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ABSTRACT

The Sydney Basin, Nova Scotia contains Carboniferous rocks
ranging from Visean to Stephanian in age, of which the Mor-
ien Group is the youngest part of the succession. Lack of
marine fossils and marine sequences, the presence of non-ma-

rine fauna, abundant organic material (including in situ

trees), paleosols and a fluvial association indicate a ter-
restrial environment of deposition for the Morien Group.

The upper Morien Group 1S interpreted as a meandering
fluvial sequence deposited on a broad floéd plain. It con-
sists of three major facies assemblages : a sandstone as-
semblage, an alternating assemblage and a mudstone assem-
blage. |

The sandstone facies assemblage .comprises fining upward
seguences dominated by trough cross-stggtified sandsténes,
ripple cross-stratified and horizontally stratified sand-
stones ééd siltstones. Lateral accretion units are recog-
nized and attributed to point bar depositio;t’ Sinuodity of
the system was calculated from widths and depths obtained
from the lateral accretion units. The reshlt (mean sfhufsi—
ty = 1.87) indicates a highizvginuous system. Lateral cor-

relations of drill cores and cliff sections show great lat-

eral extent for the sandstones. The high sinuosity and



great lateral extent are attributed to a very migratory.sys-
tem, which traversed a broad flood plain.

'Thg'alternating facies assemblage consisté of alternating
beds of saﬁdsthe, silfstone, mudstone and coal. The_sand—
stone and siltstone are typically rippled and grade into
each 6ther: lesé commonly, they grade into mudstone and
coal.. Fossil rich black shales and limestone are less com-
mon, and contain non-marine foséils. These lithofacies fine
and coarsen.upward into sach other. They are only occasion-
ally marked by erosional surfaces. These units are attrib-
,uted to upper point bar surfaces, lake deltas, levee, cre-
vasse splay, flgod plain and %acustrihe deposits..

The mudstone facies aséemblage consists of thick sequenc-
es of red and grey mudstones and minor siltsfone and gand—
stone beds. These units are laterally continuous for great
extents (up to a few gilometres). This assemblage is at-

tributed to distal flood plain and flood basin deposition.

Both the alternating facies assemblage and the mudstone fa-.

cies assemblage contain various paleosols. These include
calcretes and non-calcareous paleosols. Crystallaria and
ped structures are observable in thin sections of the cal-
cretes. '

Paleocurrent analysis of the upper Morien Group shows an
overal; ﬁortheastefly trend. Within the group, there is an
orthogonal relationship between the overbank deposits and

-

the channel sandstones.

a‘ A



The uéper Morieﬁ'Group was depqsiﬁed on a bread £lood
plain located in the southwéstprn part of a8 1larger, east-
west elopgated basin. Sedimentological data and the struc-
tural framework of the area indicate that the Sydney Basin
is a marginal strike-slip.basin. It formed part of the Fundy
Basin System, which developed Early in the Devonian Acadian
orOQeny.and experienc;d continual faulting, folding and sub-
sidénce into the Carbomiferous. These internal faults and
folds created local uplifted blocks and.sub-basins. Defor-
mation included the final stages of the Acadian orogenyAand

<
deformation associated with the -‘Alleghenian orogeny, which

formeé integral staces in the devela~rent of the ammalachian

Structural Province.

- yi -
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Chapsgr I

INTRODUCTION

The onland part of the Sydney Basin occupies the north-
eastern part of the lowlands of Cape Breton Island, Naova

Scotia. It is the south-western extremity of a much larger

basin, which extends north-eastward under the Atlantic Ocean

(figure 1). On land, the Sydney Basin covers approximateﬁy

360 km*, bounded on three sides by the Atlantic Ocean and to‘

the south-west by lower Carboniferous rocks (figqure 1).

The Sydney Basin qonsists of Carboniferous rocks ranging
from Visean to Stephanian \in age. In ascending stratigraphic
6rder, the successicon consists of the Grantmire Formation,

the Windsor Group, the Point Edward and Cape Dauphin Forma-

dons and the Morien Group (figures 2 and 3). More detailed

descriptions of the lower parts of the succession can be

found in Bell, (193R8), ) Weeks (1954), Boehner
(1983), Dilles and Rust {(1983), Giles and Boehner
(1982), Giles (1983), Rust and Masson (1981) and Rust et al.

(1983).



[

Offshore Extent of the Sydney Basin

Atlantic Ocean ]

Figure 1



Onshore Geoglogy of the Sydney Basin

ATLANTIC
QOCEAN -

Figure 2 (iegend see tigure 24)
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upper Morien Group-shale, sandstone,

—”_'—:’_: major coal deposits

lower Morien Group=sandstone, conglomerate
“AJOR REG’

Point Edward Formation=
sandatone, shale,
minor limagione

undivided
Pre~Carboniterous
rocks

(after Glles, 1983)
Figure 3: Sydney Basin stratigraphy.
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1.1  PREVIOUS WORK . v

The Sydney Basin has been studied geologically since the
mid-1800's (Lyell, 1842). Geological investigations during
‘the 1800's and early 1900's were concerned with general map-
ping of the basin, coal potential and detailed descriptions
of the megaflora (Dawsoh, 5855, 1891; Lesley, 1863; Brown,
1871; Robb, 1874, 1875, 1876; Hyde, 1913; Young, 1913: Dowl-
ing, 1915; Bell, 1938}.

More recently, Hacguebard and Donaldson {1969) and Hac-
guebard (1983) have continued investig;tions into the eco-
nomic aspects of tke basin hand the chemical and microscopié
characteristi®s of the coal, The present Carboniferous
stratigraphy in the Sydney Basin was d;ﬁeloped from work by
Hayes, Bell and Goranson (1938a, b & c); - Weeks (1954); Barss
and Hacquebard (1967); Hacquebard and Doﬁaldson (1969); Zo-
drow and McCandlish (1978 & 1980); Boehner (1981) aﬁéJGiles
(1981). The presently accepted stratiqfaphy for the Sydney
Basin 1s shown in table 1 and figur 3. |

The Morien Group was subdivided into three megafloral

biostratigraphic zones, defined by Hayes, Bell and Goranson

(1938) as : a lower Lonchopteris zone; a middle Linopteris

obligqua zone and an upper Ptychocarpus unitus zone, later

equated with three spore assemblages by Barss and Hacquebard
(1967),(tab1e 2). The boundaries of the megafiorai zones
were mapped across the Sydney Basin by Hayes et al. (1938a, b

&C). 'h -



Table l: Sydney Basin Stratigraphy

%

Age

Stephanién =
upper Morjen Group

Viestphalian .

Westphalian lower Morien Group

Westphalian

Westphalian Pegional- Unconformity

Namurian

Visean Point Edward/ Cape Cauphin

' Formations
Windsor Group
Grantmire Formation
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The boundary between the upper Ptychocarpus unitus zone and

theé middle Linopteris obliqua zone was placed at the Stony

coal seam (also known as the Lingan or Emery seam). The

boundary between the middle zone and the lower Lonchopteris

zone was placed at the Tracy coal seam on the east side of
the basin,. but was arbitrarily marked on tBe basin’'s west
side. The Morien Group was previously informally divided
inte upper and lower subdivisioné: Proéuctive Coal Measures
and Millstone Grit, respectively {(Robb, 1876), 'based on the
presence of economic coal measures ih the upper division.
The upper subdivision of Robb {1876) ccincides with the up-
per biostratigraphic zone of Bell (1938) and Barss and Hac-
quebard (1967)/, Robb's (1876) lower subdivision encompasses
the lower two biostratigraphic zones (table 2). Subsequent
work on the basin's megaflora by Zodrow and McCandlish (1978

& 1980) has revised the biostratigraphy (table 2). These &u-

thors reported an extension of the Lonchopteris zone upward

into the Linopteris obligqua zone and an extension of the Li-=

nopteris obliqua zone upward 1into the Ptychocarpus unitus

zone, Zodrow and McCandlish have thus divided the Morien

Group into two parts consisting of Bell's Lonchopteris and

Linopteris obligua zones. Zodrow and McCandlish have aban-

doned the Ptychocarpus unitus zone and have placed the West-

phalian'C-D boundary at the roof. of the Tracy coal seam

(formerly Bell's Linopteris obligua - Lonchopteris bound-

ary).
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The Morien Group has been correlated with the Pictou
Group of hainland Nova Scotia and New Bfunsuick by Vaih de
Poll (1972) and Barss and Hacquebard (1967).

Previous workers have agreed that the deposits of the Up-
per Morien Group are largely continental, due to the pres--

ence of abundant flora and in situ trees, (Dawson, 1855, .

1891; Robb, 1874, 1875, 1876; Hayes, Bell and Goranson,
1938).- The environment of,depos§tion is presently described
as a braided to meandering fluv}al system on a broad flood,
plain (Rust et al,, 19835. |

In 1981, the Nova Scotia Department of Mines and Energy
began a three year project on the Sydney Basin:- joi;tly
funded by Nova Scotia and the federal government. This in-
volved redefinition of stratigraphic and structural rela-
tions and proposals for depositional environments within the
basin. In conjunction with the Nova.Scotia Dep;rtment of
Mines and Enérgy, Dr. B.R. Rust of the University of Ottawa,
Dr. M.R. Gibling of Dalhousie University and University of
Ottawa graduate students G. Masson, S. Dilles and the au-

thor, are completing detailed studies on parts of the Morien

Group.
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1.2 LOCATION, ACCESS, METHODS AND AINS

The study area is located in the north-western part of
the Sydney Basin, along the west side of Sydney Harbour,
near the towns of NO;EE/Sydney, Sydney Mines and Florence
(figure 4).'" Cliff sections of the upper Morien Group were
examined between Stubbert Point and Merritt Point {(figure
5). The cliffs are moderate in height (10-30 m} and are ac-
cessible at low tide. -

Seven sections we;e measured, sampled, described and photo-
graphed between North Sydney and Merritt Point. The low dip
and continuous cliff exposure, almost parallel to the dip
between Stubbert Point and Cranberry Head, allowed a com-
. plete sequence to be examined froﬁ the informal ubper - low-
er boundary within the group, t¢ the Aconi-Seam - approxi-
mately 450 metres thick. The base of the upper Morien was
defined By Giles {1983) as the first'appearance of thick
laterally persistent shales.within the succession. Other
sections, to‘the north of Cranberry Heaa, varied from 5 to
120 metres thick and occur stratigraphically below the Aconi
Seam. Sedimentary facies were identified, and their spatial
arrangement was observed . Facies assemblaées were devel-
oped and applied to depositional models. Paleocurreﬁt data
were obtained wherever possible, with a multitude of values
being taken on exposed shelv;s. In addition, drill core lbgs
obtained from Nova Scotia Department of Mines and Energy,
Devco and Robertson and Associates Engineering, ‘'were incor1

-~

porated into the study.
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The.légs were correlated with the cliff sections to obtain
some idea of fhe lateral extent of the major facies, Since
data varied greatly from log to log, the lateral correla-
tions are based on very generalized lithologies.

-From field data, facies interpretations were aided by pe-
trographic examination, paleocurrent analysis and Markov
"Chain Anaiysis.. These data were used to reconstruct the pa-

levenvironment and depositional constraints.

1,3 TECTONIC FRAMEWORK

/
The Sydney Basin is part of the Appalachian Structural

Provinée of eastern Canada (Williams et al,, 1972; Poole,
1967) and lies in William's (1979) Avalon Zone. The Appa-
lachian_Strug;ufal Province extends northeasterly along the
Atlantic coast (figure 6). Kennedy (1979) and others sug-
gested that the Appélachians were once continuous- with the
Caledonian Mountalin Belt in Ireland, Britain and elsewhere .
The Appalachfan Structural Province is a zone of Paleozoic
rocks which has .undergone several phaseé of igneous activi-
ty and tectonism. The province 1is flanked to the northwest
by the Grenville Province of the PreCambrian sﬁield and by
the Atlantig’ Ocean to the southeast. The Appalachian Struc-
tural Province has undergone four major orogenies: the Ava-
lonian orogeny of late Precambrian age; the Taconic orogeny
of the Ordovician ; the Acadian o%d@eny of Devonian age and

4

_—
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' GANADIAN APPALAGHIAN STRUCTURAL PROVINCE
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Figure 6

-~ — e« Canadian Shleld - Appalachian Structural Province boundary
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the last major orogeny of late Paleozoic age, the Allegheni-
an. These orogenies were marked by intense folding and re-
folding of strata, uplift, faulting, volcéanism and intrusion
(Poole, 1967; Williams, 1979).

The Carboniferous Period includes the final stages of de-
formagion of the Acadian orogeny and the deformation associ-
ated with the Alleghenian orogeny. The Acadian and Alleghe-
nian orogenies markéd the development of various upland and
shelf areas within the structural province (figure 7). These
orogenies set the Eontrols and limits for Carboniferous sed-
imentation, ‘

It was during the Acadian orogeny that the Fundy Basin
System became fully veioped (Belt, 1968; Pdole, 1967).
Initiation of the Fundy Basin System began with two deeply
subsiding, northeasterly trending basins (the Fundy Basin
System in the southeast and the northwéstern Matapedia ba-
sin). These basins were separated by the Miramichi geanti-
cline (figure 7). Sedimentation in the smaller basin (to the
northwest) terminated during mid-Devonian times; this ar;a
was then uplifted after the Acadian orogeny. Meanwhile, the
larger basin, to the south, developed northeasterly trending
faults and the central region of this basin experienced con-
tinued subsidence.

This larger basin 1is made up of a series of sub-basins,
separated by locally uplifted areas (figure 8). The central
part of this large basin fits the Fundy Rift Basin of Belt
(1968) and the Fundy .
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Geosyncline of Poole (1967). The basin is most likely the
result of various differential movements, regional and local
tectoqism and progréséive onlapping of the basin strata on
;gfgggacent plaifofmal areas.

The Sydney Basin is part of the Fundy Rift System. It is
pounded to the south by the East Bay and Forchu Blocks and
to the northwest by the Kellys Mountain Block; these are ma -
jor fault boundaries (Kepp1e, 1979) (figure 9). Internally.
the Sydney Basin contalns 3 series of northeasterly trending
gentle folds (Hayes, Bell and Gbranson, 1938a, b & ¢) which
die out seaward. Major faults bounding the basin and minor
in basin faults also trend to th@ﬁnorthéasgi Folding and
faulting within the basin strongly influenced and disturbed
pre- Morlen rocks (Giles, 1983). The major folds are not eas~”
ily extended into the younger Morien strata, although small-
er scale folds are present. Glles (1983) has suggested that
this represents final infill of the pre~ existing terrain by
the youngest Carboniferous strata.

Major faulting affects strata only i; the lower Morien
Group ; the upper Morien Group appears to be affected only
by the Mountaiﬁ fault. Th{s suggests that last movements
p;e—date depqsitioqwaf the upper Morien Group (Giles, 1983),
or that the other major faults do not cut the upper Morien
strata, becausé they do npt occqq,the same areas. ~ Thus, by.
the time the Morien Group was being deposited tectonic ac-

tivity was limited. Since then,
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Goq-ral Structural Features of the Sydney Basin
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little other tectonism has affected the basin, leaving the

»

Morien Group in essentially its attitude of deposition. -
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Chapter 11

LITHOFACIES

2.1 INTRODUCTION

‘The most common usage of the term facies is based on the
original definitgoﬁ of the term by De .Raaf et al (1965).
They defined the term facies as subdivisions of a seguence
based on lithological , séructural and organic aspects ob-
sergfd in the field. VFacies may be given-general informal
designations, such as: sandstone facies, or brief descript-
tive designations, such as: rippled sandstone fac{es‘ When
describing facies, -it is understood that environmental in-
terpretations will be made, but this 1s normally done on the
basis of fécies assemblages. That is, facies assemblages are
based on spatial relations between different facies and to-
tal features of a seguence which characterize the sediment
as having been deposited in a sﬁécific environment.
! The uppér‘Morien Group is described here according to fa-
cies associations subdivided into li{hochies, which are
adabted from Miall's (1978) classification (téble 3).

Qescriptions of the lithofacies follow.
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Table 3: Lithofacies observed in the upper horlen Group.
(modified after Miall, 1978)

D - limestone

C - coal and carbonaceocus shale
Fm - massive and thickly bedded mudstone

Fl - inter-stratified sandstone, siltstone,
mudstone and shale

Sr - ripple cross-stratified sandstone and
siltstone

Sh - horizontally stratified sandstone and
siltstone

St - trough cross-stratified sandstone
Sp - planar cross-stratified sandstone
E - erosional surface treateé¢ as a lithofacies

for purposes of Markov chain analysis
L ]
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2.2 FACIES ST - o )

Lithofacies St consists of very coparse to medium- grained
trough cross-stratified sandstone. Trough sets range from 50
cm wide x 10 cm deep to 15 x S cm, commonly decreasing‘in
size upward within the coset (photo 1). Cosets of lithofa-
cies St average 7 m in thicknéss.‘ frough bases are marked
by local accumulations of logs, . pebbles and fine to very
coarse plant debris (photos 2 and 3). Coal blocks (photo 5)
(originally peat mats) occur at the bases and within the
Eases of some of these sets. Organic lags contain logs var-
ving in size from <1.cm up to 40 cm. Clasts are mostly < 2
em and are predominantly composed of quértz grains, sedimen-
tary and metamorphic‘rock fragments.

Lower contacts are either— erosional or non-erosional.
Erosional)bases are characterized by local scouring, intra-
formational mud clasts {photo 4) and coal blocks. - Non-ero-
sional bases overly.coal seams without cutting into them
{(photo 6), presumédbly due to the resistant nature of the
original: peat. Upwards, St grades to smaller troughs and
finer lithofacies (Sh and Sr), which may fﬁrther grade into
the interlaminated lithofacies Fl and mudstone (Fm) (figure
11, section a, 20 to 40 m). 1In places, compaction of under-

lying coals " and muds has caused distortion of the trough

dets.
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Figure 10: lLegend for graphic logs, figures 1l to 17.

mé mudstone lenticular interteds

sidst sandstore

“vE very fine - nudstonre

£ fine <—> sandstcre

m medium .

c ' coarse : r reé

ve very coarse J. calcareous

== limestone :zz interbeds of mudstone
ey shale anc coal

X coal

stratification . N

g horizontal .
L~ ripple :
N—r trough - '

s~ planar

IAYY cdeformed. —
structures pe .

A rceting / ccal mats

v mud cracks &/ lcas

~ £flute casts P plant dekris

R cone-in~cone }{ in situ trees

~ channel edge o pekbles .
< lateral accration . 4 nmudstone clasts 4

: unit, extent o} concretion/nedule

p— covered. interval c corrolite

o erosional contact Vv  pelecypod

_— sharp centact
ccal seams ‘ © ' faleccurrent data
AS Aconi Seam 5 nucker of measurermer<s
LCS Llcyd Cove Seam —W trouch cross-shratiiisd
LTPS:: - Lower Chapel Poin: Seahm units
CCPS Upper Chagel Point Seam rizcle cross-stratified
cvs Svcney Main. Seam tnits
N Millponé Sean —V flite casts
"CS Indian Cove Seam —— Drimary cu"‘en‘: limea*icn

=5 Stony fearm (Trean ..:__L_a.x. giractinns)



Figure 11: section a,
tigure 5: refer to
figure 10 for legend.
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2.3 FACIES SP

Planar cross-bedded sandstones are extremely rare in this

part of.the upper Morien Group. They occur as isolated (30

to 60 cm thick) wunits below the lithofacies St and have a’

gradational contact with this facies. Sp consists of medium

to fine-grained sandstgnes. They were observed at the con-

tact of the upper and lower parts of the Morien Group, near

Stubbert Point (figure 11, section a, lower 2 m}.

2.4 FACIES SH

Lithofacies Sh consists of fine to very fine-grained
sandstone . Set thicknesses are up to 50 cm, with internal
stratification ranging from 3 cm to less than 0.3 mm (thinly

laminated) which results in extreme fissility. Horizontally

stratified sandstones and siltstones are transitional into

facies of rippled sandstones (Sr) ({photo 8) and siltstones

(F1). They are also transitional upward into shales (Fl{(c))
and mudstones (Fm) and downward into St. Lithofacies Sh may
also grade laterally to Sr and Fl. Leaf apﬁ plant materials
are present in some cases. Horigontal laminaticons are mark-

ed by dark organic accumulations.’

F
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2.5 FACIES SR

. -~ . .
Ripple cross-stratified sandstones, mudstone (Fm):.and la-

minated fine-grained faci;s (Fl;- are the domirdant facies
types in the upper Morien Group. Grain size in‘this facies
ranges from medium .sandstone to very fine-grained sand-
stone. Cosets of lithofacies Sr trange from 1/2 to 3 m
thick, with an average thickness of 1 m. The units are com-
monly very fissile and show abundant organic materiél on la-

mination planes (photo 9). In situ trees are2 also commonly

. observed (photo 10) in association with Sr, The rippi&
forms are unidirectionai'current forms with low (< 1/4 to
*1/2 gm) amplitudes; climbing ripple forms are present but
are not <¢ommon (photo 11). Sr commonly fines upward into
_ flatter gipple forms and:finer grained sediments. Lithofa-
" cies Sr is grad;tional upward from St and Sh and into Sh, Fm
and Fl (parts of figures 11, 13, 14 and 15). It is also
found as- thin (2 to 30 cm Fhick) cosets within St unit.
Laterally, lithOEacies.Sr may grade into Sh, Fm or Fl and
occasionally li;hofaciés St.

Due to extensive bioturbation, stratification is commonly
disrupted or obscured. Compaction has also caused deforma-
tion of internal structures.

Some of the sandstones and siltstones are calcareous, in
which case they are Elosely associated with red mudstones

and calcretes,
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Figure 13:Section k, figure 5, refer to
figure 10 for legend.
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metres

Figure 15:.section e,
figure 5 refer to figure
10 for legend.
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2.6 -FACIES FL /

Interlaminated shale, siltstone, sandstone and mudstone
units are common, with the individual rock types grading up-
ward, downward and laterally into each other.This facies is

gradationél into lithofacies Sr, Fm and C. Stratification

is highly variable from rippled to horizontally stratified
185 j

units; thicknesses range from <0.3 to 3¢cm. Units tend to be

very fissile, with abundant organic material concentrated on

.the lamination planes;these concentrations commonly accentu-

ate internal structures such as ripple forms (photc 9}.
Ripples are ;symmetrjc unidirectional current forms, of low
amplitude (i?grage of 5 mm). | Bioturbation and compaction
gommonly obscure and dfsto}t much of the internal structure,

leaving only a hint of the original stratification. Organic

debris, rootlets, in situ trees and pedogenic nodules are

-~
common in this facies.

Trace fossils were observed on boulﬁers attributed to
this lithofacies near Cranberry Head and Oxford Point (fig-
ure 5, photos 12 and 13). They have been identifjed by Dr.

G. Narbonpe (pers. comm.)} as Diplichnites sp. and Beaco-

nites sp.; non-marine to marginal marine environments are

most probable for these two traces (Briggs et al, 1979; Al-

len and Williams, 1981).
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“Figure 16:

Section g, figure S - .
refer to figure 10
for legend.
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Figure 17:Section h, figure 5
refer to figure 10
for legend.

§9.1}8wWw




N : ' ' |

: _ . 37

2.7 FACIES FL(C) _ : .
Black to brown shalé,péds not directly ‘associated with
coal seams ‘e not common. The black shales are usually
closely assocliated with limestone beds (facies D). These
units are 1/2 to 4 m in thickness. The Black shales contain
abundant pelecypods, coprolites, :ostracods, fish bones
scales and teeth. Teeth of the fresh water pleuracanth

sharks have . been reported by Masson and Rust (1983) from .

equivalent strata east of Sydney Harbour. The ostracods are

non-marine and are probably the species Carbonita inflata

and C. scalpellus identified by Copeland (1975). The light-

er or brown coloured shales contain abundant plant material.
These units occur most commonly with the lithofacies Fm, Sr
and Sh; - in some cases they pass laterally inte lithofacies

Fm or Sh..

.
L]

2.8 FACIES FM

Massive

thi;}lzﬁpedded (3 to 10 cm) mudstones are com-
monly interg) ionai with facies Fl, Sr and Sh. The mud-
stones are red or grey in colour. The red mudstones are in-
terbedded* with grey mudstones, bedding being 2 to 10 cm:
this results 1in 30 to 80 cm wunits of alternating rtred and
grey beds. Both mudstones weath;r very rubbly. The redlmud-
. stones are also commonly associated with calcareous sand-

stones and siltstones. They are mudcracked in pIaces and do

not show extensive bioturbation. The red mudstones exclu-
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sively display convex up fracture systems (photo.lé). The
grey mudstones are generallly heavily bioturbated and com-
monly contain abundant roots and plant material. Leaf
material was. described in detail by Bell (1966}); ident&fica-

tions by the author include: Lepidodendron sp.; Calamites

sp.; Sphenopteris sp.; Calamites undulatus ; Linopteris sp.;

and stigmaria roots (phdto 15). The grey mudstones are more

abundant than the red mudstones by approximately 3:1.

2.9 FACIES D

This lithofacies varies from calcareous sandstone and Wilt-
stone to limestones which vary in thickness from 5 to 30 cm.
Stratificat}oﬁ in the calcareous units is very thin bedded
to thinly Yaminated (2 to <0.3 cm)'_but the true limestone
units are(%assive. The cdlcareous sandstones and siltétones
are gradational wupward and ‘downward into non-calcareous
sandstones and siltstones (lithofacies Sr, Sh and Fl). As
well, these units may also grade upward'into nodular lime- |
stone (photo 16). These nodular limestones are 4 to 15 ¢m
thick and are discontinuous; in somé parts; they may be con-
glomeratic (8 cm thick wunit), with <2 cm intraclasts of
limestone. There are also units of limestone which lateral-
iy pinch and-swell. These occur below some coal seams (pho-
to 17). Other nodular limestone units are closely associated
with the black shales and réd mudstones. The nodular lime-

stones contain various non-marine fauna. One bone fragment
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has been identified as a basisphenoid bone from the skull of
a crossopterygian lung fish (photos 18 and 19) (W.G. Par-
kins, .  pers. coﬁm.). This fish is attributed to non-marine .
to marginal- -marine environments. No algal stromatolites
have positively been identified, but bedding plane struc-
tures have been observed {(photo 20} which are similar to
horizontal sections through stromatolite columns deséribed -
by Collinson and. Thompson {1982}). Possible algal filaments
in thinlséction (photo 21) also indicate stromatoMti
units. Positive 1dent1f1cat10n of stromatolxtlc units fr‘m/
equivalent strata east of Sydney Harbour have been made by

Masson and Rust (1983),.

2.10 FXCIES %
Coal and carbonaceous shale are present in
the upper Morien Group, some of the ‘coal partg'being impor-
tant economic units. The carbonaceous shales occur as thin
(<1/2 to 5 cm) hnits_above and below coal seams. These
shéles also odcur as thin (1/2 to 1 e¢m) discontinuous wisps
within lithoffcies Fl. The coa} seams vary in thickness from
1 to 80 cm as exposed along the coast, greater thicknesses
are reported from mine records. Laterally, the coal seams
split , rejoin and thicken to economic proportions, as ob-
served in vertical correlations of sections and drill logs
(figures 18 and 19) and as described by Hacquebard and Don-
aldson (1969). ‘
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Coal also occurs as the preserved bark of trees {(photo 22),
which in some cases have coalified bark extending downward

into an underlying coal seam. ~ The coals are underlain byx

-

carbonaceous shale, whereas the presence or absence of a
{ A ’ .
capping shale is dependent on the nature of the overlying

_sediments (the capping shale is not preseht when the overly-

L .
ing lithofacies is St).

-

2.11; FACIES P *
- = >

Sideritic nodules are common :Ehroughout the fine-grained
facies (Sr, Sh,7F1 and Fm). They probably formed diageneﬁif
cally iQ\zésérlogged sediments. Septaridn nodules have glso
begn observed\{ghoto 23). Calcitic nodules are less common
and are often concentrated along bedding planes,

along roots, as individuals within beds and as discontinuos
‘ !/ . -

layers.

k4

The nodules vary in size fwom 1 to 25 ¢cm in horizons that

are laterally continuous up to 15m.

-

~

~
2.12 FACIES ASSEMBLAGES

Tpree facies assembléﬁes héve been identified in the upper.
Morien Group: a sandstone facies assemb}ége; an alternating
facies assemblage and a mudstone facies assemblage.

fhe sandstone facies assemblage is dominated by troﬁgh
cross-stratified sandstones, which fine upward ‘into ripple
cross-laminated and horizontally laminated saridstones and

.o L )
siltstones (figure 11, section a, 20 to 40 m).
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- The alternating facies assemblage consists of alternating

beds of sandstone, siltstone, mudstone and coal. The sand-
stones andlsiltstones éreAtypically rippled and grade 1into
each other; less Eommonly, they grade into mudstone énd coal
(figure 16, section g, 0 to 20 m).

Thé mudstdne facies assemblage consists of thick sequenc-
es of red and grey mudstones, siltstones and coal beds. The
;iltstones are generally rippled and the mudstohes maséiye;

units comhonly grade into each other (figure 12, section b).



Chapter II1I
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SANDSTONE FACIES ASSEMBLAGE &

3.1  INTRODUCTION o R '

The sandstone facies assemblage is present throughout the
measured sections, but is most common in the lower parts aﬁd
genérélly forms headlands along the coast. _THis assemblage
éomprises approiimately_ 20% of the total. succession.  The
sandstone assemblage 1s a distinct vertical and lateral ar-
rangement of lithofacies 1indicating a meandering fluvial
system of deposition. Chagnel—floor eroéion, channel migra-
tion, avulsion and channel infilling wmere the main processes
occurring. Lithofacies within this assemblage are predomi-
nantly St, Sr and Sh with minbr amounts of F1 and Sp. The
proportions and range of thicknesses for the major lithofa-
cies are summarized in table 4. The assemblaée occurs as
fining upward ®equences: the trough cross-stratified sand-
stone finesupward iﬁto horizontal or ripple cross-laminated
sandstone and siltstone. 1In séme cases, these lithofacies
additiocnally fine wupward into mudstone . and coal (parts of
figures 11, 13, 14 & 15). The finer (upper) parts of these

sequences are heavily rooted and contain abundant plant de-

bris and concretions.
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Sandstone Fac_ies Assemblage -

Unit Thickness

Lithofacies % metres
minimum mean maximum
" 8t s0.8 0.5 4.0 10.0
‘Sr 23.2 0.8 2.3 8.0
Sh 12.8 1.0 1.8 2.5
Fl 6.8 1.0 1.9 3.0
Sp 0.7 1.0 1.0 1.0
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1 . .
The bases of the trough cross-bedded sandstones are either)
erosional or non-erosional, of which erosional bases consti-

tute épproximately 70 %.

3.2 VERTICAL{DPISTRI BUTZON

The lithofacies weré chosen to represent unigue rock
types formed under specific processes. It is the vertical
shccession of lithofacies which providesevidence for deposi-
tional environments and changing conditfons. ~

Markov chain analysis deals with the relaticnship between a
givén bed and the preceding bed. In this study, a first-or-
der embedded method 1is employed (see appendix A), Markov
chain analysis deals with the principal cyclkc relationships
of a succession. The-main problems encountered in this type
of analysis include: 'Ak

1. Simplification of lithoﬁacies'may cause omission of

important hydrodynamic information (Reading,'lQSO).

2. Non-depositional periods are not considered.

3. Covered units are not considered. ‘

Major path successions for the sandstone assemblage are
represented 1in figure '20. ~For*“detailed explanation and
analysis, see appendix A. Chi— square tests after Harbaugh
and Bonham-Carter (1970} and Giingerich (1969} indicate that

the vertical succession was derived by non-random variations

‘ - . ‘ 3
in the depositional mechanism.
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Figure 20: Sandstone facies assemblage
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For this assemblage, a fining upward cycle. is distin-
- guished and-'attributed to main channel deposition (Walker
and Cant, 1979} (figure 21). The cycle begins with an ero-
sional or sharp base, which is generally marked by local
scouring, coaése pebbles, abundant organic debris“and occa-~
sionally mud rib-up clasts (photos 2, 3 and 4). This was
formed by scouring .and re-working of underlying sediments by
high peak’ flow; The scoured base. is overlain by trough
crqss-stratified sandstones which Eepresent preservation of
dune forms ‘on a point bar (Walker and Cang; 1979). The
point bar is the main depositional site within a meandering
channel; meandering of the channel is maintained by erosion
{ _pof the outer bank and‘deposition én the inner bank, ;ateral-.
7 ly inlding a point bar (Walker and Cant, 1979; Allen, 1970)
(figure 22).

As flow decelerated, due to either channel migration or
decreasing energf levels up the point bar (Allen, 1970)
(figure 22), the .dunes decrease€ in size, as repreSented by
an upward decrease in frough size in the-channel sandstdne.

Lithofacies St grades upward to lftﬁofacies Sh or Sr.
This transition is :related_to-decrease in stream power'andL
grain size on higher parts of the point bar (Allen, 1970)
(figures 22 and 23). The development of horizontally lami-
nated sandstones is favoured by Sigher velocity and shallow-~
ef depths (Walker and Cant, 1979) on the upper point bar

surface (figure 24). This would also account for the common
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lateral transition between lithofacies Sh and Sr, which may

-

occur as lateral migration °§, the peint bar proceeded (fig-
ure 24} be due to fluctuations in flow conditions.

“The vertical seqdence cont{nues fining upward to'lithofa-
cies F1 and Fm; rgp;esenting the uppermost parts: of the

point ba;_and/or_overbank deposits (Walker and Cant, 1979).

These upper parts are well rooted and contained abundant
? L)

in situ trees as vegetation migrated onto the depositional
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Molndoﬂng 

Upper Morlen
Finlng Upward

Sandstone Flclql Asaemblage
* Preferred Sequence .

‘Sequence

1

4
V.A,
| -
P Bar Top
®
[
=
[ ]
F -
(&}
[
Channel
Floor .

-~

(edapted trom Walker and cé;:,1979)

Figure 21: Comparison of the preferred sequence with the
meandsering river model. V,A, indicates vertical
.accretion, Letters correspond to lithofacies In

this study. 8!ﬁiil;,(ro described In figure 1O,
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Accretion
topography

Clder alluvium

Ercslonal surface

Erosional bank

Decline ofm/un Hiow .
]
NSl

R —————————
‘ velocity and stream power
decreasing graln size

Characterlsatics of sediments deposited in an idealized

trough cross-atrata

tipple crosa=-strata

Filgure 22;:
channel benc in relation to mean flow velocity and stream powar,
(adapted from Alien, 1970)
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PLANE BED

(Horizontal lamination)

DUNES
(Cross-bedding)

PLANE BED

RIPPLES (Horlzontal lamination
{Crossa-iamination)

. Increasing Stream Power e

¢
NO SEDIMENT MOVEMENT

— (ncreasing Grain Size =mese——jn-

(adapted from Allen,1970)

Figure 23: Bed form in relation to relative stream power
and relative grain size. '

\
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V.'A.
Paoint Bar
Top

Point Bary

Flgure 24: Internal features of a point bir deposit. Each
segment marks one event., Lithofacles correspond
to this study. Symbols are listed in figure 15.
V.A. }s vertical accretion. No vertical acale
implied.
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3.3 LATERAL EXTENT ‘ i

The sandstone facies assemblage has been described as an
upward fining cycle. Generally these un;ts have a va;ied
thickness, ranging from 2.5 to 14 m. In vertical préofiles,
constructed from drill logs and <cliff sections (figures 18,
19 and 25), the sandstone bodies are found to extend for
distances greater than ¢ km.

Sigmoidal : cross-strata have been recognized in
various modern and ancient localities by Moody-Stuart
(1966): Allen (1966, 1970); and Jackson (197B) and afe at-
tributéd to the lateral accretion of a point bar deposit. A
few sigmoidal cross-strata are recognized in the
study area (photo 26). These lateral accretion surfaces are
marked by thin (2‘to 30 cm thick) units of fine-gfained rip-
pled sandstone, “siltstone and shale {(photo 27).  These are
presumably drapes - on the upper poingﬁbar surfa;g (Reineck -
and Singh, 1975); subseguent flows were not of"sﬁj?icient{
energy to erode this layer. The sigmoidal shape is an in—
ternal form reflecting the thickening from a channel edge to’
mid-channel body (figure 24)}.

Generally each 1lateral accretiondePOSifaiS 2 to 4 m thick,
increasing in thickness towards the centre of the channel,
up to 10 m. ‘,Lategélly, each accretion surface
varies to- thickér St units of the central channel area or
continuesto thin towards the overbank area. 1In the overbanﬂ

area, ~these lateral accretion deposits may end abruptly in a_
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Mei‘ritt Point

. - Stubbert
L T Point

oop|

sandstgne' s

sandstone -~ mudstone/shale
mudst&nelshalé :

«— fining upward

| = coal

9

-

o Figure 25: Lateral extent of the major sandstone bodids

- and coal seams, from cliff sections and drill

/' " logs.
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convex channel edge or, as ‘is usually observed, interfinger
with and overlap the overbank and levee deposits.

The dip-wise lateral extent of-&ﬁﬂ\accretionary surface
has been adopted to be 2/3”5 of the ggnkfull width (Eth-
ridge and Schumm, 1978); . this concepf’was first introduced
by Allen (19655. Bankfull dépth-ﬁgg been defined as the av-
erage thickness of the lateral-éccretion unit (Moody-Stuart,
1966). More recently, investigators.have established cor-
rection. factors to compensate for the fact that depth varies
in different.parts of the system (depth in straight regches
is less than in the meanders) and to

allow for compaction

(Ethridge and Schumm, 1978). 'Various investigators found

that a consistent ratio of 0.585 occurred between straight

versus meander bend depths. A compaction factor of 0.9 re-

o

adjusts the sediments to their original thicknesses (Eth-

ridge and Schumm, 1978), Thus, the original dimensions of a

channel can be summarized: :

R

W=W X 1.5

D=D, X 0.585/0.9

for a straight reach and

for a meander bend.

) Al
N .

where W, is the lateral extent of the point bar and D, is the

thickness of the epsilon cress-strata. From the bank-full
depth and bank-full width;.the;width : depth ratio of a sys;

N e

PP Wl e

EF L
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tem may be determined (Ethridge anthchumm, " 1978). - The

width : depth ratio is then used to calculate the sinuosity

of the syétem: -

013

P=3.5F

(Schumm, 1963); where F is the width to depth rétio'and P is
the sinuosi;y. When such measurements ana'calculatioﬁs are

+ made, i£ should be remembered that the dip of the pqiﬁt bar
'shoﬁldlbé at_fight angles.to the channel flow to avoid meag-
urement of apparent widths and depths. . |

;n.the study[area, preserved point bar deposits are not

common, however it was possible to obtain measurements from

a few deposits throughout the area. The measurements, width

.1 depth ragios'and sinuosities are listed in table 5. The
mean sinuyosity of the channel sandstones is 1.87. Based on
Rust's (1978) and others' division of sinuosity to distin-

L ggish between meandering and non-meandering channels, that
p :

is < 1.5 sinuosity is d non-meandering channel and sinuosity

> 1.5 is a meandering channel; the measured point bar 'is the

result of a highly sinuous channel.

O
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width

149.4
‘81.6
 65.6
37.7

26 m

m

m

m

m

Sinuosity data, measurements are from lateral
accretion units. 4

depth bank-full width:depth sinuvosity

width ratio
9.6 m - 224.1m  23.3:1 1.50
10 m 122.4 m '12.2:1 1.78
7.2m  98.4m 13701 1.73
§.8 m 56.6 m - 8.3:1 1.98
9 m 3I/m 4.3:1 2.36

mean sinuosity 1,87

- I ) \\[/’

’ . 2



. Chapter IV

ALTERNATING FACIES ASSEMBLAGE

4.1 INTRODUCTION

~This assemblage consists of alternating beds of fine-

grained sandstone, siltstone, mudstone, shale and coal. The

predominant lithbfacies types are Sr, Fm, Fl and Sh, with
minor amounts of Fl(c),C and D; 'proportions and thicknesses
for the major'lithofacigé are summarized in table 6. Organ-

ic material is eowmdn as in situ trees, roots and concre-

tions . Mudston are red and grey goloured. Calcareous

sandstones and silt3jtones dre commonly associated with the

red mudstones. Th ndstones are fine to very fine-

grained. Stratiéggation-in the sandstones, is thin bedded to

hY

thinly laminated (10 to <0.3.cm}, .horizontal and rippled.
‘This .assemblage.coﬁérises ’approximately 40% ogfthe total
éuccessioé\iparts of figures 11 and 16," minor parts of fig-
pres.IB and 15). The vertical and Wlaterai arrangemeng of
the lithofacies‘in'this aséema}age indicate levee, -crevasse
splay, flood.plain ‘and lacustrine deposition, as well as

coal and paleosol developf@nt.

-

}

e

-4
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Table 8 -
Alternating Facies Assemblage
Unit Thlckno-ss
thhofucln % metres
. .
minimum mean maximum
Fm 28.6 0.5 1.3 4.4
sh 24.8 0.3 1.4 ' 2.8
Sr 19.3 0.8 1.3 4.0
R 18.0. 0.2 1.4, 2.8
A
Fi(e) 7.1 0.2 1.0 4.8
c 3.2 0.1 0.4 0.8
D 0.7 0.3 0.4 0.8
[

= guagl Rl

e o
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4.2 - VERTICAL DISTRIBUTION

.Markov chain analyéis was applied ¢to this assemblage and
the mudstone assemblage combired (appendiﬁ A}, ‘as both of
the assemblages are attributed to the various overbank de-
. posits. From the combined aﬁalysiﬁ, t;o distinct cycles
were observed (figures A3&4);one contains a wide variety !E

lithofacies : Sr, Sh, Fl{c), C and Fl; the other cycle is

domgﬁated by the lithofacies Fm. THe'Fm lithofacies domi-

nated cycle 1is assigned to the mudstone facies assemblage

and is discussed in that chapter V. The other cycle is at-
tributed to the alternating facies assemblé@ef due to the
wide va;iety of lithofacies present; these correspond to the
greater variety of ;rocesses which affect these depositsi
Tﬁe élternating facies assemblaée shows an overall fining
upward cycle (fiqure 27); from the lithofacies Sh or less
commonly from an erosional base and the lithofacies St. Li-

thofacies St consists of small (< 20 cm wide X < 8cm deep)

‘trough-cross stratified fine-grained; sandstone. The erosi-

nal bases and lithofacies St are attributedto crevasse splay

deposits. ~ Allen (1970} described this type of deposit as
forming from single channels which cut the levees and extend
into the flood basin terminating in a fan or 1lobe of sedi-
ment. These correspond to Coleman'%‘(1969) single-channel
céeyasse splay deposits (figure Zéf. Both Allen (1970) and
Coleman (1969) describe a single channél crevasse splay-as

a fining upward sequence from .an erosional or sharp base to

‘1/,

e i



_ 63
,tfoﬁgh;éross strafified sandstones which fine upward. These
deposits are not common
in the study area, which may be due to the fact that the
system was. highly sinuoys which prevénted'the development of
distinct, continuous levees . |

Within the alternating facies assemblage, lithofacies St
fines upward into horizontally laminated' fine:grained sand-
stone and . siltstones. The Sh lithofacies commonly occurs
above and below rippled saﬂdstones and siltstones (Sr).
These lithofacies #may be attributed to crevasse splays or
n;tural~levee deposits (Reineck and Singh, 1975),/deleman's
(1969) second type of crevasse splays occurs most commonly
in the lower reaches of the Brahmaputra River. 1In this part
of the Brahmaputra River, numerous broad sinuous bends occur
which resemble meander loops. The fluvial processes in-
volved in this area are likened to those in a meandering
fluvial system. The crevasse splays in this area form ana-
tomosing channel patterns (figure 29}. Coleman.(l§69) de-
scribes the multi-channel (anastomosing) c¢revasse splays as
units of horizontally and rippled sandstones and siltstones.
These are similar to levee deposits described by Reineck and
Singh (1975), into which the crevasse splays are transition-
al . From the vertical profiles of the study area (figures
18 and 19), interfingering and overlapping of the finer
parts of the upper Morien Group is éommon and/the units are

most commonly laterally and vertically gradgfﬁonal with each

\



Figure 26: Overbank Preferred-Sequence
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‘Figure 27: Alternating facies assemblage
preferred+«sequence.
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s; o 9. 494 m

siit=clay sand .

{Coleman, 1989)

Figure28: Single channel crevasse splay. .

. : / (Coleman, 19883)
Flgure 29: Multl-—ch_'annel crevasse splay.
: t
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other. This indicates that the crevasse splay deposits of
the uﬁper‘Mofien Group‘weré commonly the multi-channel type,
gradationally building outward from the levees and upward
“from the flood plain.

Within the'fining upward Sequende; of the alternéting_fa-
cies assemblage, Llithofacies Sh énd Sr continue to fine up-
ward into lithofacies Fl in response to waning energy Yevels

as flood waters receded, it should be noted that
in rapidly changing rivers, abundant sandy and muddy ‘sedi-
meﬁt in the fiood waters causes the various overbank depos-
its-to be rather undifferentiated.

The finest parts of the alternating facies assemblage
consiEE‘ of inter-bedded siltstones and mudstones and lenti-
.culaf - interbeds of mudstones and siltstones.

" These deposits are indicative of more distal  flood -plain
areas.’

.Coal beds formed from peat accumulation during periods of
high water table and exclusion of clastic lsedimentation.
The coal seams are gradational frem shaly or seat earth
units, which are gradational from the lithofacies Sh and Fl.
Occasionally observed within the alternating facies assem-
blage are goarsening upward cyéles. These sequences coarsen
upward from lithofacies Fm to lithofacies Sh and Sr Fffgute
11, section a, 145 to 155m).  These cycles are 1/2 to 3 m

<

thick. They most commonly occur ‘in close association with

-

T'imestgne and clammy-shale units. These coarsening upwafd
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cycles are attributed to delta formation from a single-chan-
nel crevasse splay @nto-g lake (figure 53). Similar smail-
scale lake deltas were des;fibed by Cersih and McCabe (1981)
from the‘Port Hood Fbrmation, Nova Scotia.

Some limestone Qnits occur as beds which are gradational from
lithofacies F1 and Sh, as increasing carbonate content in
the'sed@ment debeiops into.noduleé. :_ This is attributed to
paleosol formation, similar to increases in'carbonate'con-
tent-upwardlin the soil profilé described by Klappa (1983)
and Netterberg and Caiger (19@3) {(figure 30). These calca-
reous sandstones are commonly‘ closely associated with red ‘°l
mudstones which occasionally-éhow desiccation cracks provid-
ing further support for sub—aefia} exposure.

In a few cdses, these limestone‘unifé occur as pinch and °
swell beds below a coal seam ({photo 17); thisiimplies an un-
uéually rapid change from relatively dry pedogenic condi-
tions to a swamb environmént. Rising water tables caused
soil development to cease and allowed peét ;ccumulation to

occur.

As well,there are pure limestcne units wh

r

ich cantain ostiacods
gastropods and fish bones and scales. 1In thesg occur-

rences, the limestones are most commonly overlain by black
shales, which also contain a fresh-water fauna » Suggesting

lacustrine deposition (photos 24 and 25).
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Klappa . Netterberg
(1983) and. Caiger
(1983)
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> chalky powder
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(adapted from Klappa,1983)

Figure 30: Idealized calcrete profile.
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'Numbers carrespond to table "11.
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" 4.3° .LATERAL EXTENT -

Great latefgl extents (70 m to a few kms) of exposure in

this assemblage are’ gquite common. ) Occurring

within. these deposits are abundapt organic material and in
P A - . . .

situ treas/ inmdicating overbank’areas - flood—plai; and back

swamps. The individual litﬁofacies overlap, interfinger and

are gradational with each other as 1is evident on the verti-

cal corgelations-constfucted in the area (figures 18, 19 and

. 25). This assemblage Eommonly interfinéers and overlaps

the upper parts of point bar éeposits. and it di;tally

: fines away from channels: Thig is observed as increasing

thicknesses °df'mhdstone (Fm). As. described by Coleman

(i969) and Reineck/and éingh (1975), levee, crevasse splq&

and flood-plain deposits are cbmménly indiscernible from

eaih other when asgociated with a rapidly ‘changing_system.

From the high sinuosity previously est}mafed (1.87), it is

. ciear that this was a highly migratory system. Thus, well

devéloﬁéd and distinct levee, crevasse splgy and flood-plain

deposité would not be expected and are oﬁly distinguishable
in a'few cases. |

The lenticular interbeds of siltstone and mudstone could

be due to a guliying effect on the flood-plain, created By

concentrated high energy crévasse splays, channeling the

4

initial flobd‘flow‘ana carrying a heavier load. This would

A\

-alsp'éllow the elevated areas to dry out and develop redbeds
and éalcretes (figure 31); the same effect would also result
from a.humchky topography on the flood plain.

L
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elevated areas between ' .gullies formed by
gullies subject to drying high energy flow
out as flood events waned during peak flooding
* a ' ‘

Y &

— e . e ey -m -

v
)
>

r = -

lenses of limestone . o
corresponding to elevated areas

Figuré 31: Possible formation of calcrete lenses and
pinch-swell units. Section is normal ‘to
flood direction. No vertical scale implied.




Chapter V

MUDSTONE FACIES ASSEMBLAGE .

5.1 - INTRODUCTION

This assemblage comprises approximafely 30 % of thg upper
Morien Group in ﬁhe study area. It consists predominantly of
lithofacies Fm, F1 and lesser amounts of C, ' Sr and Sh:"the
ﬁroportions and thicknesses of the lithofacies arellisted,in
table 7. This aséemb%ége is observed 1in .the ubper part of
the Morien Group, near Cranberry HeaF and below the Aconi
seam {figures 5 and 11). Thege depos&ts are attributed to
flood-plain and flood basin deposition.
. |
5.2 VERTICAL DISTRIBUTION |

~ The second cycle from the - overbank Markov chain analysis
.is dominated by lith;facjes Fm and F1 and has been attribut-
ed\to this gﬁ;?gg-agqgmblage.. This cycle consists of a pre-
ferred'seqd;nce fromfgsthofacies Sr and Sh to lithofacies Fm
and F1 (figqure 32). The fine-grained sandstones and silt-
stones (Sr and Sh) are not common; they are interpreted as
the most distal crevasse splay.deposits and flood- -plain de-
posits. Coleman (1969) and Allen (1970) destribaiiyése‘de-

posits as alternating units of fine-grained sandstone and

siltstone, which are rippled or horizontally laminated

- 72 -



Table 7

Mudstone Facies Assemblage

T

Unlt Thickness

Lithofacies ' %
metrea
minimum mean maximum
Em 38.1 0.2 1.1 8.2
Fi 48,2 0.2 1.5 a.4
Sr 2.0 0.2 0.9 1.8
Fi(e) 8.0 0.1 0.8 1.8
‘. f -
‘Sh a.9 0.2 0.7 1.7
c 2.8 0.2 0.4 0.8
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Figure 32: Mudstone facies assemblage

&
preferred sequence.
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and both fine and coarsen upward corresponding to increasing

and decreasing energy.levéls as flood waters receded angd.

transgressed. _

The flood basins are the lowest areas of a flood-plain.
TLey act as settling basins for the suspended sediments
which, settle in alterﬁating units~ of laminated mudsteﬁe and
siltstone and are commonly convoluted tReineck and Singh,

\

1975). They are similar to the extremely fine parts of this

as;emblage (figure 12}, " in which strata are commonly convo-,

luted{ The medstones generally fine upward from the silt-
stones and fine-grained sandtones. Desiccation cracks are
uncommon {photo 29}; together with the red colouration of
some of the mudstones and the abundant concretxons, they'are

attributed to sub-aer1al exposure’ between floods {Reineck

and Singh, 1975) The sandstones and siltstones are common-

"ly calcareous, probably represent1ng theinitial formation of

a soil profile (Klappa, 1983;: Netterbérg .and Caiger, 1983).
In addition,.the abuddaEt oréanic matetial further indicates
shaliow waters with extended periods.of non-sedimentation,
Drill log correlatiens for the area (figures 18 and 19),
show that the mudstone-domiheted ‘sediments oftenq“occur in
stratigraphic contact with charnel sandstoheg. " This indi-

l ’
cates frequent migration of the channels across the flood

-

plain. ' et

L]



. “ ' " 7.6

o

T

5.3  LATERAL EXTENT .

v -Similar‘tob the ‘alternating facies aésemblage, * the mud-

. 3 - - . '
stone facies assemblage extends latera in sheet-like

"units up to 4 km (figureq 18, 19 and 25 al pinching
and swelling of the units is common, but thid does not ig-
terrhpt the overall lateral persistence. The great lateral
extent and consistency of this assemblage indicates a large

area, distal from the inflﬁence.of active channels (photo 33).

¢

- —



"Chapter VI

PALEOCURRENTS

Paleocurrents were heasgred primarily Sn wave-cut plat-
ftorms,: Qith a few trough measurements taﬁeq from ciiff
faces. Trough crops—étratified sapdstones and rippled sand-
stones are the .main paleocurrent indicators. The data for
these two ;tructural'groups were Kept separate for two rea-
sons: 1) to demonstrate the approximately orthogonal rela-
tionship between paleocurrents in the 'main chasmnels ana
- those in related overbank sandstones and siltstones; and 2)
"to compare with Miall's (1974) | hierarchy af sedimentary
structures, in which St is a rank 3 and ripples are a rank
6. As well, two groups of rippled sandstones were distin-
guished. The first group is interpreted as the upper parts
of the point-bar. ‘These sandstones are directly above chan-
nel sandstones and give - trends closely corresponding with

LY
the channel trends. The second group yields directidns at

high angles away from the main channel trends and 15 inter—

preted as overbank deposits. Values for B, vector magnitude
and probability of randomness are based on Curray's (1956)
analysis of two~dimensional orientation data. Data, equa-

tions and an example of the format are given in appendix B.
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Orientations of trough axes were recorded in_ each major
sandstone/body. The number of observations varied from 3.€o
28, with-a mean of 15.5 observatzons per body. The values
for 8 vary from 305.6° through north to 175.5 ; the méj&fi-
-ty of directions ;;re in the north-east guadrant (figure
33)," Vector magnitudes are calculéted per sandstone body;
most exceed 90%. Probabilities of randomness are less than
1 x 107 in all cases. |

Rippled sandstone measurements are based “on groups of
values from lateral cliff exposures of up to 500 m, This is
-due to the common problem of lack of sufficient good expo-
sures. The ripple paleocurrents for both groups have a
greater directional variance than the.St directions, as ex;
pected from-Miail's (1974) hierarchy of structures for pa-~
leocurrent directions and their reliability. The two groups
of rippled sandstones give two distinct trends: 1) 'diréc-r
tions parallel to St directions in associated facies; 2} di-
rections at high angles to .the S$t directions, (figure 34).
The first trend, parallel to major channel flow (St), is at-
tributed to deposition on the upper parts of point bars.,
The second trend, perpendicular to main channel flow (St) is
interpreted as resulting frém overbank flow awvay from the
"main channel.

The: ripple paleocurrent directions vary from 15.3°
through to 325.7° (figure 34). There seems to be only a mi-

nor void of directions towards the south-west (figure 35).

The vector magnitudes
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Merritt Point

Figure 33
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Paleocurrent Data. _
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to data in appendix B
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are more variable than those for St, with a range from 30 to
100%. The probabili;ies'of randomness are also highér than
fé; St, .but values are all beléw 1 x 10“. Aéﬁgn, the con-
trast of magnitudes and probability of randomness between
the St and Sr directibns reflects tﬁe respective -ranks in
the hierarchy, St ranked.above Sr. The number of pbserva-.
tions for Sr, varied from 1 to 20, with a mean of 7.8 obser-
vations per lateral cliff exposure of S00 m.

-In general, there is an overall northeastward trend for
all the data,- which broadly corroborates the regionalhtrend
shown by'Duff et -al.(1982) and local £rends by Giles (%?83).'
Giles (1983) indicated a longitudinal trend to the nér;h-
east.- Evidence in Rust et al.(1983) indicatesthat the Bois-
dale and Coxheath Hills acted as%local highd influencing

the paleocurrents. This can be related to the. .
position of the Morien Groub depositiéné& site with respect
* to the main Sydney Basin, The depositional site is'présent-
ly believed 'to ﬁave.been located on the southwest edge of an
east-west elongated basin (figures 50a .& b). There is a
marked change in the paleocurrent trends upward within the
.‘ﬁﬁ«uden Groub. A consistent paieocurrent pattern in the low- '
er Morien Grbup' alters to a more diverse pattern of paleo-
currents in the upper Morien Group (Dilles‘and Rust, 1983;
Gilés, 1983:; Rust et al, 1983; Masson and Rust, 1983; this
study). This change reflects an wupward increase in channel
sinuosity és the depositional style changed from braided to

meandering.



~ Chapter VII ] K

PETROLOGY

Petrodraphic analysis was done on samples collected from
thréughOut the study area (figure 36). .The samples Qgre
grouped into trough'cross-stratified sandstones (St); over-
bank deposifs (F1, §m, Sh, Sr) and paleosols and limestones.
Detailed descriptions are found in éppendix C. Only the St
thin sections were pointsgpunted, because the high percent-
age of clays, organic materials and sericite in the overbank
samples made identification of constitueﬁts difficult.

The St samples are all guartz rich, all conkained muscov--
ite and some percentage of ‘CIEYS' and organic materials.
‘Overall trends show an increase in K-feldspar and calcite
.cement upward fhrough the success;pn'and.a decrease in-lith-
ic grains. The lithic grains consist of polycrystalline

P

guartz, chert, siltstone, intraclastic mudstone and carbo-
nate fragments, metamorphic rock fragménts,somé porphyritic
(?) volcanic rock fragments and some’ granitoid fragments.
. - . \

Overall, the fragments are sub-angulaF to angular, very
coarse to medium grained sand grains, and the sandstones
classify as arkoses to lithic arkoses ifigure 37).

The overbank 'sediments consist of very fine sandstones{
siltstones and mudstones. These are very consistent in thin

section; . , o w4 A
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channel sandstones

quartz arenite

subarkose " sublitharenite
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L
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Figure 37: Classification of sandstones.
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comprising 30-40% quartz, 5-15% muscovite, 30-40% clay and
‘sericitic material and 10-20% orgaﬁics. There are rare phos-
phate grains, probably formed by reprecipitat%pp of dis-
golved phosphatic fossils or altered ofganic‘materféls, pos-
siBIy from the alteration of coprolites or fish bones._  The
grains are sub-angular aad the sediments-are well to moder-
atély sorted. Horizontal aﬁd ripple laminae are marked by
concentrations of organic material and ﬁica grains (photos 9
and 39).

The third‘group {(limestones) has been described .in the
ehapter on paleosbls. -

Selected basement rocks (pre-Morien Group) were also ex-
amined petrographicéllg to determine | possible source
areas (figure 38). The basement rocks consist of various
sedimentary rocks (éhale, limestone, mudstone} siltstone,
sandstone and conglomerate); volcanic rocks (rhyolite, fel-

-
sic and mafic tuffs); metamocphic rocks (schists, gneisses,

meta-conglomer;te calc-silicate, marble); and igneous rocks
(syenite and granite). Samples were selected on the basis
of geographic and topographic relation to the basin‘and the
thin section des;riptions are listed in appendix C. |

The most distinctive petrographical featur%_of the Morien
sediments is the "abundance of muscovite, The most common
sources for mica include granites, granite-pegmatites, low

grade schists and gneisses (Mason and Berry, 1968).
A
pi
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The presence of chert, mudstone and sandstone clasts indi-
cates the erosion of sedimentary source(s). The presence of
biotite and phlogopite grains indicate.the contribution by
granodiorite, gabbro, ultra-basic and/or marble bodies. The
sub-rounded to sub-angular shape of the grains implies a
limited distance travelled to the depositional site. In ad-
dition to pre-Morien basement sample locations, Figure 39
shows geneéal paleocurrent.trehds for the Morien Group. Pa-
leocurrents are predominantl§~from ~the lithofacies St and
were obtained from this study, Giles (1983) and‘Rust et al.
(1983). From petrographic and paleocurrent data,. the most
probable source areas’were to the southwest {figure 39).
These sources would have incIuded wunits in the George River
Group, especially the métble: the Mcﬁdam Lake Formation (ar-
" kose .and conglémeréte); Cambrian;granpdiorité: the Windsor
gGroqp limesfone; the PreCambrian basement -kschists and
gneisses) and the early Carboniferous Horton Group, ﬁhe
- sandstones and siltstones. The various rock types found in

each of these groups or formations' are listed in table 8.

)
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Figure 39:Probable flow trends from source areas for the .

upper Morien Group.
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Table 8 : Pre-Morien basement rocks (Keppie, 1978).

¢arboniferous : _ ¢

Riversdale Group siltstone, sandstone, shale, coal),
: «limestone

windsor Group red siltstone, mudstone, sandstone,

shale, conglomerate, gypsum,
anhydrite, halite

-

Horton Group . red and grey sandstone, siltstone,
- conglomerate, limestone, shale

Devonian *

Fisset Brook Formation mafic and felsic tuff, basalt,
siltstone, rhyolite, conglomerate,
sands tone

McAdam Lake Formation conglomerate, arkose, shale and

: : felsic tuff

Carbrian ;

v

Bourinot Groyp basalt, rhyolite, mafic and felsic

.fi tuff, shale, siltstone
granitoid, granodiorite, djabase

Hadrynian

Forchu Group  .° felsic and mafic tuff, basalt,
andesite, rhyolite, slate, guartzite,
chlorite schist, meta-wag?e

George River Gfoup ' marble, calcésiiicates, mafic and
felsic meta-volcanic, slate, phyllite,
schist, gneiss, guartzite, meta-
conglomerate, paragneiss

PreCambrian

Basement Complex ' gneiss, schist, granitoids, amphibolite



Chapter VIII

.OVERBANK DEPOSITS

\e. .1 INTRODUCTION

The upper Morien Group in the western part of the .Sydney
Basin contains approximately B80% overbanks deposits. These
deposits %ncludé Yevee, crevasse splay, lacustrine and flood
basin deposits. Flood plains are generally the result of
long accumulations of fine suspended sediment and subsi-
dence. The deposits generally consist of élay and silt with
coarser materials (fine sand) occurring nearer the active
channel. In the Sydney Basin, the climatic conditions were
conducive to thick accumulations of peat, except brief peri-

ods during which redbeds and paleosols developed.

8.2 LEVEE _

Levee deposits form as flood waters top their channel
banks and velocity is reduced, causing deposition of the
load carried by the flood-waters. These depoeits form asym-
metric ridges which slope away from the main channel. Be-
tween periods of flooding, the levees are exposed to long
periods of oxidation and disturbance by planté and animals. ™
Léﬁee deposits are generally marked by abundant interfinger-

ing of fine and coarse materials (Allen, 1965). These units
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may then—be capped by finer grained deposits, which accumu-
late auring the waning flood stage. “The internal stratifi-
cation of leveed génerally consists of ripple-cross-lamina-
tion and horizontal lamination {Collinson,lQ?Bl.Less cdmnc:
are small trough cross-sets of thinly laminated sandy-silt
in some levees (Singh, 1972). These troughs may locally
contaiﬁ concentrations of.coarser material. Allen (1965) de-
scribed the geometry of the levees as prismatic bodies with
a triangular cross-section and a gently dipping‘ slope away
from the channel. The levées have a fairly simple shape when
associated with a low sinuosity river. However, when the
lévees are formed from sinuous channels, the geometry is
much less distinct, the levees mesh -interfinger and‘overlap
- with the overbank deposits (Allen, 1965). )

Channel édges are not a common occurrence in the ;:udy
areg, yet when edgés are observed, the levees are not simple
prismatic wedges,-ﬁut are more indistinct features, meshing
with the overbank deposits and obscuring the wedge form.

This is due largely to the highly sinuous nature of this
‘fluvial system (mean ‘sinuosity 1.87). However, in a few
cases there is an extremely gentle dip away from the channel
in the overbank deposits (pﬁoto 30). . More commonly theough,
levee deposits aﬁe represented by the interfinge;ing and ov-
erlapping of the channel édge with rippled and horizontally
laminated sandstones, siltstones and mudstones. These de-
posits also contain abﬁndant plant material, including in

situ trees.
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8.3 CREVASSE SPLAYS

Levees may be broken by distinct flood channels called

crevasses . The crevasse splays are formed.by deposition of

sediment carried through crevasses and occur as fans or

tongues elongated away from the main channel (Allen, 1970).
There . may be basal erosion - and an abrupt contact between

the spléy and flood plain deposits; or, the basal contact

may be gradational and the deposit to flood plain gradient

is gentle (&oleman, 1969) (figqure 40). Internally, the de-
posits display waning flow stratification sequence: sma;l;
scale trough cross-strata to ripple cross-lamination to hor-
izontal lamination (figure 23), capped by muddy
~sediments (Reineck and Singh, 1975), which is usually inter-
bedded with flood-plain silts and clays (Allen, 1965).

The spiay channels may occur as single-channels onto the

flood-plain 70), or as a multi- (anastomosing)

channe(}for 1969) (figures 28 and 29). The sin-

\ . : .
gle <cha splay displays a scoured base near the main

Eha;;;l! with no scouring distally from the main channel.
Distally, these deposits end abruptly, 1in a steep angle of
repose (Allen, 1970) (figure 40). The multi-qhannel splays
do not. scour, but may locally createk?ut and fills. ;hese
splays gradationally die out into the flood-plain (Ccleman,
1969) (fiqure 37) and are more sheet-like in form.

The type of crevasse splay deposit depends. on the le-

vee development; where levee gradignt%‘are high, the flood

waters tend to leave the

F3



94

levee crevasse

splay flood

basin

main
channel

crevasse ' flood

levee splay ; basin

main
channel

(b)

Figure 40: Cross section through
(a) single channel crevasse splay;
(b) multi-channe! crevasse splay.

adapted from:Atllen,- 1370,
L "Coleman, 1969;

Reineck and Singh, 1975.
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river in
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ngle channel, scouring into the underlying
sediment and distally fapniﬁg' out;into a delta-like form
(figure 28}. These. aré ind%cative of more stable fluvfa}
systems such as anastomosing or braided rivers.

Multi-channel crevasse splays occur when levee develop-
ment is poor and the éradient is low; thi; forms an anasto-
mosing paﬁtern and thin shéet-iike units which fan away from
the active channel (figqure Zé). These crevasse splays are
more common in meandering fluvial systems. This is largely
due to t%e migrétion of the channels which restricts levee
development and hence allowé sheet-like floods to occur.

The internal characteristics of crevassesare described as
a series of overlapping and interfingering sands separated
by fiwer deposits (Reineck and Singh, 1975; Reading, 1978).
These have a highly variable . lateral dimension extending
from metres to thousands of metres into the basin depésits.
Duff and Walton (1973) described multi-leaf bodies of sand-
stone with shale:énd mudstone partings from the Pictou Group
at Joggins, Nova Scotia. The basal contacts were generally
Sﬁarp and not necessarily erosional. These crevasse splay
channel sandstones extend laterally' and‘up to approximately
30 m, eventually interfingeriné with basin depsoits.

The overbank materials of tha-upper Morien show various
stages of interfingering and overiapping. Thin (1 to 3 m)

trough cross-stratified sandstones grade upward and lateral-

ly into finer sandstones and interbeds of siltstones, shales

-
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and mudstone (photo - 31). These are obviously too
thin for main channe.ﬁdeposits and are’attribated to cre-
vasse splays and splay channels. These thin channels later-
ally inéerfinger and overlap with attributed levee and other
flood-plain deposits commonly observed 1in overbank deposits
(Allen, 1970). fhe thin occurrences of these small channels
(1 to 3m} aaig correspond closely with the thickness of
similar units (3 m) ‘reported by Duff and Walton (1973) and
Coleman (1969). Basal erosion is present in some ca;es,
with concentrations of organic material and mudstone and
sandstone clasts. More commonly, these sandstone bodies do
not show basal erosion, but are gradational with ‘other
flood-plain deposits.

Abandoned channel forms (photo 323}, up to 2 m deep énd 6
m wide are also attributed to crevasse splay channels. These
are infilled with interbeds of red and grey mudstones and
siltstones, occurring within sequences of interbedded fine
material attributed to flood plain deposition -(Allen, 1965).

The crevasse splay deposits of the upper Morien Group,
fit both forms of crevasse splay channels, éingle and anas-
tomosing channels, -as described by Coleman (1969). Cole-
man's criteria and the features of the cfegésse splay chan-
nel deposits aof the upper Morién Groﬁp are listed in table
9. The development of levees due to the'high sinuousity of
the fluvial systém resulted in the more common occurrence of

the sheet-crevasse splay deposits in the Morien Group.
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Table 9: Crevasse splay criteria (S;:;man, 19269)
comparec to the upper Morien Group
.  crevasse splay deposits. .

multi-channel
crevasse splay

single channei
crevasse splay

97

»

upper
Morien Group

flow
pattern

\--.,J

termination

-

basal contact

A

thickness

stratificaticn

anastomosing

to the flood
basig

no erosion .

coarser sancs
override finer
sands; small
scale cross-
bedding

gentle gradient

less than 1.2 m

single channel

abrupt
to the
basin

gracdient
flood

‘erosional
proximal to the
main channel

a few metres
to greater than
Im

silty-clay layer
overlies the
coarser sands;
small scale
cross—-bedding;
rapidly colonized
by plants

corronly
sheet-like;
occasionally
single channel

interfingering
and overlapping
of units

erosional in
the single
channels;
gradational
in the sheet-
like cdeposits

sheet units

are less than
1.5 m; channels
are less than

I -~J

*

cycles which
often coarsen
then fine, ucward;
alsc inte¥-
fingering and
cverlapping of
units; cormrmonly
bioturbateé and
™ch in organic
dekris




8.4 LACUSTRINE DEPOSITS

There are three groups of criteria which aid in the iden-
tification of lacustrine depbsits: physical, chemical and
bioiégical. Physical'processeé in lakes are similar to
those found'in marine basins, but with tidal influences be-
ing non-existent, except in very large lak;;l 'wind and wave
actiontare verf important, especially in’ﬁixing of suspended

sediment ‘into the basin {(Collinson,1278). Thermal overturns

in lakes and marine basins, due to seasonal temperature wvar-.

_lations and to current related changes, cause differences in
both the physicai and chemical characteristics of the sedi-
ments. '

Chemical criteria may be diagnostic, because of possible
abnormal minerals and mineral assemblages and, due to the
rapid fluctuations 1in chemistry which may occur in lakes.
These chemical changes'may be observed as varves. These fea-
tures are more diagnostic of permanent than temporary lakes,
but also vary with the character of each lake.

Biologically, there is an absence of marine fauna and in
many cases a distinctive non-marine fauna including gasﬁfo-
pods, bivalveé, ostracods , stromatolites and certain fish
and other vertebrates, The divé}sity of the non-marine fauna
islhighest at Ehg near-shore .environment {(Link and Osborﬁe,
1978) . ’

| The upper Morien Group lacustrine dépﬁsits have been most

recently described by Masson and Rust (1983). They recognize

5
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a lacustrine environment on the
A- . lack of marine fossilé, the presence of
non-marine fauna and the fluvial association.

In the study area, ﬁo wel£ dégeloped stromatolitic units
were observed, however a thin section of one limestone unit
contains possible algal'filaments {photo Zlf and the lamina-
tion plané exposes a possible cross-section through a colum-
nar stromatolite (photo 20). A limestone.unit within sectian
A (see -figure 11, 245 m) contains acrossopterygian bone
fragment (photos 18 and 19), which may be from a marginal to
.non—marine environment, This ﬁarticular ‘limestOne unit fs
overlain by a unit of black shales which are rich in pelecy-
pods, ostracods and coprolites. Similar shale units occur
throughout the study area. _ v

Link and Osborne (1978) described a series of lacustrine
facies, similar in part to those present in the Morien Group
. {table 10a and 10b).” The facies pr;sent represent margihal
lacustrine environments, involving a complex array of sedi-
ments deposited in shoreline, nearshore and offshore areas.
The best representative sequence of this array is seen in
fiqure 11, section a,,'245 m. This consists of a calcareous
sandstone to fish—beéring limestone unit overlain by a 6 to
8 m unit of black shale, which contains abundant non-marine

fossils (pelecypods, ostracods and coprolites).(photos 24 & 25).
‘ .

Lacustrine deposits are not abundant in the upper Morien

due to the ephemeral nature of these lakes and their

L7
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Table 10a : Sedimentological criteria of the upper Morien
lacustrine deposits compared to the Pliocene
Ridge Basin (Link and Osborne, 1978).

Ridge Basin

upper Morien Group

Shoreline

sandstone, mudstone and abundant
shale

horizontal ‘lamination abundant
trouvgh crosg-bedding rare
planar cross-bedding ———
ripple marks abundant
desiccation cracks rare
molluscs, ostracods common
and fishes

plants . abundant
stromatolites rare
burrows rare
NMearshore

sandstone, mudstone and abundant
shale

horizontal lamination abundant
trough cross-bedding rare
planar cross-bedding ———
ripple marks abundant
desiccation cracks rare
ostracods and fishes common

plants

stromatolites

ahundant -
rare

continued on next page
takle 10

L]
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Table 10k : continuation of table l0a

&

Ridge Basin _ upper Morien Group
Qffshore
mudstone and shale abundant
dolomite —_——— -
horizontal laminations abundant
deformed bedding abundant
.small scale cross-kedding commen
ripple marks common
turbidites -
dish structures ————
plants _ abundant
ostracods cormmon

. T
burrows rare
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relatively small size (formed in cut-off chutés, but ﬁore
likely in'locéi areas of depression of the flood basin). As
well, the presence of extensive and thick coals indicates a
relatively high and consistent water table, with abundant
flbra, éllowing lake development only in small areas of lo-
cal depressions or cut-off chutes.

8.5 FLOOD PLAIN DEPOSITS : - . "~

Flood plain deposits vary in character depending on their
proximity to active channels. Due to low sedimentation

rates, low concentrations of sediment in the flood waters

‘and extended periods of non-induration, flood plain deposits

are generally thin layers of silts and clays. These deposits
commonly fine upward and may be similar to the multi-channel

crevasse deposits, though the flood plain deposits have a

higher percentage of fines (Allen, 1965). Local scouring

during flooding may create pinch and swell within the

beds, although it does not necessarily restrict the lateral

‘extent of the unit. If the flood plain habitually dries out

between periods of flooding, evidence of exposure includes
desiccation cracks (photo 29}, redbeds {photo 33) and scil
profiles. 1In humid climates water tables are generally high
on the flood plain and it may de&elop into a swamp with peat
deposits or a lake. Drying out of the flood plain may also
occur in dry spells within the humid environment; this may

occur more if the flood basin is quite large and the channel.

/
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activity is restricted to one side of the basin for substan-
@ial periods.of time. In areas of little vegetation, wind
activity plays an important role.

In the study area, thin red and grey mudstbnes and calca-
reous siltstone units are abundant in the upper parts of the
succession, especially near Cranberry Head (figure 12, sec-
tion b and the upper 60 m of figure 11, tsedtion al. These
mudstone and siltstone units have grédatioﬁal contacts, fin-
ing and coarsening upward. They are very extensive, later-
ally extending for a few kms (photo 33). The red coloura-
tion of the mudstdnes and the calcareous siltstones indicates
relatively low water tables, with periodic sub-aerial expo-
sure, asymmetric ripples in,the siltstones developed at
the peak ok flooding. Therefore, thesé laterally extensive
éeposits are attributed to flood plain deposition distal to
the channe#s. However, flvctuations of the water table and
migra&ibn of tﬁe channel created enough water saturation to
éausé ;E>vegetation' of the area and peat accumulation re-l
sulting in the overlying Aconi seam (figure 11, section a,
dpper 5 m; photo 34). The basin-wide extent of the Aconi
seam implies that the rise in the waler table and re-vegeta-

tion was widespread. ' '
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B.6 FLOOD BASIN DEPOSITS

—_—m—

The flood basins are the lowest areas .of a flood-plain.
Generally, they are poorly drained featureless areas, with
little or no relief (Reineck and Singh, 1975). Their depos-
its are quite thin (<2 1/2 cm) and formed from the settling
out of suspended clay and silt (Coleman, 1959). Very r%fely

‘some of the flood basin mudstone; may contain thin
(1/2 to 1 cm) layers of clay. These*layers are discontinu-
ous, extending laterally up to 4 xm,

Due to the generally active migration of the main chan-
nel, the flood basin deposi;s only occur as thin discontinu-
ous veneers on top of the other overbank deposit;: This 1s
similar to the accounts by WOlﬁan and Léopold (1957) and
Coleman (1969) of flood basin dépogits in Maryland and North
Carolina and the Bengal Basin, respectively. It is in these
areas that thick accumulations o{ peat can océura, i1f cli-
matic conditions are favourable (Reineck and, Singh, 1975;
Coleman, 1969), due.to the low sedimentation rate and rapid
vegetétion growth in areas of the flood basin. Extensive
flood basins in the Morien Group are reflected in the pres-
ence of abundant and-laterally extensive coal seams. Thin
discontinuous clay layers occur only‘ rarely. These are
probably the result of peak flood conditions in the fluvial
system which were high energy enoUgh to deposit some sedi-

ment in these distal areas, but were not intense enough or

proximal enough to seriously interrupt peat accumulation.



Chapter IX
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PALEOSOLS

9.1 INTRODUCTION

Paleosol is a term used for ancient or fossil soils. They
are forﬁéd on horizons exposed sub-aerially long enough to
allow deifiéation by "soil forming brocesses, including
physiéal and chemical weathering and the action of organ-
isms. Paleosols can be recogniZed from a variety of struc-
tures, such as: 13 massive bioturbated layers, with grada-
tional contacts; 2) complex cracking and veining; 3}
leached, reddened and mottled layers; 4) pseudo-anticlinal
structures (gilgai-like structures) and slickensides; 5)
pseudomorphs after plant roots; 6) nodular horizons and lay-
ers} 7) calcareoﬁs and other crusts; 8) distinctive petro-
graphic textures (Wright; 1982; Retallack, 1983). Important
criteria.for the development of the soil profile are: 1)
the duration of the exposure which influences the thickness
and induration of the soil profile; 2) the elevation and mo-
bility of the water table (Gardiner, 1972},

Calcrete is a carbonate-enriched soil, formed by the com-
bined effects of evaporation and chénge in the partial pres-
sure of co, in the soil zone. The carbonate is considered

primary if one of the following are present : calcium-rich

- 105 -
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primary minerals, certain.plants which contain calcium in
their tissues, detrital carbonate grains, or skeletal organ-
isms, (Klappa, 1983). Leaching of the calcite enriches so-
lutions, which transport the calcium downward as bicarbo-
nate.eventually to be .precipitated a5 carbonate, forming a
calcrete (Wright, 1982). Thus, calcretes result from the
prbgressive calcification of the soil, in a sequence of
stages, outlined in table 11 and figure 30.

Inlfhe upper Morien Group, vqéious stages of pedogenic
paleosols and calcretes were obéerved. With reference to
Klappa (1983) and Netterberg & Caiger (1983), calcareous
soils, calcified soils an§ nodular calcretes can be distin-
guished. The calcrete soil profiles occur in a variety of
sequences: calcareous soils to calcified soils; and calca-
reous soils or calcified soils to nodular calcretes. Non-
calcrete palecsols are also distinguishable.'

To justify the paléosol interpretation, the following
points are noted: 1) The presence of siltstones and sand-
stones with minor disseminated carbonate grains-throughout
the clays {(photo 35)(and no carbonate nodules) effervesce in
dilute HCl, corresponding to stage 1 of table 11l. 2) The
presence of siltstones and sandstones that contain
abundant carbonate cement, but .no carbonate nodules (photo
36) (stage 1 to 2 of table 11). 3)Calcified layers contain-

A " ing carbonate infilled root casts (stage 2, table 11),



Y

107

Tabié 11+ Stages in the cdevelopment of calcretes

(Netterberg and Caiger, 19283).

-

Stage Host Material
Mixed ‘Texture Clean sand or
gravel
1 scattered calcrete calcrete ‘coated grains
glaebulas in host :
soil
2 glaebulér calcrete calcified sand or
gravel (calcite cement)
3 honeycomb calcrete
(partially coalesced
nocdules)
4 hardpan calcrete
(rock-like horizon)"
5 calcrete bouléders,

cobbles gravels
(diséret:(fcagments

formeéd by weathering)

B
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4) Layers of carbonate nodules and pedotubules. |
(stage 3 to 4, table 11). 5) Calcrete micro-structures,
such as: crystallaria and soil peds, (photos 37 and 38). 6}

Reddened mudstones; mudstones with abundant bioturbations;

mudstones with pseudo-anticlinal structures: (photo 14). 7)

Close association of calcareous sandstones and siltstones

ahd red mudstones.

9.2 . CALCRETE ‘FEATURE‘.S

The upper Morien calcretes fit various staées in the pfo—
cess described by Netterberg ané Caiger (1983} and ocutlined
in table 12. The Morien Grodp contains examples of calcare-
ous paleosols, calcified paleosols; ° nodular calcretes and
leached paledgols. .

Calcareous paleosols of the upper Morien Group effervesce
in dilute HC1, Rut generally contain little carbonate cement
and few nodules.bJThey are siltstones andlfine—grained sand-
stones, and-are well sorﬁed with less clay than their non-
calcareous couptérparts. Strata and grain size do not affect
the carbonafe content:sﬁrata are both horizontal and rippled
in units 5 to 20 ém thick. This is the most common type of
calcrete H( this part of the upper Morien Group.

Calcified paleosols are not as common as the calcareous
paleosols. They are siltstones, with faint horizontal stra-

ta,.pedotublqs may be present. . ,,

¥
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Table 12: Classification of calcretes (Netterberg and Caiger,

1983).

Calcrete
Type

Calcareous
soils

Calcified
soils

Powder
calcrete

Nodular
calcrete

Eoneycomb
calcrete

Hardpan
calcrete

Calcrete
boulders and
cobbles

Diadnostic Features

soils with little or no cementation or
development of carbonate nodules but which
effervesce in dilute HCl; stage 1, table 11l.

soil horizon cemented by carbonate; carbonate
generally evenly distributed, few nodules;
stage 2, table 1l.

|

loose silt-sized and fine sand-sized carbonate
with few or no host soil particles; any nodules
present are friable; stage 2, table 1ll. '

silt-sized to gravel-sized particles of carbonate-
cemented host soil in a matrix of usually
calcareous soil; 25 % or more of the particles

are 2 mm; stage 2, table 1l.

large and numercus nodules which are partially
cemented together; interstitial voids are
often infilled with loose soil;stage 3, table 11,

formed when most of the voids in a honeycomb
calcrete become cemented o when a calcified
s0il becomes more heavily cemented than the rest
of the horizon; may be sandy, gravelly or nearly

pure limestone; stage 4, table ll.

weathering of hardpans forms boulders, cobbles and
smaller fragments, usually in a matrix of non- or
slightly calcareous soil; stage 5, table ll.
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Nodular calcretes occur as isolated nodules and as hori-
zons of nodules (photo 1l6). They occur withiébcalcareous
or calcified sandstones and siltstones and in non-calcareous
sanéstonqs and siltstones, The nodules range in size from 2
to 15 cm; they occur most abundantly as pedottbules and rhi-
zoconcretions along bedding planes (photo 24) and as

vertacal cylinders, presumably following root systems.
These nodular calcretes tend to be gradational from calcare-
ous and calcified paleosols, and in some tases are grada-
tional upward into a hard-pan calcrete (photo 39).

Also present are calcretes capped by carbonaceous shales
and tﬂin coals; ‘these shales and coalé are thought to have
been deposited under the inf;uence of rising water tables.
Similar units were described from the Pictou Group in New
Brunswick by Legun (1980), who ascribed them to leached
soils. The wupper Morien shales in ﬁhié unit are soft and
yielding. —

9.3 NON-CALCAREQUS PALEQSOLS

The non-calcareous paleosols occur in heavily bioturbated
and reddened mudstones. The red mudstones alternate with
grey mudstones (photo 33). Some of the mudstones show
desiccation cracks (photo_29) indicating sub-aerial expo-
sure. Both mudstones are very rubbly; the grey mudstones
showing abundant rooting features. The red mudstones are

Qif generally closely associated with cne or more of the cal-



111
-érete stages. * Exclusive to the red mudstones are pseudo-an-
‘ticlinal or gilgai-like structures (Wright, 1982), which are
approximately 30 to 60 cm in height (phoﬁo 14). These fea-
tures are believed to form by alternation of contraction and
expansion of the clays. Contraction occurs during dry peri-
.ods, but during flooding or rainfall the clays expand; this
increased volume céuses stresses to build wup within the
muds, resulting in shearing and buckling (Wright, 1982).
Though not an exclusive feature of_pedogenesis,' the common
association, in this study, of the redbeds and calcretes im-
plies pedogenic formation,

The paleosols in this part of "the upper Morien Group are
immature. This is due to maintenance of a relatively high
water table, indicated by the presence of extensive and eco-
nomic coals. The paleosols began developing during tempo-
rary ary periods or on topographically ﬁigh areas formed by
the small incision of channels during flooding in- the allu-
vial terrane. The lack of lateral extent of the paleosols -
(except for thé non-calcareous paleosols) supports rgstrict-_

ed areas of soil development.

wt



Chapter X
COAL

10.1 INTRODUCTION

‘Coalificatien is defined as the deve mt from peat.‘?
through the stages of lignite,-sub-bituminous and bituminous
coals to anthracite (table 13); based on the degree of phys-
ical and chemical alte{ation. The surrounding sediments ere
relatively unaltered Jue to the high susceptibility of thé
peat to temperature and pressure changes.

Pr1nc1p1e causes of coalification are : the rise of teﬁp—
erature and time. The temperatures effectively 'cook' the
peat, causing coalification reactions, The longer the
‘cooking' time, the higher the level of coalification
reached. Although preseure is not a major contribueor in
coalification, it is—most influential in the initial peat to
sub-bituminous stage. It is,at this.stage, that decreases in
porosity and moisture contengﬁcaﬁse the coalificétioe of the
peat and simple compaction and lithification in the sur-
rounding sediments.

Coal generally'originates ffom peat deposits in swamp or
swamp-like areas. Dependlng on the original position of these
areas relative to marine waters and contlneﬂéal basins,
three types of coal deposits are distinguished : limnic;

paralic

- 112 -
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and fluvial, Limnic coals are inland &oals asséciated wibh
lacustrine deposits. Paralic coals are formed on coastal
plains and are closely associated with deltaic and lagoonal
deposits. =~ The third type is transitional between paralic
and limnic coals. Fluvial coals .are associated with fluvial

systems and flood-plains, with characteristics from each of

the other two types' (table 14).

'10.2 REQUIREMENTS FOR COAL DEVELOPMENT

Crucial asgects to the formation of peat swamps (limnic,
paralic and fluvial) are: the evolution of plants; Fﬁimate;
structural and sedimentary restrictions.

_ As plants evolved through geolog-
ical time, the freguency, thickness and quality of coal
increased. Economic coals are first found in the rocks of
the lower Carbdniferous. During the C;rboniferous extensive
swamp forests developed, giving rise to abunéant economic
coal deposits. Continued floral dévelopment and diversifi-
cation in Permian, Mesozoic and-rTertiary‘times resulted in
continued formation of thick economic coal deposits. Due to
the diversity of the coal forming flora, the microscopic
charécteristics of_these coals is highly Vvariable.

Wafm, wet climates aré, gquucive to luxufiant plant
growth, rapid rejuvenation of flora and rapid decomposition
, of dead plant matérials. War& moist climates with abundant

peat deposits are especially evident in the Upper Carboni-

ferous, Upper Cretaceocus and Tertiafy_of North America.

)
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1
Table 14 : Characteristics of the three types of coal.
Limnic Fluvial Paralic
hypoautchthonous autochthonous autoc hthonous

peat accumulation

1ittle lateral
extent

thick

coal composition
in seams changes
lateral

woody coal
composition

variable number
of seams .

termination:
Jdithification

low ash

-
low sulphur

high volatile
matter

fluvio-lacustrine
association

peat accumulation

élongate

moderately
thick

coal composition
consistent

woody coal

.composition

few seams

termination:
splitting and pinch
out

very low ash

low sulphur

highk volatile
matter -

fluvial
association

peat accumulation

laterally extgnéive
thin

coal compositicn
consistent

non-woody coal
composition

large number of
seams

termination:
splitting and pinch
out

high ash

high sulphur

low volatile

. lmatter

marine (cdeltaic)
association

ey
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Rich cocal deposits are also found in Siberia and areas in
the southern hemisphere, which had humid to <cool climatgs
(from paleomagnetic reconstructions).

Thick peat deposits .are aﬁso the result of certain struc-
tura} and sedimentary controlling elements. These elements
are: 1) steady subsidence, allowing groundwater to rise ;nd
-keep up with peat accumulation; 2) protection of the area
from major marine inundation; 3) ‘r _tr' ted fluvial influ-
enqe; thus a rélatively low relief area. Generally these
requirements are satisfied by a rapldly sub51d1ng basin,
probably related to local tectonlc activity.

!

1f groundwater rises too rapidly, it will drown the peat
andiralt o;ganic grouth; limnic, marine or fluvial sedimen-
tatfon takes over cau51ng a break or cessation of peat accu-
mulation. Regardless of the area of accumulatlon, the pri=
mary requirement is for stagnating groundwater at or near

the surface to prevent oxidation of the accumulated materi-

al.

10.3 AREAS OF DEPOSITION

" Thick peat accumulations ére found in assdﬁiation with
three different depositional sygiems, resulting in different
.;haracteristit features for each coal type (Table 14}.
Briefly, these Eharacteriétics are: limnic eoals are thick,
discontinuous bodies containéq\in an enclosed basin. They

‘contain low amounts af sulphur, low ash - and are rich

-
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in volatile matter; they also have a woody compositigh, pre-
dominantly from hypoallochthoroucoeﬁt peat derived from lo-
cally transported organic material.

In contrast to limnic coals, paralic.coalg are thin and
very extensive tabular bodies. They have high sulphur and
ash contents and moderate amounts of volatile matter; thege
coadts have a3 predominantly non~woody composition from autoch
thonous peat. Marine sediments are always preéent arongst
the large number of thin seams.

The third transitional coal type is associated with flu-
vial sediments. These coals are low in ash content and have

moderate amounts of sulphur; they are rich in volatile mat-

ter. The woody coals form from autochthonous accumulations

of peat. The seams are moderately thick extensive bodies,

often elongate parallel to major fluvial channels.

From this study, and previous warks by Hayes. Bell and
Goranson (1938}; Hacguebard and Donaldson (1969); Ciles
(1983) and Rust et al.(1983), -the coal deposits of the Syd-
ney Basin are largely ssoc1ated thh continental sedxments
described as 3 braided . to meander1ng fluvial system on a

broad flood plain.

. Coal deposits associated with a meandering fluvial system’

were described by Gersib and McCabe (1981) from the Carboni-
ferous coal-bearing -sedxments of the Port Hood Formation,
Nova Scotia. The depositional model for the Port Hood Forma-

tion was described as a large meandering river which cut

N
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across a swampy flood plain. The flood plain was littered
with cut;off chutes and meander .cut-off lakes. These lakes
became vegetated as they infilled with flood and crevasse- .
splay deposits. The coal and carbonaceous mud-rocks were
deposited in the swampy areas where dead plant material ac-
cumulated and was pfeserved.

éluvial channel - dominated facies with associated coal
beds ﬁave also been described by Flores (1981) for part of
the Fort Union Formafionp Powder Riier Basin in Wyoming and
Montana. This fofmation contains abundant channel deposits
of a me;ndering, highly siﬁuous fiuvial system. The coals:
formed in the poorly drained back-swamps in a broad flood
basin.  Their distribution was influenced by the location-of
channels and the inter-channel topographically low areas.
Flores (1981) attributed splitting of the seams to the in-
“terruption of peat accumulation by. the deposition of cre-
vasse-splay sandstones and flood deposited siltstones and
shales.

The upper Morien Group of the Sydney Basin was previously
assigned to the paralic coal group (Hacquebard and Donald-
son, 1969), However, comparison with the descriptioné given
by Flores (1981) and Gersib and McCabe.(1981) for fluvial

r~

coal deposits indicated that the Sydney coalfield corre-

sponds to the fluvial coal group (table-1S5).



119 .

~
)

Table 15 : Characteristics of “the Sydney Coal Field.

RN

Fluvial Coal Sydney Coal Field
autochthonous autochthonous peat
peat accumulation accumulation (Hacguebard and
' Donaldson, 196%)
elongate broadly elongate
moderately thick thick
consistent coal consistent coal cémposition
composition : (Hacquebard and Donaldson, 1969)
woody coal . woody coal composition
composition - {Eacquebard and Conaldson, 1969)
few seamf 12 economic seams
terminatton—ts due .| termination is due to splitting
to splitting. and and pinch-out
pinch-out
very low ash low ash
low sulphur high sulphur
high volatile ' high volatile matter
matter
/

fluvial association rneandering fluvial system on a

5 broad flood plain

—
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10.4 SYDNEY COAL FIELD

Twelve economic coal seams occur in the upper part of the
Morien Group in the Sydney Basin. The seams range in thick-
ness up to 4 m, and extend lateral%y acrqss the basin with
variable thickness- and some splits (Hacquebard and Donald-
son, 1969) (figures 18, 19, 25 and 41). ’

Hacquebard and Donaldson (1969) attributed the thickness
variation mainly to differential compaction reflected in the
underlying sediments (figures 18 and 19). As underlying
finejmaterials are compacted, they create local areas, of
poor drainage and subsidence, allowing thicker accumulations
-of peat. A simila; effect was recognized by Flores (1981) in
the Powder River Basin. Splitting of seams is due t&ractive
channel migration across the area of peat accumulation; cre-
vasse splay progradation; or incr;gsed subsidence causing
léke formation (Flpres, 1581). All thesé processes inter-
rupt peat accumulation, renewing sediment accumulation.
Thinniﬁg and“splitting-also occurs at the termination pdint
of the seams. Hacquebard and Donaldson (1969) | showed in
stratigraphic sections that the coal. seams thin, split and
‘interdigitate with sediments to eventual pinch-out, similar
to terminations described by Flores (1981},

Hacquebard and Dqgaldson {1969) also recognized, for some
of the seams, a westward migration of the main locus of peat
accumulation on the basis of véffical sections correlated
across the basin and the change 1in thicknesses of some of

the coal seams (figure 41).
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The thickest parts of the older seams occur 1in the east
’part of the basin, "near Glace Bay and New Waterford . The
same authors related this westward migration to the paleoto-
pography,- with‘originally higher ground to the west, the
original fluvial systems and peat aEcumulations would Bave
occurred in the eastern a?ea and as the bqsin infillgh in
_the'east, the fluvial system, peat development and accumula-
tion migrated westward. Probably only the devocentre of-
peat accumulation migrated, resulting in thickening of seams
but no actual terminations of the seams within the basin.
The main influence on the physical characteristics of
anl seams in a fluvial system is the migration of channels
within the basin. As the main -channel occuﬁied various
parés'of the basin, peat accumulation occurred elsewhere.
So, individual seams thicken and split independently of each
other, but dependent on the channel's position in the basin,
This feature has been recognizéd iqrthe Powder River Basin
by Flores (1981). In the Sydney Basin this feature 'is also
recognized, with coal seams becoming thicker away from the
active channel and splitting more frequently close to the
active channel. The -extent of the coals across the basin
(figures 25 and 41) shows that the péét swamps wefe veryrex-
tensive and implies that channels were widely separated, and
therefore lérge. | |

’

The Sydney coals are ranked as high volatile 'A' bitumi-

"-

nous coals. This broad category encompasses all the seams,
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with rank increases within this category with increasing
depth of-the seams (Hécquebarq and Donaldson 1969). N

The Sydney coals weré,formed from the development of‘auto-
chthonous peat ac#umulations ‘(Hacquebard and ‘Donaldson,

19689). Reasons cited are: the presence of in situ trees;

rd

-preservation of whole leaves and. other delicate plant ma-

terials; m}nor fluctuations of ash content within and be-
tween seams; megascopic and microécopic composition- the
presence of the lithotypes : vitrain, c¢larain, durain and
fusain*all 't_‘r;e seams have good maeceral preservation; (Hac-
quebard and Donaldson, 19691} .

From the chemical analysis of the Sydney coals (Table
16), wespecially thé high sulphur content, {Tibbetts and
Montgomefy, 1960) their lateral extenEA continuity and
thickness_énﬁ mode of.seam.fermination, the Sydney coals re-
semble. coals found in a parélic depositional site., However,
sédimeht associations, lack of marine fossils and associa-
tions, the presence of non-marime fauna combined with the

great abundance of in situ trees,suggest a fluvial environ-

ment for deposition '(pable 15). The great lateral extent

~and consistency of the Sydney coals are attributed to the

" area of depbsitiqn being a very broad floodplain with a rel-

atively stable tectonic and climatic environment allowing

for continued and generally uninterrupted peat accumulation

.and large, widely separated channels. The high sulphur con-

tent of the coals is attributed to contamination c¢f the
coals by‘paf&s of the underlying ‘carbonate Windsor Group
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The setting for the Sydney coalfieid is similar to that of the
Pbrt Hood Formation described by Gersib and McCabe (1981).
Their conclusions were that since there were no_associated
marine sediments or deltaic sequences and the coals weré
distinctly not limnic, an entirely terrestrial fluvial

depositional setting for coal formation was postulated.



Chapter XI

TECTONIC RECONSTRUCTION AND PALEOENVIRONMENT

’ T

11.1 = DEVELOPMENT QF THE APPALACHIAN STRUCTURAL PROVINCE

The deQélopment of the Appalachian Structural Province
has been interpreted by various theories since the accep-
tance of the Wilson cycle {1966)., Until recently,_thé”Prov-
ince was.seeﬁ as a series of broad structural zones elongate'
along the easter;/éeaboard (Poole, 1967; Williams, 1978,
1979; Williams/ﬁt al, 1974) (figuré 45). These zones were
subdivided on the basis of distinct stratigraphic and struc-
tural characteristics related to plate movements -dufing
Cambrian to Silurian times (Poole, 1967: Williams, 1979).
1t was suégesteﬁ that the three ﬁestetn iones'are rélated to
the generation and destruction of a proto-Atlantic (lapetus)
during Cambrian times. The two eastern are believed to be
related to the closure df Iapetus, and may represeﬁf slices
of continental maierial whichrformed the eastern shore of
lapetus (Williams, 1979)“(tab1e 16}. Williams {1979) sug-
gested that Silurian and younger rocks are rélated to.depo—
sition and deformation in basins fotmed across the destroyed
ma}gihs and tract of Iapetus. " These younger rocks may even
relate to the site of a Paleozoic ocean, after lapetus (Wil-

liams, 1979).
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Table 1l7:Evolution of the Appalachian Structural
Province (Poo%e, 1967; ¥illiams, 1979).

Age Orogeny Major Event
Triassic rifting and onset ‘
of the modern Atlantic
Ocean
Carboniferous Hercynian/ J development of
Alleghanian | successor basins-
Silur%an- Acadian destruction of the
Devonian continental marcins
: and oceanic tract
’ related to the
Iapetus cycle
Ordovician- Taconic development of
Cambrian continental margins

late Pre-Cambrian-
early Cambrian

Avalonian

and platformal
areas: closure of
Iapetus

rifting of the
Grenvillian Lkasement;
opening of Iapetus
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However, Williams pointed out that there is no evidence(Ef
obducted ocean floor from the mid-Paleozoic (Acadian)} defor-
mation. |
«A mofe recenﬂiinterpretation of the Appaléchiaﬁ Structur-
al Province involves thé copcépt of éuspect terranesg (Xep-
pié[ 1983; Williams and Hatcher, 1982; Williams and Hatcher,
1983), which were accreted outwardly {on the eastern edge)
of cratonic North .Ameri;a. Williams and Haicher. (1982,
1983) suggested that the Apﬁhlachian Structural Province is
made up'of a series of geological sub-provinces with unigue
and distinct features an? sharp structural junctioﬁs (Wil-
liams and Hatcher, 1982). They are distinguished from each
other by their geological contraéts related to changes 1in
orogenic actfvity from proviﬁce to province. Williams and
Hatcher (1982, 1983Lr31ateethe formation of the Province to
the opéning and closing of the Iapetus Oéean_combined with
various accretionary phases. %ﬁése‘accretionary phaées co-
incided with periods of deformation, plutonism and metamorp-
hism. .

Kepp@e (1983) described the northern Appalachians ‘as a
collage of . terranes which are internally made up- of sepa-
rately derived pileces. Times of acéretjon are provided by
the age of the youngest strata unique to the particular ter-
rane. The Avalon and Composite compilation terranes were

formed during late PreCambrian to early Ordovician times.

Dﬁring Ordovician times, the western part of the Appalach~
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ians was accretea té North América. The Acadian orogeny ﬁas
marked by the accretion ot the Acadian compilation terrane
‘and movement of this terrane up the eastern seaboard (figure
--43), in a sinistral transcu}rent motion. The later colli-
sion of Gondwana with Nﬁrth America marked the Alleghenian
orogeny (Keppie, 1983) (table 17). .

It has been sdggésted that the complex and active tecton-
_ismlof the Appalachians during the late- Devonian and éarl}
Carboniferous’ is ~due to the rifting of a super continent.
According to Fralick and‘Schenk (1981) Nova Scotia was prox-
imal to a three pgint junction between the masses of Africa,
Furasia and North America. Further conjecture, from geo-
logical and paleomagnetic data (Wwilliams, 1979), suggest
that New England} Atlantic Canada, Ireland and Britain were
part of one bloc? during the late Deﬁonian and early Carbon-
iferous. Also, that the Acadian orogeny resulted from the
closing of the Iapetus Ocean, between the above block and
ancestfal north Africa (williams, 1979). The initial com-
pression induced dominantly left- lateral strike-slip move-
‘ments along northeast trending fauits (figure 44). It 1is be-
lieved: - that re-shuffling of the. continent; in the
Alleghenian caused reversal of 'sqme ok the left-lateral
faults to right-lateral movements (Fralick and Schenk,
1981). )

Arthaud.énd Matte (1977) examined late Paleozoic strike-
siip faulting in southern Europe, northern aAfrica and North

America (figure 45). . 1
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Figure 43: Relative motion of the Acadian compllation
terrane with respect to cratonic North

America. .
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Table 18 :Accretionary History of the Northern

Appalachians (Reppie, 1983).

Age

Orogény

Major Event

late Carboniferous
-Permian

\\)l

mid-Carboniferous

Devonian

late Ordovician

late Cambrian-
early Ordovician

PreCambrian

Bercynian/
Alleghanian

. Acadian

Pencbscot
~-Disturbance

Cadomian

rcollision betweeﬁ
' Gondwanaland and
'North America

|
|

sinistral transcurrent

movement as the Acadian
Composite terrane moved
up the eastern seaboard

terranes accreted to

both sides of the Avalon
Composite terrane to
form- the Acadian Composite
terrane

terranes in the ncrth-
western part of the
Appalachians were accreted
to cratonic Morth America

collision of”several
terranes forming the
Boundary Composite terrane

formation of the Avalon
Composite teérrane from
the collision of several-
terranes
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Late Devonian

'
'

(adapted from McCabe and Schenk, 1982)

Flgdro 44: Paleomagnetic reconetruction of sinistral movement
resulting from the closurse of the lapetus Ocean.
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North American block

shear direction Wy,
) Africa—-Eurasia block

' {adapted from -Arthnud and Mltto.. 1977)

: 1’-
‘Figure 46 Doxtral movement reaulting from the colllllon of

...North Americe and Gondwana, f
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They related structural patterns in the three continents to
.é mega-shear zone between two plates (figure 46). The
southern plate consisted .of Africa; the northern plate in-
cluded North America, Europe and Greenland. Arthaud andé
Matte piaced the plateé in .their late Paleozoic positions
and plotted the main fracture patterns. Dextral shear-
ing between these two mega-continents would create the ap-
propriate riedel shear patterns within the continents. As
well, this dextral mega-shear would halt the sinistral move-
ment created as Avalonia collidéd_with North America aﬁd
moved up the eastern seaboard (Fralick and Schenk, 1981)

-

during mid-Pennsylvanian times.

Leeder {1976) suggested that certain faults in the mari-

times are én echelon features which are part of this mega-
shear zoné\iiigure 46}.. Thus, this final strike-slip fault-
ing between the mega- continents also created reversals in
somé local faulting, creating new uplifted areas and new ba-
sins during the wéstphalian B of the Carboniferous.

Pull-apart basins formed along the riedel shears, with
positive blocks forming in areas qf compression. The Fundy
Basin System contains various sub-basins {(figure 8) formed
by these en echelon faults and pull-apart basins, basin
sedimentation occuring in these down dropped blocks.

The Stellarton sub-basin of the Fundy System lies between
ﬁhe angular contact of the Cabot and Chedabucto faults,

which are thought to be riedel shears of Arthaud and Matte's
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Structural Pattern of Simpte Doxtral~3ho|rlng

. —— i

—_— S secondary
synthetic shearing
o A _secondary
antithetic shearing .
cesssns folding . ’ /
. $3i’k'nﬂ':z‘" riede! shears

after Reading (1980)

Structural Map of

Late Variscan
Structures

Q
N km
shearing
e gbgerved
-——— Inferred
; A antithetic shearing
s ‘"synthetle shearing
..... cans tolding ’

main shear movement

el

Figure 46 after Arthaud and Matte (1977)
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mega shear zone. Fralick and Schenk (1981) have shown that
these two large faults relate to more localized faulting and
folding causing buckllng and t1lt1ng ©f blocks and the cre-
ation of a strlke slip related basin adjacent to highland
areas (figure 47). It is thlS event and a sxﬁllar sequence
of events‘}hat'is proposed for the\EEVelopmena of the Sydney

Basin.

11.2° " RECOGNITION OF STRII\E SLIP BASINS

Strike-slip faults are. those whose primary motion 1s both
horizontal and parallel to the fault trace. They mark re--
gions "of transpressian and compression; Experiments simu-
lating strike-slip fault zohes show characteristic fold pat-
-tefns and secondary faults (fFigure 48); the folds form at
obligue angles to the main shear; secondary faults form at
low angles to the main shear Wlth the same sense of movement
(synthet1c faults). ~ secondary faults also form at high an-
gleslﬁo the shéar, with the opposita sense of movement as
tﬁe main shear (antithatic faults) (Wilcox et al, 1973)
(figure 48).

Alternate zones of exten51on and compression occur along
the strlke-sllp system. Extensional areas form basins, com-
preasional areas are upland sources. These extensions and

compressions are due to : 1) curvature of the shear zone;
2) anasXomosing fault pattern; 3) fault terminations or
fault side- stepping; _(figure 4?). Ancient strike-slip ba-

sins
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Types of Strike-Sllp Fault Patterns Producing Subsiding Basins

and Compressional Uplifted Blocks

s) betore movement after movement

b} ’
— -
divergence : doWwn
o=
. . -_p— - \

s

({:n'\rergonco . ‘
3
sharp
pull apart

’

(a) curved tault; (b) divergent and convergent faults;
(c) anastomosing tault pattern; (d) fault termination;

(e) side—-stepping faults.

Figure 49 after Reading, (1980)
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are related to compression, extension and transcurrent

movement {Reading, 1980; Steel and Gloppen, 1980). These

characteristics are listed in table 18.

11.3 STRIKE-SLIP CRITERIA FOR THE SYDNEY BASIN

The crlterxa prev1ously cited for strike-slip sedimentary
basins are listed in taple 19 with their appllcat1on to the
Sydney Basin.. It is postulated that the Sydney Basin is a
marginal strike-slip basin, similar a;d contemppraneous with
the Stellarton Basin, but more remote from direct influence
of the basin forming strike—ﬁlip faults . As a result,
strike-slip basin features are not completely developed.

The .Sydney Basin is saucer shaped, elongate in an easter-
"1y direction. Mann et al.(1983) have described the develop-
ment of strike- slip basins in relation té smali circles.
They recognizéd the occurreng;bbf the longest pull- aparf
basins distal to the pole oflfptétion. Similarly, the Syd-
ney Basin location is distal ‘to.the strike-slip forming ba-
sin faults and .is elongate in shape . The Morien Group dis-
plays local. paleocurrent trends to

the northeast, th this is probably due to the location of
the study area andfthe observed onland locatxon of this part
of the -Sydney Basin with respect to the whole of the ba§1n
(figure 50a and 50b). Asymmetric £ill . of the basin is not
‘clear, although Hacquebard and Donaldson (1969) suggest as-
ymmetry of deposition of some.of the coél seams in the Mor-

ien Group, though this is doubtful.

B
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Table 19 : Criteria for the Rzécgnition of :Strike-Slip Basins C
(Reading, 1980; Steel and Gloppen, 1980). ?

l. overall elongate basin shape delimiteé'bj‘faﬁlt scarps or
major fold axes. '

-

S -

2. rapid sedimentation rate
3. rapid lateral facies changes and/or extensive thin deposits
4. thick deposits in relation to lateral extent

5. proximal onlaé of subsequent deposits

6. basin asymmetry
7. longitudinal mode of sediment dispersal

8. mismatch with postulated provenance of either clast size
or composition ' '

9. coarse marginal conglomerates
10. strike-slip fault structural system

1l. scarce ignenus and metamorphic activity
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Table 20 : Criteria for thg Recognition of Strike-clip BRasins
Applied to the Morien Group of the Syéney Basin.

Criteria

Morien Group
) -

Eldngate Basin Geometry

Sedimentation Rate

Rapid Faciés.Changes
Thickness-

?rd%imal 6n1ap

. Basin Asymmetry
‘Longitudinal Mode of
Sediment Dispersal

Provenance Mismatch

Marginal Conglomerate

Wrench Fault Pattern

Sparse Igneous and
Metamorphic Activity

‘Sydney Pasin is an E-W elongated

basin . .

relatively slow, allowing thick
accumulations of peat to occur
uninterrupted

no? )
minimum of 1000 m
no -

£fill occur from trke SE to the
N (?) . :

the Mprieh Group trends are to .
the NE, into the E=-17 Sydney Basin

no

missing, erocded due to basin-ward
migration of bounding faults

folds within the Sydney Basin are .
the final vestiges of the Chedabucto-
Hollow shear couple

yes
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Figure 50a: éxtent of the.Sydney Basin with
e a generalized paleocurrent trend
from the upper Morien Group.
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iy
Iocation of the upper Morien ~\
Group in relatiocn to the
whole of the Sydney Basin.
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Evidence of Rectonic activity 1is limited in the Morien
.Group, and it is believed that ﬁhg‘asymmetry of the Morien
sediments réflects a paleo-asymmefry in the basin. The sed-
‘iment pile is’Felatively thick within the E;;in, reaching an
'approxiﬁate thickness'of,Z.B km, from the base of the Grant-
mire Formation to'the upper part of the Morien Group. Al-
though no coarse alluv1al deposits are présent in the Morien
Group, ‘it' is believed that side- stepping. of ‘the marginal
faults towards the centre of the bas1n cut off fan deposits
associated w1th the 1n1t1al phase of dep051tlon of the Mor-

ien Group (Rust, pers. comm. ). Although paleocurrents indi-

cate locaf basement h1ghs as potent1al source areas, the

e

initial'provenéﬁce analysis of the light minerals combined
with local paleocurrent trends, does not distinctly outline
‘the source areas. Northeast frendlng syncllnes and anti-
clines; whose axes approximate the ma]or east-west trend of
the basin may.be interpreted as strain folds related to the
mega-shear zone of Arthaud and Matte (1977). rFault scarps
which control the northern and southern edges of the basin
consist of a sinistral southern faulﬁ (ﬁeppie, 1979) .which
is considered to be a synthetic fault of Arthaud-and Matte's
‘mega shear zone; the north boundlng Mountain fault parallels
the fold axes in the ba51n and is postulated to be an an-
tithetic fault to the main shear zone (figure 51). The3e
" structures ére seen as part of the en echelon fold system

associated with strike-slip
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Structural pattern of simple shearing

~ main shear
movement

{Reading, 1980)

shearing antithetic A ....... folding
synthetic S | —=,. Sydney Basin
- anticlines

Hollow
fault

: N
Chedabucto
=~ fault (L',ZS 50
km

Figure 51:Sydney Basin folding in relation to the Chedabucto

~Holtow shear couple.
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‘faulf zones (figure 48}. Thus these features may have formed,
due to tﬁe regional dextfal-shear zone postulated by Arthaud
and Matte (1977), although it should be mentioned that local
compression in the area would create similar structures.
(figure 48).

- 4

11.4  BASIN RECONSTRUCTION'

ihitial sinistral shearing and 1a£er major dextral shéar*
ing during the close of the Acadiam- orogeny and throughout
the Alleghenian orogeny (poole, 1967; Arthaud and Matte,
1977) created many basins in the Maritime area; this was due
to shear couples related to strike-slip movement.

Structural elements of the Sydney Basin can be-broadly
fitted to the strike-slip baéin model (table 19). No sedi-
ﬁentological criteria of the Sydney -Bas;n conflict with
those criteria cited for the strike-slip bésih model. How-
ever, due to the tenuous aspect of some of the Sydney Basin
criteria, a modification 15 suggested. Initially, the Sydney
Basim was influenced by strike-slip-movement similar fo that
forming the Stellarton Basin (Fralick-and Schenk, 1981).‘
But, due to -the geographic distance between the Sydney Basin
and the shear couples (Cabot and Chedabucto faults) forming
the strike-slip basin, the strike-slip features of the. Syd-
ney Basin are not prominent. The strike-slip ché;acteris-
tics also decrease eastward, again due to the increasing ge-

ographic distance between the strike-slip infiuenqes and the
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depositional basiﬁ'theé created. As well, infilling of the
basin without re-activation iof the basin forming faults
caused an upward decrease in ;trike-slip basin characteris-
tics. ‘This would coincide with Readi‘hg's (1980) final phase
(transpréssién) in the development of strike-slip basins.

The major strike-slip motion of the Chedabucto and Cabot
f}ults created an area of transpression which deveioped into
the Sydnef Basin. initial erosion of the local source areas
formed the Grantmire Formation and the lowerﬁparté of the
Windsor Group. Marine incursion occurred, depositing mo;: of
the Windsor Group. Marine regressioﬁ resulted 1in depésition
~of the Point Edward and. Cape Dauphin Formations. Unconformi:‘
ties between;the Windsor Group and the Point Edward Forma-
tion occur only locally and this may be due to local move-
ment and uplift, ghich would also-aid the marine regression.

At this point, probably § final tectonic surge occurred,
which uplifted and eroded local blocks providing source are-
as for the Morien Group and creating a major regional uncon-
formity. Since within the Morien Group only a braided to
méggaering alluvium is observed, it ig{boStUlated that the
lower-most Morien Group contained marginal éfﬁ deposits ,
. subsequently lost by erosion. The proximal potential
sourcé areas for the basin would typically yield fan com-
plexes, transitional distally through braided to meandering

alluvium. As well, local paleocurrent trends are parallel

rather than normal to marginal faults, particularly in the
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vicinity of the Bateston .fault to the south (Rust et al,

1983).  With these facts in view, it is suggested that move-
b J

ment along the marginal faults continued into the Morien and

that these faults stepped basin-ward, uplifting the earlier

fan complekes, which were then removed by erosion (Rust,
pers. comm.).

Generally however, dgposition of the Morien Gfoup re-
flects pre-Morien basin trends,that is, deﬁosition_ in an
east- west elongate basin with a fluvial system infilling
the basin. Local paleocurrent trends to the north-east are
a result of the position of the deposiﬁional site of the

Morien Group with respect to the whole of the Sydney Basin

~(figures 50a & b).

11.5. - PALEQENVIRONMENT

The presence and extent of the coalfields in the Carboni-
férous suggests a largely world-wide humid climate. The hu-

midity of the Carboniferous is mainly based on the presence

of subtropical and tropical coals and may be due to a warm

overall temperature of the earth. A warm earth would cause

an increase in heat transport, thus increasing evaporation

and precipitation and creating a high humidity. The high

humidity may also be related to an increased humidity which

occurs prior to any major glaciation (Frakes, 1979).
Paleolatitudes are given by world map reconstructions by

Keppié (1977) and Habicht (1979) and others. For the upper

T
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-,Carbonifefous, Atlantic Canada is situated between 0 and 10

south (figure 52). A warm climate is indicated from the pa-
leo}atitude and the presence of organic reefs and carbonate
buildups 1in midland U.S.A.,‘_ midland Britain and Europe
(Fr;kes, 1979), although the reefs decrease in abundance
into the ' later Carboniferous, as Qlaciation began. The
presence of redbeds and paleosols associated with the coals

also indicates a warm climate (Habicht, 1979).
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Figure 52: Carboniferous latitudes for - :
' -eastern North America, . :
Habicht , 1979. -
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o ' . Chapter XII
#) ' : CONCLUSION

12,1 . SUMMARY

The upper Morien Group of the Sydney Basin is'interprgpedA
as the deposi; of a meandering fluvial system on & broad
flood plain. '

The tectonic style of the basi; is related td the early
Carbbniferoﬁs formation of the Fundy Rift System (Belt,
1968; Poole, 1967). Initiation of the Fundy Rift Sygtem&bc—
éurred duriﬁg) the_Acadian orogeny with sinistral'shearing;__
being;the-main movement . During the Allggh@qign orogeny re-
shuffling of.the continents resulted in dextral shearing and
development of successor basins within _ the Funéy Belt, the
éydney‘Basin being 6ne (figures 46 and 8).

Deposition i; the Sydney Basin was controlled\ bf faults
ff\along fhé northern and southeﬁn edges and upthrusted blocks
to the west; this resulted in general flow patterns to the
north-eass. rInitiai deposition within the bas?h was a con-
g}omeraté kGrantmire Férmation); then 'marine incursion de-
.posited mérigswjbedﬁ (ﬁinasor Groupl}-‘ followed py a_marine
regression, which deposited mixed.marine-terrestrial umits

~tPoint Edward and Cape Dauphin Fofmatjons).'& final surge of

tectonic activity - caused uplift and erosion .and <created a

~

| - S - 182
’
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majof'regional uhconformi%y. ' Renewed sedimentation of the
 basin hegan'with a marginal fan cbmp , which was later ﬁut-

| off b} é bésin-wafd migration of ﬁgi:;aal faults. DeposiQ
tion continued with a braided fluvi;l/éystem, which, as the
basin infilled; developed int; a’ broaaér flood plain and a

meandering fluvial éystem {upper Morien Group).

-

12.2 EVIDENCE FOR MEANDERING FLUVIAL DEPOSITION IN THE
UPPER MORIEN GROUP

1. . Erosional bases of the trough cross-stratified sand-
stones, which fine wupward into-Sf and Sh and occa-
sionaily show epsilon ;;oss-strata : point-bar depos-
its of major meandering channels (Allen, 1965 , 1970;
Ethridge and Schumm, 1978). " ~

2. Highly variable paleccurrent data, variance of aé*

. proximately 180°, but with an overall trend to the
north-east .suggests a sinuous cﬁénnel system, with
e one ‘general flow direction.

3, Channel  forms of width / depth ratios of 18:1 to
22:5:1 resulting in high sinuosity channels, 2.56
: me#n sinuosity meandering fluvial system (Eth-

bridge and Schﬁﬁm} 1978 and Ruét, 1578).
4. Abundant fine ﬁaterials which interbed, overlap and
interfinger with—coarser materiéis (fine sandstones);

the presence of abundant organlc materzal and in situ

B

trees : various overbank depos1ts - flood-plain, le-

vee and crevaSSe-splay depos1ts. :



"flat basin, temporary,dryfng
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5.. Concave up channel shapes, infilled with mudstone and

-

siltstordes : abandoned channels.
] - . [ ]

6. Laterally extensive. interbedded siltstones and mud-

v

‘stones : ‘flood-plain deposits.

¢+ 7. . Limestone and black-shale units with abundant non-ma-

rine fauna : lacustrine deposits. - '
- . - A
8. Redbeds, desiccation cracks and paleosols ; sub-aeri-

~

al exposure and warm paleo-climate.

9. Abundant and highly diversified flora : terrestrial

B N &
and humid, tropical environment.

- 10. Thick gnd extensive coal deposits : very humid and
. relatively warm environment; with a high water table.

11. Poor levee development: highly migratory system.

12.3 - CONCLUSIONS

The upper Morien Group was deposited on a broad fipod

plain, elongated to the north-east, as part of a north-east -
trending fluvial system. A highly sinuous meandering river

~ system developed in a warm hupid climate. The b:oaa flood-

piain had a high water table and developed a lush and d;v-
erse flora. This resulted in thick peat accumulations.
Cut-off chutes and local depressions dé&eloped into ephem-'
eral lakes throughout tﬂe swampy floBd—plain. Asithe basin
infilled_an? became broader‘and flattér, there were periods

when the main channel was occupied to one side of the broad

4
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‘occurred in areas on the flood-plain distal to thg active

“channel, so redbeds and paleosols developed. A .schematic

156

reconstruction is shown 1n figure 53.

12.4
1.

RECOMMENDED FURTHER WORK

Detailed provenance study utilizing heavy minerals
and rare earths , which can be unigue to paptiCj}éf
rock types. ) ;'/
Detailed analysis of the paleosols and clay mineralo-
g9y. ‘ |

Relation of cﬁannel, levee and crevasse forms to min;
ing. Geometric exéent of these bodies and their re-

lation 3

these Wifferent bodies on the coal quality.
Diagenetic history)as indicated by'concre;ions.
.

Extension dof basin analysis seaward on the basis of

. drill,é;;e, seismic records, etc.

—

Integration of results with mining records.

-
-

T

?#

oof problems, cut-outs etc. The effect of
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Photo 1l: Vertical crogss-section of trough cross-
stratification: plan view of trough ctross-
-stratification .is shown jp photo 7.

" (Divisions on the meter stick are 5 cm;
South.of Chapel Point, section a, 295 m.) .

. [ . . " ’ B
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.
-

\

Photo 2: Pebble lag concentrated in the trough axis.
- Lag.primarily consists of quartzite,
sedimentary and metamorphkic pebbles.
(Geological hammer is 32 cm long; .
. . Chapel Point, section a,.362 m.) .
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"Bhoto 3: Concentrations in the trough axis of organic

. Cebris.
. (Geological hammer handle is 22 cm long.)

Photo 4: ‘Intraformational mud clasts occasionally'

are found in trough axes near erosional
channel bases. ) N
{Geological hammer handle is 28 cm long.),
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Photo Sa: Geological hammer is orientated vertically ..
. . across a codl block near the base of a- ~ - = .
‘channel sandstone (facies St). .Undercutting Y
of the bank by the channel causes blocks °~ ~ - T
of peat €0 fall out into-the channel. - .
- (Geological hammer is 32 cm longi - o
" Black Point, section c, 20 m.) ' '

-

\ . : ,
. . ¥
) N . .

Photo 5b: Detail of the qoai block in photo-5Sa.
'  (Lens cap is .5 cm across.) co
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Photo 6:

-

Non—-erosional channel Base. Facies St
is’in sharp contact with the underlying

coal seam (upper Chapel Point seam). Cao=

-

This is presummably due to the resistive
nature of the original peat. '

(The stick is B0 cm in length.)

'Phqu 7z

Plan view of troughs at Chapel Point.
Geological hammers mark the trough

-, intersections. The handles point in the

i T

direction of the paleocurrents, whick is
to the northeast. Y .
(Geological hammers are 32 cm long.)

s
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Photo B8:

Photo 9:
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-

Horizontally laminated fine-grained -
sandstone grades upward into ripple cross-
laminated sandstone; ripples flatten
upward. Laminations are marked by organic
accumulations. ]

(Lens cap is 5 cm across; north of Mines
Point, section a, 192 m. )

Photo-micro-graph of ripple cross-laminations.
Black areas are organic concentrations which
alternate with fine-grained sandstone and

outline the ripple form.
(Lithofacies Sr.)
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]
Photo 10: Cliff exposure north of Mines Point, showing

facies Fl and Fl(c) with abundant in situ
trees; arrows point to a few trees.
(Stick is 2 m in length. )

Photo 11: Facies Sr with ripples showing occasional
climbing form. -

(Lens cap ig 5 cm,across; Stubbert Point,
section a, 15 m.)
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Photo 12: Poulder of facies Fl théuing the trace

.fossil Diplichnites sp.,. Cranberry Eead.
’ . (Geological hammer is 32 cm long.)
. 9 . .

/

Photo 13: The trace fossil Beaconites sp. on a
boulder of facies F1l, northwest of Oxford
, Point. '
Y CGeologicai hammer is 32 cm long.)
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Photo 1l4: Conical fracturing in red mudstone.

. Gilgai-like structures, probably from
pedogenic induced alternating watering
and de-water;ng of the muds.

£St1ck is 2 m in length; north of Mines
oint, section a, 18 m.) L .

4

;
Photo 15: Mold of a: stLgmarla root with rootlets.
. (Meter stick is divided into 5 em segments,
north of Mines Point, section a, 192 m. }

™~

172



%



173

Photo 16: Facies Fl containing carbonate (light -
coloured) nodules which may form discontinuous

hardpan units. Rrrows point out a few nodules.
and the hardpar.

(Stick is 170 cm in length; north.of'Mines Point.)

r -

Photo 17: Discontinuous limestone unit underlying
a coal seam. The limestone is light coloured.
(Stick is 140 em in length; north of Minds Point.)
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Photo 18: Top view of the basisphenoid bone from a
crossopterygian fish.
(leestone‘unit in section a, 242 m.)

+

Thoto 19: Under-side view of the bone in photo 18.
The cavity has been infilled.
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Photo 20: Cross-section through a columnar stromatolite.
(Lens cap is 5 cm across; section a, 195 m.)

-

-

Photo 21: Photo-micro-graph of algal filaments (?)
Light coloured horizontal bands are
muscovite grains; the sample is predominantly
?arbonate-;ich mudstone. .

Thin section of stromatolite unit above.)






Photo 22: In situ tree with a.coalified bark extendin

Photo 23:

176

downward into an underlying coal seam.

g

(Stick is 80 cm in length; section a, 210 m.)

Photo—micro-g%aph of a septarian nodule.
Fractures have been infilled with coarse-
grained ca%pfte. The nodule is sideritic
and thef%;ght grains arg/guartz.Nodule
from li€fhofacies Fl, near Stubbert Point.
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Photo 24: Photo-micro-graph of a hlack clammy shale
(facies F1(c}). Fragments are from pelecypods,
gastropods and fish bone, teeth and scales. '
{Section a, 245 m.)

Photo 25: Photo-micro-graph of a whole gastropod from .
facies Fl(c).
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Photo 26: Lateral accretion unit showing epsilon
cross—-stratification. The channel overlies
facies F1 and Fm, northwest side of Bonar
Head.

(Cliffs are aﬁproximately 8 m in height.)

Photo 27: Detail of activation surfaces in a later
accretion unit. These surfaces consist of

rippled shales and rippled fine-grained
sandstones. '
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Photo 28: Photo-micro-graph of a medium-grained :
sandstone. Large light-coloured grains
are quartz, dark graips are organic material,
the grey grains are muscovite and kiotite.
The central organic grain still shows a
cell-like texture. Lithofacies Sr.

Photo 29: Desiccation cracks in grey mudstone and
' infilled with red mudstone,
(Geological hammer is 32 em long; south:
of Chapel Point.) :

~
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biotite
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Photo 30: Channel edge tn the left, concave up;
levee to the right, gently dipping away
from the chdnel.

(stick is 2.m in length; Oxford. Point,
. section k, 12 m.) )

Photo 31: Small-scale channel which interfingers
with overbank materials at its edge
(to the left). The channel sandstone
overlies facies Fl, Fm and C (the
. lower Chapel Point seams).
(Cliffs are approximately 8 m high

180
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Photo'32: Abandoned channel (cut-off) infilled with

A alternating layers of red and grey mudstone
, {dark and light colours respectively). Note
> some possible slump;ng in the bank.

(Geological hammer in the lower left, is
32 cm long.)

Photo 33: Cliff exposure showing lateral extent of

red and grey mudstone and siltstone attributed
to flood basin deposition, cliffs extend south

west from Cranterry Eead along the northwest
side.

(Assistant is approx1mately 1€9 cm.)

o
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Photo 34: Aconi seam at Cranberry Eead, overlying
facies F1 ané Fm.

Note the in situ tree
on the right.

(The tree is appfoximateiy 12¢ cm in height.)
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Photo 35: Very fine-grained calcareous sandstone.
Large light coloured grains are guartz,
large dark grains are organic debris, matrix
is very fine calcite and sericite.

Photo 36: Coarse-grained secondary calcite infilling
voids and cementing the grains and soil peds.
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~

Proto 37 : Photo-micro-graph of pedogenic crystallaria
structures in a calcrete.

‘\\fLoto 38: Photo-micro-graph of ped structufes attributed
to pedogenic processes.
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Photo 39: Carbonate nodules coalesced t» eventually

form this hardpan, soutkwest of Mines Point.
(Geological hammer is 32 em long.)
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~ Appendix A ‘

MARKOV CHAIN ANALYSIS

A.1  INTRODUCTION

A Markov chain is defined as :

L]

*a stochastic procéss which moves through a finite

number of states, and for which the probability of

entering a certain state depends only on the last

state occupied”®{Kemeny and Snell, 1960, p.207).
It is used to determine the most probabYe seguence of states
in a non-random sequencé. N
//,Stratigraphically a seguence is sub-divided into stateé,
which may or may not be facies. The only condition of sub-
dividing is that the sub- divisions are consistent through-
out the sequence. A series of matrices are constructed
based on the observed transitions from oae state to another.
These matrices adjust for randomness wifhin the sequence and
deal with the probability of the order within the sequence.
The first matrix is an observed transition matrix; the sec-
ond is an observed probability matrix; the third is the in-
dependeﬁt trials probability matri*; the'fourth is the dif-
ference matrix, which defines the Markov chain.

The observed number of transitions from one sub-division

to‘anotheris summarized in a transition count matrix. This
transition count matrix has the dimensions N x N, wherebN is

the; number of sub-divisions.
U
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For the matrix transitions from state i to j, the code

188

Fij is used; row totals are SR; column totals are SC and
combined row and column totals are T. The equations for each

function are summarized:

SR1 = 7 Fij
ST
N,
SC3 = % Fij
I\ N
T= ; Fij
g=t LY

The- upward- transition probability is the number of times

the transition from i to j occurs relative to the total num-
ber of times i is present. This is the observed trials prob-

ability matrix and it is defined by:

A\ . 13 - +
Pij = Fij / SRi

An independent trials probability matrix is the probabil-
ity of a transition from i to j occurring without being af-
fected by whether j is preceeded ‘by i, except by the rela-
tive abundances of all the states - that is, the transition
from i to j is dependent on the relative abundances of all

*

states). This matrix is defined by:
Rij = Scj / (T - Sci) s

and thus predicts random transitions,

(4

b}
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To compare the actual observed transitions to the prob-
ability of random transitions, a difference matrix is com-

puted:
Dij = Pij - Rij

Large positive elements indicate transitions which occur
more frequently than can be attributed to random trials.

From this, a preferred relationship from one state to an-

other can be constructed.

A.2 APPLIED MARKOV CHAIN ANALYSIS

Markov chain analysis was applied to the study area and a
series of matrices were constructed (tables Al to A4). The
Markov chain was applied to the whole Sucéession, as Qell_as
to subdivided parts of th; succession. Due to the relative-
ly distinctive characteristics of the channel units and ov-
erbank deposits, the analysis was applied separately to

these two groups. {This was done primarily because of the

two different flow regimes encountered in these two areas;

-due to this, it was felt that a clearer relationship be-

tween states would be obtained).

The succession as a'whole is a complex series of tran-
sitions from one lithotype to another (figure Al and table
Al). However, a fairly clear battern of two cells of events
is observed : channel deposits of a higher energy cell and

overbank deposits of a lower energy cell (figure A2).
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The preferred facies seguence within the channel cell is
shown in figure A2 and the ﬁatrices are in table A2, This
sequence of lithafacies corresponds <closely with Allgn's
(1965) and Walker and Cant's (1979) description of channel
deposits in meandering fluvial systems.

The overbank deposits a}e more complex than the channel
deposits due te the more varied processes which affect
flood- plains (ie, flooding; soil forming processes; cre-‘
vasse and levee oprogradation.) Within the Markov chain
analysis for these deposits, two distinct sub-cells c¢can be
identified (figu}e A3). One sub-cell begins with trough
cross-stratified sandstone, the other begins with rippled
sandstones (figure A4). Presumably, the St cell is attrib-
uted to the progradation of a single crevasse splay channel
from a breached levee, which fans out into more distal finer
crevasse splay ané overbank deposits.. The secochd cell with
the rippled sandstones is attributed to anastomosing cre-
vasse splay channels, levee and flood plaiq deposits. The
matrices for this analysis are in tablé 23, These tro units
can be connected into one large cycle or overlapped in a va-
riety’ of forms (figure A3 and table A4). This 1s typical of
overbank deposits which consist of inteffingeriﬁb and over-
labping of a wvariety qf sediment types and styles (Allen,
1965). ‘

™~
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D

A1:-Total succession preferred sequence
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Table A2: Markov Chain Analysis for the Channel Sancéstone
) Deposits.

Transition Count Matrix
St Er Sh Fl E ‘ Total

- St 0.000 2.000 10.000 0.o000C 0.000 18.000
Sr 4.000 ~0.000 1.000 5.C00 0.000 10.G00¢C
Sh 1.000 5.000 0.000 0.000 0.000 6.000
Fl 0.000 l1.000 0.000 0.000 0.000 l.000
E 11.000 0.000 0.00¢C 0.00C - 0.000 11.000

: 46,000
Transition Prokability Matrix ‘

S5t 0.000 0.444  0.55¢ c.o000 0.000
Sr 0.400 0.000 0.100 = 0.500 0.c00
Sh 0.167 0.833 0.000 0.000 0.00cC
Fl 0.000 1.000 0.000 0.000 0.000
E l1.000 0.000 0.000 0.000 0.000 .

Independent Trials Probability Matrix —

St 0.000 0.357 0.214 0.036 0.383
Sr 0.500 g.000 0.167 0.028 0.30€
Sh 0.450 0.250 ¢.000 0.025 0.275
Fl 0.400 0.222 0.133 0.000 0.244
E 0.514 0.286 0.171 0.029 g.00¢C

Difference Matrix

St 0.000 0.087 0.341 -0.036 -0.393
Sr -0.100 0.000 -0.067 0.472 -0.206
"Sh -0.283 0.583 0.000 -0.025 -0.275
Fl -0.400 0.778 -0.133 0.000 ~0.244
E 0.486  -0.28¢ -0.171 ~0.029 0.000
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Figure A3:Overbank preferred sequence



Figure A4:

e

Alternating facies assemblage preferred sequence

-

Mudstone facies assemblage preferréd sequence
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Appendix B: Paieocurrent Data Based on Curray's (1956)
‘Analysis of Two-Pimensional Orientation Data.

- Calculations:

“tan 8

where:

i

-

N-S component = £n cos 6.

E-W component = 5n sin 8

- =En sin 8
Zn cos 6

r =N {( n sin 8)* - ( n cos 8

r
Itl= $n 100

-(LY¥m x 1074
h )

*

8 - azimuth from 0 to 360 of each observation
or group of observations.

8 - azimuth of resultant vector.

n - observation veéctor magnitude or in the
case of grouped data of mnit vectors, it is
the number of observations in each group.

r - magnitude of resultant vector.

L - magnitude of resultant vector in terms of
per cent.

P - probability of obtaining a2 greater amplitude
by pure chance combination of random phases.
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St facies

AR IO MO 0 O

' - ' vector
n -8 magnituii— prokability
18 071.8  78.7% 1.4 x 16°
16 019.5 . 24.4% 1.1 x 10°°
17 040.5 = 76.8% 4,4 x 10°®
17 065.8 L 96.1% 1.5 x 107
12 175.5 97.9% 1.0 x 107
19 024.3 95.6% 2.9 x 10
9 108.2 92,9% 4,2 x 10
"3 090.5 100.0% 5.0 x 1077
18 074.0 96.5% 5.3 x 107
, . 8 010.5 a5,5% 6.8 x 10
3 030.5 96.0% 9.7 x 107\
28 305.6 97.6% 2.6 x 10
channel lineations . (
m 6 264.4 76.6 9.1 x 10"
n 1 170.5 100.0 3.7 x 107
o 1 270.5 100.0 3.7 x 107
channel flute casts
B 5 087.5 71.4 7.8 x 107
a - 1 150.5 100.0 3.7 x 10"




© 8r facies f,

upper point bar
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- vector
n 8 « magnitude probability

‘a 20  015.3 31.1 1.5 x 1¢'
b 4 070.5 33,7 6.4 x 10
c 13 264.2 97.8 4.0 x 1C¢
d 5 310.5 100.0 6.7 x 10
overbank

e 8 270.5 48.5 1.5 x 10;
f 6 124.0 94.7 4.6 x 10
g 4 325.7 89.9 3.9 x 10°
h 10 209.2 89.7 3.2 x qu
i 1 050.5 100.0 3.7 x lq1
j 4 110.5 88.3 . 4.4 x 10
" lineations (primary current)

overbank

k 2 028.5 98.5 1.4 x 10"
flute casts

uppé £ point bar

1 1 150.5 100.0 3.7 x 10"
overbank I

m 2 140.5 - 98.5 . 1.4 x 10"

N
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«ih .
Channel Sandstones Continuved . ’

Sample % ! EQ10 E013
biotite 4 % -———
muscovite- 5 3 11 %
phlogopite .
polycrystalline 5 % 3 %
gquartz

monocrystalline 44 % 37 %
guartz

potassium - 15 & 11 %
feldspar

plagioclase 1% 1% |
calcite 3 % 10 3
lithic . 5 % 1%
fragments

lay ' 238 26 %
accessories 5 % ——

Comments: grains are sub-angular to sub-rounded;
sub-parallelism of elongate grains corresponding to
bedding planes;
poor SOrtlng,
grain size is less than .75 mm;
mean grain size .5 mm;

P
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Overbank Ceposits Continued
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Sample # BO15  BOl6  CO01
clay - calcitic 10" & 10 ¢ 10 %
sericitic 20 % 15 % 25 %
organics and 13 % 10 % 10 %
opagues S . N
potassium 5 % 10 % 5 %
feldspar : :
polycrystalline —-—— - 5%

. gquartz ' .
monocrystalline 35 8 35 % 35 &
guartz

. muscovite- . 15 % 20 % 10 %
phlogopite ‘ '
biotite ) . | m—— * *
chlorite 28 7 * *
phosphate ——— 2 % -—
.accessories o * *

Comments. graing are sub-angular to sub-rounded, éccasionally
. . rounded;
' sub-parallelism of elongate grains correspondlng to
bedding/lamination planes;
moderate sort;ng,
grain size is less than .075 mm to clay size;
mean grain size .02 .mm;

ey ——



Source

S001 - Cambrian granodiorite

s003 -

Pocks

quartz 35
potassium
feldspar 10
pyroxene 20
plagioclase 15
sericite .5
accessories 1
(zircon)

pegmatitic grains

very coarse grained.

" conglomerate

S005 -

-feldspar

Fourinot Group

ground mass 6
plagioclase 1
potassium

5
0

quartzgﬂtf"-
glass ards
pyroxene (?)
accessories

it

fine to coarse grains in
a very fine groundmass

rhyolite

% -

P df OF ob of

P dP o o0 P P

McAdam Lake Formation
quartz 3
"biotite 10
chlorite 5
sericite - 18
muscovite 5
plagioclase 5
clasts-
- chert 30
sandstone .
calcite

P P

o0 B o0 oP of
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€002 ~ Mcadam Lake Formation

5004 -

s007 -

quartz 30

3
biotite 25 %
chlorite 1% 3
sericite X g
muscovite 5 %
chert
plagioclase 5 %
calcite

ground mass 20
fine grained

arkose

%

George PRiver Group

chalcedony, 20 %
calcite
grains 10 %
cement 65 %
opagues 5 %
medium to coarse grained
calc-silicate
Windsor Croup
clay 20 %
colites 60 %
calcite 20 ¢

lime mudstone
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Source Rocks Continued

S008 - Windsor Group a S00S ~ PreCambrian granite
} =
calcitic clay 7¢ % quartz : 45 %
calcite 20 % pyroxene 15 &
fossil =* Plagioclase 15 ¢
fragments 5 % potassium
colites 5% feldspar 10 &
. . chlorite 5 %
limestone ’ sericite 10 3
pegmatitic grains
SC10 - Cambrian diabase SO011 - Cambrian granitoid
plagioclase 45 3 - plagioclase 20 %
Pyroxene -~ 35 .% v quartz 35 &
alteration . muscovite 5%
sericite chlorite 5 %
chlorite 20 % sericite 15 %
potassium
medium grained feldspar 25 ¢

diabasic texture :
coarse to fine grained

S012 - George River Group® S013 - George Riverqgfﬁup-
extremely fine grained quartz [ 20 %
clay-size : calcite - -7C %

chlorite 10 8
slate : biotite
coarse grained
homogeneous"
markle
: 2

5014 - Fisset Brook Formation . S015 - Forchu Group
quartz - - 20 & , quartz T 20 %,
potassium Coe plagioclase 45 %
feldspar 15 % pyroxene 25 &
clay 40 % biotite 10 %
muscovite 15 % chlorite :
biotite 5% .
clay clasts 5% _ parallelism of elongate

: » - grains
very fine grained to
silt size : schist

sfltstone
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Source Rocks Continued

<

S016 - Fisset Brook Formation s®17 - Cambrian.Irish Cove Pluton
guartz 90 % guartz ' 35 &
sericite . 10 % - pyroxene 40 &

\ . (altered)
. . very fine grained : - plagioclase 15 ¢

- massive ' y . (altered)
,J} » chlorite 5 %
siltstone . accessories 5%

very coarse grained

granite

S018 - Cambrian Loch Lomond S019 - Loch Lomond Rhyolite
. _Pluton ' ‘ ) Porphyry

.see Irish Cove Pluton ' ground mass 70 %
! - _ i . coarse grains
L potassium feldspar
.quartz
pyroxene .
plagioclase 30 %

. . :
coarse grains in a very
- fine ground mass

S020 - Riversdale Group : S021 - Horton Greup
clay 70 % ' guartz 65 %
potassium . potassium
feldspar 20 % ‘ feldspar 15 &
gquartz 10 % ' . plagioclase 1c ¢
. . accessories 10 %
" very fine grained . altered pyroxene
massive e _ apatite
. zircon
siltstone : hematite ceoz2tings

coarse grains in a fine
' grained matrix

conglomerate
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- Source Rocks Continued

'§022 -~ PreCambrian Basement Complex

quartz 40-50 % . "2
biotite 20 % o b
chlorite , D s ‘ e
plagioclase - 10-15 &
potassium

feldgpar - 0~10 % )
_sericite '5-10 %

"medium grained (fine to coarse)
banded :

schist to gneiss





