock fragments exceeds 25 %
and they are more abundant ;Pan feldspar, ‘the rock is
con51dered a lithic sandstone (Dott, 1964).

Mudstone intraclasts and plant fragments aré " grouped as
rock fragments, and their presence in rock samples acts to
shift the classification af the rocks towards the RF pole in
Figure 3-1. Rocks that outcrop- south of False Bay with
feldspar contents up to 15 % are therefore grouped as lithic
or sublithic if they contain an abundance of those
constituents. (Under;Dott's system a rock with up to 49 %
feldspar can be classified as lithic 1if there are more
litQic fragments than feldspar). , | |

Lithic and sublithic rocks dominate the section above the
Coalbrobk seam, and are present between the Coalbrook and
Tracy seams. No rocks with more than 10 % feldspar were

found above .the Coaibrook.

3.5.2.1 Conglomerate and Pebble-bearing coarse lithic and
sublithic areni;

These lithologies are characterized by the digersity of
their constituents as compared to the subarkoses. The lithic
‘content may reach 85 % in some cases, but is generally
between 15-30 %. Red mudstone and siderite nodules become
important as intraclasts north of False Bay, and they become

more common higher in the section. All of the other
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constituents listed in Table 3-1 are also present. About 90%
of the conglomeratic ‘beds contain predominantly
intrabasinal material either as plant fragments, mudétone
clasts, or siderite pebbles. This contrasts sharply with
the subarkosic conglomerates, which are in nearly all cases
dominated by extrabasinal material. ~N
Several distinct types of conglomerates and
pebble-bearing coarse sandstones have been noted:
(a) Intrabasinal ;i consisting of mudstone, siderite and coal
A

clasts:

{(b) Intrabasinal jiigomictic with only siderite clasts, and
(c) Extrabasinal, with lithic fragments of extfeqely diverse
origin. - ' ' ' y

Type (a) suggests local floodplain scour . and deposition.
Type (b} probably resulted from reworking of type (a), which
concentrated the more durable siderite intraclasts. Since
plant fragments and mudstone are abundant throughout thé
study area, lack of source supply is an unlikely explanation
for their absence. Furthermore, thé siderite conglomerate

are almost always present within clirnel sandstones (not at
the base), where reworking would be most probable. Type (c)
is the least common but most compositionally diverse. Unlike
the lenticular thin beds of all previous conglomerates, this
type occurs in beds up to two metres thick that are

laterally persistant over at least 500 m without significant

thinning. The beds are interpreted as the 1agé of very large -
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rivers, which carried material derived from far outside the
area of Morien deposition (smaller type a lags probably
belong to*-lesser order rivers that drained only éreas
underlain by :Hofien deposits). These rocks are the most
permeable in the study area, and hematite staining . is
locally common. |

Polycrystalline quartz becomes increasingly important in
the sand-sized fractions of all the sublithic énd lithic
sandstones above the approximate_lével ;f the Tracy seam.
Whereas the ratio o¢of Qm to Qpxl is aenerally more than 7:1
for the subarkoses, it is almo;% a.vays below 4:1 for the

lithic and sublithicvsandstones of the Linopteris obligua zone.

Finally, the percentage of, metamorphic rock fragments is
greater in rocks from this zone than the percentage of

igneous plutonic fragments and associated Qm and feldspar.

3.5.2.2 Granule-bearing coarse-grained to very fine-
grained lithic and sublithic sandstones

The coarse-grained fo granule-bearing sandstones
frequently contain red mudstone clasts, in addition to gréy
*and greenish-gﬁey mudstone clasts, Siderite pebbles are also
.common, as are plant fragments. Feldspar content for this

and the remaining subtypes is 1-5 %. There are local patches
of yellow staining from pyrite in carbonaceous material.
The increase in the otganic- content enhances the chances of

bed failure if the material 1is concentrated along bedding

planes. The colour of the rocks is generélly the same as for

<
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" the subarkosic coarsefgranule sandstones, but there is a
conspicucus lack of pink potassium féldspar grains.

The finer lithic and sublithic sandstones generally have

feldspar contents from 1-5%,: quartz frém 52-80 %, (Qm:Qpxl

under 4:1 and commonly 2:1), and rocidfragments up to 35 %.
Clay matrix may reach 25 %. Mica seems to be more. common
than in the subarkosés, and frequently réaches 5 %. Rust
and Masson (1981) did not éroup these 'sets as 1lithic,
because they did not consider plant fragments to be lithic
fragmeqps. | |

In outcrop the beds are oqqasionally stained red to
reddish brown by hematite. The colouration is distinct from
the surficial rust-brown staining in permeable units. The
hematite otcurs as a coating on the grains and as. a pore

filling cement.

3.6 MINOR SANDSTONE TYPES

In addition to. the subarkosic, sublithic and 1lithic
sandstones,.very minor amounts of arkosic arenite and gquartz
arenite and wacke are present. The arkosic arenite accurs
wvhere there is a localized concentration of feldspar within
the subarkosic sandstone, generally in the conglomeratic
beds. The group 1is considered t6 be a subclass of the
subarkosic-lithotype, and not in itself a significant unit
(much as the subarkoses rich in plant fragments are grouped

_separately as-lithic sandstones, but are genetically related

to the subarkoses).

Lo o
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The quartz arenites and wackes are even less common than
the arkoéés. They occur as very fine-grained-~ to
fine-grained sandstone in light grey to grey beds under 1 m
thick. The beds may pass laterally into siltstones or
- mudstones. The wupper surfaces of the beds exhibit a
characteristic nodular weathering pattern. These are the
hardest rocks in the'study area, and possibly in the entire
basin. They contain B5 % or more quartz (and chert), 5-20 %
clay matrix, and 1-2 % organic matter, commonly as spores oé
rootlets. The cement is siliceous and occurs mainly as
overgrowths on quértz grains, and at the 'points of grain
contact. The cement may form 5 % of the sample. The.beds
are‘interpreted as leached paleosols and have ﬁany of the
characteristics of ganisters (Percival, 1983). They will be

discussed in greater detail in Section 4.4.7.

3.7 ~ MUDROCKS

Mudrocks. comprise about 10 % of the sectionlsouth of
False Bay and about 42 % ,0f the sections at Cape Morien and
Cape Percé. They occur either as independant beds or as fine
interlaminations with very fine-grained to findé-grained
sandstone. Siltstone, claystone, and mudstone, as well as
clayshale and mudshale are present. Clay beds are a}so
present, but may Vbe the product of- deep weathering of

claystone or clayshale units.
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The easiest way to divide the beds in the field 1is by

. colour. Three general groups have been recognized: 1light

grey to black, greenish-grey to green, and reddish-brown to
bright red. The greyish green mudstones are uncommon, while
the other groups are abundant. Red beds generally contain
little or no plant material: while the grey to black units
are commonly carbonaceous and even grade into coal.

Samples of 60 beds from throughout the study area were
analyzed using X-Ray diffraction to determine mineral
composition. A Phillips diffractometre using Cu radiation
was run from a.two theta angle of 3 degrees to 65 degrees
(Wainerdi and Uken, 1971). Other exotic lithic samples were
also analyzed w;th this method. The peaks were interpreted
by comparison with published peak height data (Chao, 1969).
Dr. Chao {(personal comm., 1982) aided in the interpretation
of some questionable mineral peﬁks.

The results for -16 grey to .black samples and 7 red
samples are 1listed 1in Table 3-2. The grey and black

mudstones consist of quartz, kaolinite, and illite. Quartz

is ubiguitous in 4ll of the mudstones and sand2tones in the

. ]
study area. The peak heights of kaolinite _ and illite were

generally about the same, suggesting that the two clays
occur in about the same proportion. In a few samples
microcline occurs in minor or trace amounts, possibly as

silt-size grains. Trace amounts of hematite and pyrite, and

minor amounts of siderite and calcite were noted in a few
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X-ray Determination of Mudrock Mineralogy
tor Gray and Llack Mudrocks Y

Minerals

Sample® Kaolinite? Illite® Feld. Hematite Chl.* Other

— - P —— PR i ket

A X / / T M(Calcite)
B X X M / T / J
o X X / / / / |
D x x / / / /
£ X X / / / /
F X X / / / /
c - X X T/ / M{Siderite)
H X X -/ / / /
1 X X / T / T(Pyrite)
J X X M / T  /
K X X T / X /
L X X T / / /
M X X / / / /
N o~ T M / / / /
o X X T /ﬂ T /
P X X M T M /
. Red Mudrocks
Q M M / M / /
R M M / / / M(Ankerdtei
S X X / X / M(Calcite)
T ° M / / X / /

L 4
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U X X T / i
v X X T
W X X /

' All samples contain abundant quartz.
(Al 2 Si 2065 (OH) 4 1) * ( KAL[2)(Alsi[3]o[10](OH)[2] )
(Mg,Fe)[3](si,Al)[4]J0[10](OH)[2](Mg,Fe)[3] (OH)[6]

The presence of-étrong primary and secondary diffraction peaks
is indicated by an X to signify an abundant mineral. If only
the primary peak is strong, an M indicates that only a minor _
amount of the mineral is present. 1f the primary peak was
~almost indistinguishable from t“e background, a T is used to
signify a trace amount of the min.*al. The terms are arbitrary‘

and not quantitave' All quartz is ~lpha type, and the felspars

are not potassium rich.
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samples. Ch}orite is occasioqglJy present, but in minor or
trace amounts.. - The Prigin of the clay minerals will be
discussed in section 3.9,

The red'Eudstones are also composed of gquartz, kaolinite,
and illite. No feldspar, chlorite or siderite were found in
the seven anal,ﬂ!d‘ samples. It 1is probable that these
minerals ggg present in the group as a whole, and would be
defected if énough samples were collected. r The most.
significant difference between the two mudstone groups in
the presence of hematite in most of the red mudstones (5 out
of 7). Other samples may c§ntain ﬁematite in amounts below
the detection limits of tﬁe diffractometre. This observation
is in agreement with that of Van Houten -(1968), | wvho
concluded that although black and red mudstones may contain

about the same gquantity of iron, the 1iron in the red

mudstones was oxidized to hematite.

3.8 MAJOR DIAQETIC FEATURES

A thorough investigation of the diageneﬁic history of the
study ' area is beyond the scope of this study. However,
several obvious diagenetic features are noteworthy. These
inc}lude:

Compaction - of clay minerals, mica, sedimentary mudstone
clasts, phyllite, and plant fragments. The soft material is
common%y compressed, .and the clasts commonly wrap or bend

4 .
around harder grains. In some cases the mudstone clasts are
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so deformed that they become indistinguishable from the clay

matrix.

Alteration - most commonly affects feldspar grains. Usually

a clay (probably kaolinite) ., replaces part or all of the
grain., All stages are present, and different stages are
commonly found in the same thinfsection. This suggests that
at least some'alteration took place before depdsition. A
second type of alteration is of microcline to calcite. This
may have occurred under high pH conditions with silica
leached from the feldspar 1lattice (Dapples, 1967).
Alteration is probably commonplisg_ among the clay minerals,
but no SEM or Electron Microprobe Work was carried out to
confirm this. Finally, pyrité* commonly alters to
melanterite, siderite to hematite, and hematite to limonite.

Zodrow et al, (1979) have detected other minerals related to

pyrite alteration from the Ptychocarpus unitus zone at various
locations within the busin. '

Authigenesis - of the following minerals was noted: calcite,
siderite, ankerite, pyrite, hematite, and silica. All but
ankerite were present as pore filling cement. ﬁoth micritic
and fibrous siderite were present, e latter is probably a
recrystallized form of the former. Silica was the only
mineral observed to form overgrowths. The primary cementing

agents are silica and clay sized material ,with minor patches

of calcite,
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Figure 3-2

Photomicrographs of thin-sections. All photographs
for Figure 3-2 and -3-3 were taken using
cross-peolarized light. Exact stratigraphic
positions of the samples 1in these figures are

‘given in Appendix I.

Lithic arenite showing well-rounded

{

\.

Scale:

rock fragment (M.R.F.) near top center {a).

Subarkosic arenite with large microcline’ grain (b). .

South False Bay section.

Cross-section of a siderite- nodule showing fibrous

crystals (Cape Percé section).

Interlaminated organic matter (black) and calcite\(light :

coloured) of algal origin. From Core A-45. b

-t

Lithi

-

| =

the,gépe Morien (east half) section.

Graphié' texture: quartz and potassium feldspar

intergrowths in "a granitoid clast ' (c). from the South

- False Bay section.

L3

low rank metamorphic

c arenite with abundant polycrystalline quarti. From






G) Microcline (d) and large monocrystalline quartz grain in

68

Figure 3-3

-
Photomicrographs of thin se tions, cont.

Scale: w»

a subarkosic arerite, South False Bay section.

H) Compaction of ....:i... in a lithic arenite.. Cape Morien

(west half) -scction,

I) Siderite érystals (e) replace a rootlet 1in very fine

grained sublithic = arenite. Siderite is  probably

recrystallized after micritic siderite.

J) Large siderite crystals cémenting grains in a sublithic

wacke.,

K) Overgrowth on monocrystalline guartz grain (f) showing,

[T} TIPS

ica cementation along point, line, and {ungzeniial
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3.9 ~ SOURCE AREA |
Aithough it is almost 'imﬁbssible- to.trace ‘indiﬁidual

o clasts to their source beds, groups oE claéts do provide a
_general picture of the source areas. Four clast groupings
have been recognized within the study area: {a)
intrabasinal, characterized | 'by. mudstone  and ’siderite
.intraclasts, and plant fragments; (b} extrabasinal
granitoid, with clasts of grapﬁic (syn. granbphgric)
eextured rocks, large spbhedral feldspar grains, ‘556 an

abundance of large monocrystalline quartz; {c) extrabasinal

»

\\- sedimentary, the -most common being red sandstone oOr
A

/

siltstone and grey fine-grained sandstone; and (aL-
metamorphic clasts, including quartzite and phyllite with *

minor gneiﬁs and schist.
rd
In ordér to relate the three extrabasinal clast types to

,possibie sources,the lithological units older than the Morien
Group are listed in Table 3-3 (modified from Hayes et al.,

1938) : i

7
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Table 3-3 :
,. . . @

Pre-Morien Units

11 - Point Edward Formation {Pennsylvanian) - red and géey‘
' congloqeréte, sandstone and shale, thin‘beds of ffesQ

water limestone. | | '

10 - Windsor Group (ﬂ}ssissiﬁpign)' - limestone, anhydri}é,
gypsum, shale,,saﬁdstone, conglomerate. |

9 - Windsor Group,_ fyantmire Fh. (ﬁississippian) -
conglomerate, sandstone, shale, )

8 ~ McAdam Lake Fm,.'(Devonian) - conglomerate, arkose,

shale, tuff.

7 - Ordovician and Cambrian conglomerate, grit, sandstone,

shale.

6 - P:écambrian (?) Granite.
5 - Precambgian (?) Granodiorite, quargz monzonite.
4 - Precambrian (?) Quartz diorite . ¥
3 :,Forchu_qigup {Precambrian) - ﬁkroclastics: rhyolite,
4?‘*"/guartz latite, dacite, andesite, Y, |
2 - George River Group - (éreqambrian) ~ marble and
metadolomite, A , : ¢

1 - Geogye River Group - {Precambrian) - quartzite, schist,,’

’ . -

‘gneiss, amphibolite.

o
1)

’
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The extrabasinal granitoid glasts yrobably came from unit

to the south and west of the study area (see f!s. 3-2). The

extrabasznal sedimentary clasts vere probably de:1ved from

units B8-11 inclusive. The George River Group (unlt l) is the

most likely sourcé for most of the metamorphic fragments.
Some gquartzite probably wa reworked  from older

metasedimentary units, or {less 1likely) came from far

outside the basin, because even cobbles 15 c¢m long are

gxtremley well rounded. v : N
The abundance of the four- clast groups va;ies
straéigraphically within the study aréa and possibly
laterally across the basin as well. South of False Bay
‘éranito}d clasts predomihate, ang most lithic fragments are
thergfore feldspar rich. This;influenbe "of a granitoid
source decreases rapldly above the Coalbrook seam (including
the west s1de of Cape Morxen and the Caﬁr Percé sectzons)

In the same interval the percentages of polycrystalllne

guartz and metamorphic R.F.'s increase, In the Ptychocarpus

unitus sections measured by Masson (Figure 1-2) these

+ constituents were more abundant than sedimentary or igneous

' . extrabasinal rock fragments (Rust and Masson, 1981). fhe ©

i@

_various sedimentary rock £ragments‘ and large guartzite
clasts predominate in-thick lithigrconglomerates @above the
-, - Coalbroak seam. These conglomerate: (described as 'type c'

N lithic conglomerates in section % 5.2.1) are relatively
t - - L 4

6, granltoxd rocks of probable Precambrlad%fge that outcrop
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rare.'_The beds probably represent lag dgposi%ﬁ from large
channels that drained the Eﬁrthest reaches of the Morien

catchment - area. Intraclastic fragmentsih are prqsen{’é
throughout the study area. They are cogmon in the rocks
south of False Bay, but.iqcreasé in frequency and intraclast
diversity higher up in the section,
' There is strong evidence that the® Batestoh Fault 1is a
post-ﬁorien feature. No pyroclastic rock fragments (with
associated sanidine, beta guartz, and abundant plagioclase)
were found as sandstone constituenﬁs. This indicates that
the Precambrian Forchu Group {(unit 3 of Table 3-3) was not
. g;posed at the time of Morien deposition. Furthermore,
paleocurrent data from Batéston indicate drainage parallei

to the faultline (Rust et al., 1982). 1If the fault had

existed as a basin-margin feature during Morien deposifion,
4 . , ol
paleocurrents would be expected t. %rend perpendicular to
it. The Forchu volcanics were probably exposed as a result
A -

. ) \ .
of post-Morien faulting.

’

N07qnhydrite,' gypsum, or carbonate élasts were ‘found as
constituent fragments, which is surprftsing, because the
" wi:ﬁéof Group ({(unit 10 of Table 3-3) lies unconfbrmébly
below - the Morien Group in many locations (Hayes. et al.,
1938). . It IS'probgble that the Point Edward Formation (pﬁ?t
11) covered a much larger area -than at present. _‘The
presence sof Riversdale age rocks above Ehe Péint' Edward

Formation in the subsurface even suggests that rocks younger

A
— A
S

-

V4
~

"\(/'
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than the Point Edward Formation, present at the time bf

Morien deposition, have been subsequently eroded from the™

area. .

4
" »« This explanation cannot fully. account for absence of

Windsor Group clasts in the lower Morien because there are
places where the Morien directly overlies the Windsor.
Environmental factors at the time of i\eathering, erosion and
deposition must have eliminated the chances of survival for
these clasts (no "ghost" gra{ns were found, so diagenetic
removal of the minerals is unlikely). As discussed later,
the depositional environments of the rocks in the study érea'
are ideal for removing evaporites and,, to a slightly lesser
.gxtent, carbonates., Chapter 4 :??i/é;tline~the lithofacies
that constituent the depositional environments in this paft
of the basin, and Chapter 5 will deal statistically with
their patterns of occurrence. Finally, the dégositionaf

models will be outlined in Xhapter 6.

L

)



Chepter 1V

LITHOFACIES TYPES

4.1 I NTRODUCTION

In this chapter the llthotypes from the study area (Ch.

3) and their sedlmentary structures will be 1ntegrated with

the lithofacies gngQ‘gf Hia11-§1978). The vertical sequence
of 1lithofacies will be" analyzed, to detect repet?ﬁi:ij

assemblages that can be compared with"eeisiing facies models

-(Ch. 5). Thesé models, in turn, will be compared with other

sedimentologic evidence (i.e. lateral’ aﬁd vertical bed

E

relationships, fossil content, paleocurreniygaza, etc.) to
t

provide a detailed interpretation' of depositional
history of the. study area. When Similnr unelysun ol viner pgy:\ A

;.. Sydney Basin are'eompleted a unified regional\depdsitional
history of the basin r“J emerge. /

4.2 LITHOFACIES USE. AND DEFINITIONS
iluvial
‘« Miall (1978) compiled a code of'lithofacies to combine

' lithologic and sedimentar} data in : meaningful 'way..’Eachtv
.lithofacies is interpreted to be the product of a specifie‘_

set of depositional conditions. The code system \f useful

because 1nterpr ations can be made by studying lithofacies

relat1onsh1ps (Wafler 1981 )« HOWever, the. system is "...not

-1 -t

P



‘a panacea for

deposits.;.“

(Miall,

lithofacies can be

envirohments,

sorting out

All available data

- © 75
the comple{}ty of fluvial

1978, - p. 599) because the

-

same

fpund in several depositional

must be integrated before

sound interpretations can be made.

The following
They

compilation (Miall,

are listed

with

lithofacies are found

in- the study area.

the definitions from the original

1978):

Taple 4-1

thhofacies from the lower morlen Group. 1n thc study aroea

Fac:.esA
. oode

Lithofacies

' Sedimentary structures Interpretation

&

Sp

Sr

Sh

Sl

Sc ™~

irl

i

massive or
crudely bedded
gravel

sand, medium
to very coarse
sand, medium
to v. coarse,
may be pebbly
sand, medium
to v. coarse,
may be pchbly
sand, very
fine to coarse

sard, very fine -

to very coarse,

may be pekbly
sand, fine

Erosiomal scours
with intraclasts
sand, silt, mud

mud, silt

silf, mud

coal, carboura-

CEOUS 4]

norizontal be ‘ing longitudinal bars,

imbrication lag deposits,

' sieve deposits
massive channel, splay

deposits ~

solitary (theta) or dunes (lower flow
grouped (pi) trough regime)
crossbeds _ 7
solitary f(alpha) or ling transverse

grouped (omikron)

bars,sand‘ﬁwes
“Slanar crossbods .

(lower flow regime)

ripples (lower Elow
regime)
planar bed . flow

ripple marks of all

types
horizontal laxm.nat_lon}

parti or streaming - (1. ard u,_flow regime)
linea . G

low angle (<10%) scour fills, crevassc
crossbeds splays, antiduncs
massive | ‘scour fills

fince J.u.l-lLi.lH.ll'..'LOn,
ery small ripples

ssive, desiccation
cracks '

overbank Or wanly
flood deposits

overbank or
.drape deposits
rootlets

.
plants, mud Eilms

seatearth
swamp deposits
s

(

<

-
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For Ehe purpose of this study facies Fse and Fcf hebe

been  discarded. I'sc connotes "Fine, silty clay" and

Fcf "Fine clay with fresh water foss. "s". The present author
" believes that these codes detract fr m the code system for
the following reasons: 1) The first letter of the:code

“immediately identifies the grain size of the units (F for
fine-grained, § for the sand size, etc.). Adding s -and ¢ for

"silf" and "clay" is both unnecessiry and redundant. 2} All

of the other facies codes are distinguished by a sedimenta;y

structure (or in the case for Fr a bzogen1c structure) that

helps sepapate the mode of origin of the fac1es from a;l

others. Faci;s Fsc has no such criteria, and 3)- Fcf is so

rare in the study area that it - is not  helpful. ‘When

fine-grained sedimenqL are carbonaceous they are grouped

here with facies C. When they are laminated or massive they

are grouped with Fl or Fm. 4) Lastly, the interpretation

given for Fcf implies that fine-grained depesits with

molluscs are always backswamp pond deposits, There are

robably no'real. criteria to separate the preserved reco;d )

" of "backswamp" deposition and "pond“‘depqsition, * and an

artificial criterion is misleading, . '

¢ ponds are commonly defined as permanent bodies of water

shallow enough for rooted vegetation to grow, even in the
deepest part.
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4.3 INTEGRATION OF LITHOTYPES, SEDIMENTARY STRUCTURES AND

LITHOFACIES

Table 4-2 relates the lithotypes described in-’ Chapter 3
to the lithofacies codes in Table 1. Litiofacies are listed

in order of freguency within the lithotypes.

Table 4-2

v

R€lationship between Lithotypes and Lithofacies (of Miall,‘19?8)

LITHOTYPE (Che 3) ' _ LITHOFACIES
1) Pebble-bearing sst. to Conglomerate : Gm, Se, St
2) Coatrse-grained to Granule-bearing S5ty ‘Se,Sm,St
3) Medium to'¢oaréE sst. St,Se,Sm,Sh,Sp
4} Fine to Medium sst St,Sm,Sr,Sh,Se,
Sl,Sp
5) Very Fine to Fine sst. Sr,Fl,Si
6) Mudstone/Mudshale Fm,Fr,Fl
] 7) Siltsfone : Fm,Fr,Fl
8) Claystone/Clayshale Fm,Fr,Fl
9). VE-Fine grained quartz arenite : Fr
- P
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As mentioned, the lithofacies ar- characterized by theif‘__
grain size (G, S, F) and dominanp ‘sedimentary st}ucture
- (eege trough cross-bedding) or Biogenic stru?ture by fossil
content (for Fr). However, in the fielq'mappay}e uqi}s
commonly show moif than-éne structure, A 5 thick trough
. cross-stratified sandstone unit (St) méy,'for example, show
minor but sighifiéant amounts of ripple cross-laminati
(Sr) or erosional scour surfaces (Se). When‘;ossible theZE\\\,J’-
are recorded as separate units. Table 4-3 summarizes the
ﬁajor_sedimentary structures and the lithofacies associated

with them. To maintain consistency the table is niddeled

atter Table 1 of Rust and Masson (1981) £dr the Ptycho¥arpus

’

unitus zons,

/_/ . ' " Table 4-3
dl0;.ce Integration of 'Lithotypes, Lithofacies,” and
Sedimentary Structures '

- . . -

Sedimentary Structures | _L?fhotypes -
Lithofacies | | a
N - -
Stratification - _ |
1} Paraliel—Horizonta; 1,4-9 - - Gm,St,Sh,Fl,Fr
2) Parallel w/Undulating Top 5 _ Sr,Fl )
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3) Wédge Shaped éeds 4-6,9 Fl
4) Lenticular i 1-9 All lithofacies
5) Lamination- 7 | '
A) Parallel . . §-7 F1,C
B) WaQy—Continuous 4-7 . Sthi,C
C) Wa6¥jDiscontinuous 4-7 Sr,F1 ,
D) Magal Origin 1! F1
6) Massive ‘ 1-9 Gm,Sm,Fm,Fr
7) GFaded-Fining Up 1-6 Gm,Se,Sm,St,Sr,Fl
8) Gfaded—Coa;seﬁing Up 6 Fl
. . i}
,CrOSS*sFratifjcation :
9) Cross-bedding
A) Trough 2,5 St
B) Planar 3,4 Sp,Sr:
) C)} Low Angle 4,5 sl -
10) Cress-Lamination’
A) Asymmetric-in Ccross Jﬁﬁ;//i'
section : 3-5,7 Sr,Fl,St,SH
B) Interference _ 4,5 _ Sr,F1,Sh

C) Flaser ' 5,6 Fl,Sr

Current marks

11) Flute Casts 1,2 Gm,Se,St
12) Groove Casts 1,2 . Gm,Se, St
13) Tool Marks . 1-3 7 Gm,Se,St

*



Current Lineation S T~
14f Primary Current . f/
Lineation r 3,4 YSl,Sh,St,Sr
15 Plant Fragment pipeation 2-4 . Gm,Se, St

-

Bioturbation

\

-

16) Roots 4-9 All but Gm,Se

17) Burrows 3-7 ' 211 but Gm,Se

Cther .Structure

18) Loading, Convolute

Bedding 4-8 F1l,Fm
19) Load Calts o1z Gm,Se,St
20) Mudcracks §,7,9 Fl;Fm,Fr
21) Deep Cracks {1 4-6,9 Fm,Fl,Fr
22) Mottling ' 4-8 Fr,Fl,Fm,Sr
23) Nodules €-8,6 o _ F1l,Fm,Fr

Notes: ! Only present in 3 cm of core, and not described as

a separate lithotype. See Masson and Rust (1983)



~ ‘ 81

4.4 LITHOFACIES DESCRI;TIONS AND INTERPRETATIONS

%.4.1° Lithofacdes Gm . -
This lithofacies is a massive to crudely bedded

conglaomerate, It makes up less than 2% éf the entire

section, and is more common south of False Hay then in theé
other seﬁtions. The frémework may be supported &y pébble
sized clasts or by coarse sandstone. Bedding is almost
always lenticular, but in rare cases it is ~parallel and
continuous for at least 500 m, The undersides of most beds

show evidence of scour into the underlying wunit(s), which

are commonly mudstone. The lower surface of many beds have

an undulatory .joes i, with amplitudes of 20-40 cm. This
results primarily treim scour and f£ill, but it may also be
caused {or enhanced) by penccontemporancous differential

compaction between the coarse units ana unoerl&ing mudstone.
Load casts are common. Flute casts and groove casts are
présent,ﬂ‘but uncommon, Graded bedding (fining upward) is
very often present in" the upper part of the beds.,
Intraclasts are present in almost every unit, and make up
a major part of some‘beds. South of False Bay the most
common types of intraclasts are . grey and greyish-green
mudstone, and woody plant fragments. The latter are often in
the form of tree trunks that range up to 5 m in length. The
branches and trunks may be mutu..'y aliéned, but this
orientation 1is variable "~ with respect to the paleccurrent

direction measured in nearby trough crosé-bedding.

gt
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In the sectioms measured at Cape Morien and Cape Percé
intraclasts of red mudstene and pebble-5ized siderite

nodules are common, in :addition to the other types of

-~

mudstone and plant fragments. Maximum grain size (excluding
intraclasts) averages about 2 cm, =~but in different beds,
clasts 4, 10 and 15 cm are present.

.

Lithofacies Gm is interpreted as a fluvial lag deposit on
‘the basis of largé grain siZ®, generally massive_beds, poor
sorting, intraclasfs of floodplain origin, and ubiquitous
association with other channel deposité (Sec 4.4.2, 3).
Three types of - lags. have been recognized: 1)
Predominantiy mudstone intrackastic, probably resulting from
local floodplain scour and deposition; 2) Reworked
intraclastic ‘ siderite lags (Figure 4-11, ’ and 3)
Predominantly extrabasinal, with large clasts (to 15 cm) of
diverse origin (Figure 4-2). These include extremely well

rounded cobble-size gquartzite.



?igufe 4-1

Figure 4-2

Sicderite lag within channel sandstone.
at left. Scale: 1 m.

Lithofacies Gm (West side of Cape Morieh)

Note scoured base
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In type 3 lag deposits the beds are laterally extensive

F 4
over at least 500 m. Beds are thicker than for the other
. '
typess up to. 3.4 m in some cases. The -lags are probably
deposits of big, deep rivers that drained a large portion of
the Morien catchment basin. Noneck Point (Fig i-1) is

composed of one of these lags and its associated 7.5 m thick

channel sandstone package.

4.4.2 Lithofacies Se (Fig. ¥%3,4)

. . } :
This facies is composed of mediép to coarse

pebble-bearing sandstone, It is characterized by erosional
scours overlain by intraclasts. Mudstoﬁe, plant fragments,
or siderite nodules may form layers of debris over the
scour, or in other cases ‘Bnly few intraclasts are present.
The clasts range én size between 0.5 and 2 cm for siderite
pebbles to 10 cm or more for'plant"frﬁﬁﬁénts and mudstene
clasts. The facies 1is found near the base of most channel
deposits, and at the bése of some splay channels. When foqnd
near - the top of channel deposits Se may indicake

reactivation.



Figure 4-3

figure 4-4

Lithofacies Se: greyish -green mudstone intraclasts and

limonite coated siderite nodule "(to the right of hammer
handle) .

Plant fragments as intraclasts. Note variable alignment.
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.3 Lithofacies ¥
Zithos -
This lithoiaoi.o e Dt Yo cuarse
’ 2
sanasrone BuT Ll%. i G Lie-.£-Dea WhG wihv oebble-bearing
Tni, It i3 characteY: .ed by the presence of
trouch cross-stratificazicn, which forms solitary (or mere

commonly) -grouped sets. Individuai trcughs range from 6 to

110 cm in thickness (Figure 4-5), but i1n mcst cases they are

r -
ta

becweern 20 and 3% cm thick. Widin varies

rom about 20 to
. ¢ ’
250 cm. Width to Jdepth ratics are usually between 2.5 @0 1

This is the mcst common facies in the section south of
False Bay, and is found in almcst every thick sandstone body
in the other sectlons &s well, The trcughs commonly contain
coarse material at their bases anc fine upward. In some
cases pebbles ol | extrapasinal quariz one intraclasts of

mudstone, siderite and plant fragments are concentrated as

8

lays, Most troughs have ecrosional bascs.

Lithofacies. St ig produced by Lhe s megratlon of
- N . . . . , -
sinuous-crested meqaripples, It vls the majer conustituent ol
.channel sandstones and .15 common in levee and  splay

deposits. The most commonly assoclated lithofacies are Sh

and Sr, which normally follow St {expressed as St-Sh, or

St-Sr). When Sp is present it 1s commnonly enclosed between

sets of St (St-Sp-St).

M
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Figure 4-5 'Large scale trough cross-beds (scale: 1m).South False
Bay section.

Figure 4-6 Facibs Sp in South False Bay section.‘ Scale: 1 m.
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4.4.4 Lithofacies Sp (Fig. 4-6)

Planar cross-stratified fine to coarse sandstone
characterizes 1ith;facies Sp in the study area. It is the
least common of the major lithofacies {Se, St, Sr, Sh, &m,
Fl, Fm and Sp, ‘occurring only 6 times south of False Bay and
11 times altogether. Seven of the 11 beds are .enflosed by,
beds of lithofacies Sf. In one case Sp overlies Gm and 1is
overlain by St, 1in sets about.50 cm thick. This unit may be
the deposit of a sandwave® or small migrating bar. The
paleocurrent direction of the unit wgé parallel to the
chanﬁel trend, and to the mean trough direction. 1In other
cases the planar eross-beds dsually occur in 5-25 cm sets
and probably result from the migrationh'of straight-crested
megaripples, B

¢4
4.4.5 Lithofacies Sh and Sl

- ’
Horizontally "laminat®ed sandstone, commonly with primary

current lineation, characterizes lithofacies Sh. It is most
common in fine to medium-grained sandstone, but canhgpcur‘in
very fine to very coarse sandstone. The lamfhégions may Dbe
produced by very fine particles of organic matter or miﬁf
flakes. Units range from 16 cm to 2 m thick. The
lithofacies s most common near the top o{ channel
sequences, and may grade 1into Sl. The beds arg produced by
high wvelocity flow wunder shallow water depth {(Harms and

Fahnestock, 1965).

- 1

o '
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Figure 4-7 Facies Sr at to B
p of the s§.F secti
) .B. tion. Scale units: 1
: 10 cm,

Figure 4-8'?Tubular to dendritic mottling produced by reduction
of iron around roots insred mudstone. Bioturbation

. increases upward. Hammer: 30 cm,
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i . ~ S0
Lithofacies S1 occurs in the same depositional setting a
Ay .
Sh, but the beds fill road scours. This results 1in low

angle (<10 degrees) dipping beds {(Rust, 1978).

4.4.6 Lithofacies Sr (Fig. 4-7)

Ripple cross-lamination 1Is present in a wide range of
lithotypes, from mudstone to coarse sandstone. The ripples
are all asymmetric, but show great diversity 1in all other

aspects. Most rippee marks show sinuous in-phase crestlines

but straight - crested and (rarely) lingudid_ forms are

present. Wavelength is usually 5-30 cm, and ripple heights

1-3 cm. Most ripble indices are between 5 and 10. In cross

-

section the beds may show climbing ripple laminae in-phase

or in a drift mode. In-phase units are much more common than
cipple drift beds, and Type 1 (of Rieneck and Singh, 1980,
p. 116) are more common than Type 2 ripple drift. e
Lithofacles Sr. ié present in more depositional settin¥s
than any other facies, It is commonly found within channels,

-

levees, splays, and in almost every floodplain setting.

4.4.7 Lithofacies Fl and Fm

These two lithofacies are closely associated and will be

treated together. Fl is characterized by interlaminations or

- thin interbeds of fine sandstone to siltstone with mudstone.

Laminated mudrocks are also included. The colour of the

siltstone or fine sandstone corresponds with that of the

e

LY

—
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finer uniﬁs, and may be reddish-brown or grey. The
laﬁinations may Be straight or wavy, and 1if wavy may be
continuous or discontipuous.  Although wavy continuous
iémination_ is rare, 1n one unit it is extremely well
dévelobed-and traceafle over 19 m. Beds of Fl range 1in
thickness from 5 cm to 3 or 4 m, but most are between 30 cm

and 1.5 m thick. -
’ [ 1
Lithofacies Fl is associated with- a wide variety of

.depositional settings: Floodplain drape  deposition,
abandoned channel fills, pond and swamp deposits, and levees
(Chapter 6}. Fossils are common and locally abundant,
~___}\nclucling plant spores and fronds, and rarely, f}eshwater

molluscs. When the latter are present other workédrs (McLean
in Wiall, 1978) o
and Jerzykiewicz, prefer to group the beds as a unique

'lithofacies,, 'Fci' (Sec. 4.2). Fossils include Anthracomya

and fresh water ostracods (Carbonita fébulina, identified by

M. Cope}and, pers. comm., 1983). Appendix Il lists plant
types that have been previously found and identified in the
study area (from Bell, 1966; Zodrow nd McCandish, 1980).

\ Lithofacies Fm is massive mudstone and occurs in units
from 1l cm to 5 m thick."Bioturbation by rootlets and roots
is comgzn, and traces of lamination in some units show that
Fm may occasionally originate as Fl. When the degree of
roct penegration re?che;\EPe point where the units have a
hackly fractured apbearance the beds are grouped as Fr.

Mudshales that originate as massive mudstones but show
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diagenetically produced lamination are grouped with Fl, even
though they are genetically related to Fm. The massive
mudstone and the mudshales are formed under waning flood or
stagnant water conditions. The latter is especially true of
the claystones and clayshales.

Both Fl apd Fm are commonly interbedded with units of Sr.
they also may show mudcracks, and rarely, raindrop imprints.
Siderite }s common in nodules or thin beds, and locally,
ankc;ite is present. Rootlets that are replaced by siderite
o small tubes when the organic ma her weathers out. These
tubes and wood petrified by side-.te indicate an early
diagenetic origin for the mineral. _

Green mottlies are common within red units (Figure 4-8).
They form a variety of shapes but most frequently are
tabular {when formed around roots) or spheroidal (when
férmed around small plant fragments). The green colour
probably résultg from the locaf reduction of ferric to
ferrous iron iﬁ.the presence of organic matter (Van Houten,
19@8).d Another distinctive feature of these 1i£hofacies,
and especially "Fm, 1s the presence of a pattern of deep,
interconnected cracks (Figures 4-9,10). In plan the cracks
are polygonal, and they extend down as far as 1 m or more.
The cracks are commonly filled with a slightly different
sized material {eithet coarser or finer) than the rest of:
the bed, and this weathers out preferentially. The cracks

_are almost always found in red units; their £f1ling being
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- green in these cases. The. cracks may be super-imposed on

s

root-induced colour mottles. The cracks are also present in

A .

the arkosic wackes, where the filling weathers out to form a

characteristic nodular appearance (see next section).

Y



ey - E———— ——

s

Polygonal mottling pattern produced by green siltstone

-9

-

Figure 4

Morien (east side).

filling cracks in red mudstone. Cape

Figure 4-10 Similar cracked pattern weathered to form a nodular pattern.

(Ganister?).

Unit is a silicic paleocsol
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4.4.8 Lithofacies Fr

This is a widespread but velumetrically insignificant
facies composed of fine sandstone to claystone/clayshale. It
is characterized by a hackly.fractured' appearance produced
by intensive rootlet development. Miall (1935) used the term
'seatearﬁh‘ but here any heavily footed unit is included
regardless or whether or not it 1is overlain by coal. ZX-Ray
diffraction analysis showed that some samples consist mainly
of guartz and kaolinite, a feature common in Carboniferous
palecsols and especially seatearths (Greensmith, 1979). The
units range from asout 10 cm to 1 m thick, and commonly show
a downward decrease in bioturbation and grain size. Units
of Fr are usually laterally continous but other units with
fewer roots (Fl or Fm) are mostly less extensive -along
strike.

A special ‘class of rooted beds has many of the
characteristics of ganisters (Percival, 1983), including;

:1. The presence of rootlets, which decrease in abundance

with depth

2. The absence of sedimentary structures

3. The presence of abundant kaolinite

4., Lack of marine fauna

Bed thickness between 20 cm and'l m

oy N

Angular to subrounded grains

7. Fine grain size (unlike many silcretes)
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8. Composition: the beds are lithologically quartz
arenites or wackes -

Thede units are composed almost exclusively of guartz and

kaolinite. They are interpreted as highly leached pedogenic

horizeons, indicative of abundant rainfall and well drained

topography.

£.5 PROPOSAL FOR A NEW LITHOFACIES CODE, SM

In most cases channel’ sandstones consist of the
lithofacies Se, St, Sh, Sr, and varying amounts of Gm, " F1,
$1, and Sp (See Chapter 5). 1In some cases however,, thick,
massive sandstone units are present, and a new lithofacies
code designated Sm is proposed. to represent the deposits.
The logic and coﬁsistency cof the 1lithofacies code system
would be maintained by making Sm the sand sized analog of Gm
(massive to crudely bedded gravel) in the same way that Gt
and Gp are analogous to St and Sp.

“ The units are composed of fine to coarse ;andstone in
lenticular or tabular units from .5 m to 7 m thick. Massive
splay sandstones are generally from .5 to 2,5 m thick, and
channel aeposits are thicker. Some Se or St may be present
at the base of the wunits, and Sr or Sh may overlie them
(Se--St to Sm--Sh--Sr). The beds fracture easiiy and break
off in blocks, up to several 10's of kilotons. The fractures

are perpendicular to ‘bedéing planes (i.e. not a depositional

feature) and usually sub-parallel to the cliff face.
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!

4.6  SUMMARY
The lithologles described in Chapter 3 can be
:o lithofacies on the basis of sedimentary structures and

grain size. The lithofacies reflect a limited set of

depositionasl :zzniitions but can be formed in more than one
F O N BORCE I Corsaquently, all avallable data must be
Lol rateth o produce sound interpretations . of the

depcsitional sertings.

The lithofacies code of Miall (1978) was modified for the
lithotypes 1in the study area. Facies Fsc and Fcf were
dropped, qnd a new code, Sm, was added. 1In the next chapter

the seguences of lithofacies will Dbe g xamined and

interpreted.

WL lanied

-F



Chapter V

MARKOV CHAIN ANALYSIS OF FACIES TRANSITIONS :

.1 INTRODUCTION

wn

A. Markov, @& nineteenth century Russian mathematician,
developed a series of procedures to examine consonant and
vowel patterns in the poems of Pushkin (iosifescu, 1980).
Harbaugh and Bonham-Carter (1970) paid «tribute to his
efforts by defining a Markov process as & "natural pProcess
which has a random element, but also exhibits an effect, 1in
which previcus events influence, but do not rigidly control,
subseqguent events" (p. 398}, A Miriov chaln 1s a Markov
process in which «the probability or transition from one
state in the chain to the next depends on the previous
states (Till 197%, p. 15). & first order Markov chain is
one in which only the immediately preceding state influences
the following state. I1f earlier states influence the
following state the chain has a higher order. An example of
a Markov Chain is the weather, which will, on any day, most
probably be like that ¢f the day before.

In sedimentology and stratigraphy -Markov analysis can be
used to determine 1if facles transitions are random or part

r

AT L WArkov Cretin. L7 nun-randia, Lhu seydence ol LraaasslULiong

3 M . - % - . oo et N .
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interpretation can be made. On a large scale, laterally
extensive units such as coal cyclothems have been apalyzed
(Doveton, 1971). ©On a smaller scale, Markov analysis can be
used in conjunction with facies models to 'establish a
detailed and specific environment f deposition (Walke;,
1981, ch. 1). Examples of other stratigraphic applications
are given by Gingerich (1969), Hattori (1973), Miall (1973),

T YGRS N I e L A N A gunoer
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Statistical aspects of Markov analysis are discussed by
tnderson and Goodman {1957}, Billingsly (1961}, Gingerich
(1969}, Harbaugh and Bonham-Carter (1570, p. 98-168), and
Agﬁerberg.(l974). Other statistical treatments have recently

been proposed by Carr (1982},

5.2 TVHEORY

The basic procedure Used for most Markov chain studies can
be summed up in three steps. First, transitions between
facies are recorded from field data. An "Embedded" Markov
chain uses-bed to bed transitions (Dacey and Krumbein,
1970). In an alternate method the facies type is recorded at
a fixed interval. This places emphasis on the abundance of
cach facies type and not on the transition freguencies. 1In
the second step, a random set of transitions is generated.
Finally, the random data are compared to the - field data

statistically. A null hypothesis Ho assumes that all



measured transitions are random. JuLe wligs.aavive Uit is that

- . . .
the sequence is & Markev chain. A Chi 5guare statistic 1S

used to determine if there 1is a significant difference
between the measured and random data. If so, Ho is rejected.

R

and the sequence can be considered Markovian.

5.3 ANALYTICAL PROCEDURE e :

Data yeprc analyzed with the @&i1¢ of a compﬁter program
modified from one written %y A.D. Miall and tit:ed "Embedded
Markov Chain hnalysis" (available on request). =

" The data were obtained by recording vertical transitions
between facies f;om the field data. Seven major facies were
used, as defined in the previous chapter. These are: St, Sr,
F1/Fm, Sh, Se, Sp and C. Transitions were reco;ded in the
form of a Transition Count Matrix {(see Miall, 1873) denoted
f(i,3j]. The lowest bed in a seguence is represented Dy a IOW
[i] and the following bed by a column [j]. For example,

data from the Lonchopteris =zone in the Scuth False

Bay

section produced the following T.C.M.:
Table 5-1

South False Bay Transition Count Matrix

st Sr Fl/Fm Sh Se Sp  C ..

¥
St 0 5 3 10 5 5 0
Sr 0 ¥ 11 3 1 0 o
F1/Fm 3 5 0 4] 5 0 4

sl wloanol Crovy, ol Uloww, Jbbawig sl e 1';1“—@"5
u;i.,L. et AR -
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sh 6

5 1 0 2 1 0

Se i5 0 0 1 0 0 0
Sp 3 0 0 1 2 0 0 '
4 C 0 0 3 0 1 0 0 '

Facies St can have no transitions to itself by definition.
There are five transitions from St to Sr (f[1,2] = matrix f,
row 1, column 2}, 11 transitions from Sr to F1/Fm (f[2,3]),

none from Sr to St (f[1,2]) etc. Altogether there are 102

recorded facies and 101 transitions,

A Trensition rrobability ratrix(T P.M,) is generated from
the Transition Count Matrix (T.C.M using the following
equation:

Pl1,3] = £(1,3] / sli]
where S[1] is the sum of the 1 th row of matrix £{i,j].
Matrix P[i,j] for the South False Bay section is:

Table 5-2

South False Bay Transition Frovaubiliuvy batrix

1 2 3 4 5 ) /
1 .000 172 102 . 345 172 207 000
2 .000 000 733 .200 067 000 000
3 .176 294 000 .000 294 000 235
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6 .500 .000  .000  .i67  .333  .GO0  .000

7 .000 .000 .750 .000 . 250 e .000

The sum of each row [1] is 1.000.
1f a Markov chain 1s present it may be masked by random
facies transitions. To help filter out this random factor a

Difference Probability Matrix is constructed as follows:
dli,j] = pli, 3} - i, 31

where r{i,j] 1is the 1independent Trials Probability Matrix

(I.T.P.M.}.

-

3 r(i,3) = s{jl / (¢ - s[i] }

The terms s[j] and s{i] represent the column and row sums of

L4

[:,5), and t i{c the total number of transitions in-&[i,3}.

R R 5 ) RO PV Jiarno Ly section is  presented in

Table 5-3
independent Trials Probability Matrix for S.F.B. Lection
0.00G 0.205 0.235 0.20% 0.219 L.0B2 0.055
0.333 0.000 0.195 0.172 0.184 0.069 0.046
0.341 0.176 0.000 0.176 0.188 0.071 0.047
0.333 0.172 0.195 0.000 0.1B4 0.069 0.046
0.337 0.174 0.198 0.174 0.000 0.070 0.047
0.302 0.156 0.177 0.156 0.167 0.000 0.042
0.296 0.153 G.173 0.153 L 63 0.061 0.000
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Table 5-4 shows the Difference _Matrix for the section.
Negative wvalues in d[i,j] represént. transitions that are

highly improbable, and are discarded.

Table §-4
Difference Matrix for S.F.B. .Jection
1 L0000 ~-,033 -.129 .139 ~,047 .125 -.0558
2 -,333 .000 .538 .028 -.117 -.06% -.046

3 -.165 .}18 .000 -.176 .106 ~-.071 .188

4 .067  .16F -.,129  .000 -.051 -.002 ~-.046
5 .600 -.174 -,198 ~-.112  .000 -.070 ~-.047
6 .198 -.156 ~-.177 .00 .167 - .000 -.042 -
7 -.296 -.153  .577 -.153 087 -.061  .000

- The highest transition probabilﬁtics from the difference
matrix are listed in Table 5-5, This table will be used to
construct a Facies Transition Diagram to provide 1insight

intc the processes active at the time of depositionﬂiﬁilker,

1981) .
Table 5-5°

Most Probable Transitions

From To Value
Se St .600
C F1/Fm .577
Sr F1/Fm .538
Sp St .188

F1/Fm C ~.188



Sp
sh
St
St
F1l/Fm

F1l/Fm

Results will be discussed in Section 5-4.

Se

Sr

Sh
Sp
Sr
Se
Se
St
Sh
Sh

.167
.161
.138
.125
.118
.106
.087
067
.028
.010

104
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Colo ohloefUare Lenis wWeen crriec sutl to coneck 11 the

sreater than randem transitions"” in faole -5 were aol tnew-

4

v uhe cesulo wlo rduduf Jceurrence.  The first was recowms

cincerich (1969), el

(1) Chi Sguare = E (£01,3] -.s[i] c[1,33)* / sli] cli,j]
173

Degrees of Freedom = n?* - 2n

where n is the number of rows or columns in £{i,j].
The second equation was recommended bty Harbaugh and

- Bonham-Carter (1970, p. 121):

{2) Chi Square = 2 E X loglel (pli,3j1 / (s[4 / £0[i,31))

13
Degree of Freedom = (n-1)* - n
({
Eguation {(2) applies when each element ui f[i,j] is less
than 5. Since this 1is generally the case, . it has been

emphasized in this study.

¥

nded



106

The Null Hypothesis is that the vertical seguence of
fransitions was produced by a random series of events. For
the section South of False Bay,equation (1) gives a Chi
Square va&ue of '108.4‘ with 35 degrees of freeddﬁ. ”;he
confidence lim;tg‘for Chi Square with 35 degrees of  freedom

are as follows:

T Chi Square value for eguation {2) 1is ~150.0 with 29

degrees of freedom.

The corresponding confidence limits are:

, 90.0%' 95.0% 99.0% 99.5%

Both equations indicate that there is less than 1 chance out
of 200 ( or .5 chantes out of 100) that the transitions were’
A .

randomly generated.

"D
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5.4 APPLICATION TO MEASURED SECTIONS

Markov Chain Analysis was carried ocut on all of the
measured sections. In addition, separate sectioés were
linked together and analyzed. Technically this would produce
a flaw in the statistical test because the number of
recorded transitions would not be -ne less than the number
of facies, This has been accommor~ited by 1linking separate
sections with transitions. By comparing the results from
individual and composite sections it was found that *the
added transitions did not significantly alter the outcome of
the analysis. Compocsite sections were only used toc generate
Facies Transition-Diagrams (FTD's) and not for determiﬁing
transition probabilities.

The feollowing sectiops were run separately : South False
Bay, North of False Bay to the Coalbrook seam, Coalbroock
seam to north of Noneck Point, Cape Morien; east side, Cape
Morien, west side Cape Morien, and Cape Percé. Composite
sections were made of Cape Morien north of False Bay (east
and west sides), and for the entife hlternating " Facies
assginblage (Cape Morien plus Cape Percé) (sec Fig 1-1)
A>Facies Transition Diagrams were prepared from the most
probable. transitions in the -“difference matrices. ,The
transition diagrams do not take into account the relative

abundance of each facies, . so composite stratigraphic

sections were drawn from the diagrams and field data to give

a more representative picture of the segquences. Composite
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sections were compared with published data to aid in
interpreting the depositional environment of the units. the
sections were also compared to each other to determine if
there are any significant vértical or lateral changes

present.

5.5  ANALYTICAL RESULTS

/

Probability data, facies transition gdiagrams and
composite sections for the South False Bay, Cape Morien and

Cape Percé sections are presented below.

5.5.1 South False Bay section

The most probable transitions in this section are listed
in Table ©5-5. A facies transition -diagram and composite

section are shown below (Figure 5-1).
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Figure 5+1
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An erosional base may follow any other facies but usually
cuts inte facies Fl/Fm or C. Trough cross-stratified
sandstone follows Se, and is associated with horizontally
bedded sandstone. 1If Sp is present it is closely associated
with St. Ripple cross-laminated fine sandstone may follow St
or Sh. The seguence Se-St(Sp)}-Sh-Sr is interpreted as the
product of 1in-channel depcsition. Facies Sr may also be
included as an overbank deposit and is commonly followed by
Fl/Fm, and Coal {(if present). The fine facies (F1/Fm) do not
comprise more than-10 % of the section. St is the most

abundant facies, whereas € and Sp are the least common.

“~
5.5.2 Cape Morien section (east side)

Figure 5-2 shows the F.T.D., most probable transition
data and composite stratigraphic section for the east side
of Cape Morien. The transition diagram is similar to the
cone from South of False Bay, but there are importqnt
differences. Facles Se usually follows F1/Fm and is followed
by St. If Sp is present 1t is closely associated with St. St
may be followed by either Sh or Sr, and these facias pass
into F1/Fm. Coal is usually confined to facies F1l/Fm.

The cémposite section points out the major differences
between this section and the S.F.B. section, and illustrates
the importance of integrating facies abundance data with
transition data for a more accurate appraisal of a unit. The
South False Bay section contained less than 10 % Fl/Fm,

compared to 50 % or more for the Cape Morien section.
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5.5.3 Cape Percé section

In this section 115 transiticnse were recorded. The F.T.D.
{Figure 5-3) shows tyo separate preferred transition paths.
One ic Se-St-Sh, and is irierre¢ to represent
in-channel depcsition., The seconc is Sc-Fil/Fm with coal
confined to the lartter. This series .s the product of
overbank deposition, The compesite section is very similar
to the one from Cape Morien, bDut corntains & slightly higher

amount of fine material.

5.5.4 Composite seguence of Cape M cien and Cape Percé

This secticn (Figure 5-4&) represents the Alternating
Facies Assemblage and was generated to depict a "typical"
transition sequence for comparison with the South False Bay
Sandstone Facies Assemblage. There are 414 transitions in
this combined section. It was formed by joining the Emery
seam from the top of the Cape Morien sect:on te facies Fl/Fm
at the base of the Cape "Percé section. ' The facies
transitipn diagram resembles the one in Fiqure 5-7 in part

because of the dominance of the Cape Morien section (297

transitions) over the Cape Percé section (115 transitions).

¥see aprendlx !



Flgure 5-3 Cape Perce

113

F

/N

Fl

Crl squaret v=iue (eg. 1) - 123

Chi s~usred vrlue Weq. 2} - 3458

Loas Fzod-bla Tr-raitjons
Trensitiens: 113

From Te Frotnbwility
Se at 800

sy a A7

c /M 1 1)

3r 1/ 327

i/fa [ «238

| 21 1. 193

sh Se .13

" i /Ta 039

ah 8t 025

[ 33 By .08

Sh Br 013

8r [ ] ] 013

Y1/Ta [ }] 004

Sh

Sr

N
~

- $9.%% Confidence Lixtt: €0

99,3 Confldence Linit: 32

md m £g-

sand stone




114

Figure 5—-4 Cape Moriem and Cape Perce
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5.6 DISCUSSION

The czomposite stratigraphic sections from the Sandstone:
N (Fig 5-4)
Assemblage ' anu the Alternating Facies Assemblage | werle
compared with published sections from' modern and ancilent
fluvial systems to aid in interpretation. The Sandstone
Facies Assemblage (Figure 5-1)} resembles the modern Soutn
Saskatchewan channel succession of Cant and Walker .ivyvY),
and depositional type S[2] for &1 ient fluvial systems
(Rust, 1978). Sections _from the Alternating Faciles
Assemblage are similar to the meandering fluvial facies
model of Allern { in: Walker, 1981, p. 24). All of the

sections were then compared to evaluate vertical and lateral

differences in facies transition probabilities and relative

facies abundance.

5,6.1 Comparison with existing models

Figure 5-5 shows a composite section from the channel of
the Scuth Sask;tchuwan Hiver (Cant and Walker, tvvy). Trough
cross-stratified sandstone with intraclasts overlles a
scoured base, and is followed by St without intraclasts. The
sequence Se to St is interpréted by Cant and Walker to
represent the scoured channel base with subagueous dunes
migrating downstream. Planar-tabular cross-bedded sandstone
(Sp) in the upper part of the succession results - from
deposition on a cross-channel bar. This feature is not well

represented in the measured sections. Smaller scale troughs
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£111 in much of the channel, and are followed by. finer
channel fill deposits and sand flat deposits (facies Sr, Sp,
Fl, Fm).

The most significant éimilarities between this Ssection
and the South False Bay section (Figure 5-1) are the
presence of a fining-upward St sequence above a Scoured
base, and the proportion of fine material to sandstone. A
difference is the relative lack of planar-tabular
cross-stratification in the S.F.B. section. This is probably
a function of relatively deeper channels 1in the section
south of False Bay, resulting in less freguent bar
development. The sandstone units are also thicker at S.F.B.

than 1n the South Saskatchewan, which also points to deeper
channels, .

The South False Bay section fits into the Distal Sandy
Braided deposit (Type S[2]}) of Rust (1978). Type S[2] is
characterized by "fining-upward cycles, lateral continuity,
and a significant primary mud content ... They are
transitional to deposits of meandering systems.” (Rust,
1978, p. 605). He goes on to point out that there are no
definitive characteristics that separate distal braided from
meandering deposits, although deposition of Sp and variance
of St orientations with respect to channel trend are

factors.
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Figure 5-5°

ITOD1IFIED FROM WALKER AND CANT,. 1979
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Lateral continuity increases upward -in the South False

Bay section, as demonstrated by <(he mapped extent of the
McAulay and Shoemaker coal seams. The 1latter has a
considerably greater extent than the former. (Lateral

sontinuity of the coal seams incre ses <chroughout the

ciaopteric ulllgua wone ws o woll, i s Inune rEYChoCuria Ml
e Cxbtend ab lenol acrous Loe endite Gund portion of thu t.oiin
LTl 0 Giepve ou b, 1)),

The stratigraphic position of the Sandstone Facies

Assemblage also supports the distal braided interpretation.

Earlier conformable deposits from the Lonchopteris zone in

the southwest part of the basin and at Bateston are coarser,
and exhibit the characteristics of more proximal braided
deposits (Rust et al., 1982). vounger depcsics at Glace Bay,
Point Aconi and Port Morien have been interpreted as
meandering river depcsits (Rust and Masson, i981; Duff et
al., 1982; Dilles and Rust, 1983).

The Ahlternating Facies Assemblage (Figure 5-4} resembles
the meandering river facies model of Allen (in:
Walker, 1981, p. 24). This classic seguence begins with a
scoured base followed by elther trough cross-stratified
sandstone (representing downstream dune migration) or
horizontally bedded sandstone (plane bed deposition, facies
Sh). These facies are followed by smaller scale St, Sr and
finer facies with rootlets and pedogenic neodules. The

sequence is divided into channel floor, point bar, bar top
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and overbank. In Allen's model about 50 % of the section
consists of fine-graiqed overbank material in facies Fl, Fm,
Sr, and C,. |

The Alternating Facies Assémblage in Fiqure 5-4 closely
resembles this model. Both show the same fining-upward
Se-St{Sh)-Sr-F1/m sequence. One difference 1is the tendency
_for Sh and Sr to alternate in the measured sections. This is
attributed to deposition’ near the point bar tops, and
possibly in channel-proximal levees. Another difference is
tﬁst the classic sequence lacks coarse members in the
overbank series thét are interpreted here as levee, crevasse

splay and small channel deposits.

5.6.2 Vertical and lateral changes in facies transition
data

Facies transitions in sections measured South of False
Bay, at Cape Morien and Cape Percé shog striking
similarities and more subtle differences. Similarities
result from fundamental fluvial processes that operate
throughout the study area. Transition probability
differences may reflect local variation in the proportion of
depositional processes and/or variation in the number of
facies measured at each 1locality. The latter 1is not
considered to be a major factor because over 100 transitions
were measured 1in each section. This 1is large énough to

produce a reliable statistical outcome (Till, 1979).
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h ]
The most probable rransitions in all of the measured

sections ére Se-St, Sp-St, _.C-F1/Fm, and Sr-Fl/Fm. The
transition from Se to Sf represents‘conditions at the base
of channels, or at the‘base ogrsome splay.deposits (section
6.2). Other facies that would be expected to follow Se would
be Sp or Sh but most often St followsf

Planar-tabular cross-stratified sandstone was recorded in
solitary or grouped sets ﬁp to 60 cm thick. These are
interpreted as the product of bar migration. Smaller scalg\\\
Sp sets (up to a few cm in thickness) may be bar toﬁ or
"sandflat” deposits. At the time of deposi%ion the bar
deposits were closely associated wi.a dunes, resulting in
higﬁ probability for the . transitions St-Sp-St. One
implication of the data is that most of the observed Sp sets,

were deposited as bars, because transitions from Sp to the
fxner facies-.are rare.

In all of the sectlons coal showed a strong tendency to
follow facies Fl/Fm. This was expected since coal tends to
accumuldte in association with fine-grained material, where
compaction forms areas suitable for peat accumulation (Flsk
1y60) . risk's vuservations were made on delta distributaries,
but they also apply to river flood plains. The transition

from Sr to F1/Fm is interpreted as the result of waning flow
condxtlons. Other Sr transitions are O Sh and St, and

indicate increasing energy of flow. 'Ong other highly

probable transition common to all of the sections is from St
\__/"

to Sh.

//‘\'

|
L
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Lateral (between C.M. and C.®.) and vertical (from

Lonchopteris to = Lingpterls cbliou ua) cran s in transition

‘probabilities and facies proportions - ain be seen in Figures
5-1, 5-2, and 5-3; As mentioned, the emount of fine material
is significantly less south of False Bay than in . the Cape
Morien sectidn. K sllghtly hlgher amount of fine-grained
material 1s present at-- Cape Percé than at Cape Morien.
There 1is a corresponding change 1in facies traﬁsition
probabilit{es reflecting the—increased influence of overbank

deposition compared to in-channel deposition.



Chapter VI :

DEPOSITIONAL ENVIRONMENTS

6.1 INTRODUCTION

Statistical analysis of vertical transitions and facies

abundance data are valuable tools for indicating cyclicity

and possible depositional serting {Walker, 1881}, but

- additional data are needed o vgr?fx_ and "fine tune" the
-— rd -

interpretation. in. this chapter specific lithofacies

-

sequences will be interpreted on the basis of bed geometry,

lateral and vertical transitlions, paleocurrents and fossil

evidence. The reccrded seguences will then Dpe compared with

ancient unu recent alluvial facies models. Finally, a
comprehensive depcsitional nistory will pe presented for the
Lonchopteris and Linopteris oLl g roca. Dno Lo DUy i

\ .

6.2 THE ALViiAl L FACLES ASSEMBLAG: (A.F.AL)

In section 5.6 the Alternating Facies Assemblage was
interpreted as a meandering fluvial deposit on the basis of
the facles present, their abundance and vertical

transitions. Sets of lithofaclies within the assemblage are

iterpreted here as channel,” floodplain, and wixed deposits

(Figure 6=1)
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£.2.1 Point Bar Deposits

Fining upward sandstone-mudstone packages 3.5 to 8.0 m

thick with the general facies sequence Se-St-Sh/1-Sr

containing lateral ~coervetion surfaces are interpreted as

point bar deposits of meandering channels. Deposits that
are otherwise similar but lacking lateral accretion bedding
are inferred to be 6f similar origin. A summary of previous
studies mentioning epsilon cross-stratificatioq concluded
that not all meandering systems produce thls structure.
{Jackson, 1978). .5 uescriued in the last chapter the bases
of these units are usually erosicn surfaces. Some channels
scour up to 3.5 n iuto underiying uveds. Large plant fragments

and other floodplain debris are commeonly present as lags at

the base of the units (facies Gm). Together, facies Se and

Gm may make up 20 % of the channel sequence, but 10-15 % is

]

a fMore common proportion, Facies St 1is the dominant

lithofacies, forming up to 80 % of some channels, 1in units
up to 6 m thick. Trough cosets fine upward and show upward
decrease in the scale of constituent sets, and a wide
dispersion of unidirectional palebcurr;nts. Deviations of 45

degrees are not unusual in some cosets, but 10-15 degree

differences are more common (Figure 6-2).
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Figure 6-2

Figure 6-2. Channel deposit.with lateral accretion surfaces. From the
From the Alternating Facies Assemblage near Wadden Cove.

Figure 6-3, Fining-upward sandstone-mudstone channel fill.

Beds at top drape over edge of channel, Cape Morien (west side).

]
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Facies Sh,/l either icllows St or is enclosed Dy beds of

St {ekpressed as St-Sh/i-St). Sr is commen pear the top of
most channel deposits, and the lithofacies freguently
foliows St or Sh. Paleocurrent directions mezsured on ripple

marks show a greater variance thern those of trough,

L}

cross-beds. Together facies Sr and Sh/l mey form up to 35 %

<

of the point bar deposits.

Individual point bar deposits may extend over 0. km or
more, or may pass within a few 10's of metres into finer
units of Fl or Fm. They usually pass vertically 1into the

same fine-grained facies,

Lateral accretion (L.A.) surfaces are visible 1in some

channel units because of thin beds (up to 15 cm) of finer

grained material. These suriaces s through the entire
o b

‘0

channel unit, d;pping betweern 6 ana 22 degrees. The

dips are consistent with other

(6]

urements of epsilon
cross- ;ir.tifiontian (Jackson, 1878). Paleccurrents measured
in facies St arc neariy perpendicular to  the dip direction
cf the L.A. surfaces. In one case the beds dipped towards
260 degrees, while the azimuths of 4 <troughs averaged 004
degrees, a 104 degree divergence. Primary current lineation
on the trough base was parallel to the trough axes, but
ripple cross-lamination azimuths varied widely (005-045
degrees). In another case the L.A. surfaces dipped towards

272 degrees, while 2 troughs read 070, and ripples were

measured at 065 and 040, 1In other channels the cxoact dip
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direction of the L.A. surfacés was more .difficult to
determine,

A 1.8 m block of iine-grainéd material is present on the
east side of Cape Morien just nortﬁ of Wadden Cove, at the
base of a large channel. The block consists of thin bédded
{1-8 cmi red and green mottled nudstone dipping 70-80
degrees: It overlies a lag deposit .. mudstone intraclasts,
plant and tree fragments, and is overlain by coarse to fine
St units. The block is interpreted as the remains of an
undercut riverbank that slumped into the channel and ‘was
covered by lateral accretion deposits. Another probable
slump block is present within the sandstone facies

|

wocemulie e, scuth of False Bay (Section 6.4, Figure 6-9).
Units of Sr up to 2 m thick are common at the top of
‘channel sequences. They grade inte facies Fl and Fm and are
interpreted as bar top or levee deposits. In the former case
paleocurrents are generally subparallel to the channel axis
(and the mean trough azimuths), whereas paleocurrent
directions in the latter are approximately perpendicular to
the channel trend. Lateral continuity and unirocinity of bed
tniciknessy indicate  that most of the units are bar top

deposits. They are commonly rooted, and some contain

sand-filled tree molds with diamelerIs up to 35 cm.
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Figure 6-4. Scour filled with very fine sandstone and mudstone.
Scale is 1 m. Cape Percé section.
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6.2.2 Abandoned Channel Deposits

Channel fill deposits within the Alternating Facies
Assemblage are interpreted as products of chute cutoff, neck
cutoff or avulsion. Smaller sandstone-filled channels are
interpreted as splay channels. Together,. four types of
abandoned channels afe present: |

Type 1 - Mudstone to fine-grained sandstone fills scours
from 1 te 4 m deep and 5-18 m wide. The beds consist of
intervedecd sr, Fl and Fm (Figures 6-3,4). Stratification is
parallel to the erosional base, but the upper strata drape
over the edges of the channel, and higher beds are
horizontal.

Similar.deposits fine upward from medium sandstone (with
small scale St} into fine-grained cross-laminated sandstones

and then into Fl and Fgfuafis. As above, the strata follow

the contour of the| channel base and pass upward into
horizontal beds.

The deposits ;esemble Walker's (1981) chute cutoff
depositional profile, Reoccupation of an old meander swale
leads to gradual abandonment of the main channel, producing
a thick sequence of cross-laminated fine sands followed by

vertical-accretion mudstones.

Type 2 - Mudstone channel fills ..om 1-12 m wide and 2-4
m thick are present. The mudstone is either massive or
rooted. If rooted, the roots: originate in overlying

horizontal paleosols and penetrate into the channel fill,
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In some cases mudstone forms the entire fill while in others
it overlies a thin channel seguence (Se-St). The deposits
resemble neck cutoff deposits of Walker (1981), formed when
a meander loop is abruptly abandoned and sealed by a sand
plug. The primary discriminator Between deposits of chute
cutoff and neck cutoff 1is the ratio of Sr to Fl and Fm. A
high ratio suggest chute cutoff.

Type 3 - Fining upward channel sequences from 4 to 6 m
thick and up to 22 m wide are occasionally isolated as
sandstone lenses within mudstone‘ overbank units. This type
is characterized by the complete point bar sequences of
sedimentary structures (Se-St-Sr-Sh/1-Sm), and 1isolation
within thick mudstone seguences. There 1is no gradual
transition to.mudstone at the top of these/sequences. The
deposits are interpreted as products of channel abandonment
due to avulsion because they are situated within thick
floodplain units, with no evidence of  nearby channel
deposition. The main water course probably shifted to a
different part of the floocdplain.

Type 4 - Well preserved lenses of mostly massive fine to
medium-grained sandstone and mudstone filling scours forms
type 4; The lenses are rarely more than 2 m deep (Figure
6-5). The top of the scour fill may form a wedge-shaped unit
on eixhggﬁ;ide of the trough which may extend for 100 m or
more. The sand-bodies may be massive (Sm) or show a sequence

of St-Sh-Sr. 1In one case (north of Campbell Pond} the lens
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was laterally equiva;ent to 8 large channel deposit,
separated by .about 12 'm. The scour fill may represent a
tributary to the- main channel or a crevasse splay channel,.
Unfortunately, the sandstone 1lens was massive and no

diagnostic paleocurrents could be measured.
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Figure 6-5. Scour filled with mudstone. Roots from coverlying
bed penetrate into the scour fill. Cape Percé& section.

Figure 6-6. Well preserved tree within sagdstgne bii.ngem
s;gdstone is interpreted as a splay ceposit. Tree . .

.
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£6.2.3 Levee deposits

Allen (1905/ described recent levee deposits .as being
"silnuous, ribbon-like, prismatic bodies of triamgular
cross-section, the base of the triangle being horizontal and
the hypotenuse having a gentle slope away from the
channels™. Levees and crevasse splay deposits are formed at
the channel/floodplain interface and eare characterized by
coarser sediment (fine to medium-grained} than other
overbank deposits. Levees are formed by periodic deposition
from floodwaters with additional material supplied by
in-situ plants. Levee deposits are best distinJE;shed by

their lateral eguivalence to channel deposits and their

shape (the edge of some splay deposits may be

wedge-shaped, but usually thic ig . a smaller schle the
Lute Fauleozolc aldl youifge.

for the 1levees). | Levees support abundant vegetation,

preserved as in-situ trees, rooted beds, coal stringers, and
well preserved leaves and branches, .Two types of levee
deposits are present: channel proximal and distal. Proximal
deposits contain the greatest percentage of sandstone and
are thicker than the finer grained distal deposits. Facies
include small scale St, Sr, Fl, Fr and Fm. Bioturbation
commonly destroys original structures, producing musslve
beds (Sm, Fm). Distal levee deposits consist of interbedded
fine sandstone and mudstone, with facies Sr, Fl, Fm and Fr
most common. These deposits quickly pass into other overbank

floodplain deposits. Both proximal and distal levee deposits

frequently show’ggpﬂFcation cracks.
oo
oy
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6.2.4 Crevasse Splay Deposits

Crevasse splay deposits from modern meandering rivers
were summarized. by Alien (1955)  as being "narrow to broaaf)\
localised tongues of sediment, sinuous fto lobate in plan , |
deposited over the lower slopes © levees and the outer
margins of floodblains from crestse-channels that tapped
active streams in.flood“.

Tabular sandstone beds wifhout erosional bases between
.25 and 1.5 m thick are interpreted as gplay depecsits. The
general lack of facies Se and St, the aﬁundance cf Sr,
roots, desiccation cracks, and upright trep’J%runks
distinguish splays from small channel deposits. Typically,

splays consist of fine to medium-grained sandstone., Rarely,

small scale troughs are present near the base, but Se is
extremely rare. Ripple cross-lamihated fine sandstone or
massive sandstone make up most of ' the units. Large

sandstone-filled in-situ tree tfunﬁﬁ are obcasionally
preserved (Figure 6-6). The largest }ecorded upright tree
trunk is over 2 m tall. Ball and pillow structures are
occasionally present at the base -of the splays.

Gersib 'and McCabe (1981) descrive similar splay deposits
from the Carboniferous Port Hood Formation at Cape Linzee,
N.S. Two types were distihguished: iplays without mudstone
- partings (their type 2) and splays with mudstone partings up
to 8 ecm thick (type 1 splays),. In this study splays with

thick mudstone partings are considered separate deposits;
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otherwise the 'Sequence of structures-in similar for both
: -
studies.’ ' »
6.2.5 Other floodplain deposits -

Nonmai}ne fossil ostracods (Carbonita fabulinéi and

_mgllusks (Anthracomya) (Copeland, 1957; pers. comm., 1983)

indicéte that ponds or lakes developed witbin the gqccal

swamps. The sige of these water bodies is unknown, but the

-

extremly rare occurrence of f!hna, and the thin nature of
the fossilifefous beds suggests that they were small and
rare, /ﬁhwever, the gbundance of cafggnaceous beds inﬁ}cates
that swémps were a common feature. ) '

Both red (oxidiied3 and grey to black and greyish-green
{reduced) mudstones are present at the same stratigfaphic
levels, as are siderite and hematite. As in the Fredericton
sub-basin climate:aqu&.can not explain the distr%ﬁption of
cdlours (LeGallais, _iQBZ). Fluctuat{ng water levels and
varying amountﬁ of organic mattsix;iziﬁyin the
sub-environments are probably the main controls oflzolour.
As with levee depoéits, roots, t:‘es, fossil leaves and
desiccation cracks are present. Bu. rows are also present,

e

and when beds of mudstone are thinly interbedded with fine

-

sandstone differential compaction produces undulating beds.
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Modified from Rust(1981)
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6.3 THE SANDSTONE FACIES ASSEMBLAGE (S.F.A.)

+

In contrast Lo - the well developed fining-upward
sandétone—mudstone sequences of the Alternating Facies
Assemblage, the S.F.A. Show; a less varied set. of
depositional epvironments with poorly developed cyclicity.
The major_types of deposits are interpreted as channel and
overbank (Figure 6-7}. No lévee deposits or lateral
cccretion surfaces are present., The lower 100 m of the 148
S.i.n. sectlon (Appendix 1) contain overlapping lenticular
channel sandstone deposits, distinguished from each other
only by erosion surfaces. The upper .8 m contain a series of
fining-upward seguences of sandston- -mudstone, similar to

the A.F.A, deposits but with much less mudstone.

6.3.1 Channel deposits (0-100m)

The most common facies sequence in this section is
Se~-St-Sh or Sr, Sp is minor and in many cases Sh and Sr are
absent. Mudstone forms under 10 % of the section, and is
either greyish-green or black. The sandstone units are
“difficult to map because of their lenticular nature; erosion
surfaces are common, and are often marked by greyish-green
mudstone intraclasts and plant fragments. Flute casts are
also common (Figure 6-8.) Logs up to o few metres long are
common at the base of some channels, but conglomerate does

not form more than 8 % of the section.

I
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Figure 6-8. Flute casts at base of a channel sandstone,

South False Bay section.

Tigure 6-9. Steeply dipping fine - gralned beds
stick) are bart of a slump block.

(near metre
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‘ne measured seguence of litnofucies is similuar to Lhone measured
a teston and South Bar. However, the lithology of -the
two sections is generally coarser than that south of

False Bay, with under 5 % mudgtone (Rust et al., 13982).

As pointed out in section 5.6, except for fewer Sp units,
the lithology and sequence of sedimentary structures of the
deposits are similar to facies models of the South
Saskagchewan River (Cant and Walker, 1979). - Another
difference is lateral extent. Lower Morien deposits are at
least 40 km wide, and probably were even more extensive
before post-depositional wuplift and erosion. Rust (1978)
pointed out that braided rivers are confined between valley
rivers walls. Fans énd braidplains are unconfined,. and are
laterally more extensive than valley deposits., Conseguently,
only a fraction of their surface areas are inundated at peak
discharge. On a geologic time scale, however, all parts of

the fan or braidplain are ¢ygentiallv active.
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Table 6-1

/

Lithotypes and facies assemblages of - braided
alluvium. Facies are arranged in order of
approximately decreasing frequency from left to
right, Symbols explained in text. (from Rust,

1578) .

Lithotype Facies Special characteristics

Gravel

Fac. assemblage G[1l]: Gﬁs,Gm,St, Great lithological varia-

(alluvial fans) Sp,Fl/Fm tion. Crude cycles may be
present.

Fac. assémblage Glz]: Gm,Gp, Sp, Sh Gm dominant; usually with

(Proximal braided well-developed imbrica-

rivers and alluvial ’ tion, Gp more abundant in

plains}) pre-U. Paleozonic depo-
sits. ‘

Fac. assemblage G[3]: Gt,St,Gm, Fining-upward cycles.

(Distal braided) 7 Sh,Fl

Sand )

S[1]:Fac assemblages: Sh,Sp}Sr " Sh dominant.

(Proximal braided {Bijou Ck. Vertical and lateral

rivers and allﬁutal type) Se,Sl1, variability. <

plains) St{Ss)(Malbaie)

Fac. assemblage S[2]: Se,St(Ss),Sp, Fining-Upward cycles,
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(Distal braided) Sr,F1/Fm Transitional to deposits

of meandering rivers.

Silt
{(Distal braided) Fl,Fm Lack of association with

sandy chaﬁnel deposits.
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Five braided lithotypes werc distin-uluneu on the pas:s of

lithology, sedimentary structures, and cverall dlasmostic

p—2

characteristics (Rust, 1978). Types G{11-G[3], for example,
are dominated by gravel (Table 6-1). Deposits at Bateston
and South Bar were grouped as S[1] because of the dominating
medium to coarse sandstone, abundance of facies Se and St,
vertical and lateral variability, and poor cyclicity (Rust
et al., '%¢2,. The first 100 m of the South False Bay

section 1s interpreted as a deposit transiticnal between

types S[1] and S[2] because of “the abundance of facies Se”

and St, minor presence of Fl and Fm, and increased tendency
toward cyclicity. Because of the laterall extent of the
deposits {over 40 km) the depositional setting 1is
intefpreted as a braidplain.rather than o river wvalley or

fan.

4342  Channel deposits (100-148 m)

‘nree fining-upward channel seguences are present "in this
interval of the South False Bay section. Mudstone makes up
about 25 %, compared to about 5 % for the f{irst 100 m. The

finins-upward cycles are well deve[bped, beginning with

erosional, intraclastic bases of coarse~grained to
medium-grained sandstone. These grade into medium-grained
ynits of facies St with some Sh and, rarely, Sp.

Altornuting ripple cross-laminated fine-grained sandstone

and mudstone complete the sequences. The uppermost measured

e
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bed was a 1 m wunit of reddish-brown, rooted, fine-grained
sandstone with mudcracks. This 'is the only ;ed bed south of
False Bay. |

The section from 100-148 m is interpreted as a type S[2]
braided deposit because of the amount of mudstone, well
developed fining-upward segquences, and stratigraphic

position between type S[1] deposits and meandering river

deposits (of section 6.2). -

v+JeJ  OTHER DEPOSITS IN THE S.F.A.

Floodplain deposits in the sandstone faclies assemblage
cons}st of grey to greyish-green mudstone to fine-grained
sandstone, and a few thin coal seams. The mudstone occurs in
beds up to 4 m thick, but most are under 1 m thick. Ripple
marks and cross-lamination are common 1in silt-size and
anrser beds. Both the McAuley and Shoemaker coal seams
overlie thin seatearths. As with floodplain deposits from
the Alternating Facies Assemblage, rootlets and mudcracks
are common.

fhe section between 83 m and B85 m (ippendix I,S.F,B.)
is 1nterpreted as a block of slumped floodplain deposits,

;nclinéd about 60-70 degrees, and preserved by overlying

channel deposits, The unit is lenticular pinching out over

35 m, Most of the lens 1is grey mudstone, but where best

preserved alternatin: beds ' of mudstone and fine-grained

sandstone are clearly visible (Figure 6-9).
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Cross-lamination, rootlets and mudc. .cks aré present. Beds
are thin (most between 2 and 10 c¢m) but range up to 25 cm.
There are no other mudstone units within 50 m below or 15 m
above the lens. This attests to the rapidly shifting nature
of the braided channels and the resultant low preservation

potential of overbank deposits within this environment.

t

i‘l

SUMMARY OF PALEOCURRENT DATA

Approximately * 300 paleocurrent readings were recorded
from facies St, Sr, and Sh from the study area., Figure 6-10
shows the distribution of readings for trough éross-sets,
because they are considered to be the most reliable
paleocurrent indicators (Potter and Pettijohn, 1963).
Ripple cross-lamination and ripple mark rcadings are also
shown. The mean orilentation 1s towards the nogtheast (019

for troughs) with a vector magrnitude of 83%. The data

indicate that paleoflow was from the south or southwest, and

that this direction was maintained tnrou-iouir deposition of

the Morien Group in this area. A similar picture is emerging
for the whole_;E the Sydneg Basin, alﬁhough analysis is not
yet complete (Rust et al., 1y982; Duff et al., 1982},
Paleocurrent data for each measured section are presented
in Figure 6-11. Although there is no significant difference
in the mean paleocurrent direction, the range of réadinés is

greater in the Alternating Facies . semblage than in the

Sandstone Facies Assemblage. This is probably a function of
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higher sinuosify channels in the former. Paleocurrents
measured in ripple cross-laminated units show a very wide
spread, probably representigg overbank as well as in-channel
deposition.

There is no indication that ¢ Bateston Fault was aqtive
during the time of Morien deposition. Paleocurrents in the
Bateston section {(measured by Rust and Gibling, in Rust et
al., 1982) are sub-parallel to the trend of the fault. 1If

b

the fault had been active during deposition paleocurrents
3

would be expected to flow away from the fault. It |is

concluded, therefore, that the fault 1is a post-Morien

feature.
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G+5 DEPOSITIONAL HISTORY OF THE STUDY AREA .

The earliest deposits of 4¥e Morien Group in thé study
area are also the coarsest (section 6.3). The Sandstone
Fécies Aigemblage represents deposition on a sandy distal
braidplain, 1locally transitional to a meandering alluvial
system. The braided deposits are similar to type S[2]
deposits of Rust {1978} or the South Saskatchewan deposits
of Cant and Walker (1979J/. The absence  ofgabundant planar
cross-strata suggests deeper channels than in the latter
model, so that sandflats {were developed less frequently.
Vegetation accumulated on non-active parts of the
braidplain, but was fréquently washed away when channels
shifted. As .the basin filled the regiona} slope decreased
and more stable alluvial plains develeoped. The Mchuley and
Shoemaker seams formed under these conditions. The latter is
thicker and more laterally continuous than the former (Hayes
et al., 1938), marking development of progressively larger
swamps within the floodplain.

Older deposits‘at Bateston and in the southwest portion
of the basin are even coarser, anc .hey represent deposits
trad%itiqnal between types S{1] and s(2] of Rust (1978)
{data from Rust et al., 19823. As mentioned in the previous
séction the Bateston _fault is probably .a 'postvMorien
feature. The original margin of the basin pquably extended
a considerable distance to-the south and soufhwest, where

basin margin facies (type Sl and coarser) may have been

deposited. 1 LY v
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The transition from distal braided to meandering

deposition occurred at different times 'in different parts of
the basin. 1In outcrdp in the study area ®™ie change is
gradual and occurs between the top of the sofh False Bay

éﬂégien “and the north False Bay{ section., There 1is no

s

evidence for faulting between t two sections. The

Sandstone Eques Assemblage 1s confined to the Lonchopteris

megafloral zone, but it does not extend into the uppermost ~
part of the zone, At least 50 m of Alternating Facies

3
Assemblage deposits are present 3t the top of agg

Lonchopteris zone.

- *
On the western part.of the basin between Souths Bar and

Victoria Mines the transition from bralded to meandering
deposition takes place near the Linopteris / rtychocurpus

boundary (Rust et al., 19y82) The deposition of 7ozéfljf300'

: A
“ft.) of braided sandstone deposits in close proximity to

about the same thickness of meandering deposits of
Flternating sandstone-mudstone indica?es that depositional
conditions {i.e. wuplift, erosion; suBsidence, deposition§\\//’_
“were steble for the duration of the L. obligua“zone. It is
anticiBated that the’facies change takes piabe.progressively
flower in  the §ection from westr‘to east but drill}hole data
{espegially sandstone or mudstone 1isopach data),ra{f needed

to Yrace this change. T
The amount of mudstone is greater in the uppeg part of

_the Cape Morien (west half) . section and the Cape Percé
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section than for other, stratigraph. -ally lower sections of
the Alternating \faciés Assemblage. This is attributed to
higher sinuosity channels ana\\larger fioodplains, a result
of decreased 'depositfdnal slope. Near the Lop ol tue
obligua zone coal seams become well developed. The
abrupthess of their occurrence, thickness, lateral extent,
and the similarity of other strata above and below éhese
coal seams suggests that climatic or other ecological
factors triggered widespread peat development. However, more
convincing evidence awaits further study.

The basin is_ thereggre clctured as a gently éownwarping
area progressively filled from the sough or southwes€:; As
éhe basin filled the regional slope decreased' and the
drainage system changed from braided to meandering. This
interpretation can. be applied to offshore areas of the

basin, which would be expected to fine towards the center

along isochronous lines,



Chapter VII

oJ

SUMMARY AND CONCLUSIONS

Vd Ay

The Upper Carboniferous Sydney Coal Basin occupies the
northeas£ corner of Cape B;eton Island, Ne.3., and extends
offshﬁre almost to Newfoundland.' Structurally the basin
1s saucer shaped, and except for marginal folding and minor
tﬁrust faulting in the south, all beds dip toward the
center, Three merufloral zones recognized by previous

authors are, from the base u%:ard: the Lonchopteris,

Linopteris obligua and Ptycocarp&s unitus zones. In the

present study sections were measured within the lower two
zones between Schooner Pond Cove ar. False Bay Head in the
southeast corner of the basin. Four .ontinous sections were
measured: from False Bay Head to False Bay, False Bay to
Noneck Point (East side of Cape Morien), west side of Cape

Morien north of Campbell Pond, and North of Lond Beach to .

1.
Donkin on Cape Percé.

Lithofacies were recognized on the basis of sedimentary
structures and grain size, based on the fggﬁe of Miall
(1978). The following lithofacies were recognized: Se

J
(sandstone with erosional scours), Gm (massive to crudely

- 151 -
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horizontally stratified conglomerate), St (trough
cross-stratified sandstone), Sr (ripple <cross-laminated
sandstone), Sh and S! (horizontal and slightly dipping

({under 10 degree)) sandstone), Fl and Fm (laminated and
massive mudstone), C {carbonaceous mudston \and coal), and
Fr (rooted mudifone and very fine-grained sandstone). A new--
facies cogffwgh, is proposed for hﬁssive sandstone deposits.
The section measured south of False Bay is ch&k‘acterized
by a Sandstone Facies Associatiqn-of Gm-Se-St-Sh/1-Sr, with
under 15% mudstone. In the other sections an #Alternating
Sandstone-Mudstone Facies Association is present, with the
mudstone comprising half or more of the sections. The faciqs
sequence is commonly Se-St-Sh/l-Sr-Fl/m-C. Markov Chain
Analysis of the wvertical facies transitions in each of the
measured sections revealed non-random transitions. The
above-random traﬁsition probabilities between facies Sr and
F1/m increased upward in the stratigraphic seguence, showing
the increased influence of these transitions. This 1is

\

attfibuted to progressivly developing floodplains upward in
the sections. |
Lithologically, the rocks in the ~study area are grouped
as sublithic, 1lithic and subarkosi. modified from Lotl's (1964)
classification. In the section south of False Bhy subarkoses
are common, In the other sections the subarkoses become less
important, and none were present above the Coalbrook seam.
The amount of metamorphic rock fragments and poiycrystalline

gquartz increases upward in the section.
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The presence of coals, paleosols (including in-situ

rooted horizons), upright tree trunks with intact roots, and

freshwater ostracods (Carbonita fabulina and . mollusks

(Anthracomya) indicate that the Lonchopteris and Linopteris oblijun

strata in the study area were deposited in a terrestrial
environment. There is no evidence for marine incursion:
marine fossils and thick,' coarseﬁing upward deltaic
sequences are absent, )

The section measured south of Faige Bay 1s interpreted as
a sandy distal braidplgin deposit (Type S[ii] of Rust, 1978)
on the basis of LIétera_l" continuity, paleocurrents,
lithofacies sequence, and the amount of sandstone 1in the
section. The Alternating Facies Association in the other
sections 1is interpreted as-a meandering river deposit.
Lateral accretion surfaces are present within channel
sandstone beds as gently dipping planes that cross the
entire unit, These channel sandstones are interpreted as
boint bar deposits. Abandoned channels filled with
fine-grained magérial indicat?/phﬂ? ':utoff, .neck cutoff or
avulsion. ' Tabular sandstone bodies with non-erosional bases
that freguently preserve upright t-.es are interpreted as
splay deposits. Levee deposits accur as interbedded
sandstone—mudstbne units laferally transitional between
‘channel sandstone deposits and overbank mudstones.

The two facies associations indicate deposition on an

alluvial plain. As the basin filled distal braidplain
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deposition gave way to deposition on a.widg meandering.river
floodplain. The braidplain probably supported a fair amount

. of veéetation, espec;;lly in the transitional stages to
meandering cﬁannel patterns; However, most of the peat and
mud was not preserved 1n place.

.~ The facies sequence of the Sandstone Facies Assemblage
mostrclosely resembles the South Saskatchewan.River model‘éf
Cant and Walker (1979). One important difference 1is that
facies Sp'is relatively unimportant in the study area. This
is probably a function of deeper channels il which trdugh
cross—heds formed. Shallow - water sand flats which may
generaf;\;;;nar cross-beds weré developed more rarely.

Paleocurrent data indicate that drainage‘ was from the
south. o? southwest throughout deposition of the measured
sequence. The lower part contains enough feldspar (mostly
potassium-rich) to produce subarkosic rocks (Dott, 1964).
Feldspar content drops off quickly above the Tracy Seam, and
no subarkoses were found‘above the Ccalbrook seam. The
percentage of ‘polycfystalline guartz and metamorphic rock
fragmehts'increases above the Tracy, and most sandstones are
classified as sublithic or lithic above that horizon. More

sampling 15 necessary 'to. trace these trends across the

-

basin. Petrograpﬁy indicates that during Lonchopteris time

an igneous plutonic ..source area was being actively eroded.

Later, this source became unimportant, and evidence of a

metamorphic source became more abundant.
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The transition from a Type Slii] distal braidplain to a
meandering system indicates a gradual decrease in regional
slope as the basin filled. Rivé{s became more sinuops and
mud was. preserved on a relatively large area of the
flocdplain. As the amount of mud increased, -compaction
became important, and caused water tables to rise. ‘- Swamps
formed in loQ areas and were preserved as coal seams. The
thickness and lateral exfent of the coal seams generally
increase upward in the section.

Integration of }his study area with other parts of the
Sydney Basin awaits'completion of work in those areas. One
aspect in need of attention is the facies change from east
to west across the basin. With respect to time markers
{represented by coul seams) deposi;ién 1s coarser 1in the
western part of the basin (e.g. Victoria Mines) Li.u:i at Cape
Morien. Meandering river deposition commenced earlier in
the east tnan in the west.

A small.syncline was observed of.c<1ore of the Cape Morien
Headland. This indicates tﬁat an anticline 1is present
between this syncline and the Morien Syncline. It is
propocsed that the newly observed syncline and inferred
anticline be called the South Head Syncline and Anticline.
These structures and other new and old seismic and field
data were incorporated into a new structural interpretation
of this offshore -area. It is believed tpat a swing in the

axis of the Morien Syncline towards the south would account



156
for an observed 253 m anomaly in Borehole H-3 from Morien

Bay. ’ ‘



O

Appendix I

STRATIGRAPHIC SECTIONS

PAGE

L N R LR N B I I I ] 158

South False Bay Section - Measured from the first outcrop

north of the Fersuson property

to the south shore of False Bay...159-161

Cape Morien (east half) Measured from the first outcrop

north of False Bay to just north

of Noneck Point, where beach ends., 162-169

Cape Morien (west half)

Measurep from Campbell Pond north

tO EMEry SeamM....eoeeveeesonnnsoesnss 170-173

Cape Percé Section - Measured from north end of Long‘

Beach to Emery seam east of

Donkin..........-.............oo-- 1?’4‘"17?

- 157 -
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©  APPENDIX I
KEY

MDST 'l ROOTS

i .
I
_ St A NTRACLASTS

-

Sh \ / MUD CRACKS

/\ Sr - D BURROWS

WOOD FRAGMENTS

N .. 1B
NN

' CoAL _ g ;-'I/m

_ ' Yvertical scule in metres,
B IN-SITU TREE

arrows indicate paleocurrent direction.

~ Blank space reiresents massive sandstone.

A = rinineg up; ¥ = Coarseningy up; g = Alternating beds.
1
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Appendlx II
PREVIOQUSLY DESCRIBED FLORA FROM THE STUDY AREA

*

- L]

McAuley Seam: - ' o

Family Calamar1aceae l}

Asterophyll:tes equ1set1form15 (SCththElm) Brongn1art

Calamites waldenburgensis Kldston

Family Alethopterides

Alethoptéris davreauxi (Brongniart)  Goeppert

Famlly Neuropterides ,

Neuropterls aculeate Beil = N,pseudoglqantes H. Potonlé

Neuropteris heterophylla iBrongniart) Ste{nberg

Family Sphenopterides.

“sphenophyllum cuneifolium (Sternberg) Zeiller -~

Sphenophyllum cf.. trichomatosum Stur

Shoemaker Seam:” - L

Family Sbhenophyllaceae

-

® sphenophyllum sp. indet,

Family Lepidodendraceae

Lepidodendron dawsoni Bell

Lepidodendron sp. {twig}

at

»

" From Bell (1966) -and Zodrow and McCandish (1980)
| . - 178 - -



Family Alethopterides

Alethopteris davreauxi (Brongniart) Goeppert

Alethopteris valida, Boulay

Lonchopteris eschweileriana Andrae

Family Neuropterides -~

Linopteris muensteri (Eichwald) H. Potonié

-

Neuropteris rarinervia ~Bunbury

Neuropteris sp. indet.

Neuropteris tenuifolia (Schlotheim) Brongniart

Family Pecopterides

Odontopteris subcuneata Bunbury

Family Sphenspterides s

Sphenopteris cf. striata Gothan

§phenopteQis (Diplotmema) Bell

Tracy Seam:

Family Neuropterides

Linopteris peuropterides (Gutbier) H. Potonié

Neuropteris tenuifolia (Schlotheim) Brongniartf

. Family Paleopterides

Eremopteris-artemisiaefolia (Sternberg) Schimper

Family Sphenopterides

Sphenopteris cf. striata Gothan
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