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T ABSTRACT
b4
The onshore part of the Sydney Basin, Nova Scotia, comprises a 1.8 km
fining-upward succession of coal-bearing strata, extending from the
Vestphalian to post-Morien (Permian) Group. Facles analysis for the Svdney

Mines Formation (uppér Morien Group) .shows a meandeéing fluvial plain

" depositional envircnment in which sandstores, siltstones and mudstones were

deposited in channels and flood basins. A northeastward drainage was
maintained throughout, .and the basin records gradually decreasing slopes as-

soyrce relief was worn down during a period of tectonic quiescence. The

»

.economic coals of the upper Morien are thick and extensive and formed under

wvet. conditions in large flood basins between major meandering channels.

The main characteristics of the fluvial system and the controlling
factors in the upper Morien Group (Sydney Mines Formation) are:
1) Depos?tion :ook‘place in low-gradient, low-energy streams.
2) These were mixed-load,.high-sinuosity channels within a lesser
sinunsity meander belt. |
- 3).Point—bar, levee deposits are wéll deveioped and overbank

deposition and"floodplain}deposits are widespread.
4) Epsilon-cr;ss-stratifiéation is a characteristic structure in
Ehe.best developed point-bars.
5) Cyclicity is autocyclic (channel migration and avulsion) in a
steadily subsiding basia.
6). No éelcaic—type.marine.incursions are present.
Stromatolitic limestone units in the Sydmey Hiheg Férmgtion occur ui:hip

mudstones in repetitive fining-upward, coal-bearing sequences, interpreted as

meaudering-flﬁvial cyclbchems. The fluvial association, the presence of a _.

-
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nonmarine fauna and the lack of marine fossils indicarte a lacustrine

environment for the algal units. Horizontally laminated and domal forms are

present, the latter encrusted on oncoids, which are attributed to moderate
wave agitation. The stromatolites occupy a position analogous to the marine
~_bands in_paralic coal sequences and represent repetitive lacustrine
dévelopment within the fluvial cyclothems of the Sydnmey Basina.
Algal limestones contain abundant fish fragments. A wde variety is
present, including remains of bony f£ish, lungfish and xenacan:hi& sharks. O0f .

these, the most significant environmentally are the lungfish and teeth and

L7 pr ]

X skeletal fragments from freshwater xenacanthid sharks. Their presence
Nconfirms the earlier di#gnosis of nonmarine_condicions deriveé from the
nature of the sedimenﬁary sutcession and the oﬁher biota present. Lithologic
and faunal associations suggest that the xenacanthid sharks lived mainly in
shallow, alga-bearing lakes on ailuvial plains, whereas éhe bony fish we;e
also tolerant 6f m&re restricted swampy environments marginél to the lakes.
Paleocurrent studies indicate comsistent northeastward tra;sﬁort through
space and time. There is -little indication of basement influence at present
basin margins, implying thgt_the basin formerlvy extended further to the
~—Southwest. The basin records a period of incréasing tectonic quiescence, as
_source relief inherited from earlier deformatiom wa§ progréssively worn dowm

and slopes decreased with time.

-
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oo CﬁAPTER 1. INTRODUCTION .

1.1 Introduction

Coal has long been one of the mos; important ﬁineral products of Nova
'Sco:iae wigh nearly 500 miilion metric toms extracted so far. During the top
production years coal was extensively mined in éigh; separafe fields, of
whicﬁ the lafgest ({n terms of both availabie resources and size) at Sydney

contributed 77X of the total (Hacquebard, 1983). Results of offshore

drilling show that this field is much more important than previously thought.

It is located in northeagrern Cape Breton Island, Nova Scota, occupying a’

g -

lowland zone along the Atlantic Ocean. The landward extent of this field is -

.about 50 x 40 km (Fig. 1), but it is believed to extend seaward nearly to

Newfoundland and occupy some 36,000 km?. The existence and extent of the

. - . . - {
- offshore basin was outlined by King and MacLean (1976) by shipboard seismic,

0y

acoustic and bottom sampling methods, showing that the onshore area T
éepresentg only 3Z of the projécted region. Reserves have been estimated at
ngarly-ZI'million.mptric tons for the near-surface onshore depos%ts Qnd at
1.6 billion metric tons pf_demouscrated coal for the offs%oré zone éo a depth
of 1520 m below sea level and approximately Il km from shore_(Hacquebard,’

1983).

Mining History
Coal was first mined in 1720.in the Port Morien district by the French
H-::l Q}litary of the Louissdurg Fortress. Mining of coal continued sporadically
until the formation of the General Mining Association (GMA) in £825, which
began the systematic exploitation of cocal of the Sydney coalfield in the

Sydney Mines area. The wid-1940s witnessed the greatest prosperity, the most



f . \
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productive period, and the'most ‘mines working. In 1968 all remaining
operations were taken over by Ehé Cape Breton Development Corporation

{Deveco). By 1976 oni; three ﬁinés renained operating: the Prince (Point

N f P

Aconi}, the Lingan (New Wé}é{fééd) and the Devco #26 age Bay). Devco is
now developiﬁéﬁ;\ngg,néﬁé in ;ﬁe Donkin Reserve Area (sou;ce: Nova Scotia
Dépt. of Mines, 1978).

A wealth of information is available on the coal from the‘mined areas.

. Most of these data can be found in the numerous detailed reports on the

e

various seams by Haites (1948, 1949a,b, 1950&.b,.1951) and by mine_geologis;s
iﬁ the files of Devco and in the various reports resulting from the work of
P.A. Hacquébard arnd his collaborators (see p.4).

There are twelve major seams in the Sydney coalfield, all outcropping
along the coast in broad open folds that trend northeasterly to easterly. The
&oungest is at Point Aconi (the Point Aconi seam) and the oldest (thé Tracy)

* :
near False Bay (Fig. 1, Table 1). Their thickness varies from 1.2 to 3.0 oo
and eleven of the seams have been mined commercially or "bootlegged" ti.e..

’

unauthorized mining'by the local population) at some time. Each of the
twelve se;ms has been given different names in'differgnt mining districts.
To avoi&.nfusion, a general na.me for each seam within the entire coalfield
h;s been aéepted (Table 1}.

Generally speaking, all the Sydney coals are classified as high volatile
A bitumingus coal, but there are significant variations in their vitrinite
reflectance (Hacquebard et al., 1967; Cameron, 1971). The ash content is

low, averaging 6X; the sulphur content is variable, ranglng from 1.5 to 5%,

even within the same seam (Hacquebard, 1983).

.



1.2 Bistorv of geological investigations

Haliburton (1829) was the first to &efine the "Sydney Coalfield.”" He
gave a broad classification of the rocks of Cape Ereton and described the
structural geology of the coal measures and the moét prominent cecal seams
exposed al;ng the coast. Brown (1871) divided’tﬁe Carboniferous of Cape

Breton into four distin¢t unicss

Productive Coal Measures

Millsteone Grit

Carboniferous Limestone

Conglomerate -
This nomenclature was based on comparison with the Eurcpean divisions of
the Carboniferous and was adoptéd by late;ﬁworkers. Browm includ;d a
detailed section and description of_ﬁhe coal measures exposed on the north
side of Sydney Harbou;.
Dawson (1873) described fossil plants from the_Hid&le and Upper coal
formations of Nova Scotia and divided the coal measures into five units:
A) Upper Coal Beds. - all seams from upper part of Morien Bay
B) Middle Coai Beds -~ Tracy seam and accompanying thinner seam#t
C) Léggr Coal Beds - seam outcropping west of False Bay beach
D) Millstone Crit - bglow the lowest known coal seam
E) Lower Carboniferous - underlying strata

Dawson (1891) pointed out that the Sydney coal measures contain numerous beds

with Naladites, Cythere, Spirorbis worm tubes, fish scales, etc.
The earliest systematic geological field mapping of the Sydney éoalfield
was by Charles Robb, assisted by Hugh Fletcher of the Geologic31'Survey of
Ve

Canada in 1872-75. The results of this work, including two maps on a scale of

one mile to one inch and several vertical sections of the strata at a scale

~
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of 400 feet to an inch, were puglished in GSC Reports of PFogresg for
1874=75. TFletcher revised and updated the geological data from 1895 ;; 1897,
and an additional threé TAPS ve;é published., Robb and Fletcher's u;ps and
reports have served as the basis for subsequeni studiés as well as thé oining

development of the ccalfield.
The most slgnificant contribution to cur understanding of the

.

subdivisions of the Carboniferous in the Maritimes and their correlation with
the United States and Europe was made by Walter A. Be;l. His cont:ihutioﬁs to
the paleobotany (1938), stratigraphy and the iAvertghrate paleoﬁtology (1938,
. , A . .

1944) ofrEbe’Carboniferous in easterm éanada remaiﬁ; uﬁeﬁualed. The_maps by
Hayes ef al. (1938) and Bell and Goranson (1938a.b,c) ate based to a large
exte?ﬁ/on his work. |

'Under the direction of P.A. H;cquebard and with the collaboration of
numerous researchefs invéluable information was gathered in the fields of
coal petrography, coal sedimentology and Carboniferous palynnlogy: Important
contributians include the works by Hacquebard {1950, 1961, 1972, 1980, 1983),
Hacquebard et al. (1965, 1967), Hacquebard and Donaidson {1969), Hacquebard
and Avery (1982), Barss eé al. (1963), Ba;ss and Hacquebard (1967), and

Cameron (1971).

1.3 Aim and scope of this study
This Ph.D. dissertation is part of a gemeral geological study (including
the sedimen¥ology and stratigraphy) of Carboniferous rocks in the $ydney

Basin, Cape hreton Island, Nova Scotia, initiated cbnqprreﬁtly in 1981 by Dr.

B.R. Rust of the University of Ottawa, the Nova Scotia Department of Mines

~ and Energy and the Geological Survey of Canada as part of the Canada-Nova

Scotia Co-Operative Mineral Program (CNSCMP).



" some of the limestone present (Chapter 5).

.- - ) s

. The main object of this thesis is the detailed investigation of the
stratigraphy and sedimentology of the coal-bearing upper Morien Group P
(Pennsylvanian) in that part of the Sydney Basin east of Sydney Harbour and

comprising the sedimentary package between the Emery and the Hub seams (Fig.

1). This was achieved by the detailed mapping of coastal sections and by the

-

examination of cores from nine boreholes from the offshore area. Locations

of sections aqﬁ borehoYes ére given in Fig. 1.
Other objectives of the presént study include:

1) the oﬁtlining of new ;ithostratigfaphfc subdivisions of the
upper Morien (Chapter 2); |

2) the description and discussion of the petrography of all
iithofacies presgnt (Chapter 3):

3) the interpretation and definition of the environments of
deposition (Chapters 4 aund 5); aéﬁ

4) some aspects of the diagenesis of the sandstone tChapter 4) and

N
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\ ’ CHAPTER 2. STRATIGRAPHY

.

2.1 Introduction and éeneral stratigraphic seﬁniqg

In ascending stratigraphic order the Carboniferous succession of the
Sydnei,aésin comprises the Grantmire Formation, the Windsor Group, the -Point
Edward and Cape Dauphin Formations (Canse Grbup). the Morien Group and
unnamed red beds, herein termed the post-Morien.. These reck uniég Tange
(collectiveiy) ;n age from Tournaisian té Stephanian. .The poécrﬁorien Tocks

also contain Permian strata {Belt, 1968a,b)}. Their stratigraphic

. - .
relationship is shown schematicakrty in Fig.:2, and theiﬁ;gﬁin characteristics

were outlined by Giles (1983). <
The Morien Group (Pennsylvanian) of eastern Cape Breton Island is
correlacted with the Pictou Group, which has a wide distribution in Maritime

Canada (Bell, 1944; ﬁacquebard, 1972). It consists of approximately 1,850 m

of variegated sandstones and mudrocks with minor conglomerates, limestones

and coal seams. It overlaps older strata toward the northwest (Howie and
Barss, 1975). In the onshore parts of the basin, rocks of the Morien Group

have been assighed a Westphalia and_D-4ge on the basis of the megaflora

and spore/florule (Bell, 1938; Hacquebard et al., 1965). The Morien Group.
extends into the Stephianian at Point Aconi (Hacquebard, 1983) and in the
offshore areas.

The base of the Morlen Group is exposed at Cape Dauphin and at

—
—y

Boularderie Island and comprises strata rangiﬁg from cobble conglomerate to

pebbly sandstone and sandstone. However, the basal exposures are all limired

in extent and are separated by considerable gaps from the extensive sections

of higher parts of the succession. These major sections permit the

Qecognition of two major lithostratigraphic subdivisions of the Morien Group



throughout the basin, the boundary between :pem being diachronous on 2

o

regional scale (Giles, 1983).

The lower subdivision of the Morien Groﬁp is estimated to be 900 w and

; PN ‘
1s dominated by grey sandstone, medium te thickly bedded, with minor,

discontinuous units of grey shale and noneconomic coal occurrences near the

L -

top. Thin lensoid beds of conglomerate occur throughout and medium- to
large-scéle trough cross strata are characteristic (Rust et al., 1983;°
-Gibling and Rust, 1984).

4
‘The upper subdivision of the Morien Group is approximately 600 m thick

aTvigm

in the onshore areas and is probably much thicker offshore. Beehner (1984)

recégnises "unnamed redbeds" offshore, which are apparently post-Morien. The

-

base is defined by the first. appearance in the successlon of thick, laterally

continuous mudrocks, which are typically grey in colour. The upper boundary
‘ s

e

is presently undefined. Rocks characterising this subdivision inclﬁde grey
shaleé and ;ilty ﬁudscones with associated coal seams, several of which are
of major economic importance. Variable sandstone bodies, mostly grey iﬁ
colour, are Iinterspersed thréughout the succession.

These two major lithostra;igraphic subdivisions of the Hofienxcroup are
independent of the tﬁree fossil megafloral assemglage zones (Table 2)
recognised by Hayes ét al. (1938), Bell (1938), Bell and Goramson
(1938a,b,c), which Hacquebard (1983) ana Barss aef Hacquebard (1967)

-

confirmed on the basis of spores. The basis of Belf's subdivision was

biostratigraphic. The Morien Group, which is supposedly the time- 7
stratigraphic equivalent in eastern Cape Breton Island of the Pictou Croup
(Bell, 1944), was subdivided by Bell (1938) into"three megafloral assemblage

zones. Adherence to this subdivision has required the placing of boundaries

within the Morien Group where no lithdlogical change is present. This has

-

-



created much confusion and has led to units defined on biostratigraphical

grounds beiﬁg used as lithostratigraphic unics.
Boundaries between these bilostratigraphic zones were mépped across the
Sydney Basin by Hayes et al. (1938) and Bell and Coranson (1938a,b,c). Haves

et al. (1938) drew the boundary between the lower (Lonchopteris) and middle

-—

"(Linopteris obliqua) zores at the Tracy_seam‘\i?d that between the middle and

. upper (Ptychocarpus unitus) zones at the Spenper or Emery seam. Thes?‘i_
authors did not indicate that any “other lithost}atigraphic criteria were
taken into account in the subdivision. Zédrow and McCandlish (1978.;1980)“
have recently combined the upper two of Bell's zones into one zonehtcﬁe

Linopterié obliqua zone).

Geological studies of Carboniferous rocks in the Sydney Basin (Cape
Breton Island, Nova Scotia) were initiated in May 1982 as part of the. |
Canada-Nova Scotia Co—Oﬁerative Mineral Program (CNSCMP). Concurrently, Dr.
Brian-Rust..of the University of Ottawa, énd several graduate students under

his supervision undertook detailed sedimentological and stfacigraphical

analysis of the Morien Group. Preliminary results outlined in Rust et al.

(1983) have permitted significant advances in the geological understanding of

the Morien Group.

Continuation of the CNSCMP Program during 1983 has resulted in the
collection of additional data permitting the tentative stratigraphic
subdivision of the Morien Group into mappable formations. This new

stratigraphic nomenclature, outlined by R.C. Boehner (1984), but as yet not

formally proposed, is summarized in Figs. 2 and 3.
. This scheme divides the existing Morien Group into the South Bar (SB)
and the Sydney Mines Formation (SM). The latter corresponds to the

"alternating facles assemblage of Rust et al. (1983) and the former to the

'.“].
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pebbly sandstone and sandstone aséemb;ages of the same authors. A red bed
unit between the SM and SB formations near Wadden Cove, outside the study
area, is as vet undefined.

The proposed type section of the South Bar Formation is located on the

east side of Sydney.Harbour,'frcm south of Liscomb Point to Victoria Mines.

- The basal part of the section is covered but the top is exposed and is in

conformable contact with'th%;basal part of the Sydney Mines Formatioﬁ (i.e.,
Appendix A, Fig. 1, Victoria ﬁines section of the présent'scudy). The South
Bar type section is virtually continuocusly eiposed in cliffs and wave-cut
p}atférms. It corresponds closely, but not exactly, to the lower subdivisign
of the Morien Group (Figs. 2 and 3 and Téb1e~2: i.e., Lonchopteris and
LinoEterié zones of Bell).

The type section of Fhe Sydney'ﬁ;35§‘56rmation is loce:ed on the
northwest side of Sydney Harbour, from Stubgert Point to the Point Aconl seam
north of Cranberry Head. This section has_been_investigéted by Margaret Best
(Best, 1984). The type section was selected on the basis of continuity of
exposure (70X exposure) %?d ease o} access. All the coastal sections
measured for this study are lateral equivalents to the type section for the
Sydney Mines Formation. This formation is characterised by great lateral

variation from section to section (see section 2.3). The base of the

‘formation is jﬁht-below the Emeryv seam and the top is located at the base of

the-riﬁ’beds overlying the Poidt Aconi sean. ' o

The Sydney Mines Formation does not correspond exactly to the fine
coal-bearing upper sub&ivision of the Morien Group, or Ptychocarpus zone
(Table‘Z). The present study further subg;vides the Sydney Mines Formation
iﬁco "informal mappable li:hoétratigraphic zones" and beds (Fig. 4 and

secﬁioﬂ 2.3).
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2.2 Definition of sections measured

The piésent study 1is concerned with néas?redrsectiqns of coastal cliff
exposures of the Sydney Mines Forma@ign.between-Sydney Harbour and Morien
Bay. The locations of the measured seétions and of the wells fréﬁ which core
was examined ;re shown in Fig. 1.

The rocks of the study area are shown on published‘geologicaltmaps 361-A
(Bell and Goramson, 1938¢) and 362-A (Hayes et al., 1938), compiled from the
—~  omapping by A.0. Hayes in 1917-19, W.A. Bell in 1921, 1930, 1931, and E.A.

Goranson in 1930, 1931, The Sydney Mines Formation is the main coal-bearing

unit and does not correspond exactly to the Prychocarpus unitus zone of Bell

(1938). The lower comtact is located approximately 10 m below the

~

Ptychocarpus unitus zone at the Victoria Mines section (Table 2).
-~
The rocks studied consist essentlally of interstratified sandstone,

siltstone, mudstone-claystone, shale, limestone and coal.n Their lithology
and chaéa;terigtics are described ;nd discussed in Chapter 3. Fig. 5 gives
the tétal thickness and the relative percentage of the main 1itholagiéal
grouﬁs for all sections measured. Continuity of measurable rock exposure
varies greatly from section to sectlon. .This is a direct reflection of the
high degree of coastal erosion taking place. For example, measurable
expos;re reaches a maximum of 280-285 m in the New Waterford and the Glace
Béy Wga€ sections, whereas at Schooner Head it reaches oély 60 m. Covered
/
p;tf;'of sections were measured directly or by pace and compass method and
7 incorporated into the sections. The thickneaé of covered sections exceeding
15 = Qas estimated from aeriél photographs; lateral relationship; between
facies ﬁere also observed. )

Detailed stratigraphic sections tﬁrough the sedimentary package between

’ /
the Emery and Hub seams (locations in Fig. 1) are given in Appendix A, Figs.

-



1-8. Scratigrapbic correlations of these sections, using the main productive
coal seaﬁs as datum lines, ;re given in Appendix B, Figs. 1-6.-

Because of the economic importance of the-coal beds, subsurface rocks of
the Sydney Basin have been penetréted in many locations by offshore wells.

- Examination of core records from 9 of these wells (locations in Fig. .l)

A <

. permitted lithofacies analysis agd comparisons with coastal séctions. Data
from boreholes are tgo sparse to be iﬁcludea with the detailed coastal )
secti;ns. HSEE?E;T‘ége lithofacies observed in well cores are similar to \J//F\‘\5
those in the coaéial sections, indicating that there are no significant
s;dimentological and étratigraphical changes, at least as far as well'control

. goes, about 10 km offshore (Fig. 1). Lack of continuous';ore recogfred'(mosf

vary from 5 to 40 m and only one exceeds 100 m) and uncertainty as to exact

vertical location (mainly because of coal removal from core and/or pooT

-

recover&) make correlation with units from the coastal sections unfeasible in

most cases.

2.3 Lithostratigraphic zonation of the upper Moxien Group

- . A study of the detailed stratigraphic section;??zg;sﬁﬂdx A) and their °

\
- correlations (Appendix B), as well as the data.outlined in‘Fig. 5, suggest

important modifications to the non-marine model advocated in the literature

s

and briefly outlined previously in.this study. The fine, cocalrbearing upper
Morien Group (Sydney Mines Formation) has many features characteristic of

meandering_river, alluvial-plain and related pond-lacustrine-deposits.‘ Rust

-

"~ and Masson (i981) enumerated such features for the Port Morien ang Victo:ih
Mines sections, but further work has shown that they are found in all

sections measured in the upper Morien Group. The sedimentology and "
¥ ~
depositional environzents of the upper Moriem Group as well as detailed
: . Nt

———
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. all or parts of a bed, a member, a formation or even a group" /(NACSN-AAPG,

N\

~
e
~
L

accounts of séveral examples of the most characteristic sedimentary bodies

and their vertical and lateral relationship are discussed in detail in-

-aﬁapters 4 and 5.
Correlation as defined in the North American Stratigraphic Code
:(NACSN~AAPG,-1983) is "the demonstration of correspondence between two
geologic units in both some defined property and relativcﬁstratigrapaic
position.” Lithocorrelations (linking units of similar lithology and .
stratigraphic'position).of the measured coastal sections using the mai#
productive coal seams or their covered equivalents as datum lines are plotted
as colurmar sections in Appendix B, Figs. il to 6. 1In general, the
thickﬁesses of sedimentary c¢olumns for the correlared sections enclosed by

any two datum lines do not show great variation. An important exception is

~ the Morien North section, which is significdntly thicker than the other

sections to the west. Correlation with thg other sections of similar
stratigraphic position was not successful. This section, although
illustrated in Appendix A, Fig. BB; is not shown in Appendix B.

A lithostratigyaphic unit is "a defined body of sedimentary, extrusive
igneous, metasedimentary, or metavolcanic strata which is distinguished and
delimited on the basis of lithic characteristics and stratigraphic éoéition"

—

(NACSN-AAPG, 1983). The term "zone" is an informal unic that "may~-focly

. * —
1983), and the term "member" is a formal unit next in rank/below a formation,

I
recognised ‘as a named entity within a formation because it possesses
characteristics distinguishing it from adjacent parts of the formation.”

In the author's opinion, the lithostratigraphic subdivisions of the

upper Morien are sufficiently distinct and laterally extensive to be assigned

. member status, but because the regional study to substantiate this is not

¢
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completed, I refer to the units as "informal zones A to E succession" within
the still-t;-be-defined Sydney Mines Formation:

From the colummar sections (Abpendix B, Figs;~1-6), five "informally
designated mappable ;ones"’have been rec;gnised on the basis of similar
lithology._stratigraphic position, and facies assemblages, in particular the
vertical And lateral dis;ributi;n of the channel sandstones, fine-clastic
sediments, coals and carbonaceous shales and liméstones {(Fig. &4; FTigs. 1-6 of
. Appendix B). , | -

'Th; criteria used for-the subdivision are ‘based on facies intérpretation
such as: abundance and predominance of channel sandstone, overbank sandstone
and floodplain muds. The exact_locations, the vertical and lateral extent,
the lateral 1lithological variation and the selected boundaries for each zone
are outlined_in dgtail in the figures of Appendix B. Fig; 4 includes:
thickness of each zone, cumulative. thickness and exact ﬁosition of conract of

»

each zone using the New Waterford section thickness as reference; the

~

distribution, lateral extent and coastal sections where the 'zone is exposed;

relation of the main ceal seams to each zone and the main lithological

-~

assemblage defining each zone. ™

The greatest usefuluness of the criteria for subdivision 1lies in thedir °
correspondence to enviromment of deposition. Fig. 4 and Appendix B reveal
that the zones reflect such changes.- Thus the sequenée from zones A to E
represents a fining-upward Qegatrend, refle;ting a vertical cﬁange from -

channel to floodplain dominance.

The following types of facies assemblages are defined:

limestone beds (zones B an¥ D);



| -

C)} floodplain-dominated with minor secondary channels and

L3

la;ustrine limestone beds (zonme E). : -
fhese three mdin facies assemblages will be the baéi; of the
sedimgntology discussion of Chapters &4 and 5.

Coal development in the floodplain en;ironhents of the Sydney coalfield
has been studied in considerable detail 5y ﬁacquegard and his.collaboracors.
Hécﬁd%bard and.Donaldson (1969) showed that entire seéms.or individual seam
benches mainﬁain nearly the same ﬁeight of coal over a distance of .some 40
km. Clastic parting in the coal is ext?nsive'at lateral margins of seams and
is the result of the interaction between fluvial sedimentation and peéc
accurslation. A westward expansion in successive seams and a w;stward
nigration of the depositional center in successive seams was also observed.
This is borne out by Hacquebard and Dghgldson (1969, Plate 1). ‘Within this
depositional setting several ﬁarameters determine and control the potential
for extensive. peat formation: |

1) botah{cal parent material;
. 2)‘élimate; . .
3) detrital influx from fluvial ;;uqce;
_4) frequency of suitchiné of ﬂluh?al source; Y
5) subsidence leading to pond or lacustrine conditions;
'6) fluctuation in level of water table. |
Each of these factors will in turn have a airect ipfluence on the. variabilicy
of the ash content and the mineralogical (maceral) coﬁposition of the peats.

Stratigraphic observations of the main productive seams from coastal

sections (datum lines bflfigs. 1l to 6 in Appendix‘ﬁ)-are tenuous, mainl;

-

because of the discontinuity and/or poor quality of most seam_ exposures. In

oy

e
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addition this study only deéls with that part of the basin located e;st of
Sydney Harbour. However, a few interesting observations can be mad;: v

1) All major seams\(except the‘Hub) occur in the floodplain.
dep?sits of fluvially influenced zones; the extent of the coals shows that
peat persisted right across the floodplai;s.

2) More pronounced splitting, Aigitation and interstratificatién
has been cbserved in exposures of t@e Emery, Phalen and Bouthillier seams,
indicating stronger influence from fluvial sedimentation. .

B 3) Lesser fluvial influence Qas apparent'in exposures of the

-

Backpit seam. -

Observations 2 and 3 are in agreement with those of Hacquebard and Donaldson
(1969).

The study of the columnar sections (Figs. 1-6 of Appendix B} shows that
many seams other than the main productive ones exhibit 1aterél thinning,
discontinuity and a high content of interstratified fine clastic material,
makiné standard methods of correlation by stratigraphic intervals very
difficult and in many cases imposgible, The splitting, digitation and
rejoining of these coals are caused by the distribution of the associated
sedimentary rocks, especially crevasse-splay aﬁd channel-£fill sandstones.
Thése represent short-tefm input of crevassé—splay clastics or migration of
- fluvial channels into‘interdistrihutary peat swamﬁs.

Some ¢oal seams are laterally equivalent to lacustrine iimestone bodies
(e.g., Appendix B, Fié; 4, GBW 130 m), indicating that in placeg swamps were

laterally transitional into shallow lakes.
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CHAYIER 3. LITHOLOGY, PETROLOGY AND FOSSIL CONTENT

_ | J -

3.1 Introduction

The 1ichélogy of the sections studled was evaluated from the detailed
séudy of 1026 hand samples, sedimentary structures and contacts bétween
units: Nine lithofacies were recognised. The sandstones were named
according to the classification of Hansfielé and Ahlbrandt (1978), .
illuscraged in Fig. 6. To simplify desecriprion and to avoid repetition,

these lithofacies have been grouped under the following headings:

e Sandsteone lithofaciles:

conglomerate to very coarse quartzolithic and quartzosublithic

sandstone

coarse-medium quartzolithic to lithisubquartzose sandstone

-

nediun-fine quartzosublithic to lithisubquartzose sandstone

- fine~very fine lithisubquartzose to lithiquartzose sandstone
) Fine—clasti; li;hofacies: |

- interstratified sandstone-siltstone and shale/mudstone

- silty shale and/or mudstone-claystone

-~ nodules and concretions’

~e Limestone and fossil con:ent-.
® Céal
Miall's (1978) Depositional Facies scheme- and Reineck and Singh's (1575.
p.82-83) terminoloéy for shapes and thickness of strata are used in the
following'discussion. Detailed description and discussion of the diagenetic
featuré; of these lithofacies will be pﬁesented in Chapters 4 and 5.
In this secﬁion, each lithofacies type is dgscribed in detall, followed -

by an environmental interpretation. Because individual rock typés in the
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sequence have certain similarities in geometry, internal structures, grain

-

size and composition, an attempt is made in Chapter 4 to_relate sedimentary.

structures, lithofacies types and depositional facies.

L]

3.2 Sandstone lithofacies i

Injmost cases the main component of the sandstones is moderately )
__subrounded to angular quartz (20 to 80%). Quartz grains are strained and/or
unstrained and in the coarser fractions are wuch more angular. .Chert grains
are locally present. Metamorphic qﬁartz fragments are locally common and are
m;re prominent than igneous fragments. Other minerals include‘variable
percentages o}'mic;s (muscévite and.biotite), chlorite and altered and
non-altered ferromagnesian minerals” (hornblende, pyroxene), micor localised
plagioclase, alkali-feldspar and a few graiés of tourmaline, epidote, .
apatite, sphene and zirconm. 6fganic fragments and mud intraclasts are
important components {10 to 50%) and extensive hematite cement 1is locally
abundant. The.principal rock fragments are sedimentary in origin, mainly the
va?ious types of mudrocks, limestones, ironstones and sands;oues found within
‘the succession; metamorphic fragments are locally common, whereas igneous
fragments are uncommon. Lithic fragdents dzcrease from 80% in the coarsest
lithofacies to less than 10% in the finer lithofacies. Clay matrix may form
up to 302 of gome poorly.sorted sandstones. Silica cement and/or calcite
cement amounts to 25X In some sandstones. Extensive intermixing of clay and

silica and/or calcite cements is common in the medium to very fine fractioms

of the sandstones.

3.2.1 Conglomeratic to very coarse quartzolithic and quartzosublithic
sandstone
This lithofacies is genetically related to the codrse-medium

quartzolithic to lithisubquartzose sandstone lithofacies, both
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forming channel lag deposits. The clasts vary greatly in size, shape and
composition (Plate 1). Tﬁey range in size from 2 few millimeters to tens of
centimeters and, depending on the type of material, can be subrounded,
angular, flattened or eiongated. Various tvpes of‘shale and mud clasts
(i.e., grey, black, purple, mo:tIEd), finer sandstone ciasts, .
extraformational quart;. sideri#ic nodﬁles. limestone fragments, metamorphic
rock fragments, igneous rock fragments, ofgéﬁic and‘plant fragments f;nd i
some units layered tree trunks) are commonly observed as clasts in this
lithofacies. The;e fragments-can forﬁ up to 60% of the units and usually
occur with the coarse-medium quartzolithic sandstone. éenerally speaking,
the lower suifacg of this unit is sharp and in most casés erosional.

Besides forming channel lag deposits (Plate 2), this lithofacies also

forms beds of variable thicknesses (several cm to 1.5 @) in the following v

environments:

- basal lag in thicker trough cross-bedded units from lowermost

' -part of channel fills;

- tabular beds representing sand waves or rip-up intraclastic

-

“units; {

- lower part of fining-upward poinﬁ-bar sequences;

= basal part of codrser tabular bodies and rippled bodies ‘from

levees and marginal channel environments.

4

3.2.2 Coarse-medium quartzolithic and lithisubquartzose sandstone

This lithdfacie§ is a "salt and pepper" unit with 20.to 40% of its
components in the coarse sand size fractiom (Plate 3&). The quartz content
ranges from 40 to 75%, as subangular to angular grains. Angular and platy
mica .flakes (5 to 20%), mostly muscovite b;t also some biotite and chlorite,
oceur ;s laminated concentrations or as coarse to medium randomly scattered

grains. Variable bq} generally minor amounts (1-7%) of angular to subrounded
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chert, feldspar (plagioclase exceeding K-spar), opaque minerals and pyrite
grains are present in some cases. Organic matter and plant debris is .
abundant in some units (up to‘BOZ) commonly in association with mica flakes.
.Angular to sugangular ¢lasts of shale, mudstone,_sideritic or hematitic
mu&scone, silty sandstoné, fine to verv fine hematicic sandsconé and
coal-bearing carbenaceous shale and metamorphic rocks éré also present in
this lithgfacies. A.few grains of tourmaline, hornblende, apatite and sphene
are present locally. 1In general, detrital caléite crystals and calcareous .
cements are not prominent and are very localised. Clay content is variable
(5-20%) and gement is principally si;iceous, both as material intermixed with
. the clay and as sclution silica welding the quartz grains at their points of
contact. Pordsity varies from 5 to 107 and is intergranular to vuggy in
nature. Burrows are present locally in the finer units of this facies.

Stratificatién is highly variable and can be summarized as follows in
order of 'decreasing importance:

— bedding thicker than 1.5 cm and up :Q 15 cm with a faiﬁ{ to

-
well-defined trough-shaped base enhanced by greater concentration of mica
an&}or by extensive-organic co;tings. No internal laminations are observabie
and large. clasts may be present at the base of the thicker beds.

- tippled (locally climbing) sets less than 1.5 c¢m thick, building
up into beds several cm thick. The internal laminations are very thin to
mediug, discontinuous to continuous,‘uavy to‘ungven, pargllel to even
parallel (Plate 3A). ' : ™~

- homogegebus; horizontal beds (1.5-3.0 cm thick). In some samples

individual laminatiocns a few mm thick are present. These can be faint to

-
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- :
well defined and rangefin shape from continuous-even paralkéi to

‘

discontinuous-uneven .non-parallel. . -

. )

»

- burrows are present locally.
This lithofacies is attributed to dep‘ff{;on in the fqllowing

environments:

— as trough ;ross—bedded unics forming channel £ills and lower and
coarser usics of fining upward point-bar sequences; |

~ as the basal part or complete units of CO&?GQT tabular and
rippled bodies formed in marginal channel environments, such’ as levees and
crevasée-splays;

- as the ﬁpber part of calcareous-cemented, coarsening-upward

sandstones forming lacustrine delta and crevasse-splay sequence. .

3.2.3 Medium-fine 'quartzosublithic to lithisubquartzose sandstone

This lithofacies is the most extensive of the sandstone lithofacies and
is ﬁoorly to moderately well'sorggd (Plate 3B). It exhibits the greatest
range ln mica, silt, clﬁy and cement (type) content. The proportion of
lithic clasts is much less (10-20%) thaﬂ—in the previously described facles,
and calcareous components show a sharp increase. Ferromagnésian minerals and
organic matter remain high. Because it‘is formed in a greaﬁ variety of
environments, this lithofacies exhibits a wide range.of colour variationms,
commonly salt-and-pepper (speckled blapk/uhite) or gre&ish (N7 to N4 and
sys/1). |

duartz ;ontent is high (35 to 75%), with the coarse quartz fractiomns .
ranging from 1 to 7ZX. Quartz grains are generally angular to subrounded,
witﬁ_moﬁocrystalline grains greatly exceeding the composite types.
Well-developed local solution welding contacts and corrosion of grain borders

are also important features. Chert and hematite are generally minor (1-7%),

but locally hematite cement intermixéd with grains as staining and mottling



may form.up to &0; of the unit;r Chert and heyatite grains are bsually
subangular to Angular énd disseminated. Feldspar (susrounded highly
weathered plggioclose and K—spafs) and mica.(platy and Broﬁen flakes of
nuécovite‘and biotite exhibiting variable weathering) commonly_yary between
2-7%, but mica is 20% in local‘concentrations.. Crganic material is present
in almost every sample {5-10%), ranging from wellldeveléped plant ipprints,
to coarse or very coarse twigs and wisps, to fine to very fine diéﬁrticulaped

carbonaceous debris, showing various degrees of coalificatien. Lithic

fragments and clasts.are generally less tﬁ;n 20X, but can reach 50% locally,
most being subangular to subrounded and ranging in size from 5 mm to 2 ém.
Most are of sedimentary origin (very fine sandstone, shale, wmudstone,
coaly-carbonaceous, sideritic mudstone and fine-grined carbonatblclasts), but
numerous metamoEPhic rock clasts (mostly low grade).are also present. Many
of the softgf clasts are flattened as a result of compaction. 'Individual
grains ;f pyrite, hornblepde, epidote, tourmaline and unidentified opaques
are present as traces. Clay contént is variable (5-25%) and occurs as
intererystalline material within the ceﬁenc, or in fine laminations.
Although silica cement 1is again the dominant type, there is a general
increaseL}p‘calcareous cement over previously dqﬁEfibed lithofacies.
The commonest stratification types are, in decreasing order:

- homogeneous fo very faintly laminated.units exhibiting variations'
in amount of quartz, mica, clay, hematite and/or organic materialj;.

= very thin to medium horizontaily laminated (i.e., continuous to
discontinuous, even, paraliel) sets ssveral mm to 3 cm thick. These
laminations usually show a higher percentage of micaceous and/or orgahic

.

material (up to 40%);
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=~ trough-based rippled unité::;\:;‘3 e thick with discontinuous to

continuous, wavy, parallel to noﬁ—parallel laminations;

- climBingrripple sets exhibiting erosional bases (Plate 3B).. The
cross-laminations are mostly of the wavy-gently wavy, discontinuous, non-even
paralilel to nen-parallel cypes.

In addition, soft sediment deformation and bloturbation by burrows and
roots are important local featureé.
This lithofacies mostly occurs as:

- the middle and upper parﬁ of fining—upward point-bar sequences

and lateral-accretionary channél‘fill; . e
| - the major component of tabular splay deposits;

- the coarser material of the tabular sand bodies alternating with

finer clastic tabular bodies in the floodplain environment;
- interstratified with calcareous mudstones in the coarsening-

upward sequence representing lacustrine deltas and lacustrine crevasse~splay

deposition.

3.2.4 Fine to very fine lithisubquartzosé to lithiguartzose sandstone

Most of the characteristics of the fine to very fine lithisubquartzose
to lithiquartzose ;aﬁﬁstone are similar to those of the previously described
facies. The ﬁdst important differences are a better sorting (moderately
good), decrease in lithic fragments (25-30%) and feldspars (trace), Increase
of clay (5-35%) and silt (5-30%), increase of interlamination with siltstone,
shale/mudstone and increase of calcareous content both as cement and as

detrital grains.

All types of rippled cross-lamination are present (every style of wavy

to slightly wavy, continuous to discontinuous, even to uneven, parallel to
non-parallel). Erosional relationships between rippled sets are common.

Horizontal stratification is also prominent. The greatest percentage of
b Y



- 23 -

sideritic/ankeritiE nodules and root syscem§ in the succession occur in this

lithofacles and In the genmetically linked interstratified sandstone,

siltstone and shale/mudstone lithofacies. Soft sediment deformation, burrows

and mottling are also important features.
The great wvariety in stratification in this facles attests to the highly
- A

variable character of currents in the floodplain environment in-uhich it was

-
-

deposited. v
Some of the subenvi;onmgnts in which this lithofacies accumulared we:e£
- uppermost part of trough cross-stratified coséts‘and rippled
units of fining-upward point-bar sequences; )
- basal part of coarsening-upward sand sequenc;;;

- as intermixed and interstratified material in marginal channel,

floodplain and sandy lacustrine bodies.

3.3 Fine-clastic lithofacies

3.3.1 Interstratified sandstone-siltgtone-shale/mudstone

This lithofacies 1s genetically related to the fine to very fine
lithisubquartzose and lithiquartzose sandstone lithofacies. It is an
intricate and compiei intermixture ;f material from the previcusly described
finer grained sand lithofacies with a highlwvariable content (20-80%) of
siltstone-shale/mudstone as interlaminations (2-10 mm) and interbeds (10 mm~6
cm). This lithofacies is characterised by abrupt alternatians and common
cross-cutting of strata on the scale of a few cm of mostly varicoloured
fi:ijg’;é very-fine sandstone, siltstqgé and firer clastic material. Layers
exhibit almost the entire range of shapes from parallel/continuous to
discontinuous wavy laminations and.sméll¥scale Cross lamination: Loading is

e

common in coarser layers. Parallel laminatiorn is also a characteristic

internal structure. The complex interstratification indicates periodic and

v
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varilable influxes of sediment inté standing water bodies and floodplain

areas. This conclusion is also supported by the presence of desiccation

cracks, soft-sediment deformatioh; bioturbation (hurrows and roo:s)-énd

sideritic concretions. .

Fluvial enWironments. especially in or near levees and floodplain

tabular splay déposits, are usually composed of, such interbedded lithofacies
P . N :
"'(Elliott, 1974). In addition to thé environments listed in the previous

7
lithofacies, the. sand-siltstone~shale/mudstone lithofacies is common in

alternating assemblages occurring above channel sandstones in fining-upward
cycles and in some units underlying and ia most units overlying coal seams.

3.3.2 Silty shale and/or mudstone-claystome

This lithofacies 1s characterised by various fine-clastic rock types
exhibiting wide ranges of colour and composition. ‘Coléurs vary from Black to
red-purpleﬂ In this report "mudstone"” defines ail ﬁESSive'mudrocks (Fm) that
are composed mostly of clay-sized particles but éiso CEEEEIS variable silt
and sand pafticles (Miall, 1977b). The term "shale" is uséd for laminated
(facies F1) and fissile mudrocks. Clayétone, as used ia chis text, describes —
rocks that are composed almost entirely of clay minerals and become goft and .~
plastic when moistened. Carbonate minefals are common impurities
(marlsﬁone). This lithof;cies is usually associated with limestone and coal
as underclay deposits. Some dark shales e#hibit a highly bituminous content.

The silty ;hale and/or gudstone-claystone lithofacies occurs as
homogeneous beds of variable thickness (several cm to several m). The silc'

content is highly variable (2-40%) and is usually very minor in carbonaceous

shale. Gradation to muddy siltstome is difficult to observe in the field,

T

since both are commonly intermixed. Leocally the mudstones are highly

hematitic (red-purple type), calcareous (marlstone), or micaceous. Very
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lit:;e organié debris is found in the nmudstones (0—1025 compared with the

darker shales (10-70Z) and the seatearth clayscongf in which root features
are quite prominent.- ?

- . ) . .
Pyritic grains, coatings and nodules, coal fragments‘and plant remains

are abundant in numerous shaly sections, especialLygih.the shales overlyin%

coal seams. Lyéopods, Calamites, Pecopteris, Sphenophvllum and

Asterophvllites, as a great diversity of unidentifiable fern imprints

. . A -
and fragmefitsMave beenfecognised. Slickensides, desiccagion cracks and

s.are characteristic features of mudstomes. .

- . P

sideritic concre

f The red-pu;plish—green mottled midstone and red micaceous shales
commonly alternate with hematitic sandstone. This assemblage Is particularly

abundant between the Bouthillier and the Harbour seams in the Port Hor@en
’

section. The mudstone is a dense, opaque, hematitic rock with 5—202L

- '

- ~ . -
subangular to angular, fine sand to silt size quartz grains. The
purplish-red colouf is caused by the presence of hematite, and the green
,motclihg results from the local reduction to ferrous oxide. Microscopic

study of the shaly variety disclosed a close association between a red

-~

material, identiffed by X-ray diffraction as ﬁgmatite, and micaceous '
- minerals,. which by X-ray analysis afé'mostly mqscovica and il;ite, probably

originating from alteration of bilotite. The hematite occurs between the

=~ ”

lamellae of the micas and fills the .interstices and makes up.éhe.bulk of this
. P

red shale.

»

Generally, quartz is more abundant in mudstome than in claystone, -

Locally both mudstone and élaystone are calcareous and in places ﬁaj contain

*J

sideritic-ironstone and/or limestone nodules. The calcareous mudstone

commonly grades into thick (up to several m) deposits.of silty marlstone,

-

particularly in limestone-bearing sequences. The mineral composition of 25

-

-



- 26 -

T'\\/ ¢ ‘s A i W -
mdrock samples from the study area was deEérmi‘i: by X-ray diffraction
(Table 3) and is, in order of decreasing abundan

: clay minerals, quartz,

muscovite, hematite, siderite, calcite and ankerite.  The clav minerals, in
pE— B .

-~

order of decreasing abundance, are kaolinite, illite and-chlorite éndlminor

amounts of mixed illite-chlorite. Kaolinite is by far. the most abundant

(Table 3). )
| .The geometrv of the mudstone and clavstone units is less easily defined
than that of the shales with good fis;ility. This is mainly because both
types of rock weather rapidly and are scon covered by weathered rubyle. The

*s}aystones commonly occcur as lenses thinning laterally, but as thin
Jnderclaxs they are sheetlike units that cover large areas. The mudstones
and shales are generally larger lens-shaped bodies, some of which are as much
as 10 m thicki Hgggpqng‘gnd shale are commonly intérbedded. grading -
laterally or vertically into siltstone.

. Most shale, mudstone and claystone bodies are stratified. Claystone
commonly occurs in single units ranging in thickness from a few um to a few

‘m. The strata are almost invariably destroyed by weathering because of the
plasticity of*the material. Shale is finely laminated, mostly
horizontal-slightly wavy - discontinuous even/noneven -‘parallel. and in.
addition to muddy interlamin;tions commenly encloses up;;éht tree trunk;.
Ocher mudsgone bodies are massive, nondescript units breaking down upon
weathering into irregular-shaped éragments. Shales (both organic and

-hemaritic) are stratified with both single and compound units ranging in
thickness from a2 few mm to 1.5 m. The lamirations are well defined and are
of the horizontal-slightly wavy, continuous~discontinuous, even-noneven,

parallel type. Marlstonmes and calcareous mudstones are usually crumbly with

few structures preserved.




3.3.3 Nodules and concretions.

The presence of nodules and concretions in the mudrocks is ome of the
nost striking features of the upper Morien Group. They otcur in é _great
variety of sizes and shapes, generally appearing as minor ;egregatlons within
their host rock. They range in sige from a few.cm to 50 cm in the longest
dimension in the elonéate bype./ Shapes vary from spherical to oblate to

elongate (cylindrical) and may also occur as flattened, thin bands parallel

to bedding. Concretions also coalesce laterally to form thin bands and beds

*(2-5 cm) and continuous layers (Plate 4A). Two main types are present (Table

’

4): - sideritic (iron-carbonate) concretionsj;

- caleitic septarian noduleéz

- There are many descriptions of sidetitic {(iron-carbonate) concretions in
the literature. They include the siderite and calc%te-bearing concretions in

the Lias of Yorkshire (Hallam, 1967), ﬁhe sideritic nodules in Pe?nsylvanian

Y

shales” from the Allegheny Group of Western'?ennsylvanla (Weber et al., 1964);
the siderite concretions in the Upper Cretaceous Cardium Formation of

Alberta, Canada (Griﬁfith, 1980)% and the sideritic concretions in the

Francis Creek Shale (Pennsylvanian) of Northeastern Illinois {Woodland and
Stenstrom, 1979). In the Sydney Basin the sideritic concretious occur moatly.
in the lowep part of the orgsnic shales and mudstones underlying coal seams
(Plate 4A). Tﬁey are also present as disseminated concretions_within‘some of

the finer rippled sandstones and argillaceous-fine clastic units from

‘floodplain deposits, and as lag material in chamnels (Plate 2). They tend to

be spheroidal, ellipsoidal orxigiftened and they range in length from 3 to- 30

-
cm, In the non-weathered state they are light to bluish grey, but chey

develop Qireddish brown colour upon weathering as a result of the oxidation

of siderite. Bending of lamination around the concretions iS‘vefy‘QFominent

locally.

-«

r



The homogeueous-pacthy texture of the rock is that of muddy micritic to

“microsparitic material. Petrographic examination reveals a fine mosaic of

carbonate crystals (up to about 20w in diameter) with local irregular patches

of smaller crystéls (up to 6u). Detriral quartz of silt to fine sand size is

present in amounts up to 7%. Very fine crystals of hematite and pyrite occur

in variable quantities_(hema;ite: 3--15%, pyrite: trace teo 2X) in the sanples
exhibiting iron staining. Skeletal debris is absent from the samples

r

studied. Kaolinite is&Epé main clay mineral in the sideritie nodules, with

-

illite present in subordinate quantities.(Table 4.,
The proportiongjof :iderite and calcit; in each sample were determined
b& X-fay diffraction (Table 4), and ﬁhé distriﬁution of these two minerals
was studied by'étaining technique that distinguished calcite, ferroan calcite .
and siderite (Dickson, 1965). The X-ray diffraction results revealed the
following combinations in ?rder of decreasiné impor:;ﬁce: siderite with clay?
siderite with minor ankerite; siderite with minor calcite (or silica);
ankerite with minor siderité. Thé'only other minerals present in nodules in
any significant quantity apart from quartz (and hematite locally) are
_kaolinite, 1llite, mica and minor ferroan dolomite. - Textural study revealed
. that siderite occurs as ﬁniformly-spaced micritic patches, within a matrix of

ferroan calcite microsparite and/or microcrystalline silica.

Calcite-bearing septarian nodules are large (5-30 cm), oblate to

slightly oval, and characterised by an internal network of radiating

fractures that widen toward the cent of the nodule and narrow or die out at

its margin (Plate 4B). Although not as humerous as the sideritic

concretions, several occurrences have been observed' in the, upper Morien
.

Group. , They mostiy occur as disseminated groupings of concretions in

calcareous argillaceocus bodies enclosed in mudrocks as part of floodplain

- ) L
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.sequences. eréy diffraccion (Table 4) shows that the fractures are mostly

filled by crvs:alline calcite but that microcrystalline silica and clay
ninerals (kaolinite and i11ite} also oceur in some samples The mat;ix is
usually clayey with variable amounts of iron-carbonate (mcst}y siderite)
and/or silica cements, h%vihg a texture very similar to the sideritic.
(iron-carboﬁaca) concretions.

The origin of both types of concretions resulte directly f;om a
diagenetic environment with a redﬁcing condicion.r

Special condicions are necessary for siderite formation.- These
conditions are low Eh; high pCOZ, a phH of abo;t 6-8, negligible sulfide ions
present, and an Fe'" ion.concentratioﬁ-mnch higher than seéwater. Such "o
conditions are usually only developed in nonmarine environments, and siderite
is normally found only in freshwate;'sediments. The low Eh can be related to

the presence of organilc matter and its anaerobic decay. TFreshwater:

environments have much lower sulfate concentrations, and rapid burial by

sediments may also inhibit sulfate diffusion, or the reduction’of sulfate to

sulfide, a necessary requisite for the deposition of siderite (Brounslow,

.1979). : - .

’

3.4 Limestone lithofaciles . : .

Limestones are widespread and highly variable in the sections studied,
forming oum avérage isz of the sedimentary package (Fig. 5}. fhis figuré
includes calcareousréemen:ed sandstoﬁes.'calcareous—marly mudrocks -and the
local calcareoﬁs interstratifications observed in the sandstone/mudstone
interstratified lithofacies.

The limestone bodies can be subdivided into five main sublithofacies.

-
R

These are, in order of decreasing impgrtqgfe:

N



- algal laminites and stromatolites (i.e., horizontally algal

Aaminated and demal stromatolites and oncolites);

interstratifed mudstone to packstone;

nodular calerete;

congloneratic/brgccia limestone;

- nmassive microgranular limestones.

The.loéation.'thickneSs and distribution of some beds from these subfacies
are given in Table 5.

Most &f the limestone units in the Sydney area are tabular and
gxtensivé. but others are more lenticular and of 1oc§l extent. They range in
thickness from 10 ecm to several m. Individﬁal limestone boﬂies‘grade
laterally into and/ér inte?tongue with othér rock types (especially the finer
clascic-lithofaciés). Limestone bodies exhibig_sharp to gradational lower

contacts. The uppef contact is commonly sharp. The intergradational
, .

relarionship with the underlying rock is indicated by the presence in maﬁy

limestone units of a nodular basal bed (or beds). Limeséones underlying coal
LSeams are.usually sgparated.from the ¢coal by a rooted underclay wh&se basal
part is cormonly calca;eous. Limestone interbedded ;ith or overlying coal
seams is carbonaceous and commonly highiy fossilife?ous (Dstr;cods.
Na'ladites, mino: fish fragments).

The limestone units comprise fgom 1 to 20 individual beds, ranging in'

-

thickness from séveral ¢m to 1.0 m and averaging 20-40 cm. The beds are
separated by thin units (1-10 ¢m) of marlstone, mudstone or claystone. Some
8 ) _

of the limestone bodies have been correlated through several sections, but

correlation of.Iindividual beds is not possible.

.,
~

Structures within limestone bodies commonly differ from bed te bed. A

-~
—

single bed may be in part structureless, laminated or both. Lamination is

o e
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the most common structure present, with a great variety of types and éhapes
observed, including horizontal, slightly Havy to wavy, i?r;gulq; ;nd
continuous to discontinuous. ‘Small-scale;microfractures; some offsettiﬂg-
laminations, bioturbation, burrows and peliéts are the other common
structures present,

Th; fabric of most limestomes is a combination of a microcrystalline
caicica matrix (micrite) and varying amounts of particles (skeletal, wmud
clasts, organic, etc.) that range from clay size to rock-fragménfs up to
several cm in diameter. Totally crystallime limestone, ai?hongh present, is
o£ lesser importance, while conglomeratic b€33 are lacally prominent.

The carbonate rocks of the Sydney area dée combinations of calcite,

ninor dolomitic rhombs and a variety of detrital minerals and rock fragments.

A study of 133 limestone samples representing each .0of the subfacies units

"listed shows that micrite and clay-sized éalcaﬁisyé\tontent varies from 20 to

'50% and dolomite from a trace to 5. Dolomite content increases upward

within limestone units, in which middle and basal beds commonly show very
little to mo trace of dolomite. Phosphatic material (fish scales and'bone
fraéments) is important locally and will be éigéussed in sectidn 3.4.6 and in
Chapter 5. :

The fine to very fine sandy and silt-sized detrital particles are
laréely quartz, but include py;ite, feldspar, mica, and carbonaceous
material. The general miqgral composition of-the clay-sized fraction, as
deternined by X-ray diffraction, compriséstih order of decreasing abundance
quartz, mica, kaolimite, illite, chlorite, pyrite and minor amounts of
plagioclas; and potash feldspar. Siderite aﬂd hematite were identified in
the more ferruginous (red-purple stain) samples. Other mineral substances

found in small amounts are calcium sulphates and organic matter in various ~

stages of degradation.'
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The sedimentoldgy and environment of deposition for each of the

subfacies and fossil content will be discussed in Chapter 5.

b

3.4.1 Algal laminites and stromatolitic limestomes

Algal limestones occur at vérious stratigraphic levels in all sections
measured.around the goasé, with the exception of ;he Schodner Head and.the
South and North Morien sections, in the eastermmost part o :he.basin (Hﬁsson
and Rust, 1983). Two types were recognised: horizontally laminated units and
laterally linked domal stromatelites with local oncolites. The first type
occués prefer?ntially as tabular sheet-like interbeds capping coal seaéﬁ but
also as interbeds within tabular bodies enclosed by marlstones and mudstones.
ﬂThe latter type occurs as encrustations on oncolitic units and was observed
~only in unit RKW-73 of the New Waterford section (Appendix A, Fig. 2B-179 m
and Fig. 4 of Masson.and Rust, 1§83). The two types distinguished on the
basis of these gross morphological characteristics have similar
microstructures, bur the horizontal forTs contain a more abundant shelly
fauna than the domal stromatolites. A wvarilant of the Forizontally laminated

type has isolated domes within an otherwise horizontslly laminated unit.

e Horizontally algal-laminated limestone: These algal units have a

prominent subhorizontal layering that varies in thickness from 0.2 mm to a

lirele over-l cm (Plate 5A). The tabulgr-sheet individual beds range in
thickness from several cm to 40 cm. %eparated by very thin to thin beds of
auddy ma;erial, they can form limestome bodies-up to 1.5-2.0 m thick. The
laminae vary in_sharpness of definition and shoﬁ no obvious cycli;ity; Their
algal origin is ind;éateﬁ by. the presence of variably preserved filaments,
disrupted algal feanants and. rolled-up algal mud luﬁps. Variable alg;l
growth rates and differential diééenetic calcification are probably the main

t

factors in the developmqnt and preservation of lamination and filaments. The
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laminae are mostly composed of micrite and exhibit varying degrees of

‘calcification and reérystallization, as indicated by sparite and microsparite

contents. They are coﬁmonly horizontal, but gently wavy forms are also
prominent, and contortion due to compaction and diagenesis is locally
disti;cc. Quartz silt, very fine sand, local pyrite and hematite commonly
are concehtraced within specific layers, varying individually in ;bundance
from 1 to 7%. |

Fossilifgroué material varies greatly in abundance. Some layers are
composed almost eﬁtirely of fossil méﬁeriai. mainly thin-shelled ostraceds,
but also algal remnants, thin-shelled gastropods, serpulid’worm tubes,
bivalveé, fish fragments, pellets, and burrows. Organic materiﬁl is
extensive and comprises much of.the interlaminations present.v The high

degree of compaé:ion hinders identification of the ostracods, but they are

probably the species Carbonita inflara and C. scalpellus, ideatified by

Copelan@ (1957) from the upper Morien Group %n ﬁhe Sydney Basin. Ostrac;ds
of this genus are known to characterise non-marine deposits in the
Carboniferous of North America and Europe (Bless and Pollard, 1972; Bless and
Massa, 1982). Other non-marine elements in the biota are teeth, scales, and
Sone fragments of freshwater sharks (pleuracanths) and'fishes, acanthodians,
and palaeoniscids, thin-shelled gastropods and bivalves, and acritarchs.
They clearly indicate that the limestones were dépoéited in a freshwater, noﬁ
a mafine, environment (Masson and Rust, 1984).

Ostracod abundance cendslto increase upward within individual algal
units of the'Sydney Basin, whereas gastropod and bivalve contents are‘mofe
localised, showing no general trend. Grazing of algae by ostracods {Osborne

et al., 1982, p.58) was probably a factor in® establishing their periedic .

increase in abundance. The paleocecologic balance was modified from time to



time by localised but abrupt molluscan incursions. These faunal changes must
have influenced the types of carbonate grains embedded in the algal mats, as

did other environmental factors such as turbulence. "

e Domal stromatolites and oncolites: The domal stromatolites from unit

- NW-73 (Appendix A&, Fig. 2:h377-180 m) in the New Waterford section occur as
encrustations on concolites. The domes are mostly symmetrical, vary &n
diameter from 1 to 10 cm, and are up to 5 cm high. They have a colﬁmnar
internal sé?ucture (Plate 5B), with individual colu@ns réreiy exceeding ; few
mm in diameteé and several c¢m in length. Most are vertical, but a few are
slightly inclined. They contain crinkled laminae in which the principal
convexities are in the growth directioﬁi The shapes of the'laminae are
reflected in the shape of the outer surface of the entire algal body. The
shelly fossils in the domal scromatolites are the same as ;hose in che algal /
_ laminites but are much 1es$.abundanc;‘ they are‘limited to a few fragments in
the'cor?s of some of the domes and serve as interdomal fillingé. Algal
fragments are also present. Most are too "sparitized" to be identified, but

N
forms resembling Girvanella, Garwoodia, and Ortonella were identified among '

those responsible for the algal Euilh-up (B. Mamet, personal communication
1983).

The domal stromatolités in the New Waterford section closely resemble
the blue-green alga Gouldina (Johnson, 1963). This genus 1s characterised by
rounded colonies consisting of laminae that are gently domed and undulating
in the basai portiﬁh. The morphology becomes increasingly irregular with
greater size, forming mammillary projections in the outer area. Iﬁ most (:

£

cases these projéctions show a well-defined external bulbous shape but little

or no microsPructure.

Most oncoids underlying the domal stromatelites are nearly spherical,

but some approximate flattened spheroids (Plate 5C). Individually they range
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from several mm up to 5 cm in diameter but they also occur as iarger
composite clusters. They have been subjected to disruption and compaction,
as evidenced by flattening and tilting, so that the long axes of some are
vertical. Internally, the oncolds display smooth_;oncentric lamin;e, which
become more crinklea, less well defined, and thicker toward the outside. Thg
laminae enclose a nucleus of rock and/or sheil fragments, mud ciast;, and
hematitic grains, some with coarse-grained calcite “cement.

| Miéroscog;cally, the stromatolites show excéﬁsive sparitization,
respecilally of laminae within the éomes, in uhich-all features except the
laninae have been destroved or AICered by diagenesis. Dolomite rhombs are
scattered randomly within the laminae. .CarbouECe intfhclasts;
penecontemporaneous dolomiteArhoﬁbé. isolated ooliths, pelleted nmud lumps,
ostraced and gastropod shells, acritarcﬁs and fish fragments are c;ntained
within the sparry calcite cement f£illing the iﬁtérdomal areas. These ooliths
range from 0.25 to 1.5 mm in diameter and show a nucleus of variable nature
(shell fragments, quartz grains, peloids, éfc.) surrouﬁded by several
concentric layers. Staining shows that they are formed almost entirely of
" calecite, .
_The domal forms are separated from the oncoids by a thin éone of
. iéregular, wavy micritic laminae with a high-hematite content. Hematite
replﬁcement does not occur .in the stromatolites but is extensive in the
oncoids, entirely replacing several of the concentric.laminae and in some
caseslac;ing as 2 nucleus for other oncoids. Hematite. replacement was
probably caused by reaction with iron-rich .waters in. an oxidizing freshwater

environment, whereas in the reducing coal-swamp environment, similar waters

precipitated siderite nodules,



The occurrence of the domsl stromatolites as encrustations on oncolites
is similar to those described by Schafer and Stapf (1978) from.the Permian
Saar-Nahe Basin and ascribed to lacustrine deposition. Other similaricties

are the intense sparitization and the size and form of the domal

stromatolites, although the Saar-Nahe oncoids are somewhat smaller than those

of the Sydney éasin.

In Walker Lake, Nevada, ;bd;rn domal stromatolites form on -
algal-encrusted ﬁebbles (Osborne et al., 1982). Pebbles are abundant in this
lake, and once encrusted, they act as a suitable substrate for upward growtﬁ
of domal forms, playing a role pquivalénf to the oncoids in the Sydney and

Saar-Nahe basins.

3.4.2 Interstratified mudstone te packstome

The horizontally laminated mudstone to packstone subfacies is -

chargctetised by prominent layering, with thickness ranging from a few m to -

PR ¥

a few cm (Plate 6). Interstratification of well- (to-moderately w;@l—)
defined individual beds of-aiternating calcareous mudstone, uackestqné and/or
paékétone with well-defined individual laminae of difféfenc cbmposi:ion
(mainly carboriaceous- shales or silc; mudstone§ and shaless is the most
characteristic feature of this subfacies. The absence of algal remnants is a
major difference from the algal iaminite subfacies. In thicker sequences
both are lecally. interbedded. )
The laminae are generally composed of éicricic mud éxhibitimg various
degrees of calcification and variable percertages of recrystallizacion (i.e.,
microsparite to sparite content). Some layers are almost entirely compééed
of skeletal debris, which is totaily absent from others. Stratification is

mostly horizontally continuous to discontinuous, uneven-parallel to slightly -

wavy to wavy, or discontinuous-uneven parallel to non-parallel. Strata vary
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in thickness from a ?éw om to 40 cm. These complexly interstratified units }ff
exhib%t no -apparent cyclicity. Locally they are highly contorted and
disrupted by compaction. Microfractures (with pyritiec, calcitic'or organic .
fillingj, stylolites and "cone-in-come structures” are also present.
The-percencage of mud and skeletal material varies from 10 to 80% and
t#é}r relationship is roughly inversely proportional. Quartz content, in the
form of silt or disseminated fine to very fine sand grains, ranges from 1l to
7% and is usually concentrated in specific layers. Mica, hematite and
disseminated dolomite rhpmbs;are also present. The coarser aetrital material
comprises. in order of decreasing importance,‘skeletal debrié; roots, woody
and plant material; mud clast pellets and burrows in the more muddy‘units and
teeth, scaies and bone fragments of freshwaterlgharks (plecracanths) and "
acanthodian and paleoniscid fishes (Masson and Rust, 1984). |
The associated fauna is similar‘to that described for the algal
laminites. It is particularly rich in ostracods, but bi&élves, thin-shelled
gastropods and serpulid worm tubes are locally important. Packstone beds are
mostly co;;Bsea of ostracod shells with variable amounts of gastropods and

coarse bivalve debris subjected to 2 high degree of compaction, deformation,

dissolution and cementation. As in the algal laminite subfacies, upward
. ,ﬁ"‘

o

e

variation in the skeletal content suggests local infestation by ostracods
modified by occasional abrupt mollusk incursions.

3.4.3 Nodular calcrete

Paleosols containing horizons of pedogenic calcium carbonate are

numerous "in the Sydney coalfield. They are important for paleoclimatic and



\
paleogeomorphic reconstructions (Allenm, 1974; Hubert, 1978; wrigyc, 1980).

\
The units are mostly enclosed by, and grade laterally into, mudstones

‘locally associated with laminated siltstones and rarely with sandsto;bﬁc
’I

They gorm.tabular beds {(lenticular when laterally persistent), ranging ﬁk \\%H.—'/,
" thickness from 50 cm to 2.5 m (Plate 74). The lower contacts are ﬁ;f“‘““ﬁuﬁ__
gradational, whereas the upper contacts are sharp. The beds comprise scarce

to, common, irregularlshapgd.to rounded nodules (i.e., glaebules of Allen,

£974) scattered through a clayey-mud matrix (Plate 7A). The nodules

constitute up to 80X by volume of the units in which they occur but are

commonly 20-60X. The highest nodule densities usually occur in the middle

and toward the top of the bed%. There is a.gradual upward increase in the
size and density of the nodules™aad a corresponding decrease in the amount of ‘
the host matrix. The individual nodules varﬁ from a few mm up to 5 cm across

Ay

and most have sharp boundaries with the host ﬁﬁte;ial (Plate 7B). Larger’

. / *
nodules formed by coalescing and compounding of several smaller nédules
generally show a faint elongation normal to bedding. X-ray diffraction shows

that they are chiefly composed of caleite (locally a mixture of calcite, -

"siderite/ankerite and dolomite), with kaolinite and minor illite, siderite

quartz and hematite (Table 4).
The internal fabric is a complex network of branching and ‘cross-cuttin

tubes several mm in diameter and several cm loﬂg. Some are infilled with

silc, otheré with sparry calcite or a mixture of calcite and disseminaLed g

dolorhombs (Plate 7B). The clay matrix is soft and exhibits greﬁt variation

in colours'(light greenish~grey to mottled reddigh-ﬁurple-green to brownish-

grey). The clays contain quartz sile (5-35%) and hematite (up to 20%) in the

mottled purple type.
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3.4.4 Congloﬁeratié/breccia limestone

Beds of this subfacies range in thickness from 60 cm to 2.0 m and are

-—

-composed of a chaotic assembiage of large breccilated clasts in a mudstone
matrix. The units commonlﬁ:wedge laterally into non-conglomeratic

fine-clastic units. Where laterally continuous they form tabular bodies

. >
locally exhibiting greater concentration of coarser—size clasts lacking

internal stratification.’ All beds are poorly sorted but locally a slight

céarsening upward trend is present (Plate 8a).

-+

The contacts between the conglomeratic and the enclosing

non-conglomeratic units are commonly irregular in outline. In most cases the

lower contact is sharp and erosiomal and the upper contact is sharp, with an
abrupt, drop in the coarse. clast content.

K , The fragments are subrounded to angular, range in length from 1 mm to 10

cq.{gnd comprise 30 to B80Z of the units, Ehe_remainder being a hostjmud

matrix exhibiting variation in silt and calcareous content (Plate 84,B). The
s .

“more roﬁnded frégmeﬁts (P ) probabiy were transported a greater
distance rrom their source. The lithic fiigpents are almost entirely of
limestone and most can be matched with limestone in underlying and/or .
-laterally-adjacent parts of th; bed. Preferred clast orientation is fgcking
(Piate Ba). )

" Besides microfractures fiiled with micrécrystalline silica or clay

cement (Plate 8A), very few structural features are present in this w

subfzactes, - ,

3.4.5 Massive. microgranular limestone

The massive,. microgranular limestone subfacies is less common than the

.

other subfacies. It occurs as massive, tabular, laterally continuous beds

.-

(5-40 cm thick), exhibiting sharp lower and upper contacts. It is composed
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of 90-100% microcrystalline-microgranular calcareous mud and is highly
recrystallized. Other components are localised and slightlyv shaly, silty
and/or carbonaceous interlaminatioﬁs and minor concentrations of compacted

but well-preserved ostracod shells or calcareous mud clasts (subrounded, less

 than 5 mm in diameter). Besides the faint discontinuous horizontal laminae

and irregular late diageneric micréfractures, this subfacies is

-

structureless.

3.4.6 Fossil content

In addition to ﬁhe fossil assemblages previously desc:ibed with che_
individual lithofacles, one indicator of.nonmarine origin is the presence in
the limestones of teeth and skeletal fragments of freshdaéer sharks
(xenacanthids) and of various associated fish remains. Samples
(approximately 1200 g each) from ;he Sydney Mines Formation east of Sydney
Harbour were collected from the lime;tone beds. located at Victoria Mines
section, interval 2—3‘m, and at the New Waterford section, intervals 108-110
m, 128-130- m and 178-180 m (oncolitic bedg). The leocations where these units

_crop out on the coast are all within the floral zone of Ptychocarpus unitus

(Bell, 1938). The samples were digested in dilute acetic acid; this yielded
a fauna whose distribution is.given for each limestone unif in Table 6,
‘indicating that interunit differences are not significant. Systematic
measurements for the purposes of taxonomic deﬁlnipion were not made.

The fish remains occur in two lithologies. The first is a blgck to dark
grey, carbonaceous, calcareous shale or siltstome closely associated with
coal. Units of this lithology contain relatively few elasmobranch remains,
generaliy leés than 1-2Z, but in some cases up to 5X. In contrast, they have

abundant bone fragments, scales, teeth, and spines of osteichthyan (bony)

)
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fishes, in a few cases filled or coated with pyrité. These bony fish
fragments occur with coproliric material, ostracods (Carbonicella type),

.nonmarine bivalves, and Spirorbis’ tubes.

r

" The second fish-bearing iithology is massive limestone, interbedded with

algal laminites, and in one case with a domal stromatQlite-oncolite unit:

: _ { -
{(Masson and Rust; 1983)./ Units of this lithology contain abundant bony fish

fragments and are the most productive, both in amount and diversity, of shark
- N

remains. The associated invertebtate fauna is widespread, of low diversity

and of a nonmarine nature. ~Ostracods (Carbonita inflata and C. scalpellus)

are particularly abundant. " Nonmarine bivalves (Naiadites) and thin-shelled
gastropods are also present. Algal remains, sergseid worm tuﬁés, pellets,

burrovs and woody plant material also chardcterize these limestones.

~ - -

The relative paucity of shark ‘fragments in the carbonaceous units is

-,
]

attributed to paleoecological rather than sedimentary factors. T@gre-is

little or no reason to suppose that wave or current action could discriminate
between shark and bony fish fragments, and in anf case the shallow depth.

RN
would have minimized current and wave energy. It is concluded That the -\\,\

~
virtual exclusion of shark remains from carbonaceous remains is due to the
sharks' pfeference for the environment in which massive lié;stoné was’ '
deposited. -
Description of fisﬁ microfau#a ‘ ,'
e Xenacanthid teeth - - Most of the xenacanthid teeth collecfgé—;re\\
-«

well preserved. Each consists of two lateral and a smaller central cuspliahg
on a basal tubercle (Plate 9, Figs. lf§). In most cases the base of the
tooth 1is intact; but one or all of the terminal parts of the cusps are

. damaged. The Ceeth differ in minor details, including absolute or overall

size, but have similar ormamentation labially and anteriorly. The basal
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width and the height from the basal tubercle to the-end of the lateral cusps

range from 0.3 to 3.5 mm.

< .
The principal cusps are commonly rounded or compréssed in section

A .
and have smooth surfaces (Plate 9, Figs. 1-3). These surfaces are parallel

and rise nearly straight from the base, diverging slightly upward and outward
from the root (Plaﬁe 97 Fig. 3). In some specimens the cusps have a more

 pronounced cyrvature and some degree df compression in the basal part (the -

. “compressus" type).* In all cases where central cusps are present they are
smaller and more slender than lateral cusps and are best preserved in the
smaller teeth. Thelr length exceeds one-third the length of the lateral

cusps in.smaller teeth, genera;ly'increasing in relative 'size in larger teeth

. \
to half that of the lateral cusps.(Plate 9, Fig. 3). )

-
'

. ‘
e Scales and dermal denticles (elasmobranch) - Dermal denticles and

scales are the most abundant of the elasmobranch shark materials obtained

(Table.b). Several examples belonging to the xenacanthid, ctenacanthid and
L e
g

hybodontid families were recognised, with xenacanthid fragments by far the

most numerous. Numerous mucous membrane denticles were also recovereé‘(Plage
9, Fig. 4).
o The denticle; and scales can be divided into two groups, ﬁhe
/—-\\;\ cuspidacte and thg crown—platform_(Reif, 1978). Generally; in_the|cuspida:e
. ::;;oup a long central cusp is curved in a dorsal posterior direction and
exhibits strong to moderate ribbing (Plate 9, F;g. f[. These ribs are curved
packuard gnd may exhibit secondary cusps, also ribbed, which are commonly
sh?fEér than the main central cusp (Plate 9, .Fig. 7). & neck_regién

separates the base from ghe cusps. The cusp assemblage is either single or

compound, that is, associated with similar'cusps attached to a
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cormon ridgelike base (Plate 9, Fig. 8). The cuspidate tooth is more’
3 .
prominent in the xenacanthid and hybodontid families (Reif, 1978).

In the platform gfoup the crown forms a flat surface, with ribs

at its lateral margin. The crown is thin, with basal-apical ridges on 1its

anterior side and a smooth posterior side. A well-developed neck region is

a

cotmonly present, as is a thin, strongly comncave basal plate. The platform

group is more characterfstic of the ctenacanthids than of othér families

(Reif, 1978).

' <

e Acanthodian fragments - Acanthodian remains are mostly Epine

fragments, with scales.and pieces of dermal material also présent.
b ' Osteichthyaﬂ fragments - ?ragments of bony £ish are the most
abundant in Sydney Mines Formatioﬁ limestones (Table 6} and show the greatest

I

diversity. They are the most difficuld to identify because the dzagnostic
’ 7

parts are commonly fragmented. A great variety of individual teeth (with or
without preserved bases), bone fragmeﬁés, scales and dermal plates .(with
preqerved internal network)} are Xbundant in each unit studied. Tentative
" identification and classification are based on the most complec; and best
p;eserved sﬁecimens.

Several smali jaw fragments-of the genus Sagenodus were recovered.
They have rows of denticles on a simple, flat bony plate with a
well-devéloped central ridge. Each row consists of three to five cusps, each
being almﬁst double the size of the denticle mesial to it. Fragmehts of jaws
from small lungfish of the genus Monongahela have been found in each unit
(Plate 9, Fig. 5) These jaw elements vary iu width from 1 to 3 mm. and have

flattened cusps numbering three to six along the axes-of several ridges. The

ridges, of which there are usuaily less thaﬁnchree per fragment, show a
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growth pattern in which all the ridges radiate from a common .poim: (Plate _9.Q
fig. 5).

- =~

Tiny vomerine teeth, also attributed to the genus Hononsahela

(Plate 9, Fig. 6) have been found in each unit. They are bladelike, slighcly

convex anteriorly, and grew laterally by addition of successively larger

cusps, which are serrated along their mesial edges.

3.5 Ceoal lithofacies

4 -

The sequence of the main seams in the upper Morien Group, as well as

their average thicknesses, are shown in Tablg 1. The main coal seamns vary im
thickness, ;here exposed, froé 1.0 to 4.5.m. In addition there XTE -numerous
minor cedIs (i.e., carbonacéous shale CO,:galy coal bands) throﬁghou; the )
bagiu. Because of physical and cﬂemical weathering by sea vater, coal from
ch#stal seam exposures”l1s not suitable for petroggaphic and chemical analysis%>'
of the coal coﬁponents. Abandoned mine workings.and bootlegging of numerous
_seams by the local popglation makés a coastal study of tHe lateral varig;ioﬁ

of the main seams unfeasible. Fortunately, Hacquebard and Donaldsen's (1969)

data bésed on mine sampling can f£ill ‘this deficiency.

3.5.Y Coal seams in coastal exposures -
Careful examination of the coastal cecal exposures, wheﬁ clé?red of

: ;urficial weathering ﬁroducts; reveals most of the charactefistics obsefved

. underground. . Most seams consist of normal-banded (bright-dull alternatiqns)
humic coals (Plate 10A,B) in which most of thé'megascopic co;l types are
'present in greatly varying proportionms. - The-predominanc l;thotype relation -
appears to be that of clarain with interstratified vitrain bands. Bands éf

durain and clarodurain are recbgniééble but are considerably less abundant.

. -
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Fusain is more prominent in the minor seams. 1In the main seams, fusain

. .
appears to be a variable component of minor importance.
. > '

. Horizontal and vertical cleats (Plate -10B) coateé with mineral matter

are one of the most important and widespréaa physical characteristics. The

~ -

visible mineral matter comnsists mostly of pyrite, clay minerals and quartz

grains. With the exception of pyrite, the mineral constituents occur in
- .

mingf‘gagunts and only reach higher percentages in roof and bench coal/;;d in

the nmore detrital thin layeré of splint or coal-bearing shale. The presence

. -

of thin to very thin clay lavers (Plate 10B) (composed mostly of kaolinite.

+

with variable silt content) can be attributed to transport of kaolinite into

- -

..the coal basin from supply areas, or to diagenetic cdnversion of detritai
hydromlicas to kaolinite. The low silt and ash content (4.5-11.5%, Hacquebard

and Donaldson, 1969) suggesﬁs that little detrital material entered the peat

swamps.’

The diaénost%c petrographic.feétureg of coal (including rgia;ive
‘abundénce of the gacerals,'cheir mode of preservation and the distribution of
mineral, matter) are summayized in Table 7, from Hacquebard and Donaldson
(1969). Vitrinite predominates and inertinite and fusinite are lower and

variable.  Rank of the coal is "high volatile bituminous A." The coal has

moderate fluidity characteristics and an average reflectance, RS max., of

0.83%. : . ,-@

The amount of sulphur (mostly pyrite) varies considerably (trace to 15%),

t

within each seam both vertically and laterally. In general, the greatest ' °
_ concentrations occur in the bench and roof coéls dnd where cleating is besg
developed. Regioﬂélﬂv;riacipn in the sulphur céntent of seams continuous
through several sections has also been observed. Pyrite is present as fine

to very fine disseminated grains in coal and in some cases in the associlated '

1
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kaolinite and as coa;ing of tﬁe cleated surfaces. Hacquebard and Avery
(1982) showed that pvritic sulphur in the Earbour Seam in the Donkin Reserve
area is the main contributor to‘thertotal sulphur content, comp;sing from 62
to 92% of the total amount. Residuél sulphur (total sulphur - pyritic

. éulphur) is mostly organic sulphur, but it also’includes sulphaté sulphur and
at least some pyritic sulphur derived froﬁ extrenely f}nely divided pyrite
{particles £ 1 micron in size). |

Table 8 lists the leocation of all the measured coal ;eccions greater

than 40 em thick and the nature of the underlying and overlying units.

3.5.2 Seatearths

The literature abounds in descriptions of seatearths or underclays.
Table 8§ shows that the units under}yfﬁg ¢oals in the Sydney coalfield are, in
order of decreasing lmportance: l)shaly carbonaceous rooted zones; 2)}rooted

zones with sideritic nodules at the base; 3)tabular interscrracified

-
-

sandstone/siltstone; 4)rippled sandstone and siltstone; and 5)siliceous
"ganister" type bodies. It is important to note that even in the case of 3,

- 4 and 5 a very thin to thin (l-6'cm thick) rooted layer separates these units

. the coal. - _ .
Thy underclays of thé upper Morien Group are typicaily grey in colour.

fine—graineﬁ,-and traversed by abundant garbonaceous=-coated fossil rootlets

. {(rhizoliths of Kla;pa, 1980) and slickensided surfaces (Platé 11A). They
occur as irregular lenses'forming discontinuous beds. The shape of these
clay deposits is indicative quswamp accumulation. Silty to very fine sandy,

isolated calcite cemented pockets are present locally (Plate 11B).
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The rhizoliths of the upper Morien Group are commonly ¢ylindrical and
va}y in length from a few cm to 1.5 m. The best preserved fossil roots are

compressed into very thin carbonacecus ribbons Cuﬁiing the rocks at all

-

angles, but they commonly occur as vertical, isolated or branching structures

-

or as ramifyin ntal networks. In some cases the carbonaceous film has

-

been lost and only obscure impressions remain (Plate 11A). Where underlain

y sandy units, the roots inVvagxiably disturb the upper part of these beds.

The lacg,ef bedding in tﬁe‘hnderclays is chiefly due to churning of the
éubstraFun by plant roots (Plate 11A,B). Compression of stigmarian roots
results.in a reduction in volume of more than 807 (Huddle and Patterson,
1961). That this is at léast a contributing factor to the unbedded character
of seatearths is indicated by tge downward gradation from unbedded to
slightly beddea material. Deformation due to loading and compaction due to
devatering can also erase traces of Bed@ing (Huddle ada”Pétﬁerson, 1961).

In addition to these carbonaceous rcot imprints, two oth;r basic types
of'rhiioliths.are recognised in the Sydney. Basin. These are root casts:and
rhizocretions. fhese_forms commoﬁly occur in various combinations or as
individuals. Root casts are fillings of root moulds, either by sediment or
cement or both. Most of fhe time the filling sediment i§ fine-clastic
material but siderite, calcite aﬁd/or microcrystalline silica cement are als¢
importaut locally. The term rhizocretioﬁ is used here to describe .

pedodiagenetic accumulations of mineral marter around resis, commonly calcite:

and siderite. Some rhizoconcretions are well defined, but most are loosely

-

- cemented pockets rather than weIT=defined nodular features (Plate 11B).
Fibrous roots, together with weakly cemented sand-sized grains or

lithoclasts, commonly occupy the central or axial part of the rhizocretion.
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Imprints and ridges marking the_posi:ibn of earlier roots are also imprinted
‘on some concretions. _ | - '_ i

The geological significance and origin of seatearths have been Qariously
exﬁlained. The autochthonous theory; most completely documented by Huddle
and Patrterson (1961), holds thét seatearths ac;uired their characteristics in
a water-logged swamp environment. -Plant foots and long-continued leaching by
acid swamp waters were the major modifying influences on the previousl& ‘
unaltered sediment. The allocﬁthonOus theory, proposed by Crim and Allen
(1938) and Schultz;(1958y. é&ggests that seatearths are made up of materials
that have been altered but originated outside the depositional bé;in.

Acceptable evidence for the pedoéenic nature. of se;tearths inciudes the
presence of fossil roots, concegtration of ifon and‘cqlcium in concretions
(rhizocretions) or cracks near.the bése, aﬁd'é-miheralcgy resembling rmodern
water-logged'éoil (Huddle and Eatterson,-1961). Lack of bedding and
slickensides are suggestive but not conclusive evidence; the latter Day be
due to compaction wesulting from various causes. The presence of fossil

roots and other forms of rhizoliths in the seatearths of the uppef H;rien
F

Group provide dilagnostic criteria ﬁhat indicate terrestrial conditions

(paleosols) related to a water-logged swamp enviromment. This is strong

evidence for the aut;chthonous origin of the ovérlying coals.

Fine,_even grained, seaiearthrsahdstones consisting of closely packed,
subangular quartz grains cemented by silica and containing abundant traces of
rootlets are a minor feature in the upper Morien Group bu£ hg#e nevertheless
been‘ob;erved‘at several locatilons (Tablé 8). Siliceous sandstones of this
type have been termed "ganisters" by several workeré (Buddle and Patterson,

1961; Hemingway, 1968; Retallack, 1976; Percival,-1983). These authors

concluded that ganisters form by silica enrichment due to leaching in a

-



- 49 -

'.palgosoi profile, and the term has attained geneéic sigﬁificance. HWilliamson
(1967), Smale (1973), Watts (1978) and Percival (1983) staté that to c¢lassify
as a ganistér the sandstonme should consist of at least 957 quartz. .GaniSters
are differentiateﬁ.from‘ﬁilcrete by a laék ;f abﬁndant opaline or
cryptocrystalline silica cement, a fine to medium grain size and moderately
uell-sortgd_grain-suppo;ted ffbric and a lack of evidence for near-surfaée'
cementation. | |

The Sydney quartz afenites have most of the crirteria ‘characteristic of

ganisters. These are:

1) The 'presence in the upper part of roots and rootlets, which

decrease 1in a§undance with depth.

2) The presence of mbqerately uell-develfped paleosol profiles in
which the quartz arénite exhibits a carbonaceous‘top that is commonly
overlain by a thin coal bed, .Eiz\ﬁuartz arenite is=unéeélain by a clgyey
zorne,

3) A sharp to moderately transitional basal contact of the quartz
arenite. This contact is uwsually irregular in outline, but not as a result
of loading.

4) A£sence of sediméntary structures, dﬁe to destruction sy root
bioturbation and leaching.

5) The duartz arenite units are commonly thin, less thar 80 c¢m, but
up to 1.5 m at one location.

6) Lateral variations in the thickness of the quartz aréﬁite
horizons are due to the irregular basal contact.

7) The absence of any marine fauna in the quartz arenite.

8) Lack of features indicative of high energy reéorking such as

well-rounded and well-sorted grainms.
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In the Sydney Basin each quartz arenite unit is underlain by a clavey

zone. The vertical and lateral changes in the litheology of the quartzose

unit due to variations in leaching were not Investigated because of the

general weathering on the outcrop.
The lack of segigggfarf strictures, the presence of rootlets and an

irregular basal contact,‘;he > 95% fine medium siZe quartz content, and the

absence of featufes indicative of silcretes are sufficient to diagnose-a ke

pecdogenic origin and classify these rocks as ganisters (Percival, 1983).

~

3.5.3 Units overlying cvals (roof rocks)

Roof rocks. in the upper Morien Group (listed in Table 8) exhibit greater
diversity.than.do seatearths. 1In order of decreasing importance they-a:e:

e Carbonaceous shale interstratified Gith cogl, silty shale and/or muddy
material (Plate 124), forms 45X of the roof rocks. Commonly rich in plént
imprints and f;agments,:this lithology 1is alse characterised by an increasé
in sahd_and silt content, as uell.as gentle rippling, upward and away from

the cdal. This represents fluctuation and periodic influx of sediments over

¢

the swamp environment transported by more oxygenated water. The upward
increase of detrital material indicates return to fluvial influence on the

floodplain.

e Interstratified skeletal (Postly ;stracod). carbonacecus limestones
and variable calcarecus to nonfcaicareous carbonaceous shaly units, form 207%
of the roof rocks. Plant frggments are 1ochlly abundant, but silty and sandy
material is of minor importamce. These units represent the establishment of —

shallow water bodies (possibly_ponds), with fluctuating water conditions, in

the swamp environment.

e Coarsening upward, horizontally laminated and rippled, very fine to

medium, micaceous sandstone, forms 20% of the roof rocks (Plate sz). The



sandstones are interstratified with silty shale or mudstone and are

—

attributed teo migration over thérsuamp of crevasse-splay bodies relaﬁed to a
return of fluvially influenced conditions.

e Coarse to medium sandstone finiﬁg upward to fine to very fine si}ty
sandsfgne; forﬁs 15% of the rqof rock units. Structures change upward from
tr;ugh cross~bedded at the bottom to trough cross;laminated at the tép (Plate
_'12t)” These strata représent filling of paleochannels that migrated into the
éwamp environment, eroding all material overlying the coal seams. The coal
seams were hgt affected, because of the high resistance to ergsion'of fiﬁrpus
peat. '

3.5.4 Fossil content

Plant material is widespreaa and abundéntnin all the roof rockg listed
above, attésting.;o the prodigious plant growth that took place.  The
greatest concentration and diversity of plant material occur in‘the
carbona;eous shale-with coal, silty sh;le and/or mudrock
interstratifications. Most are unidentifiéble fragments of partially
coalified.leaves; stems, branches and roots but tilted and upright tree
trunks (Plate 13A,B) are also present in the sandy units. Partially

identifiable debris'includéd:

e upright and flattened trumks of Sigillaria (Plate 13A),

Lepidodendron and Calamites (Plate 13B), with variable preservation of
f'h\ v
surficial_bark imprinc;

s unsorted fragments from pinnae, pinnules and stems from the

following trees, plants and roots: Asterophyllites, Alethopteris, Calamites,

Cordaites, Lepidodendron, Lycopgﬁs, Neuropteris, Pecopteris, Ptychbcarpus,

Sphenophyllum, Stigmaria;




| (
e megaspores from Alethopteris, Calamites, Neurosteris and

\
‘I

\
In.general, the coal seams were formed mainly bf lycoa?ds

Lepidodendron.

(Lepidodendron, Sigillaria), with Cordaites -{gymnospermous éree and

Calamites‘fhorsetails, €.8.s Asterqgﬁyllites). Most of the overshale floras

are rich in foliage of tree ferns (e.g., Alethopteris, Linopteris,

Neﬁropteris, Odontopteris, Pecopterls, Ptychocarpus and Sphenopteris). Their

exact provenance and derivation, in terms oé location in swamp enviroument,

is highly speculative and subjective (i.e., dépending entirely on the

iAterprétation of the coal-swanp depositional environment) and will not be

attempﬂed here. Relationships between coal types and swamp environments have

been well demonstrated by the studies of Teichmuller and Teichmuller (1966},

Hapquebard et al, (1965) and Hacquebard and Donaldson'(1939). The ecology of

coal measure floras and plant assemblages’has received wide attention in the

l;gerature by ﬁumerous authoré (Murchison and Westell, 1968; Krassilov, 1969; -

Peppers and Pfefferkorn, 1970; Peppers and Phillips, 1972; Phillips et-ai..

1974; and Scott, 1977, 1978, 1979). A review'and discussion of their

findings is beyond the scope of this study, . //;\
No pollen work was undertaken as part of this study, but extenSive,

palynological studies of coal and clastic sediments by Hacquebard (1%61),

Barss et al. (1963) and Barss and Hacquebard (196i) in the Pictou Group of /

the Maritime Provinces have shown the presence.of five zones, ;;Eh-_L :/

, ) . ‘\‘\\\"/
characterised by a distinctive assemblage of miospores. These zones -- the

Victtatina, Potonieisporites, Thymospora, Torispora, and Vestispora zones —-—

represent Lower Permian, Stephanian and Heq;pﬂﬁlian C-D ages. Barss and -
A N .

Hacquebard (1967) recognised the lower three of these spore zones in the

Morien-Group (Table 2). : _ -



1
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3.6 Summary: environmental interpretation

The facies assemblage of the .upper Morien Group ;an be grouped into or
assigred to deposition on an alluvial plain. From time to time, particularly
toward the end of Mo Group'deposition. depressions on the floodplain gave
rise” to extensive peat swakps or to lakes (depending on sﬁbsiégnce rate) in
which algal st}omatolites, oséracbds and othgr organisms flourished.
Locglly, lacustrine delta lobe deposits were formed in those lakes. The = . _
sedimentological aspects of the alluvial plain aqd of.che related lacﬁs;rine
environments will be discussed in.detail in Chapters 4 and 5.

Sydney coals originated from autochthonous plant accumulations in
extensive'peat sﬁamps. Coal seams of éu;gchthonous (in situ) origir are

— -

derived from peat; which was formed and buried where the vegetatioﬁ grew.

? .The most likely accumulation areas are the alluvial plaiﬁ, with generally

‘contributary channels. The main a;gﬁmenCS presented in the literature

(Moore, 1940; Figk,_lgéo; Bennett, 1964; Hacquebard et al., 1965; and
Haéquebard and Donaldson, 1969)'in support of the autochthonous deposib;on of
. . PR

cogl are in accord with tbé/féatures observed in the coastal exposures of
seams in the upper Hdrien Gfoup. .fﬁése features.are:

l? all seamslgie underlain by seatearths exhibiting roots of
Carbonifercus plants (i.e., Stigmaria);

iZ) the occurrence of upright and rooted fossil trees;
3) the preservation of delicate plant debris and fragments, such as’

-

leaves and fern fronds in the overshales of many seams;

- 4). the wide distribution of most of the seams;

5) the relatively uniform thickness of individual coal seams over

.

large areas; ' : .

\;)f"f
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6)‘the relatively minor flucthations in ash éonten: within and

between seams (Hacquebard and Donaldson, 1969);
7) .the megascopic and uicroscop}c compositrion of the coal

(Hacquebard and Donaldson, 1969).

¥
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CHAPTER 4. SEDIMENTOLOGY: THE ALLUVIAL-PLAIN ENVIRONMENT

4.1 Definition of depogitional faciés {and significance of the sedimentary
structures) |

From the detailed petrographic sﬁudy of @and samples, thin sectiqps aud
field data, eleven deposicional facies have been recognised and designated as

in the system outlined by Miall (1978). Their relationship with the litho-

-

~ facies oucliqti’if Chapter 3 is given in Table 9. The numerous sedimentary”

structures observed in the Sydney Mines Formation show great diversity and
are listed with their associated depositional facies in Table 10.

The depositional facies observed in the field have roughly the same

-characteristics as the lithofacies and may be formally definmed and summarised

. as follous. Examples are included in section 4.2.

The massive or crudely horizontally bedded gravel (facies Gm) is the
depos?tional facies corresponding to the conglomeratic to very eoarse
quartiblithic agd quartzosublithié sandstone lithofacies. This facies
comprises lgntiqular beds of massive to crudely stratified conglomerates with
a coarse saﬁdstone matrix, which in some cases is present in sufficient
quantity to produce a matrix-supported texture. Thellowe}.conzécg is always
erosional. "Included in this facies are the lag gravel deposits formed on
channel floors and high-discharge, scour-and-fill deposits. This faciles
incorporates a great variety of non-imbricated intraformational debris (i.e.,
tree trunks, peat mats, plant material; intraclasts éf sandstone, mudstone
and shale; siderite nodules and siderite-replaced root tubes). Baéal flute
and g¥oov€ casts can be observed at a few locations but are not a major

feature of this facies. At a few locations (i.e.,‘Dohkin West and Port -

-
o

Morien sections) facies Gm forms local tabular units exhibiting sharp
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erosional contac:; and slight dpu;;d-fining grading. Inters;ratification
with thinner tabular saﬁdy gnit§_sugges:s deposition during waning or
flucruating s:;ges of flood ep?sodeé.

‘F;cies Cm commonly grades upward inté the cearse-medium quartzeolithic to
lichisubquartzose sandstone lithofacies. This sand is‘mOStly trough cross
stratified (facies St), mainly as medium~ to coar;é-grained; locally pebbly,
soljtary or (more commonly) grouped trough sets, up to 2 to 3 o wide, and up
to 70 cm.ﬁhick, but mostly less than kO cm (Plate 14A). The base of facles
St is-commonly an erosicnal surfacé, and the troughs show cross-cutting
relationships (Plate 14A). The bases of grouped sets (and Some solitary '
;ets).COmmonly_have moderately well-sorted intraclast or plant iags (usually'
less than 5 cm). fhis facies commonly overlies facies Se (erosiomal sﬁrface)
and fines upward into the medium to fine sﬁhd3f9ne lithofacies, which is the
dominant element in the smaller-sized trough c%oss-stratified (most commonly
10-20 em thick) units. 2 )

The cross-stratified beds are interpreted as resulting from the
migration of sinuocus-crested dunes in channelﬁ under low flow regime
conditions. Asymmetric downcurrent fining of foresets and the presence of
regressive rippled sets locélly indicate a suspended load.'_Small trough
cross-laminated sets assqg}ated with silt layers in the upper part of some
trough cross-stratified units may have been formed by minor flood currents
flowing over the bar top. Isoiated trough cross-stratal sets probably formed v
as a result of vertical flow expansion at the bar front.

Planar-tabular cross-stratified sandstone (facles Sp)} is relatively
uncommen in the sections studied. It occurs mostly within trough
cross-stgayified packages as.solitary or groupéﬁ sets a few decimeters to

less than one meter thick. The cross-strata are mostly composed of
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medium-fine quartzosublithic to lithisubquartzose sandstone capped by‘"
interstratified sandstone-siltstone and shale/Pudstone; Locally the grain
size can be medium to verj coarse, especié;ly at the base of the thicker Sp
cgsets. This facies is the'result of the migration of sand wéves and/or
transverse bars under lower flow regime conditions. Although it is most
common in sandy.braided rivers,.it also occufs in some parts ofrthe
meandering rivér environment (Walker and Cant, 1984; Bridge, 1985).

Ripple cross-lacminated sandstone (Sr) is the dominant facies of the

upper part of the Morien Group (zone Ptychocarpus unitus of Bell, 1938).

This depositional facies comprises several of the lithofacies recognised in
sectionq. These include an appreciable percentage of the medium-fine
quartzosublithic to lithisubquartzose sandstane; most of the fine-very fine

lithisubquartzose to' lithiquartzose sandstone, and-bart of the sandstone-
. N ; N

siltstone~shale/mudstone interstratified lithofacies.
;The ripples are.asymme;ric. current-formed types,'showing variétion in
size, cross-sectional shape, crestal éatcern, internal structure, and
vértical sequenée. Most are of the small, asymmetrical current types
(Reineck and Singh, 1975) and have lengfhs of 4-35 cm and heights up to 5 cm
(1.e., Rippie Index from 5-15, but mostly 8-12). The crests are mosﬁly

undulatory, but straight and linguoid-cuspate types are locally présent.

Small-scale cross-stratification results from the migration of ripples (Harms

‘ et al., 1963) under lower flow regime conditions (Harms and Fahnestock}

1965). The undulatéry Small-écale ripples_repres?nt a transitional form
between the low-energy straight-crested type and the highér-energy
linguoid-cuspate type. Their crests are generally out of phase (Plate ISA),.
but loeally in-phase undulaiioﬁs (Plate 15B} have been obs;rved. Locally = -

both'types. including transitional stages, are present. The units produce
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cross-bedded cosets of trough'shape (i.e., festoon shape) that are commonly
associated with parallel horizontal lamination and primary current lineation.

>

+ The tongue-shaped linguoid small ripples\oeiifﬂed a:e'mostly out of phase,
but tﬁe‘in-phase cuspate variety occurs at a few locations.

These cross-stratified units resulting from the migratien of small-seaie_,
current ripples (i.e., the small-ripple bedding of Reineck and Singh. 1975)
commonly exhibit an ercsional surface in their louer bounding surfaces.
Form—concordant{ form-discordant, and climbing :ipples have all been observed
in the upper Morien Group. Types 1l and 2 ripple-dr;ft'are locally wvery wecll
qgveloped, and related cransitioqal forms and in-phase ripple lamieae are
also present locally (Jopliﬁg and Walker, 1968;. Internal shapes of the
laminae vary greatly, and all etyles from even-continuous pafallel to
eurved-discontinuogs non—perallel are present. |

Smell—ripple bedding is formed under conditions wpere relatively liccle
sediment is avaiieble and reworking is stronger (Reineck and Singh, 1975).

In the fluvial environment this corresponds eo the upper-pcfg of point bars,
levees and proximal cievasse-splays. In contrast, the development of
climbing-ripple lamination ffom ripples necessitates continual availabilitf
of supply and abundance ©f sediment and 1s favoured in envitonments of _' {
periodic rapid sediment accumulation. (Allen, 1963; Walker,‘1963; Ashley et
al., 1982). The change from ripplellaminae in phase to those out of phase
or a transition from scraight-cresced to liﬁguoid ripples) indicates a
siig_' but regular, progressive increase in current velocity with a decrease
in depth (McKee, 1965). Jopling and Walker (1968) have interpreted the
change from type 1 into type 2 as the result of a decrease in

suspended-load/bed-load ratio.

G
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The complexity of facies Sr 1s indicative of the fiuc;uation of current
strengtﬂs-affecting‘the sediments and of the wide variety of depositionmal
settings. In the Sydney Mines Formation the following are the most notable: -

1) low-energy bar tops and levees as beds interStratified'witﬁ.

horizontally laminated siltstones and mudstones;

2) waning-flood deposits of floodplain and crevasée-splays as

4

flat-based, tabular beds;

3) crevasse-splays as upper part of tabular coarsening-upward

-

o -
-sequence; -

N . .
4) floodplain channel deposits, as thin, sheet-like beds enclosed

in floodplain sedimen:é.

- The most ;;mmbnly associated sedimentary features include: vertical
rootlets, convolute lagination, load structures, small vertical. burrows up to
5 em In length, and rare mottled, brown, pedogenic horizons;

Soft-sedizment deformation occurs predominantly by loading of coarse-silt
to Eine-sand-;ize ranges of terrigenous floodplain.(c:evasse-splay) or
iacustfine deposits. They are deposited contemporanepuély with or follow
deposi;ion of muddy water-saturated sedimegt;. Such structures also result
from rapid deposition, liquefaction and loss of cohesion due to near surface
alteration (Blatt et al., 1980; Ankécell et al., 1970; and Mills, 1983).

Load casts, ball-and-pillows, convolute lamination and clastic dikes ﬁave all
been observed in the Sydney Mines Formation. Mills (1983) has shown that
ihesé'structures and their processes of‘formation are nét environment':
specific, so their diagnostic value resides‘maiply in defining hydrodynamic
conditions, as discussed later in this chapter. | |

Trace fossils in the Sydney Mines Formation occur most commonly in the

fine/very fine sand-mud i:jplets of faclesg Sr, Sh and Fl. Most are

-
\

\n
\
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moderately‘té poo?ly preserved cylindricél/ﬁébular vertical to inclined
feeding burrofs :ﬁd trails, up to 10 mm in diameter and several cm in length,
with or without ciay linings and almost. invariably filled with fine.sand.
" These features are most sbundant in the upper parts of fining-upward tabular
beds, decreasing in abunaanée toward the basal part of the sets. They are
rarely present in the underlying thick-bedded sandstome facies. No body
fossils are preserved, but their local association with fossil root systens
and floral assemblages indicates a dominantly continental assemblage
(possibly similar.t9 the moder; freshwater continental assemblage comprising
gastropods, bivaives, crayfish, earthworns and certain insects) (Frey, 1975).
Horizontally stratified sandstone (facies Sh) occurs sporadically
throughout the sections but is abundant only locally (Plate 14B). It is
composed of a wide range of sandstone and finer clastic materiél, and it can
occur ;n any of the sandstone lithofacies previously described. Horizontal
stratification, pgrtiﬁg'lineation and local biloturbation disrupting or
-destfoying internal laminations are characteristic of this depositional

- facies. It commonly bears primary current lineétion, unless bioturbated.

Its well-developed parallel lamination produces a distinctive weathering

character.

Three main types of horizontally lamiggged sandstone occur in facies Sh,
These are: '
1) Laminated sandstone beds exhibiting primary current lineation
a#d occurring in association with facies Sr (Plate 14B). This suggests
deposition under plane bed conditions in the upper flow regime (Harms and
Fahnestock, 1965) and/ort by suspension after channel abandonment or dramatic

"decrease of flow (Allen, "1965a).
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'2) Comtinuous laminated sandstone beds grading laterally into
riﬁpled laminated or cross—-stratified sandstones and exhibiti;g primary
current lineation and groove and tool marks on bedding surfaces (Plate 16A);
The presence of fhese features suggests upper flow regim; conditions (Allenm,
£96&)._

3) Flat-tabular to low angle bédded and laminated to massive very
.fine to coarse sa;dstone ubually & 40 em thick and bounded by siltstome and
mudstone (Plate 16B). Conﬁacts are abrupt, with the lower contact usually -
being planar but occasionally siightly channeled. Soft sediment deformation,
hioturbacion:‘high organic debris and mica flakes on bedding surfaces are
common feétureg.  Loca11y. paleosols :;n form in the upper parts of these
beds. The beds represent deposition on a floodplain. In coarsening-
upward tabular sequence they are part of prograding crevasse-splay lobes. A
low angle of bedding reflects unconfined sheet-£flood sedimen:ation-on a
floodplai;.

Facies Se is characterised by medium- to.coarse-grained sandstone with a
high percentage of pebbly-gravelly lichic intraclasts and organic debris
including tree trunks and logs. It forms massive to crudely stratified beds
forming lenticular units less than 1.5 m thick. Thg‘lower_coutact‘is'élﬁays
an ergsional surface and it nsuall} occurs beneath or interbedded with Gm and
the coarser fraction of St facies. Internally, thin lenses (é26 cm) of
conglomeratic material are common.

This facies is forwed as basal lags within fluvial channels. The
erosional lowér surface and the crude and massive stratification indicates
rapid.deposition of.intraclasts and organic dgbris derived from ercded banks,

Siltstone, shale/mudstone interstratified with minor very fine to fine

sandstone (facies F1) is abundaﬁt in the éydney Mines Formation. The finer-
v



‘grained lithofacies (Table 9, lithofacies 4, 5 and 6) form the main
components of this facies. It is usually gradational ﬁnd interbedded with
massive strata of similar grain size (facies'Fm).

Most layers form cowmplex sets that are interstratified'on a fine scale.
The sets result from migra;ion of very small-scale ripple marks (i.e., ripple
heights £ 3 cm and laterally continuous up to 10 m), mostly generating wavy to
broken-wavy, ;oncinuous‘to discontinuous, fine to very fine cross
laminations. Apart from the original stratificatfon Tootlets, burrows a?d
desiccation features are the most common features of this facies. Small
burrows are usually the only évidgnce of animal life. Well-preserved
fragménts of plant stems and isélated pinnules are ﬁery'rare. Finely
micaceous sedimgntar§ surfaces with-comminpted plant debris, sideritic
lenses, nodules and layers are widespread. Calcrete nodules and often
pedogénic deposits were observed in several sections of tﬁis facles.

Facies Fl is attributed to deposition in topographically 1o§ parts of

the floodplain. Facles Fl has also been observed as the filling of abandoned

channels. In the present study the F1 facies definition has been enlarged to

. include the laminated but homogeneous shale and/or mudstone observed locally

. in the seccioﬁs.
Most of the comments on and characteristics of facies Fl apply to facies

Fm. As defined by Miall (1$78), this facies occurs typically as a mudstone or

' . . e
siltstone covering of underlying beds, its lower surface conforming to the

shape of any underlying bedform, such as a ripple train. Facles Fm usually

occurs as massive mud or éilt lenticles a few mm to a few cm thick. In the
sections studied it is closely related tc facies Fl and occurs mostly
interstratified and grading into sandstone-siltstone-shale/mudstone and 4n

the silty shale and/or mudscone%claystope lithofacies, esgsentizally involving
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" the silt and mud fractions of tﬁese facies. It is often located izmediately
below a seatearth and it may overlie most facieé. Facies Fm méy form
sequernices several meters thick..i . . ' ,',u'_,--,: -

:Laﬁination in facies Fm 1is usually difficult to recognisg or 1s absent,
but it may be distinct in some iayers such‘as mpd&y layérs witﬁ concentration
of plant material or in sandstoﬁe-rith layers affected by deéormation.
.Ferruginous pac;hes._grey-green and red-green mottling, dispersed‘sideriti;
features, plaat rootletsband debris and desiccation cracks are common and
locally well developed. Relatively structur?less slltstones of vériable
g£;de form the more massive siltstone fracﬁion of this facies. In some cases
the massive ﬁature is due to destruction of lamination by biloturbation. It
is inothis facies that the best preserved pinnules and fronds of Neuropteris,
Alethoéteris and other fern-like genera are found. Upright Lycopod trunks,
standing on an unde;lying coal béd, have been buried and remain relatively
un@eformed at several locations (Plate 13).

Facies Fm is taken to represent ﬁeriods of ponded water stagnation
following a drop in flood;;:age water level, and although it is more common
" in overbank floodplain deposits, it also rep:esehts deposition in
well-drained and well-vegetated interdistributary (backswamp) environments
(Coleman, 19663 Johnson, 1984). The thick and laterally continuous
calcareous siltstone/mudstone beds, -locally containing freshwater faunal |
debris, are lacustrine in origin. |

Coal and/or carbonaceous shale (facies é) occurs throughout the upper
Morien Group. It.includes coal seams and assoclated carbonaceous shales.
This depositional facies commonly overlies a rooéed seatearth and is

. g .
attributed to swamp deposition. The main characteristics and interpretation

——

of this facies are ddiscussed in section 4.7.



Non-pedogenic and fossiliferous limestone units, for which there is no
suitable facies code in Miall"s (1978) nomenclature, are present in the upper
part of the Morien Group. They véry from essentially massive micritic

limestones to well-laminated fossiliferous limestomes to stromatolitic
¢ - .
iimestpnes. They are collectively grouped under the fossiliferous limestone
depositional-facies {facies Ls~f) on the basis of fossil content. This

facies comprises the algal laminite and stromatolitic limestone and the -

mudstone-packstone interstratified limestéﬁe sublithofacigs.' Also 1nciuded
in this facies is the massive, microgranular limestone subfacies. The
fossils and s;romatglites are of freshwater type and the units are
int;rpjéted as pond or lake deposits.

The nodular calcrete (secﬁion 3.4.3) and the conglomeratic/breccia
limestone (section 3.4.4) sublithofacies form the nqn—fossilife%oug limestone
depositional facles (facies Ls-m); This\facies shows features characteristic
of subaerial and/er ped&genic origin. In éope cases nodules are assoclated
.with in situ alteration around plant roots {rhizolichs: Klappa.‘1980), while.
in others they were reworked following subaerial exposure. s

The main characteristics aﬁd environmental significance of features in

. .
the limestone sublithofacies (facies Ls-f and Ls-m) are discgssed in section

3.4 and Chapter 5.

4,2 Selected examples of alluvial plain deposits

4.2.1 Introduction

The diffqﬁé%tiation of alluvial sediments between vertical and lateral
accretion deposits is accepted by the majority of sedimentary geologists

(e.g., Fisk, 1947; Leopold and Wolman, 1957; Allen, 1965a,b). As defined by
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Allen (1965a), "...lateral accretion deposits are those formed of stream bed °

load materials in the active channel and as the result of the lateral

' ﬁigf&tion of the channel...vertical accretion deposits are all those formed

on the floodplain beyond the active channel, largely through'séttlement from

overbank floods."

Because vertical and lateral accretion‘processes are closely related,
.difficulties are encountered in a di;cussion totally separating the two
. précesse; {Jackson, 1975, 1978; Bridge, 1985): Examples of alluvial
- sediments and overbank deposits from the Sydney Mines Formation are discussed -
“on tge basis of Fheir depositional processes and environmental relationship
as observed in the typical modern meandefing %luviai/floo§plain nodel.
Déposits fepresenting four major depositional environments have been
recognised and will be the basis for this discussion.’ .

Discussion of related examples will follow the cutline below:

1) Channel sandstone deposits
Ny -

. H . @ point-bar fining-upward sequence

S T e lateral filling of channel with epsilon cross-strata

e homogeneous vertical filling of channels .

pebbly-granular sand waves/transverse bar deposit
s channel abandonment‘fiiling : -
- gradual abandonment (chute cutoff)

- abrupt abandonment (meck cutoff)

2) Overbank deposits (proximal)
o channel margin and levee deposits
i '
e pebbly sheet splay deposits

e crevasse-splays with distributary channels

3) .Floodplain deposits (well to pooriy drained swampé and coals) .
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Each example will be described and discussed in detail following a
concise and standard format lncluding location. setting, lithological and:
sedimentary structure_changes and associations, accessories present,
paleocurrent significance:_end environmental interpretation, followed by
additional comments on'nechanisd of formation.

.Examples'oi limestone deposition are discussed in Chapter 5.

4.2.2 Channel sandstone deposits
The definitions of channel parameters and morphology_used in this study

are outlined in section 4.3.1. The channel morphology and types as well as a
[

broad outline of the lateral extent of the chanmel deposits observed in the

major depositionai environments of rhe Sydney Mines Formation are discussed

in section 4.3.2. 1In additiom, the'main characteristics of those streams are

summarised in Table 11, values of parameters of some significant sand bodies

in the New Waterford section in Table 12, and the most q‘gnificant lateral

extent correlations (observed in Appendix B, Figs. 1-6) in Table 13 The

P
significance of the width/depth raE‘B“and the parameters and influence on the.

-

-~

stream channel system of the factors controlling these parameters are —

discussed in section 4.5. . A

The purpose of the present section is to describe in detail some
.‘/ ‘ )
examples of significant channel-fill and lateral accretion deposits observed

in the Sydney Mines Formatiom.

4.2.2A Example 1. Point-bar fining-upward seguence

Location: Donkin West section, interval 24-28 m.

Il1lustrations: Appendix A, Fig. 5, interval 24-28 m; Plate 17 and

" Fig. 7. ' | ' "
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Seﬁcing: total thickngss of sequence is approximaﬁely 3.5~4.0 m and is
iéterally continuous-for > 150 m as a sheet deposit formed by point—ﬁar
migratiﬁn;.upper_contact is covered and undérlfing~unit is a sllty shale.

7 Lithology: sequence -is 75% sandstone and 25% shalg and éomprises
fining-ﬁpward unitg, Each‘unit-ranges from 1-2 @ thick apd exhibits the

following upward gradatiomn: -

"

e Basal strata have lag deposisg: large-scale troughs composed of

very coarse to medium quartzose sandstonme with 15Z lithic clasts (sedimentary

-

and metamorphic) and 5% micaceous flakes. Cement is a mixture of clay matrix

-

(mostly kaoliniie) and locally calcareous material.

-

e Upper-middle strata are_micaceous, fine-grained silty

(salt-pepper) sandstone with organic debris and mostly kaolinitic clay .

- (interstitial) matrix.

. -
PR

e Uppermost strata ponsist of intersératified VF-F sandsﬁone,
mudshale anJ:clay laminations.
Structures: the most signifizant characteristic of this sequence is the
bedforp migration .of units exhibiting verpical fininé of even-stratal sets

_from trough cross-bedded in the basal unit to trough cross-laminated and

finally into rippled sets upward into the ﬁid@le aﬁd uppermost units. The

characteristics of these various sets are from bottom to top:

-

. Trough cross-bedded-sets:'éo co to 1 m thick/3.5 n wide, most 60

em thick and 1.5-2.0 m wide.
_® Trough cross-laminated sets: most are 30-35 cm thick and 1,5-1.0.

~ - 2
. . S N
m wide. | : %} ‘.
- - = .

{ ® Rippled sets: ¢ 20 cm thick and composed of-outlof-phésé

4
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- Paleocurrents: toward 080° in Fig. 7 in bottonm sets with variation of -

030° to 050° upward into the rippled units.  The dip of lateral accretion
o . T~ .
sets ranges from 7 tovl0° and.averages 8° in an easterly direction.

- 4

AcceSsories: ball-and-pillow structures, clastic dykes, small-scale

—~

faulting and micro-fractﬁfiqg}are observed locally in the }ast unitc of
uppermost finer material. - ‘ .
. Inﬁerpretation: the main features of‘chis exanmple are the lateral
migration of bedfqrms, the fining-upward of lithology and structures, tﬁe
presence of‘one'major erosional surface and of other minor ones and the
gtadatipnal tops. These features are atcributed.:o point-bar deéqsition and
migration in a meandering chanﬁel in which the thaiueg 1s overridden by
point-bar deposits. | | |
In modern point-bars, grain size decreasg; chro;gh the length of
the bar, as does facles distributi;: (Jackson, 1976, 1978). The type and the
scale of sedimentary ;iructurés présent in this channél,aré a reflection of
the influénce of changes in ﬂydraulic factors {(which control width, ngch and
dip of'siope) (Jackson, 1975, 1978). Prgsumably this example represeéts'the
downstrean part of the point-b;r, where the fining-%Pwaré is fully developed.
Comments: other locations at which similar”point-b;r sequences (analy;ed
in similar detail but not described in this text) were observed in the‘sydney
Victoria Mines section, interval 38-45 m;
- New Waterford section, interval 11&-155 - H
New ﬁatergzrd section), interval 163-174 m;
New Waterford secticn, interﬁgl 203—211 m;
New Waterford'section,'1nterval 255-260 o3

* Glace Bay West section, interval 205-210 m§



Dornkin West sectionm, interval 114-120 m. -

4.2.2B Example 2. Point-bar sequences exhibiting lateral migration and

trough cross-strata with 180° divergence of direction

~ Location: Donkin East section, interval 72-77 ﬁ.

Illustratiom: Appendix A, Fig. -6, interval 72-77 m; Fig. 8.

-

Setting: the s as depositéd by a laterally migrating poing;bar 3

m thick and\ lat a%ly'continuo for 50 n. The -underlying unit is covered
and the overlying unit is S!;\;artiglly covered-remnants of a2 (secondary)
shfider seam from the Backpit Seam. The entire sequence is exposed aléng the
\ﬁxis of the migration direction (west toward east) and di;s_into the ocean at

roughly 8 to 10°. At the point.where it ‘'disappears,into the water it is

exposed as‘a cross-section of trough cross-laminated sets corresponding to

the topmost finiqg—upward sequence qbgerved.
| Lithology: ﬁhe sequence is composed of 75% sandstone and 25% fine
clastics apd shale and is composed of several stacked fining-upward units
. TN,
averaging 1.5 m-in thickness.
e The sandstone is mostly a light-medium grey,'salt an;-pépper,
gritty, micaceous coarse sandstone with kaoliniric.matrix.
. e Well-developed lag.deposits (10-15 cm thick) are present in the
basal troughs of ééch of the.fining;upward beds and sets. These depasits are
complex alternations of very coarselqgarse sandstone with sideritic and
lithic (mostly mudclasts 2-4 cm i; diameter) clasts and aodules. Sharp
. erosional contacts separaté each of these déposits.
e The basal sandstone grades upward‘into h;rizontally ﬁedded

coarse-medium sandstone with abundant coal debris and micacecus flakes on

. .parting planes. This uni:‘and Qhe ﬁrevious‘lag deposits represent the’

remﬁant of thalweg deposition.
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# The sandstone fines t; nedium-fine and fine-very fine in the
uppermost part of the sequence (i.e.,_uppérﬁbst tabular rippled beds)f
Structures: changes in sedimentary structures are related to g;ain ;ize.
‘In the coarser sandstone channelling and larger scale cross-bedding aﬁd

horizental bedding predominate.

“’?ﬁfybical complece'sandstone unit begins with an eéosion surface
containing litéic clasts followed in ascending order by large-scale
cross-bedding - ho;izoﬁtal bedding.; rippled sets - diimbing ripple
.lamination and mud layers; ' )
The entire sequence from boctoq-to top is as féllows (Fig. 8):
First fining-t?pward cycle -
e large-scale trough cross;bgddedPSets 30-50 cm thick/1.5-2.0 m
wide; |
e horizontally bedded, homogeneous, coarse-medium sandstone bed'
15-20 cm thick; ! -7
_ : : /
o lag deﬁosits (}5 cm thick) with_%ouer erbsional surface;
e horizontally bedded, coarse—ﬁeaium sands;pne 50 em thick;
' . horizqntally laminated medium-fine sandstone, 20 em thick;
Second fining-upward cycle - -
® large-scale trough cross-bedded unit 20-30 cm thick with lower
erosional contacts and lag deposits;

e trough cross-stratified set 50 cm thick wigh trough axis

direction opposite té main migration direction with dip of foresets of -

10-15°;
. e horizontally laminated medium-fine sandstone, 30 cmthick;
~ e uppermost 1-1.5 m variegated rippled units: climbing‘ig:;hase to
. : . N : ]

slightly climbing out of phase; the transition between rippled-laminated sand

R . ‘ /
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and mud layers is abfup; or gradationai passing up into wavy laminated and

streaked muds:
Paleocurren§§: paleocurrents of fining-upwaré seqﬁences are:
T : . basalqﬁrough cross-bedded units of £first cycle: 030-210°;

e basal trough cross-bedded units of second cycie below reversed
set: 045-225°’w1gH a range of 025-205° to 065-245° for the overlying trough
cross—laminatéa units; . - .

: . céough cross-bedded units stratified reversed unit: 225L065°;
e sequence above the reversed unit: trend 050-230°. -

o
Interpretation: the main features of this sequence are similar to those

of example 1 and therefore a similar interpretation is proposed. Two:majbr .
differences are: 1)the gresence_of horizontal strata, and 2)reversal of
direction bf'trough cross-strata. Horizontal bedding with éarting lineation
is characterisitic of an upper flow regime. ‘It is formed %ﬁst commonly in
shallog_water, especially across the top of point-bars, where increasing flow,
velociiiés are prominent. The horizontal bedd;ng.?xesgnt in this exanmple may
-have formed during the fiood stage with the erosional base. ‘Deposition of

.

upper-fiow-regime horizontal beés at the falling stage (Allen, IQESa;b)
followed. ¢

The origin of the re;érse-oriented trough cross-stratified set can be .
explained in one of-qwo ways: l)channel meandered across the area with 180°
opposed directions; or 2)eddies occurring in the stream during an abruﬁt
change of veloélty; Either of thése alternatives is possible but (1);$eems

to be the most likely in this example, given the wide variation in

- paleocurrents observed.

7
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the channel lies directly on the seam but does not erode into 1it.

4.2.2C Example 3. Lateral filiing of channel with epsilon cross-bedded

Location: Donkin West section,.inte:val 75-83.5 n.

Illqsfration? Appendix A, Fig. 5, interval- 75-83.5 m; Fig. 9.

Setting:- this example {s an upwafdtfiniqg sandstone channel body 100 m
wide (expgsed‘la;eral continuity > 100 m and é-m-:hick. The channel ‘is

laterally filled by ‘trough cross-beds and exhibits well-developed epsilon

cross-strata (dipping 6-12°) in the Ipwer 1/3 to middle part of thé_ghannel.-‘

The underlying bed is a minor coal seam on 2 seatearth. The lower contact of

‘ﬁLithology: the trough cross-be?s of the basél part of the channel
(thalweg deposition) are formed of coarse-medium, subangular sandstone withl
abundant pebble-sized lithoclasts dist:ibﬁted thréughout the lower part of
the individual‘sets. The epsilon cross—beds-are 1.5 m thick and formed by
thin beds 10-20 cm thick of medium-fine sand, normally slightly rippled and
separated by siicy‘argillaceous thin beds 2-5 cm thick. An upward-fining
trend is observed in the indi;idual Qets bdslalso in the gnt{re sequence.

This is manifested by 1)} decrease in mean grain size, and 2) upward imcrease

in silt and clay content and in shaly thin beds and partings.

/,’///fgz;;ctures and laminations: the sets of epsilon cross-strata average 1.5

¥

-

@ in thickness with dips avegaging 6-12° towafd 340°. In exposures rough}y :
parallel to thﬁ‘&ip direction of the'épsilon E ss-beds, the major surfaces
are planar from the top to the base, and the bage of each Qgpd bed i§ usually
‘sharp with signé of local éros%pn. The.epsilon czogsfbpdg are sigmoidal.and
are filded with lamiﬁae 3=-7 mm ;hick.' Hica is commonl; present on bedd}ng'

planes. The basal third of each epsilon sandstone unit is structureless or

. shows currEnt_rippies up to 5 cm thick. The dominating structure observed in

the upper part of the set is cross-lamination ranging frﬁp 5-20 mo thick.

Lo

s
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The sandstone portions of the epsilon umics gradé, over a few mm to 1 cm,
into overlying mud parting‘composed of finely laminated greyish silt to silty
clay with much ofganic debris-and ﬁiagt remnants. Fige tubuiar burrows (45-‘
mm) are pres;nt locally in the ?ilcy fraction of the uppermost part JE the
epsilon cross-éets. |

The lowermost-trough cfoss-beds in the channel seguence transitionally
grade inte the overlying epsxlon cross-set. These basal troughs are 60 cm to
! o wide and 20-35 cm thick. The beds overlying the epsilon cross-beds are
partially-chafacterised %y trough cross-laminated sandstone but are dominated

- -

by rippled sand similar lithologically to that in the sandstone of thy

epsilon cross-sets. Horizontal laminated sandstonmes are also present in the

-

transition zones between these facles.

Accessorie;: fine plant debris and imprints, coalified fragments and
‘fine clasts and mica on parting pl;nes. |

Paleccurrents: the channel direcgion (representing the thalweg channel)
is 020° to 0;0°l uhilé epsilon sets dip roughly 350° to 340°. Directioral
data from outcrop measurements of ripple foresets in the epsilon crﬁsérsgt
facies as well as in the uﬂderlyi&% trough axes indicate a moderately
well—defined.pattern'énd show current direction ranging from 015-195° to
75-255°. The main river trend'is rbughly in a mortheast direction.

In:erpretation. The descrihed sequence is believed to have originated as
a ‘result of se;eral succesarve migrations of a meandering belt with avulsion
_taking place at 76.5 (Fig. 9). The underlying ttough cross-bedded sands
wére'Aepssited_contemporgneouslyfin ;be baéai part of the channel (thalweg)..
Latéral—accretibﬁ sets are comménly preserved in channel sandstones
containing gilty alternations and'are much less common in homogeneous

-

sandstone bodies (see Example 4).

L - W
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4.2.2D Example 4. Homogeneous channel f£ill deposit

' Location: Morien North section, interﬁal 50-57 m.

illu;t:ation: Appendix A, Fig. 8B, interval 30—57 m; Fig. 10 and Plate
-18.

Setting: Individual ¢hannel (5 @ thick and laterally continuous for > 50
nm) homogeneously filied by trough cross-bedded sandstone; overlain by
‘floodélain package énd underlalin by one ;ajof‘sequence of channel ﬁargin (Eé)
.an& tabular levee deposits; Fig. 10: interval 47-51 m and paleocurfeﬁts of ‘
. level i énd 2. ‘ ‘ . : ’

Lithology: éenerally fining-ﬁpward of sediﬁents:

base of_chhnnel -- coarse to medium quartzose sandstone, salt and
pepper with very coarsé.orgénic-clasts and plant debris lag deposits (clasts.

régggrallys 1l em in diaméﬁer; s

. . < .
' upward into (lower third of “channel) —— medium to fine quartzose

-

sandstone, salc and pépper, with 5 m diameter organic fragments at the base

of sets;

uppermost unit -- interlaminated fine-clastics and mudstone.
Sedimentary structures: homogeneous trough cross-bedded filling of
_ channel exhibiting general decline upward in the. scale of the cross beds and

io the grain size of sandstone and no epsilon cross-strata.

/e The lower 2/3 of channel (3.5 m thick).is formed of thicker and -

more massivéftrough crosé-bedded nits. . Troughs at base are 30-50 ecm thick

. __ . _ <
and 2-3 o wide with lag deposits averaging 20 cm thick. These troughs form

sequences avei:‘aging EsS m thick,

. . e The upper_Ll/3 ﬁ:channél (1.5 @ thick) is formed of thinner,

- -,

-, lenticular smaller scale (20-30 cm thick, 1-2 o wide) trough cross-stratified

beds with five lag ﬁepositg,g‘few em thick, ™ ° - )

-
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'tH e The unit overlyigg the channel £ill séquence is ; séries of
int:>§:ratified rippled to horizontaily %amig§55§ws£itstone énd ;rumbly
midstone (locally purple? beds 10-25 cm ihick. representing floodpl;in
deposicion.

Paleocurrents: measurements from levels 1 and 2 of Fig. 10 represent
directions from trough cross-bed axes and they ﬁénge from bottdm to top as
follows: trough axis from base of channel 050° (northeast direction)
progressively upward into trough cross-laminated sets 020° (rorth-
northeasterly direction).

Other example: Tﬁe'examgie from the New Waterford ;ection. interval
202-211.5 m (Plate 18B) exhibits siﬁilar type of channel £111 as that in
Plate ISAl but here the channel fill is entirely homogeneous with the scale
of the trough cross-beds declining upward as one uninterfuﬁted sequence.

Interpretation: This groupedltrougﬁ cross-stratification is interpreted
as the f£illing ef channels by the migrétion,of trains of dunes or megaripples.
in the deeper parts of the thalweg channel with dgcline of scale related to
decline in flow strength relaied to avulsion. in very sinuous rivers with
relgti::}y fin;r sedimentg the scale of the cross-beds and grain size o§ -
sands decline upward (Walker and Cant, 1984), but Jackson (1976, 1978) and
Bridge (1985) have also demonstrated that fluviél channels.with cﬁarser
sediment and less mud éepositIOn-(which is the case here) generate a sequepﬁe i
—vithout the well-defined fining-upward trend féund’in classical point-bar

sequences. The'rari:y of lateral-accretion sets in hopogeneous channel
sandstones 1is aétribuced_to cﬁe obscuring effect of dunes migrating acréss

the point bar and to a lack of lithological contrast (Gibling and Rust,

T .
»

-1984). This rarity has also been observed in.anastomosed and distributary

channels in the Paleocene (Bridge, 1985; Beit.'pe:sonal communication).

r
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4.2.2E Example 5. Pebbly-granular sand wave deposit

Location: Donkin West- section, interval 14-20 m.

Illustration: Appendix A, Fig. 5, interval 14-20 m; Fig. 1ll.

Setting: lenticular curved to sinuous ridge of pebbly-conglo&eratic
granular material (1.5 m thick and$12 @ wide) located in the basal part of
the lowermost cha?nel (beach levél) of a series of erosively based channels.
The topmost of these channels exhibits gradational abandoqmenc. The sequence
is overlain by overbank deposits.

Description of sequence (unit numbers correspond to those of Fig. 11):

1) Pebbly-granular sand wave: composed of 50~60% intraclasts
{(shale, mudstone,calcareous ﬁudstone) in a coarse-medium sandstone Eatrix
w;th little mud content. Clasts show no imbricaticn. No internal\tross-
stratification is apparent and the entire sequence is formed of four
'fining-upward beds (30-40 cm thick) separated by three thin beds (2-8 ¢m
thick) of silty mudstone to muddy siltstone. Direction is oblique to the
main channel direction ({.e., in a dirfction toward the left of the figgre
and out of the-page). - |

2) Main channel: sand wave forms the lowermost unit of this
channel. Fining-upward from coarsé to medium sands%one and upward from
trough cross-beddedcto trough cross-laminated to horizontally laminated, this
channel ;ppears‘to erode into the lateral floodplain package and is scoured
by channel (3). The axis of the channel is‘;oughly'jSOf ian direction. .

3) Second channel: e;odes into the fzner.sandy rippled sediments of
channel (2). The uppermost phrt shows vertical accretion of muddy material..
The axis shifts in direction to 010°. .
| 4) Third channel shows chute cutoff abandonment: eroéing‘inc;‘finer

sediments of (3) and showing the characteristic features of gradual

r -
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abandonment channel f£ill, fining-upward of sequence and upward waning of
L "

flow. No significant paleocurrent measurements were available. ":éh

5) Overlying overbankfflébdplain deposits: interstratified tabular

4

to lenticular beds (20-30 cm thick) consistiﬁg of small-scale rippled and L

horizontally laminated very fine silty sandstome to sandy siitstone and
thirly bedded (5-15 cm) mudstone and shale.

~

Interpretation: this example represents the deposition of a Sar on the
lower lateral accretion face of the main channel. The barfuas oriented
obliquely to the direction+of the stream flow w;th slib face directed inward
toward the meander lobe. It was probably deposited during mode;aée flows iﬁ .
which pebbles accunulated. The small amount of mud present as matxix- -
probably was washed into the gravel after depositiour The sequence of three -

channels is believed to illustrate lateral shifting related to gradual qﬁﬁg

ftlling and abandonment of the main channel.
L) .

4.2.2F Example 6. Channel abandomment £illing: gradual abandonment

(chute cutoff deposit)

Location: Morien North_section, interval 14-17.5 m.
Illustration: Appendix A, Fig. 8B, iﬂterval 14-17.5 m; Fig. 12A.
<;'Sett;ng: gradually abandoned channel 2.5 ﬁ thick and laterally exposéd
fbr) 10 m. in cross section the £ill deposit is triangular to sligﬁtly U~- .
shaped and is bounded by a partly erosional surface and enclo$ed 1n a |

fleoodplain sequence,

Litholdgy: fining~upward sequence from coé:ée-mediﬁm sandstone ﬁi ag
‘:'éePOSit upward into finme silty sandstone followeé by orggn%t rich silty A
~clays. -‘I . | : -

R Sedimentary structures: the chaﬁnel—fill can be subdivided in three

sections corresponding roughly to the subdivision of Walker and Cant (198&):

¥ '
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.£low.

e Lower section: similar characteristics to the lower part of a
point-bar sequence and consisting of massive trough cross-bedded deposits

overlain by trough cross-laminated finer sandstone. This represents the

active channel fill. !

» Mid®e section: trodgh cross-laminated fine san andy siles
and silts representing the gradual abandonment and deposition during pargial
r . ’

o Upper section: consists of predominantly clays and silty clays

with abundant organic debris, plant material, roet _Temnants and desiccation

cracks. This represents the abandoned stage and verticel accretion-occurring

-

after cutoff,
Other examples: New-Waterford sectionm, interval 72-75 m'(Appendix'A;
Fig. 2); Glace Bay West section, interval 45-47 m (Appendix B, Fig. 3).

Interpretation gradual abandonment (chute cutoff) of the main channel.

After channel closure was completed further filling was limited to ¥

deposition_of f4re and muddy mategial introduced by overbank flows.

4.2.2G Example 7. Channel abandonment filling: abrupt abandonment (neck

cutoff deposit -

Location: Horieﬁ*North section, interval 4-7 m. ) -

Illustration: Appendix A, Fié. 8B, interval 4-7 m; Fig. 12B.

. Setting. Abruptly abandgned channel (2 m thick, 7 o wide) enclosed in a

=

purple well—drained floodplain package uith variable water table.

Litholegy: basal sand unit: 60 cm thick silty, hematitic, micaceous

. medium to- fine sandstonme with basal 10-20 cm thick lag deposit composed of

lirhic clasts (3-10 mm diameter, various sandstones and mudstones) = The

-

basal sand unit, representing the active channel fill. is abruptly overlain .

by'aq&hlckef section (1.5 m thick) of interstratified organic rich and rooted

\ l" “.' N : ' ) . : - -_. ’/-—n.‘
. : . : Y (’
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clays and purple/hematitic, silty shale and locally shaly siltstone. This
unit is very similar };-the_sedinenté of the uell—dreined floodplain with
variable eater table.

Sedimencary sttnctures: fining-upward sequence Irom abrupt-etosional
basal_contact into interstratified large-scale' and small-scale trough cross-
‘stratified beds into a thicker nertical accretion sequence with local small-
scnle croes-laminated beds in the lower part.

Accessories: Root remants and lmprints and'desiqcation cracks observed

in the zome of water-table fluctuation. -

Other example: New Waterford section, interval- 214-215 m (Appendix 4,
T - . A T-.‘ N
Fig. 2). ’

Interpretation: Sudden abandonment.ﬁf}neck cutoff or‘avulsion. The
former neander~loop is suddenly abandoned and sealed off by-vertical
acctetion deposition. The ripple croés~laminated fine sands at the top of the
‘ baszl sand' unit represent low flow during abandonment and the rest of the

sequence consists of vertical accretion deposits washed into the abandoned

looo at flood time.
1

<‘4.2.3 Overbank deposits (proxiﬁal) ) ' ) s
‘Rivers flow through alluvium deposits under two main conditions: within

the confines of the channel at ordinary river stages, and over the floodplain

-

top stratum, in addition to within the channel, at flood stages (Leopold and
Wolman, 1957) The coarser stream load materials are carried within the |
chennel while the relatively fine materials (finer sand and silt and clay)
maintained in suspension by the turbulent motion of the water are deposited/
beyond the channel banks on the floodplain as vertical accretion backswamp

i

. deposits and as levee and crevasse-splay deposits generated by overbank




_BQ'-.

A

s

tractive transport (Fisk, 1944, 1947; Leopold and Wolman, 1957; Bernard add
Major, 1963; Allen, 1964, 196535. Surficial exposure'énd groundwater

fluctuation, desiccation features, pedogeniﬁ deposits, interstratifipd coarse

and fine sediments and autochthonous and transﬁoicgﬂ élant'deﬁris'are common
A

- ‘ . . - .
gfatures in vertieal accxsiizzh:epositsz . o )
’ b C e .
Levee deposits close to river bank are typicaidy-~coarser than the

:

more distant backswgmp deposits (Allén, 1964) but finer Lhan~proximal
crevasse-splay'Sedfaents. Crevasse=-splay depdSitsWaccumulgte.where floed
waters break outlof the mairn channel Ehrough low places in the natural . .
levees, and hence tap uspended sediment from lower flow.levels Ehap that
fw@ich accumplates on levees. Tﬁe ;revaésé deposits thin away from the
channel and fan out into aggrading distributaries erosively spreading tongues

. s .
and lenses of relatively cocarser sediment into the floodplain environment

(Allen, 1965a). ’
The thinner, finer grained sandstone bodies of the-Sydney Mines
Formation are attributed to the related‘overbauK deposit processes of levee,

: 3 v
crevasse-splay and lake-fill deposition (Walker and Cant, 1984; Gersib and

McCabe, 1981; Rust and Masson, 198l). These units are characterised by

v . - . |

abundant root bioturbation-dnd ripple cross-lamination (Rust and Masson,
'1981; Rust et al., 1983). d@erfloéiqg throughﬁimnfboints in\the chaqgél bank
taps lower, coarser channel sediment and generates crevasse-splays elongated

approximately normal to the channel trend (see examples 8, 9 and 10). These

" deposits are the commonest type of overbank sandstone in the Sydney Mines

-

Formation 3pd are characterised by upward coarsening or coarsening, then . /'

fining, trends. Lower or middle strata (splay channéls) are trough. - "

cross-stratified, whereas the upper parts .of. splay ugith dre finer and

dominated by horizontally stratified or ripple'cross-lgmihhted'sahdsione (see

- -
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examples 8 and. 10), a response to waning flow. The siltstone and shale

associations that, cormonly underlie splay saﬁdétone (examples 8-10) represent

sediments deposited from su56ghsion ar2ri\distal portions of splay lobes.

The interlamination af siltstones and shales\with teals and carbonaceous
shales indicates dipdéifion as suspended sediménts of rlood waters that
invaded backswamp areas. -The spatial relationship of the silcstones and
shales as dgpdsits overlying and marginal to cﬁénnel sandstones reflects
deposition aslsﬁspended sediments in overbank-levee areas.

-

In the lacustrine-dominated environment where a crevasse-splay progrades

g//*tﬁfg standing water, Smail lake deltas are generated°(Elliotc, 1974; Gersib
and McCabe, 1981). Lakes formed by an excess of subsidence over
sedimentation in parts of the éloodplain are common-features in the Sydney
Mines Formation, particularly in the ce;;ral part of the basin between
.Victdria Mines and Glace Bay zMasson and Rust, 1983). This lake-fill
sequence type is characté:ised 5& upward coarsening with abundant bivalves
and abundant plant debris in its lower part (see Thap. 5 for détailed
discussion). |

4.2.3A Example 8. Levee (channel margin) deposits

Location: Morien North section, interval 64-68 m.
Illustration: Appehdix A, Fig. 8B, interval 64-68 m; Fig. 13 and Plate

™\

19. :

Setting: alternmating tabular sandy (medium to fine) and fine clastic
beds, laterally continuous for > 125 m, overlain and ;qderlain by channels.

Lithology: thin cyclic units of light coloured, horizon;plly (rabular)
bedded medium-fine sandstone {locally coarse) interstratified with siltstones

and shales (mostly carbonaceous with variable organic and comminucted plant
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debris) underlying‘floogﬁlain package o% interstratified redepurple sandy
siltstones and light pink very fine to fine sandstone.

- Bedding: interstratified gabuiar an& relatively thin wedge of sandstone,
siltstone and claystone, ranging in thickness Irom 1.5 m to 20 c¢m, déposiced

by overbank flood waters. Thickest sqctioh is adjacent to chamnel located at

- TN . ~

~

the-base of cliff and partially submé%ﬁé@. Individual sandy beds are

thinning away from channel. Overa;f?ﬁéquence is finer neaf the base and

grades upward into increasing sand .and silt.
Sedimentary strﬁ?\p:es: most recorded structures are ripple cross-

laminations, parallel laminatiocns, and local climbing ripplgg.

-

Charactéristic sequence exhibits horizentally laminated beds overlain by
o \ | )
cosets of waning-upward small-scale asyuwmetrical ripple cross laminations (up

to 8 cm thick) with local climbing ripﬁles gradiﬁg upwafd into suspension

deposited horizontal/parallel laminations. Rapfd vertical change‘of
interstratification between coarser and finer sediments, on the scale of
several cm, is a very characteristic feature. Levees generally consist of

Eiﬁing-upuard sequences with well-stratified {ripple cross-laminated),

locally burrowed sandy to silty lower portions grading upward into silcy clay

-

with intense burrowing and root-ﬁioturbation; ripple cross-laminaté& beds
(averaging 1 o thick) of fine-clastic materials (mostly very fine sandstone
and siltstones) enclosing aligned upright trge trunks (Plate 19) are
prominent; iron-carbonate and calgareous noé&les are present locally. A

coarsening-upward sequence (up to 40 cm thick) Tepresenting altérnating

3

) »
sand-laden currents is alsoc present.

Accessories: mottled and homogeneous deposits abounding in roots,

rootlets and plant debris; extensive occurrence of upright tree trunks.
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Paleocurrents: mostly ripple crest-axes at approi?ﬁately 90° to the

channel direction, which flow in a northeasterly direction.

Other examples: New Waterford section, interval 151-155 m; Glace Bay

‘East section, interval 57-60 m.
’

Interpretation: this example represents deposits overlying and marginmal
to a channel sandstoné reflecting deposition of sediments in an
overbank-levee area; the scale and the Importance of iﬁterbpdding of coarséf
and finer sediﬁents is controlled by the size of the levees, the grade of
sediment made available by the stream and the duration of flood and waning
eveﬁts; the thicker cosets of_ripple”;rpss-lamina;idn and the climbing
ripples formed under higher aggradation rates probably formed at the levee
&op;,where flow was abruptly cﬁécked im veloeity.

~ -

4.2.3B Example 9. Pebbly sheet splay deposits

-

Location: Morien North sectiéﬁ, 1n:§rval 91-96 m.

Illustration: Appendix A, Fig. 8B, interval 91-96 m; Fig. 14 and Place
20. 4 |

Setring: Five tabular-sheetlike bodies 1.5 m to 60 cm thick, laterally
continuous for 30 m and overlain by a channel with basal conglomeratic lag
and are underlain by a flooéplain package (Plate EBA).

Lithology: Pebbly-égnglomeratic coarse to very coarse §andstone with a
green to dark-grey poorly sorted muddy sand matrix Interbedded with thinly 
bedded fine-medium sandstone and grey-greem mudstone; conglomeratic
intrac;;sts have variable characcarisEics (subroundeq to subangular lithic
clasts including: quartzose ;andstone. siderite nodules; quartzitic lithic

sandstones, variable mudstone), range from 5 mm to 5 cm and are framework

supported with no apparent imbrication (Plate 20B).
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Sedimentary structures: Seri&s of five fining-upward tabular-hofizontal- .
bodies forming a fiuing-ggg#rd sequence and exhibiting upward thinning of the f\‘—
bodies (lowermost bed !.5 m thick, topmost 60 cm thick). The main bodies are
separated by thin beds (é0-30 cm thick)'of fine-clastic muddy material and
internally the conglomeratic intraclastic beds are composed of sets 20-40 cm.
thick separated by tﬁin sets 1-3 em thick (increasing in number in the upper
beds) of muddy material. All sets (with the exception of the lowermost bed.
which is trough cross-stratified im its lower part) are horizentally
laminared with slight wavy rippling é;pearing in the upper third. The

N

conglomeratic beds are -massive o horizontally laminated'and exhibit lower
erosional contacts and abrupt to gradational upper contacts; The most
frequent internal structu&es‘present are: planar stratification, bedding-
plane ﬁarting ;iheatgons,-basal erosional surfaces, infernal mud
interlaminations aﬁd small-scale ripple cross-laminégions.

Paleocurrent: measurements are from primary current lineations aﬁd clast
elongation at base of b;ds and indicate'that flow direction 1s roughly normal
6 the general northeast trend measured in the surrounding channels.

Other examples: Donkin West séction, interval 94-97 m,

Interpret;tioﬁ: The setting of this sequence of alternating thin to
thick bodies of'pebbly—congiomékatfc. coars; éo fine sand and ;hbordinate
interbedded silt and sandy tiud indicates that they formed marginally to -
channel f11l facies and are 1nter£edded with floodplain sedlmentg.

The abundant ﬁlanar stratification, tabular-sheet ‘geometry and
small-scale vertical ";yclicity" indicate pulsatory trangitional andrupper-
flow regime conditions in an unconfined setting and high flood levels

~required to carry pebbles onto splays. Associated floodpléin deposits

suggest deposition of sheet splay units” during periods of intemse overbank

‘t,
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| flooding from a mixed load (bedload dominated) stream, and poor sorting,
coarseness, and crude bedding indicate a provenance ffom stream-flboding as
pebbly sheet splay deposit probably from a high-sinuvosity streanm ui;h coarse
bedload and episodic discharge. . . ‘ .

— -

4.2.3C Example 10. Crevasse-splavs with distributarv channels

Location: Glace Bay East section, interval 117-139 o.

- 2L

.

Illustration: Appendix A, Fig. 4, interval 117-139 m; Fig. 15 and Flate

,/ Setting: Floodplain sequence with numerous crevasse-splay deposits and

numerous distributary channels; sequence is laterally continuous for “ 100 m

and consists of latgrallf continuous thin to thick ctabular fine - ve;y fine
sandstodés-dn;ers:r;tified anq.interfingering with floodplain or 1ac;strine
mudstone and siitston®; individual beds or lemses within the sequence are
__.usually 40 cm to i m‘thick and rarely exceed 2 m (Plate 21A). .
Lithology: interstratified fime to very fine sandstone, siltstone,

variable mudstone and shale (including carbonaceous shale) and minor

discontinuous coal seams.

Sedimentary structures: typical splays exhibic fining-upward and/or

coarsening-upward follogiﬁiﬁx fining-upward sequencés. locally scoured by
distributary channelg (Plate 214,B). The base 1is shar# and load d¢rugtures
are common; many of the primary structures are locally destroyed by roo:g:
The stratification of the bed changes upwérd from horizontal thin bed .
laminations to small-scale riéple cross-laminations (including locally
climbing and asymmetrical types) to wavy or slightly wavy into poorly defined
to disrupted planar laminations, with a broad range of planar, ripple and -

cross-laminated types. Distributary channels observed raﬂée from 1 to 2.5 =

thick and 5-15 m wide; the one described in the example (Plate 21A) is 1.3 m

—_ -

-
-~

(’// : . .



cm thick rippled unit wirh sets several cm thick;:
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thi?k and approximately?5 m wide. Some channels may display lateral ~_ .

acc%ecion bedding, 3te characterised by fining upward of sediments and are

enclosed by f£loodplain sandstone and shale associations (Plate 21A,B8). They
R . -

can usually be divided into three parts having the following general

o

characteristics: ~
¥

e lower —- trough cross-stratified unit 35;cn thick overlain by 10

e niddle —- small-scale trough cross-laminated upward into rippled

- and horizontally laminated in the upper part; ripples are mostly sinuous and

out of phase;

e upper —-- finest sediments (silty claysnone/mudshale unit)
developing locally into geatéarth. dominated by horizontal stratification but
élso ripple cross~laminated.

Paleocurrénts: direction approximately normal to channel trend. )
Other examples:
) Morien North section, interval 61-69 m (Appendix A, Fig. 8B);

Giace Bay West sectlon, interval 212;214 m (Appendix A, Fig. 3);

New ﬁaterford section, interval 253;2§0 m (Appendix A, Fig. 2).

. Interpretation: The tabular distribution of beds, the coarsening-upward
sequenc&”fdllowed by a fining-upward sequenée, the local climbing and
asymnetfic-;ipple laminations and the local scouring by distrfbuﬁary channels
inéicate deposition By flood waterg ofiginating from crevasse -channel
cutting into levee crests of the main channels. The initial coarsening

upward above the Z{osional base, followed by’}ining_upwar&. reflects .

deposition during

ising and waning flood étages (Elliott, 1974). The units

fining upward from an erosive base represent erosion of the floodplain
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preceding deposition during waning flood velocities. Grain size and internal

. .
structural changes depend on local flow conditions and sediment availabilitvy.

4.2.4 Floodplain deposits —- well to poorly drained swamps and coal

formation .

The floodplain-dominated environment represents fiood basin environments
rec;iving fines from overﬁank flooding and sands as proximal and distal
splays (overbark deposits). Floodplain dgposit; are Elanket-shaped
accumulations of clays, silty clays apd ouds deéosited from a suspended load
oi flood w;ters into the topographlcally lower floodﬁiain (Elliotr, 1974).
The main characteristics of the floodplain-dominated environment in the study
[ area are given in Table 1l.

The sed%mentary facies of floodplain deposits in the Qtudy area can be
grouped into distinctive associations in vertical sectlons, with each )
association containing different facies types. These associations represent
two main environmental settings within the more geﬁeral floo&pl;in
environment: the well-drained swamp with fluctuating water table

subenvironment, and the poorly drained swamp subenvironment.

4.2,.4A Well-drained swamps with a fluctuating water table are important

1n zone C of the Sydney Mines Formatiom, particularly in the New Waterford
. ..
and the Morien North sections. The best examples (and their lateral extent)

are located at:
e New Waterford section, interval 130-160 m (Appendix B, Fig. 4,
and Appendix A, Fig. 2);

e New Waterford section, interval 220-234 m (Appendix B, Fig. 6,

and Appendix A, Fig. 2);
. T T

™ . '

A
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. )] Nq?-waierford section, interval 260-280 m (Appendix B, Fig. 6,
and Appendix A, Fig. 21;.. : R |
e Morien North section, interval—20.5-40 m'(Appendix A, F;g. éB).

All of these examplés can be characterised as floodplains exhibiting highly
variable interstratification of light blivé grey/greyish green- to purple
hematitic fine clastics locally exhibiting mottling. These clavstones/
mudstones exhibit variable silt conteng and are associated with sandyAsﬁiay
deposits. Association wiﬁ% lacustrine/pond deposits is also observed at a
few locations in the New Waterford secgiqn.' .

The hematitic and iron, oxide petrographic and diagenetlc aSpedts of

O

those sediments will be discussed in section 4.6. The best example X,
R

s

illustrating the characteristicss discussed in this section is :he‘incerval
.260-280 m of the New Waterford sgction, illustrated in Appendix A, Fig. 2,
and Plate 22. | )
This facies consists mainly of interstratified iight olive gréy)greenish
grey to red claystones and mudstones that contain_variéble percentages of
silt (5-50%) and low amounts of organic. debris. This faciés contains lenées
and discontinuous layers of ripple cross-laéinatéd very fine to fine
. sandstone and 1is aséociated with tabular, latefally continuous ripple cross-
laminated to horizontally laminated very fine to fine sandstone bodies ‘
rep?esen:ing c;evasse-splay deposits. 1In the Morien North example the -
sandstones are characterised by a light pink to purplish pigmentation s
(hematitic and iron-oxide staining).

Root-bioturbation is ubiquitous and iron-oxide mottling and desiccation

cracks are common. Ferruginous deposits are often found as coatings on tubes

Y
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that probably encased former roots, and pyrite is present in trace amounts.
Calcium carﬁoni;e and iron-carbonate (siderite) conﬁretions are locally
ﬁresent; Eight facies have been recognised based on grain size aﬁd
sedimenéary structures present (straﬁa can be greenish-grey to purple and
locally mottled): horizéntally stratified sandstone, cross-stratiiied
sandstone, rippie cross-laminated ?andSF°“° and siltstone, horizontally
laminated mudstone, sandy and/or silty rudstone, bioturbated (mostly by roots
aﬁd rootlets) to finely horizontally laminated claystone and distributary
channel sandstone (sim{lar ts those described previously).‘.Those facies may

form individual beds ranging from 5 ¢m to ! m thick. . -

.. Although generally é&? vertical arrangemez:gii’fifigg,iéIVEfIhb1e and
forms fining-upward sequences, locally cocarsenimg=upward sequences a '
complete sequences have been observed (i.e.,/in the Morien Nn{&&/ﬁec:ion).
!

When éomplete, a typical sequence of facies comprises (from top. to bottom): |

] homogeﬁiséd (root-tuyrbated) varicoloured ¢laystone/mudstone;

a

sandy and/or silty mudstone; ' -

e interlaminated sandstone and mudstone;

ripple cross-laminated.siltstone and sandstone;

¢ horizontally Maminated sandstone;

*

¢ @ cross-stratified sandstome (locally this contains a lag deposit

.r,°f rip-up clasts from the overlying lithofacies);

- e erosional or abrupt surface;

o homogenised (root-turbated) -varitoloured claystone/mudstone.

Such a.sequence commonly shows an upward increase in mud.cracE!ng. thickness

and amount of mud layers, traces of rootlets, mottling and bloturbation.
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This ssaaence of deposition depends on: flow depth and velocity, the =

size distriburion of the grains, concentration of susﬁended load, nature of

-

the flow deceleration and distance from the channel fCollinsou. 1978a):
The lithologies, sedimentary structures and aerial distribution indicate

a flood basin 6rigin for this subenvironment. The ripple cross-lamination in

the siltstone and sandstone and the'characteristics'of the interbedding

——

(i.es, vertical assemblage) reflect the low flow strengths of currentg,
relatively distant from.the high energy chammel system. Most of the sediment
was deposited from suspension. However, the presence of polygonal
desiqcafion cracks emphgsizes the epﬁemerally submergent nafure of this
allu§1é1 subenvironment. The numerous types. of graded beds reflect complex
interactions among the controlling variables dufing;decelgration of the sheet
flows. These graded beds are deposits of a lowér flow regime stable over a -
wide range of flow depths (Elliott; 1974).

The purﬁle-red mottling and gtaining suggest thﬁt soils were subjected
to variable drainage with fluctuatiﬁg wvater tables: Periéds of subaerial‘
exposure are evidenced by the occurrence of numerous desiccation-ﬁeatures and
calcareous pgieosdl units. Local discontinuous coal occurrences and
lenticﬁlar pond deposics-suggesﬁ periods of temporary swamp éovcr~and :
ephemeral surface poo%f.

4.2.4B Poorly drained swamps (organically dominated) are the most ’

important floodplain deﬁosits in the study avea. They occur in every

lithostratigraphic zone but are particularly important in’ zone C. 'Tﬁé best

example illustrating the characteristics discussed in this section are the
intervals 120-135 m and 180-200 m of the Glace Bay East section, illustrated
in Appendix A, FigN4, and Plate 23. Other important locations are'listed in

& .
Table l4.
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This subenvironment &onsists of dark oliye grev to olive black, highly -
organic cla}stsneslmudscgnes with. thin to thick coal seams,.abundané-
coakified roots,_twigs'and IeaQes and comminuted plant debris and clasts of
coal. It comrains less silt and sand than the swamps with fluctuating water
table, except when associated with ¢revasse-splay deposits. Siderite Is
common as nodules and disconginuous thin beds. .Pyrite is comman mostly as
disseninated grains but is also lqcaliy cﬁnc;ntratéd as staining ferrugiﬁous

patches.

This facies exhibits little to no intermal stratificacion or laminations
because of the extensive root bioturbation.- When assoclated with crevasse-

splay and distributary channels, it forms tabular ripple cross-laminated to.

- .

homogeneous beds (10 em=1.5 m thick) exhibit;ng finingfupuard and/or
coarsening-upward grading. Horizoétglly laminated homogeneous silty units
with organic detritus are present-iocally. Because of extensive toot
bioturbation ;are_sedimentary strgcturéé are present. Coals and high organic

content are its main characteristics.

StiatigraphiEall§ it- is associated with: l)well-drained floodplain

-

deposits with fluctuating water table- 2)tabular laterally continuous
) crevasse-splay deposits fup to I m thick) containing drifted organic

material ‘3)coal seams of varying thickness (and importance) and carbonaceous

‘shale interbeds.

Paleocurfen:s measured were rare and essentially from primary current
lineétions and ripple crest axes frdm the associated séndgtdne beds. They
3indicated a range of flow directioﬁs from 90° to 120°.(1.e., NW-SE trend) to

the predominantly northeasterly flowing‘channels.
This subenvironment indicates vertical accretion deposition on poorly

drained floodplains characterised by fluctuating energy with suspension

periods and periods of inundation long enough to permit vegetation growth.

-
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The associa:ed beds are interpreted-as:

e crevasse-splays exhibiting pldant colonisatien: tabular VF sandy
beds with silt and mud with blant and rootlet remnants;

° érevasse-splay Heposits: tabular VF =sandy beds with variable silt
and mud_?nd flutes énd grooves or primary current lineation at base and with
desiccated polygons on top s;rface;

e flood basin deposits "%EE occasional sand influx and/or‘ .
éuspension: mudstone to claystone with varlable comminuted piént and
carbonacecus debris and with small-scale rippled te homogenedus VF sandy and'
silty i%gerbeds. - - ~

The environment of deposition of the coal an@ related mininé problems

r

are discussed in secti5ﬁ-&.7.

4.3 Eavironmental interpretation _ i

4.3.1 Review of the literature on river systems

rvRust_(197Ba) outlined the parameters for defining medern fluvial )
systems. Previously in the literature, the two.most common types of streams,
meandering and braided, were defined by different criteria -- i.e., sinuvosicy
and the number of channels.kLeopold and Wolman, 1957; Moody-Stuart, 19665
Leeder, 1973a,b). To avoid this ambigu%ty; Rust (1978a,b) defined a braiding )
parameter on the basis of the nuﬁber of é%agéii divisions per mean meander
wavelength of the fluvial channel. In this classification fluvial systems

with a braiding parameter of less than 1.0 are termed single-chaﬂﬁel svstems
and those greater than 1.0 are termed multi-channel systems. In addition,
channel systems were divided into low and high sinuosity.types at the
boundary 1.5, yilelding four categories (Table 15A), the two most abusdant

being the meandering and braided éystems.'that is high-sinuosity

single-channei and low-sinuosity multiple~channel systems.
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Sedimentafion'in modern gnd‘ancienf meandering streams has been stuoied
by nuoerous workers (Allen, 1963;-196&,;19653; Harms et al., ;963; Jacksen,
1975, 1913, 1978), as have been braided stream deposits (Walker aod Cant,
1976, 1984; Hiali 1977a; Rust, 197é£;i The characte:istios.of the fluvial
system in :he Sydney Mines Formation do nof-shou any of the main
characteristzcs features of strai;ht or anaotonooing streams, and these will _
not be considered further in this study. However, a dlscuséion of the
characteristics of the meanderzng fluvial system and a ;omparison with cho
braided system are important in the definition of the fluvial system in thel
Sydney Mines Formation. Morphology, bedforms and sedimentary stuctures of
generaliseo braided and1meandering rivers are 1llustrated in Fizigzgfzzzken
from Walker and Cant, _Lgé&), and the variables differentiating the two are
listed in T;ble 15B (from Miall, 1977b). {_/

Based oﬂ’the foliowing disgussion, the Sydney Mines facies assemb}age
can be assigned to a meandering zlluvial system.

Channel morphology is greatiy influenced by the nature of the sediment
load (Miail, 1977b). Stabilify of olluvidl channels is directly related to
the preserzgoion potential of fine sedimen:t and to‘the suspended load/bedload
ratio (Rust, 1978a). Meandering streams have a high proportion of sospended
load and cohesive banks of fine-g;ained sediment. These cﬁ istics
retard lateral eFOSion by the channel, confiniog the channel system a
meander belt bounded by resistant silt and clay material (Walker and éant,
1976, 1984, and Fig. 16&).. Collipson (1978bi showed a_@i:gct relationship
between meander belt width and the toickness of the Zﬁanuel'doposit (see

-section 4.5.2), Channel flow is-marginaily'confined by marginal levees

deposited at the channel margin during periods o; flooding. Crevassing of

lévees during flood generates crevasse-splays and laterally extensive

-
e

continuous sheets of sand transitional into fine-grained sediment ¥n the



S— ' ' : ' - 94 -

flood basin. The net result is an elongated fining-upward sand tongue, whickh

is in;erbedded‘ﬁith mudrocks. This contrasts with bedload-dominated rivers
(inclu&ing most braided stream§) which generate vertically accreted sand
sheets. Overb;nk muds have relatively low pregervationrpocantial. River
;anks composed ;f coarser, less cohesive material and rapid'uninhibi:ed
lateral migration of channels resﬁlt in discontinuous stacking of
coarse~intraclastic blanket deposits and gravelly-pepbly fi1ls of abandoned
channels.

& T .
Large-scale trough cross-bedded units, resulting from the migration of

sinuous—-crested dunes, are the most i;portant sedimentary structure ow
meander point bars and in many sandy braided channels (Walker and Cant, 1976,
1984; Miall, 1977b). Transverse bars generating large;sc;le planar

. cross;s:ratificatiOQ (Miall, 1977a) and planar sets produced by sand waves
{(Cant and Walker, 1976; Walker aad\EEéE}/i984) are common features of ‘sandy
braided systems and. are less common in meandering river deposits, where they
are formed by the migration of transverse bars, scroll bars, and sand waves
s;perimposed on point-ba% surfaces or in channe}é {(Jackson, 1976)% An
important feature of some meandering streams is éhe présence of large-scaie
low-angle cross-strata (epsilon type of Allen, 1963), which represent the

original deposi;&o?al su;face.bf the bar preserved by lateral acc;:et:iifﬁ\{_‘ﬂ
They are diagnosti&\o point-bar deposition (Moody-Stuart, 1966; Leeder,’
1973a,b; Walker and Cant, 1§76). These lateral-aqcretion surfaces are not-
present in every point-bar sequencerand can be difficult to recognise,

" because they are commoniy obscured by down-ch;nnel migration of smaller scale
' structures, mainly dunes gnd ripples (Mia}l, 1977b)}. Facies Gm,~St, Sh, Sr,

Fl and Fm are common in meandering river éystems, while facies Gt, Gp, Sp and
. <

Ss are rare to absent (Table 15B). One of the essential components of a

4
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meandering system is the preseﬁce of abandoned meanders which are ultimately
f£illed with silt and clay (Fig. 164). |

The decrease in stream power ffom the base to the margins of gfream .
channels iquarticulérly regular in meandering stream channels. This resulits
in ﬁpward'finiﬁg and in upward decrease in scale of bedforms (i.e., lérge— to
mediun-scale trougﬁ cross beds to fine-scale rippled sets) in the resulting
channel depésit (Allen, 1970; Walker aad Cant, lQ#g, 1984). These bedforms
are preserved as a vertiéal {eyclic) succession of sedimentary‘structurus by
late®al azccretion ;f the point bar (Fig. IGA). The type of. succession
preserved is controlled by the nature of the flow in differént parts of the
meander belt (Jacksom, 1976, 1978). Ancilent alluvial environméncs exhibiting

fining-upward poini-bar sequences have been described in great detail by

Allen (1964, 1965a,b, 1970) and numercous other workers.

Poinr bars are uncommon in braided systems,‘uhich mostly exhibit
coalescing of smaller scale bedforms 4nd complexes of in-channel bars.
Longitudinal bars (eloﬁgated'in Sow difection) predomihace in proximal
regiens, while transversé ba;s (predominantly transverse to flow) are more
common in sandy, more discal ;egions (Rust, 1972, 1978b; Miall, 1977a}.
“Sequences formed in sandy braided rivers rarely show ﬁhe regularity of

vertical sequences common in cyclic meandering successions.  Walker and Cant.

(1976), Cant and Halker (}976) and Miall'(1977a,b) have outlined a possible

for'th

4.3.2 The Sydney Mines Formation as a meandering alluvial system

-

The ﬁeandering alluv)éi\Sys:em in the Sydney Mines Formation reflects a-

y

low SPOpE. distal (predominantly suspension load mode of deposition but with
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A .
eplsodes of greater bedload'iugluence). high-meandering streams within a ~
lower sinuosity meander belt. This allyvial floodplainienvironment exhibits
cyglicicy and the presence of lacustriﬁe calcareous deposits, carbonaceous
pudstones and coals (Fig. 17).

_The most critical diagnostic features observed can be briefly suméarised

as follows: ) -

1) Fining-upward sandstone sequencés averaging about 5 m thick with
an erosional base, commonly overlain by an intraclgftic }ag. The lag fines
.upward to trough cross-bedded sandstone facies, then passes to trough cross—
laminated sandstone and rippled finé-grained facies. These séquences are
interpreted as‘pointﬂbar deposits on the baéis of the sequence.of facies,
structures and grain-size gradatiom. -

2):In cldiff exposufes many of the point-bar sequences show

lateral-accretion bedding in the form of gently sloping surfaces that pass

right through fining-upward sequences an& are made visible by drapes of finer -

grained sediments. In caées where the dip direction of the lateral-accretion
surface can be determined, it is approximately perpendicular to tﬂk\‘
pglsg;urrgnt direction indic;ted by troughs in the point-bar sequence. The
prese;§f of lateral-accretion features strongly corroborates the meandering
river point-bar interpretation.

3) A few mudstone-filled paleochannels are present. They repregent
clay plugs formed by accumulation of mud from suspension as fl&od waters
“inundated an abandoned meander. These paleochannels show a high width/depth

ratio (average 1:5) characteristic of channel belt sand bodies (Schumm,

1968).

Y

-

)
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4) Coarseninggupward sandstone units with individual beds mostly

less than 1:5 o thick lack basal erosional surfaces and are attributed to the

orogradation across the floodplain of rippled facies in crevasse-splays and

natural levees. Levees are characterised by stands of mature vegetation,

. .
represented by erect trunks. Crevasse-splays appear to have built out into

-

both vegetated swampy floodplains and lakes.

5) Floodplain deposits are represented by mud-rich sequences,

rooted horizons and coals. In the latter case, compaction of the floodplain .

mdzﬁs?aéepded a£ a rate sﬁitable for the agcumulation of peat. The presence
of thick sequences.df ﬁemacicic mudsand desiccation fractures iqdicates that
the floodplain was subjected to periodic exposure and lowering of the water
table. This is particularly evident in the Morien North section (see
floodplain discussion, 4.2.4). -

6) Sideritic nodules also develope& from time to time, which
indicétes‘reducing conditions in pon&s and lakes. Ponds were formed by

channel abandonment and lacustrine bodies by subsidence of the floodplain

below the water table (high rate of suﬁsidence causing lacustriae

a
transgression). Crevasse-splays or lacustrine deltas are an important

.o
characteristic of the thicker lacustrine deposits.
7) The presence of coals, paleosols (including in situ rooted

horizons) and upright trunks indicate that the Morien Group was deposited in

a terrestrial environment. There is no evidence for marine incd;:ion; marine
c ‘. .

fossils are lackihg, as- are thick coarsening-upward deltalc sequentes.
Fossils are locally abundant in calcareous bands ot limestones c¢losely
associated with. coal seams in the upper part of the Morien Group. The

fossils include stromatolites, ostracods, clams, gaétropods. and fish

fragments, all of freshwater origin (Masson and Rust, 1984).

\

{
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Depositigpa;'SCudigs of the main cqal seams by Hacquebard and Demaldson
(1969) have yielded the following conclusions concerning :he_s;ratigraphy and
the lateral variations of those seams: -

e peat formation beginning in the center ofﬁ;he basin and then
mig?ﬁting eastwardly in the Harbqur and the Backpit seams;

e. greater influence of fluvial sedimentation as shown bf splitting,
rejoiniﬁg and digitation in the Emery, Phalen, Bouthillier, Harbour (in the
western part} and Hub séams;

¢ the only extensive seam without splits is the Backpit. This
refléc:s very ﬁroad and stable swamp conditions for the Backpit;

. tpe vertical arrangement of the seam sections show a general
westward migratio; of ﬁeat swamps in successive ;eamé? This could-bé due to
the fact th;t higher seams are-only exposed In the western part of the basin,

The p;pgreésivg development of the alluvial ﬁlain is indicated by the
duccession of facies assgmblages,observed.in thé coastal sectiecns. The
underlying coafse san&stone assemﬁlage of the South Bar Formation represents
the ﬁost proximal alluvial conditions -"a braidplain on which 2 significant
amount of gravel was transported. Mud accumulatedlln,places bd: was rarely
) preserveq_excepc i; the form of intraclasts within éhapnel lag deposits.
Marginéi-Cerraces of the braidplain supported moderately large plants and
small peat swamps, but the peat was not presérved in place and .is only
present as transported peat rafts (now coals) (Gibling and Rust, 1984).

Sandstone/mudstoﬁe rat%os are important for interpreting Sydney Mines )
Formation depositional environments. The following categoriles of
spndstone/mudstone ratios were arbitrarily defined by khe huthor.as follows:

very high (greater than 90X}, high (75-90%), moderate (50-75%), low (25-50%},

and very low (less than 25%).
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" environment (zones A and C, Fig. & and Appendix B, Figs. 1, 3 and &) contains

- Q6 -

The -three "informal lithbstracigrappic zones" {zones A to E, géccion
2-3, Fig. 4) are defined as:
zone A and C —— fluvial-channel-dominated with floodplaid;r
zone B and D =- fluvial-charrel and floodplain with local

la¢ustiine lime§COne beds;

zone E —- floodplain-dominated with minor distributary channels and

. .
lacustrine limestone beds. .- .

They repfgéent a fining-upward megatrend, reflecting a vertical change from

channel to floodplain dominance. The channel sandstones have essentially the
same characteristics in all the zomes (Fig. 4 and Appendix B). The Ehin
characteriétics of these 1ithostratigraphic_zoﬁes are listedrin Table 11.

. The distinction between proven (walked out and observed) and likely
(logical correlation) versus presumed (infer;ed) correlations are indfkated

for all the correlétions in Figs. 1-6 of Appendix B.

The fluvial-channel-dominated zone accumulated abundant charnnel

v

sandstones enclosed in floodplain sequences and related coal seams. This
envirenment fprms 45% of the total thickness of the sections measured-
(Appendix B, Figs. 1-6). The thickest section measured is 300 m, at New
W'ford. These sandstones consist .of abundant qpart.z with variable amounts

and types of lithic fragments (see Chap. 3) and form elongated tabular sheets

I3

‘and lobate sandstone bodies. Compositienally, the zone forming this

30-60% sandstone and related lag conglomeface, but locally the sand/mud ratio
may range from 107 to more than 70X. Channel fil}s and lateral (epsilon

cross-beds) accretion, fining-upw;rd'sequences, péint-bar development, tfough
cross-stratification and ripple ;méks are the most common and characteristic

~

features observed (Table 11).

s
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The channel sandstone bodies dcminating.this environment constitute
JU=S0% of zones A and C (Appeﬁdix B, Figs. 1 and 3} and 20-307 of zomnes B.and
D (Appendix B, Figs. 2-6). The larger channels average 7 m in thickness
(ranging from 4 to 1l =), which corresponds to a 750 m wide meande;—ﬁelt'sand
body (Collinson, 1978b) and fits the dimensions of chanmnel. sand bodies
determined from mining operations (Duff et al., 1982}.

The majority of the channelé are of a simple’type, while chammels
correlated across several sections are multistory (i.e., stacked). The
siﬁple channel units mostly occur isoiaced and are completely surrounded by
overbank deposits. |

Huitistory channel bodies contain one or more major erosional surfaces
(ES). Erosional suffaces ovgrlain by conglomerate lag deposits are commonly
associared with scouring and may exhibit thin mudstome at the base of the

erosional surface. The multistory channels are mostly double-stacked with .

feu_multi-stackéd (3 episode) sequences observed. Multiple stacking

indicates conditions within straighter reaches of meandéring channels uhgn.
th;‘proporcion of overbank mud was relatively low.

Cofrelatable_chaﬂnels forn latefal composite belts (averaging 6-10 km},
which are separated by mud—ficﬁ facies containing discontinuous sand units of
variable thickness. Many meander-belt sandstones are much wider ({7 lkm)
(Apéendix'B,_Figs. 1,2). These channel bodies presumably reéresent laterally

overlapping (stacked) meander-belt bodies. .

The single, isolated channels occur as isolatéd;’well-defined bodies

- widely separated from.each other and enclosed by floodplain sediments. In

general, single-story bodies show variable evidence of scouring at the base
and may exhibitv local diagtems related to bedform migration. .Single~story
bodies predominate in zones A and C. They represén: the majority (roughly

652) of sandstpne'bodies that formed.
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The fluvial channel sandstone bodies from all zones grade laterally into
» equivalent crevasse-splays, which ;an be differentiated locally into proximal
and disfal parts on the basis of sedimen:afy.features and thickness.
Crgvasse—splayé are very well developed along the mar;ins of channels.
Splays tens of meters thick, indicating persistence of individual splays
th{ough many éiood events from laterally equivalent chanpgls. are observed
(Appendix B, Figs. 1-6). ‘Related facies include well-drained floodplain mud
and silc; intérchannel Jake clay, oud and sand; isolated floodplain ponds,
sma%l-scale lacustrine beds and major and minor coal beds.

' Limestone beds form 5-7% of zones A and C. Several beds can be
correlated laterally over 7 kn (A;pendix‘B, Fiés: 4 and 5). Most are
isolated lens-shaped‘bodies,~l-3 @ thick. ~Thev extend laterally from the
margins of channels as part éf the floodplaiﬁ package and represent pongds or

small-size lacustrine deposité exhibiting variable lateral continuity;

Zones B and D represent the f£luvial-channel and floodplain with lpcal

lacustrine limestone beds (Appendix B, Figs. 2 and 4) and it has a cumulative
thickness of 75 m, repfesenting 25% of the total thickness of the *

stratigraphic column measured. This enviroament has many of the

characteristics of the fluvial-channel-dominated envirenment (Table 11}, but .

it has significant differences in the pefcentage of the main lithological
components, which reflect important environmental changes.

R ' :
The sand/mud ratio ranges from low to moderate, and a decrease in’

4 . -
coarser sandstone 1s observed as well as an increase in limestone (20X of

-

this zone). The sedimentary units exhibit a great variety of sizes and

shapes, as well as vertical and lateral variations in components and

- -

structures. They range from isolated lenticular beds observed only in one

' F .
section to units laterally continuous for 20 km. They will be discussed in

- .f-'a‘
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Chap. 5 as part of the discussion of the sedimentology of the lacustrine

environment.

Most of the sedimentary structures, listed for zome A (Table 11) are

present, but increases in the percentage of small-scale current structures

(i.e., variable ripples and small-scale trough cross—stratified peds) and in
the tabular horizontally laminated units are observed. Small-scale

-

coarsening-upward sequences, reflecting infilling of shallow lakes, afe
numerous. -

Channels form fSZ of zones B and D. They have the same characteristicgs
as those in zones A and -C but there is an increase in the abundance of
suspended load deposits. This is reflected in the greater number of simple,

isclated channels pompared with the multistory type. The snzller channels

are mostly simple channels averaging 2 m in thickness. The largest

B

' e

mulristory channel observed is 10 m thick, and lateral equivalents can be

correlated for 7 km between the New Waterford and the Glace Bay East sections

(Appendix B, Fig. 4). Where the channel sandstones are common, the limestone

»
beds are relatively uncammon. Zones B and D are a series of

fluvial-floodplain units alternating with thinger lacustrine (limestone)
units. The deposits formed during each of thesé range from 6 to 13 ¢ in
thickness. Within gach channel sandstone cycle the channel sandstone bodies
grade laterally into equivalent crevasse-splays and/or fine-grained
floodplain sedimen;;1

The pattern of coal Qcéﬁmulat;on in zones B and D are less continuous
than in zones A and C and coals are more difficult to correlate laterally.
Because of lack of good coastal exposures, only the Backpit and the

Bouthillier seams can be correlated from Victoria Mires to Glace Bay East.

The pattern of minor coals shows a complex spatihl distribution and

\
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relationship with limestoné—bearing‘intervals and the assoclated channel

sandstones, crevasse-splay sandstones, siltstones, shales and the fine

-

h § .
overbank material. Generally, coals are found in three main subenvironments:

the interlacustrine-splay subenviron- ment, the interfluvial-crevasse-splay
subenvironment and the interfluvial- channel-proximity subenvironment.

The floodplain—dominated zone forms zone E {Appendix B, Figs. 5 and 6).

Zonme E is 100 m thick at New Waterford. It is mainly composed of 70-80%
variegated fine clastic materigl exhibiting local purple-red (hematitic)
staining and mottling, 10-20% sandstone, mosti& as crevasse-splay and
isolated splay channel deposits, and 5-10% discontinuous, minor coals and
calcareous pond and paleosol units. The rivers feeding such splays are only
observed locally. Rocks pf this eﬁvironment‘form the greatest percentage of
the Morien North section, which was not correlatable with the other sections.
The main characteristics of the floodplain-dominated environment are
given in Table 11. It represents flood basin environments receiving fines.
from overbank flooding and sandstone as proximal and distal splays. The
purple-red mottling and staining sugge;t that soils were subjected to
variable drainage with fluctuating water tables. Periods of subaerial

exposure are evidenced by the occurrence of numerous desiccation features and

-7
-cafLareous paleosol units. Local discontinuous coal occurrence and

L8
lenticular calcarecus pond deposits suggest-periods of temporary swamp cover

and ephemeral surface pools.

-~
-

4.4 Markov chain analysis and paleocurrents

4.4.1 Introduction

Markov chain analysis‘is used in sedimentology and stratigraphy to

determine if facles transitions are random or part of a Markov chain. Till
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{1974) defines a Markov chain as “...a process in which the probability of

transition from o;: state in the chain to the next depenés on the previous

states;“ A.Markov chain of the first order is one in which only the

" immediately precﬁ?ing state influences the following3§tate.‘ In cases w#;re
earlier sgates influence the following state the chain is sai& to be of a
hiéher ordér.

If‘facies transitions are part of a Markov chain, the sequence of
transitions.can be compared to a sequence predicted by "Walther's law,” and
an interpretation of the sequence in ;erms of cyclicity or "repeiition of
facies" can be made. The Markov analysis can g; used to outline and detail
specific éeposition&l.processes and refine facies models (Falker,“é§79).
Methods, analytical procedures and examples of stratigraphic applications of .
the Markov chain ana}ysis are outlined in'GingeFich (;969), Krumbein and
DaEe§ (1969), Dacey and Kr;mbein (1970), Miall (1973) and Casshyap (1970,
1975). Mathematical and statistical.aspects are discussed extensively by
Anderson and Goodman g1957),rBillingsley (1961), Gingerich (1969), Harbough
and Bonham-Carter (1970), Agtérberg (1974, chap. 12) and Schwarzacher (1975,
chap. 5).

4.4.2 Application to measured sections

Markov chain analysis was carried out on all of the measured';ections.
The following sections were run individually: Vicroria Mines, New Waterford,
Glace Bay We;t, Glace Bay East, Donkin West, Donkin East and Schooner Head.
The Morien S;uth and North"sections were run as ome unit. In addition, a
compogite section was analysed by linking separate sections with transitloms.

The data for this study were analysed with the aid of’g;fbmpﬁcef programn
of the "embedded Markov chain analysis” type modified from ome outlined by

Miall (1973). The results obtained are presented in Appendix C.

-~

e
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The data were ob:ai;;a By recording vertical transitions between facies
from all measured coastal sectiong. Ten facies were useé. nostly'
correéponding to the depositional facles defined in the previous se;tion of
this chaprer. These are: Se, St, St lam, Sr, Sh, Fl/m, Ceal (C), Fm sid,
Ls-f and Ls-n. Facies Sr, Sh, Fl/m, C and Ls-m correspond to thelr
aeposizional facies counéerparts. Facies Ls-£ correspondg to depositional

facies Ls:algal. Depositional facies St has been split arbitrarily into

a*

facies St for trough cross-stratified beds thicker than 15 cm and facfes St
lam for beds less than 15 c%. Facies Fm sid was established in order to
outline any significance of siderite marerial in terms of-c&?licity: ;;
corresponds to those units of dgpositional facies Fm exhibiting noticeable

sideritic content. .

ALl values for Tramsition Count Matrix, Transit;on Probability,
Difference Probability Matrix, Independent Trials Probability Matrix and for
two Cbi square tests_;arried out are Iincluded in Appendix C. A Facles
Transttion Diagram was constructed (Fig. 18) from the values of the most
probable transitions in the difference matrices (listed in Fig. 19 and Table °*
16). This diagram provides an iﬁdication of the processes activg at the time
of deposition (Walker, }979). The results obtained were compared with
published data to facilitate interpretation of the depositional egqtronment
of the vari;us seqﬁences. The séctions were also compared to each other in

. order to determine any significant vertical or lateral changes present,

4.4.3 Analytical results and cyelicity,

The Markov chain analysis is an important tool for facies analysis in
sections showing cyclicity. Faecles sequences from all sections of this study
were combined to give 3,266 transitions between the ten facies recognised

from all sections; transition count and difference matrices are pfesenCed in
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Appendix C.and'Fig. 19. The Chi square tests showed significance at the |
‘.99.91 confidence level, and. the statistically de;ived Faciés‘TransiFio;
Diagram {s illustrated in Fié. 18. Cyelicity is an‘important charécteristic
- of the Sydney Mines Form;tion. In—séme cases the cycles are thick
successions of maikedi§ different types of rock, of in other cases they are
marked by more subtle, but very significant, variations in lithologic
character. |
Previous studies of cyclicitf in coak-bearing successions have been
extensive and varied, especiallvy in Europe (Allem, 1964, 1970) and North
America (Duff et al., 1967). A review of the ‘different definitions of such
cycles will not bqrattempted here. In the present study,y}he presence of a
marked and well-defined scoured érosional base (Se) in tﬁe iower very coarse
to coarse-grained sandstone member has been adopted as the main criterion for
sepa;racing cycles. |
Cycles observed in the Sydney Mines Formation can be divided into
fining-upward and coarsening-upward types. Ihe total number of occurrences,
range and average thickness and type of cycles 2» 1.5 m for each section are
given in Table 17.
. The'm;in characteristics of the cycles can be summarised as follows:

1) cycles of fining~upward type are more nupe;ous, generally
tﬁicker and have a better defined suﬁcession of facies than the coarsening-
upward types; .

.‘f) 100 fining—upwara cycles averaging 3.4 m and ranging from 1.5 to
11.0 m in thicknéss have bBeen recorded and are reasonably constant in number
and thickness in the different sections;

3) the numerous cycies observed thinner than 1.5 m were excluded

-~

from this compilation;

.
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4) coarsening-upward cycles are thinner (range 1.5-5.0 m), with the
thicker cycles representing small-scale lacustrine delta=type bodles. Mosg

coarsening-upward cyclés are related to the finer-size faciles tramsitions of

Fig. 18.

Transitions such as those illustrated in Fig. 18 are abundant in every
section (figures from Appendices A and B). The cycles observed have been
divided into Two subenvironments by analogy .with modern'fiuvigl systems.
Theselaée channel deposits and overbank-lacuscrin; deposits (Fig. 18).

4.4.3A Fining-upward channel sequences

The dominant tvpe of cycle is a fining—upward channel sequence

";ébﬁﬁrising roughly three main parts. The lowest is a canglomerate-coarse

sand assemblage lying on An erosional surface (Se). This unit is overla;n by

fining-upward sand members (St, St lam, Sr) capped by a siltstone- | -
e

mudstone-shale complex (Fl/m). The cycle is terminated. by an uhﬁerélay

member with variable content of sideritic nodules (Fo sid) and finally coal

(C).

. Cycles coﬁforming to tgis general sequence are abundant in every section
meagﬁ}ed‘(Table 17), but the degree of "completenesé" of cthis éycle shows
great variébility. The subdivision of the sedimentary'package into two
distinctive subenvironments is of.extreme imporc;nce in the interpretation of

the sequence in terms .of hydraulic evenrts related to the alluvial system

S

under consideration, because each distinctive unit represents variation in

-

the hydraulic energy of the system.
The more subtle and thinner fining-upward sequences~{overbank-lacustrine

subenvironment) are not considered here to form independent cycles. The main

o

reason is that they are related laterally or verticaldy to the sandstone

units.
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The most probable transitions in all of the sections of the Sydney Mines

Formation are shown in the facies :ransition diagram (Fig. 18). The

corresponding compogite section is similar to the meandering'river facies

-

model of Allen (1970) and Walker (1979). The sequence is divided into

F

channel floer, point bar, bar top and overbank deposits.”

The Sydney Mines Formation is characterised by an alternation of

‘sandstgzs_ggﬁi%udstone sequences. The mudstones and associated fine-grained

rocks commonly make up at least 507 bf_hny section, but their true abundance

is probably greater. cn account of their recessive weathering. The typical

' fining—upward channel deposit sandstone sequence is about 5 m thick and fines

upward from a distinct erosional base {(Se) overlaiu by a lag. deposit
containing plant fragments and intraclasts of mudstone or giderite noduies;

This baée commonly cuts into facies Fl/m or<C. Locally lag comppnenﬁéf‘
may form d;screté'beds. Imbrication is not developed.excepﬁ in ; few rare
exceptions. Stacking of several such bodies separated by erosion,suffaces,
and thin, discontinuous mudstone layers glso-occurs in the deepest axial part
of some channels.

. . - -
The enclosing sandstone member decreases in grain size upward. from very

coarse to coarse-medium. The lowermost part of this sand body is-usually

massive, unlaminated or can be poorly to irregularly bedded. An assemblage

of shale, coal, organic and nodular debris as well as oriented logs and tree

_ trunks commonly forms the bulk of this deposit. This lithological assemblage

¢

cusuallv forms the main filling material of the deepest part of the channel.

Se grades upward into well-developed trough cross-&tratified‘facies (st

and St lam). Trough size and thickness decrease upward from roughly 60 cm at

“The base to 5-15 cm in the trough cross-laminated beds (St lam) The

| )
cross-stratified units may be laterally continuous, forming well-developed
. b
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cosets, or they may be gepa:;ted by chinngr beds of horizontally laminated
sahdstone.(Shj or by §ilt§tone-ﬁudstone laminations (Fl/m). Erosional trough
bases are cggponlyvobserved in this troughed package. When fully developed,
a- general uﬁ;a:d decrease in grain size from medium to fine sand grade is

observed. Similar decreases in grain size can be observed within the thicker
tyoughs. When fine sand is abundant encugh, the cross-laminated sandstone .

-

' beds are overlain by horizontally laminated to homogeneous beds (Sh). These

beds rarely exceed 1 m-in thickness. The bedding,su}faces commonly show

great abundance of mica flakes and carbonaceous debris, Forming well-defined

and thicker lamina:}pns;.:Current-linea;ions are commonly well developed in -

these beds, especially when the carbonaceous Wébris content is low. -

. s
When Sp is present it is closely associated with St toward the top of

the fining-upward seqpénce. Ripple cross—laminated,(Sr) fine sandstone may
follow St or Sh. The seéuence S lag - St(Sp) - St lam - Sh - &5r ié
interpreted as the product of in-channel dépositiqn. Facies Sr is also
included in the overbank deposit subenvironment and is usually followed by
Fl/m; Fm sid, and/or Coal (C).
Fine- to very fine-grained sandstone separated hy/E;;n siltStone .

laminations terminates the sandstone sequencé\h,Tﬁis last phase shous
-current—ripple cross-laminations (Sr), which decrease upward in amplitude,.
.Climbing ripple-drift cross-laminations are more common in the siltier units.
and usually ?ark thé last unit before the advent of the overbank-lacustrine
package. When climbing ripple-drift lamiﬁation_is ot developed, crumbly
rfudstone b;ds_with few discontinuocus s;lty :hin_beds'and isclated asymmetric
 ripples close this sequ;nce. Hottling, bioturbation, 16c;l boring and

concentrations of small-sized random’and layered siderite nodules are also

present.

-
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AithOugh ihe Morien North section is compoéed mostly oflred-quPle
sandstones and fine clastics, the faé;es types and characteristic cyclie
sequence of the upper Morien Group aré,presen:_throughout the seccién; Main
cycles are theréfore iﬁtcrpreted éé'meandering-fluvial'channel sequences, the

-

red colouration being due to secondary influences such as water table Tevel.

4.4.3B Fining-upward overbank sequences -

In all of the sections coal shows a strong tendency to follow facies

Fi/Fm; This is expected since coal tends to accumulate in asgociation with
fine-grained material in areas suitable-fqr pedt accumulation. The
transition;from Sr to F1/Fm is interpreted as the result of waning flow
conditions. Other Sr tramsitions are to Sh and St, during increasing flow
cond%tions. One other highly probable transition common to all of the
secticons 1is %rom St ﬁo Sh.

The channel sequence is overlain by a highly varied complex -of N
1uterstratifi%9 and/or homogeneous beds of very fine\sandstone, siICSgpng,
nudstone, shale, limestone and minor ‘coal o;currencé:t

Variation in composition of these componenés as well as the great

diversity of lamination types characterise this subenvironment. Fine and

very fine, well-defined to faint laminations are also conspicuous, especially
. )

-

in the more hamogeneous.ghale, mudstone and siltstone beds. This sequence is
also characterised by a number of variable types of small—écaleffining-upward '
sequences discussed 5glow.

Underclays comméuly have a sharp lower contact with the underlying
mudstone (fi.e., silty mudstone to muddy siltstﬁne). The lower half of the

-

unit generally contains sideritic nodules, both as random and thinly bedded

units. Abundagt rootlets are commonly present below the coal or a highly

carbonaceous shale\unit, which completes the full sequence.



Non-deposition and erosiorf car greatly alter this sequence: There are

many internal rearrangements of the units in’'response to changes taking place " -

LY

in the environment of deposition, which can further modify and alter the

basic cvcle.

The overbank assemblage is intérpreted as the product of vertical

éccretion, with calm overbank and'higher energy crevasse-splay sedimentation
in floed basiﬁs. The thinner (0.5-2.0 m), finingiupuard cycles are ohserved
in all sections and show répetitive facies sequences. The mp_s,t commorRiones
are: Se=Sr+Sh~Fl/m, Sr;*ShJFl/m; Fl/m-is:algal (Ls-f). These units are
formed in the flood basin environment but are intermediate in character
between fluvial channel sandstones and the floo& basiqldistal crevasse-splay
deposits. The firsﬁ two are interpreted as more proximal crevasse-splay
deposits wgth.facies sequences ;ésulting from decreasing flow strength
(Leeder, 1973b) and the third as f£ill sequences of flood basin pénds or
lakes. -

In sutmary, facies St and St lam are fhe moét abundant in channel
sequences'gh;le Sp is the rarest. The most common transitions are (Table 16,
Tig. 18): S lag (Se)-St, St-5t lam, St laﬁ—Sr, Sr/Sh-Fl/m. In the overbank-
lacustrine sequences facies Sr and Fl/m are the most abundant, and the most
common transif{;;;/are: Sr-Fl/m-C—Ls;algal. Transitioﬁs in this
subenvironment exhibic greater variability, and réversal of transitions
between f;éies is frequent. The tendency for Sh and Sr to alternate in the
measured sections is attributed to deposition néar the point-bar tons and

-

possibly in near-channel proximal levees.

4.4,.3C Coarsening—upward sequences

-

In contrast, coarsening-upward sequences are ruch less common and are in

addition thinner and fimer grained. Typically they are about l.m thick and

: | -~
. -
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\

grade upward from mudstone to siltstone or fromfsiltgtone :; very fine or
fine séndstone. Tﬁe dominant intermal structures are ripples; plant roots
are also present In most cases. M@st examples are related to sequences
enclosing coal or as sﬁall—scale deltaic-t&%e lobes infilling lacustrine
bedies (see section 5.3.3). |

For example, in the sequence;above the Phaien seam in the Victeoria Mines
section (App. A, Fig. 1) the cycle begins with a black, mud&y shale carrying
extensive fragments of oétracbdsi However, more generail§ the sequence
begins with a silty mudstone, locally showing bioturbation, with numerous
silty interlaﬁin@tions and streaks with plant fragments. The silty f;action
increasés upward to chickef stratified muddy siltsténe and finall; purer
siltstone £eds. When the‘cycle is complete, the capping unit is a silty,
fine to vefy fine sandstone with_isolated current ripple lenses of low
aﬁplituée. This grades.upéard into ripple drifted or turrent ripple
laminated siltstone or fine-grained sandstone. Sideritic nodules can be
concentrated at the base of the sand members. This sequence, after
repetition, may pass upward inte a fining;ﬁpward cycle, or it can be overlain
by an underclay with an overlyi;g highly carbonaceous bed.

The coarsening-upward sequence gkcords the submergence of the coall
forest -and swamp beneath a body of fresh water and the progradation of a
depositional lobe into this water. The ostracods are characteristic of
freshwater envifopments. A gradual silting up of the basin with a decrease
of Piogenic adti;ity fo%lows as a result of increased current competency
derived from an approaching active charnel. The ;omplete filling of.such
lacuétrine-type depressions eventudlly leads to emergence, regrowth of the
flora (and gventually‘coal),'a;d diversio; of the drainage to regions of

"lower elevation. v
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Smaller scale coarsening-upward sequences also representing infilling of-

.che interdistributary floodplain ijeas are present in the sections as well.
These are the result of overbank flooding, crevassing and avulsion processes
by which sediment-laden flood waters are transferred to the interdistributary
area. Therrésulting bodies are the crevasse-splay deposits observed in the

floodplain part of the sections.

‘.

Coarsening-upwafd sequences observed in the limestone package and
. 7 s ‘ : |
representing lake delra fills with lacustrine limestone at the base will be
discussed in section 5.3.3.

4.4.4 Cyclicitv: mechanisms of formation

Cyclic seﬁuences fFom the Appalachians with generally similar
characteriscilcs to those of‘the Sydney Mines Formation have been described by
Duff et él. (1967) and Belt (1968a,b). Several-mechanisms have been proposed
‘ by numerous workers (Wells, 1960; Beerbower, 1964; Pearn, 1964; Duff'et al.,
1?67; Miali. 1980) to account for ﬁhe formation of cycloihems. Theée-can be
divide&“into three main groups (Murchiéoﬁ and Westoll, 1968):

1) mechanisms involving periodic relative movement of land and Sea
levels, sucﬁ ;é

aD'rgpeated subsidence of the area of sedimentation followed by

sedimentary accumulation to or above sea level, either simply or with

-

oscillations,

b)Y eustatic movements controlled from outside the basin (allocyclic

mechanisms of Beerbower, 1964) by glacial control or as a result of changes

in the ocean floors or tectonic movements,

€

¢) repeated ﬁplift and erosion of the continental hinterland;
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2) mechanisms involving repeated climatic changes (glaciation-
deglaciation, etcl);

. —
3) mechanisms whereby cyclic effects result from steaé?‘tﬁgh;é, such as -

[

a) isostatic adjustments,
* -
b) a2djustment to tectonic stress,

e trappink-and releasing of sediments from heavily vegetated
\cuamps, .
‘ d) effects of compaction of sediments,

.e) effects related to the continuous action of sedimentary
it

processes in rivers and deltas (autocyclic mechanisms of Beerbower, 1964).

None of the theories listed above can account alone for the formation of

cyclothems, but there is greater agreement in general that sedimentary cycles

are related to more-or-less regular eustatic changes of sea level affectingfa

slowly subsiding basin of depdsition, without having to invoke glaciation to

’

account for all sea level fluctuétions. Eustatic sea }evel changes can be _

caused by alteration of the total volume of water on the earth's surface, by

growth and decay of glaciers, and by alteration in the shape of sea basins by
sedimcncation and tectonic or isostatic movementé. The 1a§E factor is

probably the one most capable of sufficiently affecting worldwide sea levels,
A . - $.
For Allen (1964) cyclicity in the Lower 0ld Red Sandstone, Anglo-Welsh

Basin has three explanations:

I) Autocyclic mechanism: each river wandered across a portion of the

floodplain undeér conditions of steady subsidence and sediment supply.

2) Autocyclic mechanism: influenced by allocyclic sea-level changes, the.

rivers in unison alternately eroded and aggraded the floodplain under steady

subsidence and sediment supply conditionms. i
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3) Allocyclic and_autocycli;:mechanigms: bursts of tecrtonic activity in .
the source ar?a, which led to increased sediment supply through rejuvenated
stréams, caused :he.fivers alternately to erode and aggradé the flobdplain.

. Base leve& and rate of subsidence of the basin need not have varied.
.In view of the previous discussion, a predominantly sedimentary origin

(autocyelic) of Fhe cycles is the most probable mechanism operating in the
study area.,:éutocycliciqy is best expressed in 1)fluvial-migratiorn and
avulsion, and 2)floodplain flooding aﬁﬁ build-ups. Both of these pr;begges
have‘"builé—iﬁ" autocyclicity‘(Ailen, 1982) taking place without thé need of
"external ;gehcies"‘such as changes in sea level or tectonism (Allen, 1964;
Beerposer, 1964). The Sydney Basin ig a typical example of autocvclicity
because 1)the entire Morien Group is a fining-upward sequence (=.1800 m
%&ick). indicating grédually-decreasing tectonic influence, 2)abséhce of

- marine bands, even though the upper Morien Group was deposited near bqse

level.

-

. . .
The characteristics of the main coal seams as well as the lateral

continuity of the lithostratigraphic zones indicate tha; the basin was
undergoihg a relgtively constant rate of subsidencé (gilocyclic control) with
steady suﬁply of sediment. In particular, the extensive chin coal seamsr
indicate a rate of subsidence permitting maintenance of plant growth for long
periods of time and over a wide area. Compaction was also an important
factor. An initial tectonic influence (see Chap. 65 followed by constant
subsidence is also reflected in the change from the underlying braided systemn
of th; South Bar Formation upyard into the meandering system of the Sydney
Mines Formation (iust et al., 1983}, ¥o mari;;.incursion related to sea

level c&ange and no important influx of a thick coarse package of sediments

related to abrupt rejuvgnatioﬁ are observed in the Sydney Mines Formation.
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Paleo-topographic control probably had some local influence on the

locations where the coal swamps developed. This topography uas‘the main
control 65 the thickneds and of the lateral continuity of the coal seam. The
internal précesses within the swamps,-such as plant growth aﬁd.plant decay,
and the enviroéﬁents céexistiag larerally.with the peat-swamp directly
affected the lateral continuity and the variations inrthickness'of the seams.
Post-depositioﬁal processes, such as channélling, caused local thinning.

4.4.5 Paleocurrents: data and significance . ﬂ//////

Mechods used in this study for the processing, plotting and

L

interpretation of paleocurreat data are those outlined by Curray (1956),
Collinson (197L); Pettijohn (1962), Allen (1966), Cant and Walker (1976) and
Miall (1974, 1976). Paleocurrents were measured from a variety of
unidirectional and bidirectional sedimentary structures with axes of trough
cross-strata and flute casts from the base of sandstone beds being considered
thé most reliable unidirectional paleocurrent indicators. Other directional
featu;es measured include planar cross—strafa, channel trends, ripplé matk
crests and croés—laminae, groo&e casts, parting lineations and aliéned
large-size logs, plant remains and rip-up clasts. For all sections, 535
crossbeds, 223 ripple-foreset (crest axis and direction) -laminations and 83
parting lineations were measured. In many cases channel trends were
construed as direction on the basis of directional internal structures.

The breakdown for each section_i§ given in Table 18. Directional.
properties in beds exhibiting.sofc-sed§ment deforuatién were ignoréd.
Orientation data from the various structure;ﬁaéaéured are expressed in ?igs.

20 and 21 as mean azimuths for each section, with édjacenc numbers indicating

the number of observations included for each mean. The most‘striking result
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is the general uniformity of paleocurrents toward the northeast for all
stratigraphic levels in the Sydney Mines Formation.

Looking at the paleocurrent variations by deposifional facies and in

- . o,

fining~upward sequences, we can observe several significant characteristics.
The gemeral trend of current directions/is toward the northeast, with a
40-70° variation om either side of the mean. This range of variation
~(70~130°) is believed to be an expression of ;Qg'idterdl and do;nstream
migration of point ba;s in meander loops, wﬂ;;h results in a.vertical
sandstone sequence with divergent cross-stratal attitudes. The more sinuous
channels of meandering streams generally result in more variable paleocurrent
distribution with vector magnitudes lower éhan comparable structures in
braided svstems. Howevef, many other factors can influence vector magnitude,
notably the rank of the structure studied (Miall, 1974).

-

" The trough cross-bedded units in the lower part of the cycle show
Eariations in mean ;a;eocurrenc directions coinciéing generally with the
northeasterly_measure& oriéncétion of the channel axes. This confirms the
origin of the trough cross—ﬁfrata by down;tream migracién ;f sand dunes along
the general axis of the channel. The variable and progressive divergence of
some of the cross-bedded units fro; the general channel direction indicates
dfvergence due to helical circulation of current within the channel (Allen,
1966).

The greatest deviations from the general direction aré observed in the
finer cross-stratified aﬁd rippled capping units of the sequence. This
indicates that the principal components were deposited by overbank flooding
or progressive filling of abandoned channel by more gentle currents,

accompanied by suspension deposition. Measurements noted in ripple—foreseﬁ

laminations and parting lineations obtained from sand bodies interpreted as

A

-
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levee and crevasse-splay deposits indicate.subsidiary sediment transport
trends to the northwest and southeast, approximately perpendicular to the '
main northeasterly transport directionf

The p?onounced northe;;terly dispersal pattern‘bf paiéocurrent
measurement documented in this study corroborates the regional trend shown by
Duff et al. (1982) and Giles (1983} and shows a close correlation with the
strike ;f channel sandstgne bodies mapped in undefground workings (Forgeron,
1980), interpreted here as high-sinuosi;y.channels within a~lower sinuosity
meander belt. This iﬁdicates a souréé.area to the southwest of the Syaﬁey
coalfield, and not in the Cape Breton Highlgnds as had been suggested
previously (Giles, 1983). /

However, the results foé the Sydney Mines Formation show more diverse
dispefsal pattern directions. Giles (1983) suggested that fanning of troﬁg‘n
_axes arougd the northeasterly extremities of the Boisdale Hills indicates
basement control on ré;ional palevcurrent pa:terns_duriﬁg deposition of the
lower Morien. The more diverse,diggeggal pattern within the upﬁer Morien
Group subdivision reflects the upward change‘from a braided to a meandering
fluviatile system and is consistent with the appearance in the upper
subdivision of significant proportions of shales and silcy shales,

rep;ésencing overbank deposits within a broad floodplain (Rust and Masson,

1981, and Rust et al., 1983).

4.5 Faétors controlling the fluvial system in the Sydney Mines Formation

4.5.1 1Introduction

The characteristics of the deposits produced by streams ekhibiting
greater sinuosizy are particularly.well known and have been the object of

extensive discussion in the literature (Fisk, 1944, 1947; Brice, 1974; Allen,



RS

1965a,b; Collinson, 1978a; Walker and Cant, 1984). Diagnostic

characteristics include geometry of the channel deposits, presence of epsilon
. N ,

cross-stratification, presence and extent of fine-channel fill, posirion and
extent of levee deposits and paleocurrent pattern.. From previous sections,
it is clear that the fluvial system.in tﬁe Sydney Mines Formation ﬁas all the
characteristics of mixed-load, high-sinuos%ﬁz: low-gradient streams within a
méander'belt with lower sinuosigy in which eyclicity is due Lo migration and
avulsion of meandering channels in a constantly subsiding basin.

-

Factors controlling channel patterns considered -important in the

‘literature (Leopold and Wolman, 1957; Schumm, 1968, 1972; Coleman, 1969; and

Stewart, 1981; Bridge. 1985) include gradient, discharge, sediment locad, bank
stability, widéh-depth rétio of channels, a:d paleoclimatic setting. An
evaluacion.of these variables for the Sydney Mines Formation must be
attempted before a complete evaluation of.the depositional environment can be-
achieved.

Schumﬁ (1960a,b) and McGowen and Garne;v(1970) have demonstrated tﬁat
mixed-load streams have a more sinuous pattern than do bed-load streams
characterised by high bgﬁﬁload/discharge ratio. Mixed and suspended load
stréams are #lso characceriséd by low width-depth ratios and meandering

channels. Discharge and sediment load are critical factors controlling

channel pattern as well. The high mud content in the Sydney Mines Formation

" indicates that the banks were muddy and therefore stable. Bank stability is

a cause of sinuosity in mixed-locad channels, which carry much suspended
material necessary for building thick and laterally continuous £floodplain

sequernces.

Schumm (1968) estimated that the expected width-depth ratic for

mixed-lecad channels‘is-approximately equal to ten. Thickness and lateral

2 .

-
:.r-‘--o' .
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extent, measured and estimated on the coastal sections, of channels and

sandstone bodies of the Sydnéé Mines Formation are listed in Tables 12 arnd
- t . .

13, The mean width:depth ratio observed on the coastal sectioms is 1:15.

-

4,5,2 OQuantitative estimate of flow parameters

Methods for determiﬁing'the morphology and flow parameters of ancient
streams have beeﬁ'outlined by Moody-Stuart (1966), Schumm (1972), Leeder
(1973a), Cant and Walker (1976), Ethridge«anéd Schumm'Q}Q?B) and Collinson
(1978b). Problems related to the interpretation of the resu%ts of such
ééthods have been discussed by Collinson (1978b), Jackson (1978) and Bridge

(1985). : . : .

Ethridge and Schumm (1978) estimated paleoflow_parameters'on the basis
of width and depth of channels only. Assuming that the full depth of a
channel at a meander bend is represented by the thickness of a single-channel

deposit (i.e., the top of the last cross-stratified unit or epsilon

-

cross-strata in a firning=-upward unit), the thickness of such a typical
individual Sydney Mines Form#tion channel deposit is taken to average 6-8 m
{Table lé). Ethridge and Schumm (1978) proposed the use of a corre;tioﬁ
factor to compensate for the depth in straight reaches being less than that
in meander loops. No adjustment factor for compaction was recommended by
these authors for sands subjected to sﬁalldw burial similar to sands of the
Sydney Mines Formatiom. ‘

Width of paleochannels is more d&ificult to estimate than depth. The '

width of the ché;ﬁel sandstone body measured on an outcrop is taken to

represent the thickness of the meander belt_(Walker and Cant, 1984). Leeder

-

(1973b) and Collinson (1978b, p.582, Fig. 2) have suggested a wmethod -for
4 N
"_///pfédic:ion of meander belt width in relation to chanmel depth, taking into

account field relationships. - Utilising this method, taking the average



thicknesseof the~zhannel sandstone bodies (listed in Table 12) as 8 m and an
average dip of 8-10° for the epsilon cross-stratified beds measu;éd. results

in a channel w:d of 1:90 and a meander belt width averaging 700 =. This

-

value firs reasonably well with Forgeron's data on channel sandstone bodies
from mining (in Duff et al. 1982).
This value for meander belt width must be ugéd with caution since a

change in angle of dip at the base of-the channel car cause considerable

variation in width. Some channel sandstone bodies might be narrower because -

- .

of early avulsion followed by abandomment channel fills while others would be

wider due to lateral amalgamation of meander belt sandstone. The high values

for the lateral extent of channels obtained from the correlations of Appendix

B (iiSCed in Table 13) can be explained by the fact thaé ;hé cliff exposure ' .
‘of these channels is only partial ahd that many of these extensive channel

sandstone bodies observed'are largely amalgamated sandstone‘bodies (Appendix

B, Figs. 1-6). . | |

4.5.3 Modern analogs

Although some of the sedimentary séquences of the Sydney Mines Formatioen
were apparently deposited in standing water- (i.e., lacustrine environment),
no wajor coarsgning-upvard sequences or mﬁrine strata were observed and therE”//,\\\
is no evidence that a large body of water was being infilleQ by sedimentsg
~ there is no evidence therefore for marine deltaic deposition.

Many aspects of the sequence, however, show similarities to upper delta’
plain sequences (Bates, 1953; Moore, 1966; Leblanc, 1975). The ‘upper delta
plain-of the Mississippl, for example, has'a large meandering river, levees
with crevasse-splgys, densely vegetated swﬁmps énd exténéive shallow lakes

(Coleman and Gagliano, 1964). One important difference from the Sydney Mines
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Formation environment is that some of the delta lakes are ceonnected to the

N : v

—

open ssa. ' N

The salinity toletancé sf Carboniferqss ostracods and bivalves is still
debated, and it could be argued that in the Sydney Mines formation their
occurrence indicates invasion of brackish water: A delta tfp model\could

.then be;ome a possibllity (Fern and Cavaroc, 1968; Coleman and Wright, 1973;

Donaldson, is argument 1s doubtful for the Sydney Mines Formation

A -

and canngt be appfied in light of the fact that nqg;bne truly marine fossil

or indicator has been found in any parc of the exbosed_coastal sections or in

Y

10 km offshore cores measured. There is therefore no evidence of any

-

associated marine sediments_of lower delta or delta top. sequences. What then

. wonld be an ideal modern analog to the. fluvial system of the Sydmey Mines

Formation? . - ~

Modern analogs with similar parameters and chatacteristics are the
Brazos River of the Texas coastal plain (Bernmard and Major, 1963) and the
Atchsfalays River flood basin in the lower alluvial plain of| the Mississippi
River (Coleman,_l966; Frazier and Osamik, 1969). Although ndither river

basin exhiBits significant peat accumslatios, similarities in the fluvial

- prOtesses“and prbdutts make them acceptable (altﬁtﬁgh imperfect) analogs to

~

the fluvial system of the Sydney Mines Formation.

The most striking comparable features aresthe presence of freshwater
lakes and the iaterqlly extensive swamps. Swamp deposits are 40-50 km across . -
in ths'Sydney Mines Formatioﬁ, if we exclude the Backpit as bedng
exceptiona};ﬁyln tﬁ; Atchafalaya River basin these freshwatet shallow lakes
and ponds cpver more thdn 500 km? and comstitute ome of the most important

subenvironments (Coleman, 1966; Frazier and Osamik, 1969). These lakes

exhibit great varjety in shape, size and extent (diameter varying from.0.5 to

P ) .- )
- | .
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20 km). Coleman (1966) proposed local subsidence and compaction as the
mechanisms for peat accumulation. A maj§§ difference is the poor
productivity of p;at formatiﬁn. Lacustrine delta aeposiﬁion and equivélcn:
lake~splay deposits resulting from stream diversion and flooding are also
important.in the Atchafalaya. These are all important char;cteris:ics
observed in the Sydney Mines_Formation. However, carbonate deposition
appears o be more diversified- and volumetrically important in the Sydney
Mines Formation (see Chap. 5).

‘The backswamps of the Atchafalaya River flood basin were divided by
Coleman (1966) into pocriy drained (reducing conditions) and wel}-drainéd
swamps (fluctuating oxidizing and reducing conditions). The coals deposited
in the lacustrine-dominated environwent of the Sydney Hines Formation were

“ probably Jg;osited under similar depbsitional conditions (i.e., backswamps
and marginai £lood basin to lakes; bonds an&vleveesj (see Chaﬁt 5).-

4.5.4 Paleoclimatic coatrols -

The detailed study of the sediments of the Upper Carboniferous of Nova
Scotia by numerous authors (see Chap. 2) indicates a progressive change of
climatic conditions from the lower Namurian (arid conditions with evaporites)

to humid conditions in the Westphalian (of major river systems and abundant

. -
g

" ¢coal deposition).
The previous discussion of the characteristics of the linhostratigraﬁhic
zanes {Chap. 2) as well as the .preceding discussion in this chapter rgﬁe;l .
that the sediments of the Sydney Mines Formation were deposited on an
alluvial plain subject to fr;queqc periods of flooding and local perieds in
which water tables were somewhat lower. These periods are best observed in

lithostratigraphic zones B and C (Figs. 4, 5 and 6 of Appendix B), in the

. Morien North section (Appendix A, Fig. 8) and as alternating beds of
o : ' )

//”'\ | . ' : -



hematitic sandstones and finer clastics at numerous localitries, especially
" above the Harbour Seam (Appendix B). The major sandstone bodies_witﬁ':he

presence of numerous channels, point bars; etc., réeflect a relatively humid-

i

pluvial paleoclimate, whereas the redbed sections would record intervals of
lower %luctgating water tabie, perhaps recofding drier intervals withia a
generally pluvial paleoclimate.

The presence of thick coal seams indiqates conditions sufficiently humid
to insure widespread swamps and shallow lakes and éermit abundant plagt
growth., This suggests a warm, humid-subhumid, tropical (?) paleoclimate.
The.vafiacion ;n chihkness of the seams observed reflects-any or combinations
of the follqwing: ' )

e slow or rapid accumulation of ueget;tion;
e slow or tapid burial rates;
. e fluctuating grounduater_levéls; 3

repeated subaerial exposure of decaying vegetation.

interrupted growth with switching of fluvial channels.

Evidence of vegetation (foots,'}lant debris, upright and trénsported logs,

large plants and trees —— i.e., Calamites,-Sigillaria) are also indicative of

humid conditionms.

The presence of sideritiq nodules (see discussion, Chap. 3) in modern
environments_requirés a mildly reducing eavironmest (see discussion,.Chap.‘
3). Itis a common phenomenon in subhumid to_per;humid areas where periods
of consider%ble‘rainfgll alternate with ﬁériods of lesser rainfall (Murchison .
| and Westoli. 1968; Spaethn et al.,_1969). The presence of sideritic nodules
below the seatearths in the Syduey Mines Formation is taken to indicate

paleoclimate in which fluécuating rainfall was conducive to coal formation.

-



The presenéé of pedogeni; cal;rete uniis-a: sevéral locations in’

) _.' overbank sediments (see Chép. 3) in the Sydney Mines Formacign is generally
taken as a local indicator of r;latively dry conditions and/or subsderial
exposure. Formation of pedogenic calcrete units in modern environments
reflects interaction Set%eeﬁ precipitation, temperature, runoff, soil texture

" and relief {(Blatet et al., iQBO) and is indicative of a'huﬁid,paleoclimate
with a periodically lower water table and drier intervgls within a generaglly

pluvial paleoclimate (James., 1972; Reeves, 19?6; Blatt et al., 1980). - This

-

interpretation is supported in the Sydney Mines Formation by the presénce of
desiccation cracks,.interlam}nated ;ed-purplg hématitic beds and the 1ow 
percentage of‘hsfserved organ{C'matter locally.

A gradual but significant c¢limatie chahge is observed in the upper part
of the Sydney Mines Formation above the Harbour Seam (Appendix B, Figs. 4, 5

and 6). This change manifests itself in the sedimentary package by:

e the increased number of small-sized and -confined splay channels

and their assoclated splays and levees;

-

) ) e the presence of laterally and vertically extensive'red-purple
////, (hematitic) fine c¢lastic sequences with locally rooted beds and miner

carbonaceous shale layers;

e lack of marine influence with the environment dominated by
shallow lakes and ponds and their associated floodplains;

%

e the predominance‘of fine clastics and mudrocks over. the wearser

sandstone lithofacles;

e increase in the pregence of desiccation cracks and local
abundance of calcrete in association with secondary coals and/or carbonaceous

© ™" shale. . ¥ . .
/‘ . - s ’ N
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_These features seem to indicateé a decrease %n rainfall and humidity

expressed in a decrease in the importance of lateral channel migration. The

paleoclimatic indic g point to‘a lower energy of the alluvia;‘regime
during extensive peri;ds in which rainfall was less and the water taple
fluctua:ed. The-associatiop of calérgté agglsecond;ry caals reflects a rise
;f the wgtei éhble between the time of calcrete formation and peat deposition

(Reeves, 1976)}. Similarly, fine-clastic to nom-clastic deposition was

controlled at times by fluctuations of the water table.

-

-

4.6 Diagenesis-of the sandstones from the Sydney Mines Formation

4.6.1 Introduction

"

Diagenetric reactions are defined as "those that occur in a rock from the

time the crystals or gralns.are deposited until the time the:texturg or
mineralogy of the ensuing sedimentéry rock is markedly changéd“ (Blatz,
. E

1979). Sandstone diagenesis is controlled by a wide variety of

interdependent processes, including: range of temperatute and pressure,

[

burial rate, sediment composition and texture, sedimentary and tectenic

egyironmeﬁf} chemical reaétion rates, degree of lithologic variation, and

~

hydrodynanic and:geothefmal gradients (Blatt et al., 1980; Friegman and

---Sanders, 1978). -, .

-

- -

' Commoén processes of diagenesis inmvolve: l)compaction, 2)cementation and

addition of new material, and 3)dissolution and removal of material and

-

transformation of material by change of mineral phase or replacement of one

s

mineral phase by amother (Friedman and Sanders, 1978). Physical changes,

such as compaction, fluid migration and pressure solution, are accompanied by

chemical changesnaaused by mineral reactions, mineral replacement,

cementation and dissolution. TFluilds have a great influence on.diégenesis,



and diagenesis in turn controls fluid movement and the looacioo of
redeposited cements. - . .
Potrographic study of 146 ohin sections of-sandstones and fine clastics
obtainod f;om coreo and coastal sections of the Sydney Mines Formation has
vielded information showing a fairly regular recurrence and distribution of
primary-ano secondary cements and after results of diagenetic processes. The
~ purpose of this section is to outline the main diagenetfo features observed
in these sampies and to give a Fentativo.sequence of events (parageneois).
The maia diagenetfg features discussed will be: burial diagenesis. and
co;paction, primafy;agd gecondary clay cootent,'silica cementation and
overgrowth, calcite cementation_ano ferruginous cementatior and staining.

-~

4.6.2 Burial diagenesis and compaction

Scholle and Halley (1983) define burial diagenesis as "...the changes in *© _"
rock composition, mineralogy and texture which occur below the zone of

near-surface water circulation, generally becomes the dominant control on

bt ]

rock porosity at depths below a few hundred meters." Porosity loss through

burial diagenesis results from both chemical ‘precipitation and physical

compaction.* Compaction, the reduction in poré'spaoe within a body of —
sediments in_response'to pressuoé from the-yeight of overlying material or
from structural deformation, can greatly reduce porosity even in near-surface
sectionthhfough dewatering, groin reorientation, grain breakage and o&her

mechanical processes (Friedman and Sanders, 1978; -Scholle and Halley, 1983).

Compaction affects all sediments but the effects are more important in
fine-grained sediments such as silts and clays. This is mainly due to the
ease whereby overburden pressure reduces the natural open pocking observed .in

clays.” With increasing depth, loss of porosity in shales appears to be

-



largely a chemical process involving précipitation of cements, rather than
further mechanical compression (Porter et al., 198Q).

The factors influencing compaction Iin sands‘%re mostly the sarting and
shape of particles, types of particles and depth of burial (Blatr et al.,
1980). - Compacction of quarfz sands in laﬁpratory experiments results in a
decrease of 10-15% of the thickness of the aggregate as a result of
rearrangement and chipping of grains. The increased compaction of sand is

inversely proportional to the porosity of the sand (Blatr, 1979). Of great

importance is the fact that compaction is greatly enhanced by an increase in
the ﬁropo%tion of ductile rock fragments {such as mud cla§ts, schist
fragments, micas énd micaceous lithic¢ c¢lasts). These deform easily under a
relatively light load. The'increaséd plagtic de%ormation with depth of
ductile rock is reflected in thg types of grain-to—g;aih contacts observed
(Taylor, 1950). The wmost common types include: tangential long (stratq);"
concavo-convex and surtured, ’ /;//\‘ N

Although no quantitative measurements of the ﬁercentage compaction of
sandSCOnes.were obtained, nor were porosity/depth plots constructed for thé
sandstones of the Sydney Mines Fofmagion, excellent examples of compaction
cementation ugfe observed in every sand size fraction og these sandstones.
The main evidence of compaction includes: | .
; ] pressuéé-so}ution sutﬁred qgartz grains and silica overgrow;h
contacts (discussed in §.6.4);

. compacc;oq.and squeezing of ductile lithic &lasts (mud clasts,

-schistose lithic clasts, mica flakes, nicaceous lithic clésts) exhibiting
we}l—develoSéd;concavo-coﬁvex, strato and locally sutured grain-to-grain

contacts;

e chipping and fracturing of quartz grains;
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e wrapping and bending of ductile clasts arquﬁd the edges of

stronger quartz grains;

e fracturing and reorientation of individual mica {lakes and

micaceous lithic clasts (Plate 244):

e penetration of soft clasts by quartz grains with sharp edges;

L] -

™S

e stylolitisation of grain-to-grain contacts in samples with

s squeezing of primary clay;

predominant calcareous mud clasts (Plate 24B)%
Several trends relaied to sandston;.grain size havﬁ also been observed:
e a decrease in evidence of destruction of the grain-supported
- framework with decrease in sandstone grain size;

e a decrease in number of sutured contacts with a decreasec in grain

size;

®-a décrease iﬁ evidence of compaction In many fine-very {ine
sandstones, which is related to 1)finer size of the quartz grainms, 2)higher
organic content, 3)higher clay matrix percentage, which absorbs most of the
compaction effects.

4.6.3 Primary and auﬁhigenic clay content

Clay minerals in sandstone are both detrital and diagenetic in origin
and_exhibit a complex relaﬁibnship.- Because their relative proportion is
difficult to determine, they can easily be nisinterpreted. Allogenic (or -
syndepositional) clays are formed prior to deposition and are mixed with the
sand fraction during or im;ediately following deposition. They occur as
clay-sized particles and ¢lay aggregates, mainly as ﬁart of & dispersed
matrix. They also occur in intercalated laminae. mudstone and shale lithic
fragzents, floccules, - biogenic pellets, burrow linings and filling and

infiltration residues (Wilson and Pittman, 1977). Authigenic clays develop

*
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after bﬁrial and include both new and regenerated_forms either as a direct
precipitate from formation waters (neoformatiom) or through reactioms between
primary ma;érisls and the contained waters'(regeneration ~=- Wilson and
Pittman, 1977). Clays are generally degraded during weathering, eroéiOn, and
transport and are subjected to neomorph?sn (recrys:alli§ation) and
regeneration during burlal diagenesis.

Clays in the sandstones and fine-clastic rocks of thé Sydney Hiﬁes
Formation are predominantly primary, but authigenic clay is also present
locally. The mineral composition of 25 clay and mudrock samples from the
study area was determined by X-ray diffraction (Table 3). The clay minerals,
in orderloﬁ decreasing abundance, are kaolinitg,.illite, chlorite, and minor

. amounts of mixed illite-chlorite. Kaolinite is by far the most abundant
{Table 3).

Carrigy and Mellon (1964) and Millot (1979) have noted that in nonmarine
strata the assemblage kacolinite-quartz yredozinates in quartzos;'sandstone
and kaolinite-chlorite and illité—chlofite in sandstones with lirhic content
and moderate amounts of voicauic detritus. ‘These observations apply to the
nonmarine assemblage of the Sydney Mines Formation.

In Eﬂ;fgéady area, mica content is important and is present in all
sandstone sizes observed as mica fiakes or ﬁicaceous.}ithic fragments (siies
range from cqérse to very fine crystals) exhibiting various degrees of
deformation and disintegration. Composition is mostly biotite, but muscovite
and chlorite‘ﬁre alsc present. Feldspar gfains are almost all entirely
weathered or corréded and are predominantly potassium feldspar with minor

plagioclase present locally. The weathering of mica and feldspar is the key

to the understanding of the origin of the clay.
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The predominant primary clay in all‘of the saqutones of the study area
exhibits the following characteristiecs:

; presence of impurities (such as silt, Fe oxides and staining) --
this is éirectly related to the origin of the clay during or immediately
following depoéition; ' : -

e highly v&@riatle type and size of occurrence -- it occurs mostly'
as disperséd clay—sizé; par;icles and clay aggregates forming the matrix and’
local laminations; mudstone and shale lithie clasts and-fragments; burrow

~

linings and f£1llings and infiitration residues;

e pluri-mineralic clay assemblage exhibiting pqorly defined
outlines of crystals and a low to moderate degree of crystallinity (Plate
254);

e no pattern or zoning of colour observed in the clay assemblgge;

e the clay assemblage exhibits two :extufes -= VF ¢loth clay
texture, and 2)VF-M mica flakes with a ‘wide variation in orientation (Plate
254); ‘ .
e extensive cémpaction and deformation effects observed in, clasts
and in the matrix (i.e., squeezing of mud clasts within the matrix);

e little to no.recrystallisation of the matrix;

e scattered in:erﬁarticle £fi11ling; .

e nixing of primary clay locally with other cements prewment, such
aé silica and calcite; |

e encompasses all laminations with no change.in recrystallisation
of the clay. . .

Kaolin genesls indicates a ﬂumid environment and removal of Caz+. Mg’+,

.Na+. K+; Fe+, and possibly $i0, and the addition of B . The [K+]/[H+I ratio

2
in-melation te HASiOA. and probably A1’+, in solution is significant (Keller,
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1970). 1In quartzose sandstone the volume of pore space that is £illed by
authigenic clay is very small and kaolinite (or dickite) predominates. The
require; alumina is brought in by circulating watcrs.(Keller, 1970): At.
greater depth and in the presence of interstitial water, potassium feldspars
and micas in contact with these waters wﬁul& be unstable and teﬁd to break
down chemically iﬁto the more stable authigenic kaolinite. Abundant
petrographic evidence exists tp support the idea that unstable detritél
mineral grains in the Sydney Mines Formation sandsione have been converted to
kaolinite.r | - | )

| Scanning Electron Microprobe research has proven to be a powerful toecl
in the identification of authigenic clay minerals but is beyond the scope‘of

-

this scudy. Under the microscqpe the authigenic’clay from the study area
oceurs essentially in the fine;very fine and medium-fine sandstone
as§emblages. Two main types were observed, with the first forming 90% of the
occurrences.” These are:
| 1) fine crystalline aggregates and coatings on the rims of detrital
grains, in which the individual clay cry#tals exhibit some degree of
orientation (Plate 25B) eitheé parallel or perpendicular to the grain
boundaries; egrly deposition of such a coating inhibits later precipitation
of silica cement; h
2) complete filling of pore spaces by a coarser crystalline clay
assemblage with a more random orientation of the clay crystals; the clay is".
uniform in colour and texture and lacks impurities such as silt or
iron-pigmeg;ed material. -~ - |
The most reliable criteria for establishing the authigenic origin of the

clay of the study area are:



e alteration of original biotite mica .to expanded, vermicular

crystals of low birefringent kaolinite;

e varying degrees of alterations of potaégium.feldspar grains te
kaolinite; . -

e composition of clay exhibiting a monomineralic clay assemblage
with the absence of impurities aﬁd differ&ng significantly from the
associated primary clay in both colour gnd,tex:urg. due to replacement and
recrystallisation; .
e idiomorphic outline of c;ystals, mostly undeformed and exhibicing

alignment of individual flakes;

e greater authigenic content observed in med-F and F-VF sand

fraction.

4.6,.4 Cementation

A) Silica is the predominant cement in the Sydney Mines Formation; it

r

occurs in every sand fraction. It mostly forms at pressure solution contacts

~

and as authigenic quartz overgrowth of quartz grains, almost entirely

‘elininating the initial pore space. Chert grains present are not as

"cementation to occcur. A late-event silica cementation occurring as

 susceptible to silica overgrowth as are quartz grains because of the variable

orientation of the individudl silica crystals composing them. Pressure,

. solution and quartz overgrowth cements are commonly the earliest types of

ﬁidro;rystalline silica filling microfractures is also present locally.
Pressurve solution is characterised by: dissolution.of grains at

grain-to-grain contacts and by stylolites (Hutcheon, 1983). 1In the study

area, dissolution at grain—té-graiﬁ contacts is commbnly observed in

sandstones (Plate 26A,B) and is particularly important in the coarser grained

types. Stylolites are more common in the carbonate rocks (qute 24B).
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Recent experimental work by Sprumt and Nur (1977), DeBoer et al. (1977)
and Robin (19?8) give excellent descriptions of the theoriés of pressu;e J
soiLtiou. Basically, préssure solution deveiops as a response to the weight
of overlying sediments gradually causing readjustment of detrital grains to
positions of greater stability in detrital sediments lacking eariy
cementation. With increased pressure, high stresses at small contacts result
in welding of these contacts by solution, followed by movement and

redeposition of silica at points of less stress. This redeposition continues

o

u&til the contact areé is sufficiently strong to withstand the stress (Blatt
et al.,.1980). In the studv-area, pressure solution appearé to be the main
‘mechanism of silica release. Robin (1978) cencluded that the force across a
grain contact is a function of burial depth (weight‘of overburden), grain

- size and shape, original grain pa;king and the dééree of pressure solution
{(i.e., stress applied at contacts). This is directly reflected in the numSe;
of conracts per particle and the type of contacts (whether tangential long or
straight, concavo-convex or sutured) in the sédiments. Selution alsolplays
an important role an&.is related to l)strain, 2)rate of flow, 3)chemistry of
wiifr, and 4)temperature (Friedman and Sanders, 1978).

In the sandstones of the Sy;ney Mines Formation tangential long or
straight and concavo-convex welded contact types predominate (Plate 26AY.
Sgtured contacts are of lesser importance and are present only locally. The
vEry coarse sand fraction exhibits quérfz-uelded contacts with a leéser-
éercentage of accompanying authigenic quartz overgrowth than observed in the
finer sand fractions. The highest degree of pressure solution-weldéd
contacts 13 observed in the medium-fine sandstones and in sandstones with

high clay content. The predominance of straight and concavo-convex contacts

indicates that pressure solution tooK place at a moderate depth and that



| : ) - 135"-.

quartz_overgrouth'cemeﬁt‘was precipitated following quaft: grain adjustment
ro pressure. An inverse relat£onship exists between the amount of quartz’
cement and the abundance of detrital clay matrix. Bec;use of the low
porosity an§ permeability of sandstones ricﬁ in clay matrix, the presence of
clay ﬁinerals retards the formation of quartz cement.

Quartz cement’ growing outwardly from aocd in crvstallographic continuity
with other quartz crystals is called "authigenic quartz overgrowth" (Friedman
an& Sanders, 1978; Blatt et al., 1980). It characteristi;ally develops
around single crystals. This crystal}ograﬁhic continuiﬁy between quartz
particles and quartz overgrowth makes the identification of the boundary

between them difficult.

In the thin ‘sections vieued‘under the petrographic microscope, the
boundary between particle and overgrowth was recognised by the presence of
clay winerals, iron oxides and/of inclusions ;imming the particle as a dusty
border (Plate 268). In the richer quartz sandstomnes the ééparation_between
quartz particles and cement was inferred by che unusual shape or oversize of
the quartz particles and by cathodo-luminescence cxag}ﬁaéien. Thg abundance
of quartz overgrowt;s was highest in the coarse to fih; sand fraction and 1;
those sandstones with lower lithic clast and clay matrix content. Irregular
surfaces resulcing from quartz overgrowths from néighbouring grains of
differing orientation interferring with one another were not observed..
Qu;r?z overgrowth characteristicafﬁy develops around $ingle quartz particles
(Piate 263).. -

An additional source for silica (in addition to the principal‘pressure
so;ﬁcion source) in the study area could be provided by the diagenesis of

clay minerals that on compaction provide silica-supersaturated waters.

Siever (1962) and Towe (1962) have shown that the diagenetic conversion of



R - 136 -

clay minerals (for example;, smectite or interlayered smectite-illite to pure

111lite) might be an important sonrce.of'Silica. The presence oé
microcrvstalline silica cement within a clay matrix as filling of poorlv
defined pores at a few localitries indicates the possibilicy that small

. amounts of silica might have been exported locally from mudrocks during their

diagenesis. However, there is no evideéie of large-scale migration of silica

by this'proCESs in -the study area.

B) Calcite cementation - Carbonate cementation in the study area is more

o 1rregular1y distributed than is silica cement. It occurs as irregular,.

discontinuousg lenses and/or patches in stratigraphzc'intervals a few em to
several m thieck,.exhibiting sharp_and abrupt contacts. This irregular
pattern corresponds in the subsurface to the often sinuous channels of
solution migratdng tnrOugh the sediments. ‘It occurs early in the diagenetic
sequence an% foilows silica cementation. .

Calcite cemé%tation in the Sydney Mines Formation is observed ln all the

sandstone types but is more widespread in medium-fine sandstone. No pattern

- . - . -

of deposition-was observed other than this greater occurrence in medium-fine
sandstone. The caicite'cementation occurs eilther as a crystailine
porc-filliné‘cement (poikilotopic calcite cement type, Plate 27A) or as a
mudeclay replacenent or grain-coating cement (§e£§ fine to fine granular
calcite cement type)t

The main characteristics of poikilotopic calcite cementation (Bathdrst,
1975) in the study area are:’

e deposition in free pore spaces as Sparitic cement enclosiné‘all

grains and particle types (Plate é?A); usually confined to thin beds or as

’

local patches ot variable extent and/er entirely filling interparticle pore

saces /
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e expansion and pushing aside of framework matrix and individual

t

grains and particles (Plate 27A);

. pushiﬁg aside of honeycombed, ffactu;gd quartz grains a%rwelg'aé
q;art; grains coalesced by pressure—solucion countacts (Plate 27A) and
syntaxial overgrowthrcement (fhis characteristic suppoffs a 1atcr-origin than
-‘silica cement{;

.

e no expansion of -framework where primary clay matrix is extensivcé
in this case granular calcite cementation develops;
e composed of coarsé to fine .sparitic crystalline rhombs with ?ell-
“defined rhombohedral cleavage and locally exhibiting typical calcite
twinning; readily stained by- Alizarin Red-S. | |
The very fine to fine granular caleite cement type is charac:eriéea b&:

. occurring mostly as replacement of interstitial clay matrix as
 disseninated crystals, clusters or patches of granular crystals within the
clay matrix; |

e also occurriﬁg as fine to very fine granular coating-of lithic
particles;

- @ crystals showing a variable percentage‘bf impurity inclusions:
when this type of cehent £111ls a wore open matrix network a slight increase
of) crystal size and a decrease of impurity qphcent can be observed away from
th nonﬂreplacéd clay matrix; ‘ |

e composition of fiqe to very fine crystals lacking well-developed
rhombohedrél cleavage and exhibiting a vari;ble percentage of inclusions.
Several factors may affect the release (including spurce) and calcite
precipitation in the study area. Carbonate solubility is direc;ly influenﬁed‘

by pH; temperature cﬁanges and sacuiation rates. At a high pH, in excess of

9.5, calcite may be rapidly precipitated (Bathurst, 1975; Friedman and
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Sanders, 1978). Similarly high pH and temperdture values may promote calcite
cementation. The source of caleire is not a problem in the Sydney Mines

Formation since calcareous beds are numerous and widespread (see Chap. SJJ{

-—

. N - - i N
In addition to proximity to extensive carbenate emwironments and calcareous

beds, other factors leading to calcite precipitat & may include:

- = }

1) dissolution of calcite from fossiliferdus material occurring in
the’ gumerous calcareous Qfds {see Chap. 35);
7} dissolution of limestone by pressure-solution and the subsequent

migration and redistribution of carbonate-saturated waters to strata where

caleite is precipifh:ed;

3) precipitation of calcite by bacteria (such as methane and

sulphate reducers);

4) direct inorganic precipitation ylelding near-surface calcite

e .
cements. »oo- : -

~—

Boundaries bgtween pressure-solution quartz grain contacts an& quartz
syntaiial overgrowths indicaté that caléite cement;tion occurred.late} tHan
silica oﬁergrowth. The sequence of diagenetic events is: l)csmpacgion of
sedimeﬁts;‘z)deposition of.silica cemeh; (pre;sure-so}u;ion contacts and
quartz overgrowths); and 3)caleite cement precipitation.' A late episode of
calcite cementation is aiso'observed iocally. This late eﬁigode is - Ve
essentially -1 fine-granular to ﬁine-dfus& cementation of leached voids ‘and
nicrofractures grading;ﬁo fine-drusy calcite cement.pqﬁard the center qf-ghe
void or fréﬁCure. This eﬁisode of calcite cementation appears to bccuf laﬁe;
in the éiagénecic history of the sandstome since it is cementing
microfractures that traverse ;11 the other diagenetic features.

[N L]

C) Hematitic and iron-oxide cementation - Although of lesser importance

than the previous cements, hematite and ferruginous staining are locally
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extensive. They appear at several localities (e.g., in the Morien North
section [Appendix A, Fig. 8B], 0-65 m, and in the New Waterford and Glace Bay
West and East sections [Appeédix B, Figs. 4, 5 and 6]) in the sandstones and

. - L]
fine-clastic rocks as a reddish-purple to rusty pigmented staining and

replacement material, as'a blackish granular rim surrounding detrital grains,

or ‘as an_élteration product of pyrite and siderite.

,Under the microscope_&Ge-pigment is genérally red but sometimes ?1ack.
In the sandstones it occurs as a grain coéﬁing, in collofo;m interédr:iclc
pgtches complexly‘mixed.or replacing the clay maﬁrix (Plate 278)..in a re§
mafly matrix (believed to be weathered intraclasts), and as red grains and
conccntfationé. In tbe mudsténes, wmarlstones and siltstones it generally '
appéars as a uniform pigmentation or as patches of red-purple colour. The

pigment is principally hematite, as determined by X-ray diffraction of the

clay;sized fraction (Tables 3 and 4). ‘Ferruginous staining 1s present mostly
/ . .

as an alteration product of pyrite.

Walker (1974) and Walker et al. (1978) have studied the origin of red
pigment in sands of late Tertiar; and Quaternary‘age and have discussed the
method by which it éccumulates-to form red sandstones. Hematite apparently
can form througé intrastratal solution as uell as in relation to changes in

the elevation of the ground water table during weathering The essential

requirements for the authigenesis of hematite in pore spaces are a source of

iron atoms and sufficient circulation of meteoric water to maintain oxidizing
conditions in the pores.” Time periods.of 106 years are sufficient to form
the bulk of the red pigment. !

In the stugy area, this type of cementation appéars to be a larer event
in che paragenetic sequence. Hemati;e and ferruginous étaining patches

u5ually replace and/or coat primary and secondary clay, silica cement and



detrital quartz and locally cogrode the edges and boundaries of calcite ~
cement, therefore supperting dZEIBh\Sf their occurrence after those cements.

4.6.5 Summary: paragenetic sequence

From the péevious di§cussion;'we caq_summarize the paragenetic  sequence
din the clastic rocks of the Sydney Hines‘Formation as follows (frgm earlieét
to latest): : ' :. -
1) compaétion of sediﬁent, including de#ormaéion.and squeezing of
soft lithic c¢lasts;
"2) with §hallow burial and cémpaction, pressuré¥solution contact

-

silica’ cement begins to form. to be followed by syntaxial quartz overgrowth
cemeﬁ:ation; | l

3) ;arly calcite cementation (poikilo;opic and very fine to fine
gfanular) fofﬁs at a later stage followiné or during the last:stages of (2);.
corrosion of silica cémenCS and detfitél grains takes place with the increase
in carbonate growth; T

4) secondary c%ay cements (mainly kaolinite) appéar as a
pore=filling medium at ani time during this sequence; it has been observed to
precede, occur ﬁ?th or follow calcite cementation; . ’

S} hematite and irom-oxide (and/or pyrite) cements appear as a late
event following the previous sequénce;

6) late-—event calcite cement f?liing,of microfractures/fine
fractures and open voilds (leaching effect) ma; appear locally as ; final

.

cementation event; this type of cementation ébpears to be restricted to

sandstones occurring proximally to a local carbonate source.

4,7 Coals . ’

4.7.1 Coal formation characteristics —— The material of present-day bogs
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contains very high percentages of water, almost never less than’?Ong?d

averaging 95% (Miller, 1949). The weight of solid matter contained in a unit

volume of-growing bogs varies’within_éairly broad limits, depending on both
water and ash content kﬁanrahan. 1954; MacFarlane, 195%).' For example.‘gﬁe
s0lid marter content for faifly pure peats is of thg order of 50 kg/m>.
Ashley. (1907) esgimaéed that a peat layer changing into coal shrinks.to
cne-twentieth og-its origiral E?ickness. Falini, (1965) estimated the
transformation from peat'carrying 95% water to b;own coal with 507 water
involves a re@uction to about oge-tenth of the original thickness (i.e., this
figuré is not takihg into account the loss of weight of the vegetal matter
due to chemical reactio&é in the coalification process. A survey o£
estimates of peat:coal ratios insthe literature conducted by Ryer and\Langer

(1980, Table 1) reveazls that they range from l.4:1 te 30:1, with the median

ratio belng 10:1. The great range of values is explained by the authors in

terms of a cumber of fgctofs, including the following:
1) problems inherent in the v;EiOus-methods émplo&ed (i.e.,
petrographic, density, s;ragigraphic, inclusions);
© 2) variations in the values used for the den;ity of peat;

3) variations in the rank and, therefore, density of different
coals; and - .‘.
4) variations in the ash content of coals.

The mineralogical and‘petrbg}éphichl characteristics of the coal seanms
from co;stal exposures of the Sydney Mirneés Formation as well as the related
seatearth and.réof.rocks (1ncluding their significance) have been discussed
in seétion 3.5. The charaeteriséics éstébl}shing'the autochthonous origin of
these séams we;e_discussgd in section 3.6. Hére the environmental -
significahce of the coal as well as its influence on migiﬁg operations u;ll t

be discussed.
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The coal seams of Ehe Sggney Basin, and particularly those within the
upper Morien Group, have beeu-stu&ied extensively by P.A. Hacquebard and ce-
workers. Hvauebard_etlgl. (i965) and Hacquebard and Donaldson (19é9) have
established basinwide petfographig variations within the major seams
microscoplcally detefmined ;nd expéessed as percentages of microlithotypes.
These data were interpreted in terms of pea;*forming environments (Hacquebard
and Donaldson, 1969}, listed in order of increasing wetness as follows:

1)'forest-terrestrial moor: relatively low water table, capable of
supporting arboreal vegétationi ‘

2) forest-moo;: higher but gemerally non-emergent water table;
"herbaceous vegetation; R .

3) reed-moor (perhaps better termed reed-marsh): emergent water
table,  supporting water-tolerant rooted vege;ation (reeds);_rf_

4) open moor (marsh): non-rooted vegetation accumulated -
éub-aﬁua;ically.

The‘coais of the\uppér Morien Group (the Emery, Phalen, Backpit,
Bouthillier, Harbour and Hub seams) are more extensive.and :hiékér than those
of the lower Morien Group (Rust et él.. 1983). This is attributed to |
debésition of ﬁhosg upper Morien ;eams'onfa meandering—fluv;§1 floodplain.
The floodplain qf a‘meadering river is generally located below the water

level in the main channel (Walker and Cant, 1984) and maintains. the high

water tables suitable for growth and preservation of peat. Lateral channel

migration or avulsion of the fluvial system can-terminate peat growth over a .

L] L 3

wide area, but the fibrous peat commonly resists erosion, because its base is
low enough to avold undermining. Lastly, the development 6f upright tree
trunks of large'dimensions (a common feature observed in the Sydney Mines

Formatrion; Plate 13) is possible only when the rise of the water level ceases

AR
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completely or almost completely for periods of thousands of vears (Falini,

1965). The presence of the trunks indicates a slow growth of the peat

depoéit. Hence peats formed on floodﬁlaihs of meandering rivers (upper
Morien Group situation) are thicker and more widespread than those developed
on braidplains (lower Moriem Group situation; Gibling and Rust, 1984).

The most widespread seam of the Sydney Mines Formation, the Backpit,

_extends some 40 km normal to the northeastward paleocurrent trend andAﬁocs

not contain splits (Hacquebard and Donaldson, 1969, Plate 1}. The width of
the Backpit swamp is comparable with those of the lower Mississippi Valley,
but the latter are confined within a post-glacial valley, and thus are leds

extensive than they would be in an unconfined situation. This implies that

the Syvdney Mines Formation swamps were of considerable size, although not as

large as those of the modern Mississippi. Other extensive seams in the )
Sy@neywnine; Formation show lateral splitting, due to the proximity of |
channel systems and the conseguent progradation of splays into-swamp margins.
This éuggescs that the Backpit gwamé was unusually extensive, and 2 40-50 kn
spacing between channels is a reasonable estimate.

In ggneral, the pegrography of the upper Morien coals (Sydney Mines
Formation coals of section 3.5) is consistent gith deposition in swamps
situated below the elevation of the major meandering channels and exhibits
affiﬁities with somewhat wette;,peat—forming environments. Exceptionally,
the Backpit seam -- the most extensive and thinnest of the up}er Morien seqp?}
-- contains a cogsidera§le percenéage of microlithotypes associg:ed with
accumulation in a foresg;mdor environment (Hacquebard and Donaldson, 1969,
Fig. 6) and indi;ating relativel§ slow subsidence during its depesition.
Hence local eleVaﬁions within the swamp (remote from channel-derived floods)

developed, and drier peat-forming environments evolved.
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The occurrence of tﬁin, dull bands (Plate 10A,8) thac pefsist across the
basin (in the Harbour, Backpit, Phalen and Emery seams) is a notable
charac;eristic ané represents microlithorypes indicative of wetter
environments (Hacﬁuebérd and Donaldson, 1969, Figs. 5 and 8). These bands

\

represent basinwide increases in .water ;evel, probably due to increased
precipitation within/rﬁgfzzzzhngg;/gg;;j—f;he widespread thi_nJ dull bands of
coal indicate a high degree of basin stability, with very little relief
across the floodplain. -

The sulphuf ‘ontent of the Sydney Mines Formation coals (see section
.3.5) beiies a mafiné sulphur source, becausé if this were so sulphur content
would decrease rapidly landward; The sulphur must have been derived, then,
from terrestrial socurces. Haites (1951) suggested that the most likely
souree 1s gypsum in marnine evaporites of the andsor Group, which immediately

underlies the Morien Group in parts of the Sydney Basin. Sulphur

concentrations would have been low in the river waters but were increased by

»
.

evaporation from swamps and shallow lakes.

The pattern of lateral coal distribution is ‘best illustra;ed in thé_
Cross séctions in Figs. i-a of Appen&ix B. These figures show the detailed
spétial associations of channel sandstones, the creva§se—splay sands;ones and
the enclosinglfloodplain fine-grained sediment units, limestones and coals

-

for the sedimentary‘package enclosed by the Harbour énd Emery seams. -In Fig.
1, thicker channel sandstones predomina%e in the easterm segtions (bonkin.
East to Port Morien) in the lowermost part of the.cross section. These are

succeeded in the middle part by both latge and small channels occurring in a

-

slightly offset fashion to each other. The upper part-of the cross section
shows a predominance of deeper channels occurring as a westerly offset Irom

the lower and middle part of tﬁe cross section., This distribution of the
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chanﬁel sandstones suggests that the position of each succeeding body was-
controlled by the location ané topography of the preceding channel and
intervening floodﬁléin. Differential compaction of the flood basin-sediments
was probably the main cauge for the relocation of the channei. The ccal beds
distributed throughout these cross sections show a close relationship to the
chénnels in vertical sequénée, but notﬁlaterally. Individual coal beds, some
laterally continuocus for several km, commonly abruptly terminate or ride

underneath or over channel sandstones. Most coals overlain by channel

sandstones are partly scoured by them, and coal clasts are found as part of
>

their lag deposits. Numerous coal beds extend laterally away {rom the

1

channels‘into inter~channel floodplaiﬁ areas, while others occur in the
margins or as capping to pond}laCustrine 1imest$ne beds. fn the floodplain
areas, the coal beds are separated E& crevasse-splay sandstone, siltstone and
shale. . The significance of the association of minor coal seams with the
limésﬁone.units will be discussed in Chap. 5.

The coal and carbonaceous shale deposits are organic accumulations of
reducing subenvironments of the fluvial backswamp environment. Freshwater

>

fossiliferous limestone sediments interbedded with the coals (see Chap. 5)
P ‘

suggest inland swamps that supported freshwater plants. This vegetation

flourished in backswamps formed in narrow to extensive interchannel flood

?
basins.

Carbonaceous sﬁales were products of two main modes of origin:
1) full or partial erosion of exposed organic accumulations and
redistributfgn in muddy backswamp areas or reworking and mixing with
floccuiated clays; ‘ -

2) in situ formation by widespread incursions of suspended

sediments.
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Associated ironstome deposits {as nodules and discontinuous thin beds)'
occur‘(in addition to .the fine-grained derritus of splay lobes and above the
crevasse-splay sandstones of'the‘floodplaip environment) as céncretiogs in
the sandscone; siltstone and shale éartings of coals and carbénaceous shales.
These assoclations suggest deposition in backswamp and overbank-levee ’

subenvironments. Ironstone concretions are also associated with lacustrime

limestone deposits (see Chap. 5). The occurrence of ironstone as enclosing

-

deposits around concentrations of roptlets and plant fragments-Suggests

precipitation under reducing conditioms. However, the in situ association of
ironstone with well-oxygenated d;posits.(such as in overbank—levee sedzgzﬁfg}
suggests that ironstone also formed under oxidizing conditioﬁs.

'Iﬁ general it appea}s that, in terms of sulphur content, the Sydney
Basin difgérsbfrom other Appalachién coal basins. In the basins of West
Virginia, for exémpie. higher sulphur ¢ontent im the coal can be directly

. ra
linked to an overlyimg—sedimentary package comprising marine limestone units
S ?

. (Renton and Hidalgo, 1975; King and Renton, 1979).. In the Sydney coalfield

higher sulphur coatent is linked to ovérlying sandstone channels, not marine
units (Forgeron, 1980).

Bell (1944) and Haites (1951) suggested that this sulphur originated

from pyrite formed in the coal after deposition. Forgeron (1980) proposed

that sulphate ions derived from the large gypsum/anhydrite deposits of

Mississippian age were brought into contact with the coal by the river

channelling at that time. This source, in addition to iron reduction b
anaerobic bacteria in the presence of the organic material making up the
peat, iron supplied from highly organic swamps and/or brought by streams, and

*Ehe.proper chemical setting (i.e., generation of H_S and its ‘subsequent

2
reaction with iron to form iron sulphide), explains the higher sulphur



content in.the coals overlain bv channels. These coals also show a higher
ash content than the classical types overlain by a fine-clastic sedimentary
packagé. This sulphur is mainly concentrated in the upper part of Ehe seam
andudecreasgs dovnward into the seam. It covers cleatings and stains the
related clays gnd the suriace of the seam. Erosion of the Mississippian
rocks provides a good enough scurce for the formation of iron-carbonate
nodules and ironstone reot and plant ;eplacement; The iron source'for the
iropstone is believed to be the same as previously mentioned for the_sulphu{:
The cross sectiogs (Appendix B, Figs. 1-6) indicate five general

characteristié; of the coal seams in the Sydnéy Mines %Bfmation:

1) the coal swamps were widespread;

2) the amount of plant debris preserved varied from place to Placc;

3) the patterns of thickness of coal beds, (ncluding both the coal

and the associated beds, suggest that the pathways for water entering the

coal éwaﬁps were similar to thoée dﬁring deposition of the sedimeﬁts;

4) plant growth, or swamp de&elopment in a broad sense, regponded
cé théical conditions in the depésitiénal basin, such as tepography of the
basin floor, boéition of drainage. pathways, and depth of water;:

| 5) characteristics of the thin, discontinuous coals occurring in
the study area between the major seams suggest that they developed as small
interchannel peat swamps in low+lying, poorly drained areas where lakes also
formed. Frequent sedimentation on these swanps by ovérbank floods or
crevassé-splay deposits was probably responsible for the shale interbeds
commonly obsérved in these thin coal seams within the study area.

4.7.2 Mining problems -- Geological structures in mine roof rock that

contribute to mﬁny roof £431s have been described in the geologic literature.

Such structures contributing to many roof falls in Appalachian coal mines

-
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(Moeg;‘SﬁHJEIlenberger, 1982) and in the Sydmey coalfield (Forgeron, 1980)
were formed through syngenetic ;r diagenetic prscessgs. Most of the
structures are small scale, less than a few m in thickness, and may iﬁclude
pa{goch#ngels. scours, pincheuts, glickensides. clay veins, crevasse—sblays
and\joints. |
The geological department of the Cape Breton Development Corporation
(Devco) has been studying geological condicions disrupting the unlformity of
roof and floor strata revealed when ch? normal shale and mudstone roof rock,
‘ and even the coal seam {tself, is locally cut out abruptly or "intruded" by
sandstone. To date the infofmation has been dérived from the‘collection a;d
assessment of data from the working mines on the Harbour and Hub seams,
mainly from the mapping of mine workings, the monitoring of methane drainage
and the cross measure of drill holes (Forgeron, 1980 and personal
cdmmunicatiog). |
-Sandstone-related structures observéd in mine roof rock and posing a
- seriods mining prdblem in the *Sydney coalfieid (Forgerop, 1980) can be
summariséd as follows:
1) sandst;ne pin;;;ng ;ut into the country shale or mudstone roof
 rocks {weakened by tensional stresses during differential compaction of the
., sediments}, subject to collapsing upon removal of the supfortiug underlying
coal during mining;
2) weai roof rocks exhibiting eernsive slickensides and polished
planes (i.e., cﬂtfér roof) formed -partially as a result of diffefential
compaction and partly as shearing of the softer sediments by movement of the

more rigid sandstone member within the weaker argillaceous rocks during basin

warping; falls range fyom several cm to a couple of m above the seam;



3) reduction or cutting out of mineable coal seams due to the

erosive action of stream channels;

4) spark generation during mining due to the siliceous nature of

overlying channel sandstone (Plate 28) and taking p}ace;}n an atwmosphere
S .

PR

containing methane gas —- this aspect of channeling constitutes the most

serious safety hazard;

- ' 5) concentration of pyrite or marcasite (i.e., sulphur) along the

sandstone-coal contact;

6) methane gas inflow along the contact between the sandstone and

coal. - <

"In the study area, structures in units overlying'coal seams that
serve as surface examples of the underground stryctures listed by Forgeron
(1980) posing safety problems during the mining process are numerous and

widespread (see section 3.5 and Table 8). Thé_st&uctures observed can be
. - - N
regrouped under three main headings:
A) problems related to overlying fine clastic bodies, inclﬁding any

factors emhancing brittleness, such as the presence of 7

a) fissile shales;

b) shales and mudstones with a high content of plant‘debris {(Plate

PO

12A);
{

¢) shales exhibiting a high content of micaceous and plant debris

coating on parting planes (Plate 12A);

d) slickensides énd polished planes;
e) fracturing creating_patﬁdéys.forrwgtgr or gas seepage (Plate

12A); N . '
£) any combinations of a-e (Plate 124).

« .
B) problems related to overlying sandstone bodies (Plate 28)
. ~
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a) sparks during mini;g due to the siliceous nature of the

. sandstone; - .\/’

.

b)“collapse'felqted to heavy overlying weight of the sandstore body

]

(Plate 11R):

-~

¢) rock fall from upright tree trunks in tabular sandstone bodies
(Plate 12);
d) water and gas seeﬁage along porous zones at eroded chanmel bases

s

or at contacts between el and coal (Plate 12B}.

C) diagenetically related problems

- a) sparking) from hiéhl; slliceous.or calcareous cemen#ed overlying
sandstones (sec;ion 4.6);
| bs seepage gf'gas in oyerlying pérous sandstones ‘(section 4.6);
¢) type of clay present in roof.rbcks, i.e., non-reactive
(kéoi;pite-dickite} as ;pposed'to reactive clays (montmorillonite) -- this is
of i?bortance in weakening of réof rocks or owelling of root systems.

- Sandstones thinly interbedded (¥ippled and horizontaliy laminated) with
shale/mudstone or thin bedded, laminated, micaceous, medium-fine micaceous -
saﬁdstone occu; directly above coal occurrences-in 23X of ;he.situations
listed in Table 8 in tﬂe upper Morien Group. This type of unit has all ﬁhe
chargcteristics of crevasse-splayjdeposits or sandy/siltyﬁdééésits-of a
floodplain énvironment closely related to a stream channel environment.
Sandstones of this type were deposited outside the chanmel as .the trumk
stream breached a natural levee during éhe flood scége and.carried sand out-
over the adjacent floodplain. Another mode;of,deposition igs as the tabglaf
finer basal part of coarsening-upward sénd'sequence. These units range in

thickness from 10s of cm to a few m in thickness and persist laterally as

sheetlike or lenticular bodies.

¢ ~
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Such sandstone bodies‘occurring within 2.0.m of the top of the coal bed
and coatributing éért*of the roof focg Eould directly affect roof conditions.
The'inheren:.yeakness of such-splay deposits is due to the poor bonding
between the mica- or shale-rich laminations. The deposit is further weakened
by the inclusion of thin coal laminae on bedding planes and a predominance of
clay in the material that cements the grains of the sandsténe.

Trough cross-bedded paleochannels eroding the shale and mudstone roof
'ropk and sifting\pn the coal seams- are observed in 16% of the situations of
Table 8. The‘sands:ones are coarse to fine and most exhibit lag deposits.
Théy afe best recognised by their lenticular to sheet—like'shépe.
slickensided margins, and their hard, cross-bedded, ppor}y sorted sandstone
£11ling. S o o

" A mine working is said to be affected ﬁy the sandstone when the latter
is actually pbserved within or in close proximity to (generally 1es§ than 1.5
m) the rocf of the coal seam. All those observed in the study area are
within this range but none is actually eroding into the ccal. The
slickensides_on the'undersurféces.of the U-shaped chéhnel'constitune planes
of weakneéé.and a iack of bonding. Thus the weak shales and coal adjacent to
and-directly beneééﬁéﬁﬁi_gﬁndstone-filled channel separate readiiy from 1t as

soon as the underlying coal bed is mined. Great varieties of cut-and-fil

structure;.anﬁ pinchout located near the flanks of channels are ;rso
potential hazards and are observed locally in the study area.

) The occurrence of sl;ckensides in the study area 1is varied and
;idespread. In addition to underlying paleochanngls; slickensides are common
in hig?ly argillaceous rocks such as shales and claygtqnes. They are
partiCula:1§ abundant around the margins of some minor cut-and-fill

’ N

structures where differential compaction has occurred. Minor occurrences of
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clay veins (claystone dykes) are observed locally in wedge-shaped masses of
slickensided claystone or mudstone filling a crevice in a coal bed. These
never exceed 60-70 cm in length and are ugually much smaller. The ;aCtern
and character of clay veins suggest they formed as -tension fissures in peat,
which became filled with clay-rf&ﬁ marerial and then were compacted-after
burial, Thgfe is some evidence that clay veins occur chiefly in areas that
were slig;cly above the level of the surrounding swamp, such as a peat
ia*and, and were therefore more Subjeé£ to desiccation and fissuring. .
Fractures in the overlying beds of coal seams are observed at a few locations
but éhose are believed to résult.froﬁ loéding from the overlying rock package
and are not a prominent feéturé.

Diageneti;aily reiated problems are mostly due to Eementation, discussed

in éection 4.6.

A



CHAPTER 5. SEDIMENTOLOCY:  THE LACUSTRINE ENVIRONMENT -

-

5.1 Introduction

Limestones are widespread and: highly variable in the sections studied, ¥
forming an average of 16X of the sedimentary package (Fig. 5). Lakes formed

by an excess of subsidence over sedimentation in parts of the floodplain were

an important feature in the Sydney Mines Formation, particuiarly in the

central part of the basiﬂj@éfaeen Victoria Mines and Glace Bay (Masson and -

. s -

Rust, 1983). )

The five main sublitggﬁacies forming the limestones have been described

in section 3.4. They form a great variety of bodies that can be classified

(and will be discussed) as:

™ lacustrine-d@posits {seation 5.3.1); d))

s marginal lacustrine dépoSFts (section 5.3.2);

lacustrine delta and spla§ deposits (section 5.3.3);-

. e lacustrine floodplains and related coal deposits (section 5.3.4);

e ponds and very shallow lake deposits (section 5.3.5).
These various bodies can be categorised from the definitions of
HButchinson (1957),£§3Eves (1968), Elliott (1974) and Cersib and McCabe (IQBIf

as follows: -

-—

e lacustrine - a body of water too deep to permit vegetation to
take root completely'across the water expanse and of a much greater extent
>
than a pond; in the Sydney Mines Formation the typical lake-fill seqdence is

characterised by upward coarsening with abundant bivalves and'planf'aebris in

its lower part {(Masson and Rust, 1983).
L]
e pond - a small (usually shallow) freshwater accumulation across

which vegetation may or moy nct be continuous.
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K lake_deltas.:;a_lenﬁiCular coarsening-upward accumulation
generated where a crevasse-splay progrades into standing water in a

lacustrine-dominated eﬁvironment. .

La;;scrine floodplain deposits are associated with well to poorly
drained swamps an& coal formation (section 4.2.4B) and because of their
associatioﬁ with coal they originate in_noﬁmarine swamps (area of poor
drainage with saturated ground supporting.t;ees) and require a humid clim;te
supporting a rich growth of vegetation and a2 high water table to permit
prolonged accumulation of plant material in a reducing environment.

Limestone bodies are most prominent in lithostratigraphic zome E (Fig. 4
- floodplaiéfdpginated with minor di;tributarx channels and lacustrine
limestone beds), Qagfc"they form 30-40% of the sedimentary package. They
form roughly 15% of zones B and D andls 7% of zomes A and C; The locatiouns
of the principai limestone bodies fouqd in the Sydney.ﬂines Formation as weil
as their interpretationm, thicknéss and lateral extent (when applicable) are
given in Table !9 (locations on Figs. 1-6 ;f App;ndix A) and in Table 20
{locations on Figs. 4 and 5 of Appendix B). Selected'examples from eacﬁ of

4

the five principal body types are discussed in section 5.3.

5.2 Environmental ihterpretation

The various limestone subfacies of the upper Morien Group occcur within a
coal-bearing fluvial succession that lacks any indication of marine ‘
incursion. Evidence for te?restrial deposition is the presence in the algal
laminites and the mudstone-packstone subfacies of nonmafine shark and fish
remains, Closely associated sﬂell beds contain nonmarine b{vglves, abundant

thin-shelled ostracoeds, and less numerous thin-shelled gastropods and

Spirorbis worm tubes. It is concluded that these limestones were formed in



and in relation to temporary lakes and/or ponds on the floodplain of a’river
svsten that depogited the coal-bearing cyclothems (Fig. 17). -
. Fairbridge (1968) has demonstrated that sediments of freshwater lakes

-

vary considerably and are influenced by numerous factors. These inclede: the
nature and erig£; og the lake basin, the type of rock and soil surrounding
the beein and present in the drainege area, the ;12e~an¢ depth of thellake.
the exteat of the nearshore shallow portion'af the lake, the amount- and type
of vegetation surrounding the lake and present in the drainage area, the

climatic cenditions and the organisms living in and around the lake.

5.2.1 Limestone subfacies of the Sydnmev Mines Formation

Link ‘and Osborme (1978) found that in the lacestrine‘Pliocene Ridge
Basin Group, California, the carboﬁate and terrigenou; deposits of nearshore
environments display the greatest lithologic and bietic diversity.  The
facies include blue-grey mudstene, fine- to medium~grained sandstone and:
11mestones containing ooliths, pisoliths, stromatolites, and intraclasts.

Stromatolites are common and include both oncolites and filamentous algal

" laminations (Link et al., 1978). They are tommwnfg assoclated with bivalves,

gastropods,-ostracods, and plant debris.~all interpreted as freshwater genera
(Crowell, 1950).. Associated sediments-range from poorly sorted to well
sorted and include horizontarrg\}aminated, cross—stratified, and mLssive

units, which are commonly burrowed.

The algal laminite and stromatolite (Plate 5) and the mudstone-packstone

subfacies (Plate 6) and- associated deposits of the Sydney Mines Formation

show many features similar to those described by Link and Osborne (1978).

il

. They therefore are attributed to deposition in shallow lakes. subject to the

agitation characteristic of a shoreline subehvironment.



In the Sydney Basin, however, sedimentation was strongly controlled by
. fluvial processes, so that lakes only developed on parts of-the floodplain

-

remote frem clastic deposition in channels, levees, or c;evasse—splaﬁs.

These remote areas accumulatedlmud and, if isolated long enough from coarse
fluvial sediments, compacted to form depressions that either developed into
peat swamps or Gére inundated to form lakes. Carbonate precigitatibn-and
entrapment were triggered by algal colonization of thé lakes, and in many
cases ostracods became abundant at maximal stages of laﬁ; development,
Lowering of lake level or depletiop.of algae by overgrazing ma& have reduced
ostrécod abund;ncé, allowing the algae to resume dominance and form another
layer of sediment in the stroﬁatolige colonies.

The mudstone-packstone subfacies is beli;ved to be a direct result of
fluctuation ;n léke level ca;sing cyclic deposition. - This is reflected in
variations in the high mud and skeletal content of this subfacies.

The oncolites bemeath the domal stromatolites (Plate:5C) near New -
Wateréord probably formed in more agitated waters adjacent to the'léke shore.
Agitation is indicated by the presence of ooliths and by analogy with modern
o;colites in Ogondaga Lake, New York, which Eggleston and Dean (1976, p. 487)
observed on a platforn less than 2 m dee; along.a shoreline? where agitation
is sufficient to overiurn‘them. Oncolites in Lake Constance, Germany, also
acquiré their form by wave agitation in shallow waters (Scﬁﬁfer and Stapf,
1978). The oncoids from Lake Constance (Schottle and Muller, 1968) are
‘smaller but otherwise similar in form to those of the Sydney Baéin. In
contrast, Jones and Wilkinson (1978) attributed flattened oﬁ;oids in some
Michigan lakes to the infrequency of wave agitation. Relatively frequenﬁ .

wave action is envisaged for the oncolites of the Sydney Basin, allowing

algal growth and sediment entrapment to form successive layers of smooth

.



concentric laminae all around the nucleus. Wﬁen conditions became less
agltaged the oncoids were stéﬁilized, so thar continued algal growth

PR .
encrusté& them, eventually covering the entire surface with domal
stromatolites. Co;pared with the algal laminites, the ‘domal forms and
oncolites were evidently less favourable for colonization by shelly f9unas:
This and the nature of the fauna, the algae, and the presence of ooli#%s
suggest that the lakes may have developed elevated sélinity from time to
time. They were broad and shallow and probably received an unusually high
input of dissolved salts derived from weathering of Windsor Group evaporites
exposed within the paleodrainage basin of the Morien Group.‘

St?atigraphically, ;he algal units of the Sydney Mines Formation occur
within the fine members of fining-upward galca:eous sequences, while the
mudstone-packstone units are more prominent in the coarser and lower members
of th;se seq;ences. This indicates that algal development took place dﬁrfﬁg
periods when fluvial clastic input was low and of fine grain size. The algal
units and associated shelly faunas probably represent the maximum inundation
of floodplai; areas and essentially indicate a tramsition from fluvial plain
to lacustrine condi;ions. This lacustrine transéression was terminated by
fenéﬁed fine clastic deposition, probably due to the approach of an adjacent
channel. In some cases peat swamps were then establishgd, eventually leading
to the formation of a coal seam. -Subsequently,‘the channel traversed the
depositional area, ana a new fining-upward sequence commenced.

In effect, the lacustrine stromatolites of the Sydney coalfield océuéy a
position analogous to that of marine bands in paralic coal-bearing
su;cessioné,'such as those described by Wanless et al. (1970), Fefm (1970)
and Ellioé: (1975). In paralic successions, marine bands represent

~

conditions of maxirum marine transgression within cyclic deltaic deposits,
: .



whereas éhe stromatolites of the Sydney Basin represent maximum lacustrine
inundation wgthin'fluvial cyclothems. In both cases the controlling
mechaniso is the localised compaction of fine-grained sediments superimposed
on the effecc-of subsidence on a regiongi scale.
: _ ,

The carbonate units forming calc:éfes (Plaée 7) are thought to be of
pedogenic or;gin.~rgpresenting_paleosols developed on subaeriélly exposed
parts of the floodﬁlain in-a wafm to hot climate with moderately low seaggnal

-

rainfall. ' ~

Calcretes bréadly similar to the upper H;;ien Group have been described
by Allen (1965) in the ﬁpper 01d ﬁed Sandstone of South Wales. Similar rocks
are also well developed in the_Lawer and Upper 0ld Red Sandstone and in the
Carboniferous strata of Scoti;nd (Muir et al., 1956; Friend et al., 1963;
Leeder, 1973a; Allen, 1974). The pedogenic origin of these rocks is well
cstablished.

in Sydney they are Iaterpreted as subaerially exposed floodpl;;n
(overbank) deposits. The hemétitic-bgaring variety is interpreted as a
‘product of local/regional high water table withinla moderately wet climate.
The more organic-bearing variety was:probably deposited in a subaerially
‘exposed back éwamp or might reflect a shorter exposure time (Wright, 1580).
Mottling and reddening of the clays of fluvial sequences is typical of
calcrete paleosols (Walker,'l97é; Van Houten, 1972). The red coioration is
‘due to the presence of hematite in the matrix and as coatings and is of
diagenetic origin. Assoclated burrows are another possibility,

The conglomeratic/breccia subfgcies (Plate 8) is believed to originate
from subaégiél'exposure of lacustrine mud flats (Berryhill et al,, 1971).

These units probably formed in two main stages — a dr&ing up of the surface

exposed, followed by a renewed. influx of water. Following the formation of

+
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desiccation cracks and hardening of limg mud, a rubble of limestone fragments
and powdery material was formed by wmechanical u;athering. Subsequent Influx
of water reworked and redeposited the limestome debris as lag type
conglomeraric/brecciated ;imestone unics. fhe poor sor;ing, the chaotic
fabric, tﬁe natufe of the contacts, and fhe nature andhgrovenancc of the
clasts give strong suppert to such an interpre:ation. 

Eecause of its lack of structure and high degree of recrystallization,
the massive, microgranular limestone subfacles is more puzzling. However, it
is believed that most of the structureless, microgranular calcareous
'mudstonegﬂgré of chemical prigin, the calcium carbonate being déposited from
the warm water of the shalléw, isolated ponds or small water bodies. The
localised, well-preserved, restricted fauna 1s taken to indicate a‘siightly
hypgrsaline character for Ehese sﬁallow warm water bodies. The presénce of
faint horizontal lamination, minor orégnic material and small, rounded
.Ealcareous mud clasts suggest thag,:hése shallow bodies were subjected to
periodic current influence.

r

5.2.2 Environmental significance of fossiliferous content

A) Fossil assemblages from Maritime Canada and the Sydney coalfield

considered to originate in nonmarine waters have been described by Bell
(1944), Copeland (1957), Rogers (1965), Belt (1968a), Masson and Rust (1983,
1984) and Vasey and Zodrow (1983). These agssemblages comprise associated

shell beds containing nonmarine bivalves, abundant thin-shelled ostracods

(Carbonita, Naladites) and less numerous thin-shelled gastropods. The

various pelecypods identified include Carbonicola, N;iadites, Anthraconauta

~

and Anthraconia.
Masson and Rust (1983, 1984) described algal limestones from the upper
part of the Morien Group 4n the¢ Sydney Basin and concluded that the

Y



- - ) - 160 -
depositional environment was nonmarine, based on several aspects of the
sedimentology and fossil content of the succession. The presence in the
limestones of teeth and skeletal fragments of freshwater sharks
(xenacanthids) and of various associated fish remains (Plate ?{\?s an

important indicator of nonmarine origim.

B) Significance of fish remains present: xéhaéanthid remains.are well
known from Carboniferous and Permian desgsits of Europe, the mid-western and
Appalaéhian regions of the United States and eastern‘Caqéda (Hotton, 1952;
Lunq.‘1970£ Dick, 1981; Baird, 1962, .1978). The xenacapthids are rega;ded as
an "exotic" group of elasmobranch sharks that diverééd very early at the
cladodont level from the main lines’ of elasmobra;ch radiation (Schaeffer,
1967; Zangerl; 1973). The member; of tpis group are among the very few
elasmobranch fishes thought to have lived almost e#clusively in nonmarine
environments (Zangerl, 1981, p. 65). TFor this reason, they have greater
environmental significance than other faunal elements in the Morien Group of
the Sydhey Basih.

Spines and cranial- fragments are generally regardéd as the ﬁésc
diagnostic elements for xenacanthid taxohomy, although Johnson (1980, 1981)
used teeth for shark identification.. The xenacanthid specimens recovered in
this study are isclated teeth and dermal denticiés. but neither cranial nor
spine fragments were found.

The fossil fish im limeé;éﬁés of the Sydney Mines Formatidﬁ are
associated with an iqyerteﬁrate f&una, commonly including bivalves in
carbonaceous shale, ostracods and Spirorbis worm.tubes. A similar féunal
association has been reportedrfrom Carbéniferous rocks in Nova Scotia by Robb
(1876), bopeland (1957) and Carroll et al. (1972). This invertebrate fauna

does not provide conclusive evidence for nonmarine deposition, although the
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lack of ;ny marine elements is highly suggeécive of a freshwater sr braékish
environment. Associated stromatélites do not of themselves permit |
distinction between marire and lacustrine depoéition (Masson and Rust, 1983),
and geochenmical evidence is equally inconclusive (Vasey and Zedrow, 1983).
Most of Ehe-osteiéhthyanAfragments recovered are'aiso not diagnostic
environmental indicators because they could be freshwater or marine forms
(Denison, 1979). However, several well-preserved lungfish fragment; (Family ---
Ctencodontidae) occur iﬁ each unit studied. They c}oseiy resemb}e specimens .
'deécribed from the freshwater Duquesne Limestone (Pennsylvanian) of
Peansylvania by Lund (1970). The lunéfish fragments in the Sydney Mines .
Formation are closely-associated with xenacanthid remains, strongly
7\\~supp6rting a. freshwater cor low brackish depositional environment (Zangefl,
1981). |
The most conclusive environmental evidence comes from the xenacanthid
remainé. which have been reported frequently from:freshwater dcp&sits. For
example, the most distinctive feature of an early Carboniferous xenacanthid
shark from nonmarine deposits_iﬁ scotland is irs small bicuspid teeth of
"Diplodus™ type {(Dick, 1981). Lund (4910) described the Pennsylvanian

Duquésne Limestone, in which the "...distinctlf fresh water natiure of the

—

deposits is indicated by the presence of Orthacanthus and Xenacanthus sp.

teeth and spine fragments,“Hybodus (Agassiz) spine fragments, Sagenodus

periprion and Monongahela stenodonta vomerine teeth, as well as by several

tetraped remains." Zidek (1972; 1976) reported the occurrence of
xenacanthid, acaﬂthodian and palaeoniscid remains, of freshwater origin, in
Penngx;ﬁanian coal balls and coal-bearing sequences in Oklahoma. 1In
addizlon. numerous other freshwater Pennsylvanian successions have fielded_ﬁ

isolated remmants of xenacanthid, orthacanthid énd ctenacanthid teeth and
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épines (Zangerl, 1981); Olsoum, 1946; Mamay and Yochelson, 1962). Duffin and

Ward (1983) reported xenacanthid teeth.ir marine strata but regarded them as
transported from freshwatér environments. "

Similar fossil fi§p OCcutrenées iﬁ eastern Canada were documented by
Carroll et él. (1972) and Baird (1962, 1978). Nova Scotian examples include
palaeoniscids (Family Haplopidae) in the Westphalian A, the lungfish Ctenodus

in the Namurian A, the specialized C. murchisoni in the late Westphalian D

and Peensylvanian records of the acanthodian genus Gvracanthus. In addition,

numerous xenacanthid teeth and spines are present in W.A. Bell's collection

»

{made in the 1930s from Pennsylvanian rocks in the Mabou coalfield, Nova
Scotia) now in the Natural History Museum in Ottawa. Robb (1876) reported

fragments of rhipidistian fish (Holoptychius and Megalichthvs) and

palaeoﬁiscoids.(Palaeoniscum, Amblypterus and Gyrolepis) f;om'uhat is now
termed the Morien Group. 7
Masson and Rust (1983) discussed the depositional environment ofvthe

upper part of the Morien Group (the Sydney Mines Formation) in the eastern

Sydney Basin. From the lithofacies, sédimentary succession, fauna and flora

sthey concluded that the environmeﬁt was an alluvial plain with large

meandering channels. Areas of low elevaéion between channels were subject to
variable éompaction and subsidence and were either inundated by re1§tive1y
deep water, forming lakes, or were colonized by abundant aquatic vegetationm,
forming swamps. Algal limestones formeé.in the laKes, whereas the-éwamps
ulcimatély accumulated peat deposits. |

The two different calcareous lithologies in which the fish fragments
occﬁr can be unders;ood in terms of v;riétion within the lacustrine
environment.‘ The carbonaceous, calcareous shale dominatea by osteichthyan

fragments also contains coprolites, ostracods, bivalves and Spirorbis worm
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tubes. Stratigraphically it is.closely associated with coal and probably
represents a transition from lake to swamp ‘environments. The carbonaceous

content indicates abundant aquatic vegetation, with relativelvy low oxygen

concentrations in shallow water. Evidencly the bony fish were able to

. .
tolerate a lake-margin swamp envircmment.

THe massive limestone lithology containing most of the shark remains is
interbedded with algal laminites. This indicates a deeper,“uell-oxy§enated
lzcustrine environﬁent, with stromatdlites and oncolites occasionallﬁ
&evei@pedlfﬁ’shallouer water {(Massom and Rust, 1983). This suggests that the
sharks required mofe open, oxygenated water, probably of greaéer depth. In
contrast, bony fish could :p;eratekiigg—margin sgamps,'as well as opgp lake
environments’. The greater variety of ;nvironmenés eiploited by the bony fish
may indicate a more varied diet, including aquatic plagts. whereas the sharks

were predators on the other animals present. - '

5.3 Sélected.eiamples 0f limestone deposits imethe Sydney Mines Formation

) Five main types‘of limestone depogits representing vértical and lateral
facles changes are recognised within the Sydnéy Mines Formation. These
vertical sequenceslof facies reflect areal distribution pf large and small
lakes within floodplains in which major chanmels pass laterally into overbank
and crevasse-splay areas.” In this section the characﬁeristics of these main
deposits (define&-in section 5.1) are outlined and selected examples
discussed (Fig. 22 and Plates 29-33). The characteristics of the individual

~lithofacles péésent within each depoéit are not outlined, since they are

fully discussed in section 3.5. The most important diagenetic features

observed in the deposits are discussed briefly in section 5.4.

~
.
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5.3.1 Lacustrine deposits -

The lacustrine deposits are the best developed and the most

limestone deposits observed in the Sydney ‘Mines Formation. They range in
S

'thickness from 1 'to & m, mostly as composite tabular and 1enticular stacking
~of several thinner bodies. Most of the 1imestone bodies correlated across

sereral sections belong to this group (Table 20). They.generally grade

laterally into and are stratified with the marginal lacustrine deposits and

in a few‘cases with the pedogenic calerete subfacies. . *
The dominatiqg lithofacies forming these deposits are the algally
laminated and horizontal stromatolites exhibiting extensive
: 3 . . :

interstratification with the mudstone to packstone subfacies, marlstone and

carbonaceous shale. ,

'5.3.1A Example 1. Interstracified algally laminated, stromatolite and

mudstone to packstone limestones

Locarion: Victoria Mines section, interval 1-6 m.

Illustration: Fig. 22A, Plates SA and 29.

Settingt laterally extensive upcliff for approximately 20 m; coarsening-
upward sequence (1.5 m thick) of 4 tabular‘limestone'bodies averaging 30 cm
thick enclosed inm a marly cla&stone/ﬁndstone peckege; grading upward inte a

coal seam,(?lete 294).

Litﬁology: interstratification of numerous limestone subfacles

'exhiblting the following upward sequence within each of the four bodies:
marly claystone - stromatolite - mudstone-p§c§stone - algal laminites -
ces-range in thickness from

-

3 om to 3 cm (Plate 298, Cl fossil content includes' oygracods, bivalves,

carbonaceous shale' individual subfacies cccu

-

Sgirorbis worm tubes, coprclites -and fish debris (doninated by osteichthyan

\
- \

fragments). - I : T N
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‘Sedimentary structures: well- to moderately well-defined horizontal to .
slightly wavy laminations and thin beds (3 mm to 3 em thick) to p&ﬁrly

defined thicker marly clavstone thin beds {up to 15 cm thick).

*

Interpretaé&on: lacustrine sequence ccomposed of several small episodes

of limestone depogition on an interflow floodplain; formed probably as a

result of subsidence due to differential compaction; close stratigraphic

association with coal probably.represents a transition from lake to swamp

environment; the cagbonacecus content indicates abundant aquatic vegetation, ’

S -

with (fluctuating) relatively low oxygen concentrations in shallow water;

bony fish fragménts indicate that these fishes were able to tolerate a lake-

margin swamp environment. '
Marlstones, although 2 relatively minor componént of the Sydney Mines

Formation, -are d?stinctive, recur at different levels and are locally

important. .Harlstonq is ggfined as a calcareous-argillaceous rock containing

25-75% lime (Dunmbar and Rodgers, 1957). Otherwise, there is no lithological

distinction between these marlstones and the silty mudstones and the

argillaceous siltstones already described. They occur most commonly as

laterally extensive units within the fine members and range in thickness up
’
to 6 m. Internal stratig;cation ranges from several cm to 20 cm.

Most marlstones contain variable amounts (trace to 5%) of silt-size
quartz and are -frequently rich in ostracods. The carbonate content {under
a .

thin sectipn) 1is mostly very fine grains less than 0.0] om in diameter.

LY -
“The marlstones of the Sydney Mines Formation are environmentally of the
. -
marginal/gfoximal open lacustrine type (as defined by Bradley, 1931) and

exhibit the foilowing main characteristics: association with algal carbonéte.

stromatolite ahdlfluvial sandscone;-generallf grey to greyish green with

variable pvrite content; carbonate content is almost entirely calcite; local =&

- ¢
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horizontal and discontinucus laminations; contain algal fragments, ostracods,

plant debris and variable fish debris.

5.32.1B Exémplcqé. Well-developed coarsening-upward lacustrine sequence

within & marly-floodplain sequence

Location: New Waterford section, interval 108-110 m (unit 'NW-17, Plate

9).

#flustration: Fig. 22B, Plate 30A.
-4

Setting: laisgzily'exposed for 30 m; coarsening-upward (1.1 m thick)
sequence composed of four composité beds; enclosq& and interstratified with
. . r .
marlstone and marly claystone and progressively overlain by a fluvial .

floodplain with splay'deposits;.

»

Lithology: interstratified mudstone-packstone (Plate 6), algally
laminated ‘horizontal stromatolite (Plate-54) subfacies and marly claystone;

variably fossiliferous and extensive localised organic content; unit exhibits’

highest percentage and variety of fish debris.

.

Sedimentary structures: general coarsening-upward sequence of four main

bodies (20-30 cm thick); each is composed of several thinher horizonital to

“lenticular beds (3-10 c@ thick); each exhibits ar upward change from

mudstone-packstone subfacies to algally laminated and horizontal
‘strom;toliCe; thinner beds (5 mm to 5 cm thick) of marly claystone and/or
organic shale séparﬁte theefoﬁrﬁmain bodies; desiqcatién-craégs; cglcareous
nodules and comminutéd blant debris are present in the ‘overlying unit.

Interpretation: well-developed lacustrine sequence composed of several

bodies representing deéper,'ueil—oxygenated lacustrine episodes; this

\ N . . -
lithology contains most of the shark remains; its interbedding with algal

I
o

laninites indicates a deeper, well-oxygenated lacustrine environment with

stromatolite development in shallow water.
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5.3.2 Marginal lacustrine deposits

Harginaluiacustrine deposits form elongated, narrow belts lateraily
grading into lacustrine deposits or pedoggnic'éalcrete,uéits. They.form
'coarsening—upward.units capping, iﬁ:erstratiﬁied with or laterally gradihg
into lacu;&rine erosics, as in Example 2, section 5.3.1. They are
‘,qugyécteriéed by the predominance of domal stromatolite and oncolite beds
underlain by mudstone—packsﬁpne subfacies interstratified with massive or

laninated marly claystones with common rootlets.

‘Example 3. Domal stromatolite and oncolite deposit

Location: New Waterford sectiom, iﬁterval 177-181 o.

Illustration: Fig. 22C, Plates 5B,C and 30B. . . ' -

Setting: elorigate narrow belt_of thin, hassive liméétone boéies (s 30 cm
thick) within a muds:one/élaystoﬁe sequencé exhibiting variable marl and

" fine-clastic content; enclosed by a fluvial'floodplain'successioh exhibiting

splay deposits and overlying a sequence similar to Exapple 2, seccioﬁ 5.3.1.

Lithology: greatest lithologic diversity of any.limes:one sequence; ;t
includes:-s:romatolites. oncolites, oclites, intraclasts, érey mudstone and
claystone, loca}ly marly and fine-medium saﬁdstoﬁe in ;veflying bed.
Stroﬁatolites,are the most common and_divérsified (horizontal to domal) in
this setting and are associated with oncolites (Plates 5B,C), ooids,
mollusks, ostracods and plant debris. Oncolites, colds and ostracod-bearing
strata are intérbeddgd‘with the stromatolites and are transitory into the

4

adjacent lacustrine facies observed in Example 2. -

Sedimentary structures: generél coarsening-upward and thinning of beds
(50-30 cm) upward from predominantly horizontal stromatolitic to beds with

domzl stromatolites and oncolites (Plate 30B); thinner béds" (average 5-10 cm
> _ -

thick) of claystone and mudstone separate the méin bodies; stratification

N -

r
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_ of stromatolites (i.e., domal are promiment) takes place and oncolites’
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ranges-%rom massively bedded -to horizemtally and slightly wavy laminated;

. burrowing énd-desiccation cracks are prominent in the overlying units.

Interpretation: lacustrine origin but marginal shoreline to Example Z;

in this more marginal environment an increase in percentage and of diversity

develop in the shallower, more agitated waters (Plate 5C); wave agitation in

these nearshore lacustrine sediments is indicated by the formation of

oncélites, ooids, the presence of intraclasts, small-scale cross-lamination
and local rippling of the finer sediments.

5.5.3 Lacugtrine delta and splay deposits

Bates (1953) described rivers entering freshwater lakes and forming

small deltas in which ropsetr, foreset and bottomset beds de%elop with

.characteristic features and a general coarsening-upward sequence. These

deltas result when equall} dense inflow from a‘Q%yer enters freshwater';akes

“

* - homopycnal flow - with mixing occurring readily in all dimensions-and the

flow éatterﬂ'being that of an axial jet. : ) -
Progradation of similarnsmall—ééalé?1aéustriné deitas and spléys
producing stratigraphic sequences that coarsen occurred during deposition of
the Sydpey Mines Formation (Tables 19 and 20). These sequenceg‘form
sheet-1like to lobate bodies, lacking the well-defined bottomset to topset
zonation of Bates but exhibiting 3'wéll-developed upward coarseniné and
éhanges frsm horizontal and slighﬁﬁwavy stratification to cross-
stratification. . In the splay sequences soft-sgdiment deformation 1s one of

¥
the main characteristics. Lithologically these deposits are characterised by

complexly interstratified calcareous beds, including: Qilfy to sandy

linmestone, massive to algally laminated composite limestone, highly

-

L

—
J

-

-

-
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- calcareous very fine to medium sandstone, variable calcareous siltstomnes and
- . mudstones and marly ciaystones;
5.3.3A Example 4. Ladustrine delta deposit R

Location: New Waterford section, Interval 185-191 m.

* .

Illustration: Fig.‘22D, Plate 31.
Setting: coarsening-upward sequence (totalling ¥ m~thick) exhibiting
“transition from a true lacustrine deposit upward.into deltafill; boundary to
transit{o; is an algally laminated liﬁe#tone bed (60 cm thick) locacted
roughly in the middle of Ehe section (in Plate 31A this bed is the uppermost
tabular one aé the level of A ana in Plafe 31B it underlies the bottom 1/3 of
the ruler); this sequence is underlain by fluvial floodﬁléin sediment ;nd
- 7% overlain by a sequence of.fluviai crevasse-splays.
Lithology: general coarsening-upward sequence (complex
-interstratification of beds.radgiﬁg in thickness from a few cm to 60 cm)
~exhibicing the fellowing upw;¥d chﬁnges cf lithofacies (Eﬁe first four parcs
of the séquence‘are illustrated in Plate 3£A and the last Ehree.parts in

& . .

o.intérstratified medium-grey organic shale, marly claystone,qu
. - -

Plate 31B):

silty calcareous mudstone;

/,{/)/f*”’\ e silty microgranular limestone; o &
- . ) T
¢ thin-bedded massive. to algally laminated ligestone (10-30 cm

t;;;'k,‘;‘ . é o S

. chEosice limestene bed (60 c¢m thick) composed of interstratified

algally laminated horizontal scrométolife and mudstone to .packstone —_,

subfacies; fossil content includes: nonmaride bivalves, fish scales and plant -

debris; P . - -

» -
. , PR
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e interstratified siltstones and silty, very fine sandstones with

variable calcareous content;

b ]

e interstratified very fine to medium calcareous sandstomes.

*

Sedimentary structures: upward change in stratification froﬁ
predpminantlyAhorizonéal_laminations and thin beds in lower half of the
' sequence (Plate‘3;A) to predominantly lensoid and small;;calg cross—laminated
iﬁ the upper half (Plate 31B). -
Interpretation: outermost portion of a distributary channel prograding
into a lacustrine body as a small-scale deléé} t?ansition f;om'lacustrine
sediment (Plate 31A) to deit;fill (Piate 31B).

-

--5.3.38 Examﬁle 5. Lacustrine splay deposit . e

Location: Glace an West section, interval 176-183 m.

ilustration: Fig. 22E, Plate 32.

Setting: interstratified tabular sandy finely crystglline limestone and
calcareous sandstone wiéhin a floodplain environment.

Lichology: interbedded gref'to light brown,.very fine to medium

sandstone with variable calcareods content, sandy and sflﬁy microgranular
limestone and light;medipm grey to green-—grey mudstone. g
Sedimentary structures: characterised by very well-developed tébulér'
con:inuouslb;ddihg (up to 40 cm thick) and planar laminatiomns with lateraily'
.continuoﬁs lamiéae_(éeveral me to 2 em thick) of constant thickness preduced
ub; change in the abundance of organic matter and slight grain size
diﬁferenceﬁ; local development of loading.-sbft-sedipent defggmation,
con;orte& bedding (Platé 32A) and desiccation cracks (Plate 32B).
a

-Inte;ﬁretation: deposition from suspension in & low-energy environment

as evidenced by absence of current structutres, nature of laminations and

j
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grain size of material; lacustrine origin is suggested by high calcareous
content, association with floodplain deposits and lack of marine fauna.

5.3.4 Lacustrine floodplain and swamp deposits

Lacustzine deposits are located in organic-dominated swamps in proximicy

to coal seams and represent fluctuating episodes of lacustrine flooding of
swamps. Those bodies form generall} thin {¢1.5m thick) wel;—developed
coarsening~upward sequences composed of complex interlaminations (several mn
to 2 cm thick) overlving coal (Plare 33A). The best developed eﬁpnples are
located at the Glace Bay West section, interpal 66-68 m, and the Donkin East
section, interval 123-127 m.

The complex {nterlaminations erelrepresented by abrupt changes of - =~
several lithofacies. These l;tho:ypes include thin beds of nonmarine
bivalves, ostracoes. algal-laminites, calcareous mudstones, ironstone bands,
carbonaceous snele and coal stringers. ﬁEie foesils are abundant, bur limited
to a few species. This package usually caps a well~developed coal seam
(Plate 33B). A typical facies sequenee found through an interval (botroem to
topi ie:' |

e coal with underclay;

# black carbonaceous shalevcontaining fish and plant debris plus in

situ remains of nonmarine bivalves (Nailadites and Anthracosia) and/or

os;racods; }
] alternatiné Ihminarions‘of mudstones; local thin algal4laminite
beds, dark plant-debris-rich layers and’ bands (1 3 em) of siderite g?.the
upper part of the sequence. '

This sequence is then usually overlain by a small-scale
coarsening-upﬁard succeesion of rippled sandstones indicating increasing

currents and sedimentation rates..

" i)

P
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These deposits'are interpreted as lacustrine flood episodés“controlled
by subsidence Cakiﬁg place in a swamp environment. The mud and bivalve

- o

layers represent suspension deposition vhen the influx of mineral detritus

L
-

exceeded organic material and when the lake bottom was well oxygenated. This
oxygenation would also have increased the decay of organic mattér.

The carbonaceous shales énd coal stringers represent periods when the .
influx of organic matter predominated. Thus, plant fragments were preserved,
and this anaerdbic floor hindered ani;al life. Fossils were preserved when
buried in the bottom sgﬁimenc.

The rapid changes in interstratification represent quick changes between

these two settingsthnd probably indicate flood pulses.

5.3.5 Pond and very shallow deposits

Shallow, discontinuous, iSOlgEed lenticular and tabular calcareous
bodies (< 1l m thick) of small lateral extent are widespread within the
flyvial floodplain and in both the well;drained and poorly drained swamps of
the Sydney Mines Forma?ion. They are Iinterpreted a; isolated ponds that
laccuﬁulated very shallow deposits. Loéaily,-they are laterally relatg¢d to
calcrete, marly deposits and/or coal;"They ‘are invariably enclosed in
floodplain sediments and at a few locations are eroded by chénnelq.

These bodies are composed of threé main cyp;s of lithofacieé, which are,
in order of decreasing importance: o ' .

lf interleminated micritic mudstone to packstoﬁe.- organic -
(carbonaéeous) shale - fine clastic (silt amd VF sand) and iron-carbonate
{example at Glace Baj East section within interval 104-110 m). Micritic
mudstone t; uackeatﬁne is.the most éxtensive,lithofacies preégnﬁ.,
Fossilifefous cgntent is concentrated in thin beds of exclusively ostracod

-

and/or fish (osteichthyan) debris. Laminaclpns are horizontal to sligh!ly

.

.[_'—f

L
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wavy continucus and range ip‘thicknes;.from 0.5 mm to 1 cm. Accessories
inclﬁde: coprolites, small iron carbonate spherules and mud 1ntraclasts and
local disseminated pyrite. Desic;ation cracks are present locally.

2) microcrystalline limestone beds enclosed by m;rly mudstone/
claystone (i.e., massive micfogranula; limestone subfacies digcussed in
sections 3.4.5 and 5.2.13.

3) conglomeratic/breccia limestone (i.e., conglomeratic/breccia
limesto;e subfacie; discussed in secﬁions 3.4.4 and 5.2.i).

These deposits are interpreted as forming in shallow lacustrine bodies

and pondsr{h-blocked backwater areas or in isolated pools along the stream

p—— e

rd

‘courses on the alluvial plain or as channel flank depressions or in areas ot
discontinuous subsidence on the flo;dplain. Between periods oflstability
these shallow lakes ana ponds did not overflow or were periodically and
temporarily exposed as evidenced by the presence of desiccation features and
local lateral association with calcrete deposits. Siltstone and VF sandstone
laminations are probably wind—blgwn in ﬁrigin.

f

5.4 Some diagenetic aspegts of limestones from the Sydney Mines Formation

The carbonarte rogzs of the Sydney Mines Formation are combinations of
calcite, minor dolomitic rhombs and a vaﬂiety of detrital minerals and rock(h\\h‘

: - .
fragments. A study of 90 limestone thin sectlons representing each of the /

-

subfacies units listed shows that micrite and clay-sized calcareous content

varies from 20 to 50% and dolomite from a ‘trace to 5%. Dolomite content )

-

increases upward within limestone units in which middle and basal beds

commonly show very little to no trace of dolomite.

The fabric of most limesconés is a combination of a ﬁicrocrystalline .

.

calcite matrix -(micrite) and varying amounts of particles (s¥eletal, mud

_ elasts, organic, etc.) that range from clay size to rock fragments up to

[



) - =174 -

" several cm in diameter. Totally crystalline limestone, although present; is

of lesser importance, while ccngloueratic beds are locally prominent.

This section briefly outlines the main microstructures and diagenetlc

: characceristics observad in the algal 1aninite and stronato ite subfacies

(including horizontally algal laminated and domal strdma:olites) and the

-

1ntefstratified mu@stone—to-packs:one subfacies.

Thin sections from these subfacies all exhibit a variable degree of

compactional effects. The respomse of the carbonate sediments to burial is™ .

manifested in localised:-solution-precipitation gentures (stylolites) and more
extensively by physical feadjue;men£ or crushing og‘narticles. Most
particles, including thoseU:otally enclosed in micritic mud, have been
deformed. Deformation ranges locally from mild to severe. Locally, micritic
mud has been bioturbated end pelletized by the action of organisms but there
is no evidence_of compnction'of these pellets. 4§E§’
The two tvpes of stromatolites distinguished on the basis of their‘gross
morphological characteriotics have similar mlcrostructures, but the
horizontal forms contain a more abundant shelly fauna than the domal
stromatolites. A variant of the horizontally laminated.type has isolated

domes within an otherwise horizoéntally laminated unit (section 3.4.1).

5.4.1 Horizontally algal-laminated and stromatolitic limestone: In thin

sections these algal units have a prominent subhorizontal-layering that

,—

varies in thickness from Q. 2 o to a little over I c (Plate 54). The

laminge vary in sharpness of definition and show no obvious.cyclicity. Their

-

algal origin is indicated by the presence of disrupted algal remnants .and

rolled-up algel mud lumps. Variable algal growth rates and diffeyential

-

diagenetic caleification are probably the main factors inm the development and

preservation of lamination. The laminae are mostly .composed of micrite and
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exhibit varying dégrees of calcification and recrys:alli;atioﬁ, as indicated
by sparite and.mibrosparite contents. They are commoaly horizontal but
slightly wavy forms (Plare 344,B) are also prominent, and contortion due to
compaction and diagenesis is locally distinc;: Quartz silt, very fine sand,

local pyrite and hematite commonly are concentrated within specific layers,

\Fossiliferous material

varyingggindividually in abundance from l to 7

varies éreatly in abundance (sections 3.4.6-and 5.2.2).

. . r
The horizontally algal-laminated and stromatolitic limest 5 in the

¢

study area arte believed to contain variable remdants of microfossils of
- 1 .

:
presumed blue-green algal affinities. In thils subfacies the filamentousa
. ” .
. - ‘ '
microfossils are horizontal, non-branching, small filamentous forms ({ 0.5 mm
in thickness and 1-6tum écross) oriented perpendicular to laminae. Their

-surfaces can be horizontal, bumpy or microfractured. T

-

The laminae that constitute the microstructure can be. grouped into two
categories based on preservation and appearance in thin section: 1)distincely

‘banded (Plate 34A,B) and .2)poorly banded. Distinctly barded microstructures .
“

are characterised by well-defined continuous parallel dark and light layers
e .

‘Eaving sharp boundaries. Light layers are thinner ({ l mm) and usually are
composed of moderately to poorly preserved (neowmorphosed or sparitized)

radial fibroug‘dalcite. Individual layers are separated by filaments elfew

micrometers thick (Plate 34A,B). - Dark layers are micritic in composition and

thicker ($ 5 mm). Poorly banded microstructures have indistinct internal

A

Ry

T
banding and the boundary between dark and light layers is diffuse and grades

. .

through several micrometers. "

The initial stromatolitic structure (reflected by this couplet) was-

mbdified during its evolution by thewfollowing diagenetic ﬁrocesses:'
[ Q -

dissolution, cementation, reﬁlacementt internal sedimentation and disruption

+

“ . /p-“>

'_$ . . - TA} . .!/
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of stromatolitic laminae and intermal detrital structure by neomorphism

and/or sparitization. No evidence of subaerial desiccation structures was

~
.

observed wigbin thése stromatolites.

5.4.2 Domal stromatolites and oncolites: The domes are mostly

Symmetriqal. vary in diameter from 1l to 10 cm, and ;re'up tg 5 Em high. They

. have a colﬁmnar ianrnal structure (Plates 5B and 354). with individuall

-

columns rarely exceeding a few mm in diameter and severallcm in length. . Most
are vertical, but a few are slightly-inclined. They contain crinkled laninae
in which ghe'principal convexities are in the growth directien (Plate 354).

The shapes of the laminae are reflected in the shape of the outer surface of

the'éntire algal body. The shelly fossils in the domal stromatolites are the:

 same as.those in the algal laminites but #re ouch less abun&an:;.they are

limjiced ne a few fragments in Ehe cores of some of the domes and serve as

interdomal fillings (Plate 35C}. Algal fragments‘are also- present. Most are

-

Eoo "sparitized" to be identified, but forms resembling Girvanella,

Carwoodia, and Ortomella were identified among .those responsible for the

algal buildup (Plate 34C,D) (B, Mamet, personal communication, 1983).
Microscopically, the stromatolites show extensive sparitizationm,

especially of laminae within the domes (Plate 354), in which all features 7

Y

except the laminae have been destroyed or altered by diagenesis.” Dolomite

rhombs are scattered randomly within the laminae. Carbonate intraclasts,

penecontemporaneous dolomite rhombs, isola;éd'qoliths,_pelleted mud lumps,

" ostracod and gaétrcpod shells, detrital quaftz grains, écritarcbs and fish

fragments are contained within the sparry calcite cémeﬁt.f;lling the
interdomal areas (Plate 35C).. The ooliths range from 0.25 to 1.5 tm in

diameter and show a2 nucleus of variable nature (shell fragmen;s,§quartz




~-—. shows that they are formed almost gn;irely'of'calcite.

-cases acting as a nucleus for other oncoids.” Hematite replacement was

‘ t . . ' _ ) .

N ) -

grains, peloids, etc.) surrounded by several concentric layers. §taining
Most oncoids underlying the domal Stromatolites are ne#rly spﬁ;rical but
some approximate flattened spheroids (Plate’ 5C). 1Individually, they range

from several mm up to 5 cm in dia;gqs:;lffi:?ey also occur as largcr

» -

composite clusters. Theéy have been Sﬁbj;cted to disruption and compac:ion.
as'ev;&enced by flattening and tilting, so t@an the lbpg axés of some are
vérticél. -In;efnally; the oncoids!digpl&? smoéth concentric laminae (0;555
mm thick), which become mére crinkled, less wéll defined, and thicker toward .

the "outdide. The laminae enclose a nucleus of rock and/or shell fragments,

mud clasts, and hematitic grains; some with coarse-grained calcite cement.

‘The congeﬁt-ic laminae have a wide range of composition, inc%ﬁding variable

micritic mud, hematitef.marly'claystone, microcrvstalline silica and -

dolomitic mudstone.
-’ i : .

The domal stromatolites are separatéd from the oncoids by a thin zone of -

irregular, wavy nlcritic laminae with a high hematite content. Hematite
replacement does not occur in the stromatolites but is extensive in the

oncoids, entirely replacing several of the concentric laminae and in some .
, I d

-

ﬁrobably caused by reaction with iron-rich wéters in an oxidizing freshwater

»

environment, whereas im the reducing coal-swamp environment similar waters )

-

precipitated siderite nodules.

—

The microstructural. fabric is_very distinct, exhibiting a domal/columnar

-

-

arrangement with internalr;ayering and linked, closely spaced internal

structures (Plate 35B) morphologically related to the presence of a éenq;al .

nucleus. This columnar internmal aryrangement 1s composed of stacked, ‘convex,

alternating dark- and light-coloured lamigae similar to those described for .-

~
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the horizontal stromatolites (Plate 35A,B). Laminae are slightly thicker at

the dome crests. Although;some of the lighter-coloured laminae display a

faint radial fibrovs. habit, they consist almost entirely of sparry calcite

N v
ctrvstals.

- . N .
- =& complete vertical-profilk across a domal structure not encrusting on

oncolites comprises the followiqg uccession of layers (Plate 3C):

(/,:_;hin zone of irregular, wavy to horizontal micritic iaminae
exhibiting variable mud, organic and hematitic content; this sequence varles
greatly in thickness {usually not.exceeding a few cm thick) and represenfs
the main material encrusted by the stromatolites;

| . gése ofistromatolitic buildup exhibits a zone of large,
subrounded to irregular open-spice structures (0.5 mm-to ! cm high) locally
filled by sparitic calcite cement; these probably répresent multiplg epiéodes _
of carbonate déposition.;nd Solution oécurriﬂg within the basal part of t?e
stromatoliceé and/or the upper part of the underlying enc;gsied layers
* (Osborne et al., 1982); they could alsc represeﬁt the compacted and leached

remnants of spongzy structure (possib}y astrorhizes, pores and/or crypts)
encrusted by the overlying Codiacean algal complex (B. Mamet, peréonal ]
communication, 19835; this spongy but now scructurelgss aggregate of pores
and of calcité‘cémeﬁt is comparable to the deposits of calcium carbonate
localiéed by mewmbers of the Cyanophycea at the‘present time in freshwater
lakes; ' - F\x

e zone of glgal fragments encrusting tHE“ﬁrevious layers and in

several examples thé~cores of the domal -structure; most are too "sparitized"

to be identified, butc forms resembling Girvanella, Ortonells and Garwoodia

(Plate 34C,D) were identified among those responsible for the algal buildup

(B. -Mamet, personal communication, 1983).



"

e zone of small, flattened-elongated, open—space structures (; 0.3_ -

mm high) occurring in the basal part of the domal structure; these probably. -
represent voids formed by stromatolitic encrustations over irregular surfaces
of the previous encrusting zone or by the decomposition of calcite-encrusted

organic matter (Osbornme et al., 1982); locally the pores appear tc be

enlarged and integbonnected by the dissolution of surrounding éarbonates or
are cemented by sparite (Plate 354); d

) domal buildup proper formed of-alternat;ng light layers and
filamentous micritic lﬁyers previously described.

This sequgnce repeats itself or 'is partially covered by material from the

interdomal fill.

1

Cementation in the interdomal cavity fill does not exhibit a regular
pattern and is prédominancly sparry calcite‘cement (Plate 35C) locally
{intermixed with‘ﬁéﬁhhes of micritic mud with variable detrital content

(delomite and quartz grains) and with dolomitized pockets. The presence of

n . -

small oolite bands in the lower part of several interdomal areas indicates
that, 'at times, rhe water was saturated with respect to calcium carbonate and

agitated. Late-event microfracturiﬁg'cuCting across the domal buildup and
the interdomal cavities and cemented by fine drusy cement 1s present locally.
—_— * -
Thin section study indicates that the dolomite present in the interdomal

cavities is of two main types: l)disseminated detrital rhombs lécated’
predominantly in the lower part of some cavities and enclosed by/sparry

’ . »
calcite cement (Plate 35A); 2)continuous crystalline dolomite ceRent pockets,
ay

-

mostly of probable peénecontemporaneous origin related go high-magnesium

. ' r )
waters or as later authigenic dolomite cement related}modﬁ'
- ' .

*or
high-magnesium-bearing water £illing pores created by earlier leaching

e
- ]

episodes.
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5.4.3 Horizontally laminated mudstone to packstome subfacies: is

—

characterised by prominént layering,lwith~thickness ranging from a2 few m to
a few cm (Plate 6). Interstratifica;ion.of.vell— (to moderately well-)
defined individual beds of a}tetnatiﬁg calcareoué mudstone, uackéstone and/or .
packstone (?late 36a-DY with well-defined individual laminae of different
cémposition (mainly carbonaceous shales or silty mudstones and ;hales) is the
most characteristic feature éf this subfacies.

Tﬁe laminae are generally composed of micritic mud exhibiting various
degrees of bioturbation {Plate 36B), célcificétionuﬁnd variabfg P rceﬂtages

of recrystallization (i.e., microsparite to sparite content). Sohe layers
iy .

— S

are almost enti;ely composed of skeletal debris (Plate 360.D3. which 1is

absent from otheés {Plate 36B). The percentage of mud and skeletal material
varies from 10 to 80% anditheir relationship is roughly inversely
proportional. Accessories are varied (see section 3.4.2).

Thé associated fauna is similar to that of the algal laminite. It is
particularly rich in ostracods (Plate~36D) but bive*ves, thin-shelled
gastropods;'se;pulid worn tubes (Plate 36C) and fisﬁ debris (Plate 36C) ate
locally imporféh;. - Packstone beds are predominantly composed qf.ostracods
(in many ca%es foraiﬁg "ostracodite" beds) (Plate 36D). Teeth, scales and
boé;'fragmen;s of freshwacer‘sharks (pleuracanths), acanthodian and
paleoniscid fishes (sections 3.4.6 and 5.2.2B) are in gfenter abundance in
the muqsfone—to-backestone beds. All units haQe been subjected to variable
compaction, deformation and cementation (Plate 36A-D).

Althougﬁ a detailed diagenetic and paragenetic study of the carbonate
sedinents is beyond the scope of this séﬁdy (its main objecﬁ being their

sedimentology and stratigraphy), the main diagenetic processes can be listed -

in their approximate paragenetic order, as follows:



iy

related to (6);
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1) local recrystaliisation of micrific mud to microsparite;

-

2) compaction;

3) two main types of leaching

A) non-selective leaching of micrite - creation of

""l i ) .
microviugular, fine—vugu%ar and intercrystalline porositics later cemented by
sparite, VF granular calE}te or microcrystalline .silica;

. B) selective leaching of skeletal debris - creation of wvuggy,

~

moldic, shelter and intraskeletal porosities later cemented by VF-M equant

usy calcite cement; the general cement gradation is

tolled by the size of thelmolds and ranges from.geopecal £dbEre to VF
. ‘ N _
granular to F-M drusy in the center of the mold; '

v

4) stylolitization;

5) early microfracturing exhibiring cementation by equant blocky

calcite cementation, microcrystalline silica or iron hematitic materizal

-

6) hematitic ferruginous staining of matrix material;

7) later episode of fracturing and microfracturing.
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CHAPTER 6. TECTONIC SETTING AND STRUCTURAL CHARACTERISTICS OF THE SYDNEY

BASIN ‘
— o~

6.1 Introduction

Carboniferous rocks are distributed widelf in eastern Canada and form

part of the Appalachian mountaln system covering large parts of the provinces

of Quebec, Newfoundland, Nova Scotia, New Brunswick and Prince Edward Island

LY

and the U.S.A.

The Carboniferous camprises six major rock units: in ascending order,

the Hortoum, Windsor, Canmso, Riversdale, Cumberland and Pictou groups. The

»

. last three form the Upper Carboniferous sequence and were assigned the '

, foilowiqg ages by Bell (1944): the Riversdale Group (Hesthalian A),
Cuﬁber};nd Group (Wgstphalian B) and Pictou Group (Westphalian C and D).
Origiral®y these groups were believed to be boundea-by pargllel time planes,

~ but m;¥e recent stratigraphic work supported by palynological evidence (Belé.
1964, 1965; Barss and Hacquebard, 1967; Kelley, 1967) has shown én important
time-transgressive character for the Cango, Riversdale and Cumberlandfgrbups.
which may also be true for chg Pictou Group. Sedimentation was predominaﬁtly
conﬁinental; except for the Windsor'Group, which is essentially marine.
Continental sedimentation is characterised by a great yariety of-
fan—conglomerate,Afluvial, lacustrine and paliudal fa:§q§543elt, 1965,

1968a).

6.2 Tectonic setting and development of the Carboniferous of the Maritimes

Carboniferous sedimentation was controlled by the tectonic processes

that were part of the final deformation phase of the Appalachian geosyncline.
\\
AN Most of the Carbonifercus sediments of the Maritimes accumulated in rapidly

~

N - .-

~.
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subsiding basins (Belt,.l963p) bounded by strike-slip faults (Belc:;1968b;.
Webb, 1969). Tﬁese basins are believed to be pull-aparts (Fralick end
Schenk, 1980; McCabe et al., 1980; and Brao;ey, 1982) and extension oosins
foroed during dextral strike-slip movement related to closure of the supposed

-
Hercynian Ocean (leeder, 1976; écCabe et al., léSO)vand lefr lateral movement
during the major joining of Africa with Nofth America (Schenk, 19715 A;;;eud
and Matte, TQ?%). hDextral strike-slip also dominated the rectonics of Nova
Sco:;a (Fig. 23) in tﬁe early éarbonifergﬁg'{Bradley, 19&2; Bradley and

. Bradley, 1983; Arthaud and Macte, 1977). i

The development across :hejreéion of a zone of steep northeasterly and
also east-uese ﬁrending faules followed the mid-Devonian Acadian orogeny.
Subsequent regional subsidence of this zone caused the formation of a series
of connected troughs and in:ermontane basins separated by positive blocks -
cqllectivelg_referred to ﬁBell. 1944; Belt, 1965) as the Fundy Basin (Fig.
24). 1t occupies parts of the provinces of Nova Scotia, New Brunswick,
"Prince’ Edward Island and Newfoundland and has been iInterpreted as a complex
.;ift'valley bounded on both sides by‘high-angle faults that we;e active
during sedimentation (Belt, 1965, 1968b; Hacqueba;d, 19723 Fralick and
Schenk, 1981). -

Following the'ecadian orogeny, Upper Devonian, Carboniferous and Lower
Permian rocks were deposited in the Fundy Basin and adjoining platforms.:

I The complex of small basins (Fig._Z&) and the-related positive blocks of

the Fundy Basin appear ro have developed at compressional egions located at

<
the intersection of major faults (Figs. 23, 25 Bradley, 1982% McCabe and
Schenk 1982). Blocks uplifted during the Upper Carboniferous are

illustrated in Fig. 25,



Palgomagnécic data (Morris, 1&76;'Kent and Opdyke, 1979, 1985) and |
geological evidence supports 160-200 km dextral displacements on the
northeast-trend;ng‘faults. _A dgx;ral slip displacement of aboutr 200 km on
the east-wedt Cobequid=Chedabucto fault system was estimated by Webb (1969).
This is very close to the 225 kn estimated by McCabe er al. (1980);

The timing.of Eault movement has a significant infl&ence on
sedimentation. Rust f198&) sta;éd thac the maintenance in cAe Horton and

’
Windsor groups of alluvial fan deposition through space and time was due to

continued strike-slip deformation of the faults bounding the depositional

basins. He attributed this deformation to translation aleong the North

kY

American continental margin subsequent-to oblique microcontinmental collision
in the mid-Devonian Acadian Orogeny.
N

Ample evidence for fault activity during the Namurian and early
Westphalian was provided by Belt (1965, 1968a,b), Fyson (1964, 1967), McCabe
et al. (1980), Fralick and Schenk (1981); McCabe and Schenk (1982) and
Bradley and Bradley (1983). Fault control of sedimentation appears, however,
to have died out during the late Westphalian and Stephanian, and the Fundy.

Basin simultaneously expanded beyond its former limits onto pre-Carboniferous

basement (Belt, 1965; Catroll et al., 1972; Bradley, 1982). This phese of

-

~ tectonic quiescence and expanded sedimentation corresponds with deposition of

the Pictou Group.

Due to changes over time in the configuration of these connected small
basins and to the intrgduct;ondﬁf complexities not usually encountered in
relatively simple rifts, the entire Fundy Basin region became a stable craton
during late Westphali#n time., Bradley (1982) discussed some of these

-

complexities (i.e., mainly overlapping effects of local extension, locgl

transpressional deform&tion and regivnal-thermal subsidence) and the broader- .
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. scale aspectiof the Upper Paleozoic of the northern Appalachians. in terms of
the di&chroncus two-stage subsidence of extensional basins within an
intracontinental transform fault zone, which McKenzie's (1978) model

explains. He also noted that the Chedabucto and Hollow faults were major

faults to the Sydney Basin.

6.3 Structural setting of the Sydney Coal Basin

The Sydney Synclinoriunm (named by Keppie, 1977a,b, 1982) is bounded on
the south by prg;Carboniferous rocks of the East Bay and Fourchu blocks and
on the northwest by thé Kellys Mountain block. Both matgiﬁs are major fault
boundaries. The Synclindrium:comprises three major synclines with
intervening arches formed by pre-Carb;niferous rocks of the Cpxheaéh and
Boisdale Hills (Fig. 26; Giles, 1983, Fig. 2, p.58). A pronounced
hortheas:erly trend 1s nqped for most major struétu:es.

Data gfnerated during the Sydney Basin Pfoject (Giles, 1983)‘indicafe
that the broad structural configuration of the Sydney Basin was a?pieQed in
Visean time or slighti; earlier. Post-Carboniferous fault movements have
accentuated the major boundaries.

The tectonic development éf the Sydney coalfield has been-relatively
gentle, and serious structural.disturbances are absent from the.aihe-f
workings. In general, gentle folding and minor thrust faulting.is present,
aff;cfing the seams mainly in the Submgrine part of the field., The golds faq
out seaward and trend in a Ebrtheasterly to easterly direction, with gentle
seaward ﬁ?ﬁnées of their axes. There are four‘majq;_éynclines présént:
Boularderie:—Sydney Harbour, Glace Bay and Morien (Fig. 27). The prevailing -
dips throughout the coalfield vary frog 4° to 15°, with‘a maximum of 45°

north of Port Morien.
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The Boularderie and the Sydney Harbour synclines are scparated by a-
broad arch (the Boisdale Anticline) reflecéing thé northeas;crly extens}ynvof
the Boisdale Hills (Fig. 26) and ex:en%igg_into the offshore area of the
Sydéey Basin (Giles, 1983; Hacquebard, 1983). Giles.(1983) mapped a similar
arch over the basinward centinuation of Ehe Coxheath Hills (?ig. 26). Future
completion of mapping should reveal whether this.arch is equivalen:_to the
Bridgeport Antiéiine of Bell and Coraﬁson (1938} or if it represents a larger
structure kGiles; 1983). | | |

All the major folds-observed in the study area (Fig -275 are best
qualiffed by the attitudes and the outcrop patéerns of cﬁé‘ﬁlder
Carboniferous Qtrata- In the Sydney Mines Formation (i.e., the northeast
part of the Sydgé§'3;sin) where the folds are of smaller scale and where the
beds are gently dipping, the definition“of the folds and their relation to
the major fold axial traces is highly speculétive given the present state of
knowledge. ‘Warping related to cogpgction during deposition to explain the
origin of the presént fold pattern by Haites (1951) 1is also doubtful. The .
main characteristics of_the strata of the Sydney Mines Formation suggests
that major folds and arches outlined by Giles (1983) no longer controlled the
structural setting duriﬂé late Carboniferous. ——

The mgaor faults within and marginal to the Sydmey Basin follow the
regional northeasterly structural trend. They include the Hbuntain; the

‘Georges_River, the McKenzie-Coxheath and the Mira River-Bateston faults.

Tﬁeir location and main characteristics were discussed by Giles (1983) (Fig.

-
-

26).
A selsmic survey by“fbrtin and Quinn (unpublished report, 1983) showed
K » .
local fdlding and ﬁinor faulting in upper Morien sediments in the nearshore

zone (i.e., water depth 20-75 m) of the Donkin block of the Sydney coalfield?
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The authors characterised the regional structure as being "...relatively
simple;'except for locgg,foldingﬁ an§ is essentially agcuate with the beds
dipping towards the deeper and central parts of thé ba§in." Inccrp%etation

of the seismic sections-revealed the présence of a major structure rcamed the ®
Flint Flexure, Thi% scruétgrg had been previously identified ag an
anticline-syncline pair (Nova Scotia Research Foundation Corporation, 1979)..

' No direct investigation was made on the deeper part of the structure, but

preliminary investigation based on a Eéeper seismic method suggests possiblé

bt .

thrust faulting assoclated with the Flint Flexure.

The author, during the course of field work and mappiﬁg of the coastal
sections, did not find aﬁy evidenc;‘for'major faulting in the strata of the -
Sydney Mines Formﬁtion. Clearly; more work such as that of Fof:in and Quinn
and the completion of the inland mapping will be necess§F§ before the
structure of Ehe Sydpey Basin is fuliy understood.

)

6.4‘Scr1ke-slip faults, arcuate fold patterns and deformation in the Svdney

L o

Mines Formation

~

A general decrease in the abundance of alluvial fan deéosits froﬁ the
Canso to Cumberland groups indicates a gr#dual decrease of activity of the
Alleghenian fault movement. The absence of allﬁvial.f;g deposits from thé
_late Pehnsyl%anian to early Pictou Group in@icatés.a greater maturity of.the
Pictou rocks. Their extent a;d'maturiCy indicate deposition in lafge basins
with low slopes, as the fag}t—bogyded relieﬁﬂof-éarlier deformation epis;des

was gradually worm down. .
In addition to separation in time from pe%lods of fault deformation, the
Sydney Basin is relatively remote geograph%sg}l? from the major fault systems

' nearest to it: the northeast-trending Hollow and Aspy faults of eastern Cape

T

IR
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Breton Island and the east~west-trending Cobequid-CHedabuctp fault to the

o

south (Figs. 23 and 24). The compressive zone is characterised by thrusting

and folding and with pull-apart basins occurring in areas of extension

{Fralick and Schenk, 1980).
R e

Intersections of gcrike-slip faults have complex structural patterns
with splitccing, %eioining and offsetting of the major fault. Splays and sub-
parallel synthetic sﬁrikeeslip faults are common, and more-or-less
perpendicular antitﬁetic strike-slié faults occur with a direction of offset .
opposite to that og the main strike~slip fault. Zones of extension lead Fo
the formation of normal faults (resulting inréfafén-type structures), while
zones of compression generate folding, which may lead to reverse faulting and

overthrusting (Wilcox et al., 1973).

Periods of transtension (divergent strike-slip) or transpression

(convergent strike-slip) may have an important influence on a regional scalé
on strike-slip systems (Reading, 1980). The' characteristics by which ancient
strike;slip belts may be recognised and the main effect of strike-slip motion

on sedimentation have been outlined by Wilcox et al. (1973}, Reading (1980)

At

and Christie-BlicR and Biddle (1984). Strike-slip motion has its greatest
impact on the sedimentation process when rapid sinking of sedimentary basins
and uplift and erésion OEUSOurce areas are a direct result of dip-slip motion
(Reading.‘19803. This rééults in a laterally and vert{call;h?aried (but
laterally restricted).seaimentary package.

Arthaud and Matte (1977) have shown that the Mississippian aﬁd

Pennsylvanian strata are folded only in the vicinity-of the Chedabucto. Fault

- . ¢

and that these northeast to sorth-northeast upright folds may represent
locally a coarse, vertical axial-plane cleavage and that they are cbnqisten:

with right-lateral displacement of the Chedabucto Fault. The northern New

-
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k)

i.Brunswick and Cape Breton area is bounded farther south by this faulc. Tha'

authors have also shown that it acts as a stable block very weakly deformed

after the Acadian Orogeny. The greatest number of faults described by Webb
— - (1969) in this area #re pre~Pennsylvanian and have acted as normal faultﬁ
during sedimentation of thg Carboniferous.

The extent of the Hollow and Chedabucte faults and of.ﬁheir réiéted
shears and the time of occurrence of the relatei:ggzz;_is unknown ;nd other
fault® may be buried and-still unknown. Fault termiﬁations at that time
remain largely unknown And the cause and the positions\of tﬁe hdréts_and
grabens are not obvious (F}son, pe?sonal-cOmmunication, 1983). The

overlapping of fault_end§ is one possible solution for the location of the

horst and graben structures, but a proper solution requires geophysical

surveys and is beyond the scope of the present study. ’

The delineation and evaluation of these faults are presently difficult

~to prove. However, an attempt to model this process and to evaluate the

nature of possible faults, the amount of fault movement ‘and the extent and

tiﬁing of the faults might be a worthwhile future contribution.

T In sumrary, the~Sydney basin records a period of increasing tectonic
: - N

.

quiescence, .as source relief inherited from earlier.deformation was
progressively worn down. Slopes decreased with time, and as a result the-

_ Morien Group comprises a fining-ubéérd_sequence some 1.8 km thick. The
) -~

- consistency of mean paleocurrent direction throughout accumulation of the

Morien Group is further evidence for basin stability.

-
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-. CHAPTER 7. CONCLUSIOY 3

-

In the Sydney Mines Formation, sandstones, siltstomnes and mudstones were

deposited in channels apd flood basins of a meandering alluvial floodplain.
;Coals accumulated in the floogplain mudstones of this high-sinuosity,
low—grad;ent fluvial System. Levees and crevasse-splays supporCEd.large
upright irees-and plants, and inte}channei Swam;s provided habitats for thick

plant accumulation but were inundated periodically to form lakes in which-

algae-forming stromatolites, ostracods and other organiéms flourished.

Paleocurrent data indicate that all of the fluvf%i\fgginents wére.\\

Cowy

el

deposited ¢ rivers flowing in a northeast direction and that major faults

along the’&ggﬁérn§§nd.southeéstern margins of th;'Saney Basin formed
subsequent to de%Bsition. This suggest; that the basin originally extended
/c}farther to the southwest, where coarser, basin-margin facies assemblages may
have developed (Forgeron, 1980; Rust et al., 1983).

The coarsest deposits in present outcrops (the coarse sandsc02§;facies

assemblage) are limited to western and southwestern parts of the basin,
, extending no farther to. the northeast than South Bar (Ryst et al., 1983).
These were deposited on a braidplain of moderate energy and sloﬁé ‘on which

peat units were formed.but not preserved in place. Paleocurrents on

—

Boularderie Island indicate basement control by what was probably the

Boisdale Anticline (Rust et al., 1983). At the present state of kmowledge it

is not pdssible to propose this sedimentary package as a formal -

lithostratigraphic unit. Integration of data from inland outcrops and

borehole data is required before this can be done. e§

The coarse sandstone facies assemblage i= transicional upward into the

- ~
sandstone assemblage, the South Bar Formation (Boehner, 1984). This
(.

Eat
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transition represencs a gradual decrease in 'slope and energy on the

braidplain. These deposits occur well up the stratigraphic successinn in the .-
western and central parts of th; basin but in the presumed lowest strata
(south of False Bay and at Bateston) on the east coast (Rust-et al., 1983)

The lithostratigraphic change from the sandstone (South Bar Formation)

.to the alternating facies assemblage (Sydney Mines Formation) is close to the

napped boundary between the Ptychocarpus and Linopteris zomes in the western

and central parts of the basin. In sections at Sydney Mines, Victoria Mines
and Lingan tHEfiogical horizon for this boundary is the base of a major fine-
grained unit. that contains the Emery Seam. This seam wvas ‘chosen as the

boundary by Hayes et al. (1938) and Bell and Goranson (1938a,b) snd 1s.gbout

10 m above the boundary recommended here.

In relation to the approximate time markers represented by the coal
» AN

- Teams and the floral zones, the lithostratigraphic change from a sandstone to

an alternating assemblage occurred much éarlier on the’east coast than pqéthe‘

—

“west (Rust et al., 19833, e ogain, the oapping of this contact across the
basin must await data from inland exposures and boreholes.

The Sydney Mines Formation alternating assemblage represents deposition
\ :

on a low-slope, low-energy alluvial plain, with relatively few large, high-

sinuosity channéls within a lower sinuosisy meande¥ belt., This gave rise to
i

relatively large areas on the floodplain on which mud was deposited;

compactign aused water tables to be continuously high, sé:ghat swamp

RN
vegetation fl urished In general terms this explains ‘why the thicker, more

abundant coal seams occur in the alternating facies assemblage. The

- . -
- -

initiation of this facies assemblage earlier in the eastern part of the basin

indicates that gradients and energy levels decreased earlier there.

L]
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Lacking evidence for tectonic or other.sgternal‘causes. the cyclicity in
the Sydney Mines Formation is attributed to autocyclic mechanisms due to
channel migration, avulsion, etc. A pre-upper Morién strike-slip fault

)

4

system may be responsible for the folding pattern observed in the'Sydney

Basiﬁ.
Extensive thin limestone units are associated with oudstone sequences in
the Sydney_Mines Formation between Victoria Mines and Glace Bay. They
contain algal laminations. either plani;,'oncolitic ot stroﬁa:glitic and‘an
abundant freshw;tér fauna including-bivalves, gastropods, ostracods and fish.
The faunal assoclation of limestone strata in the Sydnev Mines Formation
is stroangly indicative‘of nonmarine depdsition. ‘This is compatible with the
sedimentgfy facies and successionm, interpreted as deposited on.an alluvial
plain. Among the faunal elements, the mostidiagnostic_group comprises teeth
and other skeletal fragments of freshwater xenacanthid sharks and the
lungfish Ccenodus. Thay are thought to havelinhabited shallow lakes on the’
alluvial plainm, uﬁich alsq from time to time developed algal bloomé, forming

L]

algal laminites and stro Eolites. ‘More restricced depressions on the

floodplain{became peaé swamps, also inhabited intermictently by borny fish and
other fauna tolere;c of partial oxygen depletion. The presence of lacustrine
sediments immediately above coals indicates that many lakes were formed by
submergence of a vegetated floodplain. The presence of a nonmarine fauna

above a coal is common in the orther coal-bearing strata of Nova Scotia

- (Me

d Schenk, 1982).
In other tases limestone deposition ceased due to progradation of a
- lake-fill deltd, as a channel system migrated toward the lake. A noteworthy

point is that lacustrine limestones in the Morien CGroup occupy a
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stratigraphic positidn similar to that of marine bands within classic paralic

coal-bearing successions, although they are less extensive.

- Local subsidence {(failure of depositional areas on the floodplain té

‘keep-up with subsidence), regional subsidencé (compaction related to the

thick sedimentary pile present in the basin) and uneven compaction related to

the presence of buried peat were the main factors controlling the formation

of lakes in the Sydney Mines Formation.

" In summarv, the tectonic setting, uﬁifdrmity of paleodrainage and the
nature oﬁ,the Horlen-Group succession all irdicate that the alluvial plain on
which it accumulated was a stable envirchment. Stream power dimirished with
time, as source relief was worn down and alluvial slopes decreased; Hence
the onshore suécession records a.cﬁange from médial braidplain, through
distal braidplain to meandering-fluvial plain. The tramsition. to

—

meandering-fluvial deposition occurred earlier in the southeast.part of the

basin than elsevhere, indicating that this was the lowest and flattest part

of the drainage system (Rust et al., in preparation).

The development of basin—ﬁidg Fconomic coal seams did not occur until
the meanderingéfluvial plain spread across the basin, as the Sydney Mines
Formation was deposited. Only tﬂ;n did high water tables persist, allowing
the development of widespread swamps and lécally'of‘lakes. Offshore wells
located within about 10 km of the north coast of the-study area shew thét
upper Morien strata pass upward into post-Morien redbeds (Boehner, 1984).
The redbeds lack ma;inewfdcies and represent deposition onm a di;tal ailuvial
plain, on which water tables were once again low, and peats were
insignificant. Such a widespread response could be due to paleoclimatic

change, but more data are required before any conclusion can be reached.

Previous workers have assumed that there is a transition to shoreline
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deposits in the offshorémﬁart of the Svdney Basin. However, the Atlantic was
closed at the time of basin filling, and there may not have been a connection
to the sea. The resolution of this question must await the results of

offshore’'drilliing in the basin center.

-
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Table 1. Location, extent and average thickness of main ﬁroductive seams from

&

top to bottom of the Sydney Coazlfield, Cape Breton Island (Source NSDME,

Inform Ser. 2, 1978)

Point Aconi Seam — Average :hickness. 1.0-2.2 m

-~

District: Sydney Mines

Interseam thickness:

70 m 7

ILlovd Cove (Upper and Lower Bonar ‘Seam) -- average thickness: 1.2-3.7 m
Districr: Sydney Mines :

Interseam thickness:

113 m ”

Hub Seam == Average thickness: 1. 5-3 7m

Distrlcts—Seams'

Intersean thickneSS'

Glace Bay-Hub

¥ew Warerford-Barachois
Sydney Mines-Stubbart
91 nm °

Harbour Seam -- Average thickness: 1. 2-& 6.m

Districts—Seams:

-

Interseam thickness:

Port Morien-Blockhouse
Glace Bay-Harbour.

New Waterford-Victoria
Sydney Mines-Sydney Main
76 m

Bouthillier Seam -~ Average thickness: 1.0.m,

Districts—Seams:

Interseam thickness:

‘Glace Bay-Bouthillier
New Waterford-Fairyhouse
Sydney Mines-Edwards.

23 m

Backpit Seam —-- Average thickness: 1.0 o

Discricts-Seams.

N - . >

Interseam thickness:

Port Morien-Tunnelshed
Glace Bay-Backpit .

New Waterford-North Head
Sydney Mines-Indian Cove
32 m

Phalen Seam -- Average thickness: 1.0-2.5 m

Districts—Seanms:

L

Port Morien-Gowrie

Glace Bay-Phalen

New Waterford-Lingan
Sydney Mines-Collins

New Campbellton-Four Foot

Stony Seam -- Average thickness> 1.0 m

Districts—Seams:

-

Interseam thickness:

Sydney Mines-Steny
New Campbellton-Six Foot
39 m :

Emery Seam —— Average thickness: 1.2 m
Districts-Seams: Port Morien-Spencer

Interseam thickness:

Glace Bay-Emery N
New Waterford-Emery
130 m

Gardiner Seam -- Average thickness: 1.2 m
Districts-Seams:\Port Morien-Long Beach

Interseam thickness:

ace Bay-Gardiner
305 m

Mullins Seam -~ Average thickness: '1.2-2.2 m

Districts~Seams:

Interseam thickness:-

New Waterford-Mullinms
Sydney Hines-Hullins
175 m

Tracy Seam -—- Average thickness: 1.2-2.0m

Distri¢t-Seanm:

Port Morien-Tracy

{
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Table 2. Relationships of 1ithostratigraphic and Sioscratigraphic units
within the_Morien Group of* Cape Breton Island, Nova . Scotia

. Hayes, Bell Barss and’
Age Robb This work and Goranscn  HacqQuebard
: (1876) (1985) ' {1938) (1967)
\ - ‘ i - |
o " Wesz— -Productive % SM Fa* | Ptychocarpus Thymospora
3 ~ phal Coal i (Upper Fime unitus. & - zone
v 55 D Measures ! Morieny zone TcC
[Trgn ‘ £ |
25 - Emery Seam
“o > | : .
o5 . West— Millstone ! Linopteris - Torispora
82 halian Grit ; SB Fukk | blicea one B
© £ P c T ‘(Lower Coarse ozoneu z
E& - : Morien)
=y —Tracy Seam— ~
% Tonchopteris ' Vestispora
! zone’ zone A .
- - i -
. ]
* SM Fm = Sydney Mines Formation .
*%SE Fm = South Bar Forma_tion . o

.

>

-
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Table 5. Limestone Subfacies: Location* and Distribution of Beds
Thicker than 50 cm (chickness in m)

Victoria Mines (ch) New Waterford (th) Donkin West (th)
1.5- 2.7 m 1.2 m 38.5- 39.5n 1 am 14,515 &= 1.5 =m

21 =23 ., 2 73.5- 75 1.5 31.5- 32.5 1

&7 ~ 48 i 82.5- 83.5 1 B6 - 89 3

63 - 64 1 108 -=109.5 1.5 " 90.5- 92 1.5 -

66 - 68 2 128 -129.5 "1.5 107 -108 . i

71 =73 2 138.5-140.5 2 123.5-124.5 1

146 =147 * |
177.5-180 2.5
~with oncolites Donkin East (th)
Glace Bay West (th) 196 =203 7.0 67 =-68.5m 1.5 m

22 - 23.5m 1.5 m 225 -228 3.0 T 76.5- 78 1.5

28.5- 30 1.5 242 244 2.0 105.5-107 1.5

30.5- 31.5 1.0 " 279 280 1.0 125.5-126.5 1.0

40.5- 43 2.5 i \

47.5— 48 0.5 ‘

50 = 50.5 0.5 Moriea South ‘(th)

56.5- 58 1.5 . 87 -8 - 1 w

66 - 67 1.0 Glace Bay East (ch) )

91.5- 92.5 ) 1.0 10 =11 m 1 m- ' .
118 -119.5 1.5 29.5~ 31 "1.5 Morien Rorth {th)
130 -131 1.0 34.5- 35.5 1 86 - BB.S 2.5m
170.5-171.5 1.0 39.5- 41 1.5,

194.5-196 1.5 67 - 68 1.0
105 -106.5 1.5
162 -163.5 1.5

*Stratigrapﬁic interval of each lst unit.
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‘Table 7 . Characteristics of Coal from
the Svéney Coalfield -
(From: Eacguebard ané Donaldson, 1969)
Characicristics - . Sydncy coalficld
Petrographic intcrvals
. x Iotervals prescat, indicating vertical
& [ ) chacges I compaxition of
E. sexm sectian
< Mico- Vitrite aod claritc greatly
e lithorypes prodaminate in nearly all
= samy; varying amounts of
S “intermediates”, durite, and
fusite oocgur
] Per scaim 1otal: vitrinite
Amounts alway:s more than 70 percent,
exinite 10 pereent and less,
- inertinite 20 pereent or ko
£ -[Vitrinite occurs as telinite
a | Dominant and post-tclinite, incrtinite
=] types as granulay micrinite and
- . | fuginite splinters
3 Preser- Excellent, particularly
2 vation noticeadle on sporc exines ’
=z [Syngenetic pyrite, mostly ‘
=) Mincral - in finely dixscminated form,
= matter somctlimes Jess than 2 4 .
4 in diameter
2 Popula- Total number of genera in both coalficlds depends entirely on
E tion geologic age: Lycorpora and Mcrncku: sporcs predominale thmu;hm
E Axxm- Variable within cach scam
X |3 £| blax section, differest between
< -g € scams
£ E] Veren- A correlation exists between
& =] tion coal facres (spore) flona
’ Agr of Upper Carbonifero "
productive Westphalian Cand D -
messures] o
-=j Sulpbur - jFrom 2.0-53 pcroont
Proximarr 2| Ath From 4.35-115 percent
analyns of E| V.M. From 36—40 pereent
productive g  mum-rec
coals . w| Rank High-volatils "A” bimxmisous
. X & - .

V.M. - Volatile maﬁter

-
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fossiliferous
carbonate subfacies

conglomeratic/
brecciated bed

- - - 232 -~ -
4 ~
Table 10. Lithofacies and Principal Sedimentarv Structures
Facies Prineipal sedimentary
code Lithofacies structures Interpretation
Gm nassive or crudely massive non-bedded to  longitudinal bars, lag
bedded gravel with crudely horizontally deposits, minor
ve-¢ ss matrix bedded charnel £ills
St sand,nedium to very soritary or grouped sinuous crested dunes
coarse, locally trough cross- (lower flow regime)
pebbly stratified beds -
fining upward
- o
Sp sand, medium to solitary or grouped linguoid, transverse
very coarse, planar cross strata bars, sand waves
locally pebbly : (lower flow regime)
st sand, "very fine ripple marks of ‘ripples (lower flow
to coarse great variety reglime), levees,
) splays, upper point
bars
Sh sand, very fine horizontal lamina- planar bed flow
. to coarse tion, parting or (lower and upper
streaming lineation regime), crevasse
. ) splays, levees
Se erosioﬂal scours crude cross bedding scour fills
with intraclasts ’
- !
F1 sand with minor - fine horizontal overbank or waning
very fine silcg, "laminations, very flood deposits
mud small ripples -
Fm mud, locally massive, lodally with backswamp deposits,
sandy - freshwater faunal backswamp pond
debris, desiccation deposits, overbank .
features deposits
c coal, carbonaceous cpal, ASlants,.under- swamp deposits
shale .1 égg roots, fine
latiinations
Ls-f ,carbonates, with fine interstratifica- lake and pond deposits
* algal and/or tion, fine scale wavy
fossiliferous lamination, non-lamin-
content :aCed
Ls-m all non-algal or pedogenic features, soil,” rip-up deposits
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Table 11. Summary of Depositional Assemblages (from Lith@stratlgraphic Zones,
‘Appendix B) ol ‘
Lithozones .
" B,D :

. . . A,C Fluvial channel . E
Depositional Fluvial channel lacustrine with Floodplain/
Characteristiecs with floodplain floodplain lacustrine
Litholegy mostly VF-C SS; Ls locally; under- predominantly vari-

. CGL;. siltstone- clay and coal; VF-C egated Ls and mud=
mudstone; good 5§; siltstone and ‘stone-siltstone; -
* coal and purple -.- mudstone minor sandstone
_—— sequences lgcally * content locallyy
< - Lo local miner coal™

L .
Ehage of main

tongue and lchate

variable, irvegular

generally sheétlikg

N

bodies SS bodies lobate~sheetlike $S-to tabular bodies
: ’ " bodies ' to tongue shape
- Structures and fining=upward §S: thin to medium Ls: even and closely
sequences cycles; channels, bedded; small-scale spaced horizontal
trough cross-stra- festoon and tabular laterally continuous;
tification; point- cross-laminated and brecciated-conglomer-
bar development; horizontally lamin- atic fabric locally;
- epsilon cross—beds, ated; Ls: even- soft-sediment fea-
“ripple cross- 'bedded to nodular tures; mudstone/siltc-
5 laminated . . . Stone rippled.
= . . .
Sand/mud ratio low to high low to moderate. very low :

" Nature of flood-
plain/deposits

sheet and creva§Be

‘splays

sheet and crevasse
splays

—
sheet and well-deve-
loped crevasse splays

Cfain size]

texture

fine-gfain in upper
part; med—cse in
lower part; moder-

ately poor sorting

Ls: micro-granular .

to granular; S5:

F-VF grading inte
silt

‘brecciag

Ls: mostly granular_zz
microgranular; local
85: VF-F,

fair sorting

Fossils and
accessories

/

plant debris and
imprints, logs and
woody fragments;
mica abundant and ~
clay minerals in-

creasing upward

L

Ls: ostracode, gas-
tropods, fish rem-
nants; mudstone:
carbonised plant
debris; mica mostly
in SS along parting
plane with carbon-
ised plant debris

Ls: similar to
previous siltstone/
mudstone carbonised
and macerated plant.
debris; purple-
hematitic sequence;
thin lenses of coal -
loecally

" Interpretation
v \ -

t

high-sinuosity
rivers.—

sinuous (meander-
ing) rivers with
backswamp lakes -and

—~—_~—-ponds

AN

variable lacustrine
and pond ‘deposits

with related flood-
plain; fluctuating

‘water table and local

surficial exposure
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Table 12. Parameters of some significant sandstone bodies - New Waterford section °

Location ' Thickness - Cliff exposure -
{z) Type of body neasured {(m) Lateral extent (m)*
7-9.5 lacustrine delta or splay 2.5 : <50
' 20-24  splay package R ' . 4.0 ToonTS
25-36.5 channel buildups - 11.5 (total) :
{unit around North Head Point) 4-6.5 {indiv.) ~150

39.5-46.5 channel (lacks lateral

‘accretion sets) . 7 >100
57-65 channel (lacks lateral ‘
' accretion sets) 8 Y a0
71.5-73.5 channel with point bar, lateral . :
accretion sets 225 . “>100
. ?
87-93 channel with two fining- .
’ upward cycles 6 . » 75
113.8-124 stackedipoini-bar)channels (two)
with lateral migration sets I ) > 150
150-153\‘5p1ay sequence: proximal and ) ?
distal i . 5 . ; NS
163-174 ‘stacked channels {three) with ‘ 11 (total)' ;
point-bar lateral migration sets 3-4.5 (indiv.) . > 125
185-195 splay sequence 10 (total)
: .5-1.0 (indiv.) ~ 200
203-211 channel buildup and lateral 8 (total)
migration "’ 3=5 (indiv.) =125
214-220 channel 6 >100
240-250 splay sequence 30 (total) >100
265-end splay sequence . 25 (total) =300

’

. . -
*The lateral extent of channel sandstone bodies cannot be determined in many
cases, because they extend laterally beyond the cliff exposure. On the basis
of Collinson's (1978b) relationship, they should be =780 m wide. '

& . . . —_— !

AN



Table 13. Lateral extent of channels (i.e., correlations >3 measured sections)
. — ; -

Location on Fig. Interval with Correlations, lateral
Figure Part Area thickest sequence .extent (km)*
»
. \
App. B, Fig. I, Zone A lower eastern SH:05-15m - l10m DE to M 6.4 km

upper wesrern MNW:25-37m -.12z VM to W

App. B, Fig,. 3, Zone c lower central DW:70-83m 13m GBW to DE 10 km
- upper western Zﬂ}BT-QBm - 6m NW to GBW 3
GBy

i

App.. B, Fig. 4, Zone D lower central

/

- App. B, Fig. 5, Zone E lower western NW:163-174m -llm NU to GBW

:107-117m -10m NW ro GBE 4.7 km

3 kn
lower: western NW:203-211lm - 8m KW to GBW 3 ke
lower western NW:215-220m - 5m NW to GBW 3 km

App. B, Fig. 6, Zone F upper central GBE:163-17lm - 8o GBE to GBW 4 km
) - 6m NW to GBW 3 knm

upper western NW:254-260m

-~

*Because latefal extent is much wider than can be determined from ¢liff exposure
(Table 12), this table indicates that 1)cliff exposure is probably only partial
and/or 2)most of the sandstone channel bodies are laterally amalgamated.

- - -



Table 14, Some examples of vertical coal (swamp)/backswamp sequences

Section

Figure* Interval (m)

Victoria Mines

New Waterford

New Waterford

New Waterford

New Waterford

GClace Bay West

Glace Bay East

Donkin West

Sy, )
Donkin East
Schooner Head

Morien North

1

)

g%

8B

93- 96
55~ 63
80- 86
97-105
184-190
19- 24
26- 32
120-130
33- 40
49- 54
74— 78

Vertical facies changé_observed
coal overlain by floodplain package

coal overlain by fluvial channel

"accumulation

coal overlain by coarsening-upﬁard
lacustrine splay package

¢oal overlain by proximal channel
package exhibiting flooding of
serles of upright tree trunks
coal overlain by interstratified
backswamp and coarsening-upward
splay deposit N

coal overlain by coarsening-upward
-lacustrine sequence

coal overlain by pond deposit en-
closed in a floodplain .sequence
uinor coal seams interstratified:
with floodplain, pond and splay
deposits -

coal overlain by channel
accumulation

ccal overlain by éoarsenivg—upuard‘

crevasse-splay deposits

coal capping an abruptly abandoned
distributary channel

* Figures refer to those of Appendix A, .

-

-



“._%able 15. A) Classification of Fluvial Channel Systems (from Rust, 1978a)

-

Single-channel system

Multichannel system

: {(braiding parameter 1) (B.P. 1) . -
low-sinuosity ( 1.5) Straight BRAIDED .
Eigh sinuosicy ( 1.5) MEANDERING Anastomosing . ~

B) Differences between fhe Deposits of

(from Miall, 1977b)

_Braided and Meandering Rivers

Criterion

Braided Rivers °

Meandering Rivers

lateral accretion
deposits

. vertical accretion
-deposits

type of scour surface

channel abandonment
behaviour

I

L

channel abaﬁaonment
deposit

Facies occurrerfte:

Gm‘

Gt, Gp .
St

Sp

éh, St “

Flﬁ 13

Channel-fill sequences

rare, in point bars,’
linguoid bars, low water
bar accretion

channel floor bed forms
sheet flood deposits '
bar-top deposits

wminor overbank deposits

L}

channel erosion

progressive, as a result

‘of aggradational fill

'fining*upward cycle

.

common (lomgitudinal
bar deposit) ) .

rare to éommon
common
common
cormon
common abundant

rarely 3 m

" common in fining=-upward

point bars (including
epsilon cross beds)

overbank deposits
channel lag deposits

’

meander widening

sudden, as a result of

.meander neck cutoff, chute
.cutoff or avulsion

fine-grained fill or
fining-upward sequence
{see Walker and Cant,
1984)

rare to common (generally
as a thin lag deposit)

P
absent
common
generally rare

common

common moderate

. comonly 3 m




Table 16. Facies tramsition significance - decreasing order of imporrtance

Transition facies inéerpretatidn Diffg;ence value* ﬂ{
Se - St. -  0.917
st - St am .- - NCQ. 640
St lan - St , - | 0.444 ‘
Ls-f - Ls-m - 0.383
Ls—m - Fl/m . . 0.308 e
Fm sid - Fl/m g , 0.217
‘Ls-m - is-f - . 0.202 v
c-fl/m ' 0.194" .
€ - Ls-f 0.183
Sh - Fi/m S 0.178 \
. e
st - Se a 0.172 .
Ls-f - Fl/a ' 0.153
Sr - Fl/m - 0.147
Fl/m - Sr ' ' 0.087
Fl/m - C N . 0.074
Sh-! St " 0.064
Ls—f - C : 0.041

Fl/m - Sh 0.037

-

-

*Transitions with difference values & 0.025 éere not considered of
sigunificance. Total Transition Count Matrix for all measured sections
is 3266. Detailed distribution is given in Fig. 19. '
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Table 17. Parameters of cveles .2- 1.5 m (recorded for all sectioﬁs)h ¥

L

Section VFininé-upuard cycles Coarsening-upward cvcles
_ Total Total :
Thickness  number Thickness (m} number Thickness (m)
(=) of cycles Range* Average of cycles Range Average.
Victoria Mines I17 ‘6 37 4.3 1 2.5 2.5
New Waterford 285 18° l.S-ll 4.4 14 1.5-4 | 2.
GClace Bay West 280 9 1.5-7 . 3.7 6 1.55 3.2
éldce_Bay East 210 12 ‘1.5-8 2.9 7 1.5-3.5 | Ti?'
Donkin West 134 14 1,5-8.5 2.8' 4 - 1.5=-2 1.6
Donkin East * 133 13 1.5-4.0 2.4 3 1.5 1.5‘
Schooner Head 60 s T Ls-r 4l 4 1.5-2.5 1.9
Morlen South | 103 .9 1.5-4.5 2.8 . l3 1.5-2.0 1.7
Morien North 113 15' 1.5-6 2.4 4 1.5 1.5.
Total o 1435 100 . 1.5-l1 3.4 46 1.5-5 1.9

*Range of FU sequénce.



Table 18. Distribution and number dflpaleocurrenc measurements (of all tvpes),
. Svdney Mines Formaticn

"Sections

Structures ] . ’ DE+ .
measured ™ NW GBW GEE DW SH - MS MN Tetal p

Trough cross-stratal
axis direction

-,

~3

87 53. 65, '57 80 55 62 535  55.5

Channel direction - 17 6 7 i 5 3 4 49 5.1
Rippled cross~lamination ’ . .

direction 15 19 . 20, - 4 3 5 13 79 _B.2
Rippled cross-laminated _ -

crest axis 32 . 33 28 11 6 4 7 3 144 14.9
Primary current i . -

lineation .10 4 20 23 7 5 3 11 83 8.6

Sole marks, flute casts, -

groove casts .5 - 2 3 - - 3 20 33 3.4
Elongated clasts, lag N ¢
features, etc.. ) 27. 8 - 6 + - - - 41 4.3
!
o 186 168 129 114 81 97 76 113 964 100
Q
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Téble 19. Location of some limestone from the Sydnevlﬂines Formation

Location
Section Figure* Interval (m) Type of physiographic features’
Victoria Mines 1 I- 3 composite lacustrine unit interstra-
. : tified with marly sequence
64- 66 pedegenic calcrete deposit
New waterford 2 &~ 10 “lacustrine-delta deposit
10g-114 lacustrine deposit overlain by
-7 poorly dradned swamp and coal
128-130 small-size lacustrine/pond within
' fluvial floodplain
- 174=-183 well-developed lacustrine and mar-
: ginal lacustrine deposit (stroma-
) tolitic with oncolites and
mudstone-packstone)
222=231 ephemeral lacustrine within floodplain
with fluctuating water table upward
into floodplain with minor coal
L240-244 coarsening-upward lacustrine delta
and splays
Glace Bay'West 3 19- 25 lacustrine sequence overlying coal
' . ' 29- 36 microgranular limestone within marly
sequence and Iinterstratified with
. thin splay units
40=- 43 coarsening-upward lacustrine sequence
. overlying coal seam
’ 65— 66 fossiliferous capping of coal
) 118-120 isclated. pond
130-131 “‘fossiliferous capping of coal
v 174-185 lacustrine sequence of .interstratified
homogeneous limestone and highly cal-
careous sandy beds exhibiting
soft-sediment deformation
Glace Bay East 4 2- 5 lacustrine splay deposit
- _ §-"11 isolated pond
: 27- 32 small-scale lacustrine/pond within
, poorly drained swamp _
104=-107 small lacustrine deposit within
poorly drained swamp
89- 92~ pond within poorly drained swamp

Dsgkig\fest 5
Donkin 6

fasc 124-127

pond within poorly drained swamp

e ) ]
* Figures refer to those of Appendix A.
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Table 20. Laterzl extent of major limestone physiographic features of the Sydney
Mines Formation (i.e., correlation across two sections or more)

Correlated
Figure _ Observed Reference axtent :
zone App. B distance . unit {(m) {sections) Type of deposition
c 4 . il km 6BE:38-41  .NW to DE zajor lacustrine
inundation
¢’ A 11 km  ,6BW:118=122 NW to DE major lacustrine
' ) . inundation passing
, upward into cqal swamp
E 5 - 7.7 kam NW:178-181 NW to 6BE deltaic splay passing
* laterally into
marginal lake deposits
E .5 7.7 km  NW:182-190 NW to 6BE  lacustrine deposit
. J , . . exhibiting deltaic
' and splay deposits
fE . 5 3 ke NW:201-203 NW to 6BW lacustrine deposit with
correlated fossilifer-
' ous beds and coal deve-
lopment in upper part
F
a ¢ -

i

"ﬁ'\‘\.
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Fiqure 1 -

Location map of Sydney Basin, Cape Breton Island.

Locations of measured sections:
1. Victoiia Mines; 2. New Waterfofd; 3. Glace Bay West; 4. Glace .

Bay East; 5. Donkin West and East and Schocner Head; 6. Morien

South and ﬁorth.

-

L2
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Figure 2
Summary of stratigraphy of the Sydney Basin (Boehner, 1984).

Rock units:-Gr - Grantmire Formation; PE - Point Edward Formationm; CD -

Cape Dauphin Fo;métion; SB FM - South Bar Formation; SM ™M - Sydney Mines

‘Formation. Area ‘enclosed by ——-— represents location of Figure '3,



vertizal
sccle
- 0

-500m

15Cm Thichness «hers not 10 scole

L o D™ % T T

1. SYDNEZY AREA
I ) c
I . S
|- es 3
| Unnzmed Red Seds 400m+ - = £
- e o -«
I o~ - I B I
e IETTT a3
| ? -
| =
l Upser Fine ‘up to 600 m uzj L "
l SM FM - = @
| Morien Groun ' 18le ol
| = el g
Lower Cooris | =
|- SB FM up to 1200m | = BlW
I bt i A A A A A i e AT LA AR e o=
--v_-‘-:h”-i--'--: . |:: ' | bt ol gl -1- b o] g- 8]
i I 1 I ll ! w
1 !1 ) Ill ilql
i ]!l_l oL
| ! o] ful
| i |z
: 1 ] o[-
I MAJOR '
el HIHIATUS ot I
1 + % NI t
i !
i R I || Q. c -
| | = S
‘- g .:
=
| g 2
‘-t! ‘ c =
[47]
! !Hx,l_ l Va : Bal e E L
l, . PE cD 9] » ]
-M - o -]

' upoer Windsor Gp ) - o
=== 23Cm-| _ -
- lowar Windsor Go. 29| & 1—., s g
- Mngu“ ond clastics} g o alw

-~ . i P-4 YT

. g lcwer Windsor Gp. ZiZ> =

{ 1e8) .

P"'Copw 150 me z > g

504,'.’ o 5 o

SYMSOLS ‘i 3 CYLE -

AAe Unceniormity - Gr |0l el

discanformay () S o E:’

(1 Hiotus g i) .g <

. Fories boungory = g ud
? Uncertoin o "o_

,r



' X%

- ' T s_ 245 -

Bigure 3

’Summarf'of stratigraphy of the Morien Grbup (gﬁté%'Boehner, 1984).

S.M, Fo = Sydney Mines Formation

S.B. Fm = South Bar Formation
7
!
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Figure 4

Distribution and correlatable lateral extent of the informal
lithos:ratigr;phic zones of the Sydney Mines Formation, upper Morien
Group. : i . L e
Environments of dep;;ition are interpreted as:
A,C - fluvial-channel-dominated with -floodplaing
B,D -.fluvialvchannel and floodplain-dominated with local lacustriné'
limestone ﬁeds;
E - floodplain-dominated with mino; distributary channels and
lacustrine limestone beds. |
Abbreviations: Em (Emery), Ph (Phalen), Ba (Béckpit), Boe (Bouthillier),
"Hbr (H;rbouf), VM (Victoria Mines), NW (New Waterford), GBW (Glace Bay
West), GBE‘(Glace Bay East), DW (Donkin West), DE (Donkin East)f SH
(Séhooner Head), M (Morien South and Morien North sections).
-Thickness is that of New Waterford sectfon. Locarion and lateral extent

of figures from Appendix B are showm.
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Figqure 5 . .
Distribution and percentage of main litholegical groups in ‘ ’
sections measured.
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Figure 6

Classification and nomenclature of the sandstones from the

Svdney coalfield (from Mansfield and Ahlbrandr, 1978).
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SECONDARY SUBREGIONS
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FQ | LQ
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FRAGMENTS
«—Y%F

QUARTZ POLE . FELDSPAR POLE LITHIC-FRAGMENT POLE’

Q-R = Quartz-rich F-R = Feldspar-rich ~ LF-R = Lithic frogment-rich

FQ = Feldspathiquartzose QF = Quartzoleldapathic ‘Ql = Quartzolithic -

1Q = lithiquertzoze LF = Lithifeldspathic FL = Feldspathilithic

FSQ = Feldspathisubquartzose QSF = Quertrosubleldspathic QSsL = Quortzosublithic

LSQ = lLithisubquartzose LSF = Lithisubfeldspathic FSL = Feldspathisublithic

Highly specific classification and nomenclature of sandstones. Either the names or the letter-symbols n;:y be used.
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Figure 7

Example 1. Point-bar fining-upward sequence. Location: Donkin West secticn,

incerval 24-28 m. See General Code for Appendix A for signification of _
. Py .
symbols. . ‘
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Figure 8
Example 2. Point-bar fining-upward sequence. Location: Donkin East section,

interval 72-77 m. See General Code for Appendix A EO{\iignificacion of
symbols. -
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Figure 9
Example 3. Lateral filling of channel with epsilon cross-strata.

Location: Donkin West section, intexval 75-83.5 m. See General Code for

Appendix A for signification of symbols.
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Figure 10 - ’
Example 4. Homogeneous channel fill deposit. Locatioh; Morien North "
section, interval 50-57 m.
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. .Figgre 11
Example 5. Pebbly-granular sand wave deposit. Lwcation: Donkin West

section, interval.l4—2Q m..
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'Figure 12

A) Example 6. Channel abandonment f111ing: gradual abandomment {chute
cutoff) deposit. Location: Morien North sectior, interval 14-17.5 m.
" B) Example 7. Channel sbandonment filling: avulsion abandonment (neck

cutoff) deposit. Location: Morien North section, interval 3-6 m.

See General Code for Appendix A for significatiocn of symbols.
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Figure 13
Example 8. Overbank deposits: chanrel margin and levee deposits.

Location: Morien North section, interval 64~68 m.

See General Code for Appendix.A for signification of symbols.
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Figure 14 - | .
 Example 9. Overbank deposits: pebbly sheet splay deposits.

Location: Morien North section; interval 91-96 misaa?

~—

' See General Code fbr'Appendix A for signification 6f'symb6L .
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Figure 15 -
Example 10.  Overbank deposits: crevasse-splays with diéffibutary channel

deposits. Location: Glace- Bay East section, interval 117-139 m.

See General Code for Appendix A for significatibn of..symbols.
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Figure 16 -
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Major morphological elementsBf Yiver systems (after Walker and Cant, 1984,

Figs. 1 and 14). - . N

A)

B)

e

. : o .
A meardering river svstem. Erosion on the outside bend™wi meander loops
leads to lateral accretion on the opposite peint bar - the dunes and

ripples in the channel giving rise to trough cross-bedding and ripple

cross—laminétionfrespectively (inser, lower right), which are preserved in

a fining-ugward sequence. Characteristic are: overbank levees, spl&ys and
flood basin deposits.

—_ . '
A braided river systef/yased on the South Saskatchewan River. Stippled
areas exposed,'all other features under watér. Bar in left corner is
being driven laterally against a vegetated island and s separated from
the island by a slough in which mud is being deposited. Sandflat | is

complex, with dissectiomn features and flood-stage sandwaves generating

stacked Sp sets. Sinuous-crested dunes generate St in main channel.
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Figure 17
General lithogenetic model for the main eavironments of deposition of the °

Port Hood Formation (from Gersib and McCabe, 198l)}. The mocel is applicable

to the Sydney Mines Formatiom.
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Figure 18

Facies Transition Diagram, Sydney Mines Formation, and Yeandering River

Facies Model (adapted from Allem, 1970, and Walker and Cant, 1976).
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FigureIIQ

Tra;;}sion/Cbpnt Marrix (10 units)

area.

e

N
~

SN

\\

-

for all measured sections of the study

¥



Se St St lam S Sh Fl/fm ~ C Fm sid Ls-f 1Ls-u

Se 94 | 2 )
St _‘ 40 |- 146 4 5 2
St lam | 9 | 28 {231 |3 | 7 1 )
St 16 30 95 j170 476 7 78 1 16
sh | 8| 8 | 15 |159 212 H1' 16 | i 2
Fl/m | 16 | 22 | 41 |430 {200 | 123 | 44 13 | 83
cl 6| s | s 15| 1 1{es Q.| 28 | 2
.
Fo sid 3| 3 7 {44 |11 |79 6 B!
Ls-f i 1 :3 -26 5 i 24
Ls—m 1 1 6 1 | 46 5 17

Total transitions: 3266

Total frequencies: 3267



Figure 20
Paleocurrent directions for paleocurrent types {or each section measured.
Where n <.10, individual readings are represented by an arrow. PCL

values are trghds observed. North is up page in all cases.
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Figure 21 -
4
Paleocurrents for all sections, 20° intervals, values <10 not plotted.
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"

Figure 22. Selected stratigraphic gfequences of lacustrinme facies of the

Sydney Mines Formation

L Type of dggpsic'

Section Interval (m) Plate
Y
A) Victoria Mines I- 4 29
B) New Waterford . 108-110 31A
C) New Waterford 177-181 31B
>
D) New Waterford 186-190 - 32
E) Glace Bay West - 176-183 30

lacustrine deposit - algal laminated

predominant

-

well-developed lacustrine deposit -
interstratified stromatolitic and

mudstone-packstone subfacies

marginal lacustrine depesit -

interstratified stromatolites with
oncolites and mirx

lacustrine delta and splay-deposits

=

lacustrine deposit - interstratified

tabular beds with soft-sediment

defqrma;ion

Note: legend is same as in Appendix A.
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Figure 23 .

Late Hercynian (Variscan equivalent) structures in Northern and Maritime

Appalachians. The atrea is a junction between the late Variscan shear

zone and the Southern Appalachian folded belt. Folds and thrusts™

transform the cffset of‘(mhinly right-lateral) strike-slip faults. .

FRZ: Fundy Rift Zone. Q

Legend: 1) Carboniferous deposits; 2) fglds (from Arthaud and Matte,

1977; Bradley, 1982).
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}/
Figure 24

Basins, structural sub-basins and faulcs of the Fundy Basin System
(modified afrer McCabe and Scheak, 1982).
~— . :

Legend: Basins - 1) Cumberland; 2) Minas; 3) Moncton; &) Sydney (study
area); 5) Antigonish; 6) Southwestern; 7) North Cencral.

Structural sub-basians - 8) Metrigomish; 9) Stellarton;
10) Caledonia; 1!) Cobequid; 12) Browns Mountaim; 13) Cape Breton
Highlands; 14) Louisbourg. . \\\\\

Faults: 15) Taylor Brook; 16) Long Range; 17) Hollows

18) Cobequid-Chedabucto; 19) Belle Isle.

TN
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Figure 25{

Position of major strike-slip faults and other structural features active
during the Upper Carboniferous (modified from McCabe and Schenk, 1982). |
Legendf 1} Caledonia Arch; 2) Moncton Basin; 3) Westmoreland Arch; .

4) Belle Isle Fault; 5) Cumberland Basin;.é) Cobequid Arch; 7) Hopewell
Fault; 8) Antigonish Massif; 9) Antigotish Basinj 10) Hollow Fault;

11) Mira Bay Fault; 12) Cobequid Fault.






' Figure 26
General structural features of the Sydney Synclinorium. Dotted area

represents outcrop of upper Morien d%oup (SM FM) (modified after Giles,

1983).
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Figure 27

Fold pattern in the Sydney Coalfield, Nova Scotia (modified after

Hacquebard and Donaldson, 1969).
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Plate 1

Pebbly-conglomeratic to very coarse quartzolithic sandstone with
mudstone, calcareous and sideriric nodules and clasts as lag deposit.
Location: Morien North section 91.5 m. Clast identification:

C - calcareous, M -~ mudstone and § - sideritic. Scale bar'in cm.
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Plare 2

Pebbly (conélomeratic) to very coarse quartzolithic to quarc:osubl{thic
sandstone. basal part of channel lag deposit with iarge siderzite noduléé
and mud clasts. .i | . .

Location: Morien North section 100-105 m. “Scale bar in cm.
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Plate 3

<

A) Medium to fine {(coarse-medium in lower part) quartzolithic to lithi-
subquartzose rippled sandstone with sand-filled burrows.
Location: Morien North section 9.5 m. Scale bar 1 cm.

B) Medium to fine quartzosublithic to lithisubquartzose rippled
sandstone.

-

Location: Victorgg Mines section 92.5 m. Scale bar 1 cm.

T







Plate 4
A) Disseminated and aligned iron-carbonate nodules‘from an
undershale unit.
Location: Victoria Mines section 10-15 m. Knife is 17 cm long.
8) Septarian nodule with fractures.fi;led by calcite cement.

Location: Morien North section 100 m. Scale bar in em,
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?iaté 5

A) Vertical poiished section throughlalgal laminite.
rLo;;tion: Vic:éria.Mines section.Z.O m. Scale bar = 1.5 cm.

Bj Thin section of algal- stromatolite.
Location: New Watrerford section 179 m. ‘Scale bar = 5 mm.

<) Verticgl pelished section through oncoids. Uﬁper surface- is
approximately parallel to bedding. *

Location: New Waterford section 179.5 m. Scale bar = 1.5 cm.

~1

e






Plate 6
Mudstone-packstone limestone subfacies.

Locarion: Donkin East 107 m; Scale bar = .5 cm.
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Plate 7

1

A) Pedogenic calcrete unir.

Location: Vicroria thes section 63 m. Notebook = 15 cm long.
B) Internal fabric of pedogenic calcareous nodule.

Location: Victoria Mines section 21 m. Scale bar = 1 cm.



P

W



flate 8 o
A) Copglqmerate—bréccia limestone subfacies from "rip-up"

" limestone unit. Variegated calcareous fragments and litho-
clasts in a calcareous mud matrix. Microfractures are filled
with calcite.

Location: Victoria Mines section 72 m. Scale bar = 1 cm.
B) Conglomerate-breccia limestone subfacies. Variegated
calcareous fragments‘and lirhoclasts in a silty to very

fine sandy calcareous mud matrix.

Location: Morien North sectioen 88 m. Scale bar in cm.






Platd 9
=== ) \

Fish wmicrofauna ffom the Sydney ﬂines Formation. Scale bar is 0.5 mm in a
all cases. .
Fig. 1. Xenacaath toath, coronal%&iéw: Unit.NW:%O. Family
. Xenacapthidae, Genus Orthacanthus Agassiz.
anth tooth, coronal view. Unit NW;ZO. deily-

-~

anthidae, Genus Orthacanthus.Agassiz.

L

Fig. 3. Xenacénth tooth, lingual view.  Unit Vn-li. Family .

- .

Xenacanthidae, Genus Orthacanthus Agassiz.'

Fig. ‘4. Orthacaathus, mucous membrane denticle. Unit NW-20.

Fig. 5. Pterygoid'plgtes [= "upper jaw"]. of lungfish, ventral view. Unit

~

Nw-20. Order.Dipnoi, Family‘Ctenodontidae‘(Wooduard),

Monongahela stenodonta. .

Fig. 6. Vomerine tooth fragment from lungfish, lateral view. Unit NW-20.
OrQer Dipnoi, Family Ctenodontidée (Woodwafd), Monongahela
stenodonta. " ' T . -

fig. 7. Elasmobranch dermal ﬁgnticle, lateral view. Unit NW-17.

Unspecified 'family and genus.

'Fig. 8. Elasmobranch compound dermal denticle assemblage. Unit NW-20.

\
-
- .

. Unspecified family and genus.

Unit VMjlh‘is located at interval 2-3 m of Victoria Mines section,

o,

»

unit NW-17 at interval IOB-lId-m of New Waterford section, and-unic NW-20

m of New Waterford section.

L

at-interval 128-130
Ev"

\ . . . .
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Plate 10 . ’ -

'A) Bright-dull banééd coal,_émery sean.
Location: Scﬁgener-Head section 34 . Thickness of seam
approximagely 1.5 m.

B) Coal-carbonaceous shale—cléy interlamination grading upward
into bright~dull banded coal. Note promineﬁé vertical and
horizontal cleats. CL identifies the thin clay layers.
Location: Schooner Head section 50.5 m. Scale: bag is

30 e x 30 cm. . .

R}
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Plate Il - : : .

' +
A) Rooted zone iz underclay.

East section 34 m. Pencil = 15 en.

Location: Dornk
é);§i£ty to very fine sandy isolated scour pocket (lighter area in center
forefront of photo) preferentially cemented.by limestone in rooted

zone from underclay unit. . .

Location: Donkin West section 64 m. CalcareousZpocket is 20 cm in

dizmeter. ' ' . '\






Plate 12 .
aA) Interstratified coal (C) and carboﬁaceous ;hale. . -
-"“'Location: Donkin East section 102.5 m. Notebook = 10 x 17 cm.
B) Crevasse-splﬁy sequ;nce overlying Spencer seam (C and ruler).
Interstratified coal and carbonaceous ;hale {CS) coarsening upward to
rippled sandstone (Sr). |
Location: Morien South section 0-7 m. Ruler =.1.0 ;.
C) Fining-upward channel sandstone overl&ipg Backpit rider seam (C).

Location: Donkin West section, base of channel at 75 m.

Thickness of exposed coal below channel is 60 co.

Q\
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Plate 13

A) Sigillarian Trunk with Syringodendron patterm.

Locaricen: Victoria Mines sectionm 110.5 m. Notebook is 10 cm x 17 cm.
B) Upright Calamites trunk in upper part of coarsening-upward sequence.

Location: New Waterford section 102 m. Trunk = 1.5 m high.






Plate 14 .

&
R Te
.

|

‘A) Trough cross-stratified sandstone (facies St) from piadle part of

8)

charnel fill. Base shows erosional surface and cross—-cutting

relatfionship of troughs. Scale 1 m.

Location: New Waterford section, channel from 256-260 m.

HBorizentally stratified sandstone (facies Sh) interstratified with

. ripple cross-laminated sandstone (facies Sr) and minor Sp strata and

‘underlain by trough cross-stratified sandstone (facies St) with lag

(Se).- ' :

Location: Donkin East section 72-}7 m. Scale 10 cm intervals.






Plate 15 .

A) Undulatory, climbing ripple cross-laminated sandstone (facies Sr).
Laminations are enhanced by hematitic content. Note Ehat-ripple
crests are out of phase in vertical sequence.

Location: Victoria Mines sectton 104.5 m. Hayper handle is 28 e¢m
long. .

-

B) Undulatory, climbing in-phase ripple cross-laminated sanastone (facies

Sr). Section is oblique teo bedding.

Location: Victoria Mines 44 w. Hammer handle is 18 cm long.

’?.ﬂ’
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Plate 16

[

A) Horizontally laminated sandstone (facies Sh) exhibiting groove ) :

and tool marks on lower bedding surface. Scale: top slab 1.5 m wide. -

Currcnt_direcﬁion:NE-SW. ilocation: Glace Bay East 127 m.
>

B) Horizontally to low-angle stratified very fine to coarse

sandstone gradational into silty mudstone. -

-

Location: Morien South section 31-33 m. Scale 1 m long.

N

L
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¢ Place 17 ‘ -

»

Exanple 1. Point-bar fining-upward séquence.' Location: Donkin\UeSt
section, interval 24-28 m, <

. ¢ P
A) Fining-upward. point-bar sequence containing trough cross-bedded (St)

to /trough cross-laginaceq_(St lam) to rippdéd sets (Sr}. Scaie Inm
loié.

b}

B) Laterally migrating trough. cross-stratified sets.* Scale 20 em long.
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Plate 18

Example 4. Homogeneous channel fill'deposit. Location: Morien North

section, interval 50-57 m.

A) Channel filled by fining-upward troughl sets as thick homogeneous.
‘sandstone units lacking lateral accretion structures. Facies
indicated correspond to those listed in Table 9.

B) Similar channel filliné as (A) but in New W?terford section, interval

202-211.5 m. Scale 1 m. ' .

&






Example 8. Overbank deposits: channel margin and levee deposits.

Lo;ation: Morien ‘North section, ihtérval 64-68 m.

A) Channel margin and levee sequence including flooded upright tree '
trunks {close-up in (B)). Total height of cliff from grass to beach
-is approximately 13 m. - -

B) Intérstratified tabular rippled sandstone, siitstone and silﬁy shale

encloéipg upright ctree trumks. Scale: upright truhk in center is 40

cm in height. Location of close-up is indicated in (A) by arrow.






?late 20

ExampleiS. Overbank deposirts: péﬁbly sﬁee: splay deposit.
Location: Morien North sectilon, interval -91-96 =.

A) Vertical sequence Qf lowermost 4 tabular b&dies {numbered on pla:ef

ranging in thickness from 1.5 m at base to 60 ¢m at the top.

- )

B) Bedding plane view from the lowermost tabular bed of (A) of this
pe$b1§-conglomeratic, very coarse to coarse sandy unit with a green to

dark-grey muddy marrix. Scale: camera cap is 5 cm in diameter.
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Plate 21 ' ' :

Example 10. Overbank deposits: crevasse-splays with distributary channel
cdeposit. Location: Glace Bay East sectlon, interval 117-139 m.
A) Splay channel with laterél accretion sets on left side of channél.

Interval i1s 120 (base of rtuler) to 126 m. Beds enclosing channel

-

contain much disseminated plant debris and discontinuous thin coally

lenses. Scale ! m._
B) Splay channel from New Waterford section, channel locared at interval

252-253 m. Channel is part of a sequence enviroﬁmentally similar to

T

(A). Scale 1l m.

!

©






Plate 22 _
Well-drained floodplain deposit with fluctuating water table.
lVariable interstratifit‘:ation of light olive grey/greyish greén

" to purple hematiric (localiy mottled) fine sandstone 1o fine
‘clastic, beds. Lecatien: h}ew Wétefford section, interval 260-280 m.

Cliff height approximately 15 m.
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Plate 23 ‘ -

Poorly drained (6rganically dominated) coarsening-upward floodplain

deposit. Interstratified dark olive grey tc olive black, highly organic

" claystoénes/mudstones and thin to thick coal seams.

' A) Location: Clace Bay East-section, interval 108-118 m. Cliff height
10.7 m.

B) Location: Glace Bay East section, interval 98-104 m. CLiff height

6 m.

-
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Plate 24 .

Sandstone diagenesis: burial.diagenesis and co;paction.

A) Fracturing and bending of mica flakes and micaceous lithic clasts in a
very'fine to fine sandstone interlaminated with sandy siltstone.
Location: Morien North section 22 m. Scale: a%e;age dimension of
disseminated quartz grains is 0.15 mm.

B) Compaction effects (s;ylolites) in and carbonaceous mud clasts from an

intraclasric calcareous bed. Location: Glace Bay East section 40 m.

Scale: larger clast in center of photo is 5 mm in diameter.
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Plare 25

Sandsténe diagenesis: primary and authigenic clay content.

A)

8)

Primary clay of pluri-mineralic clay assemblage exhibiting poorly
defined cutlines of crystals and clay aggregates and a low to moderate
degrée of cfysnallinity. Location: very fine to fine, calcareous,

lithic sandstone from Donkin West section 64 m. Scale: average.

Ea

dimension of disseminated quartz grains is 0.15 mm3.
Authigenic clay as fine crystalline aggregates and coating on the rims
of detrital grains, in which the 1ndividual clay ctystals exhibit ’
some degree of orientation either'ﬁhrallel or perpendicular to the
grain boundaries. This example is from a coarse-medium, salt and
pepper sandstope wigh‘coarse-medium mica flakes and carbonaceous

,

debris. Location: trough'cross-stratified unic at Denkin West section

115.5 m. : )



(&
o

)

Y




- 295 -

Plate 26

Sandstone dlagenesis: silica cementation.

A)

B)

Dissolution at grain-to-grain contacts: tangential, long or straight
and’ concavo-convex welded contacts are present.

lLocation: medium—fine, micaceous, lithic sandstone at Meorien North

gsection 33 m. Scale: average quartz grain size 0.2-0.5 mo.

—
Authigenic (syntaxial) quartz overgrowth. The boundary between

of -
-particle and overgrowth is outlined by the presence of clay minerals,

iron oxildes aud/or inclusions rimming the particle as a dusty border.
Quartz overgrowth characteristically develops around single quarcz
particles. Sample as in (A) but highly magnified. Scale: quartz

grain in center of photo is 0.5 mm in diameter.






VPlate 27

Sandstone diagenesis: calcite and hematitic/iron oxide cementation.

B)

" A) Calcite cementation as a crystalline pore-filling cement (poikilotopic

calcite cement’ type). This sparitic cement encloses all grain types,
- L]

exhibits expansion™and pushiﬁg aside of framework matfi?‘énd
individual grains and particles including quartz grains'_
coalesced by pressure-solution contacts. Location: medium-coarse,
salt and pepper calcareous cemented sandstone at the base of the

- :
trough cross-bedded strata, Donkijhﬁgst section 58 m. Scale: average

dimension of quartz grains is 0.4 ‘mm.

Hematitic and iron-oxide cement occurriﬁg as a red to black pigment
coating grains, .in interparticle patches compiexly mixed with primary

clay matrix and as disseminated grains. Location: fine-medium, salt

" and pepper, micaceous, hematitic uppermost sandstone, Morien North

section 30 m. Scale: aveiage‘dimension"of quartz grains is 0.25 mm.






Plate 28’ | 3 .

Channels overlying and underlyving coal seam. Facies\::qlicated are:
' Ch - channel, F1l - floodplain, and C - coal.

.Location? New.Waterford sectionm, interval 55-70 m. Scale: cliff height

épproximately' i8 o,

Q
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"Plate 29 Co .

Example 1: Lacusérine éepositt Location: Victoria Mines section,

inrerval 1-6 m. ‘

A) Interstratified algally laminated, stromatolite and mudstone to
packstone limestones énclosed in a marly claystone/mudstone package
overlain by a minor coal seamn. Scale; sequence approximately 6 m
thick. .

B) and C) Upward sequence within the main bodies: marly claystone (not

" shown) - stromatolite - mudstone packstone - algal laminite -

carbonaceous shale. Scale: knife blade in (B) is 20 cm; pen in (C) 1is

15 &,

LY



B




" Examples 2 and 3: Lacustrine and-marginal lacustrine deposlts;'
\ ) ) >
. . . . . . .
A) Example 2. .-Location: New Waterford section, interval 107-112'm (unit
L3

QW-I?). Céérsening-upward 123 m thick lacustrine sequence of
interstracif;ed mudstone—pa&kstone, algallxrlamfnatgd and horizontgl
stromagolite and marly glaystone. Corresponding section is outlined
in Fig. 22B.. Scale'is l m. | - ' - .
B)‘Examplé 3. Location;_Ngw Wﬁ#erford §ection,Ainterval 177-181 m.

-

General éoarsening-upuatd and thinning of beds in a marginal
lacustrine sgquence: Upward changes from predominantly horizontal.
stromatolitic beds (8S) to beds of domal stromatolite (DS) with

increasing oncolite (0} content upward. Corresponding sectilon is

‘outlined in Fig. 22C. Scale is L m.

»
a

L
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Plate 31!,

Example 4: Lacustrine delta deposit. Location: New Waterford section,
interval 185=191 m. Coarsening-upward sequence exhibiting transition
from lacustrine sedimentation (A) upward into a small-scale lacustrine

deltafill (B). Liméstone bed in upper part of (A) is same bed as the one

in"lower part of (B). Scale in (A) and (B) is l m.

R






- 301 -

Place 32
Example 5: Lacustrine splay deposit. 'Locatio;: Glace Bay'West section,
w'interval 176-183 n.

A) Contorted bedding (ruler at 179 m) within interstratified iacustrine
| splay sequence. Scalf 1 m.

B) Desiccation cracks laterally equivalent to the sequence in (4). -

Scale: 10 cm units:

L)






. Placte 33

-

Lacustrine floodplain and swamp deposits’

- ]

A) Thin coarsening-upward limestone deposit overlying coal/carbonaceous

1

shale unit. Location: Donkin‘Eas;.sectioq, interval 123-125 m. Coal

seam is located at 123.5 m. Scale is 1 m.
B) Close-up of the complex interlaminations of several lithofacies v

characteristic of these deposits. Location: Glace Bay West sectionm,

interval 66-33 m. Unit sthn is located at 65 m. Scale in cm,

-

: 7



sy

o)

» P g




- 303 -

Plate 34 | _ .g,
Carbonate diagenesigz horizontally algal-laminated and stromatolicic
limeséones _
A) Distinetly banded, gently wavy laminated light layers composed of .
sparicized calcite separated by dark micritic filaments a few
nicrometers ;hick. Locacion: Victoria Mines sectiom, interval 2-3 m.
Scale:ltotél‘thickness of the threellight layers and filaments is 1.5
B) Distinctly banded, slighc]ﬁycdrvéd horizontally laminated light layers .
composed of neomorphosed faint radial fibrous calcite separated by .
dark micritic filaments a few micrometers tﬁick. Location: Victoria
ﬁines section, imterval 2-3 m. Scale: total thickness of the three

light layers and filaments is 1.7 m.

C) and D) Close-up of algal fragment of Garwoodia—Hitcheldéania complex

at the base of a domal structure.
Location: New Waterford section, interval‘'l74-183 m. Scale bar in (D)

is 0.1 mm; different magnification for each miéchhotqgraph.
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Plate 35 "

Carbonate diageriesis: domal stromatolites and oéggﬁg;ic.limestdhes. \

1

Location: New Wa:erford section, interval 174-183 m.

,

- A) Columnar internmal structure of laminaze in which the principal
convexities are in the growth direction.and exhibiting sparitizatien

of laminae within the domes and of open-space-structure at the base of

-

the dome. Grains at the base of dome are pellets, pelloids and
lithic fragments. Scale: total height of dome is 1.5 mn.

’

B) Clesgely spaced internal structure latérallyhlinking the columnar
structures. Scale: interdomal connection is 0.2 om wide. )
C) Sparry calcite cementation of interdomal cavity fill. Fragments are

skeletal debris, pellets, pelloids and lithic grains. ScalezsHige

skeletal fragment is 0.3 mm wide.

-~
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Platé 36

Carhonate diagenesié: mudstone to packstone subfacies. Location: New

‘Waterford, interval 108-110 m.

"

B)

C)

D)

e

-

Poorly defined laminae from mudstone-packstone subfacies. Scale:

maximum dimension of_cementhilled'ostracod shell is 0.3 mm. -

Bioturbatéd/ﬁelleted mudétone witb;interparticle microcrystalline
gilica cement, Hﬁgnification as in (4).

Interlaminaced skele;al'waer;tone (upper dark layer) to éacks:one
(lower two-thirds of phoE;).' fo?sils present iﬁclude broken. ostracoed,
thinJghelled 3dstr§pod, Sgiro;;;s tub; aﬁa fish scale. Scale: largest
fossil fragment s 0.4 mn wide. | 7 } -
Skeletal packéi;ne.("ostracodite") exhibiting compaction and
deformation ‘of sﬁells aﬁdIXF-F granular calcite intraskeletal cement.
Organic debris and hematitic stainihg af partially recrystallised

micrite 1s present. Scale: horizontal widtii of largest ostracod shell -

is 0.6 om.







APPENDIX "A

Detailed stratigraphic columns.from measured sections
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: .
APP A FIG 1 VICTORIA MINZS 120m
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Fig1. -
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Fig 1
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A . ' .
APP.A Fig 2 NEW WATERFORD '285m
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Fig 2
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APP A FIG-3 GLACE BAY WEST 280m
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APP A FIG 4 GLACE BAY EAST 210m
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APP A FIG 5 DONKIN WEST 135m
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APP A FIG 6 DONKIN EAST 135m
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APP A FIG 7 SCHOONER HEAD 60m
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Fig 8A
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Fig 8A
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' APPENDIX B

v

and the extent of lithostratigraphic zones

(for exflanarion of symbols see Appendix A)

PR

Correlations from detailed stratigraphic sections’
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