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Abstract

The chief problems posed by the Cumberland Basin of deposition
weret (1) the sedimentery and structural development of the basin and
(2) the nature of the controls exerted on the deposition of cosl and
oil. Coal is being mined on & large soale while the existence of large
0il reserves is still hypothetical.

The Cumberland Basin of deposition is an intermontane basin which
originated at some time between the Lower Devonian and Mississippian
periods. The outlines of the basin probably were determined by the
Acadian orogeny which seems to have reached ite peak in the Maritime
region in late Lower Devonian time.

The axis of the subsiding basin extends from the mouth of
Chignecto Bay northeasterly eoross Prince Edward Island. The total
thickness of Carboniferous strata near Joggins, in the exial region of
the basin, is believed to have exceeded 30,000 feet, The upper two-thirds
of this total is subjeot to accurate measurement and epproximately 15,000
feet is exposed on the Joggins shore in one continuous, uniformly dipping
section, Northeasterly the thickness probably increeses. At Prince
Edward Islend end beyond the configuration of the basin becomes obscured
and the relaticnship of the Cumberland Rasin to the smaller basins of
western Cape Breton is vegue. The distribution and forms of the
Carboniferous basins and uplands of the Maritime Provinces suggest a
shear pattern. A theory of origin is presented and within it the role

of the Cumberlend besin is indicated.
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The remnants of the uplands which bordered the Cumberland Basin
of deposition are represented today by the Cobequid and Caledonisn Uplands.
Although their relative positions have been altered somewhat from the
positions of the originel uplands that controlled deposition during the
Carboniferous period, they serve to indiocate the approximate dimensions
and form of the basin.

The greater part of this immense thickness of strata thins and
feathers out on the flenks of these bordering uplands and within most
time units a distinot lateral coarsening toward the upland borders can
be observed. Sedimentation continued in the axial region throughout the
Mississippien period and into late Pemmsylvenian time without an observable
break but, along the margins of the basin, unoconformity iz much in
evidence,

The basin experienced two marine transgressions which attained
thelir farthest extensions in mid-Horton end in mid-Windsor times: Marine
strata represent only a small percentage of the total strata in the apical
region of the basin but it iz believed that, northeast of the Joggins area,
e much larger proportion of marine strata ccoupy the axial region of the
basin.

The best developed sedimsntary unit of continental origin is
the Cumberland group of mid-Pennsylvanian age. The latter has been
subdivided, on the besis of distinotive lithologic characteristics, into
five principal faoles, desoribed briefly, in order of decreasing age, as

follows:
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(1) a lower, coarse, dominantly conglomerate, facies that
marks the base of the Cumberland group over a large ares,
(2) & fine facies, dominantly sandstone and shale, enclosing
& sone of ocoal seams of workable thiokness and quality.
This gone is contemporaneous with the upper part of (1).
(3) & fine nonwccal~bearing facies, dominantly sandstone with
minor conglomerate, that is contemporaneous with the
lower part of (4).
(4) en upper, coerse, dominantly conglomerate and sandstone,
facies. %
(5) a fine feoies, dominantly ra% sandstone and shale that is,
in pert, contemporaneous with the upper part of (4).
Ideally, these five facies may be envisaged as & series of interlocking
wedges with the thin edge of each of the fine facies lying along the
margins of the bordering uplands,.
large scale and local struotural control on deposition is
particulerly well demonstrated in the Cumberland group. The teotonically
positive uplands, thet bordered the basin, controlled the major features
of deposition, In the gpringhill distriect local control was exerted by
a serles of southeasterly trending folds that were reourrent during
deposition. These folds were particularly effective in delimiting the

areas of deposition of coal=forming peat and thus the coal reserves of

the 89rihgh111 distriot will depend to a large extent on the extension of



these folds which have up to now limited the aree of high quality coal

in each seam to & narrow belt not exceeding 6,000 feet in width, Workeble
coel seams ere confined exclusive to the coal~bearing facles of the
Cumberland group. The latter is widely distributed over the basin area
and offers strong possibilities for the existence of workable coal seams
other than those being exploited at present.

The Cumberland Basin possesses in abundance most of the
sedimentary and struotural features which are oonsidered to be partioularly
favourable for the existense of oil. A great volume of sediments; evidence
of two marine transgressionsj unconformities; & teotonically active basin
and similarly eotive bordering platforms or ridgess and the probable
existence of belts of porosity in the form of sand wedges or orgenic reefs
all favour the formation and sccumuletion of oil. Probably the only
unfavoursble factor related to the possible existence of oil 1a the lack
of evidences of oil or ges associated with the exposed marine strata.

;

The most favouratle area for future exploration has been dedusced from a

consideration of these factors.
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CHAPTER 1

INTRODUCTION

Location and Importance

The Cumberland Basin of deposition ocoupies the major portion
of Cumberland County in northern Nova Scotiae It extends easterly into
Colohester County, and westwardly to ocoupy & narrow strip of land on the
New Brunswiock side of Chignecto Bay. The economic importance of this
basin is attributed chiefly to its ooalideposits, mined at Springhill
and along a twenty-five mile belt extending from Joggins on Chignecto
Bay eastward to North Springhill, The only other mineral found in mineable
quantities is salt, wﬁioh is presently mined at Nappan and Malsgash,.

During the past twenty-five years interest in the oil and gas
possibilities of the basin has ebbed and flowed. The greatest activity
in oil prospecting was experienced during the period 1944 to 1947 when
two deep holes were drilled without suoccesss The first, drilled in
Hillsborough Bay just off the mouth of Charlottetown harbour, Prince Edward
Island, bottomed, st 14,696 feet, in & sequence of flat-lying gypsum,
salt, and red bedss In the upper part of the hole, the drill ocut a monotonous
series of red to ohocolate shale, siltstone, end sandstone with minor grey
coloured szones that included thin coal sesms, The entire sequence was
apparently without sharp breaks of any kind and laock of fossils left the
oorrelation in doubts It is generally assumed that the evaporites represent
deposition in Windsor time and this on the assumption that there was no post-
Windsor marine deposition in that arsa.

The seoond deep hole was drilled to & depth of 11,504 feet near



Nappan on the orest of the Minudie Antioline, It passed through more
than 6,000 feet of aoontorted beds of salt, gypsum, anhydrite and red
shale into an entirely continental facies made up dominantly of red

to brown shale and sandstone and light grey sandstone., The change was
apparently transitional, At 10,000 feet the drill penetrated a 12 foot
bed of conglomerate consisting domintly of pebbles of quartz and chert
and at 10,221 feet it passed through a bed of voloanic ashe Although
the evidence is no!; conolusive, these lower continentsl strata may
represent the phas} of deposition of coarser sediments that oonstitutes
the Hillsborough and Weldon formations of Upper Horton age in New Brunswicke
The volcanic ash also suggests this correlation, since similar deposits
are unknown in this basin in sediments younger than Upper Horton. It is
thought that this section also correlates with part of the River John
group,loxpoaed in Pictou and Colchester counties, The great thicknesses
of salt encountered in this latter borshole led to the establishment of
a modern plant for its extraction.

Of the two major ocoal mining distriots in the Cumberland ares,
Springhill is the larger and more consistent producer. The present area
of operations constitutes a rough square of approximately four square
miles. Its eastern margin lies on the outskirts of Springhill,

The Springhill distriot is entirely sontrolled and operated
by the Cumberland Steel and Coal Company, a subsidiary of the Dominion
Steel and Coal Company. At the presyent time, four sesms are being worked
from two main slope entrances and the whole operation maintains a produo-
tion ranging from 2,000 to 2,500 tons deily, barring serious disruptions

in the continuity of the operation, One other workable seam exists which,



although not now being mined, is alated for exploitation in the near future,
The Joggins~Chigneoto~North Springhill district supports a

number of smaller, independent operations with the major portion of the

rining presently ooncentrated in Joggins and River Hsbert at the westem

extremity of the distriot, The present combined operations are ospable

of producing sbout eight hundred tons per day. Two new operations are

undergoing development and are expeated to inorease this figure to about

sixteen hundred tons per day.

History of linin&:

An o0ld map of the Joggins Mines ares indicates the oldest
workings in the Cumberland Coal Basin by the notation "old Frenoch workings®.
Presumably this was the work of the French settlers of Fort Beasusejour
and Annapolis during the early part of the 18th oentury. These people
oould hardly have failed to note the coal seams outeropping in the
prominent cliffs at Jogginse The first written account o/t' mining in the
area, known to the author, is that by Jackson and Alger (1828), who mention
the mining of coal and quarrying of grindstone at Jogginae

The British government, in 1825, magnanimously granted to the
Duke of York all the mineral rights in Nova Scotia that were not already
reserved, The Duke exchanged the grant with his oreditors in return for
oanoellation of large debts, These creditors formed the General Mining
Assooiation for the purpose of prospecting and exploiting their newly
aoquired wealth, but the Cumberland area was ignored for some years, and
mining activity was restrioted to 'bootlegging' on a small soale in the

Joggine distrioct.



Beanwhile, the coal seams in the Springhill dilﬁriat went
unknown until sbout 1836, when, as related by Gesner, & seam sbout ten
feet thiock outeropping in & small brook and dipping northward, was being
worked by & poor farmer (@eaner 1836). The direction of dip and the
thiokness seems to indioate that the seam referred to was the Ko. 2 seam
where it outerops on Mill Brook. Howsver little interest was shown by
the G.M.A. and nothing was done toward exploiting the deposit at this time,

By 1840, with population steadily inoreasing in northwestern
Fova Scotis, the need for coal besame acute and strong representations
wore made to the government of Nova Scotia that the G.M.A. produce-eoal
or relinquish at least a portion of the area. The result wms that in
1847 they did open the "Joggins Nines™ but produstion was small and insdequate

The turning point in the mining development of the region oame
in 1868, when, by mutual agreement with the Nove Scotia Goverrment, the
G.M.A. relinquished its rights to the coal areas of Cumberland County with
the exeeption of four squars mileg in the Springhill district and a similar
area in the Joggins district, Whether by chance or design, the 8pringhill
area that they retained proved to be, by far, the most valuable piece of
ground yet found in the entire ares.

With large arsas now open, & number of companies undertook
operations and by 1863, the average armual production of the 'fifties'
had been trebled in the Joggins-Chigneeto-North Springhill distriete Im

the Springhill district development was retarded even yst, prineipally
besause of the distanee to navigable waters. Howsver, the sommencement

of construction of the Intercolonial Railway gave new impetus to develepment



of the coal reserves since at once it provided a market and means of
transportat ion to outlying areas. In 1872 the Springhill and Parrsboro
Railway Company was incorporated and started development in two major
slopes. By 1879 the G.M.A. relinquished all its rights in the Springhill
distriot to the Springhill and Parrsboro Railway Companye. A new slope
was opened in 1882 and from that date progress was much in evidence. In
1884 the Springhill and Parrsboro Railway Company sold out to the
Cumberland Railway and Coal Compeny, whioh progressed steadily. In

1911 the Dominion Coal Company took over the Cumberland Railway and Coal
Company and have operated the mines up to the present,

In the Joggins district, after 1858, the greatest single impetus
given to production was the construction of the Joggins-Macoan railway
connection which led to the re~opening of many small collieries and
enabled the mines to work through the winter. The effect was to inorease
production by twice or more, and later years saw production steadily
inorease. The most consistent and largest producers have been the opera=-
tions owned by the Joggins Coal Mining Association and its sucocessors

(at present the Maritime Coal, Railway and Power Company) «

Prcblem

Mineral development in northern Nova Scotia and southern New
Brunswick has aentred about three products of sedimentary deposition,
namely, ooal, oil, and salt, These products have been found in sediments
that are widely separated in the stratigraphic seection but are all con-
tained within the Carboniferous period, and their deposition has been
oontrolled by the Carboniferous subsiding basin of deposition that is

designated as the Cumberland Basin of Deposition.



The coel deposits have been, to date, the most important
fron an economic standpoint. In the Springhill district each seam is
characterized by a restricted band of high quelity ocoal which extends,
from the outerop in each case, along & centreline that runs aprroximately
southwestsrly from Springhille Underground workings have been limited
on the north and on the south by rapidly deteriorating coale In No. 2
seam, in whioh the workings have progressed over two miles along the
dip of the seam, the high quality coal is apparently in dmmger of wedging
out entirely, as serious deterioration has already limited development
along a line fhat is drawing olose to the south side of the auxiliary
slope, while deterioration on the north side maintains its normal course
that was well established in the older abandoned workings., In order to
provide some guidance for the future development of these seams it was
necessary to establish the signifiocant trands‘in the coel seams. This
necessitated an understanding of the physiographic and other environmental
conditions which controlled the aacumulation of the vegetable material
which was the source of the coal.

The group of coal seams, which extends from Joggins to North
Springhill, dips in a southerly direction toward the axis of a broad
synoline. The seams are generally thin but, in one or two areas, the seams
thioken usually as 2 result of the joining of two or more smaller seams.
Deterioration in all sesms is appareatly erratic and oan only be predicted
over short distances, It is significant that some of these seams persist
for long distances along their outcrops while operators are, in general,

pessimistioc about their continuance st depth. A great multitude of small



mines have robbed a narrow band parallel to the outorop of eash worke

able seam and rarely, if ever, has anyone developed more thuﬁ 4,000 feet
along the dip. A close examination does not reveal any signifiocant

ochange in the nature of the coal at depth, and stoppage of most operations
can be ascribed, mainly, to increasing costs of power required for haulage
and pumping as depth of mining increases,

The seams of the Springhill distrioct dip northward toward the
axis of the syncline that intervenes between it emd the Joggins-North
8pringhill distriet, but along the outorops of both groups of seams the
coal grades laterally into barren rook in the northeast corner of the
map-area (Map 3) and the relationship between the two coal groups is not
readlly apparent. Grest speculation has arisen conesrning the extension
of these coal seems and their possible relationship across the intere
vening syncline,

At a point near Newville Lake, which lies about sixtesn miles
southwest of Springhill, a deep boreholes ocut 8 sestion of cosl-hearing
roocks which inoludes, reportedly, a seam of considerable thickness, Its
possible relationship to the Springhill distriet is of great interest
in so far as it may represent an extension of the coal-~bearing sediments
that outorop there,

These problems, briefly outlined above, indicate that the
distribution of coal deposits has not beeon olarified and pest mining
development posaibly has nibbled only at the exposed parts of a much
larger area. An understanding of the controls exertsd on peat deposition
in the basin is necessary to indicate tho possible future areas for

oxploitation of the sosl reserves.



Next to ooal in their possibilities for future development,
stand oil and natural gas. In & basin of sedimentary deposition which
has experienced at least two invasions of marine waters, the probabilities
of finding these valuesble materials should be strong. The two major
drilling operations, mentioned in an earlier section of this report,
rendered valuable structural and stratigraphio information whioh should
serve as a guide to future attempts.

The problem of locating oil reservoirs in this baein will be one
of outlining the shape and extent of the basin, particularly during the
period which saw the transgression and regression of the marine waters.
In an area such as this, where a high degree of tectonic control on the
sedimentation is in evidence, a thorough understanding of its struotural
make~up is essential, In recent years & considerable amount of gravity
data hat acoumulated and, as will be shown, the evidence has an ‘important
bearing on the problem.

Salt has been found in large quantities in the Cumberlend Basin
of deposition., The probable nature of its acoumulation has already been
discussed by Dr. W. A. Bell (Bell, 1924 and 1944) snd little can be added
except in soc far as the broad control of sedimentation may indicete the

limits of deposition,

Work in the area and acknowlodgmntu

The Cumberland Basin of deposition provides one of the show=
pieces of North Americen geology in its well-known Joggins Seotion that,
for over a hundred years, has elicited the attention and admiration of

geologistse



The first record of geological investigation seems to have
been that of Jaokson snd Alger in the year 1828 (Jackson and Alger 1828).
About the seme time two engineers, Brown and Smith, in the employ of
the G.M.A., described the section along the shore (Brown and Smith, 1829)
and they were the first to point out its similarity to the Carboniferous
sequence in England., They ocorrelated the limestones at the base of the
section with the Lower Carboniferous of their native England; and the
sucoeeding sandstones and coal-bearing zones with the English Millstone
Grit and Coal Measures respectively.

Shortly afterward Gesner (1836) oarried out geologiocal explora-
tions in an area which inoluded the Springhill distriote He was the first
to record the ooccurrence of coal there,

Cherles Lyell, in 1842, examined the seotion from Minudie to
Joggins, desoribed the fossil treecs, and collected and named various
fauna and flora. These observations were recorded in his book on his
travels in North America (Lyell, 1845),

Sir Williem Logan, in 1843 his first year as director and only
geologist of the newly formed Geologioal Survey of Canada, undertook to
measure, bed by bed, the entire seotion (Logan 1843)., Because of wigorous
wave outting aotivity upon the Joggins oliffs and great looal variation
of the strata, the seotion cannot now be exmotly dupliocated but his measure-
ments are entirely representative of the sesction as it stands today. He
divided the continuous section arbitrarily into eight divisions, basing the
division on predominance of one or another features such as colour, presence

of ooal seams, relative ooarseness, etc.
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3ir William Dawscon, after an initial visit to the Joggins

section with Lyell, returned many times to enlarge on his collections
of the fauna and flora. He has incorporated their descriptions in his
excellent accounts of the general geology of the region (Dawson, 1865,
1894, eto.).

S8oott Barlow (1873-743 1875-76) made the first attempt at a
detailed study of the area. In 1871 he began trsoing the coal seams of
the Springhill district and spent the grester part of the following six
years in a study of the rocks of that district.

Walter MoQuat began, in 1873, a study of the northern portion
of the area which he continued till his death two years later,

R, W. Ells studied the regional geology of northern Nova Scotia
and southern New Brunswick and pul.lished a report with a geologioal map
which covers the area under discussion (Ells, 1885).

% Of the many workers who have studied the rooks of thilgﬁggion,
probably none exoceeded in zeal, in perseverance, and in volume of data,
~ the work of Hugh Fletoher. In 1852 he began a study of the Cumberland
Coal Basin and much of the following sixteen years was spent in this area
until his work was terminated by his death at Lower Cove in 1908, In
the Springhill district he contributed greatly to knowledge of the rock
structure by painfully tracing small seams outward from the worked areas
and around the nose of the Claremont Anticline., He also published maps

of areas lying along the southern margin of the Cumberland Basin (Pletoher,

1892-1909; .
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Wo Ao Bell made a detailed study of the Joggins section in
1911 and 1912, This work, together with later studiss of the Carboni-
ferous stratigraphy of the Maritime Provinces, oulminated in a division
of the Carboniferous stratigraphy in that region (Bell, 1911, 1912, 1913,
1924, 1927, 1944, eto.).

The most recent systematio mapping in the area, prior to the
present investigation, was carried out by F.A. Kerr, in 1924, and
I, W, Jones, in 1928, The former mapped and reported on the eastern
half of the Springhill sheet and the latter on the western half, Their
work was incorporated in one map-sheet which, after some revis i;:n by
Bell, was published in 1935, (Bell, Jones, and Kerr, 1935).

The study of the Cumberland Basin of deposition was be; un by
the author in the spring of 1949 and has cocupied his attention oon-
tinuously since that times. Systematic detail mapping was restrioted to
the rooks underlying the Cumberland Coal Field which is bounded rrughly
as follows: on the north by latitude 456° 45'; on the south by the
Cobequid Upland; on the east by longitude 84° 00'; and on the west by
Chignecto Bay. A map covering this area, on a scale of 2 miles equals
one inoh, is presented with this report,

Numerous key seotions and localities outside this map-arees
were visited, whioch include: the northwerd extension of the Joggins seotionj
the shore of Maringouin Peninsula and of Albert County in New Brunswick;
various brook seotions along the northern margin of the Cumberland Uplands;
the shore of Minas Basin partiocularly in the visinity of Parrsboro and west-
ward, Available to the author were various Geologioal Survey maps of the

surrounding areas, notably, the recently published Albert and Hillsborough
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sheets of New Brunswiok and the Shinimecas, Oxford, Bass River, and
Londonderry sheets in northern Nova Scotiaj also were the many map-

sheets published by Hugh Fletcher between 1890 and 1909. Thewe, to-
“ gether with the unpublished reports of I.W. Jones and F.A. Kerr on the
Springhill map-area, were very helpful in furthering the author's study.
The arew studied by the author in the field does not encompass the entire
area oocupied by the Cumberland Basin of deposition but, as will be more
evident later, the area under detail disocussion holds the key to the
development of the basin. The significance of the features observed here
oan be extended to the entire basin of deposition. Complications that
develop in its eastern extremity will be disoussed only briefly, the area
being too far out of the range of the author's work and having already
been described in detail by Bell (1940).

The author gratefully acknowledges the encouragement and advice

of Dr. W, A. Bell, Director of the Geological Survey of Canada, &nd
Dr. W, L. Whitehead, professor of geology at the Massachusetts Institute
of Teohnology. The author is also greatly indebted to all the workers
who have contributed to the geologioal knowledge of the aree in the past
and he wishes to acknowledge his dependence on their great volume of infor-

mation and ideas in forming his aonception of the geology of the area,

Topography and Drainage

Thres major physiographio elements are immediately obvious to
one antering the area. They are commonly termed the Cobequid Upland,

the Cumberland Lowland, and the Caledonian Upland, The two ugland areas
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enclose the Cumberland Lowland and, in plan view, present a decidedly
angular aspect. The Caledonian Uplend of Southern New Brunswiock trends
a few degrees north of east, in northwestern Nova Scotia. Chignecto Bay,
an arm of the Bay of Fundy ocuts through the apical zone and stretches
northeastward almost thirty miles before it is split, by Maringouin
Peninsula, into two arms known as Shepody Bay and Cumberland Basin, on
the west and east respectively,

The Cohequid Upland is a long, narrow, flat-topped highland
that extends from Cape Chigneocto about 100 miles in a direction about
N¥. 85 B, into Pioctou County. Over its lemgth it ranges in height from
800' to 1,000' and rarely exceeds 12 miles in width. 1Its steep flanks
are deeply incised by rapid flowing streams that tumble over a multitude
of falls till they reach the lowland where they merge to form gently
flowing rivers,

The Caledonian Upland rises from the shores of Chigrecto Bay
at a point opposite Cape Chignecto and extends, with an average width
of 15 miles, northeastward about forty~five miles and ends abruptly a
few miles west of tho‘Petitoodiuo River, Although rising to a slightly
higher elevations the upland is similar to the Covequid Upland in its
even skyline, its flat top, and stesp slopes.

These major upland areas are so-extensive with aress of pre-
Carboniferous rocks that consist of intrusive rocks and metamorphosed
sediments and voloanics. These rocks are herd and resistant in contrast
with the softer Carboniferous rocks that floor the Cumberland Lowland.
It is notable that, in the upland areas, the flat surface truncates all

roocks, intrusives, and metamorphios alike without appreoiable topogrephiec



- 14 -

expression of their differences in hardness, This feature has been noted
by elmost every worker in the general area and the surface of the uplands
has been recognized as part of a regional peneplain which culminated in
Cretaceous times (Goldthwait, 1924). The present relief is attributed
to Tertiary uplift witn subsequent deeper erosion of the softer rocks
that oocupy the lowland areas,

The Cumberland Lowland extends from the base of the uplands
northeastward to the shores of Northumberland Strait. Its gentle,
rolling surface of mature relief rises to elevations averaging little
_over 200 feet with few interruptions. The hill occupied by the town of
Springhill, Claremont Hill and the Salem Hills from the important eminences
which breach the general level,

Springhill, rising to 610 fest, 1s situated on the southwesterly
plunging nose of the Claremont Antioline where the tough grey sandstones
and shales at the base of the coal-bearing zone are brought to the surface.
The dominantly red, loosely cemented oonglomerates, sandstones and shalas
that flank the structure have been easily eroded to the level of similar
rocks that spread out to the west from Springhill, °

Claremont Hill is & long narrow ridge thet extends for about
three miles along the outorop of vertiocally dipping beds of the Claremont
songlomerate, It rises about two miles northeast of Springhill and main-
tains an elevation of about 500 feet for a large part of its lengthe The
hill is flanked on the north by the soft red shales, gyosum, end salt beds
of the Windsor group and on the south by the southward dipping beds of the

Boss Pt. formation,



The Salem Hills lie just north of the northern margin of the
map-area and their trend spproximately parallels the mafgin. They
oonsist of four summits that rise to elevations exceeding 500 feet and
are separated by gently sloped saddles., They are genetioally related to
the low rounded ridge that extends eastwerd from Boss it. on Chignecto
Bay to the village of Chigneoto where the ridge rises to higher elevations
to form the Salem Hills thet extend as far as Little River, a few miles
northwest of the town of Oxfurd. Except at the points where the Maccan
River and River Hebert out through, the ridge forms the drainsge divide
over its length.

The tough, resistant, rooks of the Boss Pt. formation underlie
the ridge. They lie with medium dips in the south flank of the }iinudie
Anticlins. Their superior resistance to erosion is well illustrated in
the shore section where it protrudes in great reefs to form the jagged
promontory of Boss Pte The soft red shales and red sandstones of the
Mgringouin and Windsor formetions on the north snd the equally soft red
sandstones and shales of the lower part of the Joggins formations were no
matsh for the tough Boss Pt. rocks when subjeoted to the vigorous sction
of the waves.

Throughout the lowland area and partiocularly in the vioinity
of Chigneoto Bay numerous low parallel ridges mark the outorop of bards
of massive grey sandstones, These show up well in aerial photographs
which were used to great advantage by the suthor in trasing the rock

structure in that area. Eastward from Chignecto Bay they become fewer and

less proncunced, their relief being clamped out by shests of glacial drift
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which cover the inland aress. It may be noted also that the zone in
whish the ridges are most pronounced was the seene fo one of the most
devastating forest fires in this part of the country. Consequent rapid
erosion of the unprotected soil left bare roocky ridges that show remarkably
olear on the photographs.

Ooocupying the greater part of the central area, betwsen the
Boss Pt. Ridge anmd the Cobequid Upland, are the relatively aoft rooks of
| the Shulic formation whioch were preserved from deeper erosion by the
broad open synclinal fold that has been named the Athol Syncline by Fletoher.
These rocks have been worn down to form a broad valley whish is roughly
ooinoident with the synslinal axis. In Pleistooene time the entire area
was oovered by a mantle of glacial drift, thiockest in the region between
the Macoan River and River Hebert whers morainal deposits zic everywhere
in evidence, )

The drainage of the map-srea (Map 2) does not fsll into a well-
defined pattern. Over the greater part it presents a dendritic aspect.
In the eastern part of the area the Maccan River is the mejor channel,
Plowing westward along the base of the Cobequid Upland it collects the
waters of a multitude of sub~parallel streams that flow rapidly from the
steep slope. At Southsmpton the river turns abruptly and flows northward
across the general strike of the rooks, collecting on its way the waters
| of its two major tributaries East Brook and Little Forks River, and empties
into Cumberland Basin a short distance north of the northern margin of the
map-area. A small area bordering the eastern margin of the mep ~area is
drained by Black River mmd Polly Brook which flow eastward to join River

Phillip and thence to the Northumberland Strait.
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The central ares 1s drained by the northward flowing River
Hebert. It is fed by the waters of three principal tributaries, nemely,
Halfway River, Kelly River, and ‘tkinson Brook, Halfway River, flowing
easterly along the base of the Cobequid Upland, collects the waters
draining from the slopes of the upland and empties into Newville Lake
which forms the head of River Hebert. Kelly River and Atkinson Brook,
both flowing northeasterly, join River Hebert at points lying about 3.2
and 4.4 miles, respectively, upstream from the village of River Hebert,

The western portion of the map-area lying east of Chignecto
Bay is drained mainly by the Apple River, Sand River, and Shulie River,
all of which empty into Chigneoto Bay. At the shore the mouths of these
rivers are separated by intervals of about six miles, while inland they
converge till their upper reaches are practically fused.

One broad generalization may be made ooncerning the relation-
ship of drainage to geological structure and that conocerns ths consistency
with which the major channels maintain a direotion normal to the general
strike of the rocks, The tributary streams parallel the strike in many

instances but in general present an irregular, dendritic configuration,

General Geologio Relationships:

The Cumberland Basin of deposition is an intermontane basin
which originated at some time between the Lower Devonian mmd early
Carboniferous periods, The outlines of the basin were most probably
determined by the Acadian orogeny which, in the Maritime distriot, seems
to have reached its peak in late Lower Devonian time, The remnants of the

bordering uplands are represented today by the Cobequid and Caledonian
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Uplands and, while their relative positions have been somswhut—witered
from the positions of the original uplands that controlled Carboniferous
deposition, they serve to indioate the approximate dimensions and shape
of the basine

The generalized stratigraphic column (Pig. 1) indiocates the
sequence, age, thickness and lithologic oharacteristios in the basin
with a graphiocal representation of the facies relationships within given
time units. The rocks of the upland areas have been combined into one
group under the heading "pre~Carboniferous" maiﬁly because it was not
possible, in the time available, to study these rocks in detail, |

It is quite possible that unmetamorphosed sedimentary rooks
of Yiddle and Upper Devonian age lie buried in the axial region of the
basin but the total lack of exposures of such rock mywhere in the
basin render it safer to exclude it from the seotions.

The total thiokness of the Carboniferous rocks in the amial
region of the basin at a point near Joggins is believed to have exaoeeded
30,000 feet. The upper two-thirds of this thiokness is subjeot to accurate
measuremsnt and, in fact, approximately 15,000 feet of strata may be
measured in one continucus section. In a northeasterly direction the
axis probably continues to pitch deeper. At Prince Edward Island, and
beyond, the configuration of the basement becomes less definite and the
relationship of the Cumberland Basin to the smaller basins of western
Cape Breton is still vague.

By far the greater part of this immense thickness of strata

thins and feathers out on the flanks of the bordering uplands amd within
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most time units a distinct lateral coarsening toward the uplands can
be detected. The periodic rejuvenation of uplift of the bordering
masses and complementary subsidence of the basin area is olearly illus-
trated in the generalized stratigraphic column (Fig. 1) by the periodio
influx of coarse sediments. During certain periods of regional subsidence
and/or extreme aggradation of the bordering measses sediments were probably
aeposited over the crests of the uplends and the limits of the basin
probably were defined only by isolated islands along the general trend of
the positive axes., This condition existed at least during the marine
transgression of early Windsor time and possibly to a lesser extent for
a part of the period during which the Albert formation was deposited.
As noted in the Joggins section, the transition from marine to continental
deposition was affected in late Windsor time. There and in the area
enclosed by the bordering upland areas to the south and to the west no
further evidence of marine transgression has been found in the later
sediments, It is assumed that non-marine sedimentation kept pace with
subs idence and mainteined the Carboniferous seashore some distance north
of the Joggins' locality, & distance which undoubtedly varied under the
control of intermittent movements of the orustal masses,

The large sreas to the north, presently inunda%ed by the waters
of the Gulf of St. Lawrence or covered by the wholly continental beds
of the Pictou group, holds the secret of the post-Windsor history of the
Carboniferous sea and it is not yet known with assurance whether it was
maintained in e large embayment in that area or whether it was drained
entirely during the renewal of uplift in the bordering uplends, The final

answer to this question bears strongly on the oil possibilities of the region,
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The only hint of a marine environment later than Windsor
comes in the coal-bearir g sequence of the Joggine area where black
bituminous shale, bearing shells and fish remains, are found overlying
many of the coal seems. The actual environment significance of the
contained fossils is controversial but a brackish condition is probable
and & good case may be made for a lagoonal environment during the deposition
of this particular facies,

Little informetion is to be had concerning the igneous activity
of the Carboniferous period in this aresa. In New Brunswick & volcanie
ash bed has been found in the Hillsborough formation of Upper Horton age.
Volcanic flows have been noted in the River John group, also of Upper
Horton age, which 1s exposed on the northern margin of the Cohraquid
Upland near its eastern extremity. An ash bed was also out in the Nappen
borehole, as was mentioned earlier in this report, and the strata
associated with it is considered to be of Upper Horton ages '1,Y. Williams
notes that in the Arisaig distrioct disbese intrusives cut the MoAras
Brook formation of Lower Windsor age but not the overlying Ardness forma-
tion that is also Windsor age (Williams, 1914). Purther evidence of
eerly Windsor igneous activity is noted by Bell on the Magdalen Islmds
where he has desoribed basic lavas and fragmental and tuffaceous voloanic
rocks interbedded with gypsum, limestone, calcarecus shele, red and grey
siltstone, and mudstone of lower Windsor age (Bell, 1949). No evidence
of later igneous cotivity has, to date, been found in the sediments
constituting the Cumberlsnd Basin of Deposition. It nust be mentioned

however, tha* littls detail work has been oarried out in the ocomplex
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that forms the bordering upland areas. In the Cobequid Upland
partioularly, thers is good reason to doubt that all of the metamor-
phosed sedimentary and voleanic rocks present are older than Carboniferous.
Bell has found an argillite horizon bearing upper Windsor fauna in an
expecsurs on Harrington River, north of Five Islands. He also observed
sheets of pink rhyolitie rock intruded into interbedded quartzites and
argillites of similar lithology to that bearing the Windsor fossils
(Bell, 1927). This indicates, quite definitely, igneous mctivity in
Upper Windsor or in a later period. The possibility that it may be
asoribed to the igneous sctivity of the Triassic period is suggested by
the proximity of this locality to the sceme of well developed Triassic
extrusives a short distance to the south. DBecause of this uncertainty
the latter igneous activity cennot be definitely associated with the

development of the Cumberland Basin of depositione

Technique:
The study carried out in the Cumberland Basin may be divided,

for the purpose of description, into two main phases: (1) a regional
study of the sedimentary and structural features of the rooks ocon=-
stituting the Cumberland Basin in order that a more complete understand-
ing of its origin and development might be hads (2) a detail study of
the coal deposits in order that the significant trends in the quality
of the coal together with the structursl features may be defined and

in particuler to indicate how these features will affect the progress

of extraction,.

The first mentioned phase was carried out by systematioc



mapping on a base map on n'scale of % mile equals 1 inch within the

aree outlined above, Rapid lateral veristion of rock facies within

given time units made precise location of formations impossible except

when definite unconformities or fault traces were located. The coal

seams of wide extent formed the only well defined "time lines" and

while these seams are restricted to a comparitively short interval

in the stratigraphic section they were of greast value in outlining

the structural trends, as in the case of the Forty Brine -~ Chignecto

seam which provided a refersnce horizon for a distance of about twenty

miles across the northern margin of the map area. Also of great valuse

in facilitating the establishment of structural trends were the Long

strike ridges formed by the massive sandstones, These were of particular

importance in the area south of the village of Joggins where the long

ridges bend around a broad embayment in the north flank of the Athol syncline.
Throughout the mapping program particular emphasis was placed

on the lithological characteristics such as colour, grain size roundness

and constitution of the rock. In the Cumberlsnd group this attack proved

particularly profitable in thet it enebled the author to subdivide the

"group into its coarse and fine components. As will he seen later the

transgressive and regressive characteristics so well outlined in the

rock provide an illuminating pisture of the teotonic history of the basine
The second phase of the investigzation, that of a detail study

of the coal semms, was bercun in both distrists by a long period of com=

pilation of all the aveilable date from bore hole recorcs, mine plans,

mine officials, etc., supplemented by actual measurement over all parts

of the mire workings still accessible,
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In the Springhill district, whers thers was a great con=
sentration of data, the preliminary work was oarried out on a soale
of 400' = 1"+ On this scale two typaslof maps were oonstructed for
each mineable seam: (1) ocoal facies map on which representative
sections of the seam were plottede On the hasis of these sections
and a multitude of supplementary thickness measurements isopachs were
drawn using a thickness interval of 6 inchese (2) oontour map with
oontcurs plotted for the pavement cof the seams These were ocarried
beyond the worked erea for long cCistances where dependahle structure-
soctions could be constructeds The contour interval was always 100'.

Facies maps werc also compiled for important sections of
the strata, usually limited on top end bottom by readily recognized
coal seamse

(1) and {2) were reduced to a soale of 1,000!' # 1" and the
individual sheets were brought together on one map so that both
structural contours and sesm isopachs might be viewsd together,

In the Joggins district a similer procedurs was followed
for the more importent sections of the district, but in general the
information was compiled on the 1,00C' scale, the density of information
not being sufficient to warrent use of the larger scale over the entire
districte

In both districts surface "master plans” were construocted
showing seam outcrops and mine openings together with the detall eology
of the respective areas, These are accompanied by batteries of oross-

sections constructed at regular intervals to demonstrate the sedimentary
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and structural relationships in the subsurface, The last mentioned

map end seotions have been included in this report since they vividly
demonstrate on & large soals the marginal phenomena associated with

soal deposition and particularly coal deposition close in to the base of

a rising uplande
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Chapter II

Stratigraphy

General Statement:

The rocks involved in the development of the Cumberland Basin
of deposition are readily divisible into major groups: (1) the crystalline
rocks that constitute the bordering masses of the Cobequid and Caledonian
Uplands and (2) the unmetamorphosed sedimentary rocks that occupy the
intervening Cumberland Lowland, The distribution of these rocks outlines
approximately the original positive and negative elements that controlled
the formation of the thick wedge of sediments that constitutes the Cumberland
Basin of Deposition.

For mapping purposes the rocks of the upland areas have been grouped
under "pre-Carboniferous" since no attempt was made by the author to differ-
entiate them. Portions of these areas have been mapped and descriptions may
be found in the reports accompanying the maps (Kerr, 19243 Jones, 19283 Norman,
19413 wWeeks, 1948), The rocks have been broadly differentiated in the Table of
Formations, (p.ll) and will be described briefly.

The Carboniferous rocks of the basin area have received the greatest
attention and will require detailed description. The continuous exposure in
the Joggins section illustrates, in a general way, depositional conditions
in the axial region, although it i1s certain that the axis of the subsiding
trough shifted considerably during deposition, The rocks that may be intim-
ately examined in this section range from Middle Windsor well into the upper
part of the Cumberland group. Throughout this section there are no well

defined breaks in the sedimentation. Sharp differentiation between adjacent



formations is not possible and consequently the position of formational
boundaries must be considered as arbitrary., Divisions are, however,
esgential to analysis and description,

From the axial region outwards toward the marginal areas of the
basin rapid coarsening in grain size is evident, marked unconformities appear
and thinning over the bordering land masses is well defined, particularly
in the Cumberland Group. In the coarser sediments, where the constituents
are readily recognizable, the various lithologic types can generally be
assoclated with a parent rock in the source area, Close to the contact with
the crystalline rocks the clastic Carboniferous sediments are composed almost
exclusively of the rock immediately underlying it. In general the clastic
material in contact with the basement is a strongly cemented breccia that
probably represents the product of "in situ" weathering before burial by the
-overlapping fluvial deposits,

With increasing distance from the source area the sediments are
characterized by a higher degree of rounding and greater heterogeneity that
is consequent upon longer transport and fluxing of materials eroded from a
large area exposing a variety of rock types.

The correlation of the formations is taken unchanged from the work
of Bell who has presented the fossil evidence in detail form and need not be
repeated here, (Bell, 19LL).

The author's chief aim is to describe the development and the nature
of the facies changes, changes which are intimately related to the structural

evolution of the region,
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Pre-Carbonifq;ous

General Statement:

There are two major areas of pre-Carboniferous rocks which, as
noted above, are co-extensive with the Cobequid and Caledonian Uplands,
The long axis of these areas, if projected, would intersect in the Bay of
Fundy near the mouth of Chignecto Bay., The nature of their joining is
somewhat speculative because the larger part of the Caledonian Upland is
composed of metamorphosed sedimentary and volcanic rocks that are much
older than the metamorphic rocks of the Cobequid Upland, Also it is noted
that, in the Cobequid Upland, intrusive rocks are exposed over a much
greater area, proportionately, than they are in the Caledonian Upland,

In fact, the Caledonian intrusives are exposed only in relatively small
linear areas scattered rather uniformly over the entire upland.

Determination of the relative age of the intrusive series becomes
of great importance in deciphering the pre~Carboniferous history. Its

significance will be considered after the general description of the rocks.

Caledonian Upland Area:

1l. Metamorphic rocks: Distributed rather uniformly over the upland
is a series of bedded rocks, dominantly volcanics, with minor amounts of
interbedded non-fossiliferous sedimentary rocks, The volcanies rocks,
consisting of flows, tuffs, and breccias, are for the most part highly
schistose and much altered to chlorite, epidote, uralite and white mica.

The sedimentary rocks are altered to quartz sericite schists, quartzite
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with some conglomerate, Obscured structural relationships have precluded
estimates on the thickness of the series, The lithologic similarity of
this group of rocks to the Coldbrook group that underlies the Lower Cambrian
strata near St, John New Brunswick, at the southwestern extension of the
upland, places the group in the Precambrian (Norman, 1941).

2. Intrusive rocks: The metamorphic¢ rocks are cut by intrusive
rocks that are exposed in relatively small northeasterly trending linear
areas that are well distributed over the surface of the upland. ifainly,
they consist of quarts diorite and albite granite, the latter being the
most prevalent. According to Norman (1941), the diorite grades into the
granite in places but in other localities granite dykes cut the diorite,
Granites of two types can be differentiated on the basis of their content
of ferromagnesian minerals, One type contains nearly twenty per cent
biotite and hornblende, whereas the other is practically free from ferro-
magnesians. At the margins of the intrusive bodies sills and dykes invade
the metamorphic rocks and locally there is evidence of intense shearing.
In the Caledonian Upland area these intrusives have been observed to cut
only Precambrian rocks, Ummetamorphosed Mississippian and Pennsylvanian
rocks flank the upland, The age of these intrusive rocks is therefore

bracketed between Precambrian and Lower Mississippian.

Cobequid Upland Area:

l. Metamorphic rocks: The metamorphic rocks are exposed over a

much smaller area than the intrusive rocks, the ratio being roughly 1 to 3,



- 30 -

that is, considering the entire expanse of the upland., It may be
8ig:ificant to note also that the metamorphic rocks occupy narrow,
fairly continuous areas concentrated on the southern margin of the
upland (See ilap 1). Where the exposure of crystalline rocks narrows
down in the western extremity of the upland, metamorphic rocks pre-
dominate but 8till maintain the same trend. At its western extremity
the upland apparently was overlapped from the north a much greater
distance than is true farther eastward or else the eastern part of the
upland was uplifted farther in post-Cumberland time, than the western
extremity and the overlapping formatlons eroded.

The rocks of this serles are composed of grey to gresn argillites
and quartzites, few impure grey limestones interbeddsd with grey, green
and reddish flows, tuffs and breccias. Thuse latter volcanic rocks
apparently constitute a major portion of the total thickness, ILocally,
the rocks are highly sheared and schistose.

On West and Brown Brooks, near the coutact with the unmetamorphosed
Cumberland rocks, impure grey limestone beds have been found which carry
Silurian fossils (Jones, 1928). Toward the eastern extremity of the upland
other horisons have been definitely correlated as Silurian. The general
sinilarity of the rocks throughout the metamorphic series would seem to
place them all in the Silurian. Ilowever, a serious objection to such a
generaligation has been raised by Bell's discovery of Upper Windsor
fossils in an argillite horizon on Harrington Eiver, just north of Five
Islands, (Bell, 1927, p.9L)e This would seem to indicste that metamorphisa
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atfected all strata which became involved in the tectonically active
belt marked by the Cobequid Upland, Sheets of pink rhylolitic rock

are also noted by liell to have intruded rocks that are similar to those
enclosing the Windsor fossil horigon and would seem to indicate that the
metanorphism was furthered by igneocus intrusion,

2. Intrusive rocks: A rather heterogeneous group of rock types
form the intrusive series, Ko area is exposed sufficiently well to
indicate definite lines of gradation but, in yeneral, there seems 10 have
been a great deal of assimilation of the uetaaorphic rocks and this factor
is probably largely responsible for the variations. Probably the aost
comaon type observable on the northern margin, sway from the areas of
metanorphic rocks, is a coarse grained grauite mads up almost entirely
of quartgz and pink to red orthoclase., Teh Pennsylvanien sediments that
flank this area on the north have a great abundance of this material
mixed with lesser smounts of green-tinted metamorphosed sediments and
voleanic rocke The most basic intrusive rock that ocours fairly exten-
sively is a greenish rock made up largely of grey [Usldspars and ferro-
magnesisn minerals, mainly, hornblende and bilotite. All gradations

exist between the acid and basic types of intrusives.
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It has been indicated above that the bodded rocks esposed
on the bordering uploands are widely separated in agé from one Upland
o the other. The bedded rocks of the Caledonian Upland are dated as
izte Precambrian while the oldest exposed rocke in the Cobequid Upland
are gpparently nol older than Silwrian. The lower contact of this
latter growp is not observable so nothing is known disectly i the
pre=Silurian history of the Cobequld Upland,

A brief swvey of the pre-Carboniferous rocks throughout
the Laritine reglon will be necessary befors astteapting to interpret
the older hislery of the area with vhigh we are chiefly concerned.

The pre-Carboniferous record is a disconnected one and must be
deduced in a general way fron a fow localiiica.

Seatiered exposures of the Green lead group and George
River group, both drchasan in apge and found in southern Nab. and
on Gape Breton Island respectively, exhilbit large ancunts of dolonite
and linestone with associated wilcanic rocks. In these areas, at
least, a marine envirorsient existed for a port of Archeean time and
they were aleo & site of wolcanic activity. The Coldbrock group,
which includes the daninantly voleanic rocks of the Caledonlan Upland,
lies unconformably on rocks of the Green Head group, MNear loch Lomond,
in southern .3+, a coarse conglomerate interbedded with the voleanic
rocks contains boulders of Green Head rocks, white quartz, &l massive
red gronits and thus suggests intrusion of the Green Head group before
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deposition of the Coldbrook group. The great thickness of volcanie
rocks in the Coldbrook group indicate a period of sustained voleanism
in the area of Southern lN.B. Its unconformable relationship between
rocks of the Green Head group below and Cambrian roecks above fix its
age a3 late Crecambrian,

The early history of the region has been very much clouded
by the existence of some 30,000 feet of non-fossiliferous quartzites
and slates which underlie a large part of area over the Southern
Highland of N,S. The whole is termed the ileguma series and is
divided into two major formations. The lower Goldenville formation
consists dominantly of quartzite with interbedded slates and in
Jueen's county is about 24,000 feet thick. The upper or Halifax
formation is conformable with the Goldenville and 1is made up chiefly
of slates interbedded with some quartzitic beds and measures about
12,000 feet in thickness., The fine grained members of the Hallifax
formation are characterized by minute graded bedding and crossbedding
of mieroscopic dimensions that strongly suggest deposition under quilet
shallow conditions. The erossbedding would seem to indicate very gentle
currents and the uniformity of the entire sequence of fine grained rocks
point to unusual uniformity of conditions over a tremendous pericd of
_ time. To date no fossils have been found in rocks that are definitely
known to belong tc the leguma series and it seems more than probable
that relies of organic life would have been abundant if the group
was deposited after preservable forms were initiated., This, together
with a strong lithologic similarity to quartzites and slates that
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underlle Caxbrian rocks on ivalon rendnsula in liewfoundland make a
recanbrian ape acceptable for the Llemuma series. 1t could only
otherwise be inmplied that peculinr clinatic conditions, of which we
are not yet aware, persisted for & long period in early Paleosolc
tine.

The widespread distribution of the series across the length
of the 1.5, nainland and posglbly into southesstern Hewfoundland
inpliss & major basin of deposition. The positions of the basin
margins are vague and reaain so because no attaapt has yet been nade
to apply the techniques of modern sedimentoloyy toward an appralsal
of this vast sequence of sediments, I1f the series can be correlated
even approximately with the Coldbreock group of southern lew Drunswick
it would imply a northern margin lying across that general area of
voleanie agtivity and course sedimentation. The gouthern margin, if
there was aiy, has usually been referred to a vaguely located land
mass termed Appalachis.

“he rocks of early raleozoic time provide more definite
information begause, while sparsely distributed, thelr distribution
in tine hes boen ascoartained with greater csourance fron their fossil
content.

Coarge Canbrian sediments lie unconformmably on the bedded |
metanorphic rocks of the Caledonian Upland at its southwestern
extrenity near St. John, N.le The coarse sedinonts underlie a thick
sequence of morine Cambrian sediments and the whole apparently
represents the transgression of a shallow sea upen & upland area. The



- 35 -

limits of the Cambrian sea are not known he.re but no recognizable remnants
have been found over the Caledonian Upland northeast of the Hanford Brook
area, The only other locality of Cambrian exposure in the Maritimes is
in southeastern Cape Breton where Hutchinson (personal communication) has
' recognized a transgression of the Cambrian sea upon an upland area lying
in the direction of central Cape Breton Island. Since no further exposures
of Cambrian are tv be found in the intervening area it cannot yet be
inferred that these Cambrian Upland areas were parts of a continuous

land area such as that visualized by Sechuchert in his New Brunswick
geanticline (Schuchert, 1980) though it certainly lends support to the
\t.heory. ‘

The Ordovieclian record is also a disconnected one., In the
Arisalg district shallow marine deposition in the Lower Ordovician
was followed by igneous activity at the close of the period, Thus
activity was accampanied by uplift in that region with consequent
deposition of coarse conglomerate in the iiddle Ordovician. In the
St. John region marine beds of Lower Ordovician age are definitely
known. To the northwest of the St. John Area and stretching in a
belt from the Maine New Brunswick border to Bathurst, N.3. is a
thick series of metamorphosed sedimentary and associated wolcanie
rocks which are thought to be, in part at least, Crdovician in age.

There is litile evidence on which to base the paleogeography
of Ordovician time. The Ordoviclan of the Arisaig district implies
quiet, shallow, marine deposition in the Lower Ordovician followed
by a period of uplift and continental deposition in the liiddle
Ordovician., The St. John district gives evidence of similar marine
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conditions persisting from Cambrian time through the Lower Ordovicien
(Alcock, 1847, 5. 130). 'The stratigrephic position within the Ordovielan,
of the Charlotie rroup of arpillites which are exposed in the southwestern
port of liew Drunswick, is not known and little can be dedused from thenm.

It may be reasonsbly concluded that in general Ordovielan
paleogeography in the reglon was cheractorized by shallow scas surrounding
seversl islands., The entire region wes disrupted in Upper Ordovician time
by movenents related to the Taconie orogeny. Lo Upper Ordoviclan has been
recognized to date in the area south of the latapedia distriet of northern
New Emmowick. Local uplift cceurred through Lower and uiddle Ordovieian
tine such as is indicated in the Arisaig sequence and in all probability
the voleanie rocks associated with the soquence are related to these minor
novesorts.

The 3ilurdian roeks have a samewhat wider distribution than those
of Ordovician age., They are exposed in the Arisaig district, in a small
area near Kentville, N.S5., in the Cobequid Upland and in southern, northern
and westecentral New Drunswick.

The Arisalg district exposes a oection of some 5,800 feet of
sandstone, calcareous sandstone and shale termed, by ilsY. #illiams, the
Arisaig Series. It ldes unconformebly on Urdevieian beds. (wWilliams,
1914). The Kentville ares exhibits fossilifercus light and dark-colored
glates. In the Cebequid leam the Silurian strata is made up of arglllites
with intorbedded jmpure liuestones and great thicknesses of volcanie roeks.
The Silurian expoma in southern New Drunswick are also characterized by
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great quantities of voleanic rocks with interbedded sediments. At Oak
Jay, Just north of St. Andreows in southern Il.5., the base is narked by
a coarse conglouerate lying unconfomably on the Charlotte group of
Urdovieian age. In general the silurdan rocks indicate deposition in
& shallow sea transgresaing scabtered land ireas. In the Cobequld
Upland area end in Southern I1.0., vigorous volecanle activity is in
evidence and sy represent & prelude to the intense orogeny of late
Lower Devomian time,

The nearest Dewvonian exposures are at irissig, Cape ireton
Island, the Nictaux Torbrook area of Annapolis and Xings counties in
lleSes in northarmn and southwestern liew Srunswick, amd in the Gaspe
region of Luebec.

In Cape lireton fresh water arkoses and conglomerates of
the llacidan Lake formation lie unconformably on Precambrian rocks
in the area between Laat. Say and St. Andrew's Channel. The formation
is considered to be Lower or liddle Devonian in age.

&t srdsadg, about 1,000 feet of red arenaceous shales and
crey sandstones of the inoydart formation, lie unconformably on
3ilurian strata. The foramation, on the basis of & few fish remnsins,
is considered to belong to the lLower Devonian.

In the lictaux=Torbrook area a scries of fesslliferous
slates and quartzites with associated ferrmuginous beds are dated
ag lower Devondane These latter rocks are strongly folded and
netanorphosed ag a consecuence of the orogeny that closely followed
thelr deposition.
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The Lower Dcvondan rocks of northern lew Srunswick and the
Gaspe consist of highly fosglliferous marine sediments, interbedded
wth voleanic flows and tuffs, the voleanics rocks being predominant
in the upper part,

idddle Devonlan sediments are found on the Gaspe peninsula
and in the ilatapedia Valley. The transition from Lower to Middle
Devonian in the Gaspe reglon is marked by a sharp chenge from ldme-
stones to samkdatones and congloumerates which are, in part, of marine
origin.

The Upper Devonian period is represented in the Chaleur
Day region and in southwestern liew Urunswick. On the north oide of
Chaleur bay is o series of alternating thiek oconglomerate and sand-
astons beds. The uppermost part of the series conaists dominantly of
grey shales anxl sandstones carrylng abundant fish and plant remains,
In southwestern li.3e in the St. indrew's reglon a serles of red sand-
gtones end conglomerates rest unconformebly on Silurian rocks. This
latter sroup is correlated with the Perry conglonerate of lalne which
carriss an Upper Devonlan flora,

Fraa the neagre record ;twbeemludedﬂmtmﬂemim
period began with widespread marine deposition upon a surface that
had been tilted and folded in late silurian time. The land areas of
silurian tioe were sonewhat nodified and seeningly greatly enlarged
so that Devonian deposition was restricted to narrow seaways. 7The
intense orogenic distwrbences of late lower Devondan tine resulted
in extensive deformation vhich was accoipanied by intrusion of the

great nasces of granite and associuted recks that are now egosed
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over the Central Highlands of llew runswick and the Southern Upland
of lova Seotia. ‘‘he preater part of the intrusions exposed over the
Cobexjuid Upland alse belon; Lo this group of intrusive rocks. The
aze of the intrusive rocks of the Caledonlan Upland cannot be 80
definitely fixed and here radicactive age detemminations might be
used to advantage. The biotite-rich rocits exposed there should lend
themselves readlly to the recently developed method of radiocactive
aze deteruinations on this iype of rock,

The liiddle Devonian witnessed the deposition of great
thicknesses of coarse clasties in the Gaspe region amd in northern
Tiew Zrunswick but no record of the Liiddle Devonlan has been found
in Nova Seotia or in southern Il.J3. The entire area was undergoing
erosion or else the rewants zre covered by the Carboniferous and
later sediments. The Upper Devonian is represented by rennants
that are doninantly continental in origin. 3o noagre iz the entire
Devonian record in the lLarditime region that it le more than dengerous
to extrapolate far on sedimentary evidence alone.

However, if the struetural configuretion that controlled
Carboniferous deposition was defined by the icadian (Shickshockien)
orogeny, as the late Lower Devonian disturbance has been termed, and
the positive and negative elanents activated shortly afterward, late
Devonian sediments would have been deposited in the basins thal pere
gisted inte the Cerboniferous period, and would have been covered by
overlapping younger strata.

The problen of the origin and develoiment of the Carbon-
iferous baains and uplands will be talken up in & later chapter but
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it amay be mentioned here, in relotion to the Acadian orogeny, that
simple southsast-nortiwiest compression does not adeguately explain
the structurel makeup of the Carbonifervus Lasin and upland region
of the lardtime Provinces,

dithdn the limitations inposed by the neagre record of
pre=Carboniferous tlioe it my be discermed that the area of the
Cunberland Dasdn wes one of surdne deposition in Archaean tine,
Durin; the Froterogoic cra it was, in its narthern part at least,

a scene of intense wlicanic activity and possibly it laid astride
the northern morgin of the basin in which the ileguna series was
deposited,

At the outset of the Palasozoic cra the Caledonian Upland
area was seeningly a land area flanked by the Cambrian sea. o
evidence is available to determine whother the sea ever covered the
Caledonian Uplénd area but by Silurian time, at the latest, narine
waters covered the area of the Cobequid Upland. There and in the
area flanking the Caledonian Upland on its northwest side great
thickness of voleanic rocks interbedded with marine beds indicate
intense volecanie activity within & shallow sea enviromment. Uplift
near the end of tne Silurian period may have entirely excluded the
soa from the area as no lower Uewnian sediments have been found
closer than the Arisaig and lictoux~Torbrock areas.

The orogeny -ef late Lower Devonlian time reorpganized the
structural aakoup of the region and, as has been nentioned, if late
Devonlan sedimentation progressed in the area of the Cumberland Basin
the sediments would have been carried into the newly formed basin
and subsequently covered by Carbonifercus strata,
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Horton Group

Genaral Stetement:
The Horton groun of Lower Mississiprian nge was named for the
tyre locality near Horton Bluffs at the mouth of Avon River near
Windsor, Hova Scotla, Here Bell divided the grour inte two formations,
The lower formation, the Horton Bluff, consists of dark grey shales
and grey feldsrathic sandetones, Its characteristic flora is Le-ldodendron

corrugatum Dawson and Aneinmites acadica Nsweon, Its restricted fauna

consists malnly of ostracoda and bony parts of fishes, The uprer
formation, the Cheverie, sonsists of grey arkose and shale, A roor
floral content seems to include Aneimites acadiea; Zstheria and Lela are
found in severcl horizons (Bell, 1929),

Rocks of the Horton Group are nowhere exr-osed in the ma warea
but they constitute an immortant part of the section in the subsurface,
¥ithin the Cumberland Basin of devosition Horton rocks are ex;osed in
two areas, The bYest secticn of these rocks is to be seen in the
Hillsborough srea of southern Hew Brunswick where the grou- has baen
subdivided on a litholozical bagis into four formations; the Hemramcook,
Albert, Weldon and Hillsborough formations in order of decroasing sge
(iorman, 1941), In the vicinity of West Branch 7iiver John, near the
enstern extrsmity of the Cobequid Urland in lHova Seotia, & saeotion of
Horton rocks termed the River John Grour lie unconformably on a basement
of Pre-Carboniferous rocks in the same manner as the Horton Grow: of
How Brunswick, Furthsr direct evidence of this grour is to be had in

the Narman borehcle, in which several thousand fest of Urver Horton

sedimente woere cut,



The formation is named for tﬁs locality of its best exposure
at Memramcook, New Brunswick, There Norman estimates that approximately
150" feet of interbedded red shalas and sandstones make up the section
which either overlies, or grades into, red strata containing much arkose
and conglomerate that rest on granite 2 miles north of Hemramcook,
(iiorman 1941), Along the contact with the pre.Carbonifercus rock on
the northern side of Caledonian Unland the Hemramcook formation is
hidden by overlap-ing of younger Horton strats until it aprears again
about 18 miles west of Stoney Creex as a coarse conglomsrate resting
directly on the pre-Carboniferous basement, Along the southern margin
of the Caledonian Upland, which fages the axiazl reglon of the Cumberlnnd
Basin, the Memramcook formation does not nwwear and the sediments in
contact with the basement esre svarywhers later than Menramcook in age,
o strata of equivalent age hae been recognized elsewhere in the area

underialn b, the rocks of the Cumberland basin,

albert Formation:

The Aldert formation succeeds the Memramsook formation with
avparent sonformity and, as nearly as oan be determined, with an
entirely gradational contaet, It consists dominantly of dark grey shals
interbedded with discontinucus sandstone members, Highly dituminous
oll shales are interhedded with relstively darren grey shalos and are
particulaply abundant nesr the lower port of the formetion, Hsar
Gautreau, H,3,, borsholes, drilled for 6il, have encountered thick bede

of salt, rossidly u~ to 1000 feet in thickness, near the wver part
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of the formation, A few thin impure limestones also ocour in the
formation,

The formation is dest exrosed in the Memramoook distriot of
Hew Brunswiok but more accurate thicknass data is to be had from the
logs of the wells bored into ths formation for oil and gas in the
Stoney Creek field, Here 1t meacsures about 4,000 feet in thickness,
Farthsr west along the contasct with the bagemant roak the Albert
formation is obsarved to overlap the Memramoook and %o lie directly on
the pre.Carboniferous dasament rock, This feature is beat odserved
at Rosevale, From Dorchester, H,B,, sastward the Aldart formation has
novhers bheen recognized within the area underlain Yy #he rocks of the
Cumberland Basin,

leldon Formationt
A thick sequence, consieting chiefly of red shales and

sandstones succeed the Aldert formation and where the contact nay be
observed it is entirely gredstional, Where the Weldon formation
overlars the pre.Carboniferous rocks of the Caledonian Upland it is much
goarser in texture, This part of the formation is apperently & nesr
source phase and may or may not represent signifiocant movement at the
elose of a.oﬁauiticn of the Albert formation, HNaear the dase of the
formation on Boyd Creek one bed of voleanic ash has deen noted, The
thickness of 1ts typleal engemdle of red shale and sardstone has been

estimated at arvroximately 1,500 feet, (lorman 1941),



Elllahoroush XYormationt
Overlying the Weldon formation in the Hillsgborough area is

a thick conglomerate group called, by Horman, ths HillghWorough formation
(Forman, 1941), lo angular dlacordsnss Yatween them s percentidle but

on Boyd Cresk, near Oautreau, fregments of volsanie agh, similar to

that contained im the underlying Veldon formalion, have boen found (Norman,
1541), The erosion supplying the fragments of 2sh was prodadly localized
and does not necessarily rspresent a sudden regionsl uplift, The
Hillsborough conglomerate group is exrosed around the northeast end of the
Caledonian Upland and extends southward as far as Albert Mines,

Where the Weldon formation grades coarser and deoomes
indistinguiehable, lithologloally, from the Hillsborough formation the
strata is referred to as the Monoton group, The thickness of the
conglomerate facles wvaries markedly over short diﬁm& and no attempt

vas made to eatinats 4%,

Alver John droupt

At the eanstern extremity of the Cobequid Upland, along the
headwaters of River John, a very thick sequence of red to chocholats shales
and sandstones with maseive grey conglomerate 1s exrosed, V¥Where & non.
faulted contact can be odserved the group liss with angular unconformity
on the pre-Carboniferous rocks of the upland, In the lower part of the
sequsnce there are sevaral interbedded basic flows, Higher un Stewart
has odbserved a felsitic izneous roek, of apparently limited dietridution,
underlain by a voleanic ash bed (Stewart, 1931), It is notable that the
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conglomerates of the River John group are lacking in psbbles of igneous
rock while the overlying Millsville conglomerate of early Pennsylvanian
age contains a large provortion of redbles derived from intrusive rocks,
‘?ha thiskness of the Aiver John grour is uneertein, 3Iell has
indicated that it is in excess of 6,000 fest, (Bell, 1944), He correlates
the seyuence with the Horton group bdut its position within the Horton
group is uncertain, The sequence is simllar in lithology to the Upper
Iorton of southern New Brunswinck, In common with the Urmer Horton also
is i{ts content of volcanic materials, One volcanic ash bed has been
obgerved in the Uprer Horton of esounthern Hew Brunswick as compared to
geveral flows and agh beds is the River John sequence, ‘hether these

occurrences ars clesely related in time is a question,

It ts Aifficult to messay the significance of the Horton Groun
in so far as the basin nrorer is concernaed, The exr~osures of the group
are all confined to mergine of the basin and in Southern lew Srunewick
they reprosent deposition in denressions within the bordering vositive
area that we have termed the "Caledonia positive axis®., The thicknesses
measured from these ex-osures have little or no relationshi: to the
thickness of the grour in the axlal region of the Cumbarland besin, However,
the nature of the sedimsntation as noted in these areas reflect in a broad
sense the conditions to be exr-ected in the axial reglon,

The base of the grour is marked in southern H,E,, by 2 grouv of

coarse red sediments (Mempramcook formation) which grades inte s dominantly
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grey shale fasies (Albert formation) which aleo snoloses some oil shales,
The latter formation is considered to be, for the most part, lacustirine
in origin, However, near the top of the latter formation bdeds of salt,
of consideradle thickness, indicate periodic inundation by narine waters,
parts of which were probably trapped in the depressions on the broad
orest of the "Caledonian positive sxig" when the main body of marine
waters receded, It would appear more than probable that normal marine
equivalents of the Albert formation wers deposited in the axial region
of the Cumderiand Basin,

The grey shale facles gredes upward into coarser red
sediments (Weldon formstion) and finally into a songlomerate group
(Eilleborough formation), Local erosion of underlying sediments occurred
while in other rlaces no dreak is discernible, At various stages
throughout the deposition of the group, the strata are seen to overlan,
in places, earlisr derosited sediments and to }ay directly on the pre-
Carboniferous basement, thereby giving clear testimony to the irregularity
of the surface upon whieh they were deposited,

If we can assume that the River John group of Nova Scotla is
approximately equivalent in age to the Upner Horton of W,B,, (Weldon
and Hillsborough formations) then it fits in the pleture nicesly as the
debris eroded from the "Cobequid positive axis" which rose, more or less
in unigon with the “Caledonian nositive axis®, The volcanic flows
incorporated in the group may have had their source in deeply penetrating
faults along the hinge line between the rising and subsiding elements,



Below ths Lower Windeor marine sediments the Neppan dore.
hole cut more than 5,000 fest of red and grey continental depoasits
and the hole was abandoned without any marked changs being notes in
the sequence, These oontinental ssdiments are believed to represent
the influx of debris consequant upon the renewed uplift and erosion
of the bdordering land masses in Upper Horton time, The Carboniferous
sea, which transgresssd furthsst in Upper Aldert time, had now receded
into deever parts of the dasin and although ths basin was actively
sudsiding the influx of stream borne sediment ke psce with the
subsidense, and during the Urper Horton maintained the shores of the
Carboniferous sea some distance t0 the north or northeast of the borshole
location at Nappan, In short, the thickness of the Horton sectlon in
the axiz) region of the dasin may be exrected to e mueh thicker than ie
indicated in the aress in which 1t is rresently exvosed and, quite
possidly, it includes, in that part oqnivalént te the middle and upper

part of the Alvert formation, & thick sequence of marine sediments,

dindsor Group
Leneral Statements

The type locality of the Windsor group is at Windsor, N,5,,
where the section comprises adout 1,550 feet of marine sediments, Here
Bell divided the group into two major faunal sones; an upper, characterired
by Hartinia gzelstags and a lower zons characterized by Compositia dawsond.
The two major sones are sgain divided into faunal eub.sones, Sub.zones
A and B belong to the lower nart and sud.tones C, D, and E constitute the
uprer part, The section at Windsor exhidbits four or five dlstinct stages

of caloium sulvhate depoeits sevarated by verying thicknesses of red shale,
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fossiliferous limeestone, thin megnesien sandy shales znd colites, (Hell,
1929, p. bS5).

The group is widespread throughout the Msritime provinces, dut
it exhibits a wide varintion in the lithologic constitution, as might well
be sxpectad of depcsition from a sea transgressing = land area whose
torography was being continusuely modiffed by structural adjustmente
within the underlying crustel mass,

In the region of the Cumberland Basin the group iz exposed
mainly over a few linenr areas where it is brought to the surface on
the crest of major enticlinal folds suoh as the Minudie and Claremont
enticlines, Limited exrosures in irregularly shaped aress sre also found
in the structurally somplex Salt Springs area north of Suringhill and slso
in the Hillsherough sres at the northeastern extremity of the Caledonian
Upland, The stratigraphy of the Windsor group will be discussed by areas
since the variation exhidited from plisce to place does not permit exact
gorrelation of lithologic divisions made in one ares with those of
another, Several outlying arsas that provide {nformation regarding the
control on the environmental conditions and extent of Windsor
sedimentution will be discumssed briefly,

Minudie Anticling Area:

The Minudie anticline, which lies immediately north of and
roughly parallel tc the northern margin of the map.area, has besn the
scene of detall geologic investigation for many years, The various
exosures of the Windsor grou- together with two desp boreholes and

several diamond drill holes has rrovided a fairly pgood section of the



Windsor group 4in this srea, It will Ve noted that this anrea liee in the
axial region of ths Cumberland basin and therefore the section to de
derived is particularly significant,

The marine section may bde divided into four lithologlc zones
as follows from the base upward, (1) A thin calearsous rzons, possibly
similar in part to the "laminated" limestons noted sleewhere &t the dase
of the ¥Windsor, Ths limestonss are inlerbedded with red to Brown shales
and light grey sandstones and prodably represent e transition phase from
the non.marine Hillsborough formation of Uvner Horton sge, (2) Gypsum,
anhydrite and salt membsr of uncertsin thicknesa, Tha Napran borehole
cut a continuous section of gypsum, anhydrite szlt and minor red shale from
a denth of 145 feet to 6,072 fest, The strusturally insomretent salines
were undoubtedly squessed into the zone of least stress in the anticline
and thus viled up to an snormons thicknsss along tha axta, {3) A zone
in which real shale predominates - approximntely 800 feet thiesk, (4) A
gsloaracus sons gonsisting of interhadded zrey limestona, silty limastone
and caleareocus shale totalling about 300 feat, The latier zone is
foeeiliferous and Bsll correlatss tha zone uith parts of sud.zones B and
C of the YWindsor group in the typa area, (%ell, 1064, 5. hé),

In the Joggina' section the Windsor marine streta 1s susceedsd
by aprroximately 1,600 feet of much ri-rled, non.fossilifarons red
sandstonss and shales which in turm prade urwards into » sone, about 725
feet thick, that is distinguished By the armesnrance of grey sandatones
end roorly praserved remains of Cnlamitas, The ton of the latter zone is
vell marked at the dase of a conglomerate zone which is considered to de

a coarse basal phase of the Riverdsle group,
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In the Joggins sections, the to~ of the Windsor group lies
sonevhere betwsen the topmost calcarecus sons of the ¥indsor marine
strata and the base of the Riversdale Oroup, The position of the Windsorw
Canso contact was tentatively fixed by Bell, (1945, p,8) at ths base of
the lowest obeervable grey sanistons, 7This oriterion has been usged to
map the same contast vestward across Maringouin Peninsula and thence
southweetward along the northwest shore of Chignesto Bay where the lithology
is scemingly identical The entirely red, non-marine unit is therefore
assumod to de equivalent to a part of the Windsor fsunal sub.szone C and
also sub.zons D and B, The umit has been called, by Normsn, (1941),
the Maringouin formation, and the succesding zons, besring grey sandstone
has been correlated with the Canso group and nawed, aleo by Horman, the
Shepody formation,

sastward along the Minudie Anticline, toward Little River, the
red strata overlying the marine caloarsous sons beaomes somevhat cosrser in
texture and includes, locally, some conglomerate near the base, Toward
the toy of the red strata a few thin beds of flaggy grey sandstons are
observable and it is then succesded by coarser sediments belonging to the
base of the Riversdale grouyp, The entire sequence between the uppermost
marine bade and the Riversdale group has been called, in this area, the
Middlsborough formation, The section is generally similar to that of
Hinudle and 1t is thought that the upper zone containing greoy sandstone
renresents the Canso grour and is thersfore equivalent to the Shepody
formation while the lower, entirely red zons is equivalent to the
Maringouin,
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Llaremont. Anticline Aras: )

Ths Claremont anticline extends from Springhill on the west to
Malagash Point in the east, a distance of adout forty miles, The
structure is cross~faulted and thrust-faulted in several places slong its
length 2nd has theredby rendered the stratigraphic sequence obassure,
particularly within the Windsor grour, The lewer contact is novhere
obeervable but it is evident, in the Wallase Hiver ssction and at Malagash,
that the general lithologic sequence of the uvper part of the groun
remaln generally simlilar to that in the Hinudle mnticline area, At the
Malagash salt mine the thiskness of the sulrhste.salt member has been
estimated as between 150 and 300 feet, The boundaries are faults however
and it is not known whether the thickness is representative of the aentire
member, (Bell, 1944, p, Sb).

Horthern Horein of the Cohsquid Upland:

Along the northern margin of the Cobaguid Upland, from Chigneeto
Bay to Plotou County, the vre.Carbdonifercus rosks ars uaconformadbly
overlavned by Carbonifsrous sedimsnts of Cumberland, Riversdaie, and Upper
Horton age, Strata of ths ¥indsor group do not sypeur anyvhere along the
margin of the urland for its entire length and, at its eastern axtremity,
do not ac-asy batween tha Upner Horton (River John Group) and the
uncoaformadly overlyinz Rivarsdale (Millsville conglomarate) strata, The
entire Windsor groupy 4s zdhsent in this latier locality elthar as a result
of vost-Windsor erosion or because of non.dsnosition, It sesms prodable
that a tactonically rositive axis was initirtad hore during late Horton

or early Windsor time and extended northeasterly from the esstern extremity
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of the Cobequid Upland to form a barrisr between the Stellarton.arisaig
area on the east and the main ~art of the Cumbarland Basin on the west,
Certainly the coarse conglomerate of the Millsville formation indicates
overlac unon an area that was uplifted at some point in Windsor or Canso
time and, lacking any evidenca to the contrary, it is assumed that the
Windsor sea did not sudbmerge it, It was mentioned earlier that strata,
bearing Windsor fossile, wers found in the Harrington River area so it
cannot be said that the Wihdsor sea did not submerge at least a rorticn
of the Cobeguid Upland area, It is poasidle, however, that the
Harrington River strata of Windeor age belong to a Hinns Basin facies

which overlaped the upland from the south,

Arisalg Areas

In the Arisaiz iistriot, 860 feat of red conglomerate, sandstone,
and sandy shale of the MeAras Brook formation, of Windsor age, lle
unconformsebly on all older rocks, Conformadbly overlying the MeAras 3rook
formation is the Ardness formation consisting of some 1250 feet of
limestone, gy~sum, sandstons, sandy shale, ete, It 48 to be noted that
diabase sills and dykes intrude the basal members of the McAras Brook
formation while no evidence of igneous activity has been found assocliated

with the Ardness formation,

McGregor Mountaln Ares:
In the MeGregor Mountain area, which liss south of the Fictou
conlfield, the Windsor sequence is generally similar to that of the Arisaig

region in so far as & lower saries of coarse clastics lie unconformadly

on the older rocks and is suecceeded by a calcareous zone, The thicknesses



are highly variable and indicate deposition over an irregular land surface,
So poor are the exposures and fosesil contsot of thess rocks that their
position with the Windsor group cannot be fixzed, 3Bell regards it as
prodbable that all the Windsor strata of the McGregor Mountain area belong
to the Upper Windsor (Bell, 1949, p. 11),

Eillsdorough Areai

The Hillsborough area of Albert County, H,3,, includes a number
of isolated patches of Windsor exnosurss, Ons lies southwest of
Hillsborough, another near Aldert Mines and a linear area running rarallel
to the Riverside fault whieh trends northeasterly through a point lying
immediately north of Shepody Mountain (see G.5,C, Map 6474), From these
sxposures a fairly good composits section may be bullt wy; to represent
the conditions of Windsor sedimentation along the southern margin of the
Caledonian Upland,

A basal limestone carrying a few sud.sone B fossils rests
conformably on Hillsborough strata of Upper Horton age but, in places,
notably st a point 2 miles southwsst of Albart Mines, the linmestone
overlaps the Hillsborough strats and rests directly on the pre.Carboniferous
rocks, The limestone is overlain by about 200 feet of red shale and
gandstons which in turn is overlain by an anhydrite-gypsum membder
measuring about 500 feet in thickness (Wright, 1922, p, 18), In the
area of Shevody Mountain the anhydrite.gypsum member is overlain dy the
Homewell conglomerate group, Near the base of the conglomerate group
two interbeds of impure limestone were found carrying sub.zone C foasile

(Bell, 1544, p, 54), Limestone codblos were found within the conglomerate
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bearing fossils belong to sub.gone B (Wright, 1922, », 19), Rera ve
have dsfinite evidence of uplift in the Oaledonian Unland area closely
éollowing the deposition of sub.szone 3,\

Westward from the Hillsborough Area along the northern margin
of the Caledonian Upland, the Windeor group is frequeatly exposed and
. exhidbits variadle relationshipe, In places it lies conformadbly on the
Hillsborough strata, in other places unconformably and in places it
overlaps onto the pre.Carboniferous rocks, In many places it cannot dYe
determined with assurance whether part of the non.marins strata, mepped
as Hillsborough formation, s not actually Lower Windsor and vice versa,
In general the Upper Horton and Lower wWindsor strata of the southern
New Brunswick region suggssts transgression of marine waters over sn

{rrezular, land surfaee,

Because this area lies with the scope of the amuthor's fiold
investigations 4t will be described in groater detail than that asccorded
to the foregoing areas, Lyingz north and northeast of Srringhill area
grours of more or lass dissonnected areas indicated on the man (Man )
as being underlain by Windsor Roocks, Actually there are only four or
five small exnoeures of Wihdsor strata, the remainder of the surfase
distridution Yeing inferrad from the topography and from structural
congiderations,

At a veint sprroximately one and a quartsr miles northerly
slong the Syringhill and Parrsboro Railway from Springhill Station is
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an outerop of grey, impure conoretionary limestons that 1g exrosed on the
south side of the railway emdankment, Fossils collected from the outeron

by Kerr were identified by 3ell as follows; Froductus lyelll de Verneuil;

Pugnax dawsonisnus, Davidson, These fossils indicate a vrodabdle lower
Windsor ags (Xerr, 1924), It is noted by Fletcher that thia limesione
was onse guarried and burned for lime, Nearby, gypsum of good quality
v‘m: slso quarried though, exsent for a consideradle topogrsrhic
devyression, no tﬁrther evidencs of the quarrying may be observed at
present,

On the Canadien ¥ational Railway, about one-half mile south of
Black River Station a limestone similar to that mentloned above and
yielding similar fossils is axposed, Hers 4% is associated with soft
frisble red sandstone,

On Black River, immediately west of Springhill, Dr, Bell ﬁac
identified fossils in 2 calcareous shale indieating Windsor age (0.5.C,
Map 337A),

The oacurrences of gynsum indicated on the map (Map 3) represent
a commilation of those indicated by Fletcher (0,8,0, Map 812, 1903) and
thoss sctually observed By the author, Some occurrences noted by
Fletcher are no longer observable dut that is hardly to be questioned in
view of the weathering characteristics of the material, 1n other areas,
shown to be underlein by Windsor strata, the inference is daced on brine
syrings, flat, swamoy ground, and sinkhole topography where thase

occurrences arrear to satisfy the structural considerations to bs teken
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wp in a later chapter,

It is notable that strata corresponding to tha Maringouin and
Shcpédy formations have nowhere been found in association with the
outcrops of marine Windsor stratas in this area, Though no contacts are
exposed 1t is assumed that where the coarse basal Riversdale beds
(Claremont formation) overlis the Windsor beds the relation is one of
angulsr unconformity which is comulicated, in places, by faulting as
indicated on the mar, This relationship is particularly evident on
the westwvardly nitching nose of the Clarsmont Anticline,

The area of Windsor exyosure, shown immediately south of the
headwaters of Little Porks River is bounded, with both unconformable and
faulted contacts, by younger rocks of the Riveradale and Cumberland
grouys, The arguments, uron which the author's conclusions regnarding
these relationshi-s have hean 'b’é!;tad, are largely dependent on the
peculiaritics noted in the deposition of these younger sediments and nmust

therefore awalt deserirtions of these groups before stating the case,

Summary and Significanse:

For a grarhic summary of Windsor sedimentation in the Cumderland
Sasin the reader 1s referred to the Jen~raliszed Stratigrarhia Column
(Fig. 1). As indicated in the marginal notes accompanying the figure,
the left.hand margin represents the ssquence in the axial region of the
subsiding basin while the right.hand margin repressuts the sedimentary
sequence along the margine of the Carboniferoue uplands that dordered
the baein, T"he left margin is, in fmet, a coneralized rerresentation of

the Windsor grour in the Jogeins section where an unbroken sequence
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indicates an area of continuous sedimentation aand though 1% may not de
on the exmol gecnetric axis of the bYasin it i sentirely rerresentative
of axial eedimentation,

The sedimentsry sequance in the marginal reglon of the hasin,
i.0, along the bordering wplands, has been derived largsly from exposures
in the Hillsborough ares of New Brunswisk and in a strict sense a-plies
only to the bordering upland on the northweet that is nresently
representad, in part, dy the CUaladoniem Upland, It 48 thought that the
sequence along the southern bYordsrland is generally similar though the
evidence suyporting this view 1s largely neagative,

Driliing on the Minudie antioline has indicated a traneitional
contact between the non.murine Upper Horton strata and the narine Windsor
strata, In this area marine deposition yersisted in Windaor time until
sub.zone C when, as observed in the Joggine section, a reverse transition
takes galaoé and the marine strata grades upward into the non.marine
sedirments of the Maringouln forsation, Incrensing coarseness is evident
in the younger Shepody formation end conglomerate was deposited for a
short interval in early Riversdale time, The conglomsrate 18 sucssedad
by the relatively finer.grained sediments of the Boss Foint formation of
later Riversdale age,

The relationshins of the dasal Windsor merine strata in the
Hillsborough reglon indicate gensral structural conformity with an
underlying coarse fadies (Hillsborough formation) of Uprer Horton age which
1t overlans in places to rest direstly on pre.Cardoniferous rocke, It is

notable that part of the stratas assigned to an Upper Horton age may astuslly
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be Lower Windsor, Coinoiding, in time, with the transition from marine
sedimente %o the non.marine Maringouin strata of the Joggins section is
the pronounced rapid transition from marine sediments to coarse fluviatile
deposits in the area of Shenody Mountain, A thick conglomerate groun
whish is considersd to belong to the same coarse phase noted in the Shevody
Mountain area is extensively developsd nlong the southern margin of the
Caledonian Uvland from Alma on the southwest to Dorchester on tha northeast,
Where the upper contact of this unit of coarse sediments can be observed
it is ssen to be overlain conformsbly by the finer-grained sediments uf
Riversdiale age (Boss Point ?omttonj. 1t sesns apparent, that alons the
scuthern margin of the m.donim Upland which is roughly soincident with
with southern margin of the Carboniferous upland in this reglon, a coarse
facles was devosited from the Windsor sub.gzone C time through Canso time
to early Rlversdale, 1In the Jogrins section, on Haringouin Peninsula, and
in the Cape inrage area the coarss phase is represented by a relatively
thin conglomsrate zone considersd to be e=rly Riversdale in age. As has
been noted above, strata of Windsor age have not bYeen recognized along

the m&in of the bordering upland on the south side of the Cumberland
Basin and therefore it cannot be zscertained to vhat extent the Windsor
sea advanced in that direction, The relatively coarszer texture of the
Haringouin equivalent of the esstern extramity of the Mimudie Anticline
area ie suggestive of greater proximity to the source ares, The absence
of Windsor strats bYetwsen the Millsville songlomerate and Upper Horton

strata in the River John area is also suggestive of & land area in that
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loeality, The Windsor history of the eastern portion of the Cobdequid
Upland area remains obscure,

In genaral the Windser group presents a falrly clear rioture of
marins transgression and subsequent withdrswzl over a subeiding basin, The
transgrogeion seeningly was ipitlated by regional subdsidence of the
entire area including ths dordering Carboniferous uplands which were
sudbmerged, in part at least, dy the inveding sea waters, m.withdm\ml
was hrought adout by renswed uplift in the upland regions whiech flushed
grent quantitiee of detritus into the basin and gradnally forned the
margin of the gea outwards from the border of the dasin,

It is not necessary to postulate uplift in the axial rezion of
the basin to satisfy the fast of withdrawal of marine waters, The more
vrobable aircumstances is that the rarid influx of stream.borne detritus
miuti the bdasin arsa above sea lavel snd maintained it there through the
late Windsor and throughout all of Pennsylyanian time in that area of
the basin lying south of the Minudle Anticline.

That the bdasin was subsiding ramidly throughout the perioed
following the marine transgression is well illustrated in the 15,000 feet
of younger rocks that lie abova the marine beds in a contimuocus conformable
sequence, .

In the foregoing discussion the Lower Windsor marine strata
has bean traated ns repressntative of continuous marine sedimentation, It
must be noted, however, that the interdedded red shales, whish are often
very thick and vractically unfossiliferous, may rerresent oscillations

from marine to deltsle environments, A comparison of the gencral
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dsscrintion of the narine section in the Mlmdie area with its counterrart
in the Hillsdorough area will asarve %o damonsirate ths wide lataral
voriation in the marine sequonce, The anhydrite.gypsum menbver in the
Hillsborough area ean hardly be correlated with the salt.anhydrite.
gypesun nomber of the Minudie area, If any correlnticn were to be
attemmted the thick red shnle faoiss lying above the salt.ashyirite.
gyypeur member in the Mimudie area would be most reasonably correlated
with the conrser red facles lying immsdietely beluw.ths enhydrite.

gypsun nember of the Hillsborough aree, The dasal calcarscus sone in

both sreas are most likely ¢orrslative,

Canso Groun

Gansral Stztement:

The Canso group has been defined by Beil as foilcws: "The
Cznsc group comrrizes. non.murine, red und grey shzles and sandstonss
that overlie the marine Windsor group or non.marine rocks of equivalent
age"” (Ball, 1944),

he tyre ssctlon of Canso strata is exrosed on the Stralt of
Caneo nezyr Port Hastings, It comprises sbout 1,380 feet of altemuting
thick grey end red shale manbers with scattered ssndstone Deds wp to
15 faet thieck, Seversi thick bsds of finely iaminated grey shalas
sharacierize the sestion, Rirples, mud.cracka and raln.pits are
abundent, 7The OStrailt of Canso seotlon is $yrioca) of the Cansoc group
sedimants in the Minas Basin of doarosition and have been terucd thas

"uinss facles” vs distinguished from the “Cumbderiand fucties", The latter
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facies, characterizing the Canso groun in the Cumberland Basin of
derosition, comprisss rad shales and thick red and grey sandstones and
are on the whole coarser in texture than the Hinas facles, Rivmle
marks, mud.oracks, rain.pits, etc,, are abundant, TFossils of any sort
are rare in the Cumberland fasies, The fauna include lLeala and
Sstheria, The recognizable flora is restrictad to poorly preserved
Galaniten. The Windsor-Canso contact is difficult %o fix in the
Cumberland Basin of deposition, JFollowing the recession of the gea in
nid.Windsor time & thick eeries of non.marine sediments were de;oonited
thaet bear few diagnostic fossil remnins, The first definite
determination 4in the sequence overlying the marine Windsor beds 1s in
the Riversdale group of Fennsylvanian age, The dase of the Riversdale
group is marked in several areas by a widespread coarse -hase called
the Claremont formation which thersby marke the upner contact of the
Canso group, In no locality has the base of the Canso group been located

with any great degree of anccuracy,

Minudie Anticling Areat

The base of the Canso groun has heen designated arbditrarily
a8 the base of the lowest observed grey sandstone in the Jogzine' msections,
The tor of the group 4is fixed at the base of the loweet conglomerate bed,
The total thickness of the grou- thus designated is about 725 feet (Jell,
1944), The lithology of the group in this area is tyrical of the Cumberland
facies, in ite thick, red and grey sandstones interbedded with dominantly
red shales,

On Maringouin Peninsula and near Cape Enrage are exposed strata,
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ealled the Shepody formation “y Normsn (Gsologisal Survey Map 6484), that
are identical in lithology, and undoubtedly are sequivalent to the Canso
groux of the Minudle anticline area, The nams "Shepody" has been reteained
to designate the Canso grou~ in the basin, lenr Cape ZInrage several

bands of grey shale carry lLeania and Zgtheria, The grey sandstones carry
roorly rreserved Salamites,

At the eastern extremity of the !inulie anticline arsa, the
entire sequence of strats hetwesn the marine Vindsor and the base of the
Riversdale grou- has besen designated as the Middleborough formation
(Geologieal Survey Mev 842A), A few thin flaggy grey sandstonas near the
to- of the latter formation may indicate s correlation with the Canso

grou: (Shenody formation) of the Joggins section,

Yhere River Wallace trangecte the southern limbd of the Claremont
{Malagash) anticline soms 2,800 feet of red sandstons and shale are
enclosed between conformable contacts with the underlying marine Windsor
grous and the overlying Claremont formation of‘lover Riversdale age,
thus occupying & rosition identical with the combined Maringouin and
Sherody formations of the Minudle anticline area, 8ince red sandstones
and shalss ~redominate throughout, the grey sandstone oriterion used
elsewhere is not a:+licable, It meems reasonable, however, in view of
the entire lack of evidence to surport a suggestion of non.deosition in
this ares during Canso time, to assume that the upper rart is equivalent

to the Shevody formation, It is imossidle, on the basis of rresent
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information, to designate vhat thickness should bs assigned to the assumed

Canso group in this ares,

Rorthern Margin of the Cobequid Upland:

Canso strata are nowhere recoganiszadble along the northern margin
of the upland, Ase in csse of the Windsor grour there is no satiefactory
evidence to indlcate that the sediments were deposited over the crest of
the "Cobequid positive axis" which is now represented, in part, by the
Cobequid Upland, HNew West Bransh River Johm the Canso grour 1s also
missing between the River John group of Horton age and the unconformably

overlying Milleville eoﬁglonarato of early Riversdale apge,

Ariaaag Aren!

A section of Canso strata is exrosed near Lismore in the Arisalg
area and comprises about 2,800 fest of thick grey and red sandstones
interdedded with red shales (Bell, 1928), The strata overllies the marine
Ardness formation of Windsor age conformadly snd apparently with a
gradational eontsct, The upper contact is not ex-ossd near Lismore, but
the formation extende southwestward into the New Glasgow area where it is

overlain unconformably by the New Glasgow conglomerats (Bell, 1540, p.13),

H&llahorogﬁh Aress

In the foregoing discussion of the Windsor group in this area
it was noted that deposition of coarse fluviatile sediments dBegan in
mid.¥indsor time and anrarently continued ti1ll early Riversdale time, The
1imits of Canso etrata gannot be defined within the conglomerate group which

has been named, by NHorman (Geological Survey Map lio, 647A), the Honewell
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group,

Summary and Significance:

The graphical illustration of the relationships of the Canso group
given in the generalized stratigravhic column (Fig, 1) is only strictly
applicadble to the sequence bhordering the Caledonian Unland, The evidence
favouring the rising of the "Cobdequid positive axis" in Cango time is
largely negative, It appears prodable that the area of West Branch River
John was one of non.deposition and prodbabdbly indicates an upwarpsed region
that separated the Arisaig.lNew Glasgow area from the main part of the
Cumberland Basin,

It is significant that, 4in the vicinity of Farrsboro, relatively
fine-grained sediments of Canso age lile along the southern margin of the
Cobequid Upland (Bell, 1944, p, 9), The latter sediments are typical of
the "Minss facies" and their nesrness to the "Cobequid positive axis® would
seen to indicate that no uplift other than gentle warping was effected
along the latter positive axis for at least a portion of Canso time, The
Canso strata are overlain with angular unconformity by basal conglomerate
of the Parrsboro formation which is correlated, by Bell (1944), with the
Riversdele -roup, It seems probadle that the movements indicated by this
contact, which were apparently initiated in late Canso time, mark the
renewal of strong uplift along the "Cobequid positive axis",

In general, thé‘nedimentl of the Canso group in the Cumberland
basin indicate widespread contlnental sedimentation consequent upon

continmuing uplift along the bordering positive axes,
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Riversdale C}rou'gs

Seneral Statementt

The Riversdale group has been designated by Bell to include
the strate lying stratigrschieally above ths Canso group 2nd below the
Cumberland group, The type ssotion 1 exyosed in the Riversdsle area
of Colchester county, There it comrrises a thick continentel ssries of
altern:ting red and grey sandstones and shales snd locally a basal

conglomerate, Its dlagnostic fossil remsins are Heuropteris smithsii

and wWhittleseya desiderata, The latter identify the Riversdale group

" with Westphalian A zome of Eurove (Bell, 19Uk, 1,12 and 26),

Strata of Riversdale age are well exposed in several areas
within the aresa of the Cumberland 3asin and afford a fairly gooed picture
of its distribution and gross characteristics,

The best exposures are found on the south limbs of the Hinudle
" and Claremont anticlines, along the northern margin of the Cobequid
Urland, notably at the headwateras of River Fhillip, River VYallace and
River John, in disconnsoted aress of the Salt Srringe district lylng north
of Springhill, and on the New Brunswick shore of Chignacto Bay,

In the Cumderland Basin the group is divisidle into two
formations on the basis of litholozy; a lower, dominantly conglomerate
froles, called the Claremont (Milleville) formation and an uprer, finer.
grainced facles nnmed the Zoass Point formation, Both fornations exhibit
greater variadility in thickness from -lace o vliacs which reflect, in

~ part, variable rates of subsidence and unlift over the Yasin area combined
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with the irregularities inherent in deposits formed by stream.borne
debris carried from an urland area and deposited in soalescing alluvial
fans across an unland front,

The areas of exposure of Riversdale strata lying within the
scove of the author's fleld investigation will be described in some

detall followed by more general descrintions of the outlying areas,

Minudie Aptlcline Area:

A linear area of Riversdale strata, averaging about 8,000 feet
in width, stretches from Maringouin Peninsula in an easterly direction
and intersects with a small angle the northern margin of the map-area
(Map 2), at & point lying immediately north of Svringhill Junction, The
Riversdale group lies, with dips ranging between 30 and 70 degrees, in
the south limb of the Minudie amticline, It is well exposed in the Jogzins
section and around the head of Maringouin Peninsula, where the tough thick
grey sandstones form long reefs extending into Chignecto Bay from both
shores. Inland, the group is poorly exnosed as far as the village of
Chignecto; but fairly good exrosures are to be found on 3alrd Brook and
St, Georges Brook which lie immediately east of Chignescto, Farther
eastward and north of the map.area exposures are found in several road
cuts and in one nbandoned quarry situated on the south side of the road midway
between Salem and West lLeicester,

Along its entire length the grous forms & well marked ridge that

rises in the eastern reglon to elevations of 500 feat or rore, and has

thus provided ready means of traeing the strata across extensive areas of
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1ittle exposure,

in the Joggins section the group was measured and descrided in
minute detail by Logan (1843) along with the entire sestion hetwesn
Shulie and Mill Cove, In his grouping the Riversdale strata are rerresented
by all of his Divislons V1 and all but the basal 35 feet of Division VII,
In the Joggins section the group is divisidle into a lower red conglomerate
formation msasuring about 330 feet in thickness, and an urper, finer.
grained, formation measuring adout 3,525 feet, (Bell, 1544, p,15),

The lowsr formation i¢ xnown as the Claremont formation and here
conprises several thick bads of rounded to guberounded padhle coaglonmerate
interbedded with brisk-red sendstone and shala, The nedbles consist
mainly of quartzits aand vein quarts with lesser amounts of granitios and
voleanic rocks,

The uppsr formation is known as the Boss Point formetion, Its
general features, as displayed ian the Joggzins ssotion, ars a3 follows:
Immediately ovsrlying the Clarsemont formation is a zone, about 250 fsot
thick, of thinly bedded red shalss and grey sandstones with oasasional
beds of dituminous limesione, Sussesding this, is a sone over 2,500 foet
thick, made up dominantly of groy and greenish.grsy, buff.weathering
quartzose sandstons with minor thicknesses of gray nnd red shalss, and thin
stroaks of coal snd carbonmcecus shale, The sanistons members are often
very thiek, ranglng ur to 125 fest, and charasterized by much current.
bedding and st many horizons by ntchas of limestone concretions,

Tre sandstons hearing the coneretions kas, as logen expresced it

"moch the aspect of 2 corglomerste™, Closer exsminntion, however, raveal
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tlhn irregular duldbous outline of the “pebdles”, The material constituting
‘t.hs consretions is similar to the remainder of the rock expecting in

their fxighar lime content which bdinds the graine in%oc the concretion, These
concretions are characteristic of the Boss Foint formation in many
localities throughout the bdasin, The uprermost sone of the 3oass roint
formation comprises about 600 feet of red shales and sandstonss with few
beda of well-bedded greenish.grey sandstone, BSome of the latter sanistone
bede are of grindetone gquality and have been quarried in the past for that
purpose,

The contact of the Riversdale group with ths Canso group has been
discussed in foregoing nages and it wae seen tc be an arditrary contact
nlaced at the roint of a notable lithologie transition, The upper contact
of the Riversdale group has bdeen placed in Lower Cove at the base of
Logans TAvision V, The latter division comrrised a zone of entiraly red
sandstone and shale in sontrast to the grey =and greenish grey colours that
rredominate in the wnderlying strata of the Boss Polnt formatiop, o
angular discordance is discernible at the aontact and there are no apmarent
sedimentary festures that indicate a long veriod of non-deposition,

On Maringouin peninsula, where ths south limd of the Hinudle
anticline crosses the head of the reninsuls, the grour is identiesl with
that on the Minudie shore, Standing on either shore the various coloured
zones within the grour can be readily matched dy eye across the intervening
wator, The eye 1s greatly aided by the long strike reafa that stretch out from
both shores at low tide,
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The exposures observed on Baird and St, George Brooks near the
village of Chignecto, together with those noted farther inland on the
ridge north of the mayp.area, do not form ~ gufficiently contimous section
to note any differences in the constitution of the group, All the exposures
could be commared with rosks noted in the shore section,

On Little River, near the eastern extremity of the Minudle
anticlins 3ell has noted that the thicknsss of the bagal course phase
(Claremont fornstion) is reyresented by as little as 100 feot of arkosic
grit, The %otal thickness of the group has drecreased remsrkably and does
not total much above 2,000 feet, The grou- is overlain, with apparent
structurel conformity by & basal conglomarate phase of the Cumberland
grour (ses Ceological Survey Moy 847A),

A notable change in the Qature of the contact between the Zoss
Point formation and the overlying Cumberland group becomss evident in the
vicinity of the Macecon River and enetward, There the basel part of the
Cumberland groun comprises a well defined conglomerate phase which
becomes thicker and coarser in an easterly direction, Along the southern
1imb of the 4inudle anticline there is, howevar, no indication of an
angular unconformity between the Riversdale and Cumbsrland groups, though
in the Salt S.urings area, and in the area bordering the nre.Carbonhiferous

rocks southeast of Srringhill, vronounced angular unconformity 1s evident,

Salt Szwx‘ingl Aranl

8 a result of a complex structural develorment the Riversdale

grou- is ex-osed in several srmall disconnectsd 2rsas, none of which -rovide



- 70 -

a clear picture of the entire sroun (see Map 3)., The dominant features
ars the unconformable contacts at doth the base and the top of the grou:
and the increamsed thickness of the basal songlonerate phase (Claremont
formation),

The best section of the Riversdale grou-, in this aresa, is
exvosed on Black River downstream from the highway bridge, The exrosures
on Black River together with those on Jasp Brook provide a fair
re~resentation of the lower purt of the gzrourn, The surface ex;osures are
su~~lamanted by a borehole, located on the dank of Blask River at a roint
lying arvroximately 1,000 fest downstream from the highway bridge, The
hole was drilled in 18942, by the Hova Scotia Department of Mines, in sesrch
of salt, the presence of which was suggested by nearb: brine srrings, The
borehola was drilled to a derth of 501 feet through alternatin: beds of
gyrsum, anhydrite and red shale of Windsor age,

| “he Windsor rocks are overlain by a thiel: sequence of n»oorly
sorted, red, arkosic conglomerate and ganistone, The —ebbles of the
eonglomarate are angular to sub.angular and are made ur mainly of red
granite with subordinate quantities of green and red argillite, reddish
guartzite, chert, red sandstone and ghale, The gandstone snd shale
constituents are usually very roorly cemented and may conetitute a large
proyortion of the smaller sizes within the conglomerste which ia, iteself,
a weakly cemented, friable rock, It is difficult to estimate rreciszely
the thickness of the conglomerate dbut a rough ajproxination would -lace

it at adout 1,20" feet,
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Overlying the conglomerate ie a sequence of gre;, grasnish.grey
and red sandstons and shale with minor conglomerate, The pebbles in the
latter are more rounded than those in the underlyings conglomerate
sequonce dut the constituents are otherwise similsr, “he grey sandstone
beds are charactorized, in rlaces, by vatches of limy concretions that are
altogether similar to those found in the Boss Point formation of the
Joggine section,

Further downstream the latter sequence is overlain, with promounced
unconformity, by coarses .adimants.that mark the base of the Cumderland grouw
in this area, At the contact the Riversdale strata dip approximately
vartical, or are slightly overturned to the north, and the Cumberlund
strata dir gently at about 25 degraes northward, Thus an engular
dlgcordance of about 559 is indieated, About 1,400 feet of this finer-
grained zone are exvosed datween the unconformity and the ton of Riversdale
conzlomerate facies, The total thicknees may be far in excess of this
figure but the u-per nart lies hidden under the Cumberland straa and
therefore is not measurable,

In *he broken scuthern limh of the northwesterly trending
anticlinal structure that intersects the Claremont anticline on the
5 ringhill.Oxford highway, secattered exposures indicated a similar sequence
of strata, "he basal sediments of the Cumderland groun overlie the
Riversdale group with nronounced unconformity that 1s varticulerly evident
in a shar» truncation of the Riversdale structure a short distance west

of the graveyard that is situated on the south side of the hlghway,
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The nrea lying acroass the Canadian National Railway near 3lack
River station, that is indicatsd as deing underlain by Riversdale strata,
contains a few scattered outerovs of gray sandstone, mainly on Rutledge
Brook., Windeor rocks are ax osed north of this area as indicated by a
limestons outcoror, gyysum occurrences and a drine snring, HNo indlcation
of ths thick red congzlomerate of the Hlack River section was found and
it iz not certain whether the contact i{s an unconformable one or whethsr
a fault soparates the aress, It saeme —robadble that movement actually
toock ~lace end it is belisved that dianiric action in the soft Windsor
sequence may be partly resnonaible for the relastionship, Downetreanm on
Rutledge Brook at the contact between the Riversdale and Cumberland
grours, grey sandstones of the latter grou- overlie the Riversdale sirata
with an angular discordance, "he coarse basal sediments of the
Cumberland group noted in the Blaek River section are not present here,
It 1s bolieved that their absence {s due to & recurrent anticlinal
structure whoee southwesterly trending axis wsas located some distance
north of the locality, The Cumderland group apparently overlarped the
struocture after it had bBoen sufficiently ercded, The damrening of the
relief ng o result of oroelon is believed responsible for the finer
texture =zt the horiszon where the overlapr is exrosed in thle area, &
sinilar effect mny account for the absence of the Riversdale conglomerate
discussad 1f it may he magsumed that the folded structure were initiated
during or before Riversdale time, “he absence of a thick basal conglomerate
in the Riversdsle group on Little River together with the remarkeble overall

thinning noted there may indicate an extension of the recurrent fold
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asgumad to be vresent in the Szlt Svrings area, A line joining these
localities arvroxinately parallels the axis of the Claremont Anticline
which is considersd, on much stronger evidence, to have been initiated
in Canso or early Riversdale time and activated several times afterward,
Poorly eorted conglomerate beds dip steexly %o the south along
tha arest of Claremont hill, The thickness and content of the conglonmerate
sequence ars gimilar to that on Black River, ?ha‘aanglamarutn is overlsin
by a ssries of finer.grained rocks simil=r to those on Black River, at
leagt 3,300 of the latter sequence 1s indicated here, In the eastward
extension of this szroun, where it intersects the Pugwash River, Horman

(Gecloglosl Survey Mep 410A) has ecollectad flors (Hhittleseya desidersta

and Leurorteris schelani) indicsting Riversdale age, Fronounsed angulay

discordance with the overlying Cumbsrland group exiets near the highway
immediately south of the western end of Clarement hill, but farther
eastward the angular discordsance spperently decrenses,

In the deer depression lying “elow the steep morthsrn alope of
Cleremont hill greatly disturbed ¥indsor sediments ars exposed and the
Biversdsle etrata are vresumed %o be either in unsonformable or fault

contaat with the Windser group,

Northern Margin of the Cobequid Upland:

Hear Collingwood Corner, about 7 miles southeast of Syringhill,
Rivaersdale strata belong to the upper fine -hase acpear unconformably
beneath basal conglomerate of the Cumberland group and overler the pre.

Carboniferous rocks of the Cobequid Unland (sae Mar 2), Similar rocks



stratch in a narrow band across the margin of the upland easterly ns
far ns West New Amnan, The apparsnt thickness of the exnosed Riversdale
strats is about 3,400 feet, The aatual thickness of the group denends
on the configuration of the land surface upon which the sediments were
deposited and thersfore nrobably varies consideredly across the margin
of the upianﬁ ares,

A%t West Bransh River John 90" feet of the basal conglonerate
vhase ((4llsville formetion) of the Riversdale grour lie unconformably
on the River John grour of Horton age, The conglomerate is distingulshed
from the conglomerate of the River John grour by its content of igneous,
mednly granite, nebbles (Stewart, 1931), The conglomerate sequence prades
wward into a finor vhase made ur dominantly of grey and red sandstones
interbedded with brownish red shale and commonly marked by patches of
limy concretions similsr to those described in an earlier section, The
up-er fine thase of the Riveradale group is apwroximately 3,300 feet in
thickness (Bell, 1944},

On River Wallace the Riversdale grour is well ex-osed in the
southern 11imd of the Claremont rnticline, A coarse and fine vhase are
egaln recosnizable, The lower conglomerate ~hase {Claremont formation)
gucceeds the red eandstones and shales of the Middleborough formation
(v —er nart of which is considered to be Canso) with structural conformity,
The conglomerate yphase is much finer than st Wast Branch River John, “he
nebhles rarely exceed U inches in diameter and the thickness measures

only about 400 feet,
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The overlying, finer phase (Boss Point formation) is about
4,000 feet thick and is overlain with structural conformity by a rather
thin basal conglomerate of tha Cumderland group, The %total thickness
of the Riversdale group at River Wallace (4,400 feet) 1s comparsdle to

the total for the West Branch River John section (4,200 feet),

Southern Margin of the Caledonian Upland:

The long reefs of resistant graey sandstone that extend from
the shores of Boes Point and Maringouin Peninsule may bde observed to
coincide with similar reefs that extend from both sides of Grindstone
Island and from Mary'es Folnt on the FHew Brunswick mainland, The grey
sandstones curve smoothly through Mary's Point and trend southwestward,
paralleling the shore as far as Cape Inrage where they again diy into
the waters of Chignectc Bay in long narrow reefs, Aloang the shore the
sandstone members dip southeastward with inclinations ranging betveen
50° and 85°,

The sorrelation of the upper phase (Boss Point formation)

across Chismecto Bay is boletered by the conteined flora (Whittleseye

desiderata and Heuropteris schelani) of Hiversdale age, This latter

phase is underlain by a poorly exposed section of interbedded red
conglomerate, sandstons and shale that is simil~r to the coarse phase
(clarwnt formation) at the Jogzins section, It apcrears to be somewhat
thiocker, and is variously estimated hetween 500 and 80" feet,

Korthwest of the Cape Enrage locelity REiversdale strata overlar

the vre.Cardboniferous rocks of the Caladonisn Upland, Over long
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distances the uprer finer phase (Soss Foint formation) is seen to

rest directly on the pre.Carboniferous rocks while in nlaces
conglomerate vhase is seen to interven: and lie on the vre.Cardboniferous,
Here, the apparent thiokness of the basal conglomerate is very

small and 1t is considered to be the feather edge of an overlapming
coarse facies that grades upward and outward into a finer sandy

facties in response to the diminishing relief during dapotition.

Similar relations are observable farther northeastward,
neayr Albert Mines, although here the lowar coarse facies lles, in
places, unconformadly on truncated sdges of Mississipnian strata ‘
a8 well as on the pre.Carboniferous rocks,

A thick eonglomerste sequence (Hopewell groun) is exrosed
on Shenody Mountain and at Dorchestar Caps, On Dorchester Care,
which lies st the head of Shspody Bay, the conglomerate underlies
the uprer fine phase (Bosa Point formation) of the Riversdale group
but 4its bass is hidden by strata of Plctou age whioch lle on it
unconformably, The Shepody Mountaln area has already been descrided
in refarence to the Windeor group, It was noted that the dase of
the conglomerate contained interbeds of impure limestone of Windsor
ape and 1t was imrlied that an uplift was effected at this time
along the ®*Caledonian positive axis®, If we are scorrsct in the

presurrtion that this Windsor conglomerate is part of the same
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conglomerate facies that constitutes the basal Aiversdale group, then
it must be inferrsed that coarse continental ssdimentziion procesded
along the margin of the "Celedonian nositive axis” from Windsor

time through to early Riversdsle tims, Fresumably the strean.bofne
cebris was deposited in comlescing alluvial fans and considerable
variation is to be expvected across the unlsnd front, The decrease

in the thickness of the coarse facies from something in excess of
1,500 feat at Shepody “ountain to about 500 fest at the head of

the Hzringouin Peninsula, & distance of six milss, is not considered

excessive in view of the mode of derosition,

Summary and Significance:

It was noted that the Riversdale grou- is sonstituted of
two facies, a lower coarss facles and an urrer, finer facles, designated
the Clarenmont formation and Boss Point formation resrectively,

The coarse facies, included in the Riversdale grour,
aprarently belongs to a much larger unit of coarse sodiments which
were eroded from the bordering “positive axes" during an unlift which
was initisted in late Windsor time and reached a peak during enrly
Riversdele time, This inference is based on the strata exr-osed in
the axlal region of the basi# where the morine Windsor strats grades

upward into continental sediments that bacome rrogressively coarser



and reach their greatast coarseness in early Riversdale time, The
finer facies that constitutes the upper part of the Riveresdale group
séeningly indlcate decreasing vigor in the positive movement of the
bordering uplands as it eventually overlaprped the coarse facies in
many places along the basin margins and transgressed well up onto
the crests of the uplands,

While sedimentation continued in the axisl region without
serious interruption, the same is not true for the areas adjacent to
the bordering uplands, The Maringouin and Shepody formations are
nmissing between the marine Windsor strata and the Riversdale group
at Salt Springs and along the vestern part of the Claremont anticline.
Several lines of evidence voint to folding movements in this area
in Canso or early Riversdsle time,

In the Hillsborough and Albert Mines areas of New Brunswick
the basal Riversdale strata lies unconformadly on all rre-Riversdale
strata that has been recogniged, The Maringouin and Shepody
equivalents are nowhere in evidence in these areas but farther south,
in the Shepody Mountain arem, they apparently are renresented
within the thick conglomerate faclies (Hopewell group) exnosed

there,
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Cumberland Group:

General Statement:

The Cumberland group is by far the best developed unit of
sedimentary rocks that is exposed in the Cumberland Basin. The
group includes the coal-bearing strata of the Springhill and Joggins
coalfields and therefore it is a unit of great economic importance.

Bell has introduced the group to include strata that lie
disconformably above the Riversdale group and unconformably below the
Pictou group (Bell, 1944 p.19). The type section lies along the
shore of Chignecto Bay, extending for thirty miles from Lower Cove on
the northeast to Squally Point on the southwest. The flora has been
studied in detail by Bell and he has presented the fossil lists and
the correlation with European and American chronology (Bell, 194k
pp. 26-29). Strata definitely correlated with the Cumberland group
has been recognized only in the Cumberland Basin and in the
Stellarton structural gap (Bell 1940, p.16).

The lithology of the type section has been measured and
described in minute detail by Logan and Fletcher (1908 pp. 417-550)
and later summarized by Bell (1941 pp. 36k, 368, 369). The lithology
of the group, as it is exposed in the shore section, is considered
to illustrate the sedimentation in the "axial region" of the Cumberland
subsiding basin of deposition in an excellent manner. Rapid lateral
variations toward the margins of the bazin have proved to be mappable
in broad lithologic divisions which provide a rather illuminating

picture of the development of the basin during Cumberland time.
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The position of the coal bearing strata within the group is of great
significance since its probable areal distribution in the subsurface
may be deduced with considerable confidence, and thereby serves as a
basis for exploration in search of further reserves.

Within the map-area (Map 2 ) the Cumberland group constitutes
a vast wedge of non-marine sediments that, in the Joggins area, must
have reached an original thickness in excess of 12,000 feet. OStrata
that belong to the uppermost part of the group overlap, as a thin vencer,
a large section of the Cobequid Upland. In several places, notably
toward the western extremity of the upland, small areas of pre-Carbon-
iferous rocks protude through the veneer. In a northwesterly direction
Cumberland strata outcrop in the bottom of Chignecto Bay and do not
appear in New Brunswick on the strip of lowland that lies along the
Caledonian Upland. The latter circumstance is unfortunate in that it
leaves the northwestern border of the basin incomplete, and the
sedimentation there must be interpreted from broader relationships.

The great wedge of sediments that constitutes the Cumberland
group may be broken down, on a lithological basis, into five distinctive
parts or facies, none of which are considered to be bounded by "time
planes" but rather constitute a series of interfingering facies. They
have been mapped and illustrated as such for two principal reasons:

(1) they indicate most clearly the tectonic control that governed the
development of the basin in Cumberland time, and (2) they show the
distribution of the particular facies which may include coal seams of

workable quality.
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The two most significant facies from a tectonic view point
are (1) a lower coarse conglomerate facies which marks the base of
the Cumberland group over most of the area, and (2) an upper coarse,
mixed conglomerate and sandstone facies which lies near the top of
the group. Both coarse facies reach great thickness near the margins
of the basin and decrease in thickness to zero in the axial region.
Where the coarse facies overlapped onto the bordering uplands in
Cumberland time they are seen to thin markedly and feather out.

In the area of low dips, at Newville Lake and westward
along the margin of the Cobequid Upland, the two coarse facies merge
and are largely indistinguishable from each other. uastwardiy from
Newville Lake where the strata has been tilted to a steeper position
and, in the Springhill area where the strata has been folded in the
westerly pitching nose of the Claremont Anticline, a finer grained
facies appears between the two coarse facies. The latter fine
facies is exposed northward from Springhill and, at Little Forks
River, it sweeps around a broad southwesterly pitching syncline and
thence stretches westerly, in a band of ever-increasing wid'h, to
the shore of Chignecto Bay. These three facies may be visualized,

' in a very broad sense as three interlocking wedges with the butt
end of the middle fine facies lying in the "axial region" of the
basin.

This middle fine facies had been further divided into two
facies on the basis of the presence or lack of coal seams. In the
Springhill area it was found that, if the horizon marking the top
of the highest coal seam were traced southwestward, it coincided as
closely as could be determined, with the junction of the two coarse

facies where they begin to merge at a point located about five miles



southwest of Mapleton., In the Joggins area the horizon marking the

* top of the highest coal seam was carried eastward, largely on

structural lines defined in air photographs, and was found to co-

incide within reasonable limits of precision with the northward
projection of the highest coal horizon defined in the Springhill
area. In both areas a notable lithologic change at this horizon

was noted in an increasingly higher proportion of thick, dominantly

grey, sandstones. This last plane of division probably appreaches

a "time plane' more closely than any cother.

The fifth facies to be distinguished is a dominantly red
shale anc sandstone group thal lies along the axis of the broad
syncline that trends sovthweeterly through the central region of the
map-area, ilather ill-defined structural conditions seem to indicate
that it is considerably thicier in the northern limb than it is in
the southern limb of the syncline.

Briefly the five principal facies may be cutlined as follows:
(1) a lower, coarse, dominantly conglomerate facies that marks the

base of the Jumberland group over a large area.

(2) a fine facies, dominantly sandstone and shale, enclosing a zone
of coal seams of workable thickness and quality. This zone is
contemporanaous with the upper part of (1).

(3) a fine non-coal-bearing facies, dominantly sandstone with minor
conglomerate, that is contemporaneous with the lower part of (4).

(4) an upper, coarse, dominantly conglomerate and sandstone facies.

(5) a fine facies, dominantly red sandstone and shale that is, in

part, contemporaneous with the upper part of 4).
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These lithologic units are graphically illustrated in the
generalized stratigraphic column (Fig. 1 ). The reader is referred
also to Map No.2 (2 mi. = 1 in.) for the distribution of the facies
over the basin and to Map No.3 (1/40,000) for greater detail in the
Joggins - Springhill areas. The lithology and other points of
interest will be described in the same order as they are given above,

which is, broadly, in order of decreasing age.

(1) lower Coarse Facies:

In the southwestern portion of the map-arsa, the lower coarse
facies is well exposed in the banks of the streams that drain the
northern margin of the Cobequid Upland and in the north it is seen in
the beds of streams that drain the ridge of the northern margin of the
map-area. In the Salt Springs arca it is seen principally in the
section along Black River.

Along the margin of the Cobequid Upland this faclies lies
directly on the pre-Carboniterous rocks from a point near Newville
Lake eastward to Collingwood where Boss Point strata of the Hiversdale
group intervene, A small part of the lower coarse facies also lies on
the pre-Carboniferous rock at the western extremity of the Cobequid
Upland and is exposed on the shore of Spicer Cove, Here and at one
point on the -atonville - New Yarmouth road, within the same area of
exposure, 1ere the only localities where the pre-Carboniferous contact
was observed directly. In most cases, however, the contact could be
bracketed, by outcrops and by large angular blocks in the drift, within

several hundred feet.
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The most characteristic feature in the area of exposure
bordering the upl;nd is the progressive increase in grain size and
angularity together with an increasingly poorer sorting toward the
pre-Carboniferous contact. Near the contact the conglomerate in -
many places, notably in the head-waters of Halliday Brook, is a
typical basal sharpstone conglomerate. Sharp angular blocks range
up to six feet in longest dimension, with great quantities of such
blocks measuring in the neighborhood of one, two and three feet in
longest dimension. Northward from the contact the conglomerate
becomes finer, more rounded and there is a larger proportion of
sandstone, usually in the form of lenses interbedded with the
conglomerate.

That the conglomerate at the contact is not always
extremely coarse is demonstrated at Spicer Cove where interbedded
sandstone and pebble conglomerate lie on the pre-Carboniferous
rocks with only a small thickness of residual basal sharpstone
intervening (Plate 2). A similar relationship was noted where the

Plate 2 Contact at Spicer Cove

contact is exposed on Eatonville Brook at a point approximately
2 miles inland from Spicer Cove. It is believed however that
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the horizons of these particular contacts are near the top of the Lower
coarse facies and represent overlap on the upland where it had been
eroded down close to its lowest level shortly before the renewal of up-
1ift which initiated the upper coarse facies.

The constituents are mainly red granite, green and grey
diorite, red and green chert, grey and reddish quartzite, and green,
grey and pink mica schist. The red granite pebbles seem to dominate in
relative abundance while the other constituents are present in highly
variable proportions. The matrix is composed of coarse angular grains
of the same material but there is a considerable abundance of mono-
mineralic grains, particularly quartz and feldspar which have been
sebarated from the larger granite pebbles as a result of the breaking
action imposed during transport.

’ A. A, Brown made a representative collection ol specimens
from the area lying between Polly Brook and Lawrence Brook while working
as chief assistant to the author during the field season of 1949. During
the following academic year he carried out a microscopic study of the
specimens as part of a thesis he submitted for the M.Sc. degree at the
University of New Brunswick. (Brown, 1950). The specimens were taken
from the finer grained matrix of the conglomerate and from the sandstone
lenses, Several photomicrographs, taken by Brown, have been included in
this report as illustrative of the mineral content and textural
characteristics of these rocks. (Plates 6 -1k).

The colours of the conglomerate are dominantly grey, green,
and red in that order of prevalence. The grey and green colours are
directly related to the colour of the constituent rocks. The red colour
in the coarse conglomerate is generally due to red feldspar, while in
the finer grained material it is usually & result of heavy hematite

staining.
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The maximum thickness of the conglomerate along the upland
margin is estimated at about 4,500 feet. This figure is probably
close to the actual thickness in the area immediately south of Springhill,
but it is believed that it thins considerably in a westerly direction as
it approaches Chignecto Bay and the intersection of the original Carbon-
iferous uplands. Here the gradient from the upland to the basin area
was probably somewhat smaller since it lies in the apical part of the
basin. Direct evidence bearing on this point is furnished by a borehole,
bored near Spicer Cove about fifty years ago and recorded by Fletcher
(Logan and Flstcher, 1908). The borehole is located approximately 6,000
feet north of the contact with the pre-Carboniferous rocks. It penetrated
the pre-Carboniferous basement rock at 893 feet 6 inches., The average
dip in the area is about 54 degrees northeast. Assuming that no fault of
great displacement intervenes, an original slope of 4 degrees is
indicated. If the dip of the strata is partially original, the original
slope may have been slightly steeper. The thickness of strata missing
at the contact because of overlap from the borehole locality, is
approximately 4LOO feet,

The apparent decrease in thickness noted at South Brook and west-
ward is considered to be due entirely to the fact that that area has not
been tilted up as far as the area immediately south of Springhill and
therefore the maximum thickness is not truncated there. As indicated
earlier, this lower coarse facies overlapped the upland border and
eventually feathered out over the crest of the upland. With decreasing
dip from South Brook westward the age of the contact horizon is
progressively younger, and the narrowing band at the surface merely

indicates burial of the older conglomerate horigzons by overlap.
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The lower coarse facies is exposed around the southwesterly
pitching nose of the Claremont Anticline. OUn its southern limb not
more than 2,000 feet are exposed and it apparently continues to thin
around the fold and finally feathers out entirely at a peint
immediately north of Springhill. The conglomeratie is very similar
to thau along the margin of the Cobequid Upland excepting that the
pebbles are smaller and somewhat rounded.

A small area of exposure extends across Black River near
the mouth of Deep Brook. On Black River about 275 feet of interbedded
conglomérate and sandstone underlie the coal bearing facius, and rest
with pronounced angular uniformity on Boss Point strata of the Rivers-
dale group. Here the lower coarse facies is much finer and better
rounded than elsswhere in the map-area but the constituents remain the
same and indicate a common source.

A large area of exposure lies along the northern margin of
the map-area. Here the lower coarse facies lies, with apparent
structural conformity, on Boss Point strata of the Riversdale Group,
ihough the abrupt transition may indicate a disconformity. However,
the sudden lithologic change does not necegsarily indicate an hiatus
but possibly reflects a relatively rapid uplift in the bordering
uplands.

On Little Forks River a rather restricted area of exposure
indicates a sequence of coarse sandstone and conglomerate. The rock
content of the conglomerate is largely similar to that in the
conglomerate flanking the Cobequid Upland. A smail percentage of

red cross-bedded sandstone pebbles was noted which could have been
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derived from any of the underlying Carboniferous formations. The
constituent pebbles range up to three inches in longest diameter
and are almost all well rounded.

Considerable difficulty has arisen concerning the strati-
graphic position of these latter conglomerate beds on Little Forks
River, resulting from the fact that they lie along the eastward
projection of the strike of finer grained strata that lie above
the Chignecto coal seams. Previous workers have indicated that a
north-south trending fault has displaced the lower coarse facies on
Iittle Forks River. Lack of outcrop make a certain decision im-
possible in this area, particularly since, in the area lying
directly on the eastward projection of the strike of the coarse
facies that underlies the Chignecto seams, there are no exposures
whatever, It will be noted that the author has interpreted the
succession without a fault and considers the coarse facies exposed
on Little Forks River as a tongue of coarse grained material that
projects from the main unit of the lower coarse facies. Several
facts support this interpretation: (1) there is no apparent break
in the long narrow ridge that is underlain by Boss Point strata
and lies immediately north of the map-area. A displacement of the
magnitude required for a fault interpretation would seemingly
require a displacement of the ridge. (2) Boss Point strata exposed
in the ridge, near the assumed fault, strike across without apparent
deflection. (3) A conglomeratic facies is exposed on Styles Brook
in an interval that lies approximately on the westward projection
of the strike of this "tongue" of coarse facies exposed on Little

Forks River. (4) Eastward from Little Forks River and beyond the
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map-area a much thicker section of coarse facies (G,5.C, Map 842A)
seems sufficient to account for the necessary increase in thickness
in that direction. (5) The Chignecto group of coal seams
deteriorate rapidly eastward from Styles Brook and disappear in
coarse sediments.

On Styles Brook a more complete section is exposed and the
lower coarse facies here consists of coarse sandstone and conglo-
ﬁarato with constituents similar to that on ILittle Forks River. The
thickness in the Styles Brook section is apout 1,850 fest. The lower
coarse facies extends westward from Styles Brook with a fairly uniform
thickness for a considerable distance. At At. Georges Brook the
thickness appears to have increased to about 2,400 feet. At Baird
Brook the thickness is maintained at about 2,400 feet but a much larger
proportion of sandstone was observed. Westward from Baird Brook the
lower coarse facies decreases in thickness and in coarseness and
disappears before reaching Lower Cove on the shore of Chignecto Bay.
At the shore a thick series (2,100 feet) of red sandstone and shale
overlie the Boss Point strata with structural conformity. These red
strata are considered to be equivalent in age to the lower part of
the lower coarse facies.

East of the map-area the lower coarse facies is exposed
along the northern margin of the Cobequid Upland where it lies
unconformably on Boss Point strata of Riversdale age, and grades
upward and outward into a finer sandstone and shale facies bearing
one or two thin coal seams, This latter fine facies is separated from

similar strata in the Springhill area by a wide area of exposure of
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the lower coarse facies which has been brought to the surface on
the crest of a broad aréh in the area of Polly Brook. The lower
coarse facies is also exposed in the south flank of the Claremont
Anticline, where it is considerably thinner, in conformity with
the general northward thinning away from the Cobequid Upland that
was noted within the author's map area.

Farther westward the finer facies that overlies the
lower coarse facies disappears and the lower coarse facies is
overlain, probably disconformably but without angular discordance,
by strata of the Pictou group. At Wallace River the lower coarse
facies is considerably thinner and eastward it presumably feathers
out under the cover of Pictou sediments (G.S.C. Maps 410A, 4LO9A).
On the West branch River John the Cumberland group is entirely
absent between the Boss Point strata of the Riversdale group and
the unconformably overlying Pictou group (Bell, 1944, p.21).

In the area of the Pictou Harbour syncline Cumberland
strata (New Glasgow conglomerate) again appear disconformably
beneath the Pictou group (Bell 1944, p.21). It seems probable
that the broad arch postulated as existing in the River John area
during Windsor and Canso time was re-activated during Cumberland
time and formed a low upland barrier between the Pictou coalfield

and the main portion of the Cumberland Basin,

(2) Coal-bearing facies:

The upper boundary of the coal bearing facies was fixed,
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as noted earlier, by the uppermost horizons of coal in the Joggins
and Springhill areas. The near coincidence of these horigons when
projected, on structural trends, around the intervening syncline
suggests a correlation in time. The southwestward projection of the
uppermost coal horizon in the Springhill area coincided with the
point at which the two coarse facies merged along the Cobequid
Upland and thereby lends support to the hypothesis -that the
initiation of the upper coarse facies marked the disruption of the
drainage characteristics of the basin and ended the period during
which widespread peat bogs could take root over the surface of the
subsiding basin.,

The base of the coal-bearing facies has been arbitrarily
placed at the top of the lower ccarse facies and except where inter-
fingering occurs parallel to the strike of the strata, as at Little
Forks River, this boundary is readily mapped. A great quantity of
information on this coal-bearing facies and its included cocal seams
is available from mine workings, borehole records and outcrops.

Possibly the best representation of the gross character
of the facies is to be had in the Joggins shore section. Here the
base of the coal bearing facies is marked by some 2,100 feet of red
shales and sandstones (Logan's Division 5). It was noted earlier
that this strata is considered to be equivalent in age to the lower
part of the lower coarse facies. The Joggins area occupies a
position in the axial region of the basin and these red sediments
owe their relatively fine texture to their distance from the source

areas, During a period of uplift in early Cumberland time the
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drainage system was sufficiently active to inhibit the establishment
of peat bogs. Later, as the vigour of the uplift decreased and as
the basin area was levelled off by the great volume of sediment that
was washed into it, the peat bogs gradually took root and were later
widespread at the peak of peat deposition.

The red sediments are succeeded by almost 5,000 feet (logan's
Division 3 and L) of alternating grey and chocolate thinly bedded
shales and arenaceous shales; grey and greenish grey thickly bedded
soft shales; grey and chocolate shales with ironstone concretions;
carbonaceocus shales; grey, greenish-grey and red sandstones as thin
beds and thick massive lenses; beds of bituminous shale carrying
great quantities of shells and fish remains; underclays penetrated by
rootlets; and coal in seams ranging from a few inches to several feet

in thickness (See Plate 3).

The entire section was measured in detail by Logan (1843)
and his data has been incorporated, by the author, into a graphical
illustration of the gross relationships between coal and the clastic
sediments (Fig. 2 ). The diagram will serve to demonsirate the
relative abundance of each type of clastic sediment with respect to
the occurrence of coal., The section from O to 6,675 feet corresponds
to the "coal-bearing facies" as defined in this report. Several
points are illustrated by the diagram; (1) the inverse ratio of coal
to red sediments and its direct relationship to the grey and greenish
sediments. This is entirely expeétable since the colour of the finer
sediments here depend almost exclusively on the oxidation state of
the iron. (2) The peak coal content does not coincide exactly with

the peak in fine-grained sediments, which lags somewhat. (3) The
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A, Massive sandstone lens splitting B, Cleseup st one end
into several thin sandstone of the sandstone
beds; in the Jogeins seetion, lens in A,

shout 1,000 feet south of
MeCarrens River bridge.

LnA

C, Outerop of resistant, bituminous
shale bearing shell and fish
remains; in the Jogeins section
et Coal Mine Foint,

D. Thin coal seams in a
typleal sequence of
grey shales, under clays,
sandstones ete,, at Coal
Fine Peint,

Plate 3
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introduction of conglomerate coincides fairly to the termination of
coal deposition. (4) The peak in coal content coincides exactly
with the zone of workable coals. |

The characteristics of the coal-bearing facies in the Joggins
section are largely representative of the Springhill and Salt Springs
area, The only missing type of sediment in the Springhill area is the
bituminous shell-bearing shale noted in the Joggins section. OCne bed
of similar strata is exposed on Black River in the Salt Springs area
where it underlies the Sandrun Seam at a short distance. Almost in-
variably, the coal seams are irmediately underlain by underclays thatl
are penetrated by rootlets which testify to the "in situ" origin of
the coal deposits. At Springhill these underclays are best observed
in the mine dumps where the "pavement brushings" have been discarded.

The coal-bearing facies, because of the excellent structural
information available from the boreholes, the mine workings and coal
seam outcrops, provide more detail on the structural evolution and
configuration of the basin floor than any other part of the Cumterland
group, Evidence of thinning over relatively "positive" areas is
abundant and the very definite control exerted on the distribution
of the coal deposits is much in evidence.

The Joggins group of coal seams have been correlated from
the Joggins shore to Maccan and the seam correlation chart (Fig.6) is

kighly significant in placing the axis of the subsiding basin in Cumberland time.
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From & perusal of this correlation chart it is apparent that in the shore
seotion the thickness of sediments between the Joggins and Forty Brine
seams is approximately 300 per cent greater than the thickness of the
game stratigraphic interval in the Maccan area. The thickening is
progressive in a westward direction end it is conocluded therefore that
the major exis of subsidence must lie west of the shore at Joggins.

The average orientation of the massive sandstone lenses exposed in the
cliffs and the evidence supplied by ourrent-bedding support this
conoclusion, The large number of determinations of ourrent directions
that were made along the shore section from Joggins to Spicer Cover
indicates that present position of the major subsiding exis in Cumberleand
time extends from a point near the mouth of Apple River approximately

N 48 degrees E (See Fig. 3). V

The bordering positive axes, represented in part by the Cobequid
Upland on the south and the Caledonien Upland on the north, clearly
represent the margins of the subsiding basin. The repid lateral variation
in a direction perpendioular to the Cobequid axis is vividly demonstrated
in the area south of Springhill (See Map 4 and aeccompanying battery of
sections).

Several lines of evidence point to teotonlo control of deposition
on & smaller soale also. It may be observed on Map No. 3 that the ocoal
bearing facies thins considerably aoross the region immediately west of
Blaok River Station, which lies about three miles north of Springhill.

It may be noted also that here the coal~bearing facies overlies the Windsor

and Riversdale strata unconformably. A few miles farther north, in the
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region between Styles Brook and Little Forks River, the Chigneeto group

of coal seams deteriorate and disappear in barren coarse sediments., Within
the Springhill aresa, noteble thinning ocours in the stratigraphic intervals
between prominent coal seams in both & northerly and southerly direction.
An axis of greater subsidence which trends roughly south 65 degrees west
through & point near the Springhill rallway station is indicated and the
belt of best quality coal coincides with this trend. In eddition, the
thickest coal along the crop of the Sandrun seam, in the Salt Springs

area, lies on the projection of this axis. The unconformeble conteot
between the Cumberland group and older strata in both limbs of the
Claremont antioline has already been desoribed.

The author's interpretation of these observations is that the
thiockness and distribution of the coal-bearing facies was controlled by
folded struoctures which were active during deposition. The present
Claremont anticlinal exis was the site of a "positive axis" and was
succeeded on the north by & "negative axis" which was succeeded in turn
by a second "positive axis™, The three teoctonic elements have been named
the "Claremont positive exias", the “Springhili negative axis" and the
"Black River positive axis" respeotively.

The Springhill negative axis coincides with the belt of best
quelity coal and within the present mine workings the limites of workable
coal are determined by the teotonic elements outlined above, but as the
workings are oarried southwestward beyond the influence of the Black River

positive axis 1t is expeoted that the area of coal deposition will widen



in a northerly direction. Beyond the influence of the Claremont positive
axis the southern limit will be controlled by the northern margin of the

ma jor Cobequid positive axis. These features are illustrated in Fig. 3,
which elso indicates the probable original distribution of the coal~bearing
facies throughout the basin area. The area that lies within the limits
indicated and which has not been subjected to deep erosion hold s the best
prospects for future coal reserves. The limit in depth imposed by mining
methods will, of oourﬁo, eliminate & large part of otherwise potential

coal reserves.

(3) Fine non=-ooal-bearing facies:

This fecies is distinguished from the underlying facies principally
by its lack of cosl sesms end a generally coarser texture. Massive grey
sendstones are common end in places there are conglomerate beds, generally
in the form of lenses. The pebbles in these oonglomerates rarely exceed
two inches in longest diameter and are usually well-rounded. Near the base
of this facies the finer textured shales and areneceous shales are dominantly
grey and g?eonish-gxey in colour but toward the top & marked transition
toward red colours may be observed though the total content of shale and
arenaceous shale deoreases considerably in that direction. The general
characteristiocs of the entire feoies are illustrated in the Joggins shore
section from Regged Reef Point (Peter's Point) to the mouth of Sand River,

A graphical analysis of a part of the facles is given in Fig. 2.



- 98 -

In the exposed sections and partioularly on the shore a wide
variety of sediﬁentary features include scour-and-fill strustures on both
large and small scale, current bedding, ripple mark, reindrop impressions
and drift plant material, all in great profusion.

A series of boreholes were drilled along the Athol-Maccan road
in 1893 under the direction of Hugh Fletcher (Rerr, 1924). Several of
these holes cut this facles and provide an excellent representation of the
facies in this regiom. Thin end thiokly bedded, fine and coarse grey
sandstones interbedded with red shales with minor conglomerate members
indicate a section generally similar to that exposed in the shore section.

The thickness of the faoies varies from about 4,000 feet in the
axial region of the basin to zero along the margin of Cobequid Upland
where it grades laterally into the coarser sediments assigned to the

lower part of the upper coarse faclies.

(4) Upper Coarse Pacies:

' Phis facies is a well defined unit of mixed conglomerate and
sandstone that is distinguished from the lower coarse facies ohiefly in
its greater content of sandstone. It is exposed along the northern margin
of the Cobequid Upland where it lies in the gently dipping southern limb
of the brosd syncline that dominates the map-sreaj it extends eround each
end of the syncline to points lying spproximately on the synclinal exis,
where it feathers out into finer sediments that have been mapped as separate

facies.
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From Newville lake westward to New Yarmouth it lies direectly on
the pre-Carboniferous rocks of the Cobequid Uplends. At no point was the
contact observed direotly, but at most places it could be bracketed with
fair precision. Near the contact the upper coprse facies exhibited the
same angular, poorly sorted characteristiocs of the lower coarse facies
and differ only in the relative sise of the constituents which in the
upper coarse facles seldom exceeded 12 inohes in longest diameter, compared
with the much larger blocks, ungi.ng up to six feet moross, that were noted
in the lower coarse facies. Northward from the contast the pebbles become
much smaller end better rounded and in most outorops the conglomerate is

intimetely associated with irreguler lenses of sandstone such as is
illustrated in Plate 4.

A. Upper coarse facies B. Upper coarse facies
Location: New Salem locations South Branch Apple River

Plate 4
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The upper coarse facies was cut in the two boreholes near
Newville Leke and the position of the latter facies in these borings is
illustrated in the cross~seotion which has been drawn through that ares
(See Map 3 and cross-section).

The thickness of the upper coarse faclies is highly variesble. A
maximum thiokness of 2,000 feet is estimated in the area adjoining the
Cobequid Upland and it thins northward to gero as it grades into finer
facies in a distance of about 10 miles from the present contact of the

Cumberland group with the pre~Carboniferous rocks of the Cobequid Upland,

(5) FPine, dominantly red, facies:

This facies is exposed only along the axiel region of the major
synoclinal strusture noted earlier. In the eastern half of the synolinal
trough the rocks included in this unit are almost entirely red sandstones,
arensceous shales and shales, but in the western half some grey sendstones
enter the sequenoce.

A representative section of this facies is to be had in the
record of a borshole, 1217 feet in depth, that was drilled on Whetstone
Brook which empties into the lincoan River about 1 mile north of Southempton
(NeS. Depte of Mines, 1910, p. 173). Two beds of conglomerate, each about
3 feet thiock, were cut near the bottom of the hole, (verlying these beds
ere red shales interbedded with lesser asmounts of red and grey sandstones,
It is probable that the bottom of the hole cut the transitional zone between
this facies and the upper ocoarse facies. A second borehole, drilled on
Reid Brook (Bennets Brook) neer the crossing of the old Athol-Springhill

road (N.S. Dept. of Mines Rept., 1928) to a depth of 287 feet in horigontal
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strata, ocut a sequence of almost entirely red shale and sandstone with
narrow bands of grey sandstone near the top of the hole.

A maximm thickness of 1500 feet is estimated for this facies,
The maximum is represented in the north limb of the major syncline., In
a southerly direction, toward the Cobequid Upland it grades laterally

into the coarse sediments of the upper part of the upper ocoerse facies.

Summsry and Significance:

The Cumberlend group is & vast wedgs of non-marine sediments
that were deposited in & subsiding trough that lay between the bordering
Caledonian and Cobequid positive axes. It is dominated by two units of
coarse facies whioch reflect two periods of accelerated uplift, the first
of which was the more pronounoced.

A large number of features point ummistakably to the Cobequid
positive axis as & source of sediment. The Caledonian positive axis
oannét be so definitely fixed as a source area from direct evidence in
Cumberland strata but several facts point toward a strong probability
that it was: (1) Cumberland strata has not been recognized along the
southern margin of the Caledonian Upland. (2) Pebbles within the conglomerate
lenses, contained in the finer, non-coal-bearing facies in the shore seotion
near Ragged Point end Two Rivers, are made up largely of vari-coloured
veiP quartz, for which no correlatives have been recogniszed in the
Coﬁpquid Upland. (3) At the southwestern extremity of the Caledonisn
Upland, at & point about 20 miles east of St. John (G.S.C. Map 477A)

conglomerate of the Lanoaster formation, which is correleted with the
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Cumburl;nd group (Bell, 1944, Fig. 11), lies unconformebly on the pre-
Carboniferous rooks of the upland eand has apparently overlapped earlier
Carboniferous formations which are exposed farther west. (4) The
Caledonian positive axis was an area undergoing erosion in late Riversdale
time, as attested by overlap of late Riversdale sediments onto the pre-
Carboniferous rooks along the southern mergin of the Caledonian Upland.
(5) Non~marine strata, mapped as the Peticodiac group in New Brunswiok,
include in places, rocks belonging to the Cumberland group though no
definite division has been made. In many places north of the Caledonian
_ Upland the Peticodias group lies unconformably on strata correlated with
the Hopewell group and also, with a similar wnconformable relationship,
on roocks of Mississippian age and older,

The most important fecies from an economio standpoint is the
coal=bearing facles which was deposited during the deceleration of
uplift that resulted in the recession of the lower coarse faocies from the
basin area, During this period sedimentation was able to keep pace with
subgidence and the basin floor was maintained close to level, a condition
that promoted sluggish drainage and widespreed peat bogs. The major controls
on the areas of peat deposition were the bordering positive axes but there
is also evidence that considerable local control was exerted by folded
structures within the basin area, notably in the erea of Springhill and
northwards Thimning end thickening over the crests end troughs. of these
folds are noted and in general the best quelity of coal lies in the

troughs.
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It cannot be known for certain whether or not sedimentation was
continuous across the apical zone of the Cumberlend basin at any point
during Cumberlend time and it cannot be said at this point whether or
not there was a basin of thick sedimentation during Cartoniferous time
in the area occuplied et present by the Bay of Fundy. However, in view
of the struotural makeup of the region it is entirely probable that the
KEinas basin ofvdeposition extended through the Bay of Fundy area. In
middle and late Cumberland time, during the periods in which the uplands
were most subdued, it seems highly probable that the upland was breached
end for short periods sedimentation was continuous across their lower
parts which in the Cobequid Upland would appeer to have been near its

western extremity.

Pictou Group:

General Statement:

Strate belonging to the Pictou group have not been recognized
anywhere within the author's erea of field study but lie close by on both
the weét and north. The Pictou strata is, however, highly significent
in so far as they indicate the final fate of the Cumberland basin as a
site of deposition.

What is known of the Pictou group has elready been effectively
summarized by Bell (1944 pp. 21-23, 29,30), However, to make this report
more or less complete, a general survey will be made to indicate its

plece in relation to the Cumberland besin of deposition.
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The type section, as designated by Bell (1926, p. 1716),
is exposed on the West Branch River Joln downstream from a point
near Mine Brook., Here the Pictou group lies in the southern limb
of the Tatamagouche syncline where it includes about 7,400 feet of
non-marine sediments. As described by Bell, the sediments include
"brownish-red to brick red, soft, micaceous, impure quartz sand-
stone and arkosic grits, thinly bedded or shaly to massive,
alternating with zones of red shales or mudstones, and with minor
amounts of red and grey mottled sandstones, grey sandstone, grey
arkosic grits, and red or grey intraformational limestone-
conglomerate. (Bell 1944 p. 21). A basal conglomerate, 5 feet
thick, lies with marked angular unconformity, on Boss Point strata
of Riversdale age. OSimilar strata extends eastward across the
northern margin of the Pictou Coalfield and thence iLo Northumberland
Strait. Westward, strata of the Pictou group occupy the Tatamagouche
syncline as far as Thomson, which lies approximately 14 miles sast
of Springhill. In the southern limb of the syncline, near Central
New Annam, the Pictou strata overlap the metamorphic rocks at the
Cobequid Upland. Farther west strata of the Riversdale group
appear unconformably beneath the Pictou groﬁp and, near Wallace
River, strata of the Cumberland group appear beneath the Pictou
unconformity. (Bell 1944, p. 15). In the northern limb of ’c.he;
Tatamagouche syncline (southern limb of the Claremont anticline) Pictou
strata lie disconformably on the Boss Point strata from Malagash to a
point near Wallace River where Cumberland strata (G.8.C. Map 409A)

appears beneath the disconformity.
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A small syncline lies near Oxford and extends westward
almost to Salt Springs at the eastern border of author's map-area.
On Black River, strata similar to the Pictoun group lie on
Cumberland strata with marked angular unconformity. 4 basal conglo-
merate is exposed at the contact, Lastward from this locality the
Pictou strata lie unconformably, or with fault contact, on strata
belonging to the Windsor group.

North of the Claremont and Minudie anticlines Pictou strata
are known to occur extensively from Wallace Harbor on the east
across the Isthmus of Crignecto and into New Brunswick where it forms
a thin, generally flat-lying blanket of sediments that extends
northwestward to overlap older rocks along the margin of the Central
Highlands of New Brunswick. From Bathurst, southward for a distance
of 72 miles, it lies directly on the pre-Carboniferous rock of the
Central Highlands. Northward across Northumberland Strait, Pictou
strata underlie the entire expanse of Prince Edward Island.

Immediately north of the eastern extremity of the Minudie
anticline a thickness in excess of 7,000 feet is indicated for the
Pictou group. (G.S.C. Map 842A), In Hillsborough Bay, near the mouth
of Charlottetown Harbor, the borehole referred to earlier penetrated
about 12,300 feet of almost flat-lying non-marine sediments before
reaching beds of anhydrite, gypsum and limestone. Lack of fossil
evidence together with the absence of significant lithologic contrasts,
has inhibited division of the non-marine section in terms used on the

mainland. It is generally assumed that the marine beds are Windsor
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in age, but only upon extended extrapolation, and the overlying non-
marine section is usually apportioned arbitrarily. A thick series
of Pictou strata is expected at the borehole locality because it
occupies a position in the subsiding basin similar to that of the
Northnort area, at the mouth of the Stinimikas river on the main-
land, where over 7,000 of Pfictou strata is indicated.

At the eastern extremity of the Minudie Anticline the
Pictou strata are in fault contact with the Windsor group but farther
westward it lies unconformably on Windsor, Canso and Riversdale
strata. On Maringouin Peninsula a series of gently dipping, brownish-
red and grey, much crossbedded sandstones, grits, and pebbly grits
interbedded with red shales lie on more steeply dipping veds of the
Boss Point formation. The fossil content of these strata indicate

a very late Pictou age (Bell, 1944, p.22).

Summary and Signitficance:

The thick depositas of Pictou sediments in areas such as in
the Tatamagouche syncline at West Sranch River John and in the
Shinimikas area in Northumberland Strait together with pronounced
thinning over anticlinal structures, e.g. ¥inudle and Claremont anti-
clines indicate a definite structural control of deposition in Pictou
time,

Angular unconformity and disconformity are much in evidence.
In the north limb of the Minudie anticline the angular unconformity
between late Pictou strata and the underlying Boss Point strata of

Riversdale age indicate a pre-late~Fictou age for the birth of the
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Minudie Anticline. In addition, the cunformity of basal Cumberland
strata with Boss Point strata in the south limb of the anticline
brackets the birth of the #inudie Anticline between post-Cumberland
and late Pictou ages and the Minudie anticline appears therefore to
have been a controlling factor on Pictou sedimentation.

The absence of Cumberland strata between the Pictou and
Riversdale strata at the esastern extremity of the Claremont anticline
together with unconformable relations noted east of Oxford indicate
a recurrent folding on the Claremont anticline during Cumberland and
early Pictou times. Folding of Pictou strata in the latter anticline
indicate a continuation of folding activity along the same axis in
post~Pictou time.

The absence of a recognizable depositional break in the
section cut in the Hillsborough Bay borehole seems to indicate
continuous sedimentation in that area during the Pennsylvanian period.

It is inferred that the configuration of the Cumberland
Basin was largely maintained in Pictou time but that, in the southern
and southwestern regions of the basin, two major folds, (Claremont and
Minudie anticlines) warped the basin floor and, in the case of the
Tatamagouche syncline, set up a smaller area of thick sedimentation

within the boundaries of the major basin area.
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Chapter III

Struocture

General Statement

Several basins of Carboniferous deposition have been recogniged
in the maritime region and, in many instences, the original bordering
masses have been defined. The basins are usually referred to as the
Sydney gz.Mbrien Basin, Mines Basin, Cumberland Basin, Monoton Basin,
and the Fredericton Shelf,

Relatively gentle deformation has affected the maritime region
since late Pennsylvanien t{ﬁe and as a result the basina of thick
Carboniferous deposition have been left more or less intact and the
present distribution of Carboniferous sediments broadly define the original
basins. Abundant evidence of overlap, unconrormiéy. relative coarseness
in grain sige, eto., indicate the position of the source areas, the
rexmants of which are represented by the pre=Carboniferous areas (See Fig. 4).
The non-oonformity of the long axes of these bordering masses with the
Appalachien trend, together with a discordeance between the various masses,
themselves,has largely confounded attempts to explain the mechanios of
basin development in this region.

However, there appears to be a fairly well defined system in
the distribution of the basin and bordering mmsses which may possibly
have been determined by a shear pattern developed during the Acadian
orogeny. A theory requiring a pattern of shears whish would blook out

the orust in this marmmer should demend, a® a prime oriterionm, the presence



- 109 -

of bounding faults and in some cases these faults are in evidence. The
differential movement between the basin and uplend blocks also demand
explanation regarding the energy which aotiveted them. A theory covering
these mechanisms will be presented in brief.

Within the basin areas the folding and faulting was lergely under
local control in that the deformation eappears to have been dependent upon
the relative movement between the bounding pre~Carboniferous masses.

Several major folds dominate the structure of the Cumberlend
basin, Some anticlines are overturned and in places thrust faulted in a
direotion normal to the fold axes. At least one and possibly other major
_ enticlines were initiated in late Mississippian or Canso time and re=-
activated several times in Pennsylvanien time. As a result older strata
involved in these folds are deformed more intensely than the younger
strata, This is evidenoced by several unconformities in the limbs of
these folds. In general, deformation was intense in the marginel areas
of the basin while in the axial region the strate were practically undisturbed
until lete in Pennsylvenian time., The folds along both margins of the basin
parallel the adjecent positive axes. One major fold, the Minudie antioline,
ig isolated in the exial region of the basin and it is not related to the
marginal folds in a simple manner. It was initiated by stresses which
seemingly were transmitted through the basement rocks which were also

involved in the fold.

Structure of the Cumberland Basin of Depositions

The gross form of the Cumberlend basin is revealed in the
acoompanying gravity anomaly mep ( Fige 5 ). The map was compiled by

the author from gravity data measured by the staff of the Dominion Observatory.



- 110 -

The most striking features of the gravity mep are the pronounned gravity
"highs" over the pre-Carboniferous areas in ocontrast to the bordering arees,
underlein by Cerboniferous and later rooks. The northeastward continuation
of the broad "high" over the Caledonian Upland aoross the Northumberland
Strait and into north western Prince Edward Island strongly suggest a
continuation of the pre-Carboniferous ridge under e rather thin cover of
Carboniferous sediments. !1ller (1648) has pointed out thet, in a magnetioc
traverse conducted along the road bordering the west shore of Northumberland
S5trait, a magnetioc "high" was indicated whioh ooinoided roughly with the
gravity "high®. Beoause the pre-Carboniferous rocks of the Caledonian
Upland are known to be somewhat more megnetic than the Carboniferous
sediments (Miller, 1968). The magnetic "high" noted above lends strong
support to the probability of a northesatward continumnce of the ridge,

or in terms used earlier, the "Caledonisn positive axias".

A pronounced gravity "high" is aeligned along the Cobequid positive
axis and also along the MeoLellen-Brown positive axis, Several less
pronounced "highi#" are indicated within the basin margins, the most promounced
of whish are: (1) immedistoly northwest of Pilotou harbour and aligned
approximately along the axis of the Piotou anticlire, (2) & northwest trending
high at the southeastern tip of Prince Zdward Island, (3) a broad "high"
in southecentrel Prince Edward Islaend end (4) i:mediately south and
peralleling the Minudie antioline.

Areas of relatively large negative anomalies ocours (1) over the

Cleremont Antioline, (2) over & nuw theast trending snticline immediately
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northwest of the N.Se=N.B. border snd (3) in northeast Prince mdward
Island.

| In the region of the Cumberland Basin two major fuctors control
the nature and distribution of the gravity anomalies. They are: (1) the
relatively high density pre~Carboniferous rooks and (2) the relatively
low density Carboniferous ;'ooks within which the low density, thiok,
¥Windsor evaporite sequence would be a strong controlling factor. In
general it is assumed that the gravity anomalies depend on the distribution
of these rooks. This assumption is, quite obviously justified in so far as
the major components of the basin is conoerned and in the case of some of
the lesser features 1t seems to be, at least, e partially satisfactory
basls for interpretation.

It wes noted that low gravity anomalies ocour over two large
enticlines (Claremont snticline and one near the provincial border) while
relatively positive anomnlies are situated over two other major anticlines
(Minudie anticline and Pioctou eanticline). In the axis of the Claremont
antioline the Windsor group is brought to the surface along most of its
length and thus provides & ready explanetion for the observed negative
anomaly, S8imilarly the northeast trending anticline at the provinoial
border brings the Vindsor group close to the surface though it is not
exposed along the antiolinal axis, The highly pronounced negetive anomaly
over this latter entioline may also indicate piling up on a grand scale of
the inoompetent evaporite sequence in the axial part of the antioline,

. The relatively high anomaly over the Minudie enticline poses a
problem sinoce it is known, through drilling, that about 6,000 feet, of
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evaporites were piled up in the exial region of the enticline. The only
reesonable explanation eppeers tc bo that the basement rook was involved
in the fold and offset the effect of the lighter strata.

The positive anomaly over the Pictou antioline is more to be
expeoted since the Windsor and Canso groups are apparently absent in
this ares, Direot evidence of the absenos of these groups was noted in
the Scoteburn-Vest Brunch River John distriot where the Millsville
conglomerate of Riversdale age lies unconformably on the River John group
of probable upper Horton age. It is thought that a subordinate positive
axis existed in this area during Cerboniferous time which intermittently
formed a low upland barrier between region of the Fioctou ooerlfield and the
nain part of the Cumberland besin on the west.

That part of the Cumberland lying within the scope of the author's
field investigation is dominated by three ereas of distinctive struotural
development, They may be ocalled, for the sake of reference, the Athol
synolinal area, the Springhill Salt Springs area, and the Albert county

aArea,

The Athol Synclinal Arem:

The structure of the map-area (See Map Fo. 3) is dominated by a
brcgd sout!mesterly trending synoline that pitohes southwestwerd from a
point near Springhill Junction and northeastward from a point near
Apple River. Its southern limb dips gently, for the most part, from
the northern margin of the Cobequid upland. Near Springhill where the
southern limb flanks the southwesterly pitohing nose of the Claremont
antioline the inolinetion renges up to 45% The northern limb of the
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structure is distorted bty e broed nortlwesterly trending embaymert located
where the northern limb transects the shore of Chignecto Bay. From Styles
Brook westward to the Joggins'! area its northern limd ooincides with the
southern limb of the Minudie antioline along whish the inclination ranges
from 30 to 70 degrees. Farther westward the northern limb of the Athol
synoline swings around the broad embayment and maintains & southwesterly
course that approximetely parallels the shores of Chignecto and also the
struotural trend of the Albert county arems In genersl the syncline is
no:h & olearcu% Individual structure but sppears to have been controlled
by the better defined trends of the bordering structures, The axial region
of the synoline is broad and merked by gentle rolls which preclude drawing

8 line to represent the axis,

Springhill-Selt Springs Area:

This area is cherecteriged by structural complexity which arises
from the faot thet it was undergoing deformation during deposition. Also
the deformed atrate includes the Windsor evaporite sequence which at times
reaocts to stresses in a highly unpredictable manner. Mich of the evidence
for the structural relations to be desoribed has already been presented
earlier in the disoussion of the stratigraphy.

The dominating structure is the Claremont antioline whioch orosses
the eastern margin of the mep-area and pitohes southwesterly to interseot
the northern margin of the Cobequid Uplend near Mepleton. The fold diee

out against the pre-~Carboniferous rooks in & series of low amplitude rolls.
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Immediately north of Leamington the nose of the antioline is out by a
rormal fault, downthrown about 100 feet on the north and trending almost
due east-west, The pitching nose of the anticline is beautifully outlined
by the éutompu of the oonl seams (See Map Nos. 3 and 4) in the Cumberland
groups

Rortheastward along the exis of the Claremont antioline older
rooks of the Riversdale and Windsor group sppear, The strata of the
Rivorsdale group are more highly folded than the strata of the Cumberland
group and underlie the latter with marked angular discordence, The
Windsor group appears sven more deformed and underlies both the Riversdale
aend Cumberland groups with marked enguiar umconformity. The thrust fault
indioated elong the axis of the antiocline irmediately northeast of Springhill
is nowhere exposed but it appears to satisfy the distribution of the
Claremont formmtion. The plane of the fault is considered to be contained
largely in the less oompetent WWindsor strata. The small thrust fauult
indiocated east of Miller's Corner and ocutting the ooal seams approximstely
in the antiolinal axls may be & oontinuation of the larger thrust but such
& connegtion cannot be definitely ascertained,

The area lying between the nose of the Claremont anticline and
the Cobequid upland is ocoupied by a shallow syncline that is marked by
duveral minor rolls end normel faults of minor displecement,

Forthwest of the Claremont anticline en irregular syncline trends
roughly parallel to the Claremont anticlinal axis. The syncline is sucoeeded
on the morthwest by amother anticline the existenne of whioh 1s based largely

on stratigraphic evidence, The absence of the basal conglomsrates of both
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Riversdale and Cumberlend groups and apperent thinning in strate higher
in the Cumberland group points towerd the existence of & recurront positive
axis in this direction. The essumption is bolstered by the presence of
Windsor strate et the surface slong the axis of the supposed antioline.
A small synoline lies along Little Forks River and is seemingly out off
sharply by exposures of ¥indsor strata., It is aszsumed that this hypo-
thetical anticline is similer to the Claremont entioline and that the
small syncline is out off by a fault which mey represent further movement
along the plene of a thrust fault that was initiated before the deposition
of Cumberland sediments.

The sequences of folds end faults outlined above is transected
by & northwesterly trending antioclinal axis that intersects the Claremont
enticlinel axis where the Black River orosses the Springhill-Oxford
highway., The limhs of this fold are olearly defined for only short
distencese This is partiocularly true of its soutiwestern limb whioh
is broken by a fault located immediately north of Springhill., Unconformities
are kmown in the limbs but these may be mssocciated with the Claremont axis
and a?e therefore not a nesessary indiocation of movement along the northe
westerly trending axis during deposition. A pronounced angular unconformity
between Riversdele and Cumberland strata is observable on Black River in
the northesstern limb of the entioline, The nearness of this looslity %o
the Claremont axis makes it entirely probable that the unconformity hed
formerly lain in the northern limb of Claremont anticline and had been folded

into the limb of the nortiwesterly trending antioline later. The same could



be true of the unconformity in its southwest-mm limb where the lower coarse
feocles of the Cumberland group wedges out,.

The role of the Windsor evaporite sequence in the structural
development of the aree is not oclear. lNowhere ocould upturned strats,
such as is typical of salt dome struoture; be definitely reoognized along
the borders of the Windsor arees and only in one locality was such a
structure sugrosted. About one mile north of the Springhill reilwey
station, where both railroed and highway curve to the northeast, Cumberland
stratae are observed to lie directly on strata of the Windsor group.
Exposures of limestone and gypsum are known at the looality and the outorop
of No. 2 coal seam bends around it in a graceful curve. Xo outorops of
Cumberland strste have been found close by but workings in No, 2 secem
have boen omrried around the curve and northward thus providing excellent
structural datas The ooal seem dips steeply, at inclinations up to 60
degrees, near its outerop but the dip deoresses rapidly with inoreesing
depth and, in a horizontal distance of about 1,500 feet, the dip deoreases
to about 26% This type of profile is evident around the ourve but north
end south of it steep dips do not éocaxr. Seversl tension feults of small
displacement radiate from the centre of the curve and the whols structure
strongly suggests doming action, It must be moted also that the fold

camot be associeted with an anticlinel axis in eny direotion.

Albert County Areeas

1

The following desoription of this area is based on the observetions
made By the author in e traverse elong the shoreline and from information

on the geological map of Yormen and Flaherty (0.S.C. Map 6484),
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The sarea is located on the western shore of Chigneoto Bay on
the narrow strip of lowland that borders the Caledonien Upland (See Map
Noe 2)e The Carbonifsrous rocks are highly folded and faulted along a
well marked trend that parallels the Caledonian positive axis. The folds
and feults reach their greatest development in the area where the shore
of Salisbury Bey transeots the trond., Northward the folds die out and
merge, near the northern margin of the map-area, into @& monceclinal
structure that bends eeatward end is continuous with the southern limb
of the Winudie antioline (northern limb of the Athol syncline).

The anticlinel fold of greastest emplitude lies farthest from
the pre~Cerboniferous contaot, Toward the contact the amplitude of the
folds deoreeses notably, This feature is thought to be related to the
deoreasing thiokness of sedimentary strata oonsequent upon overlap on the
competent rooks of the uplend. The fault planes are not exposed but the
stratigraphic relationships definitely indiocate thrust-faulting. In most
oases the traces of the fault planes appeer to be straight and they are
considered to be high angle thrusts. The sinuous trend of the fault that
" extends from Owl Head to the village of Albert suggests that it is & low
angle feult but the oursory exsmination afforded the author was not suffiocient
to sscertain its exact nature.

The ege of the deformation in this area cammot be oclosely fixed.
The youngest strate exposed is correleted with the Boss Point formation
and the latter is involved in the deformation., Strata of Cumberland age

outarop in Chignecto Bay but it is not known whether it is involved there
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in the intense folding thet effected the pre-Cumberlend sediments in
Albert county. On the shore near Cepe Inrage strata ranging from Canso

to late Riversdalec age are exposed end eppear to represent an unbroken
sequenoe of deposition during that perind. This would place the age

of the deformation as post-Riversdale at least, It is hiphly probable
that part of the deformation was effectod in early Cumberland time since
evidence of considerable deformetion at this point is abundant in the
eress noar Springhills It is more then probeble that folding end

feulting were renewed along similar lines in the early Pictou deformetion
that initiated the Minudie antioline and renewed slready established folds

such as theo Cleremont entiocline,

¥echanioce of Struotural Development:

The most charaoteristic struotural feature of the Cumberland basin
is the parallelism exhibited between near-margin folds and the positive
exis on both sides of the besin. The bordering masses aoted as solid
buttresses against whioh the softer sediments buokled, folded and faulted.
It is fairly obvious that compressive stresses soting in a direction normal
or near mmﬂ to the mergin of the bordering pre~Carboniferous mnss would
result in struotures that would be aligned with margin. Strong regional
stresses foroed the borderin; messes to close in a scissor-like movement
on the intervening besine The strate bordering the margins were first
effected because of their inability to pass on stress that exoeeded their
elastio limit, Thus folding could proceed aslong the mergins while the
axial region of the basin was left virtually unaffeoted through the

greater part of Carboniferous time,
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The position of the MNinudie antloline in the axial region of

the basin would seem to be enomslous in vicw of the argument stated ebove.
The axis of the Minudie antioline lies immediately north of the northern
margin of the map-arca and trends almost due east-west. Ite trend inter-
seots the well defined trend of the marginel struotures of the Albert

county eree at a high angle. On the south it is separated from the
Cobequid positive axis by a wide area of preotically undeformod sediments.
On the north the overlapping Plotou strata obsoure pre~Plotou deformation,

4+ seens essential that the Minudie antioline, was folded by stresses that
were trensmitted through the basement rock. It osn be demonstrated by
application of the strain ellipsoid in & horizontal plane that a force
oouple, initiated b:e" reletive movement of the two bordering messes, and
ecting through the besement rook, oould have formed the Minmiie anticline.
The force system would require s southwesterly movement of the Caledonian
mass reletive to the Cobequid mass., The fact that & gravity high is loocated
elong the Hinudie enticline indioates & strong probability that the basement

rook is actually involved in the fold.

Teotonio framework of Cerboniferous deposition:

If lines are drawn through the longest dimension of the pre=-
Carboniferous areas in the Maritime region e falrly regular system evolveas
(See Figure 4. ), whioh is strongly suggestive of a major overall control
on the forms and distribution of the Carboniferous basins in the Maritimes.
Two sets of lineements are dissernible: (1) a set trending roughly north-
easterly eand ranging between Forth 356 degrees sast and north 50 degrees east;



(2) & set trending approximmtely north BO degrees east. The soute angle
between these sets averages about 40° but considersble shortening hss
taken place aoross the basins since they were initiated and this angle
therefore, does not represent the originel angular reletionship., In the
Cumberlend baesin, shortoning in the lete Mississipplan and early
Pernsylvanian strate was in the order of magnitude of 25 per cent, which
would acaount for en originel angle of about 50 degrees, or greater,
between the bordering positive axes. Assuming that these approximations
hold for the entire system, the angular relationship is suggestive of
conjugate sets of shears.

Besides the regionel espect of these pre-Carbonifercus areas,
several other factors support & theory of shear control on these basins.
Several faults and fault zones with considerabie displacement are known
. which are aligned olosely with the positive axes indicated on Plate o
Cf these the best known ares (1) the Cobequid fault zone which parallels
the southern margin of the Cobequid Uplend. The location of the fault
sone 1s indioated, in places, by a steep scarp that sherply delincates
the metamorphosed rocks and igneous roocks of the upland from the softer
Carboniferous rocks of the Mines lowlaend. This scarp is observable from
the contours on Mep No. 2. The most recent displacement along the fault
zone hes been cominantly vertiosl as indicated by the sliockensiding; all
vestiges of rifting, if there were sush, heve apparently been obsoured by
this letter mvement; (2) on the northern margin of the Cobequid uplend,
near West New Annan, Riversdale strata are in conteot with the upland
rooks along a fault, of unknown displecement, which parallels the Cobequid



positive axis. Vestward within the author's mep-area no well defined
faults or fault zones of lerge displacement are lmown, Three small faults,
not exceeding 100 feet in vertlocal displacement, may represent insipid
movenent along old feults which have been overlapped by the Pennsylvenian
sediments. (3) The Yollow fault extends from the Pletou Coalfield to
Malipnent Cove and roughly parallels the Yaclellan-Drown positive exis.
¥illiems (1514 pe 25) has estimated a vertical displocement of fault in
excess of 3,000 feets The age of the latest large scale movement slong

is pre~indsor sinoe Windsor sediments have overlapped it und have suffered
little doformation lower Devonian strate (Knoydart formation) were effected
and the ocaloulated displecement refers to the displacement of these strata,
(villiame, 1914, p. 93-95)s (4) A fault zone extends along the northern
margin of the Southern Uplamd of Ne.S., neer its eastern extremity, from
Trafelgar to Chedabucto Bay roughly peralleling West River St, Marys for

a considereble distance (See G4S.Ce Map 9104). (5) The Coolavee-Aspy
fault near Bay Sit. Lawrence, in Northern Cape Rreton Island, roughly
perallels axis through the Northern Tableland. (8) The Sydney Coalfield

is bounded by two mein faults or fault zones named the Bateston and
Mountain feults in the south and north respeoctively. Their trends coinoide
roughly with the positive axes indicated on Plate ¢ In oomnection with
the Sydney basin it should be noted that a series of folds spread fane-like
‘aoross the basin with their point of convergence lying to the southwest.

At the margins of the basin the folds parallel the positive axes and, in

general, the basin structure appears to be a result of & solssor<like



squeeze in e horizontal plane., A somewhat similer struoture appears to
exist in the Cumberland basin though this type of folding is confined
to the marginal ereass (7) In southern New Brunswiok & large number of
faults parallel the exial trends indicated in that reglon (See Teotonie
Map of Canada and GeS«Ce map sheets).

Practioally all these faults indicate dominently vertloal
displaecemsnt through long distances and much of the adjustment between
the basins and their bordering uplends must have taken place along these
faultss The orux of the problem lies in the mammer in which this
partioular configuration was brought about. The writer suggests that
it is aoctuslly a shear pattern initieated during a period of intense
orogeny in the Devonien period probebly the Acadlan orogeny of Late Lower
or ¥iddle Devonlen time. Subsequent deformation throughout the Carboniferocus
period, end later, has telescoped the entire region end the present angular
relation is considered to be different from the originel. The average
soute angle is about 40 degrees at present and originslly was probably
closer to 50 or 55 degrees. The resultent compressive siress acted in
& horigontal plane and in a direotion approximately nortlwest-southeast.
The component stresses mey well be explained by differential movement in
e horigontel plane between the Precambrian Shield and enother large
stable mass south of Nove Sootiam, possibly the hypothetical Appalechis.

It should be noted that the folding trends in the Palaeozolo
rooks that lie eoross the eastern townships and Gespe peninsula of

southern (juebec are apparcntly controlled by the configuration of the



underlying basement at the margin of the Shield and the directions of
the fold axes do not necessarily indieate a direction normal to the
resultant stress for the entire region. This is partioularly true of
the region near the head of the Gaspe peninsula and at Anticostic Islend
where the fold axes turn slightly south of east.

Having once evolved the shear pattern suggested above it still
remains to explain the source of the energy which brought about the
differential movement that distinguished the basin and upland blocks
during deposition in the Carboniferous period. It is questionable
whether some of the smaller masses would be in sufficiently lerge isostetic

unbalence to move long distances in a vertical direoction. It is possible

however that the bordering faults provided a freedom of movement not other=
wise ettainable %nd adjustment may have been possible for such small
isostatic anomalies. T&e basement rock lying within basin areas is of
course hidden by a thick ocover of sediments. Up to the present little
work of a deteiled nature has been undertaken within the gre-Carboniferous
ereas with the exception of local gold-bearing distriocts on the Southern
Upland of Nova Scotia. In general, however, it may be noted that the
pre=Carboniferous arees contain many exposures of granitic rocks that trend
approximately parallel to the positive axes. To assume thet a similar
proportion of granitic rooks does not prevail in the basement underlying
the basins would be presumptive but if the granitic rooks are concentrated
along the positive axes to their exolusion in the basin areas it would

suggest s density contrest which might possibly acoount for the apparent

isostatic adjustment,



A theory which would require folding as the major oontrol meets
with several difficulties the most important of which are: (1) folding
elong two sets of axes that ere aligned with the pos;tive exes illustrated
on Figure 4 Wwould require & radiocal shift in the direction of the
rosultant stress. (2) It does not socount for verious large soele faults
bounding the nre-Cearboniferous masses,

Arsther mlternstive which may be offered would require a
combination of folding and accompenying shearing. If one set of positive
axes is assumed to represent fold axes and the other a major set of shears
the engular relationship is seen to be in fairly good egreement with
theoretionl deductions. There remains, however, the faot that major faults
trend parasllel to both sets of positive axos.

A finel snswer to the problem of the teotonic origin of the
carboniferous basins may be realized in a more detail study of the pre-
Carboniferous ereas. The relation of their structural features to the
poailtiva axes that define the form of the Cerboniferous basins should

indicate some association that mey lead to & solution.
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CHAPTER IV

ECORGHMIC GEOLOGY

General Statement:

Prospeacts of future economio dewelopment in the Cumberland
Basin rest upon three major products of sedimentary deposition, nmmely,
ooal, 0!}, and salt, To date, in terms of quantity and value, the ooal
deposits have accounted for the major portion of produotion, and future
possibilities of reserves appear to be extensive, Large quantities of
salt are mined at Malagesh and at Kappan and the reserves, that are already
assured, appear to be ocapable of satisfying the market for a long time to
ocomes The most elusive, and yet the most importent in terms of economio
and strategic value, is oil., Upon consideration of its large soale
geologic features the Cumbe:rland Basin appears to the mithor as a most
attractive area for future exploration, The significance of large oil
reserves to Eastern Canade hardly needs to be emphasized here,

The future possibilities of reserves of coel and oil will be
disoussed within the framswork of the stratigraphio and strustural features
outlined in the foregoing pages. The purpose will be to indicate the

probable description of sediments whish are favourable for inoclusion of each,

Possible Future Coal Reserves:

The problem of defining the looation of a cosl deposit is largely
a problem of finding & depositional enviromment favourable to the ascocum=
lation of great thioknesses of peat since, unlike oil, natural gas, and

other sedimentary products, the coaly material is relatively imbilo and
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remaing encased betweenr the strata with which it was deposited. The
coal-forming pest may be deposited in a great variety of topogrephio
environments ranging from relatively narrow, flatebottomed river valleys
to broad flat plains bordering a ses. The prime oontrolling factors
népnr to be a lush vegetable growth and sufficient restriotion in the
drainage to maintain the water level above the acoumulation of vegetable
debris in order that oxidation is inhibited and the vegetable raterial
thus prcurvéd. The olimatio oconditions favouring lush growth of the
Carboniferous peat forming plants have been generally interpreted as
inolud ing sub=tropical temperatures, a high humidity, and well distributed
rainfalle Although the extensive avaporite deposition of the Windsor
period implies arid conditions the apvarent ocontrast with the hunmid oon-
ditions of Pennsylvanian times may have only local signifiocance since great
variations in humidity may exist over short distances, depending entirely
on the meteorologioc elements involvede For example, it may be noted that
the topography of the Maritime region during Windsor time was greatly
subdued while later the positive axes bordering #he Cumberland Basin were
reesactivated and uplands were formed along their trunds, It is conoceivable
that uplands may have provided a barrier againat prevallingly east or
northeast winds blowing off the cceans The moisture-laden winds, upon
being foroed up into higher and oooler levels, would condense and thereby
provide a plentiful raim to the lowland lying im front of the uplmds,
This letter phenomenon is, of gourse, common over many parts of the world
today and is mentioned here only to illustrate one of the possibilities
involved in the varying olimatic oconditions that preveiled in the region
under study.
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The probabilities of discovering coal seams within a given
stratigraphic section are directly proportional to the degree in which
it reflects these environmental conditions. The characteristic ensemble
of non-marine sedimentary strata associated with coal seams is well
illustrated in Fig. 2, The peak of coal deposition is seen to coincide
closely with the minimum percentage of red sediments. Also it coincides
with the maximum of the finer-grained grey sediments. The colour of the
sediments appears to depend entirely on the oxidation state of the iron
which, in this area, is largely dependent on the content of the strongly
reducing carbonacecus material, Carbonaceous material is sbundant in
the coal-bearing strata, not only in sesms, but also in large quantities
of vegetable debris ranging from microscopic spores to large tree trunks
(Plate 5), that have been buried with the clastic sediments.
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Another characteristio feature is the presence of underolays
or ancient solls which are recoznized ohiefly by the presence of stig-
mari; root lets that penetrate strata that are usually composed of olay
or arenaceous olays The oocal seans, almoat without exception, are
underlain by such underclays. Uncerclays on the other hand often appear
in the section without overlying ccal seams and their significsnce lies
in their testimony of plant life formerly rooted in place. The lack of
pregservation of the material may be attributed to looal drainsge conditions
which failed to preserve the fallen debris in place., The absence of
goal may well be found above the same horison in other looalities, Thus,
the presence of underclays is always strongly sugrestive of the presense
of ocoal gseams,

Within the Cumbcrland Basin coal seams of workable thiockness
are restricted to the unit of strats, within the Cumberland group, that
has been designated ag the “ocoml=bearin: facies", All other rock units
within the basin ar: readily eliminated on the basis of the dominance of
coarse sediments, red sediments or marine sediments. Our problem of aocal
reasrves, therefore, davelops intoc a problem of determining the distribution
of workable ocosl seams within this rock unit,

Essentially, the coal-bearing unit is a flat wedge of fine,
dominantly grey, clastic sediments whioh is enoclosed by ooarser barren
strata that are partly contemporaneous with ite The wedge has its edge
lying along the Cobequid positive axis and thiockens northward, Its
regularity is broken on the eastern extremity by an ares, immediately

porth of 3pringhill; that was teotonioally positive during deposition.
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For a conuid;nblo part of early Cumberland time this area was maintained
at least slightly above the genersl level and the sediments did not
overlap it until later.

The Joggins-North Springhill group of coal seams overlaps
this positive area from the west, whereas the Springhill group of seams
overlaps it from the south, It is improbable that any of the semns of
either group ever completely covered this positive area.

West of Springhill and away from the positive area, struoture
sections were drawn across the Athol syncline that separates the Springhill
from the Joggins~North Spr;inghill district, The Chignecto seam of the
latter distriot ocoinsided, within a short stratigraphio distance,with
the lower workable seams (Nos. 6 and 7) of the Springhill group. A rather
low presision in the structure seoction may be expected across the broad
intervening synocline, yet a close relationship is indicated between the
two groups of seams, It is believed that the lowest seams of the Joggins
group lie stratigraphioally below the lowest seams of the Springhill group,
& relationship that would conform more closely with the obvious overlap
of the Cumberland group southward on to the Cobequid positive axis,

The workable seams of the Springhill Distrioct are restrioted
by the original distribution of the peateforming bogs, which were bounded
on the south by the Cobequid positive axis and on the north by the
subordinate teotoniocally positive axis referwed to above, The bo'(lt( of
highest quality ooml, which is not more than 6,000 feet wide in most of
the seams, trends, with some irregularities, about south 65 degrees west

on a centreline through a point near the Springhill railway station.
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Barri. ; unforeseen ciroumstances this belt of workable soal should be
found to spread more widely to the north of Springhill, The lowest
workings in No. 2 seam have not yet reached this more favourable area
and how far they must be extended to reach it ocannot be prediocted at the
moment.

The number of workable cosl seams in the Joggins-North Springhill
distriot decreases from five in the western extremity to one at Chignesto.
The latter seam may be traced eastward to beyond Fenwiok where it splits
into several seams, two of whioh have been worked at North Springhill.
Farther eastward these deteriorate end finally disappear into barren
coarser sediments before reaching Little Forks River. The seams display
considerable irregularity end may deteriorate locally in any directiong
in places, the direction it will take may be predicted reliably over
short distences. This is particularly true when the deterioration is
associated with a well defined washout such as exists in the Kimberly
seam at River Hebert. Over most of the district the s eams will probably
exténd southward along the dip, with wimilar local irregularities, for e
oconsiderable distance, Towards the eastern extremity of the distriot,
the seams will deteriorate steadily in a southerly direstion and eveﬁtually
will terminate against the northern margin of the positive area which
separates this distriot from the Springhill districte

In the Salt Spring district, the Sandrun ooal seam averages
between 2 and 3 feet in thickness along most of its outorop length and
disappears to the west and northwest., The seam cannot be confidently
correlated with any of the seams beyond its restricted area, but the

northward extension of No, 2 seam of the Springhill district strongly
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suggests that this seam may have overlapped the positive area to that
_extent. The fact that the thiockest part of the Sandrun seam falls

- roughly on the projection of the sentreline of thickest coal in No. 2
seam corroborates such a contention.

In the borehole located about 1 mile north of Newville Lake
a section of the coalsbearing facies was cut near the bottom of the hole,
Exsctly how much coel was out is not definitely known, but it can be
said with sssurance that several thin seams do lie in that area, The
soal-bearing facies as defined here is undoubtedly to be aorrelated with
the thin edge of the wed-e of coal-bearing facies described above and
thus it provides an exsellent oontrol point for the projection of the ura'n
over which this facies is distributed.

On the basis of this assumption it is inferred that the coal
seams found there are equivalent to the upper coal horizons in the
8pringhill distrioct. The 1mp11§utions of this correlstion are of tremendous
import in so far as the Springhill district is ooncerned since it seems
aprarent that there may be an slmost unlimited supply of cosl in a direction
slightly south of west from Springhill. The southern margin of worksble
coal will be buried at some depth, as will be obvious from a somparison
of Fig. 3 with Map No. 3, but very gentle dips persist toward the west
and once the coal has been reached there will be little increase in cover
over a wide area,

It appears hilghly probable that the Joggins coml seams lie
lower stratigraphically than the Springhill seams. Above the workable
seams at Joggine a slight inorease in the proportion of coarse sediments

is noted together with a similar inorease in red sediments. The cause



of this change ocannot be asoribed to uplift slong the Cobequid positive
axis 1f the assumption that the Springhill coal seems are younger is

to be maintained. The change may, instead, reflect enm early uplift
along the Caledoenian axis which did not materislly effect sedimentation
in the region cleser to the Cobequid positive axis,

Thw existence of workable seams at varying horizons throughout
the coal-bearing facies poses the strong probability that workaeble seams,
other than those elresdy ¥novm and mined, lie within the basin. The
apparent oscurrence of progressively younger seams in a scutherly direstion
sugzests an "en echelon” arrangement in & vertieal plane. In other words
workable seams that are older than the Springhill seams and younger than
the Joggins seams may be situated in the axial region of the Athol synoline,

It sesms apparent that the dfinudie anticline, unlike the
Claremont sntioline and its essooiated structures, was not initiated until
Piotou time and therefore did not form a barrier soross the axial region
of the basin during Cumberlend time. Consequently it is expeotable that
peat forming bogs persisted northeast of the Jogrins areas I the mﬂs
of subsidence continued to plunge northeastwardly, as is sssumed in

Fige 8, it sesms probetle that the basin may have been subject to marine
incureions. This ia, however, highly hypothetical since there is no good

evidsnce of marine Pennsylvanian sediments anywhere in the Maritime

Provinces, From a study of the fossil remains in the bituminous shales
overlying scme of the coal seams in the Joggins district Copeland (1951)
has conoluded that these ghales have been deposited in a brackish water

environment, His conclusions are based on the association of marine fish
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remains (Pssmmodus Ctenoptychius, ete,) with plentiful invertebrate
remains of fresh and brackish water types, He believes that a mingling
of these types may have occurred in a lagoonal environment, There is,
however, some doubt in the minds of palaeontologists concerning the
actual environmental significance of the fish remains noted above and
the question still exists without a satisfactory answer,

Future exploration for workable seams north of the Minudie
anticline will be inhidited by two major factors: (1) the inferior
quality and thickness of the seams in the Joggins.North Sypringhill
district and (2) the thick covering of red sediments belonging to the
Pictou group that overlie the Cumberland group in the region north of
the Minudie anticline,

Zast of the map.area it was noted that the fine coal-bearing
facies thins rapidly and disappears several miles west of River Wallace,
Thin coal seams, possibly of workable thickness, are lkmown to outeron
at Polly Brook and at a point lying about 1 mile southeast of Oxford
Junetion (G.8.C. Map 410A), These outcrops may be on the same seam
but no information is available on the intervening area, Other outcrops
of thin coal seams are known near South Victoria and Greenville Station
(G.8.C, Map L4O9A), The flat dipping strata at Polly Brook offer good
prospects for a stripping project if the coal seam there proved
sufficiently thick,



Sumrg of Possible Coal lHeserves:

The prospects for large reserves of coal in the Cumberland basin
depend on two main factors: (1) the continuance of the thick seams of
the Springhill district in a southwesterly direction, approximately
paralleling the Cobequid positive axis, and (2) the discovery of new
workable seans, in the area between the Joggins-lorth Springhill district
Jand the Springhill district, at stratigraphic horisons lying between the
groups of coal seams mined in the latter districts. It should be remembered,
in this regard, that the southwestward extent of the influence of the
subordinate positive axis lying north of Springhill is not known but it
may be expected that is has effected the distribution of these postulated
seams in a way similar to the manner in which it effected the known seams
of the mining districts.

Recommendations for Egploration:

Further exploration for coal reserves should be directed along the
lines suggested above., The best prospscts lie southwestward from Springhill
along the ﬁrendvof best quality coal that was established there. The
structure in this direction is relatively simple and the prime problem is
related to the persistence of high quality coal in that direction. The
most effective exploration tool for coal is the core-drill, since it
provides the necessary information regarding the thickness and quality
of the coal. A program of core-drilling should be planned to begin in
the area of well known structure near the present mine norkings'and thence
carried southwestward at suitable intervals. ’

The possibility of finding new coal seams in the axial part of
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the Athol syncline has been emphasized. The depth to the coal-bearing
facies in that area prohibits drilling. The selismic reflection method
offers the best opportunity to determine the structural relation between
the two known groups of seams with greater precision and thereby should
indicate whether a sufficiently tiilck section of strata intervenes which
would warrant more direct methods of ascertaining the presence of coal

goams,

Posaible Future 011 Reserves:

Several attempts have been made in an effort to locate oil reservoirs
in the Cumberland basin, but without success, despite the fact that the
Cumberland basin seems to offer better possibilities for oil than any basin
in the Maritime Provinces. The discouragement attendant upon costly failures
have resulted in a stagnation of effort and unless the area is re-sxamined
from a fresh viewpoint it seems probable that further attempts will not be
mada.\ In view of this situation the suthor will outline the various
factors that bear on the possible oil reserves of the basin,

Possibly the best wethod of attack would be to examine the area
of the Cumberland on the basis of criteria used by the A.A.P.G. in its
latest symposium on possible future petroleum provinces (A.A.P.G., 1951,
pell3, pp.lLi6~148). The criteria, as advanced by Ball and Levorsen in
that symposium and with one addition by the author, may be summarigsed as
follows: (1) volume and type of sedimenti:- other factors being unkown,
the possibilities of finding oil will depend proportionately on the quantity
of sediments. If the sediments are marine and unmetamorphosed the chances

increase greatly.



(2) Evidence of oil and gas:~ the presence of oil and gas
as indicated by seepage leaves no doub® of the existence of source beds,
and, 1f the age of the source beds is deteruined, it automatically solves
the problem relating to the existence of suitable environmental conditions,
at least locally, during that particular period.

(3) Unconforaities:~ Unconformities often hide a new and unknown
set of sedimentary and struoctursl conditions., They may seal off oil-bearing
structures that have been truncated by erosion and thin down drilling depths
that might otherwise be excessive,

(4) wWedge belts of porosity:~ OSuch belts of porosity often
originated as near-shore phases of seas that border on tectonically
positive axis,

(5) Presence, nature and extent of folding and faulting: The
area of accumulation of o0il depends on the structural forms that are
imposed on the porous media. For example, in a simple anticlinal structure,
the oil migrates through the porous media to0 occupy a position on the crest
or flanks of the structure. Again, in any stratigraphic trap the position
of the oil is determined by the direction in which the porous wedge 1s
inclined, Sometimes, the area has not been deformed at all and the location
of the oil may depend on the original dip of the strata. Fpulting nay
bring a porous, oll-bearing rock in juxtaposition with an impermeable
rock and thereby seal it.

(6) FPresence of tectonically positive axes within and bordering
the area of depositions To the foregoing five criteria the author would

add this latter, A classic example of the control of tectonic elements



upon deposition is the Permisn basin of west Texas (King, 1942). The
positions of positive axes are considered as offering anexcellent
opportunity for shallowing of the sea over them and possible emergence
of land areas at various times. It is generally conceded that the shallow
water environnent provided the most favourable conditions for existence of
abundant organic life and most oil-bearin strata can be associated with
these conditions. The shallow cor near-shore conditions éaaociated with
positive slements within the area of deposition frequently provide the
necessary porous reservoir rocks in the form of widespread sand bodies
and in the form of bioherms or organic reefs. In the cuse of biohermal
development, Link (1950) has demonstrated the trangressive and regressive
characteristics of bicherms under control of a shifting strand line, He
" .akes a favourable comparison of th; growth of bioherms in the Devonian
of Alberta with the bioherms of the Permiasn basin of west Texas, The con-
'centration of massive organic reefs along the edge of the Central sasin
Platform of the Permian basin is strongly suggestive of tectonic control.

We shall now axanine the Cumberland Basin on the basis of these
ceriteria and thereby attempt to reach a conclusion concerning the most
likely position for the accumulation and preservation of oil within its
vast volume of sediments,

(1) Volume and type of sediments: It has been indicated that
more than 30,000 feot of unmetamorphosed Carboniferous sediments have been
depcsited in the axial reglon of the besin, The axis of the basin extends
northeastward across the eastern part of Prince Edward I[sland in the general

area of Hillsborough Bay and there is no reason to belisve that the thickness



has dimished in this direction and it is nore probable that it has increased.
In general. the sediments wedgé out to the south and northwest over the
bordering positive axes of Carboniferous time,

Within the mainland area of the basin the sediments exposed are
predominantly continental in origin, but two distinct periods of marine
transgression are indicated. These marine transgressions reached their
farthest extent in nid~Horton and in lower or mid-Windsor time. It is
theoretically possible that marine deposition proceeded continuously in
outlying portions of the basin despite the uplift which marked the end of
marine depcosition nesr the bordering positive axes in Upper Horton time.
The Windsor sea may have been similarly maintained during the uplif't wiich
,pushed its shores back from the rising positive axes, and thereiore it is
conceivable that marine sedimentation persisted in the basin beyond Windsor
time,

The apparent assoclation of oil with marine, nesr-shore environments
places these iransgressive marine phases in a position of predominant
importance in our considerations,

(2) Evidence of oil and gas: Within the rocks associated with
the Cumberland basin the only definite evidence of oil and gas is in the
Stoney Creek oilfield which is loc:ted at the northern end of the Caledonian
upland, (4l and gas are produced from the Alvert formation of Horton age.
Production is confinecd to lenticuler sand bodies enclosed by bituminous
shales which are generally regarded as lacustrine in origin, iear the top
of the Alvert formation zre thick beds of salt which, in this region, can

hardly be sttributed to an origin other than marine, The limestones of the



Windsor group are usually bituminous to soane degree but oil, as such,
has never been definitely associated with them,

It should ve noted here that in the Lake Ainslie district of Cape
dreton oil seepages from Horton sandstone are known and small quantities
of oil were found in holes drilled near clsasasac Point in this district
(Worman, 1935, p.70). lowever, depositional relationships between this
district and the Cumberland basin are obscure and it camot be said with
assurance whether the basin was coutinuous with the western part of the
Cape 3reton during Carboniferous time. The probable northward extension
of the ilacLellan=~irown positive axis from Pictou and Antigonish counties
nmay well have formed a barrier to isolate the resion of western Cape lreton
from the Cumberland basin, However, the seepages there are of value as
supporting evidence of a generally favourable climatic enviromment for
organic deposition in Horton tinme,

(3) Unconformities: Unconformable relations are recognisable at
several stages in the Carboniferous sediments. Except in the case of the
early Pictou unconformity it is characteristic of the Cumberland basin that
the unconformities are located along the margins of the basin while sedi-
mentation proceeded more or less continuously in the axial region. These
marginal unconformities (See Fig. 1) are particularly significant in that
they indicate interuittent positive movewent in the bordering masses and
consequently give definite evidence of thinning over the crests. The
structures underlying these unconformities may prove worthy of testing if
these structures were found to lie along well defined trends of oil bearing
sedinents,



The early Pictou unconforuity is by far the most significant in
that it has obscured the pre~Pictou structure of a large proportion of
the total area underlain by rocks of the Cumberland basin,

(L) Wedge belts of porosity:

The shores of the advancing seas of Horton and of Windsor time
were, presumably, aligned with the basin borders. Along these trends
it is expectable that all the features of aeashores-wculd be in evidence,
including such sedimentary forms as beaches, offshore bars, etc. The
excellent sorting that occurs in these types of sedimentary bodies produces
a high porosity and consequently they are excellent reservoir rocks, In
the case of a transgressing sea these bodies may be overlapped and thereby
enclosed by finer grained sediments,

These beaches and bars msy be discontinuous along the trend also
but in genersl they form a well defined belt of porcus rocks, a factor
which lends itself well to exploration because once such a trend is
established it serves tc narrow down the total area to be tested at a
given horison,

It is unfortunate that the areas, in which the Windsor and Horton
are exposed, are locaed close in to the basin borders and well into the
apical sone of the basin where the sediments are those deposited at the
furthest transgressions of the sea. The large proportion of evaporites,
of red poorly sorted deltaic deposits, etc., noted in the exposures are
largely attributable to this circumstance, It is more unfortunate that
the outer portions of the basin, where it is expected that more norumal
marine conditions persisted, is entirely blanketed by the overlapping

Pictou sediments,
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(5) Presence, nature and extent of folding and faulting:

Deformation in the Cumberland basin was effected in the Carboniferocus
period at various stages., The latest significant folding occured before the
deposition of the Pictou ygroup, as evidenced by the very gentle folding
that effected the latter, The marginal folds, described earlier, in our
discuasion of the structural geology, are isemingly too intense to warrant
any possibility of sccumulating large quantities of oil even if they happened
to lie within favourable areas from the point of view of sedimentation.

The Minudie anticline offers a broader, less intensely folded
structure which would offer better possibilities if it was located in an
otherwise favrouable area, This structure has already been tested near
its crest, as it appears on the surface, and the section out in the hole
has been outlined earlier in this report., The significant points demon-
strated by this test weres (1) the lower Windsor is not oil-bearing there
(2) evaporite deposits belonging to the Windsor group have been squeezed
into the nxial region of the anticline to form a thickness measuring
vertically in excess of 6,000 feet; (3) at least 5,500 feet of continental
deposits, dominantly red shale and sandstone and grey sandstone, underlie
the maré‘uxe Windsor end are aspparently equivalent to the Weldor and Hillas-
borough formations of Upper Horton age that are exposed in lew srunswick;
(4) marine strata of Hortorn age were not penetrated and thus leave their
existence in that area still hypothetical; (5) the thickness of the
section in the axial region of the basin is so thick as to make drilling

to lower horisons prohibitive unless very favourable conditions were indicated,



A broad anticlinal fold is indicated, from outcrops, to lie a
short distance northwest of the N,S.-li,B, border. Its axial trend
parallels the Caledonian positive axis, Gently dipping limbs mark the
position of the fold at the surface but a large negative gravity anomaly,
located directly over the anticlinal axis (See Fig.5), suggests that the
light Windsor strata may lie close to the surface., It is entirely possible
that this antlcline was folded in late Windsor time, truncated by erosion
and subsequently overlapped by the continental Pennsylvanian sediments
which were later moderately folded along the same axis.

A broad, gentle fold, trending slightly north of east, effects the
Pictou strata in the southeastern part of Prince Zdward Igland. From the
information assembled from sparsely distributed gravineter stations the
fold cannot be assoclated with a significant anomaly, It is probable
that the fold has little or no expression at depth, The deep test made
in Hillsborough Bay passed through strata that lay essentially horizontal
to a depth of 14,696 feet,

ifost of the faulting recogniszed within the basin area is associated
with the intensely folded strata slong the margins where thrusting and
cross-faulting occur, !ormal faulting occurs along the northern margin
of the Cobequid Upland, in the reglon of West New Annam, where Liversdale
strata are down-faulted on the north against the pre~Carboniferous rocks
of the upland, Similar faulting may be expected elsewhere along the maryins
of the uplands but its presence cannot be ascertained because of the

extensive overlapping of late Pennsylvanian sediments.
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(6) Presence of tectonically positive axes within and bordering
the area of deposition:

tumerous unconformities, evidence of extensive overlapping, stc.,
point to the persistence of three tectonically positive axes which partly
define the Cumberland basin during Cerboniferous time, The remnants of
these tectonically positive axes are found in the Cobequid, Caledonian,
and MacLellan=-Srown uplands. The trend of the Cobequid positive axis
coincides roughly with the long axis of the area of exposure of pre-
Carboniferous rocks that extends from Chignecto Bay, 100 miles in an
eastward direction. The Caledonian axis is best illustrated by the
gravity contours (See Fig. 5) which indicate the extension of the pre-
Carboniferous ridge under the northwestern part of Prince EZdward Island,

The positive gravity anomaly over the Caledonian ridge is seen to
be somewhat wider and distinctly more irregular than the Cobequid ridge,
2 cousiderable thiclkness of sediments have been deposited in a subsidiary
basin that lies within the marzins of the broad ridge. It has been called
the toncton Basin (See Fig. L) and lies roughly along an axis through
Joncton and Sussex. A marked re-entrant is indicated in the ridge, by
the gravity cortours, near the mouth of the Peticodiac River and it is
thought that periodic connections between the Cumberland basin and this
subsidiary ioncton basin may have esxisted there, The position of the
foncton basin also appears to have been the locale of the lake environment
in which the bituminous Albert formation was deposited. The salt occurrences
in late Albert time may possibly represent flooding of the area by the sea,

intermittently overflowing from the Cumberland basin through the opening
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suggested by the re-entrant in the gravity contours as noted above.

The MacLellan=-Brown positive axes extends northward for an unknown
distance from Pletou and Antigonish counties, where it is marked by the
pre=Carboniferous rocks of the :lacLellan-Brown upland.

Relatively minor positive anomalies are indicated in socuthcentral
P.E.I., in the southeastern extremity of P.E.I., and in the region between
West Branch River John and Pletou harbour. unconformity in the latter
region indicate that this positive anomaly represents a subordinate
tectonically positive axis but the anomalies indicated on P.E.I. are not
accoapanied by evidence which would support a similar conclusion,

The possible connection betwee:n these tectonically positive elements
and suitable environmental factors for the formation and storage of oil is
fairly obvious, If the topography of a region is controlled by the tectonic
elements within it, the configuration of these elements will control the
depth and extent of a seaz that transgresses over it, Iu other words the
structural control will define its shores and its areas of deep and shallow
water and consequently will control the envirommental variations that, in
turn exert a strong control on the distribution and the destiny of the
organisms that inhabit the ses.

The distribution of organic life is controlled toc a large extent
by the discharge of sediment into the sea, For example the muddy waters
of tiie mouths of rivers are unihabitable for most organisms and, in general,
marine areas adjacent to rapidly rising land areas are sites of such r apid
sedimentation that the existence of abundant organic life is seriously

inhibited, Another example of envirommental control on organic life,
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particularly applicable to the Cumberland basin, is the singular lack
of organic remains in most evaporite deposits. In this case the high
salinity, in the waters from which the deposits have crystallised, was
toxic to organic life, It should be sdded, however, that in some cir-
cumstances the existence of abundant organic life may actually bring
about the conditions suitable for the concentration of marine waters
&and ultimate saline crystallization. A case in point is the isolation
of bodies of marine waters behind organic reef barriers. Tims normal
marine life night proceed on the seaward side of the reef while in the
back-reef area conditions may be toxlec to organic life. It is not known
whether organic reefs are associated in this way with the evaporite
deposits of the wWindsor and Horton groupsa,

Organic reefs as oil reservoirs have come into & position of great
importance and it is fitting that the possibilities of oil in the Cumber-
land basin should bé conalidered with attention to this factor, The
development of extensive bioherms (organic reefs) is large controlled
by the movement of the strand line. The nature of the control has been
discussed by Link (1950) who has pointed oub that a moving strand line,
moving in either diraction and at z rate Amat will allow the organisms
constituting the reefs to extend the existing reef or to begin another,
is most conducive to extensive reef developuent,

The requirements for reef development appear to be best satisfied
by the marings of tectonically active platforms or ridges which are covered
or intermittently covered by the sea, a condition that is seemingly well
satisfied by the northeast extension of the Caledonian positive axis and
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possibly by the extension of the MacLellan-irown positive axis. It is
assumed that both positive axes plunge northeastward and in that direction
did not erect large areas that were subject to active erosion such as
oc;:urred along the Cobequid positive axis and in the socuthwestern parts

of the Caledonian and MacLellan-iirown axes. The rapid influx of sediment
resulting from such uplift would have been inhibitive to the development

of organic reefs.

Summary of 011l Possibilities:

The presence of all criteria in varying degrees of abundance should
promote optimism in regard to the oil possibilities in this basin of
deposition. Perhaps the most discouraging factor is the lack of convineing
evidence of oil ax}d gas in assoclation with warine strata. Sut, as was
pointed out above, the areas in which the marine strata are exposed are
also the areas in which the amarine strata had reached their farthest trans-
gression and normal marine conditions did not persist for long periods in
these areas,

The more favoursble area from the standpoint of persistence of
favourably marine conditions would appear to lie farther outward from the
apical gzone of the basin in the area which has been so effectively blanketed
by strata of the Pictou groupe Within this latter area the wost favourable
region for exploration lies along the borders of the tectonically active
ridges. This conclusion is supported by several factors: (1) organic reefs,
if formed in this basin during marine deposition would almost certainly be

localized along the margins of these ridges; (2) wedge belts of porosity,
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in the form of sands may also be expected to be aligned with these
ridges; (3) if deformation is relatively zentle under the Pictou
sediments the pre~Pictou strata may be expected ¢ have a low regional
inclination dipping away from the margins of the ridges and thereby
favour the upward migration of oil into the porous media bordering the
ridgesy (L) relative positive movsment in the ridges, during deposition,
would have the effect of thinning the stratigraphic thicknesses to be

penetrated to reach any glven horizon,

Hecommendations for Exploration:

In view of the factors noted above, the most favourable area for
exploration lies along the nmargins of the tectonically positive ridges.
Because the oxtension of the {acLellan-Brown ridge lies beneath the waters
of the Culf of 5t. Lawrence, the Caledonian ridge is left as the amost
feaasible gite for further investigation. The gravity map, included in
this report, illustrates only the broad outlines of the ridge and there-
fore additional gravitational and seismic exploration will be necessary
to define its margins more accurately. These surveys should indicate
whother the structural features described avove are present and will
serve as a much nore reliable basis for deciding on the location of

exploratory wells,



Chapter V
BIBLIOGRAPHY

References:
A.AP.G.s Possible Future Petroleum FProvinces of North America;

A.AP.G. Bull-, Vol. 35, No. 2 (1951)0

Alger, F. and Jackson, C.T.: A description of the mineralogy of a part

of Nova Seotia; Amer. Jour. Sci,, vols. xiv, xv, (1828-1829).

Ami, H.M,: On the subdivisions of the Carboniferous system in eastern
Canada. The Jopgins section; N.O, Inst. Sei. Ser. 2, Vol. 3,

pp. 165-167; (1898-1502).

Bailey, L.W.: The palaso-geography of Acadia; Hoy. Soc. Canada, Trans.
Vol. 13, sec. 4, p. 13 (1919).

Barlow, S.: Heport on the exploration and survey of the Springhill
coalfield, Cumberland county, Nova Scotia; Geol. Surv.,

Canada, Rept. of Prog. pp. 147-160, (1873-74).

$ Report of progress in the exploration and survey of the
coalfields of Cumberland county, Nova Scotlia; Geol. Surv.,

Canada, Rept. of Prog. pp. 343-347, (1875-76).

Bell, W.A.: Joggins Carboniferous section of Nova Sconié; Geol. Surv,,

Canada, Sum. Rept. (1911) ibid, (1912).

The Joggins Carboniferous section; Geol. Surv., Canada,
Guide Book No. 1, Part 2, pp. 326=346 (1913).



- 149 -

Bell, #.A.t Carbonifercus formations ef Northumberland Strait, lova
3eotdaj Geol. Surv., Canada, Suu, feple Fie O, (1024) »

Cutline of Carbonifercus Stratigraphy snd geologie history

'

of the Haritime irovinces of Cenadaj Trans. Boy. Soce Canada,
5&) é; (lgﬁ?)#

¢+ tortonwiindsor District, H.S.; Geols Surv., Canada, iHem,
155, (3.939).

: The pistou Coalfield, li.S.; Geol. Swrv,, Canada, Mem 275,
(1940},

¢ Carboniferous rocks and fossil flora of northern Nova Seotdaj
Geol, Surv,., Canada, Men. 238, (19d4).

. ¢ iagdalen Islandaj Geol. Surv., Canada, Unpublished roport,
(1249). ‘

Bromn, AJiet The southern margin of the Springhill Coal Basing Li.Se.
theais, University of New Drunswick, (1950).

fivown, RH.¢ Resord of Dorehole Hos 1 of the Stundard Coal end Ballway
Company, Cusberland County, N.5.3 Jour. in. Soc. of He.S.,
Wh‘ 1:9-11, E}M 167’ (l%’m;Q

Chalmers, Ret Report on the surfuce geology of eastern lew Drunswick,
northwestcern Nova Scotia, and a portion of Prince Edward
Islandj Geols Surve, m, Ann. Rept. Fart U, M)o

Chapman, Eef.: linerals and geology of Canada; (1864).



= 150 -

Copeland, Liu.Je: Stratigraphy and palasontology of the Joggine coal
measures, Joggine, .5.3 HeSe. thesis, University of Toronto,
(1961}

Dawson, J.id.t Acadian Geology, ist ed. (1855)j 4th ed, (180}), Leciidillan
and Company, London.

1 Coal lieasures of the 3oulh Jogginaj wuart, Jour. Geol, 0.,
vol. IX, pe 58, (1858).

t Un the Coal ieasures of the 3outh Jogzinej <uarv. Jour,
Ge0l. 3084, vOl. X, ppe 1-48, (1854).

: Lower Carbonifercus cosl neasures of British imericaj (abstract
of papar), Canadian Naturalist, vol. IV, pp. 308-4, (1858).

t 2dp breathers of the ecval peried in Hova Seobiajy Can. Nat.
and Geol. vol, Vm, PP ﬁl"”%’ 3.S1~l’iﬁ, 288“:‘395' (W)o

t Synopais of the flora of the Carbonifercus period in Nova
Sgotiag Can. Nat, and Geola., vol. Vlill, ppe 431-457, (1665);

1 Coal formations of liova Scotdia and lew Brunswisk; .wmart,
Jour, Leol. 30@.; wl. XK!J.. {1%6}.

: Report on the fossil plants of the lower Carboniferous and
¥4llstone Grit fomations of Canadaj Geol, Surv,, Canada,
(1873).

: Carboniferous land shells; Nature, wol. XV, p. 317, (1877).



Dawson, Ja.i.1 lNote on a specimen of Diploxylén from the coal formation
of Hese uart, Jour. Geol, Soc. Vole }m, PPe W;
(1877). ‘

: Prelininary note on recent dlscoveries of batrachians and
other air-bresthers in the coal formation of lova Seotiaj
Cane ecs Sel., vol. Vi, ppe 17, (1694).

t Note on the gemus laladites, as ocowrring in the coal formation
in Nova Seotda; wuart. Jour. Geol. 80c., vol, L., ppe 456487,
(1894) .

: Synopsis of the alr-breathing animals of the Palaeosoic in
Canada up to 1894; Can. Roy Soe, Proc. and Trans., vol. 1,
PPe T1=88, (1885).

: On the genus Lepidophloios as illustrated by spesimens from
the coal formation of Nova Seotia and New Drunswick; Roy.
Soee Canada, !roc. and Trans. pp. 57«78, (1898),.

Denis, T.C.t Coalfields of Canadaj Fart 2 of Inveastigations of the Coals
of Canada, pp. 50=593 linea Dranch, Dept. of liines, Cttawa,
(e12).

Douglas, G.Ver: The Joggins Coal Area; N.S. Dept. of liines, Annual Report,
PPe 27T1=279 (1945).

Dowling, D.B,., lelmnes, ., and Leach, deiies The Coal Resources of the
rﬁ:‘l&i) vol. 2; Horang and c@., Ltvdi’ Toronto (1912)0



*{ g=288T)
T2 *Toa feqdey *wty ferjoog waoy ‘fqumod puvrIeqmd ‘1ye
‘ove ‘928 ‘08z *soN edww fq POISACO BOXT 83 JO Suopadod uwy NIop T

* (16=060T) 4
sroa *qdey *uuy ‘Epuue) f*Aamg *70en {I9950UDTO) pUR ROYOTI JO
SOTHMOD ey} uT suopjeroTdxe pue sfeasms Teotoroed uo qaodey ¢ T

*upeum) feAINC *TOSD ‘peuRTIONAM ‘seqon vl “IeUDROTS

*(2061)
*qdey *ung ‘epruv) feadng *Toeh fTwod oy efutsoq pesodoxd o3
SoUBIOFOX YITR PUSTSI PIespy eouyr Jo A¥oreed eyy wo qxodey : T

*(o08T) *Trx *eadey *mmp ‘epwued frammg
*oon {OTMSUNIY MON PUB BFI00C BAOH JO SOTWUS SnoUwTmMATR

.

*(808T) ‘*3dey *umg fwpsuwy framg *yoon {Teunol
Ty woxg peTTdmoo ‘eTq005 BAON ‘Aqumod puvTIeqrny GIeyftou
UT JBYSHRTL U a7 99U OU3 JO Naom oyy Jo axodex Arewmg T

*(988T) T *T™

*qdey *uuy ‘wpeuwy frAdng *T00H *suypeunow pmbaqep euy Jo

dou weqsfe snoteyTucqTe) Oy puw uteeq TEoo TITUEutxds ey

Supouaque ‘eT300g AON “SETIUNCO J8YEOYOTO) PUR pUETIAqLNY

Jo suoyired Jo pue ‘qopmsunag mey ‘eeTitmMod puRTeICTREeN
pue Jeqry UI93998 JO SUOTIWMIOY Teotloroed sy uo qxodey tepcy feTyv

*(9181) ‘a3 *wow ‘wpeuep
fraimg *1oen {upnued JO SEOIMOSEX TUCS pue SPIOTITEO) :*q°C ‘uyimcg

- 29T =



- 153 -

Fletoher, H.F.: dork in portions of the areas covered by maps tos. 201,

-9

-

205, 207, 857, 388, 598, 609, 610, 033, 636, G87, 857-040,
878, 579, 1037, 1133, Nova Sootia; Geol. Surv., Canada, Sua,
38}3‘&4 (mm)o

Geological investigations in portions of Cumberland, rictou,
Colchester, intigonish and Cape Breton counties, Nova Seotia,
including the Springhill and Sydney coalfislda, Geol. Swrv.,
Canada, Anne Repte, vol. X, (1897).

#ork in the Springhill coalfield and adjacent region, and
notes on various nineral occurrences, Cumberland, Colchester,
Hlants, iietou, Richmond, Inverness, and Cape Dreton counties,
liova 3cotlaj Geol. Surv., Canada, Ann. Dept. vol. i1 (1898).

dork in the Springhill coalfield and portions of Colchester
and Cape Sreton counties;y Geol, Surv., Canada, Amne dept.
vel. 11 (1899),

sork in the Suringhill, Inverness, and Sydney coalfields;
“aole Surve, Gan&dﬂ}, inne Repte vols X111 (19@0}¢

Surveys and explorations in Richmond, Cape Derton, Kings,
Cusberland, and other coumntles of llova Scotla; Geol. Surv.,
c&ﬂaﬂ&, Sum, Repte. {1@)0

Horthern part of lova Scotia; Geol. Surv., Canada Sum, Rept.
(1905) .



Fletcher, H.JF.: Geologleal work in the northweatern parts of Nova Scotiaj
Geol, Surv,., Canada, Sum,. Hept, (1‘3%).

-n

Surveys in western lova Scotia; Geol. Surve., Canada, Swume
Rept. (1906).

A section of Carbonifercus rocks in Cumberland county, Nova
Seotda. (2) Fram Shulie to Spiecer Cove, lroec. and Trans,
Hove Scotian Inst. of Sel. wle X, Pt. 3, ppe 417=550
(1802«1908) «

>0

: Sumuary Report on exploretion in lova Scotis; Geol. Swrv.,
Canada, Sun, Repts (1907).

-

Report on a portion of Cusberland county, Nova Seotia; Geol.
Surv., Canada, Sun. Rept. (1908).

:  Sumary report of work of the late lir. liugh Fletcher in
northern Cumberland county, Hova Seotia, Compiled fren
his journal by R.. Ells} Geol. Surv., Canada, Sua. Rept.,
(1909) .

Gesner, L. Renarks on the geology and mineralogy of Nova Scotiaj Gossip
and m, Times Qﬁiﬂa, H&lifax, (3.856).

Gilpin, Be Jret The northern outorop of the Cumberland coalfield; .S,
Inst, Sel, vol. 5, 7p. 587=599, (1879"82)0

t A comparison of the distinctive features of the Nova Scotian

Tt

Mi«aw; Geool, zi%t vol. l, PPe ‘2‘&6?"‘8, (18%)'



- 1556 =~

Gilpin, E. Jre: The mines and rdnercl lamds of MNova Seotdsj Report to
the govermant of Nove Sootda, (1364).

t Analyses of lova Seotian coals and other minerels, N.S. Inst,
Sﬁic;’ vole l‘ Sars. 2, ppa 2525, (18%94).

+ Sections and analyses of N.S. coals; N.3. Inst, Sei. vz;l.
zl’ Pa éj"l?. (m‘w)i

Goldthwait, J.¥.: Physicgraphy of Nova Seotiaj Geol. Surv., Canada,
Memoir 140, (1924).

\ : Hecords of post~-glacial changes of level in aiebec and Hew
Brunswick; Ceol. Surv., Canada, Sum, Rept., X&V11, (1911).

Goudge, LiG.: Joggins-tiver liebert Coal District; N.5. Dept. of lldnes;
Anymal Repl., (M)-

Guide Book No. 1. Exsursion in eastern (ucbec and the Maritine irovinces.
(Excursion JA.) Pte 2, Geol, Swrv,, Canada, (1915).

Haliburton, T.C.: History of Nova Seotia; Section on coalfislds of
Cunberland in vol. 2, ppe 4204323 Halifax, (1829).

Hartley, E.: llotes on coal from the Springhlll coclfield, county
. Cumberland, Nova Scotia, with analyses; Geol. Swv.,
Canada, Rept. of Progress (Wﬁ).



Hind, H.T.t Report on & topographical survey of a part of the Cumberland
coalfield; Citizen rublishing Co., Haldifax (1873).

Honeyman, D.: Geology of the Cobequid lts., N.S.: Aner. Jowr. Sei. ser.
Sy vol, Ty PPe 1&8—1&9, (3.8?4).

: Geological notes of excursions with the British Associations;
. NeSe Inat, m'g vol, ﬂ, Phe 136-174, {1885*86).

AT

Honeyman, D.t Archaean gneisses of the Cobequid mountainas - Magnetitic}
NeSe Inst. Sedl., vole V, pPe 271275, (1879-82),

How, H.t Notes on the economie mineralogy of lova Ssotiaj N.S. Inst,
Sei., vol. 2, I't. 5§, pp. 128140, (18687~70),

t The mineralogy of Nova Sootias & report to the Frovinsial
Government, (1569).

Hyde, J.E.s #indsor and Pennaylvanian fomations of Nova Scotia; Geol
Surv., Cm, Sun, Repte. pe 34, (191&).

Jackson, C.T. and Albert, F.: A description of the minerslogy of a part
of Neva Scotiaj Amer. Jour. Sci., vols. X1V, AV (1828-29).

Jones, T.He: Dtomostraca in coal shales, South Joggins; Geol. liag. Dec.
M.‘ vole 3; Pe 95, (M)c

Jones, L.iet Joggins Ligpeareaj Geol., Surv., Canada, unpublished report,
(1928).



- 157 =

Kerr, Fohet Springhlill lapearea; Ceol. Swrv., Canada, umpublished
Nm, (1924)0

King, P«Be: rermian of west Texas and southeastern New ilexico} A.A.P.G.,
Vol. zﬁ, PDe 555"763, (1942)0

Link, T.A.t Theory of transgressive and regressive-reef develorment and
origin of oil; AdAJt ooy Bull, vol 54, pp. 26594, (1950)0

Logan, #.i.t A section of the Nova Scotia coal measures as developed at
the Joggins, on the Bay of Fundy, in descending order, frem
the nelghbourhood of the .Jest Ragged reef to linudie, reduwed
to vertical thicknessj Ceol., Surv., Conada, Rept. Frog. ppe
92~159, (1845). Republished in iroe, and Trans, N.S5. Inst,
Sede, vol. L1, FPbe 8, pp. 417=850, (1902-06).

iyell, Charles: Ireavels in North America in the years 1841-42; vol II,
PPe 140-183; «ilsy and Putnam, New York, (1845).

liemat, d.1 Report on a portion of the coalfield of Cumberland county,
Hova Scotia; CGeol, Surv., Canada, Rept. of Prog., pp. 181-170,
(1873~74) «

iiller, AJi.s Gravinetric surveys of 1944 in New Brunswick; Geol, Surv.,
cmﬁ&j Bull, No. 6, (1%5)0

Nicells, J.HeHet Survey of Maritime irovinces coalsy Investigations of
Fuels and Fuel Tm. PPe 11-437, iines M’ Dept., of
Xines, Ottawa, (1923).



- 168 -

tisolls, J.H.He: 4 study of the nature of sulphur in wal and coke from
the aritime Frovincesj ibic. pp. 28-58,.

+ A study of the nature of sulphw in Canadian coal and ookej
ihid; pPI M’ (1%5)‘

B ]

Horman, GeileHot Lake Ainalie Hap-area, NeSe} Geols. Surv,, Canada, Lem.
177, (1936).

:  Hillborough Map-area H.3.; Geol. Surv., Canada, lap Yo,
&7&, {lm}t

TN

t Albert Mapearea, N.D.; Geol. Surv,, Canada, Lap No, 6484
(1941),

I

Nova Scotia Departaent of iiines = Anmual Heports 1864 to date,

rartridge, Eo-e and vhite, AJis: The solubility of caleiwm sulphate from
° to W} Jour, Amer, Chem. Soc., vol. 51, pe. 368, (1929).

ratterson, G.: The rortugese on the nurtleast coast of North America,
and the first attempt at colonization there; Trans. Roy.
S00. ﬁm, vol. 8, (mm)‘

Fhillips, A., llesservey, J. ., Casey, TeJet 1ine bumps or rock bursts at
Smringhill, N.S.j Prooeedings of the Thirty~-sixth Convention
iine Inspeotors' Institute of imeriea, .(ilkes~Barre, ra.



- 159 -

Foole, He3«t The Carboniferous rocks of Chignecto bayj Geol. Surv.,
cmy e n&ﬁtu’ (m>o

: DBorings in search of %ﬂlf He3e Inste 3@1.’ wl, L, ps 23,
(1902-06),

RN

rorter, J.B, and Durley, R.J.: in Investigation of the Coals of Canada,
siines Hyanch, Dept. of iines, Ottawa, (1912).

Roliff, Jedie: Development work in Hova Seotda (by Iuperial 04l Col)j
HeSe Depte of lilnea, Annual Rept., }7“ a’ (1933.)-

fusherford, John: 7The coalfields of ilova Scotdia; (1872).

Schuchert, Charles: Orogenic times of the narthern Appalachiansg, G.Seie
Sulle, vole 41 (1%0).

Seudder, S.Hes Notes wpon myrispods and arachnids found in sigillarien
stunps in Hova Seotia coalfield; Contributions to Canadian
z*ahmtolomr; pte 8, Gool. 3urv., Canada, vol. 2, pt. 1,
(1895) «

Shaw, .St Proposed boring for coal southwest of Springhill, N.3.3
Geols Surv., m’ mlm report, (lﬁm)-

Stewart, JeS.: Deport on the Sootsburn anticline; N.3. Dept. of iines,
Annual Rept., pt. 2, (1%1)-



- 160 -

Van't Hoff, J.He, ob, als Untersuchurgen Uber die Bildungverhalinisse
der Ossanischen Salsablagerungen, pp. 183190, (1912).

oskesy Lades Mmmmw. Colehester and
mm‘ I.I;:Mo Supv., Canada, len, 246
(1948).

Willdams, Mo¥e¢ Arisalig-Aniigonish Distadet, N.S.j Geol. Suwv., Canada,
Mem, 60, (1904). '

iright, W.J.s GCeclogy of the Moncton lap-area, N.B.j Geol. Surv,, Canada,



- 161 =~

Photomiorograph of the matrix of the lower coarse facies (Cumberlend group)
' &t leamington Brook
(orossed nicols, x 60)
1. quartsite - note clear delineation of the

sutured grain interfaces.
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Photomiorograph of the matrix of the lower ccarse facies (Cumberland group)
at leamington Brook

(erossed nicols x 60)

l, quarts

2e plagiococlase

3. mioroperthitic orthoolase
4. mioroperthitic miorooline
B6s rock fragments



- 183 -

Photomiorograph of the matrix of the lower coarse faocles (Cumberland group)

1.
20
3.
4o

at Henry Brook

Quarts
guarts with sub-parallel inclusions
plagioclase

plagioolase, somewhat altered, with
quartz inclusion

microcline mioroperthite
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Photomiorograph of the matrix of the lower coarse facies (Cumberland group)
at Reid Brook

(orossed nicols, x 60)

le Qquarts

2. microperthite

8. orthoclase, partially decomposed
4, roock fragments, mostly siltstone
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Photomierograph of the matrix of the lower ccarse facies (Cumberland group)
at South Brook

(orossed nicols, x 60)
le gquarts
2e pm*“hl.

3. mioroperthite

Plate 10
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Photomiorograph of the matrix of the lower coarse facies (Cumberland group)

at South Brook

(orossed niocols, x 60)

quarts

slate

1.

shale

Plate 11
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Photomiorograph of the matrix of the lower coarse facies (Cumberlend group)
’ at Lawrenoce Brook

(orossed nicols x 60)

1. Quartsite
2 shale and siltstone - note rounding
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Photomiorograph of a fine-grained lens within the lower coarse facies
Cumberland group)
at lLawrence Brook

(orossed nicols, x 60)

le siltstone made up mainly of quartz grains and
shreds of seriocite - heavily stained with
hematite.,
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Photomicrograph of a sandstone bed in the upper part of the lower coarse
facies (Cumberland group)
near mouth of Reid Brook

(orossed nicols x 60)

l. Quarts

2+ miocrographic intergrowth of quarts
and orthoclase

3¢ sohist fragments

Plate 14



Vertical aerial photograph showing well marked strike-ridges formed by
massive grey sandstone beds in the fine, non-coal bearing facies of the
Cumberland group

Looation: one mile west of the mouth of Kelly River,

Plata IR




