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ABSTRACT

The occurrence of a small number of sedimentary
structures in the (predominantly) continental beds of the Horton
Group provides further support for the view that such structures
occur in sandstones and siltstones deposited in many different
environments, Currents and gravity are the agents ultimately
responsible for the production of these structures.,

A grouping of sedimentary structures is devised
in an attempt to eliminate ambiguities and the overlapping nature
of classifications appea'ring in‘!"literature. For present purposes,
the structures are grouped into five categories: miscellaneous
pre-depositional sub~stratal markings; sub=stratal current
markings, intra-gtratal directional current structures; differential
load structures; and intra-stratal deformational structures,

Described in detail are grooveycastzs, flute casts,
load casts and related structures, certain types of convolute
laminations, ball-and-roll structures, contorted lamination,
and slump-sheets, These occur only in the middle (Strathlorne)

and the upper (Ainslie) Formations of the Horton., Cross=

stratification is found throughout the Horton,

The analysis of available directional data reveals
two paleocurrent directions, suggesting that the regime of
deposition in the Ainslie Basin during Horton time comprises
(1) .a relatively local and lateral supply of mainly coarse and
medium clastics, from the Craignish Hills, and (2) a more distant
source of fine clastics transported longitudinally, and deposited
in central basin areas, probably from the Cape George-Antigonish

Basin, Nova Scotia,




ii

The application of ALLEN's (1963 b) "sandstone
facies scheme' to the stratigraphic distribution of cross-
stratification and other sedimentary structures, in Horton
sediments of Southwest Mabou River, shows some degree of
contemporaneity between the Members of the lower {Craignish)
Formation, and also between parts of?étrathlorne Formation,
The Ainslie Formation is, bhowever, considered as the product

of a distinctly separate episode of fluviatile deposition,
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CHAPTER I

INTRODUCTION

In 1961, it was brought to the author's attention
that sédimentary structures, particularly those markings on the
base of bed common in turbidite deposits (KUENEN, e. g. 1957b),
may be present in the predominantly continental sediments of the
Lower Carboniferous Horton Group in parts of northern Nova Scotia
and Cape Breton Island, The purpose of this work is thus to study

the occurrence of sedimentary structures in general, in the Horton

Group.
The author's first observation was made in summer
1961, when remarkably developed flute casts were encountered
on the basal surface of a reddish siltstone in the Lower Carboni~-
ferous exposure along the coast of Lismore, about 25 miles east of
New Glasgow, Nova Scotia, The siltstone is interbedded with red
shales and with fine laminated sandstones showing ‘good parting |
lineations, | :
SHROCK (1948) has illustrated some remarkable
"flow casts' (---, Fig, 117, p, 158) and groove casts (===, Fig, 122,
p. 165) from the Mississippian Horton of western Cape Breton,
and in correspondence later stated that these sole markings came,
from Southwgst Mabou River,
| In the preparatory stage, the Horton exposures of

Cape George-Antigonish area, Nova Scotia, and the entire western
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and northwestern Cape Breton Island area were included in the
field research program, However, only western Cape Breton
(see inset; Location Map-)yielded sufficient data, and thus efforts
were concentrated on this area. Other areas, however, were also
investigated but were left out from the major program in the final
stages of the fieldwork,

The fieldwork consisted of observations of type,
size and shape, frequency, and stratigraphic position of sedimentary
structures. Directional measurements of cross=stratification,
and other structures were also made to obtain information on the
paleocurrents, The scope of the fieldwork required only standard
geological equipment. Maps used were the National Topographic
Series, Ist Ed., scale 1:50,000%, Additional maps consist of
detail sketches obtained from these and other publications on the
geology of parts of the area.

Students of the Massachusetts Institute of Technology
have reported upon the geology and stratigraphy of parts of
northern Nova Scotia and Cape Breton Island (see M.I.T. s 1957),
For tiu'.s reason, a visit was made to the library of Department of
Geology and Geophysics of the Institute,

The author then spent June and July, 1962, working
in western Cape Breton Island. About four weeks were spent in
the other areas described earlier,

Laboratory work included sawing and ﬁlishing of
hand specimens to reveal the more subtle internal structures.,

* Sheets: Port Hood (11K/4, E3); Lake Ainslie (11K/3, EL and Wi);
Cape George (11F/13, E3}); Whycocomaugh (11F/14, Ei and Wi);
and, partly, Margaree (11K/6, El and W1).

2 2




Staining by the alizarine-red method as suggested by HAMBLIN
(1963) was applied to delineate the structure on some of the
polished specimens, Large transparent thin séctions were also
made to supplement the polished surfaces. The structures on

these prepared specimens were traced and presented as figures

in this work,
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CHAPTER II

GEOGRAPHY

Location and Extent

The areas and stream=sections covered in this
thesis are distributed over some 75%quare milesof the lowland of
western Cape Breton, Nova Scotia (see Map: Location Map, in
back pocket),

The majority of data were collected from sections
of the rivers Southeast Mabou, Southwest Mabou, Graham, and
Judique Interval Brook. The areas around Lake Ainslie and
further north, outside the area, in the valleys of Upper and Lower

Margaree were also investigated but contribute little,

Physiography

The larger part of western Cape Breton is occupied
by low undulating land that gencrally ﬁéia well below 700 ft, O.D.,
but some of the hills north of Liake Ainslie reach over 1000 ft, O, D.
This lowland is actually a part of the larger lowland of western
and northwestern Cape Breton extending for about 60 miles from
Craignish in the south to Cheticamp in the north (see NORMAN,
1935, p. 8, and CAMERON, 1948, p. 1), bounded in the east
and southeast by : ' almost continuous highland plateaus (the
highlands east of Cheticamp, east of Lake Ainslie, and the Craignish

Hills), and in the west and northwest disapeers beneath the sea,




except for the Mabou Highland which rises abruptly above the
surrounding area, The elev#tion of this'highland is generally
well above 800 ft., reaching in many places up to 1200 ft, The
lowland is underlain by the relatively soft sediments of mostly
Carboniferous age; and the highlands consist of resistant: pre=~
Carboniferous metamorphic and igneous rocks, The boundary of
the two is occasionally marked by sharp contrast in topographic

relief,

Drainage

Although the highland constitutes the major region
of head waters for the drainage in the area, many streams have
their sources in the lowland itself (e. g, the Graham River, Skye
River, and Judique Interval Brook) or originate from the hills
within it (ee_g.f the streams north of Lake Ainslie),

| The structure of the Carboniferous sediments
controls the direction of flow of some of the streams as seen, e, Bes
in the Mabou River system (Southwest Mabou, Southeast Mabou,

| and Mull Rivers), The Graham River and the adjacent smaller
stream flow across the structure towards the sea.

Lake Ainslie drains the norther portion of the lowland.
Almost 12 miles in length and up to 4 miles broad, the lake
connects via the rivers of the Margaree valleys, in the north,

to the Gulf of St, Lawrence,




Pdpulation, Climate, and Accessibility

Western Cape Breton is thinly populated, Settle-
ment is concentrated along main highways (N,S. Route 19, and
Mabou~Whycocomaugh Highway), notably in and around the towns
of Port Hood and Inverness, and the village of Mabou,

The climate in the area is generally temperate
and bumid, similar to that of the rest of the Atlantic Provinces.

Good accessgibility to almost all important geological
exposures in the backland is provided by a network of dirt and

gravel roads represented in the topographic maps (see fobtnote P. 2).

Rock Exposures

The lowland is almost entirely covered byﬁblanket
of glacial drift which is between 40 ft, and 100 ft, thick, Over
80 pericent of the area is forest covered,

For some of the local formations, the cliffs along
the sea shore offer the best exposures, Unfortunately, the great
majority of rocks belonging to the Horton Group are distributed
inland (see: Fig. 2, and inset Map). They are exposed in river
sections especially in the Southwest Mabou River, Graham River,
Southeast Mabou River, and Judique Interval Brook. A few good,
but scattered, exposufes also occur along the shore of Lake
Ainslie. Nowhere locally is a complete section available,

The Horton is exposed almost continuously and
entirely in the Southwest Mabou and Graham Rivers, The larger
part of the section in the Southwest Mabou River, however, is

accessgible only during low water,




CHAPTER IIL

REGIONAL GEOLOGY

Introduction

Western Cape Breton is a small part of the
Appalachian geologic province where thick sediments accumulated
during the Carboniferous period., After the Acadian orogeny, and
early in the Carboniferous, several intra-cratonic," rapidiy subsiding
basins developed throughout the province, In western Cape Breton,
the sediments attain a maximum thickness of over 19,000 ft, s and
are largely Carboniferous in age.

Two major rock divisions are thus generaly reco=~
gnized in the area: (1) the pre-Carboniferous, metamorphic,
ig;::&s and volcanic rocks, distributed chiefly over the highland
area; (2), the Carboniferous sediments, distributed throughout most

of the lowland, No Permian or younger strata, except Pleistocene

glacial sediments, have been posii:ively identified,

Previous Studies

Systematic geological studies in the region began
in 1880 by FLETCHER who incorporated the results in Report of
Progress of the Geological Survey for 1882 to 1884, In 1925
TRASK and MATHER, and in 1926 BELL studied the stratigraphy
and structure of the Lake Ainslie region in the interest of petroleum
research, Results of further systematic mapping were published

in 1935 (NORMAN) in the memoir for Lake Ainslie map-area;




1948 (CAMERON) in the summary account for Margaree=
Cheticamp map-areas; and, 1957 (KELLEY) in the preliminary
map for Whycocomaugh map~-area.

Detailed work and reports on parts of the strati-
graphy, carried out in connectiun with these assignments, include
those of ROSTOKER (1960), SMITH (1955), MURRAY (1955, and
1960), BELT (1962), COTE (1958), and MACKASEY (1963), None,
however, has been specifically concerned with sedimentary structures

in the Carboniferous.

.The "Ainslie Basin"

The Carboniferous sediments lie in a basin, which
in the terminology of KAY (1951, p. 56) is an epieugeosyncline,
It is a deep, linear shaped basin develpping in an old geosyncline
of the Appalachian, thus in parts intra~cratonic. This basin in
the western Cape Breton will be refered to as the "Ainslie Basin"
(COTE, 1962). The extent of the Ainslie Basin approximately
coincides with the present lowland area of western and northwestern
Cape Breton., See Fig, 1,

Table I in the following page presents the classifi-
cation of the relative ages of rock groups adopted for the Ainslie
Basin, The table is a very generalized adaptation from the
results given by NORMAN (1935), CAMERON (1948), KELLEY
(1957), and COTE (1962). BELT (1962), however, uncovers
evidence that leads him to conclude that the upper most Windsor,

the Canso, and the Riversdale Groups were all deposited
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Table |. Stratigraphy of the Ainslie Basin

After NORMAN (1935), CAMERON (1948), KELLEY (1957 and 1958), GOTE (1962), and MacKASSEY (1963).

—

Groups Lithology Thickness
Formation.

CENOZOIC Unoonsolidated sands and gravels, boulder clay
stratified sands and gravels

- —— NN\ GREAT UNCONFORNITY

: Weraian or | Broad Cova jrcd shale, red oonglomerate, a few red sandst.
Upps Penn, = Formation
Y Y Bl - =S T TN S N CONFORMITY 07 D1 SCONFORR TY &—
= PECTOU GROUP
c Inverness grey and red lnndsténo,nrkose,gray and red shale,
: Formatiun conglomerate, and coal (2300 ft,)
8 - AN\ UNCONFORKETY
e > .
w L RIVERSDALE GROUP
- [
§ < Port Hood grey and red arkosic sandstone, red shale,co0al
@ ™ Formation . (4000 ft.)
Py a '
w = === s e NN~ CONFORMITY t0? 01 SCONFORK I TY &
O. -
25 s € CANSO GROUP _ :
g é E o- labou red and grey sandstons, siltstone, and shale
« = Formation a few local thin limestone (3000 ft,)
u - ——— " Gt G - — ”/\NVV?D|SCONF0RMITY? ) :
™ . '
WINDSOR GROUP
= .red and grey shale,siltstone and sandstone;
gypsum, anhydrite, limestone and dolomitic
° c " limestone (2000 ft.)
@
e 2 = TN TN TN CONFORMITY to UNGCONFORMITY
[
< it Y HORTON GROUP
oy § - ’ i'rdd and grey oconglomerate, nndstone and siltstone,
] L . arkosioc sandstone,conglomerate lenses, a few
prd ® "ocaloareous intra-formational conglomerate at top,
= ° grey and red conglomerate at base with grey and
3 " “ired shale ' (0=
= - 8500 ft.)
= Inoludes also at base and at places some volcanic
sequences (the Fisset Brook Formation)
NS\ UNGONFORMETY

PRE-CAREONIFEROUS . Basement complex , which may include:
' : Devonian and earlier granite, syenite, and diorite
George River Group: quartzite, orystaline limestone, gnehses,achists,
slates, some voloanie rooks
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contemporaneoulsy and, therefore, should be grouped into a
single unit for which he proposed one new name, '"Mabou Group",
in place of the three above, The volcanic succession occurring
in the pre-Carboniferous areas east of Lake Ainsglie used to:- "
be assigned to the Devonian (NORMAN, 1935, p, 24); but, repoft: .
made by MACKASEY (1963) reveals that they are Lower Mississi=-
pian-pre-Horton in age for which he appiied the name "Fisset
Brook Formation', '

It has been previously proposed that the deposition
of the Carboniferous sediments largely took place under continental
conditions, NORMAN has (op. cit., p. 8) summarized this as

follows:

"began under continental conditions and
resulted in the accumulation of inter-
fingering lenses of shale, sandstone,
arkose, and conglomerate, A short period
of marine conditions followed during which i
a group of atrata consisting of shale,
fossiliferous dolomite and limestone,
gypsum, and anhydrite accumulated.
During the remainder of Carboniferous
time continental conditions again prewvailed
and periodically favoured the accumulation
of organic matter later converted to coal",

Some volcanic activity in parts of the basin preceded the deposition
of the rocks described above,

The general stratigraphic relation of the prew=
Carboniferous rocks, however, is little know} because of the
few and poor exposures available, as well as the complexity of

structure,
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Tectonic activity The post-orogenic movement

of the pre-Carboniferous landmass resulted in the formation of
the basin where Carboniferous sediments accumulated. The
movement continued periodically throughout Carboniferous and
later timé.

Periodic movements in the basin during the
Carboniferous are recorded in the stratigraphical column, The
Windsor, for instance, may be either conformable or discon-
formable with the underlying Horton strata. Local unconformities
are found especially around the edges of uplifted pre-Carbonife-
rous masses such as around the foot of Mabou Highland, Similar
evidence of epeiorogenic movements is also apparent at the end
of the Windsor time, Folding occurred at the end of the Riversdale
time., The strata of the Pictou Group are believed to be unconfor-
mable to all other strata,

The present regional pattern of the Carboniferous
rocks owes its development largely to the folding of the strata
into gently plunging anticlines and synclines, The folds trend
generally in the NE-SW direction but in the southern half of the
area, where the folds are monoclinical, they trend in a N-S
direction, Faulting displaced the folds and locally distorted
the outcrop pattern. In the edges of the lowland, the strata are
in fault contact or overlapping at an angle on the Pre~Carboniferous
focks. This condition is believed to be caused by uplifting (by
faulting and warping, respectively) of the pre-Carboniferous block,
which, in turn, and together with their difference in their
resistance to erosion, is regionally responsible for the peripheral

pattern of the Carbonifcrous area.
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CHAPTER IV

STRATIGRAPHY OF HORTON GROUP

General features.

Since it was first described by BELL (1929) in
the Horton-Windsor district of Nova Scotia, the Horton Group
has been traced to Cape Breton Island, including the present
western part, by NORMAN (1935), and CAMERON (1948), Earlier
workers such a.sl MATHER and TRASK (1928) made ineffective
attempts to subdivide the Horton Group in western Cape Breton.
In the fifties, MURRAY (1953 and 1960), who worked in close
association with KELLEY (1958) and SMITH (1952), made a
thorough study of the Horton stratigraphy based on the Horton
section of the Southwest Mabou River. He (also KELLEY, and
COTE, 1959) subdivided the Horton into several lithologic units,

The Horton Group as a whole can be defined as a
series of predominantly continental beds lying over the pre-’
Carboniferous metamorphic, igneous and volcanic rocks and
under a series of fossiliferous partially marine strata,the
Windsor Group., The lower Horton contact is unconformable,
but Horton=Windsor contact above is not so well defined.

The Horton sediments are an accumulation up to
10,000 ft. (KELLEY, 1958) of gravel, sand, silt, and clay in
flood plains of rivers and streams under continental, often
oxidizing, conditions. They contain few, poorly preserved plant

remains, and rare ostracods, and fishes,




_after page 12 )
6\‘,00

/
v

|

q & o T
4698 Al K / 1
INVERNESS - Wi

R :

{
v
)

[§ouiiu

POST-HORTON
S @climean fary rocks

HORTON [ tower
v Mississippra n] sed. recks,

v v PRE -HORTON metfa-

mirysive
Mo phie, & vole. rés

(o] MILES 5

SCALE t i1

&!° 00’

15%43/ ;lf.!o

; : Breton Ialand

Flgure 2, Distribution of the Horton Group in western Cape ,

& Nova Sgotia ( after KELLEY;1957, and NORMAN, 1935), See also ,
Inset Map (in back pocket) -for geographical locationa,




13

As a mgp unit, the Horton, underlies a NE-SW
central belt stretching throughout the entire western section of
the island with several additional parallel but much sorter belts
west of Lake Ainslie (see Fig, 2), The strata are generally more
indurated than those of the Windsor Group, so that, in these belts,
the Horton forms anticlinal hills (e, g. Mull River antincline
and its continuation in the northeast, and the hills north of Lake
Ainslie) and the Windsor sediments occupy the narrow strips in

the intervening valleys.

Description of formations,

MATHER and TRASK (1928) made the first attempt
to subdivide the Horton of Liake Ainslie area into units based on
lithology, NORMAN (1955) noted the difference between the
lower coarse and conglomeratic beds, and the upper finer clastics
in the Horton of the same region, but made no revision into new
stratigraphic units,

| MURRAY (1955 and 1960), in a most comprehénsive
study of the Horton, adopted a type section in the Southwest Mabou
River where hé recognized three formations, two of which are
subdivided into member%l These formations are, from base to
top, The Craignish, the Strathlorne, and the Ainslie (see Table
o).

KELLEY!s (1957) division (see TABLE III) was
based also on lithology, but later he (1958) adopted Murray's

nomenclature,
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-

Table II. Horton Group of SOUTHWEST MABOU RIVER,

(From: Murray, 1960, Table I, p. 11)

WINDSOR GROUP
(Limestone, gypsum, and shale)

HORTON

8000 ft

AINSLIE FORMATION
(red and non-red
fine to coarse

Glencoe Member
(thin non~red ss.,
layers, shale
interbed)

clastics)

1820 ft

Mclsaac Point Member
(graded sequences of
red and non-red clastics)

STRATHLORNE FORMATION
(entirely non-red fine
qla.stics with thin limestone)

1050 ft

CRAIGNISH FORMATION
(red and non~-red medium
and coarse clastics)

5130 £t

McLeod Member
(red mediunm clastics
with thin Limestone)

Skye River Member

" (red and non~red coarse,

Poorly sorted clastics)

PRE-HORTON ROCKS
(igneous and metamorphic)
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- Craignish Formation, The type section comprising the Craignish
Formation extends from a point 200 ft, downstream from the
bridge at Upper Southwest Mabou village (see inset Map), upstream
to the contact with the pre-Carboniferous at the foot of Craignish
Hills. The total thickness of this section is 5130 ft, which includes
a lower member, i,e, the Skye River Member (2,900 £ft, thick)
and an upper member, i, e, the McLeod Member (2,230 ft, thick).

The Skye River Member comprises massive bedded
units consisting of poorly stratified and poorly sorted, coarse
arkosic sandstones and conglomerated with interbeds of red
arkosic conglomerates and sandstones, This member is perhaps
better exposed on the Graham River section, about 6 miles to the
south of type section (KELLEY, 1958 and COTE, 1958),

The McLeod Member in its type locality consists
chiefly of well stratified red, fine to coarse siltstones with inter-
beds of conglomerate and limestone. Further to the south, this
member contains more abundant conglomerate particularly in
Judique Interval Brook locality., In Graham River, however, the
McL.eod Member is hard to distinguish from other members of
the Craignish,

The upper boundary of the Craignish is set at the .
upper contact of the upper-most red stratum., This ._n;e& bed is

conformably overlain by beds of the Strathlorne Formation,

Strathlorne Formation, The middle 1050 ft, of the Horton type

section, is entirely non-red fine and medium clastics and comprises
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the Strathlorne Formation, It includes generally fairly well
stratified buff, greenish, or grayish thinly laminated siltstones,
thick beds of dark grey fissile shale, thin bedded sandstones,
and several thin interbeds of grey limestone,

In defining the formation on the basis of the
supposed 'entirely non-red" characteristic, KELLEY (op. cit,)
noted some impracticalities in this respect, In several sections
he included thin red interbeds ;-’gt‘-';‘e Strathlorne Formation,
Furthermore, he continued, that neither color nor lithology
changes appreciably at the boundary with the overlying Ainslie
Formation, In critical sections, the exposures are generally
poor. The lower boundary of Stratblorne, on the other hand, is
easily defined by marked and consistent change of color from
red to non-red,

The Strathlorne in the Southeast Mabou River is
a little thicker (1500 ft., MURRAY, 1960, p. 45), but in the
Judique Interval Brook and the Graham River localities it is

reduced to a few hundred feet,

Ainslie Formation, This (upper-most) formation of the Horton is

1820 ft. in type section, and consists of fine to coarse clastic
beds of both red and non~-red color. The lower 1450 ft. of this
formation (Mclsaac Point Member) is characterized by graded
conglomerate sequence. This sequence consist of conglomerates,
in part intraformational, at the base, followed by a massive

sandstone garding into small-scale cross-laminated siltstone at
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the top, The uppermost 370 ft, (Glencoe Member) consists of
thinly bedded calcareous, green sandstones and poorly bedded

red, non-calcareous siltstones. The two members are generally
thndistinguishable from one another in sections outside the type
locality.,

The Glencoe, in the tjrpe section, is overlain

apparently disconformably by a laminated limestone of the
basal Windsor Group.
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CHAPTER V

SEDIMENTARY STRUCTURES

A. CLASSIFICATION.AND TERMINOLOGY,

Definition and Limitation, In reviewing the

present wealth of literature, it is evident that studies in sedi-
mentary structures rarely include the structures of entire
sedimentary groups or formations. Studies are more often
limited to structures found within a single bed or single sedi-
mentation unit: (PETTIJOHN, 1957 b, p, 158), Moreover, these
units are mainly sandstones and siltstone‘:}s, rarely limestones,
each of which is treated individually for its contained "primary"
irregularities, or regularities. Thus excluded the "secondary",
chemical structures and most of the "organic" structures although
these two latter structures have been included in the classifi-
cation of PETTIJ OHN (op. cit., Table 34), as "sedimentary

structures'',

Devélopment of Terminology. The studies generally

include descriptionsof types of structures, and their nomenclature
and classification. A most important development, in more

recent years, has been the mapping of directional properties
inherent to some of the types. From these directional studies,

a paleocurrent analysis can be made, towards a better and more
advanced understanding of the depositional history of a sedimentary

baSino




The development. of the present state of knowledge

on these structures centered largely around two most important
major types: Thé first, the larger proportion of which were
studied in North America and in England, are cross-laminations
and related structures, such as ripple marks and primary
lineations (STOKES, 1945), described and mapped from sandstones
and siltstones of varied environments, notably: fluvial (ALLEN,
1949; STOKES, 1952; POTTER and OLSON, 1954; POT‘f‘ER, 1955;
FAHRIG, 1961; POTTER, 1962; POOLE, 19E;’Z=and,YEAKEL, 1962),
marine (SCHWAREACHER, 1953; TANNER, 1955, 1959; FARKAS,
1960; VAN HOUTEN, 1962),» aeolian (OPDYKE and RUi\ICORN,
1960; POOLE, 19‘62), and deltaic (McKEE, 1940; WALKER, 1955;
PELLETIER, 1958; SHAGKELTON, 1962),

The secand type originated and developed in the
graded turbidite deposits of the Alpine flyéch of Europe, are
strﬁctu’ré;s' collectively known as sole markings (KUENEN, 1957 b),
Some of them \;ief'e originally éalled hierolyphs or fucoids
(FucH? 1895), and are generally refered to structures found in
the underside of a bed formed‘by casting of irregularities on the
surface of the underlying soft mud, or by impressing upon it as
to produce irregularities, or both, The study of sole markings
has increased tremendously in the past two decades producing a
great number of types and a somewhat confusing system of nomé"‘pla.ture.
A few of the more prevalent types that can be mentioned are:

Flute casts (CROWELL, 1955); groove casts (SHROCK, 1948, p. 162)
sometimes called drag-marks (KUENEN, 1957 b, p. 243); flute
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casts and groove cast collectively called also "current marks"
(DZULYNSKI and SANDERS, 1962). Load casté (KUENEN,
1953), are also common, They were formerly called flow casts
(SH.. . - , 1948, p, 156).a.nd. have sometimes been refered to
as flowage casts (BIRKENMAJER, 1958). Included also in the
above structures are conirolute lamination (TEN HAAF, 19 56)
and morphologically related structures such as contorted
stratification (DINELEY, 1960, p. 25) and slump and slide
structures (KUENEN, 1948, 1956),

Criteria for Classification In the classification of the above

and many other structures, two types of criteria are commonly

used: The first is descriptive, and the other is genetic,

(1) Descriptive criteria, such as used by
CROWELL (1955), DZULYNSKI (1963), and, to a certain extent
by PETTIJOHN (1962, p. 1471), described their usual position

of occurrences of structure in a sedimentary unit, i.e.:

a. External (stratal) structures which are

either on top of beds or on base of beds;
b, Internal (intrastratal) structures.
(a). Structures found usually on the base of beds

(i. e, substratal structures) are most widely studied, and include.

chiefly flute casts, groove casts, and load caats.
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DZULYNSKI and SANDERS (1962) gave flute
casts and groove casts generic names i, e,, respectively, "scour
marks' and ''tool marks'", collectively called "current marks{',
and further classified them based largely upon the shape and
arrangement of these structures (see op.cit., p. 68 and p. 79),

Load casts are prominently expressed on the
interface of sandstones or siltstones overlying shale beds, and
thus they are substratal structures, However, load casts
often show internal deformation of laminae or other internal
indication of flowage, and thus they transect the two categories
above by being somewhat internal, '

(b). Intrastratal structures include cross-
stratifications, convolute laminations, contcrted stratifications,
and slump structures,

Cross~-stratification is classified by McKEE and
WEIR, see Table IV, according to: character of lower bounding
surface of set; shape of sets; axial attitude of sets; symmetry of
sets; arching of cross-strata; dip of cross-strata; and length of
cross-strata, Similar descriptive classification of cross-strata
ié recently given by ALLEN (1963 c), who further recognized the
genetic differences between the group and solitary cross-strata,
and also between small-scale and large-scale cross-strata,

Graded-bedding is an important internal bed
structure (see e, g. SHROCK, 1948, p. 64), particularly in its
association with cyclic sequences,

The various forms of primary lineations (MeBRIDE
and YEAKEL, 1963) are internal structures of sandstone or

siltstone beds.
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Convolute lamination, as described by KUENEN a
(1953) and TEN HAAF (1956), are intrastratal crumpling of -

laminae into broad troughs and narrow crests, with generally

no rupture of laminae, and in which the intensity of crumpling

dies out both upward and downward, They are common in turbidite
beds but are found also in other, non-graded, sequences (DOTT
and HOWARD, 1962),

Contorted lamination (e.g. DINELEY, 1960)
generally display . crumpling of all laminae within a sedimentary
unit and thus called a contorted bed. The bed may be irregular
or wedge-shaped, and may appear to be unconformable to unit
below. The shape strongly suggest formation by sliding on a slope.

Slump structures are similar to a contorted bed,
but may involve:' several beds and may be much larger in size,

A slump unit may be appropriately called a slump sheet (KUENEN, 1949).

(2)e Genetic criteria, such as postulated by
VASOEVIC (1953), KUENEN (1957 b), DZULYNSKI and SANDERS
(1962), and DZULYNSKI (1963), distinguished structures based
upon the time relationship between the formation of the structure
and the deposition of the unit, i,e.: pre-depositional, depositional,
and post-depositional structures,

(2)e Pre-depositional structures are formed
before any:deposition took place., Consequently tﬁey are
preserved on the base of beds as casts, Commonly included in
this category are trace fossils, dessication cracks, salt-

hoppers, and a few others,
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(b). Depositional structures are formed and ‘ !ga!

preserved during the deposition of sands and silts, This includes

some of the substratal markings, e.g. current markings and
load casts, and some of the intrastratal structures such as cross-
stratification, some types of ripple marks, graded bedding,
primary lineations, and convolute laminations., The categories,
however, may overlap, |

Current markings are formed, directly or
indirectly by currents before the actual deposition took place thus,
in this sense, they are pre-depositional, It is generally agreed
at present that these markings were subsequently filled and
preserved by the sands and silts carried by the current, Thus
they are intricately related to the process of deposition,

Load casts and related structures, such as flowage
casts, are produced by squeezing and impressing of the sands
and silts on the soft mud bottom. Some may be formed during
the accumulation of the sands and silts and thus syndepositional,
and others may be formed after the completion of the accumulation
and thus post-depositional, They are the results of a tendency to
restore equilibrium disturbed by a deposition of sands and silts
upon a soft yielding substratum (DZULYNSKI, 1963, p. 96).
Morphologically some of the load casts may resemble convolute
laminations (HOLLAND, 1960).

Convolute laminations, in strict accordance to
KUENEN (1953), are depositional structures, and are formed by
crumpling generated by : slight stresses due to current rippling

occurring during the accumulation of the hydroplastic bed.
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WILLIAMS (1960, p. 208) postulated, however, that convolute

lamination is formed by lateral flow within the bed of a partially q
liquified group of laminae, thus it is formed after the deposition

of the top~-most laminae,

(c)e Post-depqsitional structures include contorted
beds, slumping, some organic structures (burrows), and some:
load casts and convolute laminations,

Contortion beds and slumping are genetically
related in that they are bothAformed by subaqueous movement on
a slope. Contoréed bedding commonly involve. one bed (i, e.
intra-stratal) in which the laminae are contorted during a mass
flow, usually having plastic properties (DOTT, 1963), Slumping
may have involved several beds (i. e. intra~-formational) which
moved in both plastic and elastic flow (op. cit.). Their agent
of formation was gravity where failure may be due to loading

and movement may be triggered by an earth tremor.

the
Classification. The result of‘interpolation of the genetic.and

descriptive criteria is presented in Table V, in the following
Page, in which known sedimentary structures are classified
according to: Common position of occurrence; and, sequence of
formation, The broken and query-marked boundaries and lines
indicate overlapping of categories as mentioned in the discussion
of criteria, Note that there are no pre-depositional super=
stratal and pre~depositional internal~bed structures known, For
general purposes, post-depositional super-stratal and post-

depositional substratal structures are considered unimportant,
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B. OCCURRENCE OF STRUCTURES IN THE HORTON GROUP

All of the sedimentary structures belonging to
the categories on Table V are represented in the Horton Group
of western Cape Breton in some form or another. The 'number
of occurrences is, however, generally small,

To describe the occurrences, five important
group of sedimentary structures can bé extracted from the classi~
fication of Table V, These are:

I. Miscellaneous sub-stratal predepositional
markings: trace fossils, casts of dessication cracks, etc,,
the formation of which is unrelated to current or depositional
activities,

II. Substratal Current Markings: flute casts and
groove casts, and various other types of scour and tool marks,

I, Intrastratal directional current structures:
cross~-stratifications, primary lineations, and ripple marks.,

IV. Differential Loading structures: load
casts, flowage casts, ‘a.nd other load deformational structures
commonly found on the base of beds,

V. Intrastratal deformational structures: various
types of convolute lamination, ball and roll structures, and
contorted lamination, Included here are some intra-fdeimational

subaqueous gravity slump structures (e, g. slump sheet).

I, Miscellaneous substratal pre~depositional

marking. Most common are trace fossils occurring in the fissile

series of inter~bedded siltstone and shale of the Strathlorne and ‘
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Ainslie Formations, Such fissile sequences can be found at

Location 56 (Judique Interval Brook), Location 58 (Graham
River), and Location 39 (Southwest Mabou River),

The trace fossils include excrements, coffee~
bean shaped’tracks", and fin marks of fishes. Numerous other
pPresumably organic marking were also found. Their clue to the
organic origin is given by their uniformity of size and shape.
No further attempts were made in identifying the structures.

Other markings include some occurrence of
dessication cracks, and rain prints from beds of the Strathlorne

and the Ainslie Formations,

II, Substratal current markings, Includes:

discrete, multi~directional, clustering, and reptilian-scale
like flute casts; continuous and discontinuous groove casts, some
are associate with flute casts, :
1, Disérete and widely separated flute casts
occur in few exposures. At Location 38 (Scuthwest Mabou River),
they are present at the undersurface of a thick-bedded, massive
greenish sandstone of the Strathlorne Formation, Individual
flutes are in the form of oval shaped bulges with tapering, never
flaring, tails. Thin sharp, discontinuous grooves, 3 to 4 inches
long, indicating the same direction of lineation, are accompanying
the flutes (see sketch Fig, 3). |
These flute casts resemble the type E, Qf DZYLINSKI
and SANDERS (1962, p. 68), which are formed by down-current

scouring due to an obstacle on the bottom,
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APPROKX. 1NCHES

_ Figure 8.
Dzseret%ﬂ and widely spaced flute casts (a) and
groave casts. Imset: prafile of ome of the flutes,
: Arrows indxcate the inplxed current direction.

From greemish sandsétone of the Strathlorne Fm.,
_Locatlon 8 ,. Southwest Mabou River.
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2 Multi~-directional flute casts (Plate III, .
Fig. A) are well developed on the undersurface of a thick bedded,
massive greenish sandstone (Strathlorne) overlying a very thick
shale strata at Location 102, on the nerthern side of Lake Ainslie,
The flute casts were probably later affected by load cast because
some parts appear to sag down, between which clay material is
infolded. The exposure of the sandstone is largely concealed
by debris from the overlying crumbly weathered, thick shale.

3 Well-developed, small scale, close rows of
end-to-end aligned flute casts (Plate I) occur on the undersurfaces
of several thin bedded greenish siltstone beds at Location 40 of
Southwest Mabou River, The siltstones are interbedded in a thick
sequence of predominantly thick bedded, dark shale of the upper
part of Strathlorne Formation, The rows of these flutes are fairly
parallel to each other, discontinuous and often branching, and
in some parts develop into deep bulging clusters of flutes, The
cross-section of the siltstone display faint grading and small-
scale cross lamination (Fig, 4), ‘

4 Similar types of flute casts (Plate II) can be
found on a thin bedded red siltstone interbedded with thick red
shale of the lower Ainslie Formation, at Location 42 ou South-~
west Mabou River, The flutes are larger and often accompanied
by deep, continuous groove casts parallel in direction to the rows
of flute casts. On another red siltstone bed just about 15 feet
(of red shale) above the formér, a similarly flute casted surface
is load casted and somewhat faulted. The resulting surface has
an appearance of reptilian scales (Plate III, B), a KUENEN's
analogy (1957, p. 236).
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Figure L

Internal struotures of a flute casted thin bedded silt-
stone: (f) flute casts, (1) load-cashed flute csats, (a) eolay
whisps, (b) load pocket, (g) non-lamimated sabdy siltstone
grading up to laminated siltstone (Im), (el) cress-lsminatiadm,
a nd (r) ripple crest, (X) is another load-caated horizon,

Thin siltstone unit belonging to the Strathlorne Fm,, at
‘Location 40, Southwest Mabou River.

After a thiock transparént skotlion, cut at right angles to
flute casts and ripple orest,
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.5; Plate IV, photo, A, shows flute casts of
low relief (a) accompanied by short faint groove casts (b), This
specimen is from a silty sandstone bed of Location 42 (Southwest
Mabou River). The flute casts are often arranged in rows diagonal
to the implied current direction (see flute casts 1, 2, and 3 of
same Plate),

16, Groove casts are more frequently found.
Most common are the short discontinuous types,

Plate IV, fig. B, shows a peculiar group of short
groove casts, some of which are intersecting (a) and some others
are tapered at one end (b), In regard to the latter, DZULYNSKI
and SANDERS (1962, p. 75) are generally of the opinion that the
bulging end indicates down-current direction,

Remarkably developed groove casts, of a continuous
type, are present on several undersurfaces within an 8 ft, thick
series of inter-stratified thin-bedded siltstones separated
by thin beds of shale., These beds belong to the Ainslie Fm., at
Liocation 42 on Southwest Mabou River. The grooves are
remarkably continuous and closely juxtaposed, They vary in
size from one surface to the other between 2 to 5 inches in width,
and between 1 to 3 deep. Figure 5 is one of the groove casts ith fine
superficial grooving (x), and the ruffled sides (Y). Internally®
(inset, fig. 5) they may show faint cross-lamination,

| Down~-current direction in these grooves is indicated

by the ruffles (DZULYNSKI and SANDERS, 1962, p. 79).

III. Intrastratal directional current structures,

Cross stratification is the most abundant type of sedimentary
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structure present in exposures in the southern portion of the
Ainslie Basin,

In describing the various types of cross-stratifica-
tion, the classification of McKEE and WEIR (reproduced on page
22B), is adopted, with the exception that the term "medium-scale"
is omitted throughout this work. The reason for this is given
by ALLEN (1963 c) who stated that only two orders of magnitude
have any genetic significance in cross-stratification, There are ‘
the small-scale cross-lamination, and the large-scale (includes
"medium-" and "large-" of McKEE and WEIR), Hereupon, the
terms small-scale and large~-scale are used in the senses given
by ALLEN (op. cit.).

The three basic types of McKEE and WEIR
(op. cit.: the simple, planar, and trough cross-stratification)
is also used in the following descriptions.

Small scale cross lamination, or, as described by
SHROCK (1948, p. 250, Fig, 216), "choppy" cross lamination
indicate a remarkably consistent direction of current within a
single cross-stratified unit. They may occur in a thin-bedded,
ripple-marked siltstone, which has only one zone of single sets,

e. g. in many fissile sequences of the Strathlorne Formation
(Locations 40 and 56), or within a relatively poorly laminated
beds of siltstone or fine sandstone especially those of the Ainslie
Formation,

Notable occurrences of small-scale choppy cross-
lamination are in thick units of coarse siltstone, usually micaceous,
These are, for example, found at Location 67 (G:aham River)

in strata of the Strathlorne Fm,, and also Location 49A
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(Southeast Mabou River) in rocks of the Ainslie Fm. These units
are between 2 to 6ft, thick and entirely cross laminated, in
which the bounding planes of each of the sets are commonly
inclined (see Plate V,A). The upper surface of such unit may
have ripple, commonly cuspate, structures (see Plate V, B),

A most useful physical property of the units
described above, is their large size, up to 6 inches in length,
and thick laminae which also split readily, and thus help in
mapping their strike and dip. Most of the data on small-scale
cross~laminations (Table VII, A) cémes from these units,

2, Large-scale cross stratification occurs
frequently throughout the Horton sediments, Most common is
the trough type, followed by the planar type, and rare occurrences
of the simple type. The solitary and grouped (cosets) cross-
strata (of ALLEN, 1963 c) occur usually independently,

In the Southwest Mabou River, distinct associa-
tions of cross-bedding types can be followed from one formation,
or one of its members, to the other:

The Skye River Member frequently contains
solitary sets of large-scale cross-strata, which are commonly
lenticular in shape with curved and irregular (erosional) bottom
boundaries. These sets resemble cut~and-fill structures.,

They are associated with conglomerate or conglomeratic beds,

which are often lense shaped. In general, the bedding is rough )
and irregular and presumably mostly an erosional surface.

Groupéd cross-stratification (large-scale) also occurs, but rare,

Other equivalent Skye River Member strata show similar

tendencies, Poor sorting and poor bedding made attitude
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measurements difficult, The Mcl.eod Member and also the
lower strata of the Strathlorne contains numerous groups of
trough shaped, large-scale cross~-stratification, They are
occasionally associated with low-angle cross-beds, and laminated
plane beds, The stratifications are usually very good, and are
thinly bedded. Several occurrences of wedge-shaped, planar,
large~gcale cross-bedding were also observed with both straight
and concave (tangential) arching of cross-strata. Small~scale
cross-lamination also occur but are considered relatively uncommon,

The Strathlorne strata are generally not cross-
bedded. Small-scale cross-laminations frequently occur in thin
beds of siltstone as singular sets, These beds are commonly
ripple-marked at the upper surfaces. Othér occurrences of
small-scale cross-laminations are in thick units mentioned
earlier. Some planar large-scale cross-stratification occur,

The Ainslie Formation, especially the Mclsaac
Point Member, is characterized by graded sequences',
(MURRAY, 1960, p. 16, Table 3), which are discontinuous in
the gra&ing of both lithology and scale of cross-stratification,
SHROCK (1948, pp. 32-33) counted seven of these sequences in
the uppermost 2125 ft, of the Horton strata in this section (South-
west Mabou River), and called them a ''tripartite sediménta.ry
cycle", The sequence usually consists of intraformational conglo-~
merate at base, followed by massive medium sandstone with
lenticular trough cross-stratification, which is of large-scale and
occurring in groups (cosets). These are followed further up by finer

sandstones with cosets of small-scale nchoppy"' cross-laminations.
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They grade up to poorly laminated thick units of coarse “

siltstones, the tops of which, however, are well laminated,

Other internal directional current structures
are a few instances of recognizable primary lineation (e.g. at
Location 42, S, W. Mabou River)., Ripple marks present in
many siltstone beds of the Strathlorne and the Ainslie Formations,
Asymmetric types are most frequent, much less so are the
symmetric types. No detailed study of these features has been
carried out by this writer,

IV, Differential Load Structures. Load casts

and related structures in a number of forms are present in the
Horton., They ra.nge in shape and size from small flat impressions
or knobby protuberances cne inch or less in diameter to-largerscale,
local collapsing which affects laterally several feet of bed.
Several types of torose load casts are also present, Load casted
earlier markings were seen on flute casts, groove casts, and
ripple marks.
1. The simplest form of load casts are shallow
flat=-bottomed impressions 'having subpolygonal patter (Plate VI),
The size of each casts is not more than 1 inch in width and less
than 2 inches in length, Similar load casts are found in Location
36 (Southwest Mabou River) and Location 56 (Judicue Interval
Brook) in giltstone of the Strathlorne and the Ainslie, respectively,
2, Knobby casts (Fig, 6), evidently due to
loading lie within a thin bed of greecnish grey siltstone (of the
Strathlorne) at Location 36 (Southwest Mabou River)., The figure
on the following page (Fig. 6) also shows well developed load
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pockets, clay whishps, load folds, and load waves, all of which
are internal features of load casts in the terminology of SULLWOQLD
(1959, p. 1248),

3. Well developed load-flowage casts are found
in at least two horizons at Location 38A on Southwest Mabou
River.. The exposure consists of several feet of thin-bedded
and ripple-marked greenish grey sandstone with interbedded thin
grey shales. The units alternate with thick beds of dark grey
shale, The casts; (see Plate VIL, A), vary in width from 3 to 6
inches, are interconnected into irregular pattern, and have flat
soles with well defined rounded bounding pleats. The distinctive
feature of these casts is thé surfacial curvilinear grooves,
which are closely spaced and roughly parallel to each other,
Their pattern resembles contour lines which may well be flow
contours. |

In describing an apparently similar type of casts,
also from the Horton of this area; SHROCK (1948, fig. 117)
called the above casts "flow casts', but admitted that flowage is
started by differential loading, He interpreted the 'curvilinear
' grooves" (his own term) as ...''shear fractures produced in the
sand when it could no longer flow",

4, Remarkably developed torose-shaped load
casts occur on no less than five siltstone surfaces at Location 42
(Southwest Mabou River), All these surfaces are within a 6 ft.
thick, thin~bedded and ripple~-marked red siltstone with intervening
thin clay layers, belonging to the Ainslie Formation, The load

ridges are smoothly rounded or close to subcylindrical in shape,
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with bulges at interval. They vary in size between 1 and 6.inches

in width from one horizon to another., The ridges are parallel

to each other, discontinuous due to intermittent bulging and
pinching, and at places fusing with other prominences. See e.g.
Plate VII,C. Each loaderidge is occasionally ornamented

(Fig. 7) with curved deep ruffles on the sides suggesting some
sort of twisting, while the surfacial, curved fine groovings
indicate plastic flowage. The load cast surfaces can be traced
throughout the entire length of the outcrop (about'30 ft.), some
diminishingin size abruptly.

Torose load casts have been described by CROWELL
(1955), who was not entirely certain as to their mode of forma-~
tion, BIRKENMAJER (1958) is of the opinion that such oriented
load castg, or, in his terminology, flowage casts, were formed
by flowage of hydroplastic sands into erosion grooves op, cit.,
pP. 142), Such explanation is highly admissible for the occurrence
of torose load casts at Liocation 42 above, because they dre
closely associated with large groove casts described earlicr:
(page 38, Fig. 5). The groove casts and the load casts, in Loca=
tion 42, were found to be virtually parallel to each other, and
were found in adjoining, almost ulternating undersurfaces.

4, Collapsing of the bed presumably due to load
was seen on a thick-bedded.sandstone at Location 102 (north
shore of Lake Ainslie), see Plate VIII[, B, The sandstone is about
11 ft, thick, and the collapse affects between 1 and 4 ft, of the bed
laterally, The internal lamination forms broad synclines and

narrow anticlines.
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5. Loading on previously marked surfaces can
be observed on several samples: Plate 1II, A and B, shows load
casted flute casts; Plate VI, load casted "frace fossils; the
Groove casts of Fig, 5 is probable somewhat load-casted; and
Plate VIII, A, shows a probably load casted ripple marks.

V. Intrastral (and intrg-formational) deformational

structures, Convolute lamination in the sense of the term used by
TEN HAAF (1956) and others(KUENEN, 1953, etc.) is only poorly,
if at all, represented in the Horton, However, numerous other
soft sediment deformational stfuctures are present. They range
in size from about one inch wide structuresof convoluted laminae
confined to a single thin bed of argillaceous siltstone, to
contortion of all the laminae in a very thick siltstone unit, Large=-
scale sliding, which invblved several beds, can be seen on
several scales of magnitude,

1. The smallest deformed lamination structures
occur within thin beds of siltstone, often argillaceous, belonging
to'fissile sequence of the Ainslie Formation e, g. at Location
56 (Judique Interval Brook) and Location 68 (Graham River), The
lamination in these beds is usually deformed into broad troughs
measuring one to three inches wide, the crestsare steep and
sharp and are filled with clay from the underlying shale (see
Fig, 8), Intra-stratally they may look like torose load casts,
and are probably genetrically related. The internal lamination
of these ""convolutionl' are often crossed,

2, Figure 9 shows roll structures from Location
56 (Judique Interval Brook), The rolls have semi-cylidrical, or

elliptical cross sections, which occasionally show a similar but




after page 37 § ?

. — top bed

‘Sursrong !

e P PN . 1 R

2P e X

(a) o S :
, ¥ OME INgw !

— - — - " fgb beo R

. e .-, ... Do . SILrS".Wf. '_'-

v ome w0
<

L TR TP TV
ONE CH

Figire 8
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Inside, there may be a smaller but similar shaped rolls.
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smaller roll in the inside. A specimen of the bed may be

parted around the structures, producing elongated, sometimes
bended, eilipsoidal rolls, These structures were found within
a 4 inch thick, red siltstone bed, at the base of the fissile
sequence of the above Location (56), |

The structures resemble load casts and are
probably genetically related,

3. Similar to the above (2) but more irregular,
rells and balls were also found in red siltstone near Location 42
(Southwest Mabou River), The structures (see Plate IX, B,) may
show the convoluted laminae within the rolls (see feature c, on the
plate), and may display smaller balls above or insgide the larger
(see d on plate)s These structures may also be formed by load
casting involving partial liquifaction of the bed.

4, A remarkable development of roll and ball
structures can be seen at Liocation 49 of Southeast Mabou River,
They occur within a 2 ft, thick unit of thin bedded, greenish,
calcareous siltstone (see Plate X, A and Fig. 11) belonging to
the Ainslie Formation. The ""deformed zone" is usually about 5
inches thick where large structure can be found, but the zone
diminishes rapidly towards one side of the outcrop where small
balls occur (see Fig, 10). -

Well developed rolls commonly have flat soles
whose plan pattern may be rhomboidal, bended, or bra.v'é:hing, In
internal cross=-sections (see Fig., 12), these large rolls display
complex convoluted pattern which are marked by reddish markings

within a greenish, faintly laminated matrix (see a and b on Fig. 12),
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Pigure 12

Complex intermal convolutioms of laminae in roll struecture
from Location 49 ( see Fig 10,IID, and Fig. 11)., The eonvolute
patterris marked by reddish marking (lsminse), see a), and
dark green patches (b) im 1light green matrix (s). Broksm line
3 indicates a split In specimen, :

1n After a polished specimen cut at right angles to the
I‘O ° :
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The smaller balls, presumably under~developed,
ranges in size from about 2 inches to fractions of an inch in
diameter, They may show differing convolution patternsof laminae
in their internal cross-section (see A, B, and C of Fig. 10).

Small-scale cross~lamination is omnipresent in
this unit, and also in the deformed zone, It is involved in the
convolution especially in the smaller balls (see A of Fig, 10),

This may have some genetic implication, in which the role of
current is indicated in the formation of these structures. Liqui=
faction, flowage and gravitational action may follow in the
production of the various sizes and subtypés.

4, Very large-scale, isolated slump balls,
shown in Fig. 13 and also on Plate X (photo A and B), were seen
within a thick sequence of shale with thin sandstone interbeds
of Location 105 (Gallant River, outside the area and to the north).
The balls are up to 9 ft. in length and up to about 4 {t, in thickness.
They are restricted to one horizon, and individually may show
some sort of exfoliation, These shells are presumably related
to original stratification.

DZULYNSKI (1963) offered an explanation for
similar type of balls which he called "piled and load-casted ripples"
(op. cit., ps 60, see Fig. 29)., However, his examples concern a
very small structure less than 2 inches in size,

4, A contorted bed, or contorted lamination within
a bed, can be seen at Location 44 in the Southwest Mabou River,
The contortion (see Plate XI, A and B) involves a very thick

laminated unit of red coarse siltstone belonging to the Mclsaac




after page 89

et 1

O ap CALE OF FE
. APPROX . SCA ¥

Figure 13

Slump balls, or & piled-and-load-casted bedding, in
large scale, The balls“developed in a predominantly grey
shale sequence with thin sendstone interbeds of Upper
Horton streta. In Gallant River, newr Margaree Valley

north of the present area. .
See also Plate X,A and B,
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Point Member of the Ainglie Formation, The exposure of this
giltstone covers the full width of the river (about 70 ft,) and
extends over 100 ft, downstream from the base of the unit, All
the laminae are contorted and crumpled, but at places they are
fused into a homogeneous mass {see a on Plate XI B). The defor=
mation is entirely plastic, no elastic disruptions are seen.
Gravity subaqueous slumping of material in a relatively very
plastic condition, and the presence of a slope, probably account
for the structure,

5. Large=scale and intraformational slumping
(subaqueous) can be observed at Location 68 (Graham River),
and a slump-sheet cccurs near Location 40 (Southwest Mabou
River). At both locations, deformation in a plastic and elastic
condition is evident from the structure,

At Location 68, see Plate XII (A), the slumping
involves a 4 ft, unit consisting of thin bedded, greenish grey
siltstone of the Ainslie Formation, The crumpling of the strata
(see a, on the plate) is accompanied by disrupting along several
sliding planes, which are curved and tangential to the base of
the strata (see b on the above plate). The thick grey shale units
above and below the slumping show no disturbance.

The elastic deformation is shown by the brittle
crumpling (see ¢ on the Plate) and also disruptions along sliding
planes,

6. Large scale sumping can be seen at the base
of a steep cliff at Location 40A, see Fig. 14, The slump sheet,
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though partially concealed, is at least 12 ft, thick and extends
between two fault zones, a distance of about 70 ft, It consists
of several sandstone units and much interstitial shale. Each
of the crumpled units is separated from the others by inclined
sliding planes, Deformation has continued to the extent of
producing sandstone slump-rolls of varied sizes and shape,
The slumping may have been formed by the movement of the
block bounded by the fault-zones on both sides of the sheet, but
it is noted that the strata above it are relatively undisturbed,
Later movements of the block brought the strata into the present
relation,

The crumpling of » strata and the disruptions along
sliding planes are, as in Location 68, evidence of deformation in

both plastic and elastic conditions.

C. DISTRIBUTION OF OCCURRENCE

The sediments of the Horton Group are noted for
their rapid changes in lithology. The changes are apparent
within a section as well as between sectionsi'nwestern Cape Breton,
As a result, sandstones and siltstones are unequally distributed
between the upper and the lower parts of the Horton, and between
the sections in the southern half and the northern half of the area.
Be.causeA sedimentary structures occur mainly in these sandstones
and siltstones, they are also unequally distributed in both
stratigraphical and geographical extent,

' Stratigraphic distribution The lithological

differences between the formations and members of the Horton
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Group contributed to some degree to the variation of types or
agscciation of types of sedimentary structures present in these
units, This is clearly demonstrated in Table VI (following page),
in which the occurrence of various types of structures is
compared »with.: the formation and members of the Group.
This,’;ssupplemented by Fig. 15, in which the structures are
diagrammatically presented with the stratigraphic thickness
colum based on the type section of Southwest Mabou River.

In general, the Horton Group can be divided into
three units based on sedimentary structure associations, These
are, starting from the base:
(1) The Lower unit, is essentially corresponds to the Skye
River Member (i, e, about 3000 ft. thick). This unit contains
primarily large-scale cross-bedding of solitary types, They are
usually conglomeratic and poorly bedded, Poor sorting and '
irregula» bedding are evideht throughout this unit, Cut-and-fill
structures are numerous, and so are erosional surfaces,
(2) The Middle Unit, about 2500 ft, thick, extends from about
the base of the McLeod Member to the top of about the first
quarter of Strathlorne strata., This unit contains numerous
grouped, trough-shaped, large-scale cross=~stratification, and
low-angle cross~bedding., Small-scale cross-lamination also
occurs but is less common. Practically no sole markings or
any types of primary deformational structures have been found,
The strata are generally well bedded, thin, and laminated,

The Middle Unit with the above characteristics

is limited to the type section (i. e. Southeast Mabou River).
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Figure 15B

Fisslile sequence of the Ainslie Formatlion
at Location 56, Judique Interval Brook,
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In other sections, it is either unrecognizable (see McLeod Mb,
page 16) or entirely different in structural contents,
(3)e The Upper Unit, about 2500 ft, thick, extends from the
top of about the first quarter of the Strathlorne up to the top~
most bed of the Horton (i.e. includes all of the Ainslie Fm.,).
This is the most important unit because it contains most of the
structures belonging to Groups I, II, IV and V, Cross=~stratifica=-
tion is also frequent, It has many fissile sequences consisting
of thin bedded sandstones and siltstone, interstratified with
thin bedded shales. These fissile sequences (see Fig, 15B)
often contain numerous trace fossils, in association with ripple
marks (symmetric types), small torose load casts, small
convolution (e.g. Fig. 8 & 9), small~scale cross-lamination,
some flute and groove casts, and occasional dessication cracks,
Examples of these associations are Locations 40, 56 and 68,
Another association is of large groove casts and large torose
load casts of Location 42. Thick units of small=-scale cross-
lamination (Locations 43B, 49 and 67) also belong to this Unit.
In the type section, the Mclsaac Point Member
is characterizéd by the occurrence of several '"graded sequences"
(MURRAY, 1960, p. 16), also described and called "tripartite
sedimentary cycle¥ by SHROCK (1948, pp. 32-33), Large-
scale crogs~stratifications are common also outside the above
gradcd sequences,

Geographical Distribution The greater majority

of data on the observed occurrences of sedimentary structures

came from the southern half of the area, i.e. the river sections
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of Graham, Southwest Mabou, Southeast Mabou Rivers and
Judique Interval Brook, Only a few were observed in the area
around Lake Ainslie, |

The discrepancy is mainly due to the distribution
of sandstones and siltstone, a large percentage of which occurs
in the southern half of the area, There is, upon calculation, a
rapid decrease in the sand (including silt)=shale ratio between
the sections in the south and exposure areas in the north, The
sand~shale ratio in the Southwest Mabou River is about 4, as
calculated from MURRAY's data (1960, p, 13B, Fig, 7).
Approximately the same ratio is also found in the Graham River
Section (COTE, 1962), Around Lake Ainslie, however, the
number and the thickness of shale beds are decidedly larger in
compvarison to sandstone or siltstone beds. In many stratigraphically
broken sections in this area, the ratio is generally less than 1.
Further to the north, e, g. in Gallant River, outside the area, the

sand-ghale ratio is close to +2(COTE, 1962).
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CHAPTER VI

DIRECTIONAL ANALYSIS

Directional sedimentary structures in the Horton
Group of western Cape Breton were measured and analyzed.
This work includes: One hundred measurements of cross=-strati=
fication from ten different locations; and, fifteen measurements
of current markings and other types of directional structures, |
The computed data are summarized in appropriaté
diagrams but only a few are plotted on maps. The number of
obtained data and the regional spread of localities from which
these data came do not allow a decisive construction of a
paleocurrent map for the entire Horton area. Local analyses
of cross~-stratification, together with the analysis of a handfull
of other directional structures can only at most suggest the

nature of current activites on a regional scale,

Cross-~stratification

Measurements of cross-strata were carried out
for the Horton‘ sediments of western Cape Breton in the manner
employed by authors such as PETTIJOHN (1957a), PELLETIER
(1958), YEAKEL (1962) and others. Most of the cross~bedding
available in the exposures in Southwest Mabou River and Mull
River was: measured. Small scale ""choppy' cross-laminations
are generally difficult to measure due to their minute sizes,
but data on these were obtained from Southeast Mabou, Southwest

Mabou and Graham Rivers. Table VII, A lists all the measurements
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and the computation thereof which also includes the stratigraphic
positions and the descriptions of the cros.~strata.

Each measurement of a cross-stratam plane is
made either directly or with the help of a note book or a clip-
‘board placed in a visual position of the plane represented by two
intersecting lines (traces) on two different rock surfaces, see e.g.,
YEAKEL, 1962, p. 1517, Fig. 2. In each exposure the cross-
stratified unit was first determined and the true stratum plane
bounding this unit measured, The number of measurements in
each unit dépends on the number of available sets: 'geherally,
one measurement for each set was made. The data obtained from
the above measurements were further corrected for tilt granted
during deformation., A standard equal-area net was used on
which poles of cross~-strata were rotated about the strike of the
true stratum plane to the amount of its dip. This brought the
strata and the cross«strata into the position which they are
assumed to have originally,

The results of the above procedure are: (1) Dip
direction (azimuth) of cross=strata indicating a down~current
direction; (2) "Inclination" (foreset dip) of cross~strata which,
as defined by PETTIJOHN (1957, p. 472), is the dihedral angle
between the plane of cross~lamination and the plane of true
bedding. The inclination is related to the original angle of repose,
but not exactly so due to shearing action took place during the
folding. Rotation of azimuth due to plunge of fold (YEAKEL, 1962,
p. 1517) is believed to be minimal from what can be seen of the

structure locally (see Chapter I, p. 7).




Table VII A, Data on cross-stratificetion

Location:

Formation
or Membbr

strata:
strike-
dip

Southwest Mabou River:

434

Ainslie N212E 57NW

Stratha
lorne

37 | N210E Z20RW

N215E 17NW

N210E 15NW

MoLeod

35 | N22TE 28NW

N235E 22NW

Attitude

of
cross -
strata:
"stirike".
"dip 14

N22TE
210
220

Tilt
corrected
azimuth and
inclination

of
oross-strata
349 21
290 11
321 2L
297 23
337 26
297 23
357 22
Ls 10
LS 10
7 30
17 26
L7 16
25 30
70 17
73 10
10 12
345 30
25 28
170 15
.205 11
10 2l
159 25
276 21
227 18
346 1y
93 15
118 15
295 11
294 19
1293 19
62 1
79 22
89 22
7 11
225 10

DescriptI;;:--
lithology

éizresultant azimuth

Large scale cross-
strata in red fine
siltstone

8= 330

Small-scale choppy
eross-lamination in
non-red and red fine
8ilty sandstone

é=51|,
Large scale cross-

bedding in greenish
gray coarse slltatone

&= 335 (for Loc.37)

Falrly well cross-
bedded red fine graine:
sandstone ;

all lerge scale cross-

bedding
-

good orcss-bedding
(large-scale’

poor cross-bedding

(large-scale)

(eontinued next page)



49:

| 35 | N230E 208w | N250E LONW | 359 20 | Good, large-scale

(cont.,) 220 | 30NW | 289 9 cross-bedding in
275 | 10N 11 %E red siltstone.
232 | 35NW | 324
L6 | N238E 30NW | 232 | 60ONW | 318 30 | Good, large-scale
222 §ON 10 - 30
2 ON 2 23 ”
200 | 55w | 270 | 28 <l

210 | 4B58W | 270 23
262 120 N | 112

220 | 35NW | 259 ]iL{ -
232 | 45NW | 314 15 |f= 332 (for Locations

35 and }6)
Southeast Mabou Rivep
Alnslie| 49 | N238E 3O5NW N275E; 30N 87 20 Godd, small-scale
282 | 30N 88 23 |'choppy cross-laminatio
265 | LLoN 56 18 | in greenish, calcareour
277 | LoN 62 2L | micaceous ssndstone.
a57 | 55N 9 25
265 | LSN L0 20
265 | 45N 4o 20
270 | 30N 88 18
267 | 50N 32 25
257 | 5ON. | 16 19
49Al N225E 65NW | 247 | 53 NWl 81 22
' 255 | 7ONW | 41 27 | _
240 | 7TONW | 23 Uy 6= 51 (for Locations
49 end L49A)
Mull River
undiff.! 52 | N260E 15KW | N290E| 35N 37 23 | Cross-bedding (lar
5 2410 | 558 164 20 | scale) in poorly &
307 | 35KE | 60 27 | bedded coarse snadston

282 | 30N 32 19
280 | 27N 32 1y
297 | 15N 90 8

N 35E 1SSE | 335 | 10NE | 345 13 |(similar to Loc. 52)
>3 358 15 285 | 25N 357 30

335| 25NE | 354 20

(continued next page)




| 35| N 35E 15SE| N307H 15K

(cont.) 320

Graham River

Strath- 67| N20SE 60NW| 220
lorne 217
223
212
220
220
230
217
272
220

354
27
18
31

5
2

20
20
33
21
12

25
12

50

Poorly~bedded, greenisi
grey coarse sandst,
large scale oross-
stratification

6= 45 (for Locations
52 and 33)

Smell-scale choppy
cfoss~-laminetion,
woll laminated,

in greenish, medium
graineik sandstone

REGIONAL RESULTANT OF
AZ IMUTHS =

G, =25
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For each location, or, several locations congi=
dered as one, the resultant azimuth (®) is calculated trigonime=
trically (CURRAY, 1956), The regional resultant azimuth (§R)
is calculated for all the available data from the Horton Group, In
some local interpretations, the azimuths are summarized in
rose diagrams (circular histograms) having twelve 30~degree
classes. The magnitude of the resultant vectors (in percentage)

are also calculated and plotted as current arrows on maps.

Summary of results The diagram~-map of Figure 16 shows good

indications of a north~northeasternly paleocurrent direction,
These indications, however, are exhibited chiefly by the small~-
scale "choppy!' cross=lamination (ch, on map). Larger scale
crosgs=strata in Southwest Mabou River indica;:e northwesternly
direction of paleocurrent, This is shown on Diagrams in Figure
17, where the histograms for the McLeod Member, Strathlorne
Formation, and Ainslie Formafion are given, Although these
histograms are markedly different in pattern, the resultant azimuths
(9) for each of the rock group points consistently towards the
northwest (N 3300-335°E). The "choppy" cross-lamination from
the Ainslie Formation of Soutbwest Mabou River (see Tableu'g)
points also towards thé northeasternly direction,

The regional resultant azimuth (BR)’ calculated
from all the available cross~stratification data of the Horton Group

is N 25°E,
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SOUTHWEST MABOU RIVER

AI'NSLIE FM. '
Mc lssac Point Maiizanr
" Locarion Mo. 43A.
8 330°
- (6 257

'STRATHLORNE FM.

LocArioNn Neo. 37
§ 33s°
(8 25°)

30°

CRAIGNISH FM.
Mclzop Memaar

LocaTion Mo, 36246
& 332°

10 20 %0 40 50 60 %

NUMBER OF READIVGS

(8- 267 HISTOGRAM oF bir-corescrap
CROCE BED AZIMUTH WITH 30° CLASS
‘45, CLASS LENGTH BASSBD on

NUBESR PER CFNT FREAVENNY

\ (3] LOCAL REGSULTANT AZINMUTH

'/ 8, REsOWAL RESULTANT Az.

Fiéure 17, Verticel variations of shape of rose-diégrams and

the resultent azimuths (8) of cross— stratification
in- the Southwest Mabou River. Note the consistency
of'deispite‘the differing patterns of diagrams,
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Current Markings and other Directional Structures

Groove casts, flutecasts, parting lineations,
load casts, convolute laminations, and slumping structures are
recorded dirlectionally'. Although they are small in available
and recognizable number, the data and their results of computa=~
tion are listed on Table VII B, which also includes geographical
and stratigraphical locations, and the description of each
structure,

Measurements of these structures in the field
were based on taking the apparent bearing of lineations where,
if possible, the implied down=current directions were also
indicated. To obtain the true bearing, each of thesel data was
later corrected for tilt, On a standard equal-area net, the field
bearing was rotated about the strike of the strata to the amount
of the dip, The plunng of folds rotates the bearing in the vertical
'a.xis but the effects are considered negligible as also applied to
cross~stratification (page 39). The corrected bearings obtained
from above are summarized as vectors in a circular diagram
similar to that used by CROWELL (1955, also HSU, 1958),

The small number of existing data permits the computation of
the resultant directions by graphical method., It is important to
note that because some of the lineations (e, g. groove cast,
partly lineations), are bi=polar, (two=directional), only half
(eastern~) of the circle is considered and each angle of vector
within this half has to be doubled in computation of the resultant,
This resultant will be twice as large as the actual resultant
vector, The purpose of this procedure, KRUMBEIN (1939), is to




Table VII B, Data on dirootional bottom,and other structures.

Looation

Formation
or Member;

Loo

Ssrath-
lorme

Southeas
Kinslie

Judique

e ST

t Mabou River:

Intervnl Brook:

HE Attitude
of strata:
Strike-Dip

s~

N210E 158w

N210E 15NW
N2LL5E 228w

AL, L0

N200E 208w

oN W32 SRW
‘| N2SOE HONW

Ainslie

[T I AN

Strath-
lorne

Graham Ri
Ain %%?FNZISE 65NW

Ainslis |

Lake Ainslie

N2LLOE 65KW

58 | N230E LONW

s

shore

L L T Y X

102| N260E 608

cemmbe e ————— .

mpparent 11¢
bearing correot
of linear jed
directions bearing
N 10E 10E
25 25
3° 35
35 35
R | &
35 35
2| %
3
80 80
300 300
60 60
Lo o
60 60
70 70
70 70
70 70
20 10
0 350
70 75
90 150
T0 7
10 0
90 95
90 100
70 75
0 357
240 260
245 270
35 10

parting lineations
parting lineations
parting lineations
groove ocasts

large
large
lerge
large
small

groove ossts
groove casts
torose load casts
torose load casts
groove oasts
largs flute casts
small flute casts
small flute casts
axds of convoiute rolls

casts
casts
canss
cants

groove
groove
groove
groove

cests
casts
casts
casts

groove
groove
groove
groove
groove casts (large)
torose losd casts

axd¢s of oconvolute rolls
groove oasts

groove oasts

groove ocasts

& xe8 of slump balls
axes of slump rolls

groove casts
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obtain a non-symmetric periodic distribution or otherwise will

not reflect a true central tendency (CURRAY, 1955),

Summary of results Regionally, there is a good suggestion of

current towards the NNE to NE, The overall resultant shown by
the diagram on Figure 18 is N31E for about 60 percent of all

the vectors: This figure breaks down into 65 percent of the
lineations indicating N40E, and 60 percent of the flute casts
indicating a NZSE direction,

;I‘he widely separated locations from which the
data came, can be suggested as an explanation for the high degree
of scatter in the distribution of the vectors on Figure 18, This
results in the relatively low percentage, (although more than 50

percent) of the total vector in the resultant,

Paleocurrent Interpretations

Directional analysis has shown that there were
two current directions apparently prevailing during the deposition
of the Horton Group in the Ainslie Basin. These paleocurrent
directions intersect almost at right angles. To some degree,
they are also intérs ecting in the sense of the time and place of
their deposition,

The ultimate implications of the paleocurrent
directions are the directions of sedimentary supply and thus the
sources of sediments carried by these currents. In this regard
KUENEN (1957 a, and 1958) is of the opinion that two directions
of sediment:—iry supply are present ih many basins, In an

elongate basin there are: (a) lateral supply of sediments from
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local sources; and (b) longitudinal supply from distant sources.

In the Ainslie Basin this relationship is strongly
suggested, with the northwesternly direction of paleocurrents
being lateral, and the northeastermly directions longitudinal in
relation to the NE-SW elongated shape of the basin, |

Previous authors have suggested (see Chapter III),.
that the pre~Carboniferous highland is an important source of
the Carboniferous sediments in western Cape Breton, The presence
of northwesterply paleocurrent directions support the admissi~-
bility of a lateral, however, local supply of sediments from the
adjacent Craignisﬁ Hills, These directions, indicated by the
large~scale cross~bedding (see Fig, 17), and thus these lateral
currents are probably responsible for the transport of the
greater volume of sediments now accumulated in the Ainslie Basin,
Furthermore, the shapes of the rose diagram for these cross=~
bedding (Fig. 17). are multi=, if not tri-, modal which TANNER
(1959) believed indicates a shore or transitional (land~water)
environments, Therefore it is suggested further that the lateral
accumulation of sediments progressed in the manner of "delta~
building”., The shorelines during the various stages were
probably approximately parallel to the elongation of the Craignish
Hills,

The northeastermly, longitudinal paleocurrent
directions are primarily suggested as sorting currents, Their
role in the transport of sediments is limited to finer clastics,

and may be held responsible for the greater percentage of shale
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beds in the northern parts of the area'(éee page 45)s Such may
be the case, their direction (northeasterly) being highly consis=
tent during the greater part of Horton deposition,

The consistency of the longitudinal direction of
cﬁrrents are indicated by small scale cross~lamination analyses
(see Fig., 16), The cross=laminations came from both the
Strathlorne and the Ainslie Formations, These currents may or
may not be responsible for the formation of other directional
structures (current marks, etc,) merely because they indicate
congruent directions of currents‘ (see Fig, 18),

In comparison to the lateral current, the longitu~-
dinal currents are relatively weak, i, e, in the lower flow regime
(ALLEN, 1963 b), as evident from the structure they produced,

Although the fine clastics carried by the longitu=-
dinal current are primarily‘obtained from the sorting of the
laterally supplied sediments, there remains the possibility of a
distant source., Such may be the Cape George-Antigonish Basin
in the mainland of Nova Scotia, about 25 miles west and southwest
of western Cape Breton, This basin has been postulated by
MURRAY (1960) as being connected to western Cape Breton during
Horton deposition (op. cit., pp. 67=90, and p, 116).

As a conclusion, Fig, 19 on the following page
presents the relationship of the lateral and longitudinal paleo~
current direction in the Ainslie Basin during the deposition of the
Horton Group. It is not necessary to designate the paleogeographic
picture to any one formation of the Horton, because, as believed
by CAMERON (1948, p. 5) and also by MURRAY (1960, p. 94),

their continuity of relationship is not entirely certain.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

(1) Until recent years, some types of sedimentary
structures, especially sole markings, have been regarded as
structures of turbidite deposits or formed under turbidite
environment, It is now well established that sole markings and
other types of "tumbidite structures'" are known from other types
of sediments deposited in varied environments, Flute casts and
groove casts have been described from fluviatile and shelf
deposits (CUMMINS, 1959), and from deltaic deposits (MURPHY
and SCHLANGER, 1962), Convolute laminationshas been maintained
as inherent 8t turbidite deposits (e.g. SANDERS, 1960), but
occur in non-turbiditic sediments (DOTT and HOWARD, 1962).
DOTT and HOWARD (1962) believed that only repetitious graded
bedding, and not convolute lamination, is to be regarded as
characteristic of turbidite sequences, In general, the outstanding
characteristic of turbidite deposits in regard to sedimentary
structure occurrence, is not the kind but the abundance of the
structure present, This is s0 admitted by KUENEN (1957 b, P 232).

The occurrence of nearly all types of sedimentary
structures in the predominantly continental sediments of the
Horton Group provides further evidence in support of the modern
view which stages generally that no single type of structure

indicates any one form of depositional environment.

(2) The study on the development of sedimentary

structures is now concerned with the interpretation of their
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mechanisms of formation, i, e. the agents and the processes
involved in the production of fhe structures, These are:
Currents, which through the processes of scouring and marking
of the mud-bottom produce current (scour-, and tool-) markings,
and by deposition and fall~out, structuxies such as cross=-stratifi~
cation, current-ripples, lamination, and graded-bedding are
produced; gravity, which through the processes of unequal 1oading,
collapsing, sliding, in a subaqueous condition, produces load
casts, flowage casts, contorted laminations, slump structures
and slump sheets; and, the interaction of both currents and
gravity, in a complex manner, is held to be responsible for the
productioﬂ of certain types of convolute lamination.

a)e Currents Hydrodynamic stﬁdiesb have shown
the behavior of currents in the transport of particles and grains
to be by traction, saltation, and suspension., The transportation
patterns differ accordingly during the various ""flow phases",
These phases are governed by the ranges of velocities, which
in an increasing intensity are (DZULYSNKI, 1963, p. 100):

1, First smooth phases;

2, Transportation in ripples;
3. Second smooth phases;

4, Antidune phases,

In the basin, where deceleration and deposition
took place, various sedimentary structures were formed during
each phase,’

The antidune phases are responsible for the

: +he
scouring of'basin floor, on which scour marks (flute casts) were
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produced. Some of the tool marks, especially the short and

discontinuous ones (Plate IV, B), were probably formed during
this eratic phase, Other tool marks, however, were probably
produced during the next, second smooth, phase, For this

latter reason, the relatively continucus groove casts (tool marks)
on Plate II were evidently formed after the flute casts (scour
marks) of the same surface,

The filling of these markings may have taken
pia.ce during fall-out of particles from"second smooth phases’
from which a thin layer of massive or thinly laminated sands or
silts were deposited, The deposition continuedwith one or several
sets of cross~-laminated silfstones (transportation in ripples
phasé€), and may end with another set of flat larﬁinae (¥irst
smooth phases). The sequences of formation of the features

shown in Fig, 4 (after p. 29) ideally follows the above succession,

b). Grévity The eifects of gravity may become
apparent during accumulation of the sediments. Some load
casts and convolute lamination may be formed during this time,
but some others are evidently formed after the accumulation
of sands and silts are completed.

' The process involved is initially a partial or whole
liquifaction of the freshly deposited and cohesionless sediménts,
after which displa.cenient of mass or flowage occur due to loading,
current, or the presence of slope, The process of loa.dingb
involves a differential vertical flowage of sediments into the
soft yielding mud substratum, in which further flowage may take

- place horizontally resulting in the formation of flowage casts, The
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loading may have induced local collapsing and disrupting of parts
of a.-b'ed and produced certain type of convolution (see
DZYLYSNKI and SMITH, 1963, p. 625), Other convolution of
laminae may be generated by current rippling (see e.g. TEN
HAAF, 1956) and other forces acted upon laminated bedding during
its sedimentation (DZULYSNKI and SMITH, 1963, p. 622).

The convoluted laminae in the structures of
Fig. 8 and 9 may due to collapsing of a bed generated by current
ripples merely because of the uniformity of width of these
structures and their axial shape which are arranged in sﬁbparallel
pattern,

The convolute balls and rolls of Fig, 11 (also
Figures 10 and 12) may also forme in the same way as above,
i, e, by the interaction of currents and gravity. But they may
involve a further flowage as is evident from the cornpiex internal
convolution of one of the rolls shown in the Fig, 12. The
heeling of these rolls (the flattening of the "sole", see Fig. 12),
may indicate the lower limit of the liquified horizon.

The presence of a slight slope, which, according
to DOTT (1963, p. 104), can be as little as half a degree,
may help in the production of the intra.-stratal and intra-forma=
tional deformational sfructures.

~DOTT (1960, p. 110) classified the different

types of subaqueous gravity movements according to their flow
behavior: Subaqueous rock fall (elastic flow); subaqueous slump

and sliding (both elastic and plastic flow); subaqueous mass flow
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(plastic flow); and, subaqueous turbidity flow (viscous fluid
flow), All of which took place in the presence of a subaqueous
slope.

The contorted bed of Plate XI (A, and B) was
most likely produced by?ﬂow having plastic behavior (a
subaqueous mass flow), The slump structure Qf Plate XII (A),
and the slump' sheet of Fig, 14 were the results of a flow having
both elastic and plastic behavior (i, e. a subaqueous slump and

sliding).

(3) The Horton Group contains different types
of sedimentary structures at different parts of its stratigraphic
section (see Chapter TV,»p, 42). In the section in Southwest
Mabou River, for instance, each of the formations and their
member, or parts thereof, is characterized by different types
of cross-stratification, To follow some of the significance of
these differenceé, ALLEN's (1963 ) "scheme of sandstone facies"
is considered,

ALLEN (op. cit.) produce“_the scheme experimen-
tally, which in an increasing intensity of fluid flow, cis:: Small=
scale cross~stratification =~ large=scale cross-stratification
(cosets) === flat bedding with primary lineations. Most important
is his application of this scheme in interpretation of such facies
in sediments of fluviatile origin, The "cyclothem' begins with
erosion of channel floor and accumulation of conglomerates,
both are indications of an uppermost regime of fluid flow; then,
the accumulation of top~set beds consisting of plane beds with

primary lineations; after which, accumulation of thick units of
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(plastic flow); and, subaqueous turbidity flow (viscous fluid
flow), All of which took place in the presence of a subaqueous
slope.

The contorted bed of Plate XI (A, and B) was
most likely produced bya"flow having plastic behavior (a
subaqueous mass flow), The slump structure of Plate XII (A),
and the slump- sheet of Fig, 14 were the results of a flow having

both elastic and plastic behavior (i, e. a subaqueous slump and

sliding),

(3) The Horton Group contains different types
of sedimentary structures at different parts of its stratigraphic
section (see Chapter TV,~p. 42). In the section in Southwest
Mabou River, for instance, each of the formations and their
member, or parts thereof, is characterized by different types
of cross-stratification, To follow some of the significance of
these differenceé, ALLEN®s (1963 b) "scheme of sandstone facies"
is considered.

ALLEN (op.cit.) produce“'the scheme experimen-
tally, which in an increasing intensity of fluid flow, ris:. Small=
scale cross~stratification -~ large-scale cross~stratification
(cosets) === flat bedding with primary lineations. Most important
is his application of this scheme in interpretation of such facies
in sediments of fluviatile origin, The "cyclothem" begins with
erosion of channel floor and accumulation of conglomerates,
both are indications of an uppermost regime of fluid flow; then,
the accumulation of top~set beds consisting of plane beds with

primary lineations; after which, accumulation of thick units of
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large scale cross~-stratified sediments, progressing in the
manner of ''delta building"; the cycle ended with the deposition
of a small-scale cross~stratified unit which grades up into fine
siltstones with no bedding,

Parts of the above '"facies" were found to be
typical for some of the units of the Horton, With this and
other properties of these units, it is possible to envisage some
aspect of the depositional history of the Horton; LOWER UNIT
(i. e. equivalent to the Skye River Member), contains numerous
bedsﬂconglomerates in lens~ shapes or filling irregular scoured
surfaces. In these cut-and~fill structures the conglomerates or
the conglomeratic beds are cross-bedded. The bed roughness
and the conglomerate beds indicate deposition in an upper flow
regime, and are recorded throughout this unit, It is feasable to
suggest an accumulation of alluvial fan and alluvial plain deposits
(MURRAY, 1960, p. 30), It is not exactly known how extensive
these deposits are across the basin, i, e, whether they cover the
entire basin floor or grade horizontally into the next upper, but
not necessarily younger, unit, It can be said, however, with a
fair degree of certainty that the build up of these sediments took
place along the foot of the Craignish Hill and progressed north-

westernly across the basin, towards the central basin area.

-MIDDLE UNIT (i.e. McLeod Member and lower part of the
Strathlorne Formation), particularly in the Southwest Mabou

River, contains numerous cosets of large-scale cross-strati-
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fication, plane beds, and low~angle cross beds. The unit can

be interpreted as the product of a concentration of fluvial
activities in the form of delta building, During most ¢f the time
of accumulation, the basin floor was maintained at constant
depth allowing a constant level flow regime, and therefore,
allowing a thick accumIﬂation of large=scale cross~stratifi=
cation throughout most of this u.nit.. Some variations in the

level of flow regime are evident from the presence of some plane
beds and small~scale cross-stratj.fication.

Paleocurrent studies have shown that the delts
building progressed towards the northwest, thus varifizing’the
inference that the source area for this unit was also the pre~
Carboniferous area in the southeast, i, e, the Craignish Hills,

Unfortunately this unit is difficult to recognize
beyond the section at Southwest Mabou River, In the Judique
Interval Brook, a series of red=beds occurs below the non-red
series of strata of the presumably Strathlorne Formation,

But there the similarity ends, because these beds contain thick
masses of conglomerate, siltstone, and shale, none of which
ri-sa cross~bedded,

UPPER UNIT (i, e. the middle and upper parts of the Strathlorne
Formation, and the Ainslie Formation) contains numerous

trace fossils, sole markings, intra~stratal deformational
structures; crogs=stratification, and ripple marks. Thick
units of small-scale cross~laminated siltstone and sandstone
were observed in numerous places in the exposure of this unit

in Southwest Mabou River as well as in other river sections,
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The siltstones belonging to this unit are frequently massive,
non-bedded, with occasional ripple marks (symttrical types)
on their upper surfaces. Some of the load casts were found on
the base of these Beds. Very thick shale beds are common for
this unit,

The numerous occurrencesvof small-scale
crosg=laminated units and non~bedded siltstone units implies a
low level of flow regime of current during most of the depositional
history of this unit,

The graded sequences in the Mclsaac Point Member
of Southwest Mabou River (see page 33) correspond closely to
ALLEN's cyclothems (op, cit., Fig. 4)s Their appearance
indicates a renewed activity in fluviatile deposition, This is
probably related to the rejuvenation which, according to
MURRAY (1960, p. 117), occurred at the beginning of Ainslie
time. In other areas of the Horton, this renewed activity is

generally less evident,
| Analysis of large=-scale cross=-stratification
in this unit shows a paleocurrent direction towards the north~-
west, and thus conforms to the directions indicated in the Liower
Units, The greater volume of the sediments Was; probably also
supplied from the Craignish Hills, The lithological association
implies :. deposition in a central basin area, relatively far |
from the source, iThis is also shown from the present
geographical position of this unit in the area, which is relatively
undisturbéd by orogenic displacement, '

However; ,small~scale cross~lamination and
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directional bottom structures have been shown to indicate a
northeasterly ; direction of paleocurrent. This is a longitudinal
direction in relatica to the basin shape, a.nd in contrast to the
direction indicated by other cross-bedding, which prooved to

be a direction of a laterally transported, local supply of sedi-
ments. The longitudinal direction of currents is primarily
maintained as a sorting current which also tra.nsporte& the finer
clastics towards the deeper parts of the basin, i, e. towards the
northwes.t. The circumstances pointing to the possibility of a
distant source of additional fine clastics is provided by the

presence of the Cape George Antigonish Basin (see page 56);

(4) Throughout the discussion above, one question
remains unanswered. This is the problem of contémporaneity
of the successive units of the Horton, MURRAY (1960, p. 94)
concluded that no important time transgression across the
sequence as a whole is involved, Then, how exact is the
contemporaneity between the units ?

ALLEN (1963) has shown the genetic and
sequential importance of bedding roughness, plane beds with
primary lineations, and associat;ions of cross-stratificatic .5,

| In the Horton Group, it is possible that due to
distribution through time and space; the present exposed units
of tﬁe Group are characterized by accumulation of one type of
éa.ndstone facies in one unit, and another type in the next,

However, the concordant succession between

units and sandstone facies points to a further possibility, This is

/
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to say that idonglomerates with rough bedding features tend to
characterize the Lower Unit (Skye River Member, 2900 ft, thick);
the next facies, the plane beds and cosets of large-scale cross~-
strata tend to typify .- the Middle Unit (McLeod Member and

part of Strathlorne Fm., about 2500 ft, thick); and, small=scale
cross~lamination, including also those siltstone beds devoid

of bedding, were found frequently - in the Upper Unit (e, g, the
remainder of the Strathlorne Fm,),

In other WGrds,, it is possible that, given accepted
names, the Skye River Member is contemporaneous with the
McLeod Member and also with, perhaps, the Strathlorne Forma=
tion, The Ainslie strata, however, as also maintained by
MURRAY (1960, pp. 95-96), show little contemporaneity with
those of other parts of the Horton., Evidence to this effect is
even strongly suggested in Southwest Mabou River, where the
beds of Mclsaac Pt Member consist largely of cyclothemic
"graded sequences" and thus, are a distinct episode of fluviatile

deposition.
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PLATE 1

Flute casts arranged end-to-end longitudinally, ' Later
load casting is obvious in the upper left hand corner of the
Internally, beds with these flute cast
lamination (see text Fig. 4).

specimen,
s may show small-gcale cross=

Arrow indicates implied current direction,

From thin bed of greenish siltstone of the Strathlorne Fm,,
Location 40, in the Southwest Mabou River,




PLATE I,
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PLATE II ]

Flute casts, small-scale, arran
occasionally in alternating position (b).
type groove casts (g) can be seen in the 1

ged end-to-end (a) but
Two prominent, continuous
ower right hand of the photograph,

The base of thin bedded red siltstone of the Ainslie Fm,,
Location 42, in the Southwest Mabou River, Arrow indicates implied
current direction.
Note: The groove casts appear to transect an

(e.g. at x), This may indicate the
to groove casts,

d delete the flute casts
priority of formation of flute casts




PLATE

11,




PLATE I

A. Reptilian scale=like small flute casts. The flutes are
similar to those on Plate II developed in groups at intervals., The
groove cast (g) was probably also formed later, Load casting and
slight faulting (at £) contributed to the Peculiar pattern of the surface,

Arrow indicates implied current direction, Scale is indicated
by a one cent piece (x)e

A slab of thick bedded red siltstone from the Ainslie Fm,,
Location 42, in the Southwest Mabou River,.

B.: Multi-directional flute casts, intensely load casted: in
thick bedded greenish silty sandstone belonging to the beds of Upper
Horton, Location 101, north shore of Lake Ainslie,

Scale indicated by one cent piece (x).



PLATE III,

(4)

(B)




PLATE IV

(A). Flute casts (a) of low" relief and varied sizes, arranged
occasionally in diagonal position (see 1, 2, 3); with faint groove casts (b).

Arrow indicates implied current direction, Scale is
indicated by one cent piece (x).

Greenish siltstone, with reddish patches, of the Ainslie Fm,,
Location 42, Southwest Mabou River,

(B). Groove casts, discontinuous type, with occasional inter=
secting arrangements (at a). Some of the groove casts are tapered (B)
in one direction: Thig may imply an upcurrent direction, '

Scale is indicated by the pen (at x: approx, 5 inches),

Greenish siltstone of the Ainslie Fm,, Location 42, South=
west Mabou River, :



PLATE 1V,

(4)
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PLATE V

SMALL-SCALE CROSS-LAMINATION

(A), Cross~section of a cross
boundaries of gets (e. g b). . This
tional, or non-erosional, and are

~laminated bed displaying inclined
type of boundaries alfe often grada-
invariably planar,

Greenish micaceous sandstone of the Ainslie Fm,, Location
49, Southeast Maboy River,

Scale indicated by one cent piece,

Arrow indicates implied
current direction,

(B). Cuspate ripple marks typically found on the upper~surface of
cross-laminated sandstone of (A).



PLATE V,

(4)

(B)
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PLATE V1

Load casts, si’nall-scale, each having sub-poly'genai pattern
bounded by shallow furrows. Minute markings distributed randomly
over the surface are probably organic in origin,

Thin bed of red siltstone from the Ainslie Fm,., Location 42,

- Southwest Mabou River.,



PLATE VI,
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!
x

* Southwest Mabou River,

PLATE VII

(A), Load casts, or multi-directional flowa

ge casts (BIRKENMAJER,
1958, p. 142), with curved linear fine grooves r

elative to flowage,

Greenish siltstone bed of the Strathlorne Fm, » Location 384,

Scale indicated by one cent piece (x),

(B). Torose load casts (a and b) where they bulged and fused
forming into a knee-shaped load casts{atc)

Red siltstone of the Ainslie Fm,,

‘ Location 42, Southwest
Mabou River,

- Scale indicated by pen (x, approx, 5 inches),



| PLATE VII.

(4)

(B)




PLATE VIII

red siltstone of the Ainslie Fm,,

(A). Load~-casted ripple marks (a) and counterparts (b) in

Location 42, Southwest Mabou River,
The pen (about 5 inches) indicates scale,

(B). Collapsing of bed, in large but local scale,

The laminations
are thrown into broad trough (a) and narrow crest (b).

Greenish grey laminated sandstone of th

e Upper Horton,
Location 102, north shore of Lake Ainslie,

The hammer (x, approx. 13 inches) indicates scale,



PLATE VIII,

(A)

(B)




PLATE IX

(A)e Ball and roll structures in greenish calcareous siltstone
of the Ainslie Fm, + Location 49, Southeast Mabou River. See also
Figures 10, 11, and 12,

The hammer is about 13 inches long,

(B). Ball and roll structures with internal convolution of laminae
(c) and smaller rolls in the upper horizon (d).

Red siltstone of the Ainslie Fm,, Location 42A, Southwest
Mabou River,



(4)

PLATE IX.

(B)




PLATE X

SLUMP BALLS, i very large scale (photo A and B), developed
within a grey shale sequence with thin sandstone interbeds belonging to
Upper Horton Strata of Gallant River, near Margaree Valley (north of

the thesis area), See Also Fig, 13, They may be appropriately ealled
piled-and-load~casted bed,

A

Hammer in photo B indicate scale (approx. 13 inches),




PLATE X,




PLATE X1

CONTORTED BED

Views of intra=stratal contorted lamination (A, and B)
at Location 44, Southwest Mabou River, The contortion affected all
lamination within a thick unit of red siltstone of the Ainslie Formation,




PLATE XI,

(1)

(B)




PLATE XII

(A). Slump sheet, small scale, at Location 68, Graham River,
The slumping affected a thick unit of thin bedded sandstone of the

Ainglie Formation, The crumpling (a) 2nd dis rupting (b, sliding
planes) of bed imply a plastic and elastic deiormation,

Hammer is 13 inches long,

(B)o - Slump ball of sandstone developed in slump sheet of Location
40 (see Fig, 14), Southwest Mabou River,




PLATE XII.

(B)

(a)
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