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To Dr. G. M. DAWSON, C.M.G., F.R.S., Etc., 

Director of the Geological Survey of Canada, 

Ottawa. 

Sm,-Herewith I beg to present you my report on the Surface 
Geology of eastern N ew Brunswick, north-western Nova Scotia, and a 
portion of Prince Edward I sland, accompanied by the three quarter
sheet maps No. 2 S.E., No. 5 S. W. a.nd No. 4 :r. W. illustrative thereof. 
The report embraces the results of the field-work carried on during the 
four seasons of 1890, 1891, 1892 and 1893. 

P ermit me to express my sincere thanks to the gentlemen named 
below for assistance and various acts of kindness :- To P. S. Archi
bald, Chief Engineer of the Intercolonial railway, and his assistant, 
W. B. Mackenzie, C.E., for maps, plans and profiles, and for valuable 
information at all times cordially given; to J . R. Cowan, Manager of 
the Cumberland Railwa:r, and Coal Company, for permission to copy 
the profiles of the Springhill and Parrsboro' railway; to H. G. C. 
Ketchum, C.E., for important information respecting the Chignecto 
Marine Transport rail way, and for the results of observations on the 
tides of Cumberland Basin, at the head of the Bay of Fundy, and of Baie 
Verte in Northumberland Strait. To Dr. Thomas Harrison, President 
of the University of New Brunswick, J. F. Connors, Chatham, and 
Arthur Newbury, Charlottetown, P.E.I., I am indebted for barometric 
readings taken at the respective meteorological stations under their 
charge. W. C. Milner, Collector of Customs, Sackville, and B. E. 
Paterson, of the Amherst Press, formerly of the Chignecto Post, have 
placed me under obligations for data relating to the salt marshes at 
the head of Cumberland Basin; and W. H. Crosskill, of the Legislative 
Library, Charlottetown, kindly presented me with reports and papers 
treating of the geology and natural resources of Prince Edward Island. 
To the many other friends who have, year after year, aided me in the 
prosecution of my work, but whom it would be impossible to name 
h.ire, I desire to offer my grateful acknowledgments. 

I have the honour to be, sir, 

Your obedient servant, 

ROBERT CHALMERS. 

OTTAWA, January, 1895. 



N OTE.-The bearings given rn this report are all referred to the 

true meridian, and the elevations to mean tide level, unless otherwise 

stated. 
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INTRODUCTION. 

The following report embodies the results of the surveys and explor- Area covered 

ations carried on by me in Northumberland, Kent, vVestmoreland and 
Albert counties, New Brunswick; Cumberland county, Nova Scotia; 
and the central part of Prince Edward Island, during the seasons of 
1890-91-92-93. These areas embrace one of the most interesting and 
important fields of investigation to be found in eastern Canada, both 
as regards their surface geology and their agricultural resources, and 
present to the student a great variety of questions for correlation and 
study. The detailed work described in these pages has resulted in the Results of in

discovery of a large number of facts, many of them new, especially those vestiga~ions. 
showing the relative effects of land ice and floating ice in the Pleistocene 
period, which are better exemplified in this region, perhaps, than 
elsewhere on the coasts of North America. The eastern and south-
eastern limits of the land ice which covered that portion of Canadian 
territory lying south of the valley of the St. Lawrence River, between 
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Gaspe and the Bay of Fundy, were traced out approximately and de
fined. The conclusion that the ice-limits in this direction were unaccom
panied by terminal moraines will be presented and facts adduced 
showing the probable cause of such conditions. An attempt will also 
be made to define the dimensions of the several local glaciers which 
occupied the country in the ice age, as far as the data at hand enable 
me to do so ; and their connection and relation to the larger ice-sheets 
which had their sources in the Appalachian Range to the north-west 
will be pointed out. Data demonstrating beyond question the exis
tence and action of floating ice in the Pleistocene were obtained, and 
will receive adequate treatment in this report. Changes of level during 
the later Tertiary and Post-Tertiary periods, which within the last 
decade have been much discussed, were carefully investigated; shore
lines were levelled in a great number of places and a body of facts 
obtained which will elucidate this question with more accuracy of 
detail than has yet been attempted. The region offered special 
advantages for a study of this kind and the results, it is hoped, are of 
value. The physical features and remarkable tides of the Bay of 
Fundy were considered worthy of special study and some space will 
be devoted to a discussion and explanation of their origin. The wide 
dispersion of boulders from the higher to the lower grounds, and 
occasionally in a contrary direction, is a subject which also received 
careful inquiry. The distribution of crystalline boulders from the 
central highlands of New Brunswick over the whole Carboniferous 
plain to the east, and upon the western part of Prince Edward Island 
came under observation and will be discussed in the sequel. The 
occurrence of sandstone boulders on the summit of the Cobequid 
Mountains, apparently derived from the Carboniferous plain on the 
north, from 200 to 400 feet lower, was a problem to which we also 
endeavoured to find a solution. Horse-backs, osar, or kames, of 
which there are some good examples in the maritime provinces, were 
studied in their relation to the Pleistocene drift, to the drainage of 
the re.spective districts in which they occur, and to post-glacial 
denudation, river-terraces, etc. 

A considerable amount of field investigation has been bestowed upon 
the pre-glacial sands, gravels, angular boulders, etc., usually called 
residuary, which have been found in different parts of the region, and 
their relation to the glacial and post-glacial deposits traced as far as it 
was possible to do so. These materials are much more common than 
has hitherto been supposed. The dunes of sand which skirt the coast 
of the Carboniferous area on the mainland and the north-east side of 
Prince Edward Island, and are especially well developed around the 



CHALMERS,] INTRODUCTION. 7 ¥ 

Magdalen Islands, have received special attention. One of the mos.t 
important of the superficial deposits of the district around the head of 
the Bay of Fundy is the marine alluvium, known as salt marsh, the 
mode of formation and economic aspects of which were carefully in
vestigated. Everywhere within the region under examination the 
character of t he soil and its suitability to agriculture were noted, and 
close attention was also given to the forest growth, the area still covered 
by the original forest being mapped as accurately as possible. 

In the examination of the surface geology of the areas under review, Portions of 
. d ll d country all accessible parts of the country were explored, every roa trave e explored. 

over, the hi.Us and mountains ascended and their altitudes measured 
with aneroid or otherwise, rivers and lakes examined with canoe or on 
foot, and as careful and accurate an investigation of the superficial 
phenomena made as the means a t my disposal and other circumstancei:l 
would permit. 

Photographs of glacial strioo, shore-lines, sections of the superficial Glacial. strire 

deposits, etc., were taken during the seasons of 1892 and 1893, some !~~:e ~h~~~
of which exhibit the difference between striation produced by land ice graphs of. 

and that produced by floating ice. Several remarkable sets from the 
I sthmus of Chignecto, the Cape Tormentine peninsula, and the Baie 
des Chaleurs district, show t he diverse movements of the striating 
agent, and cannot have been produced by other than the latter agency. 

In the fie ld-work of the· four seasons embraced in this report I was Assistants. 

assisted by the gentlemen named below :-In 1890 by John H. Mc-
Donald, of Brockville, Out., and for part of the season by Wm. J . 
. Wilson; in 1891 by Mr. Wilson and vV. D. Matthew, .of St. John, 
N.B., but only for a few months; in 1892 Mr. Wilson was with me 
the whole season, and K. C. Cochrane, of Brockville, Ont., from the 
20th of May till the lOth of September. In 1893 Mr. Wilson alone 
was my field assistant. 

The preparation of the maps for the engraver, quarter-sheets N os. 2 Maps. 

S.E., 5 S.W. and 4 N.W., Las been largely accomplished by W. J. 
"Wilson. 

The surface geology of those portions of N ew Brunswick and Nova 
Scotia included in this report were cursorily referred to by the writer 
and Dr. Ells in the reports of 1885, where partial lists of the strioo 
were published.* 

The surface geology of Prince Edward Island is described in Dawson Previous work 
and Harrington's report. t in region 

*Annual Report, Geol. Surv. Can., V ol. I . (N.S.), 1885. P arts E and GG. 

tReport on the Geological Structure and Mineral R esources of P.E. I sland, by 
Sir J. "\V. Dawson and Dr. B. J. Harrington, 1871. 
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TOPOGRAPHICAL AND PHYSICAL FEATURES. 

Topographical The topographical features of large portions of the mainland in the 
features. area under discussion are those of a flat and uninteresting plain. 

Where this area is occupied by Middle Carboniferous rocks, the sur
face has, in a general way, a slight descent toward Northumberland 
Strait, varied to some extent by low, wide undulations, the axes of 
which trend nearly east and west. In the isthmus of Chignecto and 
in those parts of Cumberland county, Nova Scotia, lying north of the 
Cobequid Mountains, the Upper Carboniferous rocks have a con
siderable development, and the east-and-west anticlinals and synclinals 
are narrower and more conspicuous, rendering the features of the 
country more pronounced. In some instances these irregularities have 
affected the drainage, but as a rule the larger rivers have taken courses 
independent of them. It is evident, however, that the Carboniferous 
rocks in the latter district (that is, those in proximity to the crystal
line ridges of southern New Brunswick and the Cobequids in Nova 
Scotia,)havesu:ffered more disturbance than they have in the central part 

Albert of the great triangular basin. In Albert county, New Brunswick, the 
county, N.B. north-east prolongation of the crystalline ridge or platea'u referred to, 

which stretches along the north-west side of the Bay of Fundy, rises 
in broken ridges and mountains to an altitude of 1,300 or 1,400 feet, 
Shepody Mountain, which was a station in the Admiralty Survey, 
being l,050 feet high. The general slope of this elevated country is 
towards Shepody Bay; but the north east extremity inclines towards 
the east, north-east and north-west. These highlands are, however, 
much denuded and trenched wherever the cryst1,1.lline series are over
lapped by Lower Carboniferous rocks. They have had an important 
influence on ice-movements in the Pleistocene period. 

To the north of the Petitcodiac River, about six miles distant from 
Moncton, ridges or hills known as Lutz or Indian Mountain rise from 
the level Carboniferous plain to the height of 500 or 600 feet above 

Head of Bay the sea. At the head of the Bay of Fundy, between the estuary of 
of Fundy. the Petitcodiac and La Planche River, hills and ridges extending 

nearly east and west lie between the tongues of salt marsh running up 
the valleys of the Petitcodiac, Memramcook, Tantramar, Missaquash 
and La Planche rivers, which carry the drainage waters of the Isthmus 
of Chignecto into the head of the Bay of Fundy. None of these 
ridges exceed 400 or 500 feet in height. The strata are broken and 
faulted, evidencing disturbance and pressure from both sides, but 
principally from the side of the New Brunswick crystalline range 
above mentioned. 



CHALMERS. J TOPOGRAPHICAL AND PHYSICAL FEA.TURES. 9 M 

I n the part of Nova Scotia included in sheet No. 4, .W. the Cobequid 

C b 'd R . th t . t h' 1 f t It ].\fountains. o eqm ange is e mos prommen topograp ica ea ure. ex-
tends in a nearly east-and-west direction along t he north side of Minas 
Basin, with a width of nine or ten miles, and a height of 900 or 1,000 
feet, some of t he culminating peaks reaching probably 1,100 feet. 
Passes exist in some places, notably one at Halfway River, which is 
traversed by the Springhill and Parrsboro' railway, and others at 
Westchester and at Folly Lake, the latter the route of the Intercolonial 
railway. The bottom of the pass at Halfway R iver is only eighty-five 
feet above mean tide level; that at Folly Lake is 600 fee t. 

On the slopA between the Cobequid Mountains and Northumberland North slope of 

Strait, a number of hills occur, besides the ridges or anticlinals re- Cobequids. 

ferred to on page 8 M. Springhill, the summit of which is 610 feet 
above mean tide, is the highest; Claremont Hill to the east of Spring-
hill is 565 feet high. These two lie near the northern base of the 
Cobequids, where the undulations or disturbanees due to the uplift of 
the mountain range have been greatest and where ridges parallel 
thereto, such as Windham Hill, rise to altitudes of more than 600 feet. 
Further to the north rise the l\1accan }\fountains, the heights along the 
Leicester Road anrl Mount Pleasant, which attain altitudes of from 
350 to 600 feet above the sea. These hills appear to have been local 
ice sheds during the Pleistocene period. 

Crossing Northumberland Strait to Prince Edward Island we find Prince 

h . l l . . f l h' Edward t at it presents a more or ess c ose repet1t10n o t rn topograp ic Island. 

features of the adjacent mainland. A large portion of the island is 
low, from two-thirds to three-fourths of it not exceeding 150 feet 
in altitude, but in the centre, beLween Cape Traverse or Sable River 
and New London, ridges and hills rise from 400 to 500 feet abo\'e sea-
level. The surface is undulating or rolling with a number of valleys 
extending more or less transversely or diagonally across the island, 
though several, especially on the higher grounds, have nearly an east
and-west course, corresponding to that of the anticlinals on the main-
land. During the post-glacial subsidence, when Prince Edward Island 
stood from seventy-five to eighty feet below the present leYel, there 
were four or five islands instead of one. Great denudation of the 
soft rocks of the island formations has taken place, the hills being 
due rather to thi cause than to orogenic movements. The denuda-
tion has, however, been largely pre-glacial. The higher portions of 
the island have suffered less than the slopes and coast districts, and 
are covered with a thick sheet of residuary material. 

The Magdalen Islands exhibit some curious topographic features, as Magdalen 

might be expected from their non-glaciated condition. Each island Islands. 
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seems to have one or more masses of eruptive rocks (dolerite or dia
base, porphyritic and amygdaloidal traps, etc.) which stand up in coni
cal hills and have disturbed or broken through the Lower Carbonifer
ous sediments. The general direction of these hills or ridges, where 
any linear arrangement is apparent, is approximately north-east and 
south-west, corresponding with that of the crystalline ridges in Nova 
Scotia and New Brunswick. 

RIVERS AND LAKES. 

Rivers flowing The most important rivers in that part of New Brunswick embraced 
e~~'.J!ua~~~ft: in this report are the Southwest Miramichi, the Richibucto and the 

Petitcodiac. The Southwest Miramichi is one of the large rivers of 
the province, being one hundred and twenty-five miles in length above 
its confluence with the Northwest Miramichi River. Several of its 
tributaries are rivers of no mean size, such for example, as the Renous, 
Dungarvon, Cains, Taxus, etc. A curious feature of this river is the 
proximity of its chief catchment basin to the valley of the St. John 
River, robbing the latter, as it were, of a portion of its waters. The 
Southwest Miramichi, like all the large rivers of New Brunswick, 
existed in pre-glacial times, its valley having been so deeply eroded 
then as to enable it to affect the movement of the Pleistocene ice, 
especially in the latter part of the glacial period. Glacial strire 
parallel to its course are found along its sides. The north-easterly 
trend of its lower part and of its principal affiuents, the Renous, 
Dungarvon, Cains, etc., indicates that the watershed separating its 
waters from those of the St. John River, was higher, relatively to the 
adjacent district to the north, in pre-glacial and glacial times, than at 
present. 

The rivers flowing into Northumberland Strait, between the 
Miramichi and Pictou, Nova Scotia, are unimportant. Their silted up 
estuaries denote that the coast region is in a partially submerged 
condition compared with what . it was in the Pliocene or late Tertiary 
age, when the valleys, now buried in sediments, underwent their final 
touches of erosion. 

Petitcodiac Of the rivers flowing into the hearl of the Bay of Fundy, the 
River. Petitcodiac and the Maccan are the largest and most important, and 

exhibit some remarkable features deserving of more than a passing 
remark. The first-mentioned of these has a singularly curving course, 
and in the estuarine part shows unique physical peculiarities. The 
non-tidal part, or that between Petitcodiac and Boundary Creek 
stations, Intercolonial railway, to which the name "Petitcodiac 
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River" properly applies, is only thirteen miles m length. Above 
Petitcodiac station it is called North River. The latter rises in the 
higher grounds of Lutz or Indian Mountain, eight miles and a half 
north of Moncton, and flows south-westward for twenty-two or twenty
three miles, i.e., in a reverse direction to that of the Petitcodiac River, 
properly so called, till it joins the latter. The Petitcodiac has, how
ever, several tributaries of considerable length besides North River, 
and a very peculiar drainage system. Pollett River, one of these 
tributaries, flows northward from a source 1,200 to 1,400 feet high in 
the plateau bordering the Bay of Fundy; and Coverdale is another 
affluent rising in the same region. It is not improbable that the two 
latter, Pollett and Coverdale rivers, were, in pre-glacial times, the chief 
head-waters of the Petitcodiac, and that North River, if it had a pre
glacial existence at all, flowed south-westwardly along the valley of the 
Anagance River into the Kennebeckasis without joining the Petit
codiac. This theory as to the original drainage-basin of the Petit
codiac River presupposes somewhat different relative levels of the 
region, that on the north of the river being probably higher, or that 
to the south rather lower, than at the present day; or a slight differ
ential uplift of the divide between the Petitcodiac and Kennebeckasis 
waters in the Pleistocene would produce the same result. If, how
ever, North River is post-glacial this supposition is unnecessary. 

But it is in the tidal or estuarine part of the Petitcodiac River that "Thebore"of 

th · t• f t d th t th · 1 h the Petitco· e most interes mg ea ures occur, an a e s1ngu ar p enomenou, diac River. 

called " the bore " is seen. The estuary extend& from Folly Point, 
at the entrance to Shepody Bay, north-westward to " The Bend " at 
Moncton, whe1~e it takes a sharp curve to the south-westward, thence 
continuing to Salisbury on the Intercolonial rail way, its whole length 
being thirty-two or thirty-three miles. At "The Bend," where the 
river's course is somewhat narrow, the tidal wave or "bore" can 
be seen to best advantage. Here it may be observed rushing in as 
a foaming breaker (see Plate I.) five or six feet high, with a velocity 
of six or seven miles an hour. After it passes, the waters flow in like 
a river, slackening off, however, before the full height of flood-tide is 
reached. The difference between low and high tide at Moncton is, 
at spring tides, forty-five feet, at neap thirty-eight feet. 

The ebb-tide sets out, at first, slowly, but after an hour or two rushes 
along like a mill-race, the water sinking rapidly until the bare muddy 
channel is exposed and finally the river becomes a small meandering 
stream in the bottom. This continues for two hours or more, when 
again the rushing waters of the "bore" are heard and soon sweep 
past at their usual velocity. 
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In the .Maccan River, which discharges into Cumberland Basin, a 
similar "bore " occurs though not as high as that of the Petitcodiac. 

At spring tides these tidal phenomena are of course seen to full 
ad vantage. The winds have also at times the effect of producing a 
perceptible difference in the height. A south-west wind may prevent 
the recession of the tides to their lowest possible level, and of course 
the incoming wave which follows will not be so high. 

Other noteworthy peculiarities of the tidal phenomena of the Bay of 
Fundy will be referred to later on. 

The Tantramar, which is chiefly a tidal river, also exhibits certain 
phenomena of a remarkable kind along its course. The sediment com
posing the Bay of Fundy salt marshes is known to be a finely cfo-ided 
material, and is carried in by flood tides and deposited along estuaries and 
on overflowed marshes. This operation of nature is, perhaps, better ex
emplified along the river referred to than elsewhere, in proof of which 
it is noticeable that the marsh surfaces are higher immediately on both 
sides of the river than at some distance from it, and that the material 
there is oxidized. Certain portions of the salt marshes are now under
going artificial recla.mation from the blue coloured, mossy, "corky" 
marsh, by draining and by allowing the spring tides to overflow them 
and deposit this red oxidized sediment. A considerable acreage of excel
lent marsh land near Sackville has thus been brought into a condition to 
produce abundant crops of hay. 

Hebert and Maccan rivers, both of which flow into Cumberland 
Basin, likewise exhibit some singular features in their drainage 
systems. These rivers rise in the northern slopes of the Cobequid 
Mountains, but the Maccan has branches joining it from the north and 
east as well, i .e. , from the high grounds of Springhill and Leicester, 
and har,, therefore, a pretty large catchment basin. The catchment 
basin of River H ebert is, on the contrnry, small, the main source of 
the river being in a. valley or pass in the Cobequid Mountains, through 
which the Spring hill and Parrsboro' rail way runs. The origin of this 
pass is one of the difficult problems appertaining to the surface geology 
of the region. It does not seem to be due to a fault or dislocation, 
but mainly to erosion. It is certainly pre-glacial but post-Carboniferous. 
Connected with this pass are two valley", one through which River 
Hebert flows, the other extending from Halfway Lake to Southamp
ton, thence along Maccan River to Athol and Maccan stations, Inter
colonia.l railway. These valleys afford evidence of having been 
occupied by the sea during the post-glacial subsidence of the land, 
gravel- and sand-terraces and water-worn deposits being abundant in 



CHALMERS. J LAKES. 13 M 

them. A remarkable gravel ridge called the "Boar's Back," which 
will be described in the sequel, stretches along the valley of River 
Hebert. 

Viewing the drainage-basin of l\Iaccan and Hebert rivers as a Pre-glacial 

whole, especially in its relation to the pass in the Cobequid Mountains ~u1 tlet of d 
J.l accan an 

through which the Spri nghill and Parrsboro' railway runs, it appears H ebert, rivers. 

to be not improbable that in pre-glacial ages the waters of these rivers 
found outlet southward through the pass referred to into the Basin of 
Minas, and may have been the agent of erosion to which it owes its 
orrgm. This erosion must date from a very early geological period, 
having commenced when the relative levels of the country were differ-
ent, and. previous to the elevation of the Cobequids, subsequent erosion 
and uplift going on concurrently until the advent of the ice age. The 
pass is now largely drift-filled, especially in the central part, the drift 
material there being due to glacial and post.glacial deposition. The 
differential uplift of the Cobequid Range since that date relatively to 
the Carboniferous area lying to the north, has caused this drainage to 
become partially reversed and to seek escape by the existing channels. 
This question will be discussed in further detail on a following page. 

None of the rivers of Cumberland county flowing into Northumber
land Strait exhibit any noteworthy features, except, perhaps, Wallace 
River, which affords proofs of once having been the outlet of Folly 
Lake. A slight rise of that lake would still allow it to overflow in the 
direction of this river. The change in the drainage here has doubtless 
been caused by the same orogenic uplift of the Cobequid Mount~ins 
that caused the northward flow of the lVIaccan and H ebert rivers, viz., 
the late upheaval or upheavals of that range relatively to the country 
to the north. 

LAKES. 

The lakes of the region are small and but few of them seemed to Lakes. 

require special investigation. Several of the lakes on sheet No. 
2 S.E. are bordered by mounds or gravel ridges produced by the 
shove of the ice which covers their surfaces every winter. One of 
these at the head of the south branch of Muzroll's Brook, a branch of 
Cain's River, has a kame on one side, and another small lake about the 
head of the millstream along the Kent Northern railway, called Lake 
Elsie, has a gravel ridge around its border. In early post-glacial times 
small shallow lakes must have been numerous in the Carboniferous 
area, but most of them have since been filled with peat. 
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On the I sthmus of Ohignecto, there are a number of small shallow 
lakes, around the borders of the salt marshes of the Bay of Fundy. 
They have been formed by the stoppage of the drainage which flows 
down from the slopes upon the inner border of these marshes. A fringe 
of shrubbery grows around them on the surface of the marsh. Peaty 
material likewise accumulates in these places. Portions of these marshes 
are now being reclaimed and brought under cultivation by flooding 
them with the tidal water. 

The most remarkable lakes of the region are those of the Oobequid 
Mountains, including Halfway Lake lying at their northern base. 
This lake is merely the remnant of a much larger one which existed 
here in post-glacial times. Folly Lake affords evidence on the slopes 
of the hills surrounding it, that it stood at one time in post-glacial 
history forty feet above its present level, and overflowed into Wallace 
River, the gorge in the Oobequids here, to the north of Folly Lake, 
having in this way been eroded. A rise of from fifteen to twenty feet 
in the level of the lake would still enable it to flow in this direction. 
Mounds and ridges of gravel and sand, the material being well 
rounded, occur at both ends of the lake. There is no evidence of 
glacial action in the basin of Folly Lake, or in the gorge to the north 
of it; but a few small water-worn pieces of Carboniferous sandstone 
were observed among the local boulders. 

OriginofFolly The origin of the depression in which Folly Lake lies has not been 
Lake basin. d . d Th h h b d d b h . f eterm1ne . at t e gorge or pass as een ero e y t e act10n o 

running water there seems no doubt. But originally there must have 
been a catchment basin here in which to store up this water-power, 
and the question is, how was this formed 7 The only solution of the 
problem seems to be that it was orogenic, the existing topography, 
indeed, supporting this view. A circle of hills surrounds the depression 
forming the lake basin, and it is probable that previous to the formation 
of the gorges extending northward and southward from Folly Lake, it 
held in the larger body of water, the old shore-lines of which were 
observed at a height of forty feet above the present lake-surface. That 
this high-level, ancient, post-glacial ln,ke is rock-rimmed seems pr.etty 
certain. 

Several of the small lakes on the summit of the Oobequids contain 
infusorial earth which will be referred to on a subsequen t page. 

BAY OF FUNDY. 

Bay of Fundy; The name of this bay is said to have been given to it by the early 
origin of the Portucruese explorer~ It was called by them Baya Fonda or Funda, or name. o · ...:. 
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Deep Bay, "expressing not the depth of its waters, but the depth to 
which it penetrated the continent."* During the French occupation 
of the country it was called "La Baie Frangaise, or La Grande Baie de 
la Frangaise," but this like other French Il~mes of places in this region 
was, when the French gave up possession of the country, replaced by 
what appears to have been the original name anglicized. 

Some of the physical features of this remarkable bay were briefly 
described in a previous report. t 

Its phenomenal tides, which are best exhibited in the eastern and Tides of. 

north-eastern extremities, rise from fifty to fifty-five feet above low-
tide level. The entire length of the Bay of Fundy to its inner 
extremities, supposing its mouth to be at Grand Manan Island, is 
about one hundred and forty-five miles, its width at the mouth forty_ 
eight miles; between Digby Gut and the mouth of the St. John River, 
forty miles, and from the entrance to Minas Basin to Salisbury Bay, 
thirty-five miles. The bottom of the bay has a gradual ascent from 
the mouth to the north-east extremities, the depth below mean tide 
level at the former place ranging from seventy to one hundred and ten 
fathoms. Taking an average gradient of the bottom of the bay from its 
mouth to the head of Shepody Bay, we find that it is not Jess than 
four feet per mile. Of course it has many inequalities, and rises 
abruptly towards the shore in some places, but on the whole is remark-
ably uniform for a bay the waters of which are affected by such 
powerful currents. 

In reference to the tides of the Bay of Fundy, it can be seen from Rise and fall 

an examination of the charts of the British Admiralty Survey, and of ~~et~~;i~fs of 

the United States Coast Survey, that immediately outside of the mouth Fundy. 

of the bay they rise higher than in the open ocean, the sea apparently 
being heaped up against the coast of the mainland. For example, south 
of Pubnico harbour, Nova Scotia, and just east of Seal Island, :he spring 
tides rise twelve feet and three-quarters, and neap tides ten feet and 
a quarter, while near the. coast of Maine and west of Machias Seal 
I sland, spring tidEs rise eighteen feet, a,nd neap, fourteen feet and three 
quarters. 

*The Portuguese on the North-east coast of America, and the first European 
atte.mpt at colonization there. By the :i:tev. George Patterson, D.D. Trans. Royal 
Society of Canada, 1890, vol. VIII. A history of the Discovery of Mame, U.S., by 
J. G. Kohl, voL I., edited by vVm. Willis, Portland, Me., Bailey and oyes, 1869. 

t Annual R eport, Geol. Surv. Can., vol. IV,. N.S., 1888-89, p. lGN. 
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Inside of the mouth of the Bay of Fundy, however, the rise in the 
tides increases more perceptibly as we advance from the mouth towards 
the north-east extremity, as shown by the following table :-

Places. 

Digby N epk, N.S . . .. ... . . .. .. .. . . .. . .. . . . . . . .. ... . 
L'Etang Harbour, N.B .... . ....... . ..... . ........ . 
Point Lepreau ...... . .............. .. . .. .... .. ... . . . 
Digby Gut, N.S . .. ...... .. ... . . .. .. . .. . .... . . . .... . 
St. J ohn, N.B ... . . . ... . 
Quaco, N.B . . ............ . . . ... . .............. . . .. . 
Spicer Cove, N.S ..... . . . .. .. . . . .. . .... .. . . .. ... . . .. . 
AdvoC<'tte, N.S . . ......... . . . ........... . . . . . . .... . 
Cape Enrage, ::'.'<.B ........ . . .. ....... . .. . .. . ... . . . . 
P etitcodi>ic River, N.B . .. . . . ........ . ... .. .... . . . 
Apple River, N.S ..... . ..... . .. . 
Cumberland Basin. . . . . . ... . ..... .. ... . 
At west clock, Chignecto marine railway 
Noel River, in Cobequicl 'Bay. . . . 

Spring Tides. N eap Tides. 

Feet. 

22 
23~ 
24~ 
27~ 
27 -
30 
37 
39 
41 
46 
39 
44 
-!4 
53 

F eet. 

18 
20 
21 
23 
23 
25 
~g~ 
32 
36 
2!) 
35 
35 
31 

This last is the greatest tidal oscillation in any part of the Bay of 
Fundy. 

The greater rise of the tides in the upper parts of this bay is attributed 
to its narrowing funnel form, and its shallowing bottom cooping up 
the tidal wave as it advances up the bay. But it would seem that the 
waters really acquire a movement of translation as they enter the 
narrow bays and inlets and become as it were heaped up, the upper 
parts rolling over the lower in the way that waves break upon the 
shore. The "bores" exemplify this. The ebb tides are not so 
easily understood. That the inward rush of the tidal wave should 
raise the waters from twenty to twenty-five feet above the mean level 
of the ocean in these narrow bays with ascending bottoms can be 
readily explained, but why these waters should recede to a depth of 
twenty feet or more below the same datum, leaving the bays empty, or 
nearly so, for hours, is a phenomenon, the cause of which is not so ap_ 
parent. That it is the result of gravitation-of an effort of the waters 
to reach an equilibrium-is unquestionable. The bottom of the Bay 
of Fundy, as alr!lady shown, is really in the form of an inclined plane, 
the average slope being, as stated, about four feet per mile, while the 
average slope of the surface of its waters at flood tides within the bay 
is one hundred and fourteen thousandths ("114) feet per mile ; in other 
words, the waters are then sixteen feet higher, in round numbers, at the 
inner extremities of the bay than they are at the mouth. At every flood 
tide therefore, there is a great body of water in the upper end of the 
bay, carried to a position above the normal level of the ocean. Gravi-
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tation seeks to restore an equilibrium. The receding waters of the 
ebb tides, descending an inclined plane, as it were, rush down with such 
force and rapidity that, like the receding waves on a shor'\ they fall 
below the mean level of the sea about as far as they had risen above 
it at the flood. Then follows another abno.rmal condition of things; 
the surface of the waters of the bay again loses its horizontality, but 
this time the slope is in the reverse direction to that of the flood 
tide, viz., from the inner or eastern extremities of the brty outwards 
and upwards towards the mouth. Another effort is therefore made 
to restore the equilibrium, and the great tidal wave rushes in once 
more. This oscillating or rythmic flow and ebb of the Bay of Fundy 
waters thus goes on throughout the ages, and not until the contours 
of the bay are changed from erosion or subsidence, and the tidal wave 
is allowed to pass over the I sthmus of Chignecto into Northumberland 
Strait, will it cease. 

It has been assumed that the slopes of the surface of the Bay of 
Fundy at flood and ebb tides were regular or comparatively so; but 
the conformation of the sides and bottom seriously affects, and in some 
places, obstructs the tidal flow. The slopes are, therefore, only approxi
mately regular. 

It may be asked how do we know that the ebb tide falls as far below Mean tide 
h 'd 1 1 f l 1 1 · h b d level in Bay of t e mean t1 e eve o tie ocean, or mean sea- eve , in t e ays an Fundy and 

inlets of the Bay of Fundy as the flood tide rises above it~ In answer Northumber-
land Strait. 

to this we will state that it has been ascertained by careful levellings 
above a common datum in the surveys of the Baie V erte canal and of 
the Chignecto Marine Transport railway that mean ticle·level, i.e., 
the level of half tides, closely corresponds on both sides of the Isth-
mus of Chignecto. For example, the levels of the Chignecto marine 
railway have their datum one !:iunclred feet below the high-water Datum of 
mark of the Saxby tide, a remarkable tide which occurred on the 5th Chi&"necto.

1 mrinne ra.1 -
of October, 1869. From this datum, the heights of the tides at both way. 
ends of the marine railway, viz., at the Tidnish dock and at the Fort 
Lawrence dock, have been measured, during at least one whole season, 
with the following results :-

At Tidnish dock, Baie V erte-
Feet. 

High water, spring tide .. _ ... . .................. .. ... 79 · 
" ordinary tides ........................ . . . 74 · 

Low water . .. . . .... ... ................... . .......... 68 · 40 

At Fort Lawrence dock, Cumberland Basin-

High water, spring tides ..................... . ....... . 
" ordinary tides . .. ...... . . . . .. .. . 

Low water .. . . . ...... . ..... . .. . . . .... . . ..... .. ..... . 

2 

Feet. 
96· 
89· 
52·59 
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Correspond- The levellings were started from the Tidnish dock. H. G. C. Ket-
ence of mean h 0 E f th Oh' t · 'l h h tide level at c um, . ., o e ignec o marine ra1 way states t at "t e ex-
both e!1cls of treme ran ere of the tides in Baie V erte was observed to be 10 feet 8 
the Ch1gnecto . 0 

. 
marine rail- mches; the ordmary range being only 5 feet 7 inches. Thus while 
way. the fluctuations above and below the mean sea-level were only 2 feet 

9 inches at Baie V erte, they were at the same time 19 feet above and 
below mean sea-level in the Bay of Fundy at neap tides and 24 feet at 
spring tides."* 

From the data at hand it has been shown, however, that the level 
of half tides, usually called mean sea-level, does not strictly correspond 
on both sides of the Isthmus of Ohignecto, there being a difference of 
a few inches (5 to 10 inches). But this difference is so small that it 
may well be due to slight errors in the observations or in the levellings. t 

The statement that the tides of the Bay of Fundy rise from forty 
to sixty feet high, signifies that they rise that number of feet above 
low-water mark. Their rise above the normal mean tide-level of the 
ocean is approximately only half of these figures. As a matter of fact, 
the highest tidal flow in any p'Lrt of the Bay of Fundy, which, as 
already shown, is at Noel H ead, in Oobequid Bay, is only fifty-three 
feet above low-water mark, according to the Admiralty survey. 

Tides of the In studying the tides of the Bay of Fundy the question arises, what 
:SatyhofPFln,ntcly was their maximum rise and fall durinir the Pleistocene period, more m e e1s o- ~ 

cene especially during that stage when the Isthmus of Ohignecto was sub-
merged and Nova Scotia formed an island 1 From the levels taken in 
the surveys of the Baie Verte canal and of the Ohignecto marine 
railway, it appears the axis of the isthmus in its lowest part is not 
at present more than eighteen or twenty feet above the high tide 
level of Cumberland Basin, in the Bay of Fundy. No drift-filled 
channel crossing the isthmus has been found; on the contrary, the 
rock in situ appears, even in the lowest places, to be covered with 
boulder-clay, residuary material, etc., and has evidently not suffered 
greater erosion on the lower levels, in post-glacial times, than other 
parts of the country. But there is evidence which will be adduced in 
this report showing that in the Leda-clay and Saxicava-sand period 
the isthmus was submerged to the depth of at least one hundred and 
twenty feet. How would the Bay of Fundy tides act during this 
subsidence 1 An inquiry into their height and dynamic power in the 
wider parts of the bay, as it exists at the present day, will, perhaps, 

* The Chignecto Ship railway, a paper read before the Canadian Society of 
Engineers at Montreal, Dec. 29th, 1891, by H. G. C. Ketchum, M. lust. C. E. 

tThe Tides of the Bay of Fundy. By M. Mnrphy, Provincial Engineer, N.S. 
Proc. Inst. of Nat. Science, H alifax, Nova Scotia, vol. VII., page 48. 
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be our best guide in elucidating this question, those parts of the bay 
being no wider or deeper than the strait across what is now the 
Isthmus of Chignecto would be at the time of the subsidence referred 
to. Would the tides during the post-glacial submergence of the 
isthmus be as high in the north-east extremities of Chignecto Bay as 
at present 1 

The remarkable tidal phenomena of the Bay of Fundy being due to Effect of 

the convergence of its sides and the shoaling of its water towards the changes of h 
. . . level upon t e 

north-east, it follows that if the barrier there were removed and the tides 

tidal wave allowed to flow without obstruction into Northumberland 
Strait, the conditions favourable for high tides would be diminished 
if not entirely eliminated. The tidal wave which now moves up the 
bay with such velocity (six to seven miles an hour in some places) 
instead of being stopped and thrown back, would then sweep across 
the isthmus into the open sea beyond. It is not probable, therefore, 
that the tides would rise any higher than they do now in the mouth 
of the bay or in the Gulf of Maine ; indeed, all things considered, 
there seems no reason to suppose that the highest tides during the 
maximum stage of the submergence referred to would exceed from ten 
to fifteen feet. 

But alLhough the tides during this stage of the Pleistocene sub- Erosion from 

h . h h · d · ,,,, · h Bay of Fundy mergence were not as ig as at present, t eir ynam1c euect in t e tides. 

erosion of the shallow parts of the strait and coast border, which then 
existed on both sides of what now forms the Isthmus of Chignecto, 
was very great. It was then that the low-lying portions of the 
isthmus received their present contours, that the Kennebeckasis 
Valley in New Brunswick and the Annapolis Valley in Nova Scotia 
were eroded, if not wholly, yet received their latest sculpturing, and 
that the precipitous sides of the lower Petitcodiac Valley, the Mem-
ramcook Valley and Cumberland Basin, etc., were carved out and 
fashioned nearly as we now see them. It must be remembered, how-
ever, that all the valleys, now partially filled or occupied with salt 
marsh, would then be comparatively empty, and denuding agents would 
have much greater scope. 

The chief erosion of the isthmus from marine action appears to have 
been during the upward movement of the land in the later stage of 
L eda-clay and Saxicava-sand period. In the earlier stage of the 
Pleistocene subsidence the isthmus would, of course, be covered wholly 
or partially by ice, either land, or floating ice, or both, and con_ 
sequently erosion from the sea would then be less active. Tidal 
erosion must therefore have been active chiefly after the retirement of 
the ice and before the tidal wave was shut off from Northumberland 

2~ 
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Strait and confined to the Bay of Fundy, by the elevation of the axis 
of the isthmus above sea-level. 

As soon as the rising of the land in the Leda clay and Saxicava-
sand period had brought the present geographical barrier ,between the 
Bay of Fundy and Northumberland Strait into existence, the tidal 
wave, thrown back on itself, would begin to deposit its burden of 
sand, mud, etc., in the estuaries and bays. This process has been in 
active operation since, and it is in this way that the sediments of 
the extensive salt marshes have accumulated. The action of the 
tidal wave in the north-eastern extremities of the Bay of Fundy is 
therefore accumulative and not destructive, thfLt is, it deposits mate
rial where it is thrown back on itself, but further down the bay, where 
it receives no check to its onward p:-ogress, its erosive power, especially 
on the shores, is very great. 

f:i1~:t~~~i1~fs~ During the maximum subsidence of the land in the Pleistocene 
tocene. period the tidal wave or current may have passed over the submerged 

Isthmus of Chignecto in both directions,-at the flood running north
eastwardly through what then formed a strait between New Bruns
wic';: and Nova Scotia, and at the ebb in the reverse direction from 
Northumberland Strait or the Gulf of St. Lawrence, into what is now 
the Bay of Fundy· and Atlantic Ocean. Erosion would then, no doubt, 
be powerful, but not as powerful as at the present day, as the tidal 
oscillations would be similar to what they are now in the open and 
wider parts of the bay. 

lt was probably during the early stage of the subsidence mentioned 
that the isthmus received its final glaciation from the floating-ice 
jammed in between Prince Edward Island on the one hand, and on 
the other, the higher grounds of New Brunswick and Nova Scotia on 
both sides of the isthmus. This ice moved chiefly from Northum
berland Strait south-westward into the open waters of the sea now 
forming the Bay of Fundy, but also partially in the reverse direction. 
The evidence bearing on this question will be brought forward on a 
later page. 

Origin of the The origin of the great depression in which the Bay of Fundy lies 
~~;'r~:s!~~dy is a question the adequate discussion of which would lead us far back 

in geological history. Prof. H. Y. Hind speaks of it as a valley of 
erosion,* and this is doubtless partially correct; but originally it must 
have been formed by crustal movements, though at what geological 
period is not evident. The Carboniferous rocks bordering Northum
berland Strait are but slightly disturbed, but when we cross the Isth-

*A Preliminary Report on the GBology of New Brunswick, 1865. 
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mus of Chignecto to the head of the Bay of Fundy a marked differ 
ence in their position and in the structure of. the beds is found. The 
Lower Carboniferous there is generally folded and thrown into highly 
tilted attitudes, while the Middle Carboniferous (Millstone grit), 
though in many places occupying a horizontal attitude has, on the 
west side of the P etitcodia,c River, in Cape l\1aringouin peninsula, at 
W estruoreland ridge, and at South J oggins and Springhill likewise 
suffered great dislocation and faulting. The promontories, projecting 
into Chignecto Bay and even Cape Chignecto itself appear to have also 
undergone differential uplift relative to the coast border of Northum
berland Strait, and doubtless were affected by the same orogenic in
fluences as the Cobeq uid Mountains themselves. The sequence of these 
movements seems to have been, an upheaval after the Lower Carboni
ferous rocks were formed and previous to the deposition of the Middle 
Carboniferous beds; then another disturbance and fracturingof tbestrata 
subsequent to the formation of the coal series. Since Carboniferous 
times the region appears to have undergone repeated oscillations, the 
latest being the subsidence in the recent period. This question will, 
however, be referred to in detail, when I come to treat of the changes of 
level which took place here in the Tertiary and Post-Tertiary periods. 

The crustal oscillations to which the Bay of Fundy valley is due Due probably 
to crustal 

seem, therefore, to have been to a large extent local, at least they were movements. 

much more intense immediately around it than in the region of 
Northumberland Strait. Evidently the origin of this depression has 
been dependent upon and closely related to the crystalline ranges on 
both sides of the bay, ·the proximity of which doubtless led to so 
much local disturbance of the Carboniferous and other rocks, as r eferred 
to. Upheaval and denudation have been proceeding in some instances 
correlatively and pari passu,, and have brought about important 
changes in the surface features. The excavation of the valleys now 
occupied by the estuaries of the Petitcodiac, Memramcook, Tantramar 
and La Planche rivers, which have in Post-Tertiary times been partially 
filled with boulder-clay, salt marsh deposits, etc., indicates intense and 
prolonged erosion. 

The physical features and dynamic action of this remarkable bay 
have been thus dwelt upon, because it occupies a valley where intense 
forces have been and are still in operation, and where the formittion of 
salt marshes in the Recent Period is exhibited on a scale unparalleled 
elsewhere in Canada. Nor have we on any other part of the North 
American coast evidence of such a trustworthy character respecting 
the subsidence of the coast in the latest epoch of its geological 
history. 
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TER'l' IARY AND POST-TERTIARY CHANGES OF LEVEL. 

Changes of Considerable attention has been devoted of late years to the changes 
level. in later of level of the earth's crust especiaJly in the Post-Tertiary period. 
Tertiary and ' 
Post-Tertiary. That great oscillations have occurred is undeniable, but the evidence 

as to the extent of the vertical movements is, for the most part, ex
tremely fragmentary, and no very satisfactory conclusions have been 
deduced from it. Nevertheless, along the coasts a large body of 
facts a.waits investigation and co-ordination, which would elucidate 

Data, where this question. Shore-lines, marine termces and benches of different 
obtainable. kinds lie exposed in every estuary and along every coast, the heights 

of which, if peoperly measured and classified, would form an important 
contribution to our knowledge as regards these oscillatory movements. 
The amount of deformation by differential upheavals and subsidences 
could also by this means be shown, and the efficiency of certain 
theories to account for the phenomena properly tested. 

'Where 
collected. 

Ta,bleof eleva
tions and 
su bsidences. 

For a number of years the writer has been collecting all the inform-
ation available respecting the oscillations of level on the Atlantic 
coast of Canada, especially in the region lying between the mouth of 
St. Lawrence River and the International boundary. The following 
table embodies the results of this investigation: 

No. Localities. 

EASTERN QUEBEC. 

1 Along Temiscouata Ry., 
near Riviere du Loup sta-

Elevation in la
ter Tertiary 
above mean 
tide-level, in 
feet . 

tion, l.C.R .............. Not known, but 

Elevation of 
highest Pleis
tocene or post
glacit>I shore 
lin e ab0ve 
mean tide
level, in feet. 

Subsidence in 
the Recent Pe
riod below 
mean tide
level, in feet. 

840 or upwards 
in mouth of Sa
guenay River 
opposite Riviere 
du Loup .... . .. 418 (bar.) ... . .... Not known. 

2 Between Riviere du Loup 
and Ste. Flavie . .. . " .. 345 to 375 (bar.) . 

3 Gaspe Basin . ..... . .. . . . . . Thi s basin 180 ft. 
deep between 
Capes Brule and 

4 Port Daniel, on north side 
of mouth of Baie des Cha-

Haldimand .. . . 225 to 230 " 

leurs. . . . . .. . . .... Not known .... . . 225 to 250 " 
5 Between Carleton and J\Iaria 

in Baie <les Chaleurs. . . . . . . 200 + 
6 ·west of Nouvelle River and 

between that and Scau-
menac . . .... . . . .. . ... 215 to 220 " 
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No. Localities. 

JEW BRUNSWICK. 

7 Near Dalhou ie Junction, 
I.C.R., on south side of 

Elevation in la· 
t e r Tertiary 
above 1n ea n 
tide-level, in 
feet. 

Restigouche River ....... 73 at least, at 
mouth of Meta
pedia River; UO 
at mouth ofRes-

Elevation of 
highest Pleis
tocene or post
glacial shore 
lin e above 
mean tide
level, in feet. 

Subsidence in 
theRecentPe
riod b e l o w 
mean tide
level, in feet. 

tigouche River. 223 at end of trap 
ridge; probably 
higher than nor-
mal(spirit level) 5 at least, accord

ing to peat bed 
atCharlo. 

8 Near Bathurst, on road to 
Dunlop settlement .. ... . Not known ...... 188 

!l Near Caraquette, south of 
harbour . . ..... ... . ..... '10 to 50 or more. 138 (bar.) . .. . 

10 North side of Miramichi 
River, between Newcastle 

.. 5 to 10. 

. 5 to 10 between 
St. Simon Inlet 
and Pokerno
uche, also on 
Miscou Island. 

and Bartibogue River .... 115 at least ..... 125 to 133 (bar.). 10 to 15. 
11 On Cape 'l.'ormentine penin · 

sula,along Emigrant Road See page 27 1r. .. 125 (?)(bar. ) . .. . Not known. 
12 Near Berry's Mills station, 

I.C.R . . .. ... . .. ..... Not known .. .. .. 251·95 (sp. level). 
13 Indian Mountain, north of 

Moncton.... . . . . . .. .... 'See page 27 M ... 248'91 
14 In another place further 

east, along south base of 
Indian or Lutz :Mountain .. 251'95 

15 At Hillsboro', Albert county ,, ,, .. 222·44 
16 At St. John, east of harbour 200+ ... ..... ... 225 ·91 
17 At Pennfield station, Shore 

Line Ry., on Ponnfield . 

,, 
15·32 (sp. level). 

.. 10 to 15. 

terrace. . . . . . ...... .. I\ ot known ...... 228 (Ry. levels) .. Not known. 
18 l~i ve miles east of St. GeorgP 

on highest part of Penn-
field terrace .... ....... . . 90, or more at 

mouth of L 'E-

1 

tang Inlet ...... 243 
l!l On marine terrace, at Dyer's 

crossrng, in vn,lley of Dig-
deguash River. Not known ...... 231 

NOVA SCOTIA. 

20 H alf a mile north of N appan 
station, I.C.R. . ... . ... ... See page 27 }f. .• 143'72 (sp. level). 10'75 at Fort 

Lawrence; 79 at 
Aulac. 

21 On north side of Amherst 
H ead.. .... . . ... 

22 On east side of Mount Plen,s-
an t, in River Philip valley Not 

23 Between ·w allace harbour 
and Pugwash ........... . 

known .. 

138 to 140 (bar.). Not known. 

133 (bar.) .. .. . .. 

. .... 133 
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No. Localities. 

Elevation in la
ter Tertiary 
above mean 
tide-level, 111 

feet. 

E le va tion of 
highest Pleis
tocene or post
glacial shore 
line above 
mean tide
level, in feet. 

Subsidence in 
theRecentPe
riod below 
mean tide
level, in feet . 

----· ------ ----------------

NOVA SaOTIA-Contznued. 

24 On peninsula north of Wal· 
lace Harb0ur, in several 
places, distinct. . ...... . Not known ...... 133 (bar.) Other 

shore lines at 
120, 110, and 55 
to 60 ... . ...... Not known. 

25 East of Wallace, on road 
running south from Plas-
ter Cove .. . . .... ..... . 

26 On Wallace Ridge, east of 
road going south from 
Plaster Cove, in several 
places. .. .. . .. .. . 

27 In Deware River Valley. 
28 South-west of AtholStation, 

I .C.R ................. . 
29 Ou north side of Claremont 

Hill..... . ..... 
30 At Thomson Station, I. C.R. 
31 On east side of Halfway 

River, at northern base of 

.. . . . 138 (bar.) ... . ... 

..... 133 
.. 138 

. .... 138 

. .... 135 to HO (bar.). 
138 (bar) .. . ... . 

Cobequicl Mountains .. .. See page 28 :.r ... 170'84 (sp. level) 
32 Halfway between the last 

and Lakelauds, a bench on 
east side of pass ..... . .... Not ]mown ...... 18G (bar.) .. . .. . 

33 At Lakelanrls, on both ides 
of valley or pass ......... . 

34 Furthei south, at head of 
Parrsburo' River, on east 
side of valley or pass ..... 

35 Still further south, on east 
side of valley, at south 
base of Cobequicls .... . . . 

36 On south side of Cobequicls 
and west of Parrsboro'-a 
wide tPrrace ............ . 

37 At Port Greville. . . . ..... . 
38 At Spencer's Island ....... . 
39 At Advocate Harbour ... . . 
40 Near Granville, at foot of 

North Mountain {terraces) 
41 At mouth of L. Quille 

Brook, south of Annapolis 
42 !Near head of St.Mary's Bay, 

at base of North Moun-
tain ........ . .. . ........ . 

PRINCE EDWARD ISLAND. 

.. ... 223 

. .... 160 

.. . .. 130 

. ... 110 to 115 (bar.) .. 
112 (bar.) ...... 

.. ... 128 

. .... 130+ " 

. ... . 110 

..... 110 to 115 (bar.). 

110 (bar.).. . . . •. i 

43 \Vest of Alberton ..... ..... 75 .. 5to10 . 
44 At west encl of O'Leary 

Road, near Cape Wolf ... .. ... i5+ Not known. 
45 ,At Coleman Station, P. E. 

46 A[sjtll~r!i;~ St~ti~,;; :P: ':E: · ···· 75 

I sland R. ... .. .... . .... .. ... 75 .. ... 5 to 10 . 
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No. Localities. 

PRINCE ED. I SLAND-Con. 

I E 1 e vat ion of 
Elevation in la- highest Pleis- Subsidence in 

t e r Tertiary tocene or post- the Recent Pe
above mean glacial shore riod below 
tide -level i n l in e a b o v e m e an t i de -
feet. m ea n t id e- level, in feet. 

· level, in feet. 

47 !North of Kensington, near I 
P. E. Isl>tnd R . . ........ Not known .. . ... 75 (bar) ....... Not k'n' own. 

48 At \Vilmott"s Creek, near 
P . E. I slall(! R. . . . . . . . . . . . ... 75 " _ . . 

4D At Tryon River... . . . .. 75 to 95 (bar.). 
50 At North River Bridge, 

P. E. Island R...... . . _ 
51 In Oswell Bay ..... . 
52 At Souris.. . . . . . . . . . 

l\I.-\GDALEN ISLANDS. 

53 On Amherst, Entry, Grind
stone and Alright I slands. 

... . . 75 (bar.) . ...... . 
.. 75to80(bar.) .. . 
. . 75 (bar.) ...... . 

. .... 110 to 115 (bar.). 

The data respecting the height of the region in the later Tertiary Tertiaryeleva

are necessarily imperfect, and only at the mouths of the Restie:ouche, tiontobf thde 
~ coas or er. 

Miramichi and St. John rivers have we measurements which may 
be relied upon as correct. They are minimum figures, however, 
and the elevation must have been considerably greater than that they 
represent. At the two first-mentioned rivers, borings were made for 
foundations to the Intercolonial railway bridges spanning them, 
through gravel, sand and clay to the depths below tide-level here 
given, showing that at a period anterior to the Post-Tertiary the land 
stood at such an elevation as permitted the rivers to flow along their 
rocky floors and erode them to that level. That this erosion continued 
to the later Tertiary, is inferred from the fact that no deposits of that 
age h ave yet been discovered in the bottoms of these river-valleys. 
At St. John, the figures are taken from the Admiralty Survey charts, 
the depths being those of the St. John River above Indiantown and 
of the Kennebeckasis near its confluence with the latter. To enable 
the two last-mentioned rivers to erode the valleys in their lower reaches 
down to the rocky floor, the land must have stood two hunrlrerl feet ur 
more above its present level. It is probable, however, as stated above, 
that the heights for the Tertiary border of the land in the northern 
and southern parts of New Brunswick do not represent the maximum 
elevation. There are reasons for believing that some parts at least were 
much higher. For, the mouths of the rivers referred to, must be largely 
silted up; and, moreover, the buried channels where the borings were 
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made are so far up the river-valleys that they may have been beyond 
the then existing estuaries. 

On the whole, the evidence thus far obtained points to a difference 
in eievation in the later Tertiary period of certainly not less than 
from two hundred to three hundred feet above existing levels. The 
difference was not, however, equal throughout the whole coast region 
from the mouth of the St. Lawrence to the St. Croix River or Inter-
national boundary. Certain facts now to be adduced show, on the 
contrary, that the Tertiary oscillations, like those of other geological 
periods, before and since, have been differential, and the upheavals 
and subsidences to some extent, at least, complementary. The facts 
upon which this conclusion is based were observed chiefly in the 
Isthmus of Chignecto and in the region around the head of Chignecto 
Bay. It seems necessary to give them in some detail. 

Evidence as to The district around the head of the Bay of Fundy is remarkable for 
changes of 
level at the the great changes of level which have taken place there throughout its 
~~adof~t~~d . geological history. The evidences of these are first recorded in the Car-

y Y boniferous rocks as exhibited in the celebrated South J oggins section 

H eight of 
Isthmus of 
Chignecto at 
vresent. 

described by Logan and Dawson.* At the close of the Carboniferous 
period, the land here rose and appears to have continued above sea-level 
until the glacial epoch, no rocks of the intervening geological periods 
having been met with on the Isthmus of Chignecto or around the head of 
Shepody Bay and Cumberland Basin. On the contrary, the rock
surface of the country seems during these ages to have undergone a 
great amount of subaerial denudation, as evidenced by the quantities of 
residuary material still found upon it. During the geological interval 
referred to, there appears to have been a ridging up of the Isthmus of 
Chignecto, which continued till after the beginning of the Pleis
tocencc, and till the surface of the region became covered with a sheet 
of ice. Strim are found on hills and ridges, from five hundred to six 
hundred feet high or more near Shepody Mountain in Albert county; 
at Dorchester Cape, three hundred feet high; at Westcock, there 
hundred feet high, and along the Cumberland shore to the south of 
South J oggins as far as Apple River, three hundred and eighty feet 
high, all trending from south to south-west with the stos · side clearly 
to the north-east, showing the movement of a he11vy mass of land ice 
in the direction indicated. On the north-east side of the isthmus, 
along Northumberland Strnit, the land is low, seldom rising more than 
from one hundred to one hundred and fifty feet in height, the greater 
portion not exceeding from sixty-five to seventy-five feet. Where, 
then, had the glacier which produced the strim just referred to its 

* Acadian Geology, 2nd ed., p. 133. Supplementary Note to 4th ed., p. 18. 
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source or collecting ground? Careful and repea\ed examinations of 
the coast district of Northumberland Strait and of the higher grounds 
of Prince Edward Island to the north-east showed, that no ice capable 
of producing these strire came from that quarter, rather we have the 
evidence of land ice moving in an easterly direction in the strait and 
on Prince Edward Island at the time the Chignecto glacier was in 
existence. The strire referred to have clearly been produced by land 
ice during the early stage of the glacial period, the action of floating 
ice within the same region evidently belonging to a later stage of the 
Pleistocene. How then were these strire produced, or rather what 
caused the ice producing them to move from what is now a lower 
district south-westward over ridges and along slopes from five hundred 
to seven hundred feet in altitude? Only one answer can, in my 
judgment, be given to this question, viz., that the axis of the I sthmus Height of 

of Chignecto and the valley occupied by the waters of Northumber- g~f~~~~t~fin 
land Strait as far to the north-east as Prince Edward Island, were the. Tertiary 

period. 
higher relatively to the basins occupied by Shepody Bay and Cumber-
land Basin than at present. This differential elevation, existing in 
the Tertiary, continued into the early Pleistocene, as will be shown on 
a subsequent page. This explanation does not imply that the axis of 
the isthmus was elevated five hundred or six hundred feet above the 
present bed of Chignecto Bay, but that the difference in the relative 
levels amounted to that. The land to the north-east must have been 
higher, while that to the south-west was lower; the attitude of the 
district b eing such that the general slope was south-westward, to 
enable the ice to flow in that direction. On no other hypothesis can 
the facts be explained. 

If this conclusion be correct, the height of the Isthmus of Chignecto 
during the Tertiary period was, therefore, different from that which 
now obtains, and further, the bottom of the depression now occupied 
by Chignecto Bay and the smaller bays and estuaries connected 
therewith must have oscillated. very considerably since. We may 
now inquire whether there are any data showing that other portions 
of the region under review occupied different relative levels during 
the Tertiary period. 

On page 12 M reference is made to the existence of a pass in Cobequid P ass in the 

Mountains at Halfway Lake, through which the Springhill and Parrs- i}f01:1~\l~i~s n.t 

boro' railway runs. This pass is about six hundred feet deep below the RR.alfwn.y 
1ver. 

sumn>it of the mountains, and quite narrow, with steep sides, and the 
drift-encumbered bottom is, in the central or highest part, now only 
P.ighty-five feet above mean tide-level. The character of the rocks on 
either side is the same, there being no evidence that the pass was due 
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to an original transverse fracture or dislocation of the mountain 
range. It is simply a valley of erosion, which can sca.rcely be ex
plained by marine currents. No Carboniferous rocks are found in it. 
How then was it eroded? Evidently by the slow, long-continued 
agency of running water. Two small streams head near the centre of 
the pass, their sources being in two small lakes only a short distance 
apart and separated by a gravel bank. Halfway River, one of these 
(the lower part of which is called River Hebert), flows north ward in 
a low valley, with bordering slopes two hundred to three hundred feet 
above sea-level, and empties into the north-eastern encl of Cumberland 
Basin. The other, called Parrsboro' River, flows southward into the 
Basin of Minas. But these rivers are evidently insufficient to erode 
the pass. It cannot haYe been formed otherwise than by a river 
flowing through in one direction or the other. In which direction did 
this river flow and where was its catchment basin 1 From the 

How formed. physiographic features of the region, it . is obvious that only on the 
north side of the mountains could there have been such a catchment 
basin, viz., in the district drained by the l\1accan River; and it seems 
highly probable, therefore, that in pre-glacial ages thi riv!lr flowed 
southward through the pass just described. Its upper branches, 
indeed, trend in this direction still, and between Southampton and 
Halfway Lake there is a low valley, now unoccupied by any stream, 
which doubtless was the ancient valley of the Maccan River when it 
had a southward course, but was . abandoned when the river became 
diverted northward. But were the waters of the Maccan River alone 
sufficient to erode the pass in the Cobequids? This seems doubtful, 
unless the precipitation was much greater than at present. But it is 
not only the lVIaccan which may have flowed southward, River 
Hebert, or rather a river then flowing along its valley may also have 
had a reverse course with a catchment basin in the depression in 
which River Hebert and l\Iaccan River now unite. To render this 
possible two postulates have to be assumed; first, that the land to the 
north of the Cobequids was higher and the Cobequids lower, that is, 
the mountains were then in their incipient stage,-in short, that the 
watershed of the area lying west of River Philip and Economy was 
not the Cobequid Range as at present, but extended across by Spring
hill and Maccan Mountain, and along the axis of the Isthmus of 
Chignecto westward, and, secondly, that the basin in which the 
Maccan and Hebert Rivers meet was closed to the west. It may have 
been that even the La Plauche and Missaquash Rivers also drained 
into it. Be this as it may, it seems to have been in this way 
that the erosion of the pass through the Cobequid Mountains 
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was effected. This erosion must, however, bave commenced long 
before the Tertiary period and have kept pace with th~ uplift of the 
mountain range as it proceeded. 

The theory outlined regarding the origin of the Cobequid Pass, Period ':'hen 
l b k h · · · t t f th h · f l t the erosion of ta ms us ac to t e mc1pien s age o e istory o tie western par the Cobequid 

of the Cobequicl Mountains. At what geological period did they first Pass rekfei
1
Ted 

to too pace. 
rise above the surrounding strata 1 No rocks older than the Carboni-
ferous are exposed in this district to the north of these mountains ; 
and the rivers which are supposed to have been instrumental in eroding 
the pass have their courses superimposed on these strata. It is there-
fore a reasonable inference that erosion of the pass did not commence 
until after the Middle and, perhaps, the Upper Carboniferous rocks 
were laid down. Other facts lend support to this theory. For 
example, sand8tone and conglomerate boulders belonging to Carboni-
ferous rocks are sparingly scattered on the northern brow and sum-
mits of the Cobequids. The presence of these in the position referred 
to is attributed to the overlapping or transgression of these Carboni-
ferous rocks upon the Cobequid series in past ages, there being no 
system of glaciation known to me which could have transported them 
thither with existing levels. Since then the denudation subsequent 
to the Cobequid uplift has removed the greater part of the sandstones 
and conglomerates from the summit of the mountains, leaving isolated 
patches and boulders merely as remnants. 

The work of erodino- the Cobequid Pass referred to seems to have Its erosion 
· · "'1 h 1 ·f f h d ' . d ] coincident gone on pari passu wit 1 t e up i t o t e range an contmue as ate with the 

as the Tertiary and early Pleistocene, the river keeping it at base- 'c·isib·ng ofdthe o eqm s. 
level; but during the glacial period it received a check and the move-
ment of upheaval gained the ascendency on the erosive forces as shown 
by the fact that the pass, especially in the central part, is now occupied 
by heavy beds of drift. On the retirement of the Pleistocene ice 
the present drainage systems seem to have been inaugurated. The 
upward movement in the western Cobequids did not, however, cease, 
but continued into the later Pleistocene and may, indeed, still be in 
progress. 

The phenomena therefore when co-ordinated, indicate a higher 
level for the Carboniferous series along N orthumberlancl Strait and 
the region north of the Cobequids during the later Tertiary, probably 
corresponding to the level of that of the Miramichi basin in the same 
period. This altitude of the coast border was maintained until after 
the advent of the ice age. 

Reference has already been made to the initial stage of 
upheaval which resulted in the formation of the Cobequids. 

the local Date of 
The up- upheav~l of 

Cobeqmds. 



Post-glacial 
invasion of 
the Cobequicl 
Pass by the 
sea. 

Relation 
between the 
clmnges of 
level in the 
Cobequids 
and in the 
I sthmus of 
Chignecto. 
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heaval seems to have commenced after the deposition of the coal 
measures, as the Upper Carboniferous rocks in some places contain 
debris derived from the crystalline rocks of the Cobequid series; but 
a general post-Carboniferous rise of the whole region also took place. 
That the Cobequid uplift has heen going on since the glacial period is 
unquestionable, as post-glacial terraces and deltas, evidently of marine 
origin, found near Halfway River, in the northern part of the pass 
referred lo, have a height above mean tide level of about 171 feet (see 
table) and near Lakelands, on both sides of the pass, of 223 feet; 
while well-marked shore-lines north of the mouth of Maccan River 
and along Northumberland Strait, occur at elevations of only 130 to 
140 feet, showing a differential uplift of the Cobequid Range of, at 
least, eighty-three feet or more within post-glacial times. 

During the vost-glacial subsidence of the region, the sea extended 
through the Cobequid Pass from the Basin of Minas along the valleys 
of Halfway River, River Hebert and Maccan River to the head of 
Cumberland Basin. At present the highest point, of what was then 
the bottom of a strait by the River Hebert valley and through the 
Cobequid Pass, lies in the central part of the Cobequids, and as stated 
above, is, eighty-five feet above mean tide level. 

It may be remarked that the foregoing statement in reference to the 
initial uplift of the Cobequid Mountains is supposed to apply only to 
the western part; the eastern parb may be, and doubtless is, older. 

These differential changes of level in the Cobequid Mountains and 
in the region lying to the nort.h, and indeed to the south of them as 
well, during the Tertiary and Post-Ter iary periods (see table) are, 
therefore, in harmony with those supposed to have taken place in the 
Isthmus of Chignecto during the same geological age. 

The crystalline range of southern New Brunswick, extending along 
~~:rr:sth~ the Bay of Fundy coast from Shepody Bay to the International 
crystallfine boundary, exhibits some features which lead me to infer that, besides 
range o 
southern New the general oscillations of Post-Tertiary date, a slow, secular, upward 
Brunswick. movement relative to the Carboniferous area to the north has also been 

in progres8. The zigzag courses of the St. John River in the lower part 
of its course, the occurrence of waterfalls at the mouths of this and a 
large number of other rivers traversing this crystalline belt and empty
ing into the Bay of Fundy, and several facts respecting the glaciation 
of the region, lead to this inference; these being conditions which 
would not be likely to prevail had there been no displacement of the 
river, beds or differential movements. 
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AT'l'ITUDE OF 'l'HE REGION, A "D CIIANGES OF LEVEL IN' THE 

GLACIAL PERIOD. 

A number of facts have been obtained in the region under discussion Chan\>es of 

h . h h h . d f h b l . 1 l l level m the w lC s ow t e att1tu e o t e coast ore er wit 1 respect to sea- eve , glacial period. 

approximately at least, during two stages of the glacial period. From 
the data at hand it appears that the greater elevation of the later 
Tertiary period continued into the Pleistocene, and, perhaps, was one 
cause of the ice accumulation. No evidence of a subsidence in the , 
early stage of the ice age has been found in this region. The residuary 
material such as rotted rock, consisting of sand, gravel, boulders, etc., 
found in many places, evinces no action of water ; and the hardened 
peat bed met with at River Inhabitants in Cape Breton by Sir J. W. 
Dawson* testifies to the fact that the land there must have been above 
the sea just previous to the deposition of the boulder-clay which over-
1ies it. 

In the earlier part of the glacial period, the ice in several places Coast border 

extended beyond the present coast border, and its movements w~re ap- f~f~~:~l~ .the 

parently affected by the peculiar local topographic features of the bays early pa~·t of 

d . St . t 'th . l l't' . d the glacial an estuaries. r1 ::e are me w1 in many oca I ies running own period. 

beneath the sea, and as the facts prove that the ice (except perhaps, 
in southern New Brunswick, near the International boundary), cannot 
have been thick or heavy, it follows that the land must have been as 
high, if not higher than at present, in order that the valleys and 
estuaries could influence the ice movements in the manner supposed. 
If the coast border were lower, the ice moving outwards and dis
charging into the8e bays and depressions would have been broken up 
and floated off as icebergs, before it scored the rocks on the low levels 
to which it reached, and could not possibly have been guided in its 
movements by the conformation of these valleys as it appears to have been. 

Commencing at Gaspe Basin, where there is evidence of a local Evidence as to 

glacier discharcrincr from the valleys of the York and Dartmouth rivers the altitude of 
o o the land, rela-

into it, described on page 89 M, although no facts were observed indi- tive to sea-. 
. th h . h f th 1 d h h' f h level, at this catmg e exact e1g t o e an ere at t is stage, yet rom t e stage. 

position of the stri::e on both sides of Gaspe Basin, and of the ice margin, 
it is inferred that the glacier was small, and that the land was 
as high as at present and probably higher. 

The western end of the Baie des Chaleurs depression was occupied At Baie des 

by a glacier in the early Pleistocene, which seems to have extended Chaleurs. 

as far eastward as Belledune Point and Bonaventure River. This 

* Acadian Geology, 2nd ed. p. 68. 
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glacier followed the trend and sinuosities of the Restigouche estuary 
and the valley of the bay, and this fact leads me to infer that the land 
was rather higher than at present when the glacier reached its maximum 
thickness and extent, withdrawing to the slopes to the north, west and 
south coincidently with the subsidence which followed. 

The evidence resppcting the attitude of the area covered by the 
Northumberland glacier, so-called (page 29 )I) in the later Tertiary, 
shows that it was at least one hundred and nine feet abo,-e its present 
level. The eastern part of this area, and indeed the whole of the 
Carboniferous bfl,sin, was probably higher; at all events, it seems certain 
that Prince Edward Island was, in the early glacial period, a part of 
the mainland. A large portion of Northumberland Strait is now from 
sixty to one hundred feet deep only, so that fl,n uplift of one hundred 
feet alone would lay bare nearly the whole intervening passage from 
Richibucto Head and Cape Wolf to Pictou I sland. Subsidence may 
have been inaugur:i.ted at the time the Northumberland glacier reached 
its maximum thickness and extent, or soon afterwards, but of this there 
is no evidence. Certain facts point to the still greater elevation of the 
south-;astern part of Northumberland Strait, or rather of the area 
lying between Prince Edward Island and the axis of the isthmus of 
Chignecto than that indicated above as refene<l to on page 27 M. 

The north-west coast of the Bay of Fundy seems also to have been 
higher in some places than at present, in the early part of the glacial 
period. At St. John harbour and westward to Grand Manan Island, 
the evidence shows that the Pleistocene land ice extended beyond the 
existing coast-line into the depression of the Bay of Funcly. Partridge 
Island in St. John harbour, distant a mile from the mainland, is glaci
ated by land ice, and Campobello and Grand Manan islands have also 
been similarly overridden by it. As the passage between the mainland 
and Grand Manan is 45 to 50 fathoms deep and the island about four 
hundred feet high, it follows that either the ice which moved out toward 
it has been quite thick, or the coast border stood higher relatively to 
sea-level than the present. The latter view is in accordance with the 
facts obtained along the coast of other parts of New Brunswick. But 
that the ice covering of the earlier Pleistocene period west of St. John 
harbour consisted of one confluent massive sheet, is a theory not sus
tained by the evidence. For example, Passamaquod<ly Bay, which is 
20 to 30 fathoms deep, was fi lled by an ice-mass at this period which 
overflowed Deer and Campbello islands, from 200 to 250 feet high, and 
also Letite Peninsula, in radiating lines.* This does not betoken a 

*Ann. Report Geol. Surv. Can., vol. IV. (N.S.), 1888-89, page 48 N. 
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confluent ice-sheet, moving into the Bay of Fundy. While, however, 
the ice ma.y have been sufficiently massive to ..;rnss the passage between 
the mainland and Grand Manan with existing or higher levels of 
the land, there are reasons for believing that this island itself was not 
as high in the later Tertiary and early Pleistocene, as at present 
relative1y to the mainland. Like the Cobequid Range and other ridges 
of intru<;ive rocks, it is not improbable that it has been undergoing a 
slow differential uplift before and since the glacial epoch. The diverse 
courses of strire along the coast of the Bay of Fundy and on the \Vest 
Isles, lend countenance to the view that the ice cannot have been so 
heavy and ma sive a~ to move out into the Bay of Fundy and override 
Grand :\fanan with the present levels, a.nd, therefore, either the main
land ha<; been higher with respect to sea-level, or the ice much more 
massive than other fa-:;ts would warrant us in believing. 

It has been shown on page 25 :u that the land at the mouth of the Prob:ible 

St. John River was 200 feet and upwards hi!?her in the later Tertiary 1heigdhttof theth ,, an a n1ou 
than at present. During the period of maximum extension of the ice, of_ St. John. 

b ' l f d"l"!! f h" TL . . R1veratth1s it was pro a > y not very ar 1u.erent rom t 1s. uere 1s no ev1- stage. 

dence here or elsewhere in Eastern Canada of any changes of level hav-
ing occurred b ' Lween the later Tertiary and the period of maximum 
ice accumulation; and unless it be that the subsidence, which cul
minated in the Leda clay period, bad then commenced, we know of no 
other cha.nges of level which could have taken place. It wr1s not till 
the last stage of the ice age in this region that any facts become avail-
able showing the attitude of the land with respect to sea-level. 

HEIGUT OF nm REGION AT 'l'IIE DEPARTURE OF TilE PLEIS'I'OCENE IcE. 

Soon after the glaciers of the eastern prnvinces of Canada reached Attitude of 

their maximum extension, it would seem that a subsidence of the coast th
1
e rtegiotn, 

r e a lVe o 
border-or, more correctly speaking local subsidences of the coast sea-level, at 

b cl . . cl b l" t" f l" h"l h the close of or er-<>et m, accompame y an ame 10ra 10n o c imate, w 1 e t e the glacial 

glaciers b"gan to diminish. This changed attitude of the land surface period. 

and the thinning and breaking up of the ice into still more local sheets, 
caused it, in m;my places, to move in different directions from those 
pur$ued in the earlier stage of its existence. Concomitantly with the 
movements of these local glacier~, masse-; of floating, or sea-borne ice, 
w1:,re C<trried in different directions by marine currents. In some bays 
and straits the floating ice formE>d packs, or ice-jams which seem to 
have been capable of striating the rocks on which they grounded in a 
manner scarcely distinguishable from the markings produced by land 

3 
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ice. These ice-jams appear to have been similar to those described by 
arctic voyagers as occurring in Smith's Sound and other straits on the 
west coast of Greenland. 

The height of the coast border with respect to sea-level at this stage 
of the Pleistocene can, in some places, be fixed with tolerable exactness 
from the position of strim supposed to have been produced by floating 
ice on the rock surfaces. Even at this stage the land would seem to 
have been still subsiding, at least along certain portions of the coast, 
for marine terraces of Leda clay and Saxicava sand are found at greater 
elevations than the striffi or markings produced by floating ice, and are 
undisturbed by ice-movements though subsequently formed. Indeed, 
it is tolerably certain that not till some time after the final disappear
ance of the ice from the coast districts, and perhaps also from the 
interior, did subsidence cease and the post-glacial rise of the coast 
borders set in. 

Brief descriptions of the striation produced by floating ice, in con
nection with the facts indicating the attitude of the land with respect 
to sea-level will now be given. 

At Trois Pis- At Trois Pistoles station, Intercoloni'tl rail way, fine scratches par
toles, Quebec. allel to the course of the St. Lawrence Valley here, and also cross stri , 

the latter broken and irregular, were observed on rock surfaces about 
100 feet above sea-level. These are attributed to the action of floating, 
sea-borne ice, showing that the land was, at least, 100 feet lower at 
that stage of the glacial period than at presP-nt. 

At Cape 
Gaspe. 

The ledges on which these striffi occur have a thin sheP-t of bouldar
clay resting on them which was covered with Leda clay and Saxicava 
sand subsequently. A deep trench has since been cut in these deposits 
by a stream flowing over the ledges. On both sides of the excavation 
the marine deposits, which here form an extensive terrace, lie undis
turbed by glacial action, and show no boulder-clay or other glacial pro
ducts interstratified or overlying them. The striffi have evidently been 
formed first and the ice which produced them has probab~y retired before 
the marine deposits were laid down. The fossiliferous Leda clay and 
Saxicava sands of this part of the St. Lawrence Valley seem, therefore, 
to be later than the ice period. 

Along the south-west side of that narrow peninsula terminating in 
Cape Gaspe, irregular striffi, formed apparently by some jumping body, 
occur. The striffi or markings were observed at the following places : 
The west end of the road leading to Griffin Cove, N. 67° E.; at Little 
Gaspe, one mile north of Grand Greve, 75 feet high, N. 13° E., N. 23° 
E. and N. 28° E., and at Grand Greve, 75 to 100 feet high, N. 23° E. 
These strfre occur on ledges sloping westward towards Gaspe Bay. In 
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places they are one-fourth of an inch deep or more, and have a gouged 
out appe:arance, but do not exceed from two to three feet in length, 
the majority being from three to nine inches. They are both fine and 
coarse and have evidently been formed by drift-ice jammed into Gaspe 
Basin when the coast stood from 75 to 125 or 150 feet lower than at 
present. 

On the south-west side of the Baie des Chaleurs, along the Intercol- At Baie des 
. 1 ·1 f J t R" t El t R" t Chaleurs on1a ra1 way, rom acque iver o < m ree iver, wo or more · 

principal sets of strire occur. The earliest are heavy, showing 
an eastward movement. Crossing these nearly at right angles, and 
also at right angles to the coast line, are numerous fine strire evidently 
formed by ice which was pushed against the land. On examining 
these strire in detail, it is found that the stoss side is invariably towards 
the bay. Where they cross ledges with deeply cut east-and-west 
grooves, the ridge of rock between each groove is found to be stossed 
on the shoreward side. The greater number of the courses vary from 
S. 20° E. to S. 20° W.; but as we approach Elmtree River, where the 
coast-line curves round to the south, the courses of these fine strire are 
found trending from S. 36° W. to S. 40° W. On exploring the district 
as to the extent of rock-surface covered by these fine strire, it becomes 
evident that they are confined to a certain zone which is from 60 to 
140 or 150 feet in height above sea-level. Below the 60-foot contour 
line, none of these fine strim were found, although exposures showing 
the west-to-east striation are abundant; nor could any be discovered 
above the 150-foot contour-line. Rock surfaces examined in some of 
the back settlements, where striated ledges from 150 feet up to 500 
feet high occur, were found to be without any of the fine strire referred 
to upon them. But it was only at wide intervals that exposures of 
strim were noted in these higher grounds. 

The conclusion to be deduced from these facts, therefore, is that the 
fine strim were made by heavy ice-jams impinging against the coast 
border while it stood from 75 to 150 feet or more lower than at the 
present day. 

The marine terraces along the south side of the Baie des Ohaleurs, 
indicate that they have been formed subsequent to the stage of the 
glacial period when these fine strim were produced, as the deposits in 
certain places rest on the glaciated surface undisturbed. These 
marine beds (Leda clay and Saxicava sand) occur at all elevations from 
sea-level up to 200 feet, in the Baie des Chaleurs basin. It seems 
probable, therefore, that at the period of the formation of these fine 
strim the coast border had not quite reached the lowest stage of the 
post:glacial subsidence. 

3t 
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In southern A considerable number of facts from eastern New Brunswick north-
part of Gulf of . . ' . 
St. Lawrence. western Nova Scotia and Prmce Edward Island have been obtamed, 

At St .. Tohn, 
New Brun8· 
wick. 

Section of 
boulder-clay 
containing 
fossib, at 
Negrotown 
Point. 

the details of which are given on pages 79-83 M, all tending to show that 
ilortting ice, or rather heavy ice-jams ground over portions of the 
Isthmus of Chignecto and the coast districts of Prince Edward Island 
during the closing episode of the ice age. In order that floating ice 
might perform this work, it is necessary to suppose that the coast of 
the mainland was from 125 to 150 feet, and Prince Edwa.rd Isla.nd 75 
to 80 feet lower tlmn at present. This subsidence was probably un
equal in different parts of the Carboniferous area during the glacial as 
well a~ the post-glacial period. Differential oscillations in the Isthmus 
of Chignecto have been referred to on page 27 M, an~ similar move
n1ents are evidenced by the strire of the closing stage of the glacial 
period in the central part of the New Brunswick Carboniferous area, 
where there has been an apparent swerving from the easterly course 
of the earlier stage to a northerly course in the closing stage, coinci
dently with the progress of the subsidence, as recorded on page 102 M. 

At St. John harbour, unequivocal proofs have been found of the 
lower attitude of the coast border during this stage of the ice age. 
On the west side, a bank of boulder-clay from forty to sixty feet in height 
extends along the beach from N egrotown Point to Duck Cove, a 
distance of a mile and a half or more. This boulder -clay has been 
deposited by land ice which came from the north, the materials 
belonging to rocks lying in that direction. It is partially stratified, 
or rather contains intercalated seam; of stratified clay, which are 
fossiliferous in some places. A section of the bank, about a quarter 
of a mile west of the N egrotown Point breakwater, gives the following 
series in descending order : 

1. Commencing at the summit-typical boulder-clay, unstratified, 
conLaining boulders two or three feet in diameter, most of them 
glaciated. Thickness eleven feet. 

2. An irregular, wavy, lenticular seam of strat.ified boulder-clay, not 
in horizontal position, varying in thickness from a few inches to a 
foot or more. 

3. Boulder-clay, the same as No. 1, and containing similar boulders, 
but apparently bedded, or rudely stratified, in some places. In this 
di vision of the series the following species of marine shells were found :
Yoldia (Leda) arctica, abundant and well preserved, often with 
the epidermis on, Balctniis crenatus (fragments), Saxicava ?·ugosa, 
Mya cirenaria (a single ~-al ve ), ilfacoma calcarea, Nucula tenuis 
(much broken), Buccinum sp. 1 probably undaturn (a fragment), etc. 
All the species except Yoldia are quite rare. The fossils appear to be 
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indiscriminately scattered through the mass. Thickness of this part 
of the boulder-clay six to ten feet. 

4. Stratified, dark red, tough clay, distinctly laminri,ted, with a few 
boulders of the same kinds of rocks as those met with in the unstrati
fied portions. The whole bed irregular and wavy, not in a horizontal 
attitude, and somewhat lenticular, or rather not maintaining the same 
thickness for any distance. Layers of this division of the series are 
sometimes seen to run up obliquely into and terminate in the unstratified 
boulder-clay immediately above, and in other places apparently to 
graduate into it. Scattered throughout are shells of Yoldia (Leda) 
arctica, well preserved, often, in the bottom, with the valves closed, 
and the epidermis on; _,_Yucula tenuis (broken), Balanns crenatus (frag· 
ments), Saxicava rugosa, 1'£acoma calcarea, Bnccinwn and lilya (frag
ments), and one or two undetermined species. Thickness, four feet. 

5. The height of the whole bank here is about forty-five feet above 
the beach, so that there is still nineteen or twenty feet of it below 
division No. 4. But this portion is concealed from view by land-slides. 
From the appearance of the bank, however, it would seem that a thick 
bed of unstratified boulder-clay underlies the stratified seam No. 4, 
whether containing other stratified layers and fossils it is at present 
impossible to say. 

At the Fern Ledges, the boulder-clay bank is upwards of sixty feet 
in thickness, and also contains stratified seams of clay, though none 
have yet proved fossiliferous.* 

The inferences deducible from the foregoing facts in reference to the 
fossiliferous boulder-clay at N egrotown Point are, that in the later 
stages of the glacial period the laud was subsiding, and that the sub
sidence had reached one hundred feet or more below the present level. 

The western part of the boulder-clay bank is overlain by fossiliferous 
Leda clay and Saxicava sand forming a consecutive series. As the 
latter deposits are nowhere in this region overlain or interstratified 
with boulder-clay, it is evident that the ice had retired, at least from 
the coastal and submerged districts, at the time of the deposition of 
the Leda clay and Saxicava sands. These deposits occur as terraces 
up to a height of from two hundred and twenty to two hundred and 
thirty feet above mean tide level, and it would appear, therefore, that 
the land along the Bay of Fundy coast continued to subside after the 
fossiliferous portions of the boulder-clay deacribed above were laid down. 

The data relating to the attitude of the coast border in the later or General 

closing stage of the glacial period, therefore, indicate that subsidence state~.ent 
1 -------·------------------------ regar mg t1e 

*Ann. R ep. Geol. Surv. Can.,Vol. IV., (N.S.) 1888·89, Part N.; Bull. Geol. Soc. of 
Am~rica, Vol. IV., pp. 3Gl-370. 
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altitude of the had so far advanced that the land stood from one hundred to one 
region at close 
of glacial hundred and fifty feet lower than at present on the mainland of New 
period. Brunswick, with perhaps a somewhat less amount in Prince Edward 

Island, the movement being apparently differential. This subsidence 
seems to have continued after the close of the glacial period, and did 
not reach the point of greatest depression till the deposition of the 
Leda clay. How long it remained at the lowest level it is impossible 
to say, but if deposition of sediments and subsidence are concurrent 
phenomena, as is usually held, the marine border must have continued 
at the stage of maximum depression for some time. 

Be this as it may, the subsidence was followed by an upward 
movement of the land. This movement progressed, as is evidenced by 
the nature of the deposits around the coast borders and the character 
of the fossils entombed therein, until the land reached an elevation 
with respect to sea-level somewhat higher than it is at present. This 
may be regarded as closing the Pleistocene, or Jirst, division of the 
Post-Tertiary. 

PLEISTOCENE OR PosT-GLACIAL UPHEAVAL OF THE COAST BORDERS. 

Altitude of The attitude of the land at this stage with reference to the present 

b
thedcoast sea-level may be approximately obtained by the addition of the figures 
or er at com-

mencement of in the second and third columns of the table on pages 22-25 M. Those 
post-glacial . th d 1 . h . . h . ht f tl Pl . riee of the m e secon co umn representmg t e ex1stmg e1g o ie e1stocene 
land. shore-lines or the amount of the post-glacial upheaval less the sub

sidence of the recent period, are accurate within a small limit of 
error; but those in the (,bird are meagre and indefinite. In measuring 
the heights of shore-lines we used a Y level and rod, two or three 
aneroids and a hand level. The barometric work represents the mean of 
a number of observations taken at each locality, and the railway levels 
are from the profiles of the Intercolonial, Prince Edward Island, Shore 
Line and Springhill and Parrsboro' railways, the diiference between 
datum and mean tide level being worked out as carefully as possible. 

The methods adopted in this investigation were :-first, to trace out 
a wave-cut terrace, or one formed of sedimentary material, for some 
distance along a coast or estuary until we were certain it really repre
sented a shore-line. Having ascertained this, measurements were 
then carried out in the manner most practicable. 

A comparison of the facts relating to the upheaval of the region 
This upheaval 
robably dif- embraced in the south-western embayment of the Gulf of St. Lawrence 
erential. during the Pleistocene period, leads to the conclusion that it was un

equal or differential throughout. At first it would seem as if there 
must have been two systems of upheaval independent of each other,-
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one a general movement of the entire region, though somewhat un
equal in different localities; and a second which was local and con_ 
fined to hill and mountain ranges, to which the term orogenic might 
properly be applied. The latter is exemplified in the uplift of the 
Cobequid Range and the crystalline belt of southern New Brunswick 
bordering the Bay of :Fundy, described on a previous page. In both 
of these ranges there appears to have been a slow secular upheaval 
which had it~ beginning far back in geological time independent of the 
oscillations of the P leistocene period. Was this a separate and dis_ 
tinct movement from the latter, or were they both a part of the gen_ 
eral crustal oscillations which characterize the eastern border of the 
continent 1 

An examination of the height of the shore-lines in the second column Uplif igreater 

of the table, in connection with the geological map of the older rocks inf the ~·re1gi1 :ons . . . . o crysta me 
shows that these are highest m the regions of old crystalline or rocks than in 

lt d d d . b d d l · l C b "f b · Aat Carbonif-a ere an istur e strata an owest in tie ar 0111 erous as1n erous area. 

where the rocks lie nearly horizontally and where little or no disturbance 
has occurred. Prince Edward Island and the Magdalen Islands lie 
nearest the centre of this Carboniferous basin and, accordingly, we find 
the Pleistocene uplift to be less there than on the mainland. It is 
possible the1·e may be a centre of least oscillation or zero point to the 
north of Prince Edward Island, from which the oscillations increased 
towards the pre-Carboniferous rocks on either side. Low undulations, 
or anticlinals and synclinals traverse the Carboniferous strata, and the 
dips become higher as we approach their limits, indicating greater dis
turbances or oscillations of the older rocks beneath. 

From the table it will also be observed that the post-glacial shore Where 

Jines are highest at Gaspe, Dalhousie, Indian or Lutz Mountain, Hills- highest . 

boro', St. John, etc., and on the Magdalen Islands they were also 
found to be higher than on Prince Edward Island. In all these places 
a local or orogenic uplift would seem to have taken place as well as 
the general Pleistocene uplift, thus raising them above the normal gra-
dient similarly to the shore-l ines in the Cobequid Pass referred to 
on page 30 M . Investigation show these ridges and hills to have a 
central mass of intrusive rocks (dolerite or diabase, felsite, etc.), to the 
presence of which in all probability thedifferential movement may be due. 

This fact may be taken as indicating that shore-lines on the slopes 
of isolated crystalline ridges or hills are unsafe guides as to the general 
post-glacial uplift of che region. 

It will be observed, further, that the general Pleistocene oscillations Local or 

not only involved the larger portion, if not the whole, of the Carbo- f:t'i~~~~ osci -

niferous area, but also the rising crystalline ridges and mountains 
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locally. For example, the marine shore-lines found throughout the 
region prove that a general upheaval, thoull'h unequal, took place in 
the Pleistocene, simultaneously, or nearly so; but the local or orogenic 
uplift of the Cobequids and other local ridges proceeded concurrPntly, 
and apparently continued after the general upheaval ceased. But if 
the supposed local and general upheavals were due to separate and dis
tinct causes, should we not expect to find the latter more uniform 
throughout this region, especially in that portion occupied by Carbo11if
erous rocks, insLead of diminishing towards a central or pivotal point 
norlh of Prince Edward I sland, as it appears to haYe done 1 The fact 
that this upheaYal was greater in the vicinity of the crystalline hills 
and ridges and gradually lessened as we recede from these, certainly 
indicates that the orogenic movement affected the Carboniferous basin 

Probably only also. For these reasons it is assumed that the two really belonged to the 
one system of . . 
o"cillations. same system of oscillat1ons, and are effects of the same cause or causes, 

the apparent difference being due primarily to the fact that the forces 
producing the upheavals did not at all times exert the same amount of 
pressure; 1.hat is to say, there would be periods of almost paroxysmal 
intensity when they would affect the crust. over large areas and a 
general upheaval would take place such as that of Pleistocene times. 
These would be followed by periods of comparative repose, during 

which slow subsidence would go on, this being the general tendency of 
the crust from its own weight. While this secular subsidence was 
proceeding, whatever lateral strain there was imposed on the crust 
would find relief in linear upthrusts such as those of the Cobequid 
Range, the crystalline belt of southern New Brunswick and other 
minor ridges, these local orogenic uplifts being merely correlative 
movements of the gradually subsiding wider areas of the Atlantic 
coast border as it sought a position of static equilibrium. This relation 
is well exemplified in that existing between the secular subsidence of 
the recent period, as shown by the drowned peat bogs, etc., along our 
coasts and the slow, progressive uplift of the crystalline ranges border
ing the Ba.y of Fundy and other parts of the Atlantic coast referred 

to. 
Granting this theory to be correct, it serves to explain the supposed 

local and general oscillations of level which occurred in this region in 
the Post-Tertiary period, and probably, with some modification, in pre
ceding geological ages. The apparent decreasing oscillation of the 
Carboniferous area from the circumference towards the centre, makes 
it appear as if the tangential force had partially spent itself in that 
direct.ion upon these undisturbed, unaltered rocks; though why this 
area should have occupied a more stable attitude than the belts of 
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older rocks surrounding it is not evident. The breadth and horizontal 
position of the strata may have been one cause. In this last respect 
they differ from the older strata bordering them, which are often up
turned at high angles. The Cambrian slates of St. John, N.B., which 
are nearly vertical, exhibit slips and displacements that have Dislocations 

occurred since their surfaces were striated by Pleistocene ice, the up- i1

1
1 Cambrsian 

sates at t. 
lifts being mostly, so far as observations have extended, on the sea- John. 

ward side. None of these displacements were seen to exceed from 
two to five inches, nevertheless, slips of even this small extent, if 
numerous, as they appear to be in these slates, when added together 
give a total of many feet. This is doubtless one way in which local 
upheavals take place. 

SUBSIDENCE IN TIIE RECENT PERIOD. 

The Recent Period was inaugurated with a land surface along the Subsidence in 

A 1 · b d h l · h · l h h the recent t antic coast or er somew at ng er, m many p aces, t an at t e period. 

present day. A differential subsidence of a small amount has taken 
place since, and may still be in progress, but with a diminishing 
tendency. The facts on which this inference is based are the sunken 
peat bogs and forest beds, originally formed in shallow basius around 
the coasts, the margins of which are now being eroded by the sea. 

The extent of this subsidence as given in the third column of the At head of 

table is more or less problematical, except in the region at the head of BayofFundy. 

the Bay of Fundy. Here we have good evidence that there was, at 
the west end of the marine ship railway, a subsidence of 10 · 80 feet;* 
at Aulac Station, Intercolonial railway, 79 feet, and at Edgetts Land-
ing, in the mouth of the Petitcodiac River, 15·32 feet, below mean tide 
level. The figures for Aulac station are from borings for a well sank 
there under the direction of P. S. Archibald, Chief Engineer of the Inter-
colonial railway,( see diagram, p.129 M). This boring discloses, in descend-
ing order, 80 feet of marsh mud, 20 feetof peat, etc. The great subsidence 
at this place is due to a fault along the north-west side of Westmoreland 
Ridge, which lies a few hundred yards to the south-east of Aulac station· 
This ridge trends north-east and south-west, is 110 feet high, and consists 
of Middle Carboniferous or Millstone grit rocks dipping S.E. < 30°. 
The clownthrow or displacement is 364 feet, that is, assuming the Displacement 

present surface of the ridge has not suffered any appreciable denudation, ~u~:~.8 at 

if it has, the amount must be added to the above figures. How much 
of this displacement occurred before the glacial period and how much 
since, it is difficult to ~ell; but in the recent period, i . e. since the 

* Ac.-.dian Geology. Supplement, 3rcl eel., page 13. 
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peat beds began to grow, it has been 79 feet below mean tide level. 
Has this downthrow or subsidence been accompanied by a correlative 
upward movement in the adjacent district 1 It seems possible to give 
an affirmative answer to this question. 

H ead of Bay It was stated on a previous page that the region around the head of 
Fundy, a 
s reat oscillat- the Bay of Fundy has been remarkable for great changes of level. 
mg area. The subsidence or downthrow at Aulac is doubtless related to the up-

lift of the Westmoreland Ridge and of the parallel ridges lying between 
it and P etitcodiac River. These all bear evidence of differential up
heaval of a greater or less amount since the glacial period. Strire are 
found on the summits of these ridges 300 or 400 feet high, evidently 
produced by the land ice referred to on page 27 M. To enable this 
ice to flow off the axis of the I sthmus of Chignecto in a south-westerly 
direction into the Bay of Fundy and produce these strire in its passage, 
the land around the head of Chignecto Bay must have been lower 
relatively, for no elevation exists to the north or north-east sufficient 
to give it impetus to override these ridges with the levels of the 
present clay. Hence i t is inferred that t.hey have sustained a post
glacial, differential uplift which is doubtless complementary to the sub
sidence shown to be going on in other portions of the same region. 

Subsidence as The slow subsidence in progre~s in several place~ around the south
~{i~f~i~~~~e~l western embayrnent of the Gulf of St. Lawrence in the recent 
bogs. period, as evidenced by the sinking of the peat bogs, is probably not 

Remarks on 
hypothesis of 
ice-load caus
ing subsi
dence. 

general, although its occurrence along the coast borders of the Carboni
ferous area and on the north-east side of Prince Edward I sland in local
ities where there is much less oscillation than around the head of the Bay 
of Fundy, would indicate that it may be. Indeed, it would appear to 
have altogether ceased locally on some p;Lrts of the coast, but con
tinues in other places, though nt a very slow and apparently diminished 
rate, showing, however, that the coast border has not yet reached a 
position of equilibrium. 

In reference to the hypothesis of ice-load weighing down !;he crust 
at the time of the Pleistocene subsidence; while this is not inconsistent 
with the facts and inferences brought forward in preceding pages, it 
does not seem to be required for the explanation of the phenomena in 
this region. The great difficulty appears to be not so much to account 
for subsidence, which is the natural tendency of the crust, as for the 
upheaval of the larger areas. It has been shown on a preceding page, 
that during the epoch of ice accumulation, at least, the coast region 
stood higher than at present, and that the period of melting and 
retirement of the Pleistocene ice was also the period of subsidence. If 
this ice, by its weight, had been capable of causing a sinking of the 
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earth's crust, it might naturally be supposed that such a movem1mt 
would h1tve coincided with the ice accumulation, and an upward 
movement should have occurred during the melting period as the crust 
became relieved of its weight. On the contrary, however, the coast 
border seems to have remained at a low level long after the retirement 
of the ice, that is to say, during the time the Leda clay and Saxi
cava sanJs were being deposited. All the evidence available 
tends to show that in this region the Pleistocene ice was not of 
sufficient thickness and weight to sensibly affect the crust of the earth, 
even if the hypothesis regarding its sensitiveness to load be t enable. 
It may be added, that the depression of the recent period just 
described, which has been going on at a time when, as the evidence 
hows, no ice-covering existed in the region to affect the crust by its 

weight, matPrially weakens t he force of any arguments that may be 
advanced in favour of the hypothesis. 

CLASSIFICATION. 

In this report the general term Post-Tertiary or Quaternary will be Classification 
used, and it is intended that it shall comprise the whole series of 
superficial deposits from the close of the Tertiary or Pliocene up to 
the present. The Post-Tertiary, according to the best authorities,* is 
divided into the P leistocflne and the R ecent or Pre-historic periods: 
The former is made to embrace all the dllposits from the base of the 
boulder-clay to the summit of the Saxicava sands; the Recent includes 
the formations lying above the latter. 

The Pleistocene of the region under review may, perhaps, be sub- Subdivisions 
cl . "d d . l . ]] "f 1 . 11 . . d of the iv1 e strat1grap 11oa y, i not palreonto og1ca y, into two peno s or Pleistocene 
stagos,-one characterized by extreme glacial conditions, when glaciers 
occupied the land and floating ice the adjacent seas, and when life, 
except that of an arctic character, was very scanty. The 0eposits of 
this period are boulder-clay, moraines, osar, glaciated boulders, etc. 
This micrht be called the glacial period proper. Fossils occur in First divi.sion 

o of the Pleisto-
these glacial deposits on the Bay of F undy coast at Saint John, cene. 
New Brunswick, and in the Saint Lawrence valley at Riviere du 
Loup, I sle Verte, etc. The shells denote a highly arctic climate, or 
rather a temperature of the adjoining sea as low as that now prevail· 
ing on the coast of Greenland. 

The second division of the Pleistocene may be made to include all 'Second 
tl · fi d d 1 d 1 1 · h d · f h di vision of 1ose strati e san s, grave s an cays over ymg t e epos1ts o t e Pleistocene. 

*Sir A. Geikie, T ext Book of Geology, 3i·d ed., 1893. 
Dr. James Geikie, The Great Ice Age, 3rd ed., 18!l4. 
Prof. J. D. Dana, Manual of Geology, 4th ed., 1895. 
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above designated glacial period and underlying the formations of the 
recent period, and consist of (1) the marine deposits, Leda clay and 
Saxicava sands, which are a coast and estuarine series lying below the 
uppermost shore-line of the post-glacial submergence; and (2) the fresh 
water deposits occurring on the higher levels. These are probably of 
contemporaneous origin. The Leda clay and Saxicava sand a 
ally fossiliferous, especially the first-mentioned, and contain, in certain 
locaJities, an abundant marine fauna, the principal species of which 
exist in the off-shore or deeper coast waters of eastern Canada and 
Labrador at the present day. A small part, probably about ten or 
twelve per cent, of the whole assemblage, is not found on these coasts 
now, and occurs only in arctic and sub-arctic seas. Taken as a whole, 
the marine fauna of the Leda clay and Saxicava sand, while denoting 
a more rigorous climate, or rather a somewhat lower temperature of 
the coast waters than prevails in the region at present, nevertheless, 
evinces considerable amelioration from the glacial conditions which 
preceded it. 

The marine deposits referred to are usually well defined at the base 
and summit, and distinct from the boulder-clay beneath and from 
the formations of the recent period above them . They contain no 
material which can properly be called glacial, i. e., no boulder-clay or 
morainic matter interstratified therewith, or overlying them, the 
sand, gravel, boulders, etc., comprising the series, even the boulder
clay itself beneath,_ being almost wholly derived from the rock-formations 
of the district in which they lie. At or near the mouths of rivers, the 
deposits are always of greater thickness than elsewhere and contain a 
larger assemblage of fossil shelis. That the Pleistocene ice had not 
wholly retired from the higher grounds of the region when the lower 
portion of the Leda-clay was deposite<l seems possible, though no 
evidences of tbe action of land or floating ice are shown in the struc
ture of the beds, nor are any disturbances apparent, such as we would 
expect to find had land ice moved down the slopes subsequent to their 
deposition, or floating ice ground over the areas occupied by them. 
In their character and mode of deposition, these are similar to marine 
beds now being formed on the north side of the Gulf of St. Lawrence 
and on the coast of Newfoundland. Occurring, as they do, at Bath
urst, New Brunswick, and other localities in the maritime provinces, 
with a vertical range or thickness of one hundred and seventy-five 
to two hundred feet, without any intercalated or overlying glacial 
deposits, it is evident they must have been laid down when the 
extreme glacial conditions of the region had very nearly, if not wholly, 
passed away. 
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In regard to the fresh-water deposits, so-called, oE the second division Fresh-water 

of the Pleistocene, which consist of stratified sand, gravel and clay deposits . 

occupying those portions of the region above the highest marks of the 
submergence of the Post-Tertiary period, no fossil remains have yet 
been found in them in the m 11ritirne provinces of Cftnada. * They are 
distinctly above the boulder-clay and morainic material· an<l underlie 
the peat and marl beds; but are often thin and sporadic upon the 
higher grounds. Along river-valleys and in lake-basins, also in local-
ities outside of these, they blen<l insensibly into the sands, gravel and 
clay of the recent period, so tlrnt it is impossible to tell where the one 
ends and the other begins. The bottom portions of some of these 
have doubtless been deposited by waters from th.e melting ice of 
the gbcial period; but no boulder-clay or morainic material has been 
found intercaln.ted with or overlying them. vVhile, therefore, in the 
region in question, it seems ciifficult, if not impossible, to differen-
tiate the stratified deposits due to melting ice from those formed by 
alluvial and subaerial action, there appears to be no doubt that the 
latter, viz., rivers, streams, lakes, and atmospheric denudation of tlrn land 
surface generally, were the principal agents to which these d<:>posits 
owe their origin. 

Except when occuring along with osar and moraines, there is usually 
a tolerably well d efined line of demarkation at the base of these strati_ 
fied, fresh-water deposits, their contact with the true b0ulder-clay 
having been observed in many places. Their upper limit., too, is often 
traceable, especially when they are overlain, as they are in many places 
in this region, by peat-bogs, shell-marl, etc., of the recent period ; but 
in general their limits a.re poorly defined and uncertain. It is believed, 
however, that they have been deposited contemporaneouRly with the 
Leda clay a.nd Saxicava sands, and constitute the fresh water equiva
lents of these marine beds. 

As regards the classification of the formations of the recent period, Classification 

there are here few facts indicatincr succession in these as in the of formations 
· o - ' of the recent 

Pleistocene, the deposits and their contained fauna and flora betoken- period. 

ing conditions of climate throughout the whole period not far different 
from those now prevailing. In the early stage, however, the land 
in some portions of the maritime districts at least, stood from ten 
to twenty-five feet or more above the present level, and the climate, 

*In the summer of 18D4 the remains of a fi sh about eighteen inches in length were 
found at Ryan's brick yard, Fredericton, N.B. It is reported to have been imbedded 
b1 stratified clay at a depth of twenty-seven feet beneath the surface of the. ground. 
The skeleton is now in the museum of the University of New Brunswick. The 
deposits in which the fossil fish was found lie in the valley of the St. John River, 
and are probably of fluviatile origin, and of post-glacial age. 
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or rather the temperature of the adjacent waters was warmer. It 
was at this stage that the marine mollusca, whose habitat is now in the 
coast waters south-east of Cape Cod, are supposed to have spread 
northward and settled in certain localities around the coast of Nova 
Scotia, and especially in the southern ernbayment of the Gulf of St. 
Lawrence. In the latter place they still continue to exist. 

The deposits of the recent period may also be classified into two 
divisions, marine and fresh-water, supposed to be of contemporaneous 
or1gm. Usually they are arranged into two groups, viz.: (1) alluvial, 
that is formed by the sea, by rivers, lakes, etc., and (2) indigenous, 
i. e. formed by the growth of vegetable or animal matter, as peat-bogs 
shell-marl, infu sorial earth, vegetable mould or humus, etc. Peat has 
been observed in a great number of places resting on sand, so_metimes 
blown sand (sand beaches) also on shell-marl, while it underlies the salt 
marshes around the head of the Bay of Fundy. If we regard any of 
these as of successive formation to others, it would seem that shell-marl, 
infusorial earth, etc., were first formed or deposited, afterwards beds 
of peat grew upon these, then the deposition of the marsh mud of the 
Bay of Fundy tides followed. It is probable, however, that the growth 
of all the peat bogs in their earlier stages was not strictly coeval, but 
commenced at irregular inten·als, c.ontinuing till the present. In 
general, therefore, it may be stated that in the region in question 
the whole of the recent deposits, marine and fresh-water, are still in 
process of growth and accumulation, and the forms of life, animal 
and vegetable, buried therein are those existing around us at the 
present day. 

The whole series of deposits in the Post-Tertiary of the region under 
review may, therefore, be classified as follows :-

{

RECENT or PnE-{1. Indige~ous (peat bogs, etc.) 
IUSTOHIC 2. Lacust11ne. . 

· · · · · · 3. Alluvial, fresh-water and marme. 

PosT-TEHTIAHY. {l. Stratified sands, gravels and clay, fresh-
PLEIS'rOOENE. . . . water and marine. 

2. Glacial (boulder-clay, moraines, osar, drum
lins, glaciated boulders, etc.) 

Tabuln.r The general character and succession of the Post-Teritary deposits 
sdtaten.'ten_t otfl is shown, so far as it is possible to classify them, by the following epos1 s m ie 
region. table :-

M3. 
DEPOSITS OH k'OHMATIONS Ob' THE HEOENT PELUOD. 

Fresh-wetter. 
(a) 

Peat bos-s. 
. Lacustrme-shell-marl, infusorial 

earth, etc. 
3. River-flats, intervales (alluvium). 

llfcirine. 
(b) 

1. Dunes, or sand beaches. 
2. Estuarine flats, mussel or oyster beds 

natural dykes. etc. 
3. Salt marshes (alluvium). 
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M2. 
DEPOSITS OR ~'ORMA'l'JONS OF '£HE J,ATER PLEISTOCENE. 

(a) (b) 
1. River and lake terraces and their 

accompanying kames, etc. 
1. Saxicava sand and L eda clay and 

kames formed by marine agency. 
2. Stratified inland gravel, sand and 

clay, and kames associated there· 
with. 

M 1. 

DEPOSITS m· THE EARLY PLF.IS'T'OCENE OU GLACIAL PERIOD PROPER . 

Boulder-clay or till, moraines, boulders, erratics, etc. 

PRE-GLACIAL OR TER'l'TARY. 

Rotted rock in situ, angular boulders, gravel, sand, etc. 

TER'l'IARY OR PRE-GLACIAL GRAVELS, SANDS, ETC. 

U nstratified materials of pre-glacial origin exist in sporadic masses and Pret-gbc
1
ial 

ma er1a. s. 
detached sheets in many parts of New Brunswick, Nova Scotia and 
Prince Ed ward Island, especially in districts occupied by Carboniferous 
rocks. The glaciation of these ilat areas has been of a less vigorous and 
sweeping character than in the more elevated parts of the country, 
the ice apparently having been sluggish in movement, passing over the 
loose deposits and rock surfaces without eroding them deeply. Only 
from certain low ridges, or from the brows of hills exposed to the full 
force of the grinding ice did it remove the whole of the residuary 
material and score the solid rocks beneath. In New Brunswick, the ~·t~~;ick. 
thickest beds of this material met with are near the coast of 
Northumberland Strait, where in a few instances it was found over-
lain by boulder·clay, which in turn was mantled by stratified 
deposits of post-glacial age. Upon the higher grounds of the interior 
of the province, non-glaciated areas of greater or less extent occur, 
occupied with irregular sheets of the decomposed material belonging 
to the subjacent rocks. On the sloping surfaces and declivities, these 
have suITered more or less transport from glacial and atmospheric 
denudation and they are, therefore, more uneven and irregular than 
upon the fhit Carboniferous tracts referred to. 

The norLhern flanks of the Cobequid Mountains in Nova Scotia and In Nova 

the slope between these and N orthurnberland Strait, are also masked Scotia. 

with lenticular, detached sheets of residuary material of greater or less 
extent. This can be observed east of Halfway Lake, at Rodney, River 
Philip, Williamsdale, Westchester, Wentworth station, etc., and in 
numerous places between the mountains and the coast of the strait. 
In the latter area great quantities of such deposits have been kneaded 
and moved greater or less distances and changed into a kind of boulder-
day by the Pleistocene ice. 
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In l'rince Ed- I n Prince Edward Island, large portions of the loose deposits cover
ward Island. 

ing the solid rocks consist of residuary material, and sheets five, ten, 

In Magdalen 
Islands. 

and even twenty feet in thickness are not uncommon. Much of this 
resembles boulder-clay in texture, though without scratched or 
polished p~bbles or boulders, and has evidently been compacted by the 
weight of the snow and ice of the glacial period, and modified by 
atmospheric action since. The great bulk of it is, however, in an 
oxidized condition, showing that it is not a true boulder-clay. Further, 
it contains no travelled boulders or drift, being wholly local, and the 
materials are unworn. Beds of it may be seen in several places along 
the Prince Edward Island rail way between Summerside and Charlotte
town, in cuttings and gravel pits resting on non-glaciated rock surfaces. 
It occurs along the coast al.so in numerous localities, especially at 
Alberton, Campbellton, Wood Islands, etc., often in banks ten to 
twenty feet thick. Upon the uplands not infrequently it comes to 
the surface and forms the soil, having apparently undergone consider
able denudation. Transported boulders are occasionally found on the 
surface. 

The occurrence of such extensive sheets of decomposed rocks in siti& 
points to the fact of light glaciation in PrinceEd ward Island, and indeed 
everywhere upon the Carboniferous area on both sides of Northumber
land Strait. If the ice which overrode the island from west to east had 
been heavy and of much erosive power, it is evident the higher portions 
would have been greatly denuded and the rock surfaces ice-worn, ex
posed as it would be to the full onset of the mainland glacier. Instead 
of this being the case, however, the heaviest beds of residuary material 
occur on the higher ridges of the central part of Prince Edward Island 
while the thickest deposits of boulder-clay are found along the coast 
where they seem to have been produced by the heavy impingement of 
coast or floating ice against the land. 

The Magdalen Islands exhibit the most remarkable non-glaciated con-
dition of any part of the eastern provinces of Canada. Each island has 
a nucleus or central mass of intrusive rocks, apparently thrust up 
into the Lower Carboniferous, gypsiferous strata, breaking through and 
throwing these into various attitudes. Around the margins of the 
islands overlying the Lower Carboniferous rocks, occurs a later series of 
soft, bright-red sandstones, with false bedding, which for the most 
part occupies a horizontal position. The crystalline series consist of 
dolerites or diabases, porphyritic and amygdaloidal felsites or traps, 
etc., forming conical-shaped hills which rise to altitudes of from 400 
to 600 feet. In some places the dykes of these rocks penetrate the 
overlying gypsiferous series in such a manner as to reduce the whole 
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to a confused mass apparently without order or arrangement. Upon 
the surface of the whole lie thick beds of rotted rock in siti& without 
any boulder-clay or glaciated material. On the north-east sides of 
Amherst and Grindstone islands, a few pebbles and boulders were 

observed which may be foreign to them, but even these were not 
glaciated. The residuary material were modified on the surface 
below the 110- to 115-foot contour line by the action of the sea during 
submergence, while above that level no trace of marine or glacial action 
could be observed. Indeed, the whole examination of the surface of 
the four largest islands, viz., Amherst, Entry, Grindstone and Alright 
failed to show any evidence of glaciation whatever.* Rotted rock alone, 
with stratified marine beds up to the highest marks of the Pleistocene 
submergence, are everywhere, the prevailing superficial deposits; above 
the shore-line referred to some stratified lenticular sheets, clue to 
atmospheric action, occupy the surface and overlie the residuary 
material; but the pebbles and debris are mostly angular and unworn. 

It is possible, however, that more detailed investigation might 
result in showing some evidences of, at least the impingement of float
ing ice against the slopes or coast borders of these islan<ls. 

The origin of these residuary products is a question which takes us Ori_ginofthese 

b d th I. · f p T · 1 Th · h residuary ma-eyon e 11n1ts o ost- ectiary geo ogy. e1r occurrence ere terials. 

indicates that in pre-glacial ages the land surface was, for a great 
length of time, above the sea. The peat beds found by Sir J. W. Daw-
son underlying boulder-clay at River Inhabitants, attest to the same 
fact. Whether the decompo;;ecl material formed as thick sheets here 
before it was eroded by Pleistocene ice, as it does now to the south of 
the glaciated zone, is not evident. In regions swathed in snow and 
ice, with the ground frozen to a greater or less depth for five or six 
months of the year, as the eastern part of Canada must have been 
previous to, as well as during the Pleistocene and since, there would 
be a conservative effect, checking and, indeed, practically arresting 
atmospheric disintegration of the rocks every winter. It is true that 
the melting period each spring is, owing to the loosening of the beds 
from the unlocking of the previous winter's frost, one of greater 
denudation than is usual in non-glaciated or tropical regions, but these 
conditions last only a short time. On the whole, however, the 
question of extensive and deep-seated pre-glacial rock decay in these 
latitudes, may be said to require further investigation before it can be 
correlated with that of non-glaciated tropical countries. 

*Mr .• Tames Richardson says "nowhere could deposits of clay or gravel be disting
ui,hed such as are usually attributed to the drift period." (Report of Progress, Geol. 
Survey of Canada, 1879-SIJ, page 8 G.) 

4 
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(M 1.) DEPOSITS OF THE EARLlY PLEISTOCENE, OR GLACI AL PERIOD. 

Bo1dder-clay and Bo1.dders. 

The boulder-clay and boulders of the region are so intimately related 
and their distribution has been: affected to such an extent by the same 
agencies that it seems best to describe them together. And first it 
may be stated that no boulder-clay, boulders, or other glacial products 
have been found upon the higher grounds of the region under discus
sion, except such as belong to rocks on the south side of the watershed 
of the north-east Appalachians or Notre Dame mountains, so far as 
my observations have extended. Upon the coast districts, which were 
submerged during the post-glacial subsidence, scattered boulders occur 
which do not seem related to the rocks of the region. These have 
doubtless drifted from the Labrador coast, from the Magdalen Islands, 
from Cape Breton, and perhaps from Newfoundland. 

The districts which best illustrate the dispersion of boulders are the 
Carboniferous area of New Brunswick and Prince Edward Island. 
Upon these large quantities of boulders of granite, diorite or diabase, 
felsite, Lower Carboniferous conglomerate, etc., are strewn and 
embedded in the sheets of boulder-clay of greater or less thickness, a 
considerable portion of them having undergone transportation long dis
tances across the New Brunswick plain. 

Table showing To show the distribution of boulders in the area referred to, certain 
dispersio:i of localities were selected and the boulders upon a O'iven space in each 
boulders m the "' 
region. counted. The following table will illustrate the method adopted. 

But first a list of boulders from two localities on the pre-Carboniferous 
belts to the north-west of the Carboniferous plain will be given, to show 
the relation of the boulders on the two areas. All boulders above a 
minimum size of three inches in diameter were counted. 

At Pleasant Ridge, Northumberland county, on an area fifty feet 
square the following boulders occur. 

Granite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Diorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Slate ........ . ... . ... . .................. . .... . . ...... .. . . .... 40 
Gneiss . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
F elsite . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Quartz... . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Near Hayes' Brook, South-west Miramichi River. 

Diorite.......... . . . . . .. . . . .. . . . . . . . . . . . . . . .. . .. . 85 
Granite.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Gneiss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Slate . ....... . ........ . ....... . ........ ·. . . . . . . . . . . . . . . . . . 2 
Qnartz . . . . . . . . . . . . . . . . . . . . . . . 2 

Each locality in t he following table represents a measured area of 
fifty feet square. 
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Localities. 

JEW BRUNSWICK. In New 

1 , At Lucllow . . . . . . . . . . . . . . . . . . . . . . 94 
2 One mile above Boiestown. . . . . . . . . . . . 176 
3 At Cross Creek. . . . . . . . . . . . . . . . . . . 78 
4 At Muzroll's Brook. . . . . . . . . . . . . . . . !)(; 

2. 
G .... 14 2 

1 . . 
1 3 

5 I E~~·~d~~~t . ~ olu1 -~'.ver'. op_p~s.it~ _Fr~d: 33 32 21 9 .. 

1 .. 
2 .. 

6 Near Davis's Landins- Brook, 5 miles 
I north of mouth.of Big _Hole Brook .. 

7 Doak town, east side of n ver. . . . . . . .. 
8 'vest " 

ig~. 7 .. . . ·3 ·i1:: 
300 .... 21 .. 

9 " Jr mile below laRt .. . . . 
10 " " 1n another place ..... . 
11 Between Doak ton and Dunphy's . .... . 
12 N<'ar Blackville .... . . ... ........... . 

40 91 178 .. 15 
7 34 . ... 6G 6 10 . 

640 20 .... 17 5 f) . 
7J 5 1 1 

13 .function of R enous and Dungarvon 
9 .. .. 4!) 3 . . 
8 .. . . 5414 6. 

8.3 .... 11 
8 .... 304G . . 

rivers.............. . . . . . . . . . . . . . . . 36 
14 Below mouth of Dungarvon. . . . . . . . . . 18 
15 Between R enons and Dungarvon rivers .. . . 
JG Near Rogers"ille, I . C.R... . . ........ 45 
17 East of Hltrcourt station, I. C. R. . . . 132 
18 Salmon R iver, near Castaway River.. . 151 ... . 1 
19 Gaspereau P. 0... 69 14 
20 " " :Meadow brook. . . . !J9 
21 Gltrry Settlement, Sunbury county.... 89 
22 Enniskillen, Sunbnry county..... . .. . . 56 
23 Rusbiagonis 7G 

NOVA SCM'IA. 

3 
18 

() 
7 
3 

!J 3 
1 
(; .. 
5. 5 
7 1. 

1 .. 

1 .. 

3 1 .. 

2 1 .. 

916 .. 
5 5 . . 

il . . . . 1 .. 

3 

3 . . . . 1 
7 .. 

3 2 . . 

1 J 
!) 

1 6 . . 

Brunswick 

24 On northern slope of Cobequids. 
25 Summit of Cobequids on road to Five 

7 150 .. 1 36 16 2 

!J 

In Nova 
2 . . . . 6 Scotia. 

26 , 0;~~i;r~:s·t· g.;.~~ ~~1," s~~th j ~ggi·~~: 
27 Margin of Minudie marsh .... . ..• . ... 
28 Near Maccan ...... . . ....... . ...... . 
29 At A thol. . . . . . . . . . . . . . . . . . . . . ... . 
30 Near Springhill, east side . . ..... .. . . 
3L.\faccan River, near foot of Cobequids. 
32 At Halfway River .. . ....... .. .... . . . 
33 Mouth of Sltnd River . . .. .... . . . 
34 At River Philip . . .......... ....... . 
35 Four miles north of Oxford ......... . . 
:lG Near B lack R iver ...... . .. ,. ........ . 
371North of 'rhompson station, I. C. R. . . 
38 Ne:i.r Westchester ..... ... .. . . ..... . . 
39 On DeBert River road....... .. . .... . 
40,N ear Pugw,ish. . . . . . . . . . . . . . . . . . . . 
41 ' Vest side of Pngwasb River, two miles 

from mouth.... . .. . ..... . . ... .. ,. 
42 T wo miles west of Conn's Mills ... . ... . 
43 Wallace R iver ..... . . . ... .. . . . .. . . 
44 Near 'Vallace village . . . . . . . . . . . . . . . . 
45 another place. . . ..... . 
46 .. . ... . .. . 

7 3!J ... . 28 .. 
56 
78 

221 16 
501 1 34 . . 
173 9 10 3. 

96 4 

3G 5!J 

2 . . 

2 1 
3 23 

8 
3 
1 

35 . . GS 
93 
83 
il4 . . 
63 . . 
43 

3 .. 
(j 5 . . 

2 .. 

fl . . .. 218 

1 
3 

45 10 2 . . .. 28 13 
4 
2 
6 4 48 1 . . 15 27 

147 5. 2. 

116 .. 1 . . .. 
128 1 .. 2 
181 11... . 1 . 
91 1 ..... . 
95.. .. 2 . . 

208 ......... . 

~ 2l· .. i 
2 ... . 
2 ... . 

1 
1. 

2. 

2. 

2 .. 

6 .. 

1 .. 
1 .. 1 .. 

3 

. . · 1
1 . ·1 · . . .. .. 1 .. 

.. . .. .. . . 
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0 z 

Localities. 

PmNCE EDWARD ISLAND. 

47 North Cape.. . . . . 
48 ::.1ills' Point, north-east shore ...... _. 
4!) At Alberton . . . . . . . . . . . . . .. . 
50 At Campbellton.. . . . _ .. _ ...... . 
51 At Ellerslie station, P. E. I. R .. . 
52 At Port Hill ..... 
53 At Coleman station, P. E. I. R. 
54 At Portage " 
55 At Wellington ,, ,, 
56 At north-east coast, near 1\1argate ... 

45 
* 

* 
* 

* * 
* 

75 3!) 12 
* * * * 

* 
* * 
* * 

* * * * 
* * * I * . . . . . ... 

5 .. 
* 

* ·l 
In Prince Edward Island, the boulders were not counted, the differ

ent kinds only being noted. The relative proportion of transported 
cry~talline boulders to those of local origin is, however, much less there 
than on the mainland of New Brunswick. 

Crystalline From a study of the foregoing table, it is apparent that the trans-
boulders the 
same on the ported or crystalline boulders upon the Carboniferous area of New 
Carboniferous Brunswick and Prince Edward Island are identical with those unon 
areas of New ' • 
Brunswick the surface of the pre-Carboniferous rocks to the west. Upon the 
and Prince 1 tt d t 't b ld . h 1 h' f Edward a er area no san s one or gri ou ers wP.re met wit , anc t 1s act, 
I sl:md. taken along with others, goes to show the direction of t he drift 

movement, viz., that it was from west to east. Notwithstanding the 
immense quantities of material transported in this direction, however, 
everywhe1 e upon the surface of the Carboniferous plain the great pre
ponderance of boulders derived from the underlying sandstones, is 
especially noticeable. Only in a very few localities near the western 
margin of the area do the boulders of the older crystalline rocks from 
the west predominate. Beyond a distance of twenty or twenty-five 
miles from the margin of the crystalline rocks, the sandstone boulder~ 
outnumber all others put together. 

Boulders in 
Nova Rcotia. 

In New Brunswick and Prince Edward Island, the most abundant 
of the crystalline boulders are granite and diorite, which again largely 
preponderate over all others. Slate and felsite come next, then gneiss, 
etc. This relative proportion as r egards the number of these boulders 
upon the Carboniferous plain is not far different from that prevailing 
on the surface of the crystalline rocks themselves, so far as observations 
have ex' ended. 

Turning to Nova Scotia, we find the distribution of boulders in the 
district occupied by Carboniferous rocks north of t he Cobequid Moun-



CHALMERS.1 DISPERSION OF BOULDERS. 53 M 

tains to be somewhat different from that just described. Sandstone 
and grit largely predominate, and among the crystallines, diorites still 
occupy a prominent place; but boulders and debris derived from the 
Cobequid Mountains are elements which have to be taken into account 
here. Hence the great abundance of syenite and felsite boulders 
upon this slope, as compared to the portions of New Brunswick and 
Prince Edward Island to which these ob5ervations have reference. 
U b d . f h . f d On Cobequicl pon the northern row an summit o t ese mountams, a ew san - Mountains. 

stone and grit boulders occur intermixed with those belonging to the 
underlying crystalline rocks, and an interesting problem has arisen in 
regard to them. Sir J. W. Dawson explains their presence there by 
the action of floating ice, and it is possible he may be right. Rut I 
have been unable to find any system of glaciation either by land or 
floating ice which will account for the phenomena without raising 
other difficulties, some of them insuperable, and have therefore been 
compelled to adopt another hypothesis (page 29 M thia report). The 
sandstones dip away from the mountains wherever they are seen 
resting on their northern base, and in some places are found in situ well 
up on the slopes, e.g., at Williamsdale, where they occur six hundred to 
seven hundred feet high, and west of "\Ventworth station four hundred 
and sixty-five feet high. No stossing from ice action was found along 
the northern slope of the Cobequids, and the inference, therefore, i.s that 
neither land nor floating ice has impinged against their summits from the 
north. On the contrary, wherever glaciation is found, the proofs are 
not wfinting that it is due to ice which moved down-hill northwardly. 
The Cobequids have been uplifted largely, somo parts perhaps wholly, 
since the Middle Carboniferous age, and certain portions of the sand-
stone strata have been raised with them. Extensive and deep-seated 
denudation has removed these strata, except very small patches on the 
flanks, and scattered boulders of sandstone among the local debris on 
the summit, which still exist there. Wherever the debris showed ice 
action, it was found that the sandstone boulders were glaciated 
similarly to those belonging to the crystallim~ series underneath, this 
glaciation, I take it, being all due to local land-ice. 

Boulder-clay occurs in low, rolling, or lenticular-shaped mounds near Boudldefr-clay, 
mo eo occur-

the coast of Northumberland Strait in Cumberland county, Nova rence. 

Scotia, and Westmoreland county, New Brunswick. These often have 
a thickness of ten to twenty feet or more. Back from the coast here 
the boulder-clay, as a rule, becomes thinner and more sporadic in its 
distribution. A long the northern slope and base of the Cobequids, it 
is only here and there that it is to be seen, long stretches of the slope 
being covered with residuary material. On the summit, however, it 



54 M NEW BRUNSWICK, NOVA SCOTIA AND P. E. ISLAND. 

occurs in sheets of limited extent, local glaciers having apparently had 
gathering grounds there. 

Boulder·clay H eavy beds of boulder-clay occur upon the Carboniferous area of 
on Carboni fer· N B . . . . 
ous area of ew runsw1ck which appear to be thickest m the valley of the 
N ewkBruns- Northwest and Southwest Miramichi rivers. These valleys, which are 
WlC . 

pre-glacial, were in the glacial period pretty nearly filled with boulder-
clay, containing a large proportion of transported materials, often 
including boulders from five to ten feet in diameter derived from the 
pre-Carboniferous rocks to the west. The valleys have since been 
deeply eroded by the rivers, and the great numbers of boulders lying 
in them are such as have been exposed in this way. In general 
there are a greater number of boulders in the lower portions of the 
valleys than along their upper reaches, which is mainly clue to the fact 
that erosion has been greater there. The beds of these rivers may be 
compared to an inclined plane, the upper parts being nearly as high as 
the general level of the country, or of the boulder-clay filling each 
valley, while the lower portions have been cut down more deeply into 
it. For example, along the upper parts of the Little Southwest, 
Renous, Dungarvon, Main Southwest Miramichi rivers, etc., flowing 
through the Carboniferous plain, the terraces and banks inclosing 
them become lower and lower with respect to the rivers' bed as we 
ascend, and it is evident that the rivers ilowed at higher levels in 
early post-glacial times, probably upon surfaces very nearly as high as the 
general level on both sides of their present valleys. Indeed it would 
appear that in some places their waters must, at that stage, have 
diverged from the valleys and inundated certain tracts on either side, 
remodelling the boulder-clay and transporting boulders. The upper 
portion of the Renous River then flowed into the Little Southwest by 
a wide valley along the western margin of the Middle Carboniferous. 
May not the wide1· distribution of gravels and clay and the scattering 
of boulders over Lhe surface of the Carboniferous area have been at 
least partially accomplished in this way 1 It would seem that in 
early post-glacial times, as these rivers debouched from the mountains 
or higher grounds of the pre-Carboniferous region to the west upon 
the plain, they spread their waters over the level country by many 
devious routes, until after a time they became confined to one parti
cular valley. At the present day, they flow along their lower reaches 
in deep trenches of greater or less width cut into banks of boulder
clay which, in early post-glacial times, filled their valleys to the brim. 
This feature is especially noticeable along the Miramichi rivers re
ferred to. 
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Towards the coast of Northumberland Strait, near Miramichi River, 
the boulder-clay, unlike that of Cumberland county, becomes thinner 
and more sporadic and in many places is underlain by rotten rock in situ. 

The western part of Prince Edward I sland is covered pretty exten
sively with boulder-clay in which pebbles and boulders from the 
crystalline rocks of central New Brunswick and a few from the Middle 
Carboniferous are embedded. The debris of Millstone grit also occurs 
in some localities intermixed with the boulder-clay. On the higher 
grounds of the central part of the island, the superficial beds consist 
largely of residuary material often from ten to twenty feet in thick
ness. 

The heaviest beds of true boulder-clay in Prince Ed ward Island occur ·where heavi-
f . £ f . k b est beds of on the coast. Banks o it rom ten to twenty eet th1c - may e seen boulder-clay 

near Cavendish and Cape Turner, also on the south-west coast near Cape ~~f:in P. E. 

Traverse. Overlying these and strewn over the coast districts, especi-
ally on the north-east side of the island, occur a number of boulders, 
in addition to those transported from New Brunswick, which do not 
seem related to any of the rocks of the region under examination. 
How these reached there is a problem. At present it is supposed they 
have been borne thither by floating ice. 

Very interesting deposits of boulder-clay were met with along the 
north-west coast of the Bay of JTundy, some of which have been de
scribed in previous reports.* 

On the Magdalen Island, a few small crystalline boulders were Magdalen 
b d I h 'd f A b t d G · d t · 1 d Islands with-0 serve on t rn nort -west s1 es o m ers an nn s one is an s; out boulder-

but whether transported, or derived from the central crystalline hills clay. 
of each could not be determined in the limited time at my disposal. 
It is not improbable they were borne thither by floating ice when these 
islands stood at a lower level, though none were found in the sand 
beaches of the recent period. As stated already, no boulder-clay was 
found on the four largest islands of the group, viz.: Amherst, Grind-
stone, Entry and Alright. 

In the study of the boulder-clay of the region, particular inquiry Intercalated 
was made in respect to the occurrence of intercalated beds of clay, 00bedtlsdin 

1 1 er·C ay. 
sand or gravel, or whether there were any other facts tending to · 
show a di vision of the glacial deposits. Except at Saint John, New 
Brunswick, however, none were found. The origin of the deposits 
there has been explained as simply due to local oscillations of the ice-
front in a subsiding area, with the margin, for part of the time at 

*Annual Report Geol. Surv. Can., Vol. IV., (N.S.) 1888-89. Part r. Bulletin Geol. 
Soc. of America, Vol. IV., pp. 361-370. 
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least, i.e., during the local advances, extending some distance beyond 
the then existing coast line. 

In a number of localities where the boulder-clay exceeds a thickness 
of eight to ten feet, the upper and lower parts exhibit the differences 
due to oxidation and non-oxidation. A deposit of this kind occurs at 
Alma, Albert county, New Brunswick,* and similar examples were 
noted at other localities, showing the upper portion of the boulder-clay 
to be oxidized, while the lower portion consisted of bluish-gray, com
pact till. No intercalated beds were ohserved, howeYer, along the line 
of demarkation between the oxidized and non-oxidized portions, and the 
inference is, therefore, that the whole mass is really one bed, the 
chemical change in the upper portion having taken place since its 
deposition. 

GLACIAL STRI1E. 

Glacial strire. The following list of stri::e, embraces all that have been discovered 
in the district referred to in this report. An attempt is here madA to 
differentiate those produced by the ice at the period of its maximum 
extension from the strim formed wheu. it was diminishing and retire
ing, the movements at the latter stage having been apparently more 
local and affected to a greater extent by the minor inequalities of the 
surface. There are, however, a considerable number of strim which 
it is difficult, if not impossible, to correlate in this way, or to assign 
to any particular stage of the glacial period. 

Strim produced by floating ice, or ice-packs, have been found in a 
number of places along the coast. These will be placed in a separate 
group. 

The bearings of the strire are in every case referred to the true 
meridian, and the elevations to mean tide-level. 

Strim pro- Strim Supposed to have been Produced at the lvfaximwn Stage of 
ducedatmaxi- Glaciation. 
mum exten-
sion of the ice. 

In Albert Co., 
N.B. 

ALBERT COUNTY, N.B. 

I. In Dawson settlement, S. 44° E. and S. 57° E. Stoss side to the 
N. W. Height, 430 feet. 

2. On upper cross-road leading from Weldon Creek to Turtle 
Creek, part of it west of sheet No. 4 N .W., S. 52° E. Stoss side N. W. 
Height, 225 feet. 

3. South of Mary's Point quarry, S., S. 8° W., and S. 16° W. 

*Annual Report Geol. Surv. Can., Vol. IV., (N.S.) 1888-89, pp. 24-25 N. 
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4. A short distance south of road running out to Mary's Point, S. 
8° E., S. 10° W., S. 23° W., S. 2g 0 W. and S. 33° W. Distinct and 
well defined. Slope to N. Height, 110 feet. 

5. Still further south, on same road, S. 25° W. 
6. Half a mile north of Little Ridge cross-roads, on shore road, S. 

7° E., S. 23° W. and S. 2g 0 W. 
7. On road to Cape Enrage, about one mile from Cape, S. 23° W. 

Steep slope to E. Height, 150 feet. 
g, Half a mile east of Albert (Hopewell Corner) on Crooked Creek, 

S. 23° W. Height, 340 feet. 
9. Going south from Albert (Hopewell Corner), on cross-road lead

ing towards New Ireland, S. 2g 0 W. Obscure. 
10. On road going up from Riverside, through Caledonia settlement 

(at bend of road), S. 23° W. Height, 770 feet. 
11. On road from Riverside, going through Caledonia settlement 

before reaching cross-road leading towards Albert Mines, S. 2° E., S. 
8° E. and S. 12° E. ; a short distance beyond, S. 4° E. and S. 12° E. 
On other exposures near by, S. 2° E., S. 7° E. and S. 3° W. Dis
tinct grooves. Height, 1, 120 feet. 

12. Further north, at extreme height on this road, a small exposure 
exhibits, S. 6° E. Height, 1,230 feet. 

13. 'outh of \Voodworth settlement, one mile above cross-roads, 
S. lg0 W. and S. 23° \V. Slope, S. Height, 500 feet. 

14. At the top of the hill further up, on same road, S. lg0 W., S. 2g 0 

W. and S. 30° \Y. Exposure here shows southward ice-movement 
very clearly. Height, 590 feet. 

15. In Sawmill Creek valley, 2~ miles south of Hopewell Hill, S. go 
W. Height, 500 feet. 

16. At upper cross-road, on west side of same valley, S. 7° E. 
Slope E. H eight, 950 feet. 

WESTMORELAND COUNTY, N.B. 

17. About half a mile north of Catamount siding, I.C.R., in a gravel n Westmore 

cutting (perhaps on a boulder),* . 79° E. Very few signs of glacia- andCo.,N.B 

tion on waterl:lhed here. 
lg. At Boudreau quarry, S. S. go E., S. 9° E., S. 13° E., S. 12° E., 

S. 22° E., S. 24 ° E., S. 1 ° W., S. go W., S. 11° W., S. 2g 0 W ., and S. 
3g0 W. Height, 420 feet. Great ledges striated. Courses persistent. 

*The striated boulders noted in this list are such as the ice has apparently ground 
over while they were held in the boulder-clay, i.e., embedded in it, the strire being 
in the same direction as those upon the rock surfaces in the neighbourhood . Such 
occurrences are common in the Carboniferous areas of New Brunswick, I ova Scotia 
and Prince Edward I sland. 
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19. On slope facing Petitcodiac River, S. 7° E., S. 12° E., S. 22° E" 
and S. 38° W. Height, 100 feet. 

20. On opposite slope, facing Memrarncook valley, S. 2° E., S. 12° 

E., S. 32° E . The S. 2° E . and S. 12° E. strire are well defined and 
abundant. Height, 250 feet. 

21. On hill near Dorchester Cape, on road leading from Dorchester 
to Grand Anse, S. 2° E., S. 8° \Y. The S. 2° E. set deepest. Stoss 
side to the N. Height, 300 feet. 

22. Along Intercolonial railway, east of Dorchester, five or six miles, 
S. 2° E., S. 5° E., S. 9° E., S. 14° E., S. 3° W., S. 5° \V., S. 8 W., S. 
12° W., S. 14° W., S. 20° W., S. 28° W. and S. 42° W . The S. 8° W. 
strire are the most abundant, covering the whole surface in parallel 
lines. Stoss side, N. Height, 100 feet. 

23. At Second Westcock, half a mile south of forks on road, S. 2° 
E . and S. 8° W. Stoss side, N. Height, 320 feet. 

24. On westernmost road leading from Second vVestcock to Petit
codiac River, about two miles from forks, S. 2° E. Height, 250 feet. 

The S. 2° E. course is seen to be remarkably persistent on the ridges 
at the head of Chignecto Bay. 

25. Below Peck's Cove, S. 16° W . and S. 28° W. 

26. West of Westcock, on road running south-west in centre of 
Maringouin peninsula, S. 33° IV. Height, 150 feet. 

27. Two miles west of Four Corners, on Beech Hill road, S. 2° E. 
Height, 250 feet. 

28. Going out from Sackville by road leading towards Colonial 
Copper Mine, after passing third brook, S. 8° vV. and S. 10° vV. 
Height, 70 feet. 

29. South of Qolonial Copper Mine, on road coming from Sackville, 
S. 8° E. and S. 12° E. Height, 353 feet. Further west beyond road 
crossing, S. 1° W. and S. 18° W. Height, 3:&0 feet. 

30. On road leading from Memramcook Valley to Beech Hill road 
S. 2° E. and S. 8° W. The S. 2° E. set heaviest. Height, 300 feet. 

31. On summit of ridge behind Memramcook, S. 18° E. Height, 
320 feet. 

32. On first east-and-west road north of Rockland station, I. C. Ry., 
about two miles from Memramcook River, S. 7° E . and S. 12° E., 
further east, additional sets, S. 17° E. and S. 19° E., and in a third 
locality near by, S. 4 ° E. Height, 280 feet. Slope to north. Ice 
movement apparently south ward. 

33. At a railway cutting a mile and a half east of Midgic station, 
New Brunswick, and Prince Edward I sland railway, S. 54° E., 
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78° E., and N. SS 0 E. The N. 7S 0 E. set most numerous and distinct. 
Height, 160 feet. 

34. eu.r the north end of the Tantramar marsh, on the south-east 
side of the last mentioned railway, S. 2S0 W., S. 34° W., and S. 3S0 vV. 
Slope south-west towards marsh. Ice doubtless moved in that direc
tion. Height only a few feet above the marsh surface. 

35. At vVestcock, S. S0 W., and at Wood Point quarry, S. 1S0 W ., 
S. 33° W., S. 43° W. and S. 4S 0 W. Stoss side N. Height, 90 feet. 

N ORTIIUMilERLAND CouN'rY, N.B. 

36. At east branch of Barnaby River, along I.C.Ry. track, . S6° In Northurn-

E. Stoss side W. Height, 207 feet. berland Co., 
N.B. 

In another place, at first brook south of east branch, Barnaby River, 
N. S8° E., N. 78° E., N. 76° E., and N. 6S 0 E. Stoss side distinctly 
\V. Height, 250 feet. 

37. About one-fourth of a mile north of Rogersville station, I.C.Ry., 
near end of road going eastward, S. 73° E., N. S6c E. and N. S2° E. 
Stoss side west. Height, 230 feet. 

On this cross-road, near head of Bay du Yin River, S. S2° E., S. S7° 
E. and N . SS 0 E. Slope S. W. Height, 2SO feet. 

3S. Half a mile south of east branch of Barnaby River, along I. C. 
Ry., N . 7S 0 E. and N. SS 0 E., and in another place, S. 77° E., E. and 

. S3° E. Latter heavy. Stoss side W. 
39. Two or three miles we t of Rogersville station, I .C.Ry., S. S4° E., 

and S. 78° E. Height, 322 feet. 
40. In gravel and rock cutting just north of Rogersville station, I.C. 

Ry., S. S6° E . Stoss side vV. Height, 29S feet. 
41. One mile north of Acauieville station, I.C.Ry., N. 59° E. 

Sto<s side W. Heighu, 290 feet. Boulder clay three to five feet deep 
on ledge. 

42. About a quarter of a mile north of Kouchibouguac River along 
the I.C.Ry., N. S4° E. and N. S9° E. Stoss side W. Height, 27S 
feet. 

43. Half a mile east of Indiantown, Southwest Miramichi River, 
0n west side of Canu.da Eastern railway, S. 82° E . and S. SS 0 E. ear 
tide level. 

44. At Indiantown brook bridge, S. SS 0 E., S. S6° E., S. S3° E, 
and S. 78° E. The S. SS 0 E. set is the most numerous and heaviest. 

45. On north bank of South west niiramichi River, 135 paces above 
the mouth of the Renous River N. S7° R. (deep ruts), N. 69° E ., N . 
6S 0 E., N. S0° E., N. 74° E., N. 73° E., N. 72° E., N. 70° E., and N. 
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62° E. These strire have the stoss side distinctly to the vV. Height, 
10 to 15 feet. 

46. Two miles above Derby on the south side of the river, N . 70° E., 
N . 58° E . These strire, also later ones produced here, show the in
fluence of the valley of the S. vV. Mirnmichi upon the ice-movement. 

47. Along the Canada Eastern railway, at first highway crossing 
east of Blackville, N. 88° E., S. 82° E. and S. 7 4 ° E. Slope to N. E. 
Height, 50 feet. 

48. One to two miles above mouth of Renous River on south-east 
side of S. vV. Miramichi River, S. 74° E., S. 67° E., S. 62° E. and S. 
52° E . The S. 74° E. set heaviest. Slope N. W. towards river. Height, 
70 feet. · 

49. One mile east of last place of observation, at bend to south in 
river, N . 88° E., S. 84° E. and S. 74° E. Height, 40 feet. 

50. Five miles and a half below Blackville, on the south-east side of 
the Southwest Miramichi River, N . 88° E., S. 84 ° :K and S. 7 4 ° E. 
Land slopes to S.W. Height 55 feet. 

51. On Cain's River, on N. side of first big bend above Six-Mile 
brook, due E., S. 82° E. and S. 72° E., Strire light. Stoss side W. 
Height, 128 feet. 

52. A short distance below the branch of Dungarvon River coming 
in from Dungarvon L., in rivers' bank, N. 70° E., Stoss side W. 

53. On N. side of S. W. Miramichi R. one mile below Boiestown, 
N. 68° E. Height, 260 feet. 

QUEEN'S COUNTY, N. B. 

54. Half a mile E . of Castaway brook, on Salmon River road, N. 
78° E. and S. 72° E. 

55. Along Gaspereaux Rivet", 7 miles from its mouth, S. 54° E. 
56. On west side of Gaspereaux l'{.iver and half a mile above third 

brook from its mouth, fine distinct strire, S. 56° E., S. 58° E ., S. 62° E ., 
S. 66° E., S. 67° E. and S. 72° E. Slope S. W. Height, 160 feet. 

KENT COUNTY, N . B. 

In Albert Co., !57. Between St. Anthony's station and Little Buctouche River, 
N.B. along, 1\Ioncton and Buctouche Ry., ' N. 59° E. Height 19,5 feet. 

Several other sets here veering towards the N. indicate swerving ice 
movement during melting period. 

58. In Macdougall settlement, one mile from railway station, N. 63° 
E. and N . 50° E . 
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59. East of Pelerin settlement, on Little Buctouche River, N. 59° 

E. Height, 214 feet. 
GO. On N . side of Shediac Bay, S. 81° E. 
61. On N. Side of Shediac River, just west of Richibucto road, S. 

81 ° E. 
62. Less than half a mile south of Harcourt station, I.C.Ry., one 

set, S. 71 ° E. Others swerving to the north. 
621. In a rock cutting along I.C.Ry., about 4 miles south-of 

Harcourt station, N. 84 ° E . 

cu~IBERLAND CoUN'l'Y, N. s. 

G3. On Amherst and Fenwick road, a short distance west of junction In Cumber-

with road to Nappan station, I.C.Ry., S. 38° W. lanc!Co., 'N.S. 

64. On road leading from Salem to Fenwick, half a mile or so from 
former place, and just north of first bridge, S. 1G0 W., Sto s side N.; 
ledge broken o!f abruptly on S. side. Height, 450 feet. 

65. On road frow Fenwick to Baird's brook and thence to Maccan 
station, I. C. R., on bank of brook, S. 2° E. Stoss side N. Height, 
350 feet. 

G6 . .A. quarter of a mile from Salem, near Leicester cross-roads, S. 18° 

IV. Slope S. Height, 385 feet. Five rods further west, S. 7° E.; 
still further west, S. 18° IV. 

67. A mile and a half along Leicester road north of junction with 
Economy road, S. 62° E., S. 8° IV. and S. 26° W. 

The last five sets have been produced by ice coming from the wat'lr
shed on the north, i .e. from the Leicester and ~faccan heights. 

68. On Leicestei· road, two miles from Economy road, N. 18° E., 
N. 23° E., N. 26° E. an<l N. 30° E . 

These stri::e occur on ledges near the summit of the Leicester heights, 
but on a northern slope. Land to the south, in immediate vicinity, 50 

to 100 feet higher. It seems probable, therefore, that the ice pro
ducing these moved northwards mainly by the valley of Shinimicas 
River. Height, 510 feet. 

69. One mile east of last stri::e along Leicester road, N. 22° E., N. 
23° E., N. 26° E. and N. 28° E. Height, 550 feet. 

A few rods to the west of these a good exposure exhibits deep 
grooves one inch or more iu width, N. 8° E., N . 13° E. and N. 22° E . 
Height, 570 feet. 

70. Two and a half to two and three-quarter miles from junction of 
Little River and Leicester roads, N. 12° W., N. 14° vV., N. 18° E., N . 
22° E., N . 23° E., N. 26° E., N . 38° E. Height, 380 to 400 feet. 

I 
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71. On same road at head of Sbinimicas River, N. 2S0 E. Height 
of ledge, 440 feet. 

The ice producing these strim has also flowed down the valley of 
Shinimicas River. The stoss side is nowhere well exposed. 

72. On going from Leicester road to Oxford by Little River road, 
on bank of Black River, N. 20° E . or the reverse. Stoss side apparently 
N. Height, 150 feet. 

73. On short cross-road to north-west, three miles south of Mount 
Pleasant, course N. 1S0 E., N. 21° E. and N. ~3° E, or the reverse. 

74. On first cross-road to west on road leading from Oxford to 
Mount Pleasant (may be on a boulder) N . S0 vV. or the reverse. Stoss 
side apparently north. Height, 270 feet. 

The last three sets are on a southward slope, Mount Pleasant being 
to the north. 

75. Along semi-circular road on west side of Mount Pleasant, S. S0 

W. and S. 24° vV. and a few paces further north, S. 12° W. and S. 32° 
W., or the reverse. Stoss side apparently to the north. Height, 
3SO feet. 

These strim are on the south side of the summit of Mount Pleasant, 
and it seems probable the ice may have moved in the direction 
indicated into Little River and River Philip valleys. 

76. On the north side of the summit of Mount P leasant along the 
straight road going towards Leicester road, N. S0 E., N. 7° E., N. 10° 
E., N . 12° E., N. 3° E., N. 13° E., N. 20° E., N. 2° W., . S0 W. and 
N. 12° W., or the reverse. 

These strim are all on the slope of Mount Pleasant facing Northum
berland Strait. The finely glaciated surfaces exhibited along the roads 
mentioned, do not enable us to decide the question of the stossing; on 
a few of the ledges the stoss side seems to be to the north, and on 
others to the south. The glaciated surfaces slope northwa1·ds from 
400 to 2SO feet, and the uppermost ledges show, generally speaking, the 
southern faces stossed, (one is clearly rounded, and the northern face 
abruptly broken off) while the lower are mostly doubtful. Curving 
strim are a common feature on these ledges. The two main courses 
are the N. S0 E. and the N. S0 vV. ones, the latter being those in which 
the principal curved strim occur. The N. S0 W. set is the older and 
deeper. 

77. On the east side of Mount Pleasant on the cross-road going direct 
to River Philip, N. 14° E. and N. 24° E., or the reverse. Height, 
360 feet. Slope, northward. 

7S. On a cross-road one mile south of Mount Pleasant (not on map) 
which runs westward from the Oxford and Mount Pleasant road, S. 
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12° W. and S. 18° W., or the reverse. Stoss side, apparently north. 
Height, 360 feet. 

Viewing the glaciation of Mount Pleasant, as a whole, it seems Glaciation of 
"bl 1 . . b . I . ] b 1 1 Iount Plea-possi e to exp am it y supposmg t rn summit to mve een a oca sant. 

glacial centre; indeed, the evidence rather points in that direction. 
The course of the ice northward would take it to t he nearest and lowest 
part of the coi:.st, just west of Pugwash harbour. These strire, however, 
run diagonally across the northern slope of Mount Pleasant, and the ice 
which produced them must, therefore, have been influenced, to some 
extent, by the valley near its northern base which trends in t he 
direction of the strire. Were it not for the difficulty of explaining a 
southward ice-movement here, I would be inclined to say that the 
whole mountain had been glaciated by ice which came from the north. 
Whether the ice which produced the east.erly-trending strire in the 
coast district east of Mount Pleasant, described below, received an im-
petus from the higher grounds of Leicester road and this mountain, is a 
question that may be answered in t he affirmative. And the evidence 
seems, further, to indicate southward movement off the Thiount Pleasant 
slopes locally. 

79. On the south-east side of River Philip, just below t he cross
road leading to Conn's Mills, S. 85° E. Stoss side to t he W. 
Height, 190 feet. 

80. About 200 yards west of Pugwash Junction, Oxford and 
Pictou Branch railway, S. 73° E. and S. 75° E. Stoss side, W. 

81. On another rock cu tting near Pugwash Junction S. 68° E., S. 
76° E., S. 77° E. and S. 82° E . Height, 60 feet. 

82. On the east side of Pugwash harbour, on boulders and ledges, 
due E. and S. 68° E. 

83. A mile west of cross-roads, which are two miles north of Thom
son station, Intercolonial railway, (perhaps on boulder), N. 73° E. 
Height, 275. 

84. At Mackenzie Point, north of W allace harbour, S. 62° E., S. 67° 
E., S. 72° E., S. 74° E., S. 77° E., S. 82° E. and S. 84° E. 

These strire extend along ledges on the shore a distance of 400 to 
500 feet, and are well marked. 

85. Half a mile south of Wallace village, S. 77° E. H eight, 165 
feet. 

This set is noteworthy as exhibiting older and deeper strire, then later 
strire trending nearly "· 

86. On east side of W allace River, a quarter of a mile north of six 
mile road (on boulder 1) N. 72° E. Height, 80 feet. 
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87. At Wallace quarry, S. 83° E., very distinct and numerous, also 
S. 72° E. The overlying boulder-clay is from five to ten feet deep and 
contains none but local boulders. 

88. On road from WaJlace quarry leading straight southward to 
Deware River, near brook, due E. and S. 72° E. 

89. On east-and-west road, north of Scott's Lake, S. 87° E. Slope S. 
Height, 90 feet. 

90. Half a mile north of cross-roads, at Hornsey, S. 82° E. and due 
E . Slope, S. Height, lbO feet. 

91. About two and a half miles east of Wallace station, Oxford and 
Pictou railway, at a r?ck cutting, S. 84° E. and S. 86° E. Stoss side, W. 
H eight, 175 feet. 

92. About threeimiles east of Wallace station, 0. and P. Br. 
railway, E ., S. 86° E,:and~S. 88° E. Height, 150 feet. 

93. About two:miles west of Wallace station, N. 78° E. 

94. On east bank of Wallace River, just above railway bridge, S. 
72° E., S. 82° E . and 1:3. 83° E. Stoss side distinctly W. 

95. On Economy road, west of Westchester, on N . slope of 
Cobequids (on boulder~) N. 2°..,W., or the reverse. Height, 689 feet. 

96. On short east-and-west road, a mile, or a mile and a half, south 
of Purdy's Inn, Westchester, S. 2° E., or the reverse. Stoss side ap
parently N. Height, 967Lfeet. 

97. On Castlereagh road, half a mile from north encl, S. 2° E. 

98. Three miles south of Sutherland's Lake, on south-easternmost 
road, S. 2° E. Stoss side, N. 

99. On Economy road:near fourth brook crossed west of Thornsnn 
station, Intercolonial railway, and Williamsdale road, N. 73° E. 
Height, 300 feet. 

100. On road south of Folly Lake, near border of sheet (No. 4 N. W. ), 
S. 2° E., S. 22° E ., and S. 27° E. Stoss side, N. These strite are on 
the southern flank of the Cobequids. Height, 650 feet. 

101. A few rods further north on the same road, S. 4° \V. 
102. On a hill on same road further north and nPar water-parting, 

S. 22° E. Cour:5e of ice here nearly in direction of valley. Height, 
725 feet. 

On a hill between this and Folly Lake, and slightly higher there are 
no signs of glaciation. 

103. At first cross-road north of Westchester (Purdy's Inn), N. 2° 
W., or the reverse. Probably on boulder. 

104. On Economy road just north-east of Claremont Hill, S. 62° E ., 
S. 78° E. and S. 82° E. Height, 120 feet. 
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105. On road from Springhill to Salt Springs on eastern slope of 
hill, N . 2° W. or the reverse. Stoss side apparently to the N., bu t all 
things considered it seems probable that the ice moved northward. 
Height, 310 feet. 

106. On cross-roads south-west of River Philip P. 0., N. 6° E. 
Stoss side S. 

107. On summit of Springhill , highest point, S. 28° W., or the 
reverse. Height 610 feet. 

108. At Springhill near Coal Mines Creek, on east side of railway 
track, S. 11° W. A short distance further east, S. 13° W. and S. 
26° w . 

109. Two miles south of Springhill Mines on road going directly 
southward ending at branch of Upper Maccan River, and at last cross
road before reaching river, S. 11° W. H eight, 300 feet. 

110. On road near Intercolonial railway west of Athol station, 
S. 28° W., S. 38° vV and S. 40° W. Stoss side distinctly to N .E . and 
ledge broken off abruptly to S.W. Height, 150 feet. 

111. Going along Upper Maccan River towards Southampton about 
two miles from end of Mapleton road, S. 68° W., S. 48° IV. , S. 36° W., 
and S. 33° IV. The S. 68° W. strire are the oldest and are nearly 
obliterated. Stoss side not distinct, but appe;irs to be to N.E. 

112. On southernmost cross-road in West Brook settlement, light 
and irregular strire S. 28° W. Stoss side N.E. Height 350 feet. 

A short distance further west on the same road, S. 8° W. to S. 38" 
W. Stoss side N.E. 

These strire have been produced by a very small local glacier, or a Glaciation of 

tongue of the larcrer one which followed a small valley opening into northern slope 
o of Oobeqmds. 

the larger valley of ·west Brook. The ice producing them does not 
appear to have ascended the Cobequid Mountains, for, at greater ele-
vations on their northern slope no sign of glaciation was observed, the 
material being angular, the rock surfaces wherever exposed, jagged 
and broken, indicating subrerial weathering only, while boulder-clay 
and other evidences of glacier action are absent. 

113. Along West Brook between two cross-roads and about two 
miles from the Spring hill and Parrsboro' rail way (on a boulder in sitii) 

s. 58° w. 
The three last sets of strire show that ice from the Springhill dis

trict impinged against the northern base of the Cobequids here, but 
does not seem to have been higher than the 400-foot contour line above 
sea-level. From this district the ice flowed south-westward filling the 
inequalities of surface along the northern base of the mountains 
reaching up the Parrsboro' gap some distance, but does not seem to 

5 
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have gone through. How far westward along the foot of the moun
tains the ice extended is not known, as the surface is heavily covered 
with superficial deposits and no glaciated surfaces were noted. 

11 4. On road from Halfway Lake to Southampton, half a mile out 
on cros -road on N . W. side, S. 46° W. Height, 180 feet. 

115. In Parrsboro' Pass, through which the Springhill and Parrsboro' 
railway runs, just south of border of sheet (No. 4 N. W .) faint 
striation S. 12° E. Stoss side apparently to the 

The latter strim have been produced by the extreme southern end 
of the ice lobe which flowed south-westward and southward along and 
towards the northern base of the Cobequid Mountains here, from the 
Springhill di.,trict and other higher grounds to the north-east, as re
ferred to above. 

115!- On road along N. side of Minas Channel, near Spencer's 
Island, S. 67° W . and S. 70° W.; well defined. Stoss side apparently 
to the E., ice having doubtless moved westward into the Bay of Fundy. 

116. On the road leading from l\laccan station, Intercolonial rail
way, to River Hebert, near Patrick Mine, S. 23° W. and S. 40° W. 
May be local. Height, 175 feet. 

117. On southerly road going from Lower Cove or Boss Point, north 
of the South Joggins towards Biver Hebert, two miles out from 
quarry, and on the east side of the watershed, S. 18° W., S. 26° W. 
and S. 38° W. Stoss side doubtful. Height, 210 feet. 

118. Eighty rods further east on same road, S. 23° vV. and S. 33° 
W. Height, 180 feet. 

119. On road going from River Hebert to South J oggins, half a 
mile from river, S. 62° W. and S. 63° W. Height, 150 feet. 

Ice producing these clearly moved south-westward. 
120. On the coast of the Bay of Fundy, just south of Two Rivers, 

S. 33 ' W., S. 38° W., S. 43° W. and S. 48° W . Height, about 100 
feet. 

121. Two miles further south, before crossing a brook, S. 36° vV., 
S. 38° W., S. 42° vV., S. 53° W . and S. 58° W. Height, 200 feet. 

122. Half a mile south of last brook referred to, which is about 
half way between Two Rivers and Flat Brook, S. 40° W. Height, 
100 feet. 

123. A quarter of a mile further to the south-west, distinct strire, 
S. 38° W. and S. 41° W. H eight, 50 feet. 

124. Five r9ds further to the south-west, S. 48° W. 
125. Half a mile beyond Flat Brook, S. 43° vV. and ten rods fur

ther to the south-west, S. 48° W. and S. 51 ° W. Height, 60 feet. 
Eighty rods further to the south-west, S. 40° W. 
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126. One and a half miles north-east of Shoulee River, S. 43° W . and 
S. 48° W. Stoss side on N.E. Height, 100 feet. 

127. On slope towards Sand River and about one mile from it, S. 
33° W. and S. 38° W. Height, 210 feet. 

128. Two miles south of Sand River road, S. 30° W., S. 27° vV. 
and S. 33° W. Height, 350 feet. 

In another place a quarter of a mile further south, S. · 28° W. 

Ten rods further to the south-west, a splendid exposure, S. 30° W. 
and 33° W. Height, 350 feet. 

129. Half a mile or more further south, S. 33° W. and S. 35° W. 
and still further to the south-west, S. 33° W., S. 28° Vil., etc., numer
ous. Stoss side to N.E. Height, 380 feet. Small projections on 
glaciated surfaces of the sandstones with crag-and-t'.lil form, show 
southward ice-movement. A perceptible veering to more southerly 
courses is apparent as we ascend the slope of the Cobequids, which is 
remarkable, and can only be explained on the hypothesis that Chig
necto Bay was filled with a local glacier moving south-westerly, whose 
south-eastern border 9verlapped the district in which these strire occur. 

PRINCE EDWARD ISLAND. 

130. At Linkletter's shore, on flat surface, under boulder-clay, dis- In P. E. 
tinct strire, N. 67° E., N . 7 4 ° E. and N. 76° E. Stoss side to W. I sland. 

131. Along Prince Edward Island railway track, south-east of 
Kensington station, N. 71 ° E. Stoss side W . Height, 116 feet. 

132. Along Cape Traverse railway, about one mile from Emerald 
Junction, N. 75° E. and on another ledge near by, N. 67° E. Stoss 
side W. H eight, 130 feet. 

133. One to one and a quarter miles north of Kinkora station, N. 
85° E. StOSti side vV. Height, 100 feet. From two to five feet of 
boulder-clay overlies the rock surface, and contains numerous glaci
ated boulders, all local. 

134. Half a mile north of Albany station, S. 78° E. and N. 82° E. 
Height, 125 feet. 

135. South of Albany station, on boulder in situ in a gravel pit, 
which fits into position in a ledge, S. 79° E. and N. 83° E. Height, 
80 feet. 

136. At Breadalb<tne station, Prince Edward I sland railway, 131 
feet high, N. 69° E. 

137. Two miles west of Hunter River station, N. 89° E., N. 73° E . 
.and N. 72° E. 

5! 
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138. Where a road crosses railway track about half-way between 
Hunter River and North Wiltshire stations, S. 87° E., N . 89 E 0

., 

N. 85° E ., N. 83° E. and N. 79° E. The N. 89° E. striations numerous. 
Height, 210 feet. 

The ice producing these strire has followed valleys along which t he 
railway runs. The glaciation of the higher grounds in this part of 
the island has been light, as great masses of rotted rock occur in 
places. 

139. A quart.er of a mile east of cross-roads, South Wiltshire, on a 
small exposure, ~loping eastward, N. 82° E. Height, 280 feet. 

140. At the end of road between Platt River and Bentick Cove, 
N. 67° E., N. 85° E., etc. 

141. Three quarters of a mile to east of County Line on New 
Bedeque road, N. 69° E. Height, 200 feet. 

142. West of intersection of County Line and New Bedeque roads, 
N. 77° E. Height, 210 feet. 

143. At intersection of above roads, N. 77" E., N. 88° E. and N. 
62° E. Height, 250 feet. Slope N.vV. 

144. North-east of Middleton where road ci:osses branch of Dunk 
River, N. 71° E., N. 67° E. and N. 77° E. Height, 55 feet. 

145. On Southwest road, one mile and a half south of New Bedeque 
road, S. 88° E. Height, 150 feet. Slope S. 

146. Ninety or one hundred rods east of junction of Southwest and 
New Bedeque roads, N. 87° E. Height, 170 foet. Slope W. 

147. Fifty rods west of County Line on cross-road, one mile N. of 
Tryon, N. 69° E. Height, 100 feet. Slope, vV. 

148. Near end of road, N. of Bentick Cove, N. 77° E. Tide level. 
A few rods further vV., N. 67° E. 
149. A quarter of a mile east of ferry over Ellis River, N. 67° E. 
150. On west side of Sable River bridge, N. 73° E ., N . 63° E. and 

N. 77° E. 
151. On east side of Sable River on road to Bonshaw, N. 77° E. 

Height, 170 feet. Slope W. 
152. A quarter of a mile east of Cape Traverse, S. 73° E and S. 

71° E. 
153. At Point, Cape Traverse, S. 73° E. 
154. West of Uape Traverse, S. 71° E. 
155. A few yards further west, S. 63° E. and S. 68° E. Still further 

west, S. 68° E., N. 77 ° E. and S. 81 ° E. 
156. West of Cumberl11,nd Point, S. 75° E. and S. 81 ° E. On another 

exposure a short distance to the west, N. 72° E. and S. 67° E. Still 
urther west, S. 71° E., S. 73° E . and S. 79° E. 
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157. East of Cumberland Point, N. 73° E. and S. 67° E. 
Half a mile further west, S. 73° E. 

69 M 

158. Near small brook one mile and a half north of Tryon H ead, S. 
85° E. Height, 20 feet. 

159. At end of short road west of Paul's Bluff, N. 87° E. 

160. At junction of Bedeque road with east branch of Tryqn River, 
S. 85° E ., . 89° E. H eight, 20 feet. 

161. On west side of Augustine Cove, a quarter of a mile west of 
small brook, S. 73° E., S. 68° E ., S. 81° E . and S. 85° E., distinct. 

162. On road east of Albany, ten rods north of Tryon River, N . 87° 
E . Slope, S.E. Height, 75 feet. 

163. At point west of Gordon Cove, S. 63° E., S. 68° E. and S. 55° E. 
164. At Boquet Point, S. 81° E, S. 73° E. and S. 63° E. 

On another exposure, S. 68° E., S. 76° E., S. 63° E. and S. 79° E. 
There are two main courses, S. 68° E._ and S. 79° E. A little further 
east, S. 63° E. and S. 73° E.; and still further east, S. 83° E. and S. 
63 E . The latter are a quarter of a mile east of Boquet Point. 

165. On ledges below high tide level, one mile west of railway wharf, 
Cape Traverse, S. 81° ·E., S. 78° E. and S. 55° E. 

166. North of Gordon Cove, S. 71 ° E., S. 68° E. and N. 87° E. 
167. At Sea Cow Head, S. 68° E. and S. 81 ° E. Height, 5 feet. 
168. East of Indian Point, N. 87° E. 

169. At Simpson's Point, north of Hope River, S. 82° E ., S. 86° E., 
S. 78° E. and S. 89° E. Peculier grooves indicate eastward movement. 
Height from three feet below high tide level to four feet above it. An 
excellent exposure. 

1 70. J" ear head of Trout River, S. 88° E. and N. 80° E. Stoss side, 
W . Height, 105 feet. 

171. Whel'e Mill vale road bends northward down Trout River, S. 83° 
E . Height, 110 feet. 

172. New London Bay, one mile north of Stanley Bridge, S. 78° E., 
S. 68° E. , S. 85° E., S. 83° E., S. 73° E . and S. 88° E. Height, from 
tide level to four feet above it. 

173. Old Prince Town road, forty rods north of Margate, N. 65° E. 
H eight, 60 feet. 

17 4. A quarter of a mile north of road end, :Mill's Point, N. 67° E . 
17 4. At l\fills Point at end of road, N. 65° E. 

175. In Malpeque Bay, near end of road west of Mill Creek, N. 75° 
E., N. 71° E., N. 67° E ., N. 79° E., N. 81° E., N. 77° E., N. 69° E., 
N . 57° E. and N. 59° E. Near high tide level. Strire numerous and 
extending across 46 paces of rock surface. 
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176. Seven hundred and seventy paces west of last mentioned road 
end, N. 83° E., N. 51 ° E., N. 40° E., N. 67° E., N. 41 ° E., N . 65° E., 
and N. 87° E. 

177. North of St. Peter's Bay, near railway station, N. 87° E. 
178. On S.W. side of St. Peter's Bay, west of railway station, N. 

84 ° E. Boulder-clay plentiful. 
Three sets of stri:.e occur at St. Peter's Bay, viz., (1) an easterly set 

which is the oldest, (2) a northward set made by local glaciers flowing 
northward from the higher grounds of the island towards the 
Gulf, and (3) a set parallel to the depression occupied by St. Peter's 
Bay, and approximately parallel to the N.E. coast of the island, pro
duced apparently by floating ice. None of these sets are, however, 
very well defined. 

179. Near Light House at Souris, N. 87° E., and in a railway cutting. 
east of Souris village, N. 79° E. 

On another exposure east of village, N . 87° E . and S. 83° E. 
No transported boulders occur in the boulder-clay here, the whole 

of the material being local. The inference may be drawn that the 
glaciation is also local, but this is, perhaps, incorrect. The non-occurrence 
of foreign material in the eastern part of the island rather indicate:;; 
that the . ice was of local (Prince Edward Island) origin, forming an 
outlier of the mainland sheet and moved by the impingement of the 
latter, thus producing the glacial phenomena noted. If the New 
Brunswick i<.:e itself had passed over the whole island, instead of only 
over the western half, where we find boulders and other glacial pro
ducts from the mainland intermixed with the boulder-clay, we should 
expect to meet with crystaline boulders embedded and intermixed with 
the deposits here also. Their absence, except on the immediate coast,. 
where they have been left by floating ice, is otherwise not easily 
explained. 

Strice supposed to have been produced by Local Glaciers, etc., durinq 

the later 01· closing stage of the Ice Age. 

ALBERT COUNTY, N.B. 

In Albert Co., 180. At Hopewell Cape, S. 86° E .,'.S. 82° E . in two places, S. 80° E. 
N.B. due E. and N. 88° E., also further N., S. 22° E. 

181. A mile N. of Hopewell Cape, N. 82° E. 
182. At Mary's Point quarry, several striated exposures, S. 2° E., 

S. 3° W ., S. 22° E., S. 32° E., S. 37° E. and S. 46° E. Heaviest strire. 
or grooves, S. 22° E . 
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183. At point where Cape Enrage road branches off to the east, S. 
52° E., S. 62° E., S. 77° E., S. 82° E ., due E., N. 78° E. and N. 80° E. 
Height, 190 feet. 

184. Near mouth of Demoiselle Creek, S. 2° E. Stoss side N. 
Slope, E. Height, i. 70 feet. 

185. At Jasper Creek, on cross-road from Demoiselle Creek to Saw
mill Creek, S. 2° E. and S. 1° W. Slope towards E. Height, 580 
feet. 

On same road further up hill, at height of 610 feeL, where slope is 
towards the N, S. 4° W. 

186. On road going west from Curryville, S. 12° E., S. 20° E. 
Slope, E. Height, 400 feet. 

On another good exposure here, S. 19° E. and S. 22° E. 
On the same road a little further eastward down the slope, S 20° E., 

S. 12° E., S. 2° E., S. 8° W., S. 18° W. and S. 28° W. 
Twenty feet from this exposure another exhibits, S. 32° E., distinct. 

Slope, E. Height, 300 feet. 

WESTMORELAND COUNTY, N.B. 

187. In Weissner settlement, on bank of Bateman's brook, N . 49° In Westmore-
E. Flat exposure. Height, 90 feet. landCo.,!N.B. 

188. Along I.C.Ry. track between Painsec Junction and Dor-
chester road-crossing, just N. of Meadow brook, N. 55° E. May be on 
boulder. 

189. At southern base of Lutz Mt. at cross-road, 3 miles east of 
Berry's Mills station, I.C.Ry., N. 48° E. Height, 300 feet. 

190. Near Chapman, on slope towards Northumberland Strait, 
N. 42° W. Height, 80 feet. May be on a boulder . . 

NORTllUi\IBERLAND COUNTY, N.B. 

191. At the Tickle, junction of N.W. and S.W. Miramichi rivers, In Northum

just opposite Beaubair's Island, S. 17° E . and S. 20° E. 8trirn light. ~;,'~~nd, Co., 

192. On N. bank of S. W. Miramichi River, just above mouth of 
Renous River, N.2° E., N. 10° E., N. 22° E. and N. 32° E. Stoss side S. 

193. Two miles above Derby on the south side of the S.W. Mira
michi River, S. 37° E., N. 28° E., N. 46° E. and N. 43° E.; on another 
exposure two hundred feet further west, N. 34° E., N. 36° E., N. 40° 
E., N. 43° E. and N. 46° E. Tide level. The N.E. course seems to 
have been produced by local ice following the valley of the S. W. 
llliramichi River here. 
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i 94. One to two miles above the mouth of Renous River on the S.E. 
side of the S. W. Miramichi River, due N. Whole surface of exposure 
with parallel grooves in this direction. Height, 70 feet. 

The two main sets of strim are well exposed here, one indicating 
eastward ice-movement, as recorded in No. 45, and the second a later 
and independent flow northward. 

i95. Eight miles and a half below Doaktown, along Canada Eastern 
Ry. track. N. 38° E. 

i96. Eight miles below Doaktown, along ~ame railway (at 72nd 
mile post), N. 24° E., N. 30° E., N . 26° E., N . 32° E. and N. 3S0 E . 

197. Five miles below Doaktown, along C.E.Ry., N. i3° E. and 
N. 2S0 E. 

i9S. Three and a half miles below same place, along railway, N. i6° 
E., N. 20" E., N. 23" E . and N. 28° E. 

The N. 28° E. set most numerous. Height 320 feet. 
A few yards further to N.E., N. is• E ., N. 23° E. and N. 33° E. 
199. A quarter of a mile above the cross-road at Dunphy's, on the 

north side of the Miramichi River, N. 24° E and N. 28° E. 
200. One to two miles above Blackville bridge in the S.W. Mira

michi Valley, in river's bank, N. l 2° W. and N. 22° W. These courses 
are closely parallel to the river-valley here, and may have been 
produced by river ice. 

201. At mouth of Bett's brook, above Doaktown, fine distinct strim, 
N. 42° W. (heavy), N. 6° W. and N. 23° E. 

202. At Ludlow one mile and a half south of Boiestown, where road 
and river diverge, on south side of river, N. 42° W., or the reverse. 

203. In railway cutting at covered bridge just west of Boiestown, 
N. is· E. and N. 28° E. Stoss side, S.W. 

20-!. Along S.W. Miramichi H,iver, on N.W. side of Hayes' brook, 
N. 28° E., N. 33° E., N. 38° E. and 46° E. Stoss side distinctly S.W. 
Height, 520 feet. (This is in York county). 

QUEEN'S CouNTY, N.B. 

205. Along Gaspereaux River, seven miles from its mouth, S. 54 ° E. 
Half a mile above the third brook from the mouth of Gaspereaux 

River, several deep grooves have a bearing of S. 32° E. in addition to 
more easterly courses. Slope, S.W. Stoss side, N.W. Height i60 
feet. 

KENT COUNTY, N.B. 

206. About one mile east of Macdougall station, Moncton and 
Buctouche railway, on road to Cocagne, N. is· E., N. 38° E. ; and on 
another surface near by, N. 38° E. Slope, N.W. Height, i30 feet . . 
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207. One mile south of St. Anthony station, M. & B. Ry., a good 
exposure, N. 52° E. 

2og. Just west of Oocagne village, on shore, N. 3go E., N. 43° E. 
209. Just north of St. Anthony station, Moncton and Buctouche 

railway, N. 44° E., N. 49° E. and N. 54° E. 
210. Between St. Anthony station and Little Buctouche River, 

along railway track, N . 39° E., N. 49° E., N. 54° E. and N. 59° E. 
In another place N . 44° E . Height, 195 feet. 
211. Just N . of Little Buctouche River, along M. & B. Ry, N . 19° 

E. and N. 39° E . 
212. At border of sheet (No. 5 S.W.) one mile south of Buctouche 

River, S. 31° E. Height, 90 feet. 
213. About two miles from St. Anthony station, M. & B. Ry. 

going towards Oocagne River, in Ohio settlement, N. 49° E. N urnerous 
and well defined. Stoss side, S.W. Height, 150 feet. 

214. On the north side of Shediac Bay, N. 29° E., N. 39° E., etc. 
215. 770 yards south of Harcourt station along the I. O.Ry., on one 

exposure, fine, curving stri::e, the general trend being N. 22° IV. 
216. 990 yards from Harcourt station and just south of last point of 

observation, great fiat exposures occur in gravel pits on both sides of the 
I. O.Ry. track, with well marked strire, N. 27 ° E., N. 17° E., N. 16° E., 
N.13° E., N. 11° E., N. 9° E., N. 7° E., N. 6° E., N. 4° E., N. 3° E., N. 1° 
E., N. 1° W., N. 2° W. and N. 16° W. These strire have evidently 
been produced by ice moving northward, but there is no distinct 
stossing. Height, about 190 feet. 

217. About two miles south of Harcourt station, in a rock cutting, 
N. 3° E., N . 4° E., N. 5° E., N. 9° E., N. 11° E. (heavy), N. 12° E., N. 
19° E., N . 24° N. 29° E., N. 1° vV. (numerous), N. 6° W. and N. 21 ° 
W. The stoss side is !tlso doubtful here; but several circumstances 
favour the conclusion that the ice moved northward. 

21g. A mile and a quarter north of Adamsville station, I. 0. 
Ry, in a rock cutting, N. 1° E., N. 2° E., N. 3° E., N. 4 ° 
E., N, 5° E., N. 6° E., N. 7° E., N. go E ., N . 9° E., N. 11° E., N. 12° 
E., N. 13° E., N. 14° E., N. 17° E., N. 19° E., N. 31° E., N. 1° W., 
N. 3° W ., N. 6° W., N . go W., N. 16° W. N. 33° W. Stoss side not 
evident; but some facts were observed on the south side of the ex
posure which show that the ice movement must have been north
ward. 

219. On the south branch of Coal Branch, just east of Intercolonial 
railway track, in an old quarry, N. 9° E., N. 19° E., N. 29 E., N. 
32° E., N. 34° E., N, 39° E., N . 42° E. and N. 49° E. Stoss side dis
tinctly to the S. W. Height, 203 feet. 



Remarks on 
swerving and 
irregular ice 
movement>. 
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It will be ob~erved that the courses along the S. W. Miramichi, 
and the Intercolonial railway at Harcourt, Adamsville, Coal Branch, 
as well as near the coast between Buctouche and Shediac rivers show 
similar ice-movements. These strire, it seems to me, have been pro
duced by the ice during the period of melting or retirement, though a 
few may belong to the earlier or increasing stage previous to its max
imum extension. The finer strim, however, clearly indicate the later 
movements, when the ice was breaking up into detached sheets and be
came diverted more and more from its eastward course as it diminished, 
the movements becoming more conformable to the slopes, and to the 
kend of the river-valleys. This swerving is a characteristic and note
worthy feature of the glaciation on the Carboniferous plain north-east 
of the divide between the drainage basin of the St.John River, and of 
those rivers flowing into Northumberland Strait. 

CUMBERLAND COUNTY, N.S. 

In Cumber- 220. North-east of Amherst Head, on a boulder, apparently in sittb, 
land Co., N.S. N. 3° W., or the reverse Stoss side, S. Height, 130 feet. 

221. Just west of Fenwick, on an exposure, apparently a boulder, on 
road side, S. 78° W. and S. 73° W. Stoss side, E. Height, 135 or 
140 feet. 

222. Near a quarry about a mile east of Amherst, N. 12° W. and 
N. 22° W. Height about 150 feet. 

These strim have <tpparently been produced by ice which flowed down 
upon the low grounds of the Isthmus of Chignecto, or into the Pleisto
cene sea occupying it as a strait, during the retiring stage of the glacial 
period. 

223. One mile south of Pugwasb, on the main highway to Wallace, 
N. 23° E. Slope to S. Height, 80 feet. 

224. On the west side of Pugwash harbour, on boulders and ledges, 
N. 22° E. and N. 45° E. 

225. At cross-roads at Victoria, N. 2° E., N. 10° E . and N . 18° E. 
Stoss side distinctly to the S. Exposure on N. slope. Boulder-clay 
abundant. Height, 275 feet. 

226. On north-and-south road to south-east of Victoria and between 
two branches of Wallace River, N. 8° E. Stoss side also distinctly S. 

227. In Hansford settlement, two miles along road from River 
Philip, N . 20° E. and N. 23° E. Height, 250 feet. 

228. Near cross-roads, half-way between Coun's Mills and Doherty 
Creek, N . 48° E. and N . 53° E. Height, 25 feet. 
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229. On east-and-west road at Howard's Mill and a quarter of a 
mile from the west end or the junction with the north-and-south 
road, N. 10° E . and N. 40° E. Height, 150 feet. 

230. Ralf a mile south of Wallace, N. 3° E. and N. 2° W. Height, 
165 feet. East-and-west courses on same exposure prove that the S.
to-N. set is the latest. 

231. On the N.E. and S.W. road along the upper part of Deware 
River, N. 8° E. Height, 200 feet. 

232. On the second road east of Wallace Lake and north of Deware 
River, N. 7° W. and N. 12° W. Height, 150 feet. 

233. At Wallace quarry, N. 2° vV., N. 10° W., also N. 3° E., N. 
32° W. and N. 54° W. or the reverse. 

234. A quarter of a mile south of vVallace station, Oxford and 
Picton Branch railway, N. 3° E. and N. 18° E. Slope N. Height, 
90 feet. 

235. On the road along DeBert River, near the border of the map, 
and at the height of 620 feet, S. 2° E. and S. 12° E. These strire are 
on the S. slope of the Cobequid watershed. 

236. North of the cross-roads to the north of the railway track 
near Wallace station, Oxford and Pictou Branch railway, due N. 
Height, 220 feet. 

237. Just east of Wallace, on shore, striated ledges occur, N. 8° E. 
238. On road going from Plaster Cove east of Wallace, to north 

side of Scott's Lake, at third cross-road, N. 30° E. Slope E. Height, 
170 feet. 

239. On the easternmost cross-road from Scott's Lake to the Strait 
of Northumberland, near shore, (perhaps on boulder), N. 36° E. 

240. Near by on same road, another set, N. 12° E. Height, 170 
feet. 

241. On cross-roads at Hornsey, due N. Slope S. Height 45 feet. 
242. South of Head of Tatamagouche, perhaps on boulder, N . 2° vV. 
243. On Lake road, just about south of Head of Tatarnagouche, on 

boulder, in situ, N. 12° E. Height, 270 feet. 
244. On road running up south side of Mill Brook, N. 3° E. 
245. On road east of Wentworth along Higgins's brook, N. 18° E. 

and N. 7° W. 
246. About two miles west of Wallace station, Oxford and Pictou_ 

Branch rail way, N . 2° E. 
247. On east bank of Wallace River, just above railway bridgP, 

N. 28° E. and N . 38° E. Height, 25 feet. 
248. Near border of sheet (No. 4 N.W.), and south of Sutherland's 

Lake, S. 32° E. Stoss side N. Height, 600 feet. 
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249. Still further south S. 14 ° E. and S. 12° E., and a lighter set 
S. 3° W. 

250. A mile and a half to the north west of Sutherland's Lake, along 
the road, clue S. Slope N. Height, 650 feet. 

251. On road going from Westchester station, I.C.Ry. to Acadia 
Mines and near border of map (sheet No. 4 N.W.), S. 14° E. 

252. On Economy road near fourth brook crossed west of Thomson 
station, I.C.Ry., on Williamsdale road, N. 10° W. Height, 300 feet. 

253. On road going west from Westchester station, I.C.Ry., on 
west side of brook, N. 6° E. Stoss side clearly S. Height, 310 feet. 

254. North of Claremont Hill and between it and the I.C.Ry., 
fine strim were observed on the roadside, N. 68° E. Stoss side W. 

The ice producing these moved down the N.E. slope of Claremont 
Hill into the H.iver Philip valley. 

255. Two miles east of Oxford Junction on N. side of I.C.Ry. 
track, N. 12° W. H eight, 125 feet. 

256. North of Rodney, on northward slope, fine but distinct strim, 
N. 12° W. and N. 3° E. Stoss side clearly S. 

257. On vVilliamsdale road, half a mile from West Branch, N. 20° 
E ., slope to N. Height, 225 feet. 

25g. Near Upper Maccan River on Five I slands road, S. go W. and 
S. 12° E., or the reverse. Height, 175 to 200 feet. 

259 . On road going south from Springhill and Parrsboro' Ry. along 
Harrison's brook S. 20° W. A mile from the railway, another expo
sure, S. 27° E. Height, 400. 

260. On road which leaves Upper Maccan River road a mile and a 
quarter west of Mapleton bridge leading southward to a back settle
ment (South Brook settlement) about two miles up from river, N. 10° 
W. and N. 32° W. (may be on boulder). Stoss side distinctly to S. 
Height, 400 feet. 

On another boulder near by N. 12° W. 
261. On same road and just south of branch of South brook, on gray 

sandstone in situ, N. 6° W. and N. go E. Stoss side clearly S. 
262. In West Brook settlement on second cross-road three miles 

south of Springhill and Parrsboro' Ry., S. 12° E., S. 22° E., and S. 18° 
W., or the reverse. Stoss side N. Height, 350 feet. 

263. On cross-road leading north-westward from main road between 
Halfway Lake and Southampton, S. 12° E. (may be on boulder). 
Height, 120 feet. 

264. On west side of River Hebert, about two miles above bridge, 
doubtful, S. 7° E. or N. 7° vV. Stoss side apparently S. 
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P RINCE Enw ARD l sLAND. 

265. A mile and a half south of North Cape, on the western coast, In Prince Ed· 
ward Island. N. 52° E., N . 27° E . Height, 20 feet. 

Four rods further south N. 57° E. and N. 47° E. Stoss side dis
tinctly S.W. Height, 20 feet. 

266. A quarter of a mile east of Lighthouse, North Cape, N. 53° 
E., N. 22° E. and N. 27° E . Height, 15 feet. The N. 53° E. set is 
the heaviest. 

267. At Cape Kildare, on several exposures along the shore, S. 11° 
E., S. 13° E., S. 29° E ., S. 23° E . and 8. 18° E. Height, 10 feet. 

268. On shore at F ifteen Point, S. 10° W. Height, 5 feet. 
On road at Fifteen Point, S. 45° E. Height, 20 feet. 

269. A quarter of a mile east of ferry over Ellis River, N . 69° E . 
and N. 50° E. Height, 4 feet. 

2'i l. At Link letter's Point, in two places, under boulder-clay, S. 55° 
E. Stoss side apparently N .W. 

272. At Clifton, east of cross-roads, N. 42° E. Height, 10 feet. 
On another exposure, N. 52° E., height, 110 feet; and a quarter of 
a mile west of Clifton, on ledge, N . 51° E. and N. 58° E . Height, 
100 feet. 

273. East of road on west side of Mill Creek, N. 22° E., N. 47° 
E., N. 45° E., N. 57° E, N. 54° E. and N . 65° E. 

274. Just west of the end of the same road, N. 61° E., N. 47° E., 
N. 52°. E. and N. 57° E. On a fresh surface near by N. 65° E . and 
N. 54° E. 

275. At end of road at Mills Point, N. 52° E . 
276. A quarter of a mile north of road end, at Mills Point, N . 52° 

E. and N. 37° E. ; and a short distance farther north, N . 55° E., N. 
51° E., N. 42 E. and N. 39° E. ; and again on another exposure a 
few paces further north, N . 55° E., N . 49° E . and N. 51° E. 

277. On old Prince Town road, north of Margate, N . 37° E . Height, 
60 feet . 

278. At ew London Bay, one mile N . of Stanley bridge, N. 37° E. 
279. At end of road N. of Beach Point, N . 37° E. 
280. At breakwater, Prince Town, N . 11° E . and N . 22 E. 
281. On old Prince Town road, one mile north of P unch Bowl, N. 

42° E . ; (doubtful) . Height, 165 feet. 
282. One mile west of railway wharf, Cape Traverse, S. 58° E. 

and S. 53° E . 
283. North of Gordon Cove, S. 58° E. 
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284. Half a mile west of Cumberland Point, on a srn'Lll exposure, 
N. 57° E. and N. 62° E. Just west of these, strire, N. 57° E. 

285. Immediately west of Cumberland Point, N . 53° E. and N. 
63° E. 

286. East of Carleton Point, S. 32° W., S. 27° W ., S. 22° W . and 
S. 13° W. Height, 10 feet. And on other exposures ne1tr by, S. 22° 
W ., S. 17° W. and S. 15° W. 

It is probable these strit-e have been produced by small local glaciers 
sliding down off the island into the depression now occupied by North
umberland Strait. 

287. West of Cape Traverse, S. 53° E. Height, from 3 to 5 feet. 
A few rods further west, S. 33° E., S. 38° E. and S. 48° E. 
288. East of Westmoreland harbour, on south side of peninsula, 

S. 58° E. and S. 33° E . 
Further east, at point, N. 57° E. or the reverse. 
289. On east side of Sable River on road to Bonshaw (half a mile 

from river), N. 49° E., N. 57° E. H eight, 170 feet. Slope W. 
290. At cross-roads, ::fable River, N. 57° E . 
29 1. On New Bedeque road, three miles west of Hartsville, N . 47° 

E. Height, 300 feet. 
292. Eighty rods east of junction of south-west road with New 

Bedeque road, N. 37° E. Slope IV. Height, 160 feet. 
293. West of intersection of County Line and New Bedeque road, 

N. 53° E. Slope \V. H eight, 200 feet. 
293!. At intersection of above roads, an excellent exposure, N. 47, 

E., N. 52° E. Slope N .W . H eight, 250 feet. 
294. Half a mile west of the south end of Lot 30 road, N. 36° E. 

Slope S.E. H eight, 190 feet. 
295. On old Tryon road three miles south-west of North Wiltshire 

railway station, N. 27° E., or the reverse. Slope W. Height, 150 
feet. 

296. Fifty rods west of County Line, on cross-road, one mile north of 
Tryon, N. 57° E. Slope W. Height, 100 feet. 

297. At end of road between Platt River and Ben tick Cove, N. 4 7° 
E. and N. 57° E . 

298. Near end of road north of Bentick Cove, N. 47° E . 
Twenty rods further west, on several exposures, N. 27° E., N. 47° 

E., N. 52° E., N. 57° E . 
299. A quarter of a mile east of ferry over Ellis River N. 50° E., 

N. 69° E. 
300. On road at Fifteen Point, S. 45° E. Height, 20 feet. 
And on shore at F ifteen Point, S 10° W. 
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301. At Cape Kildare, on several exposures along the shore, S. 11 ° 
E., S. 13° E., S. 18° E., S. 23° E. and S. 29° E . 

303. On south-west side of St. Peter's Bay about three-quarters of 
.a mile north-west of the railway station, N. 59° E. 

304. Just west of first brook about two miles to west of St. Peter's 
railway station, N . 6° E. Stoss side, S. 

Boulder-clay abundant on south side of St. Peter's Bay. 
305. East of Souris on bank of fit·st brook on shore, S. 14° E. 

Light and local. 

Strim supposed to have been produced by heavy floating ice. Strire pro
duced by float
ing ice. 

The floating ice which score<l the rocks in many places along the 
coasts of the eastern provinces, as shown on page 10± M consisted mainly 
of heavy packs, or floes, and the strire are due to their impinging force 
as they were driven against the land-border by winds, currents, tides, 
etc. The ice composing these packs does not seem to have been 
wholly such as may have been <lerived from the land ice of the region. 
Large portions have doubtless, come from the land ice of Newfound
land, Labrador and Greenland, borne hither by the arctic currents 
and the easterly winds which prevail in these latitudes. In the 
later stages of the glacial period, the southern part of the Gulf of 
St. L awrence must have been largely choked up with these heavy ice
packs a great portion of the year. Coincident with this condition of 
the coast waters, the ice on the adjacent land-surface was melting and . 
retiring, while a slow subsidence was going on . The rock scoring by 
local glaciers and that by floating ice may, therefore, have been to a 
large extent contemporaneous. 

Commencing at Gaspe Basin, in the province of Quebec, we shall At Gaspe. 

note the strire produced by floating ice around the south-western embay-
ment of the Gulf of St. Lawrence. 

1. At Little Gaspe, N. 13° E., N. 23° E. and N . 28° E . Height, 
75 feet. 

2. South of Grand Greve, N. 23° E. 
These strim have been produc!ld by an irregularly-moving, jumping 

body, impinging heavily against the sloping coast-border. The marks 
vary in length from three or four inches to two or three feet, and are 
both fine and coarse, often a quarter of an inch deep, and apparently 
gouged out. They occur only on the east side of the widest part of 
Gaspe Basin, and have evidently been produced by packs of ice driven 
in from the Gulf of St. Lawrence by heavy winds, t ides, etc., forcing 
ice-jams here. 



At Baie des 
Chaleurs. 
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3. On the south-west side of the Baie des Ohaleurs fine strire, to all 
appearance produced by floating ice, occur. The best examples were 
obsen·ed near Belledune station, I.O.R. Half a mile north of the 
station at a height of about 100 feet, the following courses were seen: 
S. 39° W., S. 2L 0 W., S. 19° W., S. 9° W., S. 5° W., S. 7° W., S. 2° 
vV., S. 1° E., S. 3° E., S. 5° E., S. 8° E., S. 12° E., S. 13° E., S. 15° E., 
S. 16° E., S. 18° E., S. 19° E., S. 20° E., S. 21 ° E. and S. 23° E . 

4. About half a mile south of the same station, S. 1° \V., S. 5° E., 
S. 9° E., S. 10° E., S. 11° E., S. 15° E., S. 17° E., S. 21 ° E., S. 23° E., 
::l. 27° E., S. 31 ° E., S. 29° E., S. 35° E., S. 38° E. 

5. Going southward along J.O.Ry., one mile south of Fournier's 
brook, S. 5° W., S. 11° \V., and on another ledge near, S. 18° E., S. 
43° E. and S. 45° E. 

6. Halfway between Fournier's brook and Elmtree River, on north 
side of a diorite boss, S. 9° W., S. 5° vV., S. 3° E., S. 9° E., S. 11 ° E., 
and S. J,3° E. 

7. Still nearer Elmtree River another boss shows S. 27° W., S. 29° 
W., and S. 37° W., with a great number of fine criss-cross stri re. 

8. Just north of Elmtree River, on bosses of cliorite or diabase, S. 
45° W., S. 37° W., S. 29° W., 8. 25° W., S. 21 ° W., S. 17° W., S. 7° 
-~v. and ::l. 1 ° \V. 

The elevation of the rock surfaces where No. 3, 4, 5, 6, 7 and 8 sets 
occur, ranges from 100 feet clown to 75 feet. The stoss side is every
where distinctly to the N. The sides of the deep E. and W. grooves 
formed by the eaelier land-ice are always stossed on the. N. 

The surface of the country on the south-west side of the Baie des 
Chaleurs, rises from the coast border with a gentle ascent, reaching an 
elevation of 500 or 600 feet at the sou rces of the rivers which drain 
the district. Against this sloping surface, floating ice, or ice-jams, seem 
to have impinged heavily in a direction at about right angles to the 
curved coast-line, along a zone of variable width, from 75 to 175 feet 
above the present sea-level. This part of the coast, being directly 
opposite the mouth of the bay, has received the full force and impact 
of the floating ice clri ven in from the Gulf of St. Lawrence by easterly 
storms. Hence the formation of these strim along the zone mentioned. 

At Cape 9. At Lane'.:> quarry, near Cape Tormentine, strire evidently produced 
Tormentine. by floating ice or ice-jams, also occur. One set seems to have been 

caused by ice shoved against, or over the Cape Tormentine peninsula, 
from Baie Verte, and shows the following courses:-N. 56° vV., N. 44° 
W., N . 42° W., N. 38° W., N. 36° W., N. 32° W., N. 31 ° W., N. 30° 
·w., N. 24° W., N . 18° W., N. 16° W., N. 12° W., and N . 2° W. The 
other set has apparently been formed by floating ice which came from 
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the north and north-west, and exhibits the following strire :-S. 18° W. 
S. 13° W., S. 11° W., S. 10° W., S. 6° W., S. 4° W. and S. 3° W. 

The N. 34 ° W. and S. 11° W. strire or grooves are the heaviPst. The 
scorings cover an exposed rock surface of 75 by 130 paces. The direc
tion of the ice-movement in regard to both sets was determined by 
certain small crag-and-tail prominences ou the nearly fiat sandstone 
ledges. Height, 100 feet. 

10. On the New Brunswick and Prince Edward I sland railway, six 
miles and a quarter west of Uape Tormentine the two sets recorded 
under No. 9 again occur, viz. :-S. 5° W. and N . 37° W., and N . 32° W. 
Slope, S.E. H eight, 135 feet. 

These occur on a surface eight by four feet in extent. The western 
half is striated with the S. 5° vV. course, some of the grooves being an 
inch deep; the eastern slope is covered with the N. 37° vV. and N. 
32° W., courses, which are light but well detined. 

Thirty feet further east on an exposure ten by six feet, N. 37° W. 
and N .. 32° W. ; and on two other exposures near by t he N. 15° vV. 
course was seen. 

11. On the Emigrant road about a mile and a half from Cape Tormen
tine, N. 32° W. and N. 42° W. Height, 50 feet. 

In another place further west, N. 32° W. 
12. At Baytield, N. 2° W. and N. 12° W., or t he reverse. Height, 

15 feet. 
Nearer Cape Jourimain Lighthouse, N. 12° \V., oe the reverse. 

Tide leYel. 
13. On Emigrant road three miles east of Port E lgin, N. 27° W., N. 

22° W., N. 16° W ., N. 12° W. (deep), N. 7° W . and N. 2° W.; also 
S. 13° W. and S. go W . (both heavy). Strire distinct. Height, 45 fret. 

14. On Emigrant road, at third brook east of Port E lgin, S. 13° W. 
Height, 125 feet. 

15. At Co burg quarry about one mile west of Baie V erte vill~.ge, At Baie 

S. 38° W., S. 32° W., S. 2g0 W., S. 21° W., S. 18° W., S. 13° W., S. 10° Verte. 

W. Besides these are two courses, S. go E. and S. 4° E. or the rever·se, 
and a third N. 6g 0 E., or the reverse. Many broken, irregular, curved 
strire occur and several curious markings. From the abundant c1 ag
and-tail prominences, it appears the ice came from the north. Height, 
55 feet. 

16. About two miles from Baie Verte village, in an old quarry on 
the south-east side of the New Brunswick and P. E. Island railwfty, 
and about fifty rods distant from it, S. 43° W., S. 40° W ., S. 3g 0 W., 
S. 2g 0 W., S. 23° W., S. 20° W., S. l g0 W., S. 15° W., S. 13° W., S. 11° 

W., S. 3° W., and S. 12° E., S. 10° E., S. 4° E., S. 2° E. and S. In 

6 
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addition to these N. 78° E., N. 68° E. and due E. sets occur, belonging 
doubtless to the older striation of the maximum extension of the ice. 
The other courses have apparently been caused by ice which c::ime from 
the N .E., probably floating ice (ice-jams). The principal sets in these 
are the S. 43° W. and S. 18° W. stri::e. The crag-and-tail projections 
are here also conspicuous. Height, 55 feet. 

17. At east end of Ohignecto marine railway, S. 2° E., S. 3° W., 
S. 13° W., S. 18° W., S. 23° W . and S. 28° W. These show stossing 
on the north side, but not clearly. The rock surface is covered 
with from 10 to 15 feet of boulder-clay, and the strire have apparently 
been produced by ice impinging against it from the north, probably 
floating ice. Height, 40 feet or more. 

18. On another ledge in the heavy cutting along the east end of the 
railway mentioned, and from half to three-quarters of a mile from the 
Tidnish dock, S. 3° -YV., and S. 18° W., with numerous minor and 
irregular courses. 

Still further west in the same cutting S. 48° W., and S. 50° W. 
These all appear to be the work of floating iee-j ams. 
At the latter exposure a set of stri::e was observed with a course of 

S. 60° E., or the reverse, doubtless produced by land-ice. 
19. At Cook's cutting, on the Ohignecto marine railway, which is about 

the axis of the isthmus, and nearly equidistant from both ends of the 
line, S. 8° W., S. 18° W., S. 22° W., S. 2il 0 W., S. 32° W., S. 38° W . 
and S. 46° W. The predominent sets are the S. 22° W., S. 28° W. 
and S. 32° W. ones. The striating agent evidently came from North
umberland Strait. 

20. Half a mile further east on the south side of the railway track, 
S. 10° W., S. 18° W., S. 24° W., S. 30° W., S. 36° W. and S. 46° 
W. These appear to have been produced in a simibr manner to the 
last. 

The height of these ledges above mean tide level is 43 feet. 
The manner in which the floating ice scored the rock surfaces on the 

Isthmus of Ohignecto and the O<tpe Tormentine peninsula is referred 
to on pages 104-105 M. 

In Shepody 21. In the vicinity of Germantown Lake, Albert county, in a valley 
Bay. trending parallel to the coast of Shepody Bay, a number of strire 

occur which seem to have been produced by floating ice. 
On the west side of Germantown Lake, south of Beaver Brook, S. 

38° W. and S. -13° W . Height, 20 feet. 
About 150 yards farther back on the same road, S. 6 °E., S. 18° W ., 

S. 31° W. , S. 38° W ., S. 41° W . and S. 43° W. Height, 100 feet. 
I n another place near by on the same road, S. 28° W . and S. 38° W. 

Heigh t, 125 feet. 
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Still further up the slope of the hill to the north-westward a large 
exposure exhibits, S. 3° ·w., S. 38° vV., S. 40° W., S. 43° vV. and S. 46° 

W. The S. 38° W. strim are t he best defined and most numerous. 
Several grooves can be traced from five to ten feet across the rock sur
face in straight parallel lines. 

In another place near Beaver Brook, S. 43° W. Are all these floating 
ice strim~ 

22. On the south side of Cocagne harbour, on a bank, half a mile below 
Cocagne village, S. 1° E ., S. 6° E., S. 11° E., S. 12° E. and S. 9° W._ 

These may be due to floating ice, as they correspond with courses on 
P. E. Island and on the Isthmus of Chignecto. If produced other-· 
wise it must have been by small local glaciers moving northward. 

23. On Prince Edward Island strim, evidently produced by floating At P . E. 
. . _ Island. 
1ce jammed agamst the coast border, were found north of Cape Wolf, 
on the bank, at the shore, S. 9° E . Height, 5 feet. 

24. At Cavendish, on the bank along t he shore, S. 66° E. Height, 
15 feet. Overlying the glaciated surface is a mass of boulder-clay up
wards of ten feet thick without any intermixture of transported bould
e rs, though they occur on the surface of the land near by. 

25. A quarter of a mile south of Orby Head, S. 59° E. and S. 62° E. 
26. One mile west of Cape Turner, S. 62° E. 
27. On the south-west side of St. Peter's Bay, west of the railway 

station, S. 7 4 ° E. 
None of these strim occur on ledges more than from ten to twenty 

feet in height. 
In the St. Lawrence valley, between :M:etis and Pointe Levis, strire, In St. L aw

apparently produced by floating ice-masses moving up river, and in a rence bstuary. 

few cases in the reverse direction, were noted. 
At Bic, S. 54° W. Height, 125 feet. 
At Trois Pistoles, north of Intercolonial railway station, S. 74° W.; 

west of station, S. 64° W. Height, 100 feet . 
.Just west of St. Franqois station, I. C. Ry., bosses~ glaciated on both 

the east and west ends were observed. 
Between St. Charles, I. C. Ry., and Pointe Levis, strim were found 

running S. 64 ° W . Sto8s side to the east. H eight , 145 feet. 

OsAR AND KAMES. 

No moraines or drumlins are known to occur in the region specially Osar and 

referred to in this r eport, and it is doubtful whether there are even kames. 

any of the structural boulder-clay deposits to which the name osar or No moraines 

k 1 b 1. d G 1 ·d t · h l or drumlms. es ers may proper y e app ie . rave n ges are me wit a ong 
River Hebert, and Pugwash River, to the south of Thomson station, in 

6~ 
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Nova Scotia, and a ridge or series of ridges occurs east of Pictou. In 
Gravel ridges. New Brunswick short gravel ridges have been observed at the mouth 

of Renous River, or along the Southwest Miramichi above it, on the 
south of the Little Southwest Miramichi, opposite John Dennis's, 
twelve or thirteen miles from its mouth, also another about fiYe miles 
west of Doaktown, stretching from the confluence of Big Hole ~.nd 

Meadow brooks to Bartholomew River, and a fourth at the source of 
Muzroll's Brook. Smaller sand and gravel ridges were ob er n ·d else
where, and a number of the shallow lakelets of the Carboniferous a,rea 
are bordered with kame-like ridges which have problLbly been formed 
oy the expansion of the ice that covers them every winter. 

The Boar's 
Ba.ck. 

Not a simple 
ridge. 

1'he Boar'.~ Back. 

Th e most remarkable gravel ridge of the region is the one stretching 
along River Hebert, a,bove referred to, called the 'Boar's Back.' It 
was long ago described by Sir J. W. Dawson,* and as measured by us 
is six miles and a half long, 130 to 135 feet in height above sf'a-level 
at the point of greatest altitude, and from ten feet in some placf's to 
twenty-five or thirty feet in others above the general level of the val
ley in which it lies. Although hithPrto classified as a single ridge, it 
really consists of a series of ridges of greater or less length, arranged 
for the most part parallel, or approximately so, to the courtie of Rivet' 
Hebert, but a number are divergent and curving, and obviously with
out regular alignment. Some of the shorter rid~es seem joined to, 
or rather have their ends abutting against, each other, or more 
frequently against a main dominant ridge, or series, along the summit 
of which the road runs, for there is really no main ridge. Sometimes 
it is one ridge that is the highest and widest, and again it is another 
abutting against the last and continuing for a greater or less <listance. 
Not infrequently, however, there is a gap or hiatus betwf'en each ridge 
and the end of the next succeeding one, and lateral valleys on one or 
both sides intervening between it and the parallel ridge on one side or 
the other. In this way is the Boar's Back bunched up, so to speak, 
into a series of ridges in two or three places, within its whole extent, 
while between these bunched ridges, narrower and more linear ridges 
extend. At the lower or northern end of tbe Boar's Back, a certain 
stretch of it forms only one simple ridge. This part is low, narrow, and 
the material composing it is compact and resembles boulder-clay, or that 
of a, moraine. For the next mile or two south of this, however, the 
ridge is irregular and in places entirely wanting. Occasionally short 

"Acadia.n Geology, 2nd ed., page 82. 
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ridges run off from the main ridge nearly at right angles thereto, and 
sometimes they curve and inclose peat bogs. 

Taking a general view. of the ridges composing the Boar's Back, 
it is observed that those farthest away from River Hebert on the west 
side, are the highest, as if the summits of all those in a cross-section of 
the valley corresponded, roughly of course, to the former surface of 
a low valley before it became cut into ridges. But there are wide 
gap and valleys between the ridges, and at intervals along the sides. 
Indeed, between the ends of several, we come across what is 
apparently a portion of the original land surface, fl:it and undisturbed, 
the material being sand and gravel belonging to the underlying sand
stone. Nearly all the ridges are rounded or stossed at the south end, 
from which it is evident that the denuding agent moved against that 
end, i . e., in the direction in which River Hebert flows at present. 

The materials composing the series of ridges of which the Boar's 
Back consists are alto&ether local, belonging to the underlying Car
boniferous rocks, only one or two small boulders apparently derived 
from the Cobequid series having been met with throughout the whole 
formation. They seem to be finer, perhaps, at the north end, but 
only in places, for there are also coarse deposits. In the southern 
part of the Boar's Back coarse beds seem to predominate. No rock 
outcrops were observed in the River Hebert valley. 

Viewing the facts broadly, the Boar's Back appears to be a H ow the 
Boar's 

series of ridges left from the denudation of a terrace or mass of Back was 

stratified material which filled the valley to the level of the existing formed. 

summits of the ridges or higher parts of the valley. But the material 
must have been worked over previously in some way by water-action 
to be thus rounded and stratified. Two modes of formation would 
seem to have prevailed, viz., the building up of some ridges, or what 
may be termed the constructive process, and the denudation of 
terraces and gravel banks, or the destructive process, the latter leaving 
remnants standing as ridges. As already stated, certain facts lead to 
the inference that the mode of formation, whether constructive or 
destrucLive, or both, proceeded not simultaneously, but consecutively, 
from the upper slope of the valley on either side towards the present 
river bed. For example, on the west side of River Hebert valley, as 
has been shown, there are curved and divergent ridges abutting 
against straight ridges. It woulci appear that the former must have 
been formed before the latter, for we cannot postulate any glacial, 
fiuviatile or marine action which would shape them as they now stand 
on the supposition that they were produced simultaneously. The 
curving and cross ridges may, therefore, have been the earliest, and 
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may be due to eddying or cross currents, or perhaps to ice-action in 
the manner that banks are thl'own up along the sides of rivers or on 
the borders of lakes. The straighter ridges were probably formed by 
more direct currents at a later date. 

The Pugwash and Pictoii Ridges, etc. 

The ridge along the Pugwash River, is about a mile long and one 
hundred and fifty feet above sea-level. It follows the present 
stream closely, and consists of sand and gravel probably of fluviatile 
ongrn. This ridge seems to have been formeJ from the denudation of 
the valley drift. 

Pictou ridge. The Pictou ridge resembles the Boar's Back in some respects. A~ 

it lies beyond the region mapped it has not been examined except 
by way of comparison with the latter. It extends in a general north
and-south course for about two miles, and at the highest part is about 
one hundred and twenty-five feet above sea-level. Similarly to the 
Boar's Back it is not one continuous ridge, but two or more, and 
the materioils composing it, while different from those of the latter, 
nevertheless, bear the same relation to the deposits of the district, as 
do those of the Boar's Back to the River Hebert valley beds. The 
Pictou kame contains boulders of granite, diorite, felsite, slate, conglom
erate, etc. The peninsula to the east of the gravel ridge seems to 
have been a sort of "dumping ground" for debris, for it has 
numerous scattered mounds and short ridges of gravel, sand, etc., 
which are intermingled with greater or less numbers of transported 
boulders. 

9-rai'el ridges Turning to New Brunswick, we find gravel and sand ridges in several 
mNewBruns- 1 . h 11 f l S h M" . 1· R" Tl wick. p aces 111 t e va ey o t 1e out west iraimc n i ver. rn most 

noteworthy of these is one occurring west of Doaktown, on the road 
running north-westward from that place, and at a distance of five miles 
from the Southwest Miramichi River. It extends in a nearly 
northerly course from the confluence of Big Hole and Meadow brooks 
to Bartholemew River, whether continuously or not we did not ascertain, 
the country being wooded; and it rises to a height of thirty or forty 
feet above the level of the surrounding country. This ridge is reported 
to extend down Barthelomew River for some distance, but was not 
traced by us. 

A prominent ridge along the Southwest Miramichi above the mouth 
of the Renous River, and oLhers found in the valley of the Little South
west Miramichi, are evidently due to post-glacial denudation of the 
valley drift. 
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The question now arises :-Is there any general law governing the How these 

formation of these ridges and accumulations of gravel, sand and other \;'~e~,~~:ve 
drift materials besides those of ordinary denudation and shifting about duced . . 

of the deposits by fluviatile, lacustrine, marine and subaerial agencies 1 
In the case of those ridges under discussion, a negative answer must 
I think, be given to this question. Each ridge, or series of ridges, 
seems to have been formed under the peculiar local conditions to 
which the materials composing it were subjected during the process of 
its development. Those met with in river-valleys, as shown, are 
doubtless due to the action of the riven:, those in lake basins to wave-
action, the shove of the ice, etc., while those which may be classed as osar 
are the result of a complex series of causes which are yet only partially 
understood. As an illustration of how a ridge may be produced we 
may take the Boar's Back at River Hebert, which seems to have 
been formed of material first thrown down by Pleistocene glaciers and 
wurked over by waters flowing out from the melting mass which 
occupied Halfway River valley. During the ensuing subsidence of the The Boar's 

land, the sea invaded this valley and a strait existed by the pass through ~t~!~e:~r~~i 
the Oobequids and along Halfway and Hel>ert River valleys, when ceesive stages. 

a remodelling of these materials again took place. Subsequently as the 
land rose, a fresh-water lake seems to have occupied the basin in which 
Halfway Lake now lies, and its outflow by River Hebert valley again 
erodetl and transported these gravels and sands. It is probably to the 
latter stage that we may refe1· the principal erosion which gave the 
ridges their present forms and contours. Since then the action of River 
H ebert in cutting down into the deposits occupying its valley, has 
doubtless produced other changes along its cou rse and given to those 
ridges nearest the river their present pronounced features. 

The kame at Pictou has not been studied as closely in its relation to 
the topographic and other features of the district in which it lies as 
the Boar's Back, but there seems to have been a greater amount of 
glacial and marine action experienced in its construction, and probably 
less lacustrine and flu via tile action. 

The question of the origin of these ridges is one of great interest 
owing to their striking physiographic features, and its elucidation 
independent of pre-conceived theories, would aid in explaining a num_ 
her of problems connected with the surface geology of the region. 

PLEISTOCENE GLACIERS. 

The theory of local glaciers upon the higher grounds and floating ice Theory of the 

on the lower coastal districts proposed by me ii'\ 1885 and 1886* as glaciation of 
--------------------------------- th~ r1>g10n. 

*Preliminary R eport of the Surface Geology of Kew Brunswick, Geol. Surv. of Can., 
vol. I. (N.S.), 1885. Trans. Royal Soc. of Can., sec. IV., 1886, pp. 139-145. 
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a working hypothesis for the explanation of the Pleistocene glacial phe
nomena of New Brunswick and south-eastern Quebec, ma.y now be con
sidered, with certain exceptions and modifications, as established. 
It seems capable of explaining and co-ordinating a larger number of 
facts in the eastern maritime provinces of Canada than the hypothesis 
of great ice-sheets. There are, however, some anomalous questions 
reg<irdingthe dispersion of boulders on mountains and ridges that it does 
not account for satisfactorily, but all the divergent courses of strire can 
be arranged and systematized under this method of interpretation 
better than by any ot.ber. 

In the detailed work carried on by me during the past four years, 
chiefly in the coast districts of New Brunswick, and in parts of Nova 
Scoti <L and Prince Edward Island, a large body of data relating to the 
glacia.tion of the region has lJeen collected. This will now be co
ordinated, and an attempt made to show the relation between the 
se,·eral local glaciers which occupied the coast region of the Acadian 
provinces of Canada during Pleistocene times, and also between 
these and the ice-mass or neve of the north-eastern Appalachians. 

The character of the floating or sea-borne ice which prevailed towards 
the close of the glacial period, and the courses of movement, or rather 
the direction in which the.heavy packs, or ice-jams, impinged against the 
rock surfaces, will be shown. It may be remarked, that no strire or ice
markings produced by the latter have been found above the highest 
shore-lines of the post-glacial upheaval; they are strictly confined to 
the lower slopes and marginal areas. 

Local glaciers In the present report it is proposed, first, to delimit the glaciers 
delimited. 

which occupied the country at the stage of the Pleistocene when they 
seem to have had their greatest extension. This will be an attempt 
not w much to show their superficial magnitu<le and thickness as to 
define their eastern and south-eastern margins, especially along the 
coast between Cape Gaspe and the International boundary at the St. 
Croix River in the Bay of Fundy. 

General The ice which covered the Gaspe peninsula, and, indeed, all that 
movements of . · f b Ch d' '-the ice. part of the provmce of Quebec lymg to the east o t e au i.,re 

River and south of the St. Lawrence estuary, in the Pleistocene 
period, seems to have been local, although doubtless connected 
with the larger centre or centres of ice to the west. On the north side 
of the axis of the Notre Dame Range, it flowed into the '3t. Lawrence 
estuary, and here various courses occur showing that the movements 
were affected by the topographic features of the slope in a marked degree. 
The estuary must have been open during a part, if not the whole of 
the year, perhaps, similarly to Baffin's Bay and Davis Strait now, 
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into which the Greenland glaciers discharge. At what height the 
land stood here at the maximum extension of the ice is uncer
ta.in, no facts having yet been discovered in the valley of the 
lower St. Lawrence bearing directly on this question; but it 
was probably as high, if not higher, than at the present day. 
The strire on this slope trend from N. 64° E. at Montmagny to due N. 
to N.W a.t Trois Pistoles, Bic, etc., and in other places to N. 50° W., 

indicating a wide range in the movewents, due chiefly to the inequal
ities of the surface and to the fact that the glaciers followed the local 
valleys. 

The border of the ice along the lowf>r St. Lawrence during this stage 
of the Pleistocene cannot have been far beyond the present coast-line. 

In the eastern part of the Gaspe peninsula, the ice flowed eastwardly, In etasfteGi:n . par o aspe 
following the courses of the river-valleys there also. Strire, evidently peninsula. 

formed by land-ice, were found in Gaspe Basin with courses as fol-
lows :-On the west side, just south of Gaspe \'illage, N. 70° E., ::N". 75° 
E., etc. Half a mile north of Cape Haldimand, N. 89° E., N. 83° E. 
and T. 75° E. On the east side, three miles south of the "Peninsula," 
so-called, on the road to Cape Gaspe, S. 87° E. ; and between that and 
Grand Greve, S. 63° E. ::tnd S. 65° E. Other strire or glacial markings 
occur below Grand Greve, but they h::tve evidently been produced by 
floating ice and are described on page 79 11r. 

The facts respecting the strire in Gaspe Basin, whPn combined, 
show that a local glacier occupied its western end, drawing its sup
plies from the valleys of the York ::tnd Dartmouth rivers. It seems to 
have thinned out towards Cape Ilaldimand, the strire showing a con
vergence from both sides towards the centre of the basin, and its 
margin must have lain scmewhere in a line between Cape H aldim<tnd 
and Little Gaspe. On the narrow peninsula terminating in Cape Gaspe, 
no ice-action is apparent, except the cross strire produced by floating ice 
described on a previous page, the surface being covered with angular 
rock debris due to subrerial disintegration. In Gaspe Basin and on 
the peninsula on the east side we have, therefore, the limit of the 
land-ice which moved eastwardly off the Gaspe peninsula. 

Following the coast of the Gaspe pen in ula southward and westward, At Cape -r.Bfa: quereau, a1e 
till we reach Cape Maquereau, numerous strire are found there, t he des Chaleurs. 

average course of which is S. 44 ° E. and S. 45° E., showing that the 
ice was still loca.l, and moved off the slopes into the open Gulf of St. 
Lawrence, or mouth of the Baie des Chaleurs, in a direction at right 
angles to the coast-line. The margin of the ice was p1:obably nearly 
coterminous with the then existing coast, which appears to have been 
slightly higher there also than at present. 
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The Baie des Chaleurs Glacier. 

The western end of the Baie des Chaleurs depression and the 
valleys of the Cascapedia, Nouvelle, Metapedia, Restigouche, etc., 
tributary to it, were occupied by a glacier in the early part of the 
Pleistocene. The terminus of this glacier was about the 100-foot 
contour line below the present level of the bay, that is, nearly in a 
line across from the mouth of the Bonaventure River, Quebec, to 
Belledune Point, New Brunswick. East of this line on both sides of 
the Baie des Chaleurs, the strim indicate ice-movements more directly 
into the depression of the bay. 

To this ice-mass I shall give the name of the Baie des Chaleurs 
glaeier. * Its source was in the Notre Dame })fountains and princi
pally in the drainage basin of the Restigouche River; but it also 
drew supplies from the Scaumenac, Nouvelle and Cascapedia valleys. 
The extreme length of the Baie des Chaleurs glacier was not less 
than 120 miles, but it was doubtless connected with other glaciers or 
sheets of ice, to the north, west and south, and with the central, 
north-east Appalachian neve. Its width in the Baie des Chaleurs 
valley, where it was greatest, was 35 to 40 miles, and its extreme 
thickness was probably 900 to 1,000 feet. 

The Northumberland Glacier. 

Bordering the Baie des Chaleurs glacier on the south-east, along the 
divide between lhe drainage basin of the Baie des Chaleurs and that 
of the Miraroichi rivers, and probably coalescent with it, there ex
isted a large glacier in the early Pleistocene to which the above name 
is applied. Its north-western connection or neve has not yet been 
traced; but the glacier is known to have descended in a general east
ward to north-eastward direction from the region about the head
waters of the Miramichi rivers into the Gulf of St. Lawrence. 
The southern limit was near the watershed between the Miramichi 
and other rivers flowing into the Strait of Northumberland and the 
St. John waters, and extended along by Indian or Lutz Mountain, 
the w::ttershed of the Isthmus of Chignecto, the northern base of Mount 
Pleasant, Cumberland county, Nova Scotia, Head of Tatamagouche, 
Hard wood Hill, west of Pictou, etc. From the mainland of New Bruns
wick it extended eastward across what is now the Strait of Nor
thumberland and overrode a portion, if not the whole of Prince 

*Can. Naturalist, Montreal, vol. X., 1881; Tbe Glacial Phenomena of the 
Baie des Chaleurs Region. 
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Edward Island. Boulders and drift from the mainland of New 
Brunswick occur intermixed in the boulder-clay in the western part 
of this island, and sparingly as far east as the higher grounds in the 
central part. The table of stria~ and the maps accompanying this 
report show different sets of strire, but only those trending eastward 
have been produced by the Northumberland glacier. 

The Magdalen Islands are non-glaciated, and it would seem that the 
1
Mag

1
dalen Is-

an.: s non~ 
mainland ice has gone no further than the eastern and north-eastern glaciated. 

border of Prince Ed ward Island, the south-eastern part having, appar-
ently, been glaciated by ice which accumulated on the island itself, and, 
therefore, containing no debris from the mainland intermixed with the 
boulder-clay. This fact accounts also for the scanty occurrence, or 
absence of transported or foreign boulders on the higher grounds, 
although the strire show eastward movement there. The other courses 
of strire will be discussed later on. 

The south-eastern terminus of the Northumberland glacier, therefore, 
would seem to have been along a line near the coast border from Mis
cou or Shippegan Island to the mouth of the Miramichi River, crossing 
the latter probably outside of Portage Island; thence it curved round 
towards North Cape, Prince Edward Island, and followed the north
east side of the island probably to East Cape. Jn the depression 
occupied by Northumberland Strait, it does not seem to have gone 
farther eastward than Pictou harbour. 

On many portions of the area covered by the Northumberland 
glacier, the ice has been thin and light and had little eroding power, 
large sheets of rotted rock occurring undisturbed on the mainland as 
well as on Prince Edward Island. 

The depression occupied by the waters of the Strait of Northumber
land, appears to have influenced the ice-flow wherever the present 
depth of the sea does not exceed 100 to llO feet. Beyond that, the 
stri::e indicate that the ice-movements were independent of the general 
eastward trend of the Northumberland glacier; hence it is nssumed that 
the latter terminated at or near the 100-foot contour line below sea-level. 

It is probable that the source of the Northumberland glacier was in 
the higher grounds of central New Brunswick. The St. John and St. 
Lawrence waters interlace in the north-western part of the province, 
and the neve-ground of this glacier rcust have been to the north of 
Lake Nictor. Further investigation is, however, required to settle this 
point. 

The Saint John Valley Glacier. 

Passing from the atershed of the Gulf of St. Lawrence to that of The St. John 

the Bay of Fundy, a marked difference is apparent in the character of ii~~l~~. 
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t.he glaciation and of the drift dflposits. The general trend of the ice
movement on this slope is south to east-south-east, varying according 
to the direction of the great valley of the St. John River and the 
general slopes of the surface. Near the mouth of that river, courses of 
strire bearing west of south occur, belonging apparently to a stage when 
the ice had passed its greatest development and was on the wane. 

Area of The St. John Valley glacier was the largest of the sheets occupying 
the St. Jol~n Canadian territory south of the St. Lawrence Valley. Its source or 
Valley glacier. . . ' 

Causes of its 
greater thick
ness. 

neve-ground, was m the lnghlands of the northern part of the state of 
Maine, in the Eastern Townships of the province of Quebec and in 
north-western ew Brunswick. Large tributary glaciers joined it from 
the valleys of the several affiuents. On the north-east side the margin 
was probably in conta.ct with the Northumberland glacier along a 
great part of the watershed separating them; on the west it mergPd 
into the ice which covered the state of Maine, and may, indeed, have 
been partially, if not wholly confluent with it, though pursuing, 
for the most part, a more eastward course. Whether confluent or not, 
the St. John Valley glacier seems to have been thicker and more 
massive as we proceed from east to west. This is, no doubt, the result 
of the more favourable conditions for its development. Proximity to 
the evaporating surface of the Atlantic, and, of course, a greater 
amount of precipitation and a higher and better condensing surface, 
were, doubtless, the predisposing causes for the greater accumulation 
of Pleistocene ice in the St. John Valley and on the Bay of Fundy 
coast, as well as westward. The front of the St. John Valley glacier 
is difficult to trace. It is doubtful whether this glacier surmounted 
and overrode the whole of that part of the crystalline plateau lying 
east of the mouth of the Saint John River. It certainly did not Jo so 
with the relative levels of this crystalline plateau and the Carboni
ferous area to the north of it the same as at the present day. There 
are some facts at hand which tend to show that the latter must have 
been higher, relatively, when the St. John Valley glacier discharged 
into the Bciy of Fundy. But this glacier, or system of glaciers, became 
much broken up in its pa sage through the hills bordering that body 
of water, as it proved by the divergent courses of strire along the 
coast. 

Just where the margin of the ice which properly belonged to the St. 
John Valley glacier lay to the west, or whether it was coalescent with 
the ice occupying the territory of the State of Maine, it is not possible 
to determine with the limited amount of data at hand. Further 
investigations about to be undertaken in westem New Brunswick may 
elucidate this question. 
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In regard to the glaciation of the plateau along the Bay of Fundy 
to the east of St. John harbour, if not due to ice overriding it from 
the St. John Valley and from Grand and W ashadamoak Lake basins, 
etc., then it must be that local ice-masses accumulated upon it which 
flowed out towards the open waters of the Bay of Fundy. At St. 
John harbour and west of it, however, the ice margin seems to have 
extended beyond the present coast-line, apparently stretching out 
farther and farther as we proceed westwards towards the International 
boundary. This fact is in accordance with the view that the meteoro
logical and physicial conditions n~cessary for the production of glaciers 
were more favourable on the Bay of Fundy coast and westward than 
in the Gulf of St. Lawrence. 

The Chignecto Glacier. 

On the I sthmus of Chignecto and in the two arms of Chignecto TheChignecto 

Bay, and probably extending as far to the south-west as Cape Enrage glacier. 

on the one band and the mouth of Apple River on the other, there 
existed a local glacier in the early Pleistocene, the general movement 
of which was south-westward into the open waters of the Bay of Fundy. 
Strire prnduced by this glacier are found near Shepod'y Mountain 
Albert county, New Brunswick, from 500 to 600 feet or more above 
the present sea-level, and on tbe opposite shore, in the vicinity of Sand 
and Apple rivers, from 350 to 400 feet high. In the central parts of 
the Isthmus of Chignecto, viz., at Westcock, Dorchester Cape and 
north of Folly Point, strire, to all appearances produced by this body of 
ice, also occur at elevations of 300 to 400 feet. The striation is dis-
tinct and well defined, and leaves no doubt that it has been caused by 
a pretty large body of ice flowing in the direction indicated. 

In seeking the source of the Chignecto glacier, or rather the height
of-land which gave it momentum, great difficulties were encountered. 
At first an attempt was made to explain the glaciation by the action 
of floating ice; but this agency, while competent to account for certain 
strire produced at a later stage of the glacial period in this region, did not 
seem capable of explaining certain phenomena pertaining to the Chig_ 
necto glacier. For example, in Albert county the strire attributable 
to the action of this glacier occur on both northward and southward 
sloping declivities, and cross narrow valleys, such as that of Demoiselle 
Creek, obliquely. They are met with at altitudes varying from sea-level 
up to 500 and 600 feet, and are parallel on the higher as well as on 
the lower slopes on opposite sides of Chignecto Bay. These and other 
facts which might be cited evince the action of land ice only. At the 
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same time it is not denied that a considerable part of the striation of 
of the lower grounds on both sides of Ohignecto Bay as well as on 
the isthmus is due to floating ice-in the latter district, indeed, it was 
chiefly produced by this agency, at a subsequent stage of the glacial 
period. But on the higher levels, the glaciation seems to be entirely 
due to land ice. 

It has been stated on page 2G M, that the height of the Isthmus of 
Ohignecto, near Northumberland Strait, does not exceed seventy-five 
to one hundred feet. Some hills and undulations rise to one hundred 
and twenty-five to one hundred and fifty feet, but on the other hand a 
large part of the isthmus is low and flat, and not more than fifty to 
sixty feet high. The elevation of the axis exceeds this but very little, 
except upon the ridges lying between Memramcook and Sackville, 
portions of which rise above the 200-foot contour. How then did 
ice flow south-westwardly off the isthmus into Ohignecto Bay, and 
override the ridges around the head of it, while portions of this ice ap
parently rose two hundred to three hundred feet above the level of its 
source 1 This was one of the problems presented to us in studying 
the glaciation of this region. To satisfy ourselves regarding the source 
or neve'-ground of the Ohigm'\cto glacier, a thorough examination of the 
isthmus was made, and our investigations extended to Prince Edward 
Island, to the eastern extremity of the Gaspe peninsula and to the 
Magdalen Islands. If the gathering-ground of this glacier had been 
beyond the Isthmus of Ohignecto, we concluded it would have striated 
the higher grounds of the eastern P.xtremity of Gasp6 and of Prince 
Edward Island in its passage southward. No north-and-south, or 
north-east and south-west striation was found on the higher portions of 
Prince Edward Island or at Gaspe, however, and the Magdalen Islands 
were discovered to be unglaciated. On the south-west slope of Prince 
Edward Island, facing the Isthmus of Ohignecto, there are a few scat
tered strire, but they seem. due to local ice sliding off the island at a 
later stage. Finding no solution of the problem in this way, we then 
had to re-investigate the north-eastern side of the Isthmus of Ohignecto 
anew. Numerous strire are found here, as detailed on the map, but 
they all indicate the action of floating rather than land ice. It is pos
sible some of the older sets may have been produced by the latter 
agency, but the rocks are soft sandstone, easily eroded, and these strire 
may have been mostly obliterated. With all the data available, there
fore, we have been forced to the conclusion that the Ohignecto glacier is, 
after all, one which developed on the Isthmus of Ohignecto, and in t he 
depression between that and Prince Edward Island, and as inferred on 
page 27 M the relative levels of the axis and of the north-eastern part 
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·of the isthmus as well as the bottom of Northumberland Strait must 
have been higher than at present, and the south-western part and the 
coast borders of Chignecto Bay lower. 

The Chignecto glacier was doubtless a product, partially at least, of 
the evaporation from the open waters of the Bay of Fundy, and its 
condensation in this particular locality. This probably caused the 
formation of such a thick mass of ice under such exceptional circum
stances; for, to the south-west of Cape Maringouin it can not have been 
less than five hundred or six hundred feet thick. But its superficial 
dimensions were limited, its length being probably not more than forty
five to fifty miles, and its extreme width eighteen to twenty miles. 

The origin and development of the Chignecto glacier under such P eculiar de-
. . . velopment of 

peculiar local condit10ns, are no doubt also p<1rtly owmg to the fact Ohi!l"Ilecto 

that the Northumberland Strait to the north-east was, at that time, glacier. 

choked up by the Northumberland glacier, and thus the former was 
forced to seek outlet to the open waters of the Bay of Fundy. Indeed, 
it is not improbable that a portion of the Northumberland glacier may 
have swung round and passed out over the Isthmus of Chignecto 
towards the Bay of Fundy, as suggested to me by Dr. G. M. Dawson, 
thus forming the source or head of the Chignecto glacier, though few, if 
any strire have been found indicating such a swerving movement, which 
would really mean a change from a due easterly course to one nearly 
south-west. On any view of the question therefore, difficulties are met 
with, and no fully satisfactory solution of the problem of the glaciation 
of the Isthmus of Chignecto has yet been found. 

Glaciation of Nova Scotia. 

The facts adduced in regard to New Brunswick glaciers in the early The glaciation 

Pleistocene, appear to demonstrate that no ice reached the peninsula of s~~i~~a 
Nova Scotia from the mainland, except t hose portions of the Northum-
berland and Chignecto glaciers which impinged on the coasts of Cum-
berland county, the former in the Strait of Northumberland, the latter 
in Cumberland Basin. The depression of the Bay of Fundy was not 
crossed by land ice from southern New Brunswick, nor did ice move 
across the Isthmus of Chignecto in any direction, but as indicated. 
Neither has Nova Scotia been glaciated by extra-peninsular ice from the 
north or north-east, except, perhaps, by some floating ice on the coastal 
areas. Whaternr glaciation it received from land ice, and some dis-
tricts have been very heavily striated, has been wholly from that 
which accumulated upon the surface of the country itself. 
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In the portion of that province included in the map, the striation 
is extremely local and divergent. Ice gathered on the summits of the 
Oobequids and also on some other elevations such as Mount Pleasant, 
Springhill, etc., and moved thence in both directions, i .e., northward 
and southward. Some of the strire on the slope bet»een the Oobequids 
and Northumberland Strait may belong to a later date than that of 
the Northumberland glacier. On the south side of the Oobequids, a 
pretty large local glacier moved westward from Minas Basin into the 
Bay of Fundy. Strire showing the movement of the latter occur at 
Spencer's Island, S. 67° W. and S. 70° W., etc. To the east, however, a 
local glacier seems to have flowed off the southern slope of the Oobequid 
Mountains, crossing the eastern part of Oobequid Bay, and thence pass
ing over the low country traversed by the Intercolonial railway, clis
chargr.d into the Atlantic in the vicinit.y of Halifax. Strire with north
west sto. sing were observed near Shubenacadie, and thence to the 
Atlantic coa$t, showing this ice-movement very cle~rly. / 

To the south-west and south of the Basin of Minas, the ice which 
accumulated on the peninsula moved outwards towards its periphery 
north-we<;tward, westward, southward and south-eastward. .From 
the South Moun ta in it crossed the Annapolis Valley, overriding the 
North Mountain, and passing thence into the Bay of Fundy. Strire 
proving this were found at Bridgetown, Annapolis, Digby, Head of 
::lt. Mary's Bay, etc. On the South Mountain, at the first-mentioned 
place the following courses occur :-N. 32° W., N. 47° W., N . 54° W ., 
N. 62° W. and N. 70° vV.; on the North Mountain here, N. 22° W ., 
N. 40° W., N. 47° W. and N. 52° W., and near the coast of the Bay 
of Fundy, N. 57° W. and N. 72° W. The North Mountain is here 
upwards of one hund1 ed feet higher t han the South "'.\fountain from 
which the ice came, yet granite boulders from the latter, of all sizes up 
to ten feet in diameter, are strewn over the slopes of the North 
Mountain down to the shore of the Bay of Fundy. 

At Annapolis, strire occur on the North Mountain trending N. 32° 
W., N . 34° W., .N. 42° W., etc. The stoss side is to the south-east 
and the surface is everywhere strewn with granite boulders from the 
South Mountain. 

On the North ~founta.in at Digby, the strire run N. 42° W., N. 52° 
W., N. 56° vV. and N. 68° W ., the two latter courses being near the 
coast. Granite boulders from the South Mountain are also abundant 
here. 

At the head of St. Mary's Bay the North Mountain presents a 
great stoss side to the south-east, the courses of strire there being N. 
70° vV., N. 7 4 ° W., etc. These show a swerving of the ice-movement in 
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the direction of the deeper parts of St. Mary's Bay. The glaciation 
along the North Mountain has apparently been heavy, extensive ledges 
and bosses being deeply grooved and ice-worn. 

Near Yarmouth, strire occur with a course of S. 3° E ., showing ice
movement mostly in the direction of the estuaries. 

It will be seen that the above courses taken together with those Local ice the 

noted by other observers on the south-east coast, clearly point to local ~~~~~tting 
ice as having been the glaciating a.gent in the peninsula of Nova 
Scotia. The ice on the south-east slope has probably been heavier than 
on the north-west side during the stage of its maximum extension. 
Facing the Atlantic ocean, this slope, similarly to the New Brunswick 
slope of the Bay of Fundy and the New England coast region to the 
west, was very well situated for the nourishment of glaciers. The free 
discharge afforded the ice into the sea along its margin, enabled it t.o 
erode the rocks over which it passed to a much greater extent than in 
the interior. This erosion is exhibited in the deep grooves and rounded 
bosses on the south-east and north-west coasts of Nova Scotia. 

EASTERN AND SouTH-EASTERN LIMITS OF TIIE NEW BRUNSWICK Gr,ACIERS. 

The limits of the several local glaciers just described, are known ap- Limits of the 

proximately at least, and are delineated on the accompanying sketch- ~~~~~~~cl.hove 
map. What was probably the margin of the ice, was loc11,ted on the 
east side of Gaspe Basin, the point of land terminating in Cape Gaspe 
being unglaciated. In the Baie des Chaleurs basin, there is evidence 
that the local glacier which occupied it did not extend farther to the 
east than Bonaventure River and Belledune Point, smaller local sheets 
debouching into the depression from both sides of the bay to the east 
of that. The ice extended along the peninsula between the Baie des 
Chaleurs and Northumberland Strait as far as Caraquette, and per-
haps partly overrode Shippegan Island; but the northern part of 
Shippegan and all Miscou Island have not furnished any evidences of 
glaciation. Just where the ice-border lay in Miramichi Bay, is proh-
lematical; it may have been along or near the hundred-foot contour 
below sea-level, swerving outside of North Cape, Prince Edward 
I sland, and, perhaps, following the north-east coast of that island to 
East Cape. Thence the limit of the ice doubled and ran towards Pictou 
harbour, Nova Scotia. The southern margin of the New Brunswick 
ice coincided with that of the N orthumberlancl glacier, already 
described, as far as the. Isthmus of Chignecto. If we include the 
Chignecto glacier among the New Brunswick ice-sheets, the horde.- would 
extend round by Amherst and the mouth of the Maccan River, t hence 

7 
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following the summit of the low ridge to the south-east of Cumberland 

Basin as far as Apple River, and, perhaps, to the northern base of the 
Cobequid Mountains. The probable position of the front of the 
Chignecto glacier was outlined on page 93 M. On the New Brunswick 
side of the Bay of Fundy, the ice-border seems to have lain pretty 
close to the coast west of Cape Enrage, as far as St. John harbour. 
Here and to the westward it evidently extended out beyond the present 
land, overriding the islands adjacent thereto. Its extension seaward 
probably increased the farther westward we proceed until reaching 
Grand Manan, which the mainland ice appears to have surmounted 
and glaciated. 

Around the peninsula of Nova Scotia, the margin of the land ice 
was not definitely traced, but it probably extended very little beyond 
the line of the present coast. 

ABSENCE OF TERMINAL MORAINES. 

No terminal moraines have been observed along the east and south
east margin of the glaciated area described in these pages. Mor
aines may have existed and have since been denuded and entirely 
washed away by the action of the sea, during the post-glacial sub
mergence of the coast border, but this is extremely doubtful. The 
mode of occurrence of the boulder-clay and the distribution of the 
transported boulders do not afford evidence of any linear arrangement 
of deposits either as terminal or lateral moraines in the region, except, 
perhaps, i.n southern New Brunswick, on the watershed between the 
St. John Valley and the Bay of Fundy, where small local glaciers left 
a few irregular ridges at the final retirement of the ice, which may be 
classed as such. There is a greater or less sporadic distribution of 
glacial material, but it is very seldom heaped up in ridges or mounds. 

Without entering into the vexed question of the mode of carriage 
of the drift by glaciers, a few observations may be offered regarding 
glacial transportation in the particular area under review. 

The mode of distribution of the drift is largely dependent upon the 
topographic features. In hill or mountain districts which border 
valleys or plains, glaciers receive an impetus from the steeper gradients, 
enabling them to erode and often sweep off the debris down to the 
rock surface, exhibiting the striation and polishing. In the val:ey 
bottoms this debris is thrown down and lies until again eroded by 
the ice, or by rivers or streams. In this case, whatever material the ice 
carries off one place it deposits in another near by, similarly to a river. 
Often at the base of declivities, on the lee side, masses of drift have thus 
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been deposited; but occasionally in districts of hilly or irregular surface, 
the boulder-clay occurs as mounds or lenticular masses on the more level 
tracts, or again it may be massed against hills on the stos:; side ; being 
in all these instances generally well mixed with transported and 
glaciated boulders and pebbles. In localities glaciated in this manner, 
which are quite common in New Brunswick and Nova Scotia, there 
will be found rock surfaces of greater or less area laid bare and highly 
striated and polished, the material which originally covered them 
having been wholly or partially removed by the ice. These may be 
called ice-swept surfaces, in contradistinction to flat surface, over which 
the ice has distributed the boulder-clay more evenly and through which 
rock surfaces seldom appear. The latter condition is characteristic of 
the Carboniferous area of New Brunswick. Here glacier motion has 
been comparatively sluggish, and the greater portion of the boulder
clay is more local in character. In many parts of this area, the rotted 
rock lies still undisturbed, and the boulder-clay is often thick and in 
wide, regularly-distributed sheets. Successive additions of the latter 
have been deposited here and there also, and the transported boulders 
are more numerous, as a rule, in the upper part of the deposits, and 
especially on the surface, the latter feature, however, being doubtless 
partly a result of subsequent denudation. 

From the evidence at hand, it appears that the slopes of the higher 
grounds of N cw Brunswick and Nova Scotia have been as a rule 
more heavily glaciated than the lower coastal districts around the 
south-western erubayment of the Gulf of St. Lawrence-a heavily 
glaciated district usually presenting many bare ice-swept rock surfaces, 
while one across which ice has moved sluggishly is deeply masked by 
superficial deposits. This has been the case especially on the lower 
grounds of New Brunswick, Nova Scotia and Prince Edward Island, 
occupied by the Northumberland glacier. 

This sluggish motion and thinning out of the ice near the margins of Why th~re are 

the Baie des Chaleurs, Northumberland and St. John Valley glaciers, ~o~~i!'s°~ 
together with the fact that they tflrminated in the sea in many places, the region. 

has been unfavourable to the formation of terminal moraines; hence 
the absence of these deposits in this region. 

RELATIONS OF THE LOCAL GLACIERS TO THE APPALACHIAN 

NEVE. 

The <>'laciers of eastern Canada, just described, evidently had their R elations of 
0 

. . • the glaciers 
sources and n eve-grounds beyond the boundaries of New Brunswick, m described to 

the Notre Dame or Green Mountains in northern New England and ~~ia~~fs~1:i~ . 
7t 
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t he province of Quebec. These grounds have not yet been systemati
cally explored. But they had also local gathering grounds on the 
watersheds or di1·ides between each glacier, especially on that between 
the drainage basin of the St. John River and of those rivers flowing 
into the Strait of Northumberland and Gulf of St. Lawrence, which 
seems to have been an ice-shed during the whole glacial period. The 
N orthuruberland glacier may have had its neve entirely within New 
Brunswick. 

The ice which occupied the region lying to the south of the St. 
Lawrence Valley, in the early stage of the glacial period, flowed from 
the higher parts of the Notre Dame or north-east Appalachian Range 
in widely divergent courses and to different points of the compass, the 
movements being largely dependent on the topography and relation 
to the central mass or neve. In the province of Quebec, the ice fol
lowed, for the most part, the existing drainage channels, northward, 
eastward and south-eastward a considerable body of ice passing from 
the district known as the "Eastern Townships " into the valley of 
the upper St. John River. In northern New Brunswick, the general 
trend of movement was from west to east or to north-east, the Baie des 
Chaleurs glacier flowing nearly due east and the N orthumberlancl 
glacier eastward to north-eastward. In the southern part of the 
province, the ice partook of a more southerly course, the St. John 
Valley glacier moving nearly south-eastward. Further west the courses 
swerve more and more to the south, the ice having thus a more or 
less radial movement from the higher portions of northern N PW Eng
land and Quebec. Whether the ice-mass consisted of one confluent 
sheet, similar to the Greenland sheet of the present day, or of local 
glaciers, is a question which can only be solved by further detailed 
observations and mapping of the strire. That it was thick and mas
sive on the more elevated grounds is highly probable. Indeed, from 
a comparison of the physiographical and meteorological conditions 
which prevail in those parts of the world where glaciers now occur, 
with such as must have existed in the north-east Appalachian region 
in Pleistocene times, we may infer that it was a very favourable 

Glacial condi- gathering-ground for ice. Three things essential to the production of 
tions of the heavy glaciers seems to have been present here, viz. :-proximity to a 
region in the 
Pleistocene. large evaporating surface, heavy precipitation, and an area of consid-

erable altitude, serving as a condensing surface. The height of this 
region was probably greater in the early Pleistocene than at present. 
Hence a large ice-sheet, or several ice-sheets, must have been devel 
oped here, which in thickness, though not in superficial extent, was 
perhaps second to no other in North America. 
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As havincr some bearincr on the question of the evaporation from Temperature 
"' o of the New 

the Atlantic ocean during the glacial period, or, perhaps, during its England 

later stages, reference may be made to the occurrence of marine shells f,~'ipt1~i~~~:ne 
in the boulder-clay and drumlins near Boston collected by Upham, times. 

Dodge and others. These shells were found to be closely similar 
to species now living in the waters adjacent to the New England 
coast. May this fact not be taken as showing, that at the time they 
lived in these waters, the temperature of the ocean along the New 
England shores cannot have been very far different from that now 
prevailing i If so, then the evaporation from its surface must also 
have been as great as at the present day. 

DEPAR'l'URE OF 'l'.IlE PLEISTOCENE ICE. 

Whatever changes in the meteorological conditions occurred between 
the earlier stage of the Pleistocene period, or period of maximum ice 
accumulation, and that about to be discussed, have left no traces in 
the phenomena of the region; nevertheless, it is certain that important 
changes did take place both as regards climate and elevation of the 
land. 

As shown on page 33 M it would seem that soon after the maximum Departure of 
. . . . the Pleisto-

of ice accumulat10n was reached in the eastern provmces of Canada, a cene ice. 

subsidence of the re;;ion commenced, which so far as the evidence 
goes, was continuous not only till the close of the ice age, but for some 
time afterwards, that is, until the Leda clay was deposited. The 
subsidence, as stated, was more or less differential, evidence of 
-which is afforded in the divergent ice movements at the breaking up 
and dissolution of the Northumberland and Chignecto glaciers. The 
arctic climate of the region during this stage, is also shown by the 
marine shells found in the boulder-clay at St. J olrn, New Brunswick. 
The local glaciers which occupied the slopes of the coast region, and 
the floating ice-packs or ice-jams impinging against these slopes during 
the closing stages of the ice epoch, when the land stood lower than at 
present, have scored the rock surfaces, leaving records of their exist-
ence and of the attitude of the land at that stage. 

Brief descriptions of the strim produced by local land ice and by 
floating ice, and of other phenomena pertaining to this the closing or 
melting stage of the glacial period will now be given, and the different 
localities where such phenomena were observed noted. 

LOCAL GLACIERS Dum~m THE CLOSING STAGE OF 'l'HE IcE AGE. 

On the south side of the Baie des Chaleurs strim evidently pro- Local glaciers 
. . . ' ' . . of this stage of 

duced by local glaciers durmg the retirement of the mam Ba1e des the ice age. 
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Chaleurs glacier, were found at Dundee settlement, south of Dalhousie 
Junction, in Lorne and Sunnyside settlement in the rear of Jacquet 
River, in Ste. Louise and Middle River settlement near Bathurst, 
etc. In these places the ice referred to has slid down more directly 
into the Baie des Chaleurs depre sion, uninfluenced by the main Baie 
des Chaleurs glacier described on page 90 M. 

The strim produced by these glaciers are found upon the slopes at 
heights varying from 150 to 500 and 600 feet above sea-level, and the ice 
producing them was probably contemporaneous with the floating ice
packs or jams which impinged against t.be coast as shown on page 79 M, 

at the closing stage of the ice age. These glaciers and ice~jams existed 
and performed their work previous to the deposition of the Leda clay 
and Saxicava sands, otherwise these beds would have been disturbed 
and eroded, if not entirely destroyed by them. In several places 
around the southern embayment of the Gulf of St. Lawrence, the 
marine deposits referred to are found resting upon rock surfaces which 
must have been glaciated by local glaciers or floating ice of the 
character described, showing that they have been deposited at a subse
quent stage. 

In the region The area which wa~ occupied by the Northumberland glacier, shows 
~o~~hn,~b;r~f some remarkable traces of local ice-movements at the retirement or 
land Strait. breaking up of the larger sheet. As has been shown on a former 

page, the gen'iJral trend of the ice-movement in the early part of the 
glacial period here was nearly due east. But we find that in the 
later or melting period, the glaciers of the higher grounds had swerved 
round and took nearly a northward course. Intermediate courses 
were obsened at Renous I{iver, Rogersville station, and along the 
Intercolonial railway to the south, especially at Harcourt, Coal 
Branch, etc., which tend to show that this swerving of the ice-move
ments may have been gradual and probably was coincident with a 
differential change of level of the district. Correlating all the facts, 
it would appear that as the ice began to diminish in thickness, the axis 
or watershed between the St. John waters and those falling into the 
Strait of Northumberland did not subside, and perhaps, was not de
nuded, to the same extent, as the coast border, and coincident with the 
decreasing thickness of the ice and this change of level, the movements 
of the small local glaciers had become entirely governed by the slopes 
of the country before their final disappearance. 

Further, these facts indicate that there was no withdrawal of the ice 
from this region durin'g a supposed interglacial epoch; on the contrary, 
that it continued here t hroughout the whole period of the deposition 

of boulder-clay without recession. 
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In the northern and eastern parts of Albert county, and also locally On the borders 

on some of the higher slopes of the ridges traversing the Isthmus of ~a;~rnpody 
Chignecto, evidences of local glaciers occur whose action took place 
after the Chignecto glacier had dwindled down and subsidence of the 
district had set in. Strire showing local ice-movement towards the 
lower parts of the isthmus were also observed at Amherst and Fenwick 
in Cumberland county, Nova Scotia. Farther eu.st, on the slope between 
the Cobequid Mountains and Northumberland Strait, strire are met with 
in numerous places indicating local ice action by northward-moving 
sheets down nearly to the present searlevel. Local glaciers appear 
also to have occupied the summits and slopes of the Cobequids and 
the drainage basin of the Maccan and Hebert rivers, flowing in 
different directions as influenced by the topographic features. 

Along the Bay of Fundy coast, from Shepody Bay to Passamaquoddy l!'romBhepody 

Bay, many courses of strire were observed which can only be ex- ~~!ws;B~~
plu.ined on the supposition that they were produced by local glaciern 
at the closing stage of the ice period. These were noted at Quaco, 
West Beach, Mispec, St. John, Musquash, Letite and on the West 
Isles, and exhibit in some of these localities, at least, very divergent 
striation dependent largely upon the local contours of the surface. 
The most remarkable of these local glaciers seem to have existed at 
the mouth of the St. John River. On the west side of the harbour, 
strire occur trending to different points of the compass between S. 2° 
W. and S. 65° E.; on the east side they trend from S. 15° IV. to 
S. 55° W. Convergent movements are, therefore, shown in these sets, 
varying from S. 65° E. on the west side of the harbour to S. 55° W. 
on the east side. ·while it must be admitted that some of these con-
vergent strire may be due to undertows during the maximum extension 
of the St. John Valley glacier, the greater number have probably been 
formed by ice discharging in the harbour as local glaciers. It must be 
added, however, that in this locality, we have, so far, been unable to 
differentiate the strire produced at the period of maximum glaciation 
from those produced at the later or melting stage of the ice. That 
local ghiciers existed here, however, and extended into the open waters 
of the Bay of Fundy at the retirement of the Pleistocene ice, is 
sufficiently proved.* 

Reviewing all the facts, it is evident that the theory of local glaciers 
advancing and retiring, during the later stage of the glacial period, 
with the coast 100 feet or more lower than at present, will serve to 
explain all the phenomena. The climatic conditions seem to have been 

*Bulletin Geol. Soc. of America, vol. IV., pp. 361-370. 
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at least subarctic; but an amelioration had set in apparently coincident 
with the progressive subsidence of the coast in the different parts 
of this maritime region. 

On Prince Edward Island, local glaciers and floating ice were doubt
less predominant during the period of subsidence and melting of the 
ice. The former have left evidences of their existence at New London 
and to the west and south-west of Richmond Bay; also on the south
west coast of the island at Fifteen Point, Carleton Point, De Sable, etc. 
From the position of the strim produced by floating ice with respect 
to sea-level, the land cannot have been more than from 50 to 100 feet 
lower than at present at that time. 

No deformation of the surface between the later and earlier stages 
of the glacial period was traceable at St. John, New Brunswick, or on 
Prince Edward Island, such as that described as occurring in the central 
Carboniferous area of New Brunswick; but the facts are from limited 
areas only, and, even if there had been deformation, this could scarcely 
be discerned. 

FLOA'l'ING OR SEA-BORNE lcE. 

The theory of striation of rock surfaces by floating ice-masses trans
ported in different directions by oceanic currents, tides and winds as 
they grounded on the bottom, has long been held, but it is to this day, 
nevertheless, a subject of dispute among glacialists. It is proposed, 
briefly, to place on record Ly descriptions and illustrations cert'lin 
ice-markings believed to have been produced by floating ice, and to 
demonstrate, from the local circumstances and peculiar situations in 
which they occur, that they cannot have been produced by land-ice. 

Floating or sea-borne ice is of several kinds. First, there are the 
solitary bergs drifted about by currents and tides, which gradually 
melt and crumble to pieces as they are carried southward from arctic 
regions into warmer seas; second, ice-floes, pan-ice, or drift-ice made 
up of low-lying, loose, flat sheets of greater or less area, driven by 
winds, tides, or currents. These often cover several square miles of 
the ocean surface. And, third, what for want of a better name I have 
called ice-jams, which are large masses of floating ice forced into straits 
or inlets by land ice, or by currents or winds, so compactly, that a jam 
of this kind moves as one body similarly to land-ice. These are, I 
believe, often called ice-packs. Ice-jams occur in Smith's Sound, 
and north of that between the coasts of Greenland and Grinnell Land, 
and elsewhere in arctic regions. The low, flat sheets of the second 
class, by being driven into straits and narrow passages ma,y become ice
jams. Ice-packs, or jams appear to be the only kind of floating ic 



eHALMEAs.J FLOATING OR SSA-BORNE ICE. 105 M 

<:apo.ble of producing regular strire. The striation of the low-lying 
ledges in the St. Lawrence estuaey, extending north-eastward and south
westward, appears to be due to ice of this clnracter. In the Baie des 
Chaleurs basin, and on the north-east side of the Isthmus of Chignecto, 
as well as on the Cape Tormentine peninsula, striation· caused by 
ice-jams prevails. Ice of t-his kind has also impinged heavily 
against the north-east and south-west coasts of Prince Edward 
Island. Separate icebergs, or loose floating ice-masses, do not, as a 
rule, produce scoring of rock surfaces in the same way as ice-jams. 
The writer has, winter after winter, for mfl.ny years investigated the 
ice phenomena of the south-western embaymeut of the Gulf of St. 
Lawrence, but has failed to discover from the action of the coast-ice, 
or of the loose floating masses driven about by the tides, winds and 
currents, any evidence of regular striation from these. They remove the 
a.sperities and polish rock surfaces, but having little or no sand or gravel 
adhering to the under sides, their erosive power is insignificant, and they 
leave no strim. Ice-jams, on the contrary, are forced over low shoals, 
or up against low banks, and even across points of land, carrying more 
or less of the loose gra.vel, sand, etc., with them, and their pressure and 
ero<ling power are in certain places as great as that of land ice. In 
many parts of the region strire are met with on the lower slopes, run
ning parallel to the coast, which have doubtless been produced by ice
jams, the margins of which ground along the hank in their onward move
ment as if impelled by an dmost irresistible force. E.xamples of strire 
produced in this way are found at Belledune, Cocagne, along the coast 
of Prince Edward Island, and in a number of other places. 

Detailed accounts of the evi<lences of floating ice as occurring in the Wh~re float-
. . mg lCe stnre 

estuary of the St. Lawrence, on the soutb-west side of the Baie des wereobsened. 

Cbaleurs, etc., were given on page 83 )I. In eastern New Brunswick, 
especially on the Isthmus of Chignecto, a number of interesting facts 
have been observed respecting the action of floating ice. Ice-jams, or 
packs, have crossed from Northumberland Strait to the head of the Bay 
of Fundy, and probably also in the reverse direction. The stria~ effected 
by these were observed at Baie V erte, also on the axis of the isthmus, 
and on the Cape Tormentine peninsula. In the last-mentioned locality, 
the same ledges exhibit evidences of Loth northward and southward 
ice-movements very distinctly. (See list of floating-ice strim N os. 
9 and 16.) That they cannot have been produced by other 
agencies than floating ice, is shown by the fact that no strim 
corresponding in direction with these have been found crossing 
Prince Edward Island. The southward-moving .floating ice which 
produced these strim must, therefore, have come either by the 
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north-west entrance of the strait, or across the low-lying portion of 
Prince Edward Island, then submerged, immediately to the west of 
Richmond and Bedeque bays, or by the eastern entrance of North
umberland Strait. In fact it would seem to have come in by both the 
eastern and north-western passages simultaneously, thus forming the 

ice-jam already referred to, which sought outlet across the Isthmus of 
Chig!!ecto into the open waters of the Bay of Fundy. But a portion 
of the floating ice coming in from the east, must have surged across the 
then existing shoal now forming the low peninsula of Cape Tormentine 
and produced the northward-trending strire there. That floating ice 
in any considerable quantity came across the submerged Isthmus of 
Chignecto from the Bay of Funcly to Northumberland Strait seems 
somewhat doubtful, as no strire with stossing on the south-west side of 
the ledges have been met with around the head of that bay. 
The chief currents and the principal ice and drift transport were ap
parently from north-east to south-west, into that body of water.* 

Around the shores of Prince Edward Island, stria:, evidently pro
duced by floating ice, at a time when the land stood lower than now, 
are numerous. None of these cross the island in any direction ; but 
have apparently been formed by floating ice impinging obliquely 
against both the north-east and south-west shores at the period referred 
to. 

To the west of the Isthmus of Chignecto, or the head of the Bay of 
Funcly, the action of floating ice could not be traced on the New 
Brunswick coast border. 

GENERAL CONCLUSIONS. 

Summarizing thA principal facts relating to the Pleistocene glaciation 
of the region under review, it is found that at the period of the maxi
mum extension of the ice, there was a general radial movement 
from the main neve'-ground of the north-east Appalachians, north
ward and eastward into the St. Lawrence Valley, eastward into the 
south-western embayment of the Gulf of St. Lawrence, south-eastward 
into the Bay of Fundy and Atlantic Ocean, and southward and south
westward in United 8tates territory. 

The St. Lawrence Valley, as far westward as the Thousand Islands, 
was probably an open channel in the latter part of the glacial period 
at least, into which ice flowed from the north and from the south. 

*In the spring of 1894, ice-jams were driven into Northumberland Strait, and the 
passage between Cape Tormentine and Cape Traverse was blocked up by them to a 
depth of thirty feet, according to newspaper reports and travellers. 
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Although the Appalachian glaciers here referred to were not of 
great superficial extent, the ice which occupied New England and 
south-eastern Quebec seems to have been the thickest and heaviest 
of the Plei tocene glaciers of eastern North America, developed in these 
latitudes; and the geographical and meteorological conditions favour 
the view that it was only surpassed in this respect by the great Cor
dilleran glacier of the west. 

In eastern Canada, south of the estuary and Gulf of St. Lawrence, Direction of 

the land ice seems to have consisted of local glaciers, and the different ice flow. 

parts which streamed outwards from the central neve-grounds have 
been dilferentiat.ed and received separate names. That which occupied 
the Gaspe peninsula and the Notre Dame Range, followed the drainage 
channels, generally speaking, in its descent northwa.rd and southward. 
Along the lower St. Lawrence, the flow was apparently into the open 
waters of the estuary, while at Gaspe Basin it was eastward directly 
into the waters of the Gulf of St. T_,awrence. 

The western part of the Baie des Chaleurs valley was occupied by Separate 

a sheet to which the name of the Ilaie des Chaleurs glacier has been giaciers. 

given. South of this and mantling the greater part of the Carbonifer-
ous area of New Brunswick and Prince Edward Island, the Northum-
berland glacier was developed. The great valley of the St. John River 
and the slopes on either side, were occupied by a sheet of ice which has 
been designated the St. John Valley glacier. The east and south-east 
termini of these glaciers were attenuated and were not accompanied 
by moraines. During the epoch of maximum ice accumulation, the 
coast border was somewhat higher than at present. Subsidence and 
differential movements set in towards the closing stage of the glacial 
period, which, in the Carboniferous plain of central and eastern New 
Brunswick, are evidenced by a number of swerving courses of strire. 
These indicate that the watershed between the drainage basins of the 
St. John River and the rivers falling into Northumberland Strait, did 
not partake of the downward movement of the coast border to such 
an extent as the latter. The strim which show gradually swerving 
movements on the flat Carboniferous plain, may be taken as evidence 
that there was no withdrawal of the ice from the region during the 
whole glacial epoch. Towards the closing stage, the glaciers became 
smaller and more detached, and floating ice occupied the bays and 
straits. The markings left by the latter on rock surfaces, show that 
the coastal parts of New Brunswick were then from 7 5 to 150 feet lower 
than at present. The country around the Baie des Chaleurs and that on 
the northern coast border of the Bay of Funcly, seem to have under-
gone greater differential changes of level than the central Carbonifer-
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ous area of New Brunswick and Prince Ed ward Island, the latter area 
apparently occupying a more stable attitude in regard to crustal oscil
lations. The subsidence inaugurated then was that which continued 
into the Leda-clay period. 

The peninsula of Nova Scotia was glaciated by land ice which 
gathered upon its surface, and probably by floating ice in the coast 
districts at a subsequent stage. 

A local glacier seems to have accumulated around the head of 
Chignecto Bay and upon the isthmus of the same name, in the early 
stage of the Pleistocene, which has been called the Chignecto glacier. 
Floating ice has also glaciated the isthmus at a later date. 

On the Magdalen Islands no evidences of Pleistocene ice-action, or 
of the occurrence of boulder-clay, were observed; on the contrary, the 
rock surfaces are everywhere masked with a covering of their own 
debris. 

The glacial The cause or causes of the glacial period, or rather of the existence 
~~~i~ io~i!'is it of sheets of land ice in these latitudes in Pleistocene times cannot be 
or general discussed here. But it may be remarked that the tendency to elimin
causes? 

ate cosmic influences and attribute the refrigeration of the northern 
part of this continent to geographical or terrestrial causes, characteris
tic of later studies respecting glacial phenomena, does not seem, so far, 
to throw a great deal of light on the question, and may after all be 
only a partial view. If the glacial period be solely due to terrestrial 
causes, the fact that such causes must be largely of a local character 
appears to have been overlooked ; for, it is not probable that these 
causes would act synchronously in the "·hole arctic and north 
tempPrate zones as far south as the limits of the glaciated belt. 
That changes in the elevation of the land, changes in the distri
bution of land and water, changes in the atmospheric and oceanic 
currents, a greater or less amount of moisture and precipitation than 
what now obtains, etc., are, taken together, sufficient to bring about 
a glacial epoch, such as the phenomena indicate must have existed in 
Pleistocene times, may be seriously doubted. If it were attempted 
to show that such terrestrial conditions Wflre sufficipnt to prnduce a 
glacial era locally, on one side or the other of the North American 
continent, for example, or on both sides of the North Atlantic, the 
hypothesis would seem to be adequate; but these causes while competent 
to produce various local oscillations of climate and of glacial conditions, 
haYe probably been governed or modified by f\ome general law. It is 
inferentially certain, therefore, that any hypothesis based on terrestrial 
conditions which may be propounded will have to include such 
general or cosmic influr.nces as to affect simultaneously the whole 
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circumpolar and north temperate regions of the earth during Pleisto
cene time, otherwise glacial conditions cannot have occurred synchron
ously in bot,h hemispheres, or even on both continents. 

DEPOSITS OF THE LATER PLEIS'L'OCENE. 

(.iJf f2 a). Stratified Inland Gravel, Sand and Clay (Fresh-water). 

The general character of the stratified inland' deposits and their Deposits of 

relation to the boulder-clay and other superficial materials of the ~l~i~~~e~~ne. 
region, have been discussed in previous reports, and little can be added 
from our investigations regarding them during the pa,st four years. 
Almost everywhere above the highest Pleistocene shore-line, and some-
times extending down below it, they mantle the glacial deposits proper 
and the residuary materials to a greater or less depth. Sections of these 
deposits are given in my reports on north-eastern and southern New 
Brunswick,* which are applicable to the area here discussed, it being 
part of the same Carboniferous field. 

This member of the surface deposits has not hitherto received Stratified 

d d d 1 
. . l . d . . l ] fre~h-water a equate stu y an corre at10n in g aciate countries, owmg arge y, deposits. 

perhaps, to the theories at present in vogue. By some geologists these 
deposits are attributed mainly to glacier action, or rather to the action of 
waters resulting from melting glaciers; and the terms glacial gravels, 
glacial sands, etc., are not infrequently met with in the literature of 
the subject. On the other hand, the advocates of great submergences 
suppose that they have found, in these deposits, and especially in the 
river and lake terraces which form a part of the series, evidences in 
support of their hypotheses. Our investigations have not elicited any 
large array of facts in favour of either view. As stated in previous re-
ports, there is some evidence in the lower portions of the series, in certain 
places, that the deposits are the product of glaciers, that is, have 
probably been formed by waters flowing out from the foot of melting 
and retreating ice-sheets; but by far the greater portion of the series 
does not seem to have been produced in this way, but rather by 
agencies which are in operation at the present day. Again, as regards 
the hypothesis of subwergence, all the terraces and other water-laid 
deposits above the highe t post-glacial shore-lines recorded on pages 
22-25 M, seem to be explicable on the theory of their having been pro-
duced by :fl.uviatile and lacustrine agencies. Terraces along river-
valleys, as a rule, slope longitudinally in the direction in which the river 

*Annual R eport Geo. Surv. of Can., vol. III. (N.S. ), 1887-88, p. 17 N; and vol. 
IV. (N.S.), 1889-90, p. 52 N. 
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flows; those in inclosed basins can be accounted for by the action of 
the waters around the margin of existing or extinct lakes. This 
explanation applies to the formation of terraces at all elevations above 
the marine limits of the Pleistocene above mentioned, and obviates 
the necessity for postulating a great submergence of the region. The 
presence of the boulders met with on these higher levels has some
times been explained as due to the action of floating ice during this 
supposed period of submergence, but no boulder-clay or other glacial 
material occurs, so far as my observations have extended, overlying 
or interstratified with these terraced and associated stratified deposits. 
Transported boulders, often worn and glaciated, occur on the surface, 
it is true, but their presence there I regard as due to the denudation 
of the original boulder-clay, of which they forme<;I a part, and to sub
sequent erosion and tran.sport by fluviatile, or lacustrine action, or it 
may be to the simple wear and waste of the surface deposits alone 
by subaerial agencies, gravitation causing them to move from higher to 
lower levels simultaneously with the general lowering of the land con
i;equent thereon. 

These inland, stratified gravels, sands and clays a1·e, therefore, the 
result mainly of a long series of complex causes which have been in 
operation since the close of the glacial period. Eliminating those sup
posed to have been formed by waters due to melting glaciers, we find 
t.hat the products of flu viatile and lacustrine action lie chiefly in the 
valleys and depressions, where the deposits are often thick, and evince 
the changes and fluctuations of the floods which have produced them. 
On the higher ground between the valleys, these beds are of varied 
thickness, from a few inches on some hills and slopes, to many feet in the 
hollows, and seem, as stated above, to ha,·e been formed, to a large 
extent, by ordinary subaerial agencies, such as frost, rains, the melting of 
each winter's snow, etc., all of which have a denuding effect when con
tinued year after year. In some hollows they are produced by the 
wash from the hills, and usually contain lenticular seams of clay. The 
materials are all derived from the boulder-clay and residuary earths of 
the region. 

Upon the Carboniferous area of the eastern maritime provinces, the 
upper strata of this di vision of the superficial deposits contains irregular, 
lenticular, bleached seams of gray or whitish sands, especially notice
able in newly-ploughed fields. This cobur is due to the deoxidation 
of the iron in the materials through the action of the vegetation grow
ing on the surface.* The questions pertaining to the origin and mode 
of occurrence of these inland stratified beds is a very important one 

*Annual Report Geol. Surv. Can., vol. III. (N. S.), 1887-88, p. 17 N . 
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and we propose to investigate it in still greater detail when we come 
to study the valley of the upper St. John and the region adjacent 
thereto. 

River and Lake T e1-races. 

Terraces occur along the Southwest Miramichi River and its tribut.- RiYer and 
. bl D k d B . 1 ·1 h R d lake ter races. anes, nota y at oa town an 01estown, a so a ong t e enous an 

Dungarvon rivers, and, in certain places, attain a considerable 
development. But along the rivers whose drainage basins are entirely 
within the Carboniferous area, whether in New Brunswick, Nova 
Scotia or Prince Edward Island, no high or remarkable terraces have 
been met with. 

Reference has been made to the mode of origin of river and bke l\Iodeof origin 

terraces. These terraces are found to be mainly attributable to the of. 
action of the rivers and lakes themselves upon the materials in the 
valleya in which they lie. Boulder-clay is occasionally met with 
beneath the river tel'races, especially under the higher ones; and it seems 
also probable that the stratified basal portions of these, at least, may 
have been built up by deposits of material transported by the waters 
of melting glaciers during the period of their retirement. Around 
lake m::irgins, both stratified and unstratified deposits occur in mounds 
and ridges, associated with or forming part of the terraces or benches. 
These have been produced by the mechanical expansion or shove of 
the ice that covers their surfaces every winter. 

The discussion regarding the formation of river and lake t erraces 
in previous reports, has been so ample as to include all that is necessary 
to say on the subject till further observation and study of those so 
typically developed along the St. John River and in western New 
Brunswick are completed, when it is hoped additional facts will be 
obtained enabling us to elucidate some of the problems presented by 
this very interesting class of formations. 

(M. 2 b.) L eda Clay and Saxicava Sand. 

In the region bordering Northumberland Strait, the Leda-clay and Leda clay and 

S · d d 't · h'b' k d d'"" f th b cl f Saxicavasand. ax1cava-san epos1 s ex I it a mar e iuerence rom e e s o 
the same formation in Baie des Chaleurs basin, or on the coast of the 
Bay of Fundy. Around these bays the Leda clay is often well develop
ed, ranging in thickness from five or ten to fifty feet or more. The lower 
part is usually coarse, and contains boulders derived from the boulder
clay or residuary material, and sometimes graduates into the former, or 
rather is without any sharp line of demarkat,ion separating the two, and 
not infrequently is unfossiliferous. The upper portion consists of finer 
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materials, as a rule, and wherever these are at all calcareous, marine 
fossils are present in greater or less abundance. The strata most pro
lific in marine shells are those immediately in contact with the overlying 
Saxica va sands. Attempts have been made to classify the Leda clay 
into upper and lower. Pah.eontologically, perhaps, such a division is 
possible, though it may after all be one mainly dependent on the bathy
metric conditions under which the marine mollusca existed; but no 
stratigraphical break such as that occurring between it and the over
lying Saxicava sands has anywhere been met with in the Leda clay 
itself. This and the Saxicava sand almost everywhere consist chiefly 
of local material derived from the subjacent beds, with more 01· less 
transported water-worn sand and gravel, etc., intermingled. In districts 
occupied by limestones, shales or slates, which in their decay form clay 

· beds, the Leda clay is found especially well developed, and usually con
tains fossils; where, on the contrary, the underlying rocks are sand
stones and grits, the S11xicava sands occur in their greatest extent and 
thickness, and the Leda clay is thin and irregular, or else entirely wanting. 

In the region bordering Northumberland Strait, the Leda clay is 
seldom met with pure, and then only a few inches in thickness. 
vVherever these meagre clayey strata occur in the sandstone area, there 
only have marine shells been found. The Saxicava sand is, however, 
al ways present and generally of great thickness, and apparently has been 
formed in a manner similar to the sand fiats of the recent period, i.e. 
along the littoral. The upper strata usually contain coarse material 
with local and transported boulders. None of these arenaceous beds 
have hitherto yielded fossils. Indeed only in a few localities on the 
west coast of Prince Edward Island have fossils been found in the 
whole Carboniferous basin, and they are few in number. Sections of 
these beds will now be given in detail, in descending order, and the con
tained specieR of shells enumerated :-

At Mimine- 1. Half a mile souLh of the point of land at Miminegash Pond a 
ga h, P. E . L measured section shows :-

At Campbell
ton, P. E. L 

(l ) Saxicava sand (Stmtifie~l gravel, 4 feet 
· \. Fme gram eel sand, 3 

--- 7 feet. 
(2.) Leda clay, soft and unctuous, 12 to 15 inches. 
The fossils occur in the upper part of the Leda clay, the species being Saxicava 

rur;osa, Balanus cnnatus and a L eda, probably pernula. 
(3.) Boulder-clay, to the beach at high tide level, 20 feet. 

2. At Campbellton another section exhibits the following series:-

<:: • {Stratified gravel, 4 to 5 feet 
(1.) ,.ax1cava sand Fine sand, 6 feet or more 

--- 11 feet. 
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(2.) Leda clay, quite thin, not more than a few inches. In upper part, or 
between it and the overlying Saxicava sand, the following shells were found :
Saxicava rugosa, Mya arenai·ia ? Lunatia, sp.? 

(3.) Boulder·clay, thin. 
The bank here is about 25 feet high, hut more than lmlf of it is rock. 

3. South of Cape Wolf a third fossiliferous bed occurs in which Mr. Near Ca1E 
Wilson found shells of Macoma Grcenlandica. A section of the beds Wolf, P. <.I. 

is as follows :-

(1.) Saxicava sand (gravel and sand), 11 feet. 
(2.) Leda clay, thin, the sliding clown of the beds pre,·ented measurements 

being marle. 
(3.) Boulder-clay, thickness not known, but this and the Leda clay taken 

together are upwards of 15 feet thick above the beach. 

The highest Pleistocene shore-line on Prince Edward Island is Height of the 
b 7 f b 'd ( 9. r; ) l · 1 d d Pleistocene or a out 5 eet a ove mean ti e page ~u llI ; on tie mam an aroun post glacial' 

Northumberland Strait it is found to be from 125 to 140 feet, the lowest shore·line in 
P. E. I., etc. 

being on the Cape Torrnentine peninsula. Marine terraces are every-
where common up to these heights. Shore-lines occur at lower 
elevations, as, for example, on Prince Edward Island where a well-
defined one was observed besides that mentioned above, at about 50 feet 
above mean tide level, and at vVallace, N.S., on the mainland, distinct, 
wave-built terraces occur at 130, 120, 110 and 55 to 60 feet, etc. 

Around the head of the Bay of Fundy, the Pleistocene uplift, 
though differential, was greater than in Northumberland Strait; but 
the marine terraces are not well defined, except in a few localities, and Scarcity of 
have proved so far to be without fossils. Two circumstances have marine fossils. 
been unfavourable to the preservation of marine shP-lls in them, (1) the 
heavy tides and currents, and (2) the presence of iron and other 
minerals in the deposits tending to corrode and destroy them. 

In the sections of the marine beds of the recent period exposed at Marine beds 
the Fort Lawrence dock, at the west end of the Chignecto marine at tthe Ch

1
ig-

nec o ra1 way, 
railway (page 127 M), the Pleistocene marine deposits, if represented at doubtful. 
all, are poorly defined and problematical. Certain strata between the 
boulder-clay and the peat, or forest bed, may be taken either as 
residuary material or oxidized boulder-chiy, or as partly boulder-clay 
and partly Saxicava sand. The absence of fossils renders this un-
certain. There is no doubt that the I sthmus of Chignecto was sub-
merged in the later Pleistocene, but the erosion to which it was then 
subjected may have prevented the deposition of any but thin beds of 
marine sediment. The materials of which the superficial deposits of the Reasons why 

. "th 'd f h . tl d t f bl fossils are reg10n, on e1 er s1 e o t e is 1mus, are compose , are no avoura e scarce in de-
to the preservation of marine tm;tacea, however, there being little or posits on 

south side of 
no lime in them. It is not at all improbable, therefore, that shells Gulf of St. 

8 
Lawrence. 
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have been entombed in the marine Pleistocene beds at the head of 
the Bay of Fundy and around Northumberland Strait, in many places 
in which they are not now to be found. Shells are abundant there now 
along existing sand beaches, and in the littoral, and it is only reasonable 
to suppose that the mollusca of the Leda-clay and Saxicava-sand period 
lived in these waters. But the deoxidation of the iron which the sands 
contain and the purifying processes they undergo, rapidly destroy shells 
when they are once buried in them. The scarcity of Pleistocene shells 
in these marine terraces, therefore, is to be accounted for mainly from 
the destructive processes referred to, and not from their supposed absence 
or paucity in the adjacent seas, during the formation of the terraces. 

Terraces or deltas 171 feet above mean tide level (page 24 M ), sup
posed to be marine, occur at Halfway River at the northern base of 
the Oobequid Mountains; and at Lakelands, in the pass through 
which the Springhill and Parrsboro' railway runs, others were observed 
223 feet high . ln regard to the 171-foot terrace or delta, it may be 
stated, the materials are stratified gravel and sand which, near "\Vest 
brook, are irregularly bedded, and differ from those composing the 
Boar's Back, inasmuch as they contain crystalline boulders from 
the Oobequids scattered throughout the mass. The materials ha~e 
been brought into the valley by "\Vest Brook, and the terraces exhibit 
faults or dislocations in places, which may be regarded as indicating 
differential movements since the period of their deposition.* At first 
it was supposed these deltas or terraces were of lacustrine origin, but a 
system of levellings showed them to be eighty-five and one hundred and 
thirty-five feet, respectively, above the bottom of the pass referred to and 
from forty to ninety feet higher than the summit of the Boar's Back 
along River Hebert valley. On the lacustrine theory of their origin, we 
would have to postulate two dams, one to the south, in the Oobequid Pass 
mentioned, another to the north in River Hebert valley, in order to 

Difficulties of hold up a lake even at the height of 171 feet. This difficulty at once 
ltach ustrinfetl . renders the lacustrine hypothesis of the origin uf the terraces unteneory o 101r 
origin. able. :Moreover, it was observed that the terraces extend northward 

towards the Upper Maccan River, though at a diminishing height, and 
southward through the pass referred to, apparent.ly increasing in eleva
tion, though considerably broken up and denuded. On the south side 
of the Oobequids, near Parrsboro', where they face the Basin of Minas, 

*South of Dorchester Cape, ·w estmoreland county, N.B., in a bank along the 
shore, faults or disloc:ttions were :tlso observed in the superficial deposits. The 
materi:tls :tre a stiff arenaceous, strntified clay, resting on boulder-cby, and the faults, 
of which there Are six or eight, are ne:trly vertical, the hacle being slightly to the 
south-east, with the downthrow to the north-west, that is, on the side away from the 
Bay of Fundy. 
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they fall to a level of 130 or 135 feet above mean tide. It seems 
to me, notwithstanding these inequalities in height, that all these 
terraces and deltas mark the upper limit of the post-glacial up
heaval, or the height of the sea during the Pleistocene subsidence 
of the land, and are, therefore, marine. The differential elevation 
shown between these and the shore-lines along Northumberland 
Strait has been explained on page 30 i\l. The dislocations in the ter
races may be taken as evincing unequal vertical movements. Rem· 
nants of terraces, or shore-lines, at the same height as those described, 
were observed on the west side of the valley through whic.:h Halfway 
River flows. These as well as the front of the main terrace itself 
have been sorely denuded. They are evidently of the age of the 
Saxicava sands of the Gulf of St. Lawrence and have been formed 
under similar conditions. 

At a subsequent stage of post-glacial history, as the land rose and Later terraces 

the sea withdrew from Halfway River valley it formed a catchment ~i~~~~u:y. 
basin and held in a fresh water lake of which Halfway Lake is a rem-
nant. This lake stood about thirty feet higher than the present lake, 
or eigbty-niue and a half feet above mean tide level. Terraces and 
alluvial fiats formed by it encircle the valley now inclosing Halfway 
River and lake. 

The facts respecting the terraces in this locality are of great interest, Importance of 

and if the hio-her terraces are marine as they certainly seem to be after terraces. here 
b ' m relation to 

eliminating all other theories as to their mode of origin, they are most differential 
. . b . b . tl . f d"ft t' 1 h 1 . movements. important m t eir earmg on 1e quest10n o iueren ia up eava in 
this region during the Post-Tertiary period. 

The Leda clay is found in some places resting on rock surfaces which 
have been striated by the local ice-sheets and floating ice of the clos
ing stage of the glacial period. No disturbance of these beds, which must 
have been subsequently deposited, seems to have taken place, nor have Age of the 

any intercalated or overlying glacial products been met with in con- L8 ed~ clay andd 
· ax1cava san 

nection with the Leda clay and Saxicava sands. Hence it is inferred 
that their deposition began about the close of the boulder-clay period and 
continued for some time after the retirement of the ice from this region. 

These fossiliferous clays and sands have been closely correlated with Correlation of 

the Leda clay and Saxicava sands of the St. Lawrence valley, studied these deposits 
with the Leda 

and named by Sir J. W. Dawson many years ago, and seem really to clay and Saxi-

constitute a part of the same series deposited in the southern embayment ~h~asi~r~a~
of the Gulf of St. Lawrence, the only difference in the marine fauna rence Valley. 

being that in the latter area a few southern species are intermingled 
with those of the boreal type. The exact relations of a number of these 
species have not yet been definitely worked out., however, and until 

8~ 
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further collections of both Pleistocene and existing shells are made on 
the east coast of Canada, especially in and around the Gulf of St. 
Lawrence, their value as indicative of the climate of later PJeistocene 
times, and of the depth of the sea in which they lived is not to be greatly 
relied on. Some additional dredgings would be important in this con
nection, as enabling us to correlate the marine fauna now inhabiting 
the coast waters more closely with that of other regions, as well as 
with that of the PJeistocene deposits under consideration. 

(M 3 a.) FRESIHYATER DEPOSITS OF THE RECEN'l' PERIOD. 

River-flats (I ntervales ). 

Deposits of River-fiats skil't the principal rivers of the region to which this 
tphe .Rece(n.t report relates, and usually form the best soils. Along the Southwest 

er1od nver-
flat ). Where Miramichi and its tributaries they are cleared of forest in many places 
0~:::,i·B~1 ~'~- and cultivated, and at Doaktown and Ludlow on the main river attain 
wick. a considerable width. Bordering the Renous River, about thirteen miles 

In Nova 
:Scotia. 

from its mouth, fine, wide flats, partly under cultivation, but mainly 
covered by forest still, were also observed. These nourish a splendid 
growth of elm, balsam-poplar, yellow birch, etc., and if cleared and 
properly tilled should be valuable for the production of hay and for 
raising stock. Flats also occur along the Dungarvon River, one of 
which, eight miles above its confluence with the Renous, has yielded 
hay for many years. Similar intervales border the Kouchibouguac 
and Kouchibouguacis rivers, also the Richibucto, Buctouche and 
Cocagne rivers. Those along the three last-mentioned streams are 
largely under cultivat.ion and afford good soil. Excellent farms were 
seen in the Richibucto Valley, and especially along two of its chief 
affiuentR, Nicholas and Coal Branch. 

The rivers of Albert and. Westmoreland counties do not possess any 
river-fiats worthy of mention, being small and their drainage basins of 
limited extent. 

In Cumberland county, :r ova Scotia, intervales stretch along the 
Upper Maccan River and occur again at Halfway Lake, where some good 
farms were obsen-ed. Narrow margins of intervale land border River 
Philip and the Pugwash and Wallace rivers, while in the Deware 
valley and farther east towards Tatamagouche, some fine alluvial bot
toms exist. Nearly all the alluvial soils are under cultivation in 
Cumberland county. 

I P . Ed Crossing Northumberland Strait and reaching Prince Edward n r1nce i -

wa.rd Island. Island, we find no fresh-water alluviums of note there except along)he 
Dunk and Hillsborough rivers, the former only being within the area 
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of sheet No. 5 S.W. All the valleys of the smaller streams, of cotrnse, 
contain more or less bottom-land, but usually it forms only a very 
narrow strip. The character of the soil derived from the soft Permo
Carboniferous and Triassic shales is such, however, that it readily 
crumbles down into a fine loam, and this mantles the slopes and 
bottoms of the valleys to a greater or less depth, and is almost equal 
to an alluvial soil. l\Iuch of it, indeed, is of the nature of fresh
water alluvium, though for the most part due to subaerial, or atmospheric 
action. 

The mode of formation of these deposits has been discussed in for- n-Iocle of 

mer reports. They are in every instance the result of seasonal changes, formation. 

such as &pring and autumn floods due to melting snow, rains, etc, and 
the sedimentation consequent upon silt transportation from such floods. 
These carry coar8e and fine material, the former being first dropped, 
the more finely corn minuted matter transported farthest and depo8ited in 
the lake-like expanses of the rivers, or wherever their flow becomes 
slackened sufficiently to permit deposition of the fine sediment held 
in suspension by the waters. In these alluviums stratification is seL 
dom apparent, except where clay is present in greater or less quantity, 
and in this respect they may be said to resemble the loess of other 
countries. No fossils have been found in them except stems of shrubs, 
twigs and leaves, remains of herbaceous plants, etc., all of which 
belong to existing species. 

PEA'r BoGs. 

Peat bogs are well developed in the coastal region of the south- Peat bogs. 

western embayment of the Gulf of St. Lawrence, especially in New 
Brunswick and Prince Ed ward Island. Besides those described in former 
reports as occurring on Miscou anrl Shippegan Islands, at Saint Simon 
Inlet and at Pokemouche, Tabucintac, Cheval and Escumi.nac Points, 
others were noted a~ the following localities and are delineated on the 
maps accompanying this report. The following is a list of those ob- Where 
served in New Brunswick:- observed in 

NewBruns-
1. An extensive peat bog lies on the north side of Kouchibouguac wick. 

harbour. 
2. Another occurs on the coast about a mile south of the mouth of 

Kouchi.bouguacis River and faces the sea. 
3. A third occupies part of the peninsula between the estuary of 

the Aldouane and the coast. This bog is large and raised in the 
centre and merges into the salt marsh on the shoreward side. 

4. On the south of Little Gully at Richibucto Head, inside of the 
sand beaches, there is a peat bog of considerable extent. 
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5. Two large bogs occur along the Kent Northern railway, from 
' one to five miles above Kingston, or about 20 or 21 miles from Kent 
Junction, Intercolonial railway. 

6. About six miles north of Rogersville station, Intercolonial rail
way, and north of the first crossing of Barnaby River, a large peat bog 
occurs. It is a shallow one and a portion of the area mapped as peat 
bog forms a shallow lake, spring and autumn. 

7. About two miles south of Canaan station, Intercolonial railway, 
a peat bog crosses the track twice. 

8. Peat bogs skirt the lakes at the bead of Missaquash River on the 
Isthmus of Chignecto. 

In the interior of the conntry, flat peat bogs are of frequent occur
rence on the watersheds, or undrained portions of the Carboniferous 
area, but they are usually shallow and the peat thin, poor and dirty. 
being mixed with the wash from the surrounding slopes. These bogs 
support a scanty growth of black spruce, hacmatack, etc., especially 
around the marginal portions. The best and cleanest peat is that 
found growing on the raised bogs. 

In Prince Ed- Proceeding to Prince Edward Island, we find large peat bogs on the 
ward Island. 

north-east side, along the shores of Richmond and Cascurnpeque bays. 
These have been described by Dawson and Harrington.* The precise 
localities of the largest peat bogs on the island are here noted :-

9. At Lennox Island, Richmond Bay, on the north-east side, a strip 
of peat faces the Gulf of St. Lawrence. This bog is apparently being 
rapidly eroded by the sea. 

10. At Point Lot 1 :J, there is an extensive peat bog (called the 
Squirrel Creek bog in Dawson and Harrington's report already referred 
to), covering an area of certainly not less than 500 or 600 acres. It 
rises in the centre, and like those on Miscou and Shippegan Islands, 
at the entrance of the Baie des Chaleurs, is dotted over with small, 
deep ponds or holes in the peat which remain constantly filled with 
water. It is also treeless. 

11. At Black Bank, east of Stephen Cove, in Cascumpeque Bay, 
there is also a large peat bog. Along the shore it is seen to be ten or 
twelve feet deep in places and rests directly on white sand. The bot
tom layers are full of roots, trunks of trees, etc., in decay. Just at 
Stephen Point, stumps were observed two feet below low water mark. 
This bog is also higher in the centre than at the circumference, and 
treeless. Erosion by the sea is apparenLly making rapid inroads into 
it. Mr. Robert Tuplin, who lives in the vicinity, and has been making 

*Report on the Geological Structure and l\Iineral Resources of Prince Edward 
Island, 1871. By Sir J. W. Dawson and Dr. B. J . Harrington 
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observations on these peat bogs, informed us that a strip of five feet in 
width or so was annually worn away by the sea. This peat bog is 
described in detail in Dawson and Harrington's report already cited 
and its area can be best learned from an inspection of the map. 

12. West of Stephen Cove, another large peat bog, the largest on 
Prince Edward Island, occurs (see map). It is about three-quarters of 
a mile wide, and, like those of Black Bank and Squirrel Creek, is 
raised in the centre and without trees. 

13. A small peat bog was also seen near Portage station, P. E. I. 
railway. 

All the peat bogs bordering the sea are found to extend down under Roots and 
high tide level and their lower parts contain roots and stems of trees ~)~~~b~~~
which do not occupy their surfaces at the present day, but which, 
nevertheless, exist in the low, flat, swampy coastal tracts in the vicinity· 
In some countries where peat and treeless moorlands exist, attempts 
have been made to show that these buried forests must have been 
destroyed by the encroachment of the sea, or by a, change of climate, 
or in some other unaccountable way, before the peat mosses began to 
grow. But as peat bogs in what may be termed their incipient stages 
are not infrequent in many parts of the maritime provinces of Canada, 
on the surfaces of which the same stunted growth of spruce, hacmatack, 
cedar, etc., prevails as is found in the bottoms of the larger bogs, it is 
at once evident that the change from a forest-covered or partially 
forest-covered condition in the early stag<:Js of their growth to a tree-
l ess condition when they are mature, or rather when the peat has 
attained considerable thickness, is one due to other causes than those 
mentioned. 

Peat bogs are to be seen in all stages of development in this region, Mode of 

from those only a few inches or a foot or two deep, to those upwards of growth of peat 
Logs. 

twenty feet deep. The first have always a forest growth upon t.hem 
when in their natural state, the trees being larger around the margins 
than in the centre. As the peat mosses grow and the bog inc:reases 
in thickness, the trees are observed to become stunted, and finally die 
out wherever the peat is thickest, generally at the centre first, then 
outwards towards the circumference. The larger and thicker bogs at 
present have, ~herefore, a part which is treeless, and a border upon 
which there is an ericaceous growth, occupied with some stunted 
forms of spruce, hacmatack, cedar, etc., the latter increasing in size and 
becoming more and more intermixed with other trees towards the 
margin of the bog. From this fact it would appear that trees do not, Why trees do 

or cannot, grow in peat bogs, and that, therefore, their treeless con- ~h!J~ow in 
dition is mainly due co the drowning out of the forest growth which 



120 M NEW BRUNSWICK, NOVA SCOTIA AND P. E. ISLAND. 

originally occupied the area on which they lie. The growth of the 
mosses causes imperfect drainage, the peat in its natural state hold
ing from ninety to ninety-five per cent by weight of water. It is at 
once obvious that trees will not grow in such a soil, and even if 
rooted in that beneath the peat, the accumulation of several feet of 
wet, cold, peat mosses around the base of their trunks and the lack of 
aeration to their roots must soon result in their death. In the early 
stages of the growth of the peat bog, there would doubtless be a 
struggle for the mastery between the fore-:t growth and the sphagna ; 
but as peat bogs invariably accumulate in hollows or basins which 
originally held shallow lakes, a.nd do still, when not wholly occupied 
with peat, receive, at certain seasons, the drainage of the surrounding 
area, it will be seen that tree growth in peat, even then, is placed under 
very unfavourable conditions for its development at anything like a 
rapid rate. In consequence of this it is only those hardy species found 
in wet, cold soils, in swampy tracts, that grow at all in those hollows, 
before or during the incipient stage of the growth of the peat bogs, 
and their existence is often a very precarious one, liable to be checked 
or terminated altogether by any untoward or unfavourable change. 
Hence the growth of peat moss around the roots and basal part of the 
stems ultimately destroys the trees. They then stand as dead trunks 
for some time, until decay setting in, they break off at the surface of 
the bog, the trunks falling prostrate upon it. But the roots, and 
sometimes a portion of the stump are preserved from decay by the 
antiseptic properties of the peat moss, or the acids generated by its 
decay, and are usually found in a sound condition at the present day, 
sometimes even ·with the bark intact. 

Climate of the The great thickness and extent of so many of the peat bogs, or 
:1:1~0~~ ~1~our- moorlands, near the coast of New Brunswick and Prince Edward 
growth of the I sland, shows that the existing climatic conditions are very fayourable 
splwr11w, corn- . 
posing the to the growth of the species of sphagna and other vegetable forms 
peat beds. composing them. A nd from the peat, or forest beds, found under the 

marsh mud at Aulac station, Intercolonial railway, and at the west 
dock of the Chignecto marine railway, it is evident that somewhat 
similar meteorological conditions prevailed throughout the recent 
period. We may even go further back, and infer frorruthe peat beds 
found by Sir J. W. Dawson under the boulder-clay at River Tnhabi
ta.nts, Cape Breton, that the climate of the coast in the later Tertiary 
did not differ very much from that which now obtains. 

Antiquity. The peat bogs, or moorlands, are, therefore, of considerable anti
quity, haYing commenced their growth in this region along the coast, 
as soon as the land emerged from beneath the sea in post-glacial times. 
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They did not all originate then, however, but at intervals, or from 
time to time, as the habitat of the sphagna and the drainage and other 
conditions became favourable for their development. 

As has already been inferred, the peat bogs indicate a slight Subsidence 

subsidence of the coast border within the recent period The exact indicated by · the peat bogs. 
amount of the change of level is a difficult matter to ascertain; but 
the facts point to a depression of from five to ten feet. 

No use has yet been made of peat in the region embraced in this Uses to which 

report. A number of these bogs are easily accessible, some by land and~~~~ may be 

others by water; but the abundance of wood and the proximity of the 
Nova Scotian coal mines keeps fuel at moderate prices, and there is 
consequently no use for peat in that way. The day will come 
however, when it will become valuable, not only for fuel and litter 
but for other purposes as well. In some parts of Europe it is now 
utilized in various ways. One of these is as a packing material for the 
transport of the various kinds of crockery, glass and other articles 
liable to breakage. Another is in its taking the place of ice in the 
carriage of perishable articles, such as fresh meat, fish, etc. When 
cut into fragments it is said to be well adapted for the preservation of 
these articles in transport in warm weather, either by railway or 
water. Meat when packed in it, will keep fresh for weeks, and will 
eventually become dry, the moisture being absorbed by the peat. For 
the shipment of fresh fish by railway it might be utilized to great 
advantage on the Atlantic coast of Canada; salmon, cod, mackerel, 
lobsters, etc., by this means finding a market, not only in the eastern 
cities of the United States, but in Montreal, Ottawa, Toronto, etc 
Peat has also been successfully used for preserving fresh fruit; even 
grapes it is said can be made to retain their fre::ihness unimpared for 
months if packed in finely pulverized moss litter. Its uses as a non_ 
conductor of heat, therefore, are likely to bring it into extensive 
requisition in this country in the near future. 

In Germany peat has been used for years as an absorbent of the Uses in Ger

waste liquids and refuse of factories, and in this way it has furnished many. 

large quantities of excellent manure in certain districts. An excellent 
fibre is also now manufactured from some varieties of peat, susceptible 
of being woven and applicable to other purpos~s. An enumeration 
of the manifold uses of peat would prove that this raw material is 
eventually destined to become of great value in the arts, in chemistry, 
and in agriculture, as well as for sanitary purposes. Rog land 
hitherto regarded as worthless, is likely to become valuable pro-
perty, and flourishing industries promise yet to spring up from the Value of 

use of this neglected material. When that day arrives the maritime moorlands. 
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provinces of Eastern Canada will be able to furnish an almost 
unlimited supply of peat moss for all the purposes enuruerated. 

(M 3 b.) MARINE DEPOSITS. 

Du11~s, Salt Marshes, E8t?tarine Flats, Miissel-miid, etc. 

Recent de- The recent marine deposits which occur almost everywhere around 
posits(marine) the coasts of New Brunswick Nova Scotia and Prince Edward Island 

' ' ' 

Source of 
materials. 

Leaching. 

are among the most interesting of the superficial formations. Their 
great development in the particular region under discussion is due to 
several causes, as for example, in the Bay of Fundy region to the ex
traordinary tides of that body of water and their erosive influence on 
the coasts, which furnish large quantities of material; in North
umberland Strait to the wear and waste of the land surface supplying 
abundant arenaceous and other mate6als to the rivers, streams, etc., 
which transport them seaward into the littoral of a low, shelving, sea 
border. It is in the Bay of Fundy region that salt marshes find their 
fullest development, while sand dunes, eel-grass and mussel-mud flats 
cover a much greater area in Northumberland Strait, and in the latter 
district especially, are all apparently of contemporaneous origin. The 
loose sands of the coast border in the latter region, moved about hither 
and thither as they are by marine currents, winds and waves, finally 
reach a comparatively stable position along these low sloping shores, 
where they are thrown down and form long beaches or dunes parallel 
to the coast-line with shallow lagoons of greater or less width interven-
ing. While these materials are thus being shifted about in the littoral, 
a leaching out process is going on, clue to the action of the sulphates of 
the sea water and the acids generated by the decomposing vegetable 
matter (peat bogs, grasses of salt marshes, etc.) of the coast margin. 
The lagoons within the beaches are really basins or vats where 
chemical changes in the ferruginous sands and silts are continually in 
progress, as these are carried down from the land by fluvial agencies. 
The bleaching of the sands composing the dunes therefore, while partly 
owing to mechanical attrition under flowing waters and to the surf ; 
is principally due, perhaps, to the leaching out of the iron in 
them by decomposing humus. Beds of quicksand near the mouths of 
the several rivers emptying into Northumberland Strait ~eem now to 
be undergoing the purifying process referred to. Wells have been 
sunk in the dunes at a number of fishing stations, showing in decending 
order, (1) sand, (2) ferruginous gravel and rotted rock, and (3) gray 
Carboniferous sandstones in situ. Thew ater in these wells is, of course, 
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brackish and contains more or less ferruginous matter and other impuri
ties, which have been developed from the chemical reactions alluded to. 
By these means and by continual attrition, the sands become bleached 
and whitened, especially in the upper layers of the dunes. The zone 
or belt in which these coastal deposits lie is of variable width, but they . 

h 1 f I fi . . l . h . f h d l d S ries of de-nevert e ess orm a c e mte series w uc , passrng rom t e ry an sea- posits of Re-

ward may be classified as follows :- cent Period on 
' coast. 

1. Salt marsh, bordered on the inner margin in some places by 
peat, in others by ferruginous sands, silts, clays, etc., the whole having 
usually a hard-pan beneath. 

2. A shallow lagoon, channel or inner passage of the sea, in which 
tidal currents play backward and forward. This is really a basin or 
sink, into which the impurities of the land are drained and digested, 
and where chemical changes are continually in progress from the 
action of the sea-water and the organic acids brcught from the land. 

3. A broken strip of salt marsh lining the inner margin of the sand 
beach or dune. 

4. The long, narrow beach of white or grayish-white silicious sands 
lying paraliel to the coast, sometimes in one ridge, but where widest 
consisting of two oi· three. These are evidently wave-built and are 
often protected from denudation by a covering of coarse grasses and 
carices. 

5. Shifting sand-flats in the littoral, wider or narrower according to 
the slope. Around Northumberland Strait these are of great width, 
and much of their surface is laid bare at ebb tides. Outside bars or 
sand ridges are thrown up, too, in most places parallel to those 
described, at whatever distance from the shore the waves first break 
during storms. That the material of these dunes and sand-bars is 
accumulating, seems proved from the fact that the latest or outside 
ridges are usually larger than the inner and are apparently, in some 
cases at least, increasing in width; while between tide marks great 
quantities of loose S!1llds lie ready to be shifted about or thrown up 
by the waves during heavy storms. 

The sand beaches on the north side of Prince Edward Island, are Beaches on 

much the same in character and composition as those on the mainland. !'.~~~rls~'ti;;d . 
• One of the largest of these, of which Hog Island forms a part, was 

examined with some care. Here the older or inner ridges of the beach 
were found to consist of reddish or partially oxidized sands, while 
those facing the Gulf of St. Lawrence and lately formed, or now in 
process of accumulation, hii,d the' usual whitish or bleached colour. 
From six to ten parallel ridges of sand were found in this beach, the 
latest formed being the highest. The width of this beach is from a 
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quarter to half a mile. Along the inner border of the beach are 
lagoons, bogs and marshes. Crystalline boulders were met with lying 
upon the surface of these salt marshes, though no evidences of glaciation 
were observed on the adjacent shores or islands, rotted rock being 
everywhere abundant. 

The older ridges of the dune or beach referred to, are now clothed 
with stunted spruce trees and bushes of several species of hardwood, 
together with ericaceous plants. Those ridges lately formed, are 
covered merely with coarse grasses or carices. 

Local Changes and Conditions oj the Dimes. 

These shifting sands may be considered under two aspects at least, 
first, in reference to the navigation and silting up of the rivers and 
harbours, and secondly, in their relation to the agricultural character 
of the coastal districts. 

Silting up of Generally speaking, it may be stated that all the harbours around 
the harbours N l b . . f C 'f around North- ort 1um erland Strait, i . e., around the coast o the arbom erous 
'sntn·b~trland area of New Brunswick, Nova Scotia and Prince Edward Island are 

Ial. 

silting up. This is the result of two causes, first, the accumula-
tion of material carried down by the rivers and streams and deposited 
in the estuaries, which may be called fluviatile; and secondly, the 
action of the sea in throwing back these loose sands into the mouths 
of the harbours and inlets. It is now well known that the sands 
which are shifted by winds, waves and currents into the mouths of the 
harbours at Bathurst, Miramichi, Richibucto, Summerside, etc., by 
heavy storms are a serious obstruction to their free navigation. To 

How caused . show how these sands accumulate, let us take the case of the Richi
bucto harbour, at the entrance to which a breakwater has been con
structed. Beyond the outer end of the breakwater, the sands are 
thrown into the channel by heavy storms spring and fall. Dredges 
have been used to clear it out, but .the river itself is a most effective 
agent in this regard, the sands thrown into it by the storms being 
thus cieared out, partially at least, by river freshets. These 
filling and clearing out processes continue year after year, and before 
the breakwater was built, caused a slight shifting of the channel 
periodically. This shifting or diversion of the channel was a movement • 
away from the direction of the prevailing north-east winds which ac
company the heaviest storms. At present, the channel or passage out
side the breakwater only is subject to changes of this kind; but in 
1890 I found it had been so far shifted as to throw it up against the 
southern dunes. vY-hen it reaches this stage and becomes choked up, 
the dredge has again to be brought into requisition, and a new and 
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straight channel cut directly from the end of the breakwater. High 
river freshets aid this operation materially, afterwards the operations 
of nature just described, of filling up and clearing out will be again 
repeated. This is one instance among a number which might be cited 
to show how these sands obstruct navigation. 

In reference to their effect upon the agricultural character of the Effect of sands 
b d · l · b t t d h t t' f · on value of country or ermg tie sea, it may e s a e t a por i:>ns o it are the land near 

almost valueless from the quantities of blown sands drifted over them, coast. 
often to the depth of several inches. The leaching out, or deoxidation 
of the iron in these arenaceous strata, referred to on a previous page 
also impoverishes the soil, rendering it of inferior agricultural value'. 

Salt Marshes in Northiimberland Strait. 

The salt marshes of the coast of orthumberland Strait, are quite Salt marshes 

different from those of the Bay of Fundy, both in regard to their ~~nfac;,"c~'s~:it. 
physical character and agricultural value. While the latter are built 
up mainly by the action of the great tidal wave of that body of water, 
those under consideration are invariably found in places which are pro-
tected from the denuding action of the sea by natural barriers of some 
kind. The materials of which they are formed may be characterized as 
silt, with coarse, gravelly, clayey a,nd pebbly deposits of the nature of 
hard-pan beneath. These marshes are of much less depth than those of 
the Bay of Fundy, and are usually covered with a thick mat of the roots 
of coarse grasses and carices. The yield of hay on them is also less, and 
consists of several species of wild grass only, but does not include timothy 
(Phleum pratense), or upland grass. On the marshes which have been 
dyked, and from which hay has been cut for a number of years, a 
change in the species of grasses has taken place, the coarser kinds be-
coming replaced by those which grow in cultivated fields. The un-
dyked marshes are partially overflowed annually by high autumn 
tides. The limited area of all these marshes, dyked and undyked, Of limited 
and their precarious and uncertain yield, render them of minor im- n.rea. 
portance compared with the Bay of Fundy salt marshes. The largest 
salt marshes of this kind along Northumberland Strait, occur at 
Baie Verte, Shemogue, Aboushagan, at the mouths of the Richibucto, 
Kouchibouguac and Kouchibouguacis rivers, and in Prince Edward 
Island, at the head of Hillsborough Bay. 

B ay of Fundy Salt Marshes. 

The salt marshes of the upper part of the Bay of Fundy, have been Salt marshes 
formed under quite exceptional conditions, and although classed with i~u~~~.of 
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those of Northumberland Strait, they are really distinct in character. 
The great tidal wave of the Bay of Fundy has been the chief agent 
in producing them. These tides flowing at the rate of five or six 
miles an hour into the bays and estuaries, are loaded with reddish 
sediment which is everywhere deposited before they ebb. It is not 

Materials of, uncommon for a single tide to lay down an inch or more in certain 
how deposited spots along the river banks. The soft Carboniferous shales around the 

head of the bay furnish, by their waste, the material necessary for 
marsh building. The force of the t ides prevents the formation of any 
submarine, or eel-grass flats, such as occur in the shallow waters of 
Northumberland Strait, consequently at ebb tides, only bare, muddy 
slopes are to be seen. At high tides the creeks and inlets are filled 
to the grassy border, at low tides they are yawning, slimy gashes in 
the earth with tiny streams trickling in their bottoms. In whatever 
way the waters move, tsummer or winter, they are always loaded with 
reddish-gray sediment or mud, and run like a mill-race. 

Area not in- The area of these marshes does not seem, so far as observations ex-
creasing in • d t b . . d . h fi • d l d tl t . historic times. oen , o e increasing sea war since t ey were rso y 'e , 1a is, 

Height of 
these salt 
marshes. 

within the last two hundred years; but it is stated that the estuaries 
are filling up and becoming narrower. There is a tradition among the 
old settlers in the Isthmus of Chignecto, that about the time Fort Beau
sejour (now called Fort Cumberland) was captured by t he English in 
1755, the Missaquash River was navigable for canoes nearly to its 
source; but this is not now the case. 

The salt marshes lie at the height of ordinary spring tides, and por
tions of them can be overflowed by opening the dykes. Very high 
tides, such as the one which accompanied the Saxby gale of October 
5th, 1869, overflow them altogether. Along the banks of the rivers 
or estuaries, the land is a few feet higher than the inner or central 
portions of the marshes, owing to differential deposition of the sedi-

How built up, ment. The formation or building up of these marshes seems to have 
and when. taken place coincidently with a slight subsidence of the land here in 

the recent period. This [subsidence is proved by the existence of 
forest beds below the marsh mud, and, of course, below the level of the 
Bay of Fundy waters. The boring at Aulac station shown on page 
129 ;u, illustrates this, and in the excavation for the western dock of the 
Chignecto marine railway the fore~t bed was found to be thirty feet 
below the level of the marsh or eight feet below mean tide level. 
R eferring Sir J. W. Dawson's figures given for the level of stumps 
found in situ in this vicinity to mean tide, some are 1 O·SO feet below it 
and others only ·30.* At the public wharf at Edgett's Landing near 

* Acadian Geology, Suppt. to 2nd ed., page 13. 
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Hillsboro', Albert county, in the mouth of the Petitcodiac estuary, a 
stump of a tree in sitii was pointed out to me by J. B. Hegan. C.E., 
of the Public Works Department, St. John, and found to be 15·32 
feet below mean tide level. 

The following two sections, in descending order, exhibit the structure Section pf salt 
of the whole series of the superficial deposits at the Fort Lawrence madrsh1es. and un er ymg 
dock. No. 1 was taken at the east end of the excavation where the beds, No. 1. 

marsh mud rests on the slope of Fort Lawrence ridge :-

1. Marsh mud, reddish, 2 feeL 11 inches. 
2. bluish-gray , 9 inches. 
3. grayieh, full of roots of plants and shrubs, 1 foot 8 inches. 
4. bluish, with roots, 2 feet 10 inches. 
5. clark-grny with bluish tint, full of roots and stems. (This cor

responds with the forest bed and the overlying bluish fossiliferous clay in the west 
encl of the excavation), 1foot8 inches. See section No. 2 below.) 

6. Stratified, or partially stratified, gravel sand and clay containing water
worn pebbles, roots of shrubs and plants, etc., 1 foot 11 inches. 

7. Boulder-clay, containing local boulders, some striated. Thickness not known; 
in excavation, about 40 feet. 

No. 6 of this section is the most interesting. It is chiefly sand, and 
is either the boulder-clay changed under subrorial action, or it is 
the representative of the Saxicava sand and Leda clay in the Isthmus 
of Chignecto, most probably the latter. A few pebbles of granite, etc., 
occur in it, but apparently only such as are derived from the Carboni
fernus conglomerate. Its depth beneath the surface of the marsh now 
is nine feet ten inches It seems to lie somewhat unevenly on the sur
face of the boulder-chiy, and the strata are irregular. The character 
and position of this part of the series, therefore, denote a considerable 
interval of time between the deposition of the boulder-clay and that of 
the overlying marsh mud, during which tbe Leda clay and Saxicava 
sands were laid down along the coast borders elsewhere. 

Section No. 2 at the south-west end of the excavation, which is only Section No. 2, 

a few yards from the confluence of the La Planche and Missaquash 
rivers, exhibits the following series of beds :-

1. Marsh-mud with roots and stems of herbaceous plants, grasses, etc., 12 to 15 
feet. 

2. Marsh-mud, stratified, gray, and containing marine shells, 5 to 10 feet. 
3. Stratified, tough, blue clay containing an abundant molluscan fauna of the 

following species, Macomafiisca, Mya arenaria, Rissoa miniita, Nassa obsoleta, 
etc., 5 to 6 feet. 

4. Peat and forest bed containing stumps and portions of the trunks of hacma
tack, black spruce, birch (probably Betida liitea) alder, poplar, hemlock, elm, 
ash, etc. (one stump of hacmatack being 12 to 15 inches in diameter), 1 to 2 feet . 

5. Coarse, gravelly, oxidized, reddish-blue clay, partially stratified at summit, 
resembliug the lower part of the Leda clay, but changing into true boulder-clay 
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below. It contains boulders of sandstone of local origin. Thickness variable, 
but not exceeding 1 foot 

6. Eoukler-clay, containing numerons boulders of local rocks, of all sizes, up to 
3 feet in diameter, some of them glaciated. Thickness unknown; it probably 
extends below the waters of Cumberland Basin. 

The length of the excavation for this dock is about 300 feet, and 
the total depth below the surface of the marsh between fifty and sixty 
(53 feet). The forest bed slopes towards Cumberland Basin about 
twenty feet within the length of the excavation (300 feet), that is, 
eight-tenths of an inch per foot, and lies thirty feet below the surface 
of the marsh at the western end of the excavation, as stated above. 

Another section of the salt marsh, with the underlying forest bed, 
was disclosed in the boring at Aulac station, Intercolonial railway, 
and is represented on page 129 M by diagram No. I. This 
section shows the maximum thickness of the marsh mud and forest 
bed here, the bottom of the former being fifty-nine feet below mean tide 
level, aud the peat or forest bed, which is twenty feet in thickness, 
lying from fifty-nine to seventy-nine feet below the same datum. This 
marsh (Tantramar and Aulac) covers an area of not less than sixty 
square miles, thus showing a large accumulation of material here in the 
recent period. 

Hegarding the conditions under which these materials were de
posited, it would appear that the marsh mud belongs mainly to a period 
of subsidence, as already stated, in the early stages of which there must 
have been an interval of quiet in this part of the Bay of Fundy. The 
strata of fine blue clay and the well preserved condition of the con
tained fossils, show that they could not have been thus deposited if 
they were within the range of the heavy sweeping tides transporting 
sediment, such as exist at the present day. The shells belong to 
shallow water species, £1,nd it really seems as if the turbid condition of 
the waters in the upper part of the Bay of Fundy and the extraordinary 
tides did not exist at that time. It is, therefore, probable that the 
fossiliferous deposit in question was laid down in a quiet lagoon or 
recess to which the strong ebb and flow currents, if they existed then 
in the bay, had no access. There is, however, no abrupt line of separa
tion between the blue fossiliferous clay and the overlying marsh-mud, 
and the fossils are found to extend locally, but in diminishing numbers, 
upwards into the lower strata of the latter, disappearing entirely in the 
uppermost portions. ~Wacoma fi&sca is still met with on the shores of 
the upper part of the Bay of Fundy in some places, while this and Jfya 

arenaria and N assa obsoleta are common in Baie V erte in Northum ber
land Strait. 
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Surface of salt marsh. 

Marsh mud, 80 ft. 

Turf and bog (peat), 20 ft. 

R eel clay, probably boulder-clay, 17 ft. 

Soft reel rock, 48 ft. 

Softer r eel rock, 70 ft. 

R eel marl, 12 ft. 

Grny freestone, 35 ft. 

Fire-cla.y, 18 ft. 

Sand and clay, 5 ft. 

}j 
j 

SECTION OF THE STRATA AT AULAC, lN'l'ERCOLONIAL RAILWAY, PASSED 

THROUGH IN A BORING MADE UNDER 'L'HE DIRECTION OF P. 8. ARCHI

BALD, CmEF ENGINEER, I. C. R. 

9 
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Salt marshes The depth and extent of the marsh deposits indicate that their for
!~b~id~~c~ing mation must have extended over a considerable time. This view is 

compatible with the fact that their accumulation and increase in 
height or thickness would be coincident with the sinking of the land, 
which took place in the region since the peat and forest beds grew. 
Whether t hese marshes, if now in a state of nature, would be still re
ceiving additions upon their surfaces sufficient to raise their level 
higher, is a question referred to below. The condition of the older 
dykes around them and other facts bearing upon the question of a 
change of level, rather support the conclusion that the land is now nearly 
stationary.* 

Forest Bed Under Salt JIIarshes. 

l~orest bed In regard to the forest bed referred to, it would seem, from a number 
:;,:~~~h::'.\ow of facts collected in different parts of the salt marsh area, as well as 
it grew. from the presence of shallow peat bogs along its junction with the 

Chemical 
changes in 
materials of 
salt m:i.rshe 8 . 

uplands, that peaty matter has been continually growing on the inner 
borders of these marshes ever since they began to accumulate. As 
the land subsided and the salt marshes accumulated, keeping pace 
therewith, these peaty margins likewise flourished wherever the drain
age or fresh water from the adjacent uplands became stagnant and 
other conditions favourable to their growth existed. These inner 
margins of the marshes are rather below the general level of their 
surface, hence the formation of shallow lakes skirted with peat bogs 
i ~ a necessary result. From these circumstances, it would seem that 
peat, or· forest beds, may be found continuously at the junction of the 
marshes with the sloping uplands, from the bottom to the surface. 
1\Ir. Alex. Munro, O.E., of Port Elgin, New Brunswick, first drew my 
attention to this fact. 

The original material forming the salt marshes has probably, in all 
cases, been a red loam or mud, a product of the marine and subaerial 
action which decomposes the soft red Carboniferous sandstones of the 
region. It appears, howeYer, that the red colour is liable to be 
changed into gray, in at least some portions of the marshes. This 
change is brought about by the chemical a lteration of the iron oxides 
into sulphides by the sea water, or by the action of the organic acids 
on the iron contained in the marsh mud. t vVe find, therefore, that 
the inner portions of the marshes consist almost wholly of gray 
or bluish-gray material, with more or less vegetable matter dissemin
ated, while the outer portions or those exposed to the tidal currents 

*Ann. Report, vol. IV. (N.S.) 1888-89, p. 74 N. 

tAcadian Geology, 2nd ed., p. 24. 
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are red. Cultivation, draining and aerating the upper stn1.ta, it is 
said, change the blue mud into red, i . e., the iron compounds become 
changed from sulphides into oxides. 

The blue and red muds often occur in alternate layers, where the Blue and red 

tides have been allowed to overflow the marshes periodicl1lly. At mud. 

Sackville the following section of the beds was observed, the series 
being descending :-

1. Red marsh mud. 
2. Peaty matter or humus, graduating into blue clay in places. 
3. Red mud or clay, changing into blue clay. 
These strata lie under an undrained field, the peaty covering of 

former surfaces having been overflowed on two occasions, ::md red 
sediment deposited. There appears to be a general tendency for the 
marsh mud to change from red to blue, as above stated, where the 
marsh is low and flat, and where the precipitation is apt to lie upon it, 
and the sea is prevented from overflowing. The gray or blue marsh, has, 
in wet places, a tendency to become covered with a growth of peaty 
matter and shrubbery. 

Ag1·icultnral Character qf the Salt Marshes. 

The chief portions of all the larger marshes are dyked, but additions Agricultural 

f 1 l b . cl f I character. o greater or ess extent are constant y erng ma e to some o t mm. 
"Where the dykes are kept in good order, themarshes are almost as dry as 
the adjacent uplands. They have long been noted for their great fertility. 
Hay has been raised on them for one hundred aud fifty years or more 
without the application of manure, 1md they also yield cereals and root 
crops 11buudantly. The soil of the older dykcd and cultivated marshes 
is, however, deteriorating, owing to continual cropping ; and those 
portions of them which have not been overflowed by the tides for 
many years, are now well nigh exhausted, so far at least as regards the 
production of hay and cereals. They require, therefore, new and dif-
ferent methods of culture from those hitherto employed. 

In the report on Government Experimental Farms for 1890, JI.fr. F. T. Methods of 

Sb h . . 1 f 1 f ·1 f h S k "11 unprovement. utt, c em1st, gives ana yses o two samp es o soi s rom t e ac v1 e 
marshes, among those fromanumber from other localities, and offers some 
pertinent advice in regard to their improvflment, recommending lime, 
wood ashes, etc. Subsoil ploughing, draining and the application of the 
fertilizers recommended by Mr. Shutt, as well as barn-yar• l manure, 
would all doubtless be highly beneficial, but I am informed that it has 
been found by experience that the results of this method of tillage 
are not commensurate with the cost and labour expended, and that 
the improvement of such large areas of marsh lands as these 

9!-
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would be too slowly reached in this way. A scheme inaugurated 
by the more intelligent farmers of Sackville, seems to afford 
at once a more efficaceou.s and economic mode of fertilizing 
these lands, and promises to bring about important changes in 
their culture. This is nothing more than flooding them for a 
year or two by the sea. Where it has been tried, the results have 
been found highly beneficial. The modus operandi is to cut away cer
tain portions of the dykes and open the aboideaux (exit gates of the 
fresh-water streams), allowing the sea to enter and spread a deposit or 
layer of red sediment over the surface of the marshes, and after suffici
ent material has thus been deposited then to close the aboideaux and 
dykes and permit the land to dry for a season or two. During the first 
year after this treatment, only the coarser kinds of gra. s, chiefly Spar
tina stricta or alternijfora, commonly called "broad leaf," grow, but the 
second or third year the marsh resumes its former covering of meadow 
grasses and continues for many years afterwards to yield an abundant 
crop without further cultivation. All this has already been proved by 
actual experiment, and the fact established that the red marsh sediment 
deposited by the tides acts as a natural fertilizer. Marsh owners who 
have thus allowed the tides to overflow their land at intervals have 
maintained the original productiveness of this kind of soil, in a large 
measure unimpaired. 

The reclamation of peaty or swampy marshes lying along the junction 
of these with the uplands, especially as regards the Tantramar or 
Sackville marsh, is a work which has been in progress for years, with 
highly satisfactory results. The process consists first in draining and 
building ctboideaux and dykes. The tidal wave with its burden of 
red mud is then admitted, and a layer from six inches to two or three 
feet deep deposited. The first year after reclaiming it, the product is 
chiefly "broadleaf," but afterwards as the salt becomes washed out 
of the sediment by atmospheric action and the upper strata aerated, the 
common grasses flourish most luxuriantly. 

This mode of reclaiming the newer portions of the boggy salt marslfes, 
and improving those impoverished or worn out by continual cropping, 
is now being carefully studied by the more intelligent marsh owners, 
and the result will doubtless be the adoption of practical and 
systematic methods tending to increase their productiveness. The 
method just outlined is, so far, considered the cheapest and best, and, 
indeed, nature's own method of restoring them in a large measure 
to their original condition of fertility. 

The area of salt marsh around the head of the Bay of Fundy, on the 
New Brunswick side of the provincial boundary, as ascertained from a 
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careful computation, is about 34,300 acres. These figures include head of Bay of 

f h d d d d k d -1 I l h Fundyin New o course, t e yke an un y e mars ms; t 1e atter are, owever, Brunswick. 

of small extent, and are merely fringes of the dyked and cultivated 
portions. Of this whole marsh area, Westmoreland county includes 
25,200 acres, and Albert, 9,100 acres. The principal localities 
of the marshes referred to are along the Missaquash, Aulac and Tan-
tramar rivers in Cumberland Basin, and the Memramcook, Petitcodiac 
and Shepody River valleys in Shepody Bay. The largest and most 
important of these is the Tantramar and Aulac marsh ; it is 
also in the highest state of cultivation. 

Considerable areas of marsh land have been allowed to go to waste 
from the breaking down of dykes, the owners, either from want of 
means, or other causes, permitting them, for want of repairs, to remain 
in a condition in which the marshes are subject to continual overflow 
by the tides. These, with the undyked portions might, with the 
expenditure of some capital, be readily brought under cultivation 
again and converted into good arable marsh. 

The Bay of Fundy marshes, notwithstanding their high value, are Marshes not 

not utilized to the best ad vantage. If better methods of cult.ure were ~ji~~:~"~~~esb 
adopted, their productiveness might, in large portions, be doubled. 
Imperfect draining, continual cropping without manure, allowing 
portions of them to grow up with weeds and shrubs, are the 
-chief causes tending to their deterioration. The leading agriculturists 
are, however, becoming cognizant of the fact that their fertility has 
lessened, and will continue decreasing underexist.ingmethods of culture. 
H ence the reclamation of new or uncultivated portions, and the 
devising of means for increasing the fertility of the older dyked marshes. 

The area of salt marsh bordering Northumberland Strait has not 
been computed, but it is limited, as already explained. 

Natiiral Dylces. 

Along the estuarine parts of some of the streams falling into Hor- Natural 

thumberland Strait, notably Shemogue, Baie Verte, etc., occur cer_tain dykes, their 
appearance. 

formations called natural dykes, or sometimes "shooting dykes. " The 
most noteworthy examples of the kind observed, are on a stream about 
two miles north of Port Elgin, called Timber Brook. Here they rise 
in definite ridges from three to five feet above the surface of the marsh 
skirting the stream, and continue without interruption for distances of 
a quarter or half a mile. Trees from six to nine inches in diameter 
are found growing upon them. The largest dykes occur upon the 
marshes bordering the estuary, but others are ranged along the base of 
the ascending slope of drier ground. 
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Materials. The materials of which these dykes are composed is altogether local. 
Along a dry bank they are gravelly or sandy, as the case may be, 
similar to the materials of the bank itself. On a marsh they are made 
up of marsh mud, with whatever other debris occurs in this. Newer 
portions of the dykes were observed to be in process of construction. 

How formed. A careful study of these dykes will show that they must have been 

Mussel mud, 
where found. 

Materials of. 

formed by the ice which forms on the estuaries of these streams every 
winter. This ice when grounding on the marshes or shores bordering 
the estuaries, by its expansion and shove moves portion:; of the 
material towards the banks, 01 away from the centre of the stream 
This process goes on year after year and is still in operation, and 
the dykes are thus formed by gradual and successive increments of 
material. Where the estuary is widest and the ice has the greatest 
expansion and room for movement they are highest, and if the locality 
is favourable a dyke will be found on both sides of the estuary. In 
certain cases the shove of ice-j::i.mb from the bay may have assisted in 
their formation. This explanation applies to all the natural dykes 
ob3erved on both sides of Northumberland Strait. They are, there
fore, of recent glacial origin. 

Milssel mncl. 

MussPl mud is an estuarine silt, containing great quantities of oyster, 
mussel and clam shells, the first usually predominating, which occurs 
in the bogs and estuaries around Northumberland Strait, and at the 
mouth of the Baie des Chaleurs. Considerable quantities are taken 
up by dredging and applied to the land by farmers both on the main
land and on Prince Edward Island; but a much more extensive use of 
it might be made than has yet been attnmpted, with beneficial effect. 
Pulverizing and mixing it with barn-yard manure before spreading it 
over the land, causes it to assimilate more readily with the soil and thus 
reduces it to a condition in which it becomes more available for plant 
food. The mussel beds are often deep and furnish an almost inex
haustible supply of this valuable fertilizer. It is especially suitable 
for the soils resting upon the Carboniferous rocks, which are nearly 
devoid of lime. · 

Although known by the name of "Mussel mud" from the presence 
of the shells of the mussel (Mytilus edulis) in the deposits, the desig
nation of Oyster mud would really be more applicable, since the shells 
of the oyster (Ostrea Virginiana) predominate. Clam shells (Mya 
arenaria) are also found in it. These are all packed in a paste of 
mud, sand, etc., containing other organic debris. The whole deposit, 
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as shown by Sir J. W. Dawson, is a formation of the recent period.* 
Samples of mussel mud from New Brunswick and Prince Edward 
Island, analysed by Prof. F . T. Shutt, chemist of the Central Experi
mental Farm, Ottawa,t show that the amount of nitrogen, the chief 
fertilizing agent in their composition, iR small. Its chief value for Agricultural 

· lt 1 · · t h t" f l" "t t · va,lue agricu ura purposes is owmg o t e quan ity o ime i con ams. · 
The fertilizing value is increased when it is composted with barn-
yard manure, peat, swamp muck, etc. 

AGRICULTURAL CnARACTER OF 'l'IIE REGION. 

A large portion of the areas whose surface creolooy has been dis- Agricultural 
b b character of 

cussed in this report, is noted for its valuable agricultural resources. the region. 
Cumberland county, Nova Scotia, W estmorebnd county and the coast 
district of Kent county, New Brunswick, and Prince Edward Island, 
have long been remarkable for thei1· excellent farms and the advanced 
methods of cultivating them. 

In general it may be stated, especially as regards the eastern 
maritime provinces, that those portions of the coast districts on which 
marine sediments lie are the most valuable to the agriculturist. This 
arises from the fact that the materials of these sediments have under
gone greater comminution in many places from the action of the sea, 
during the post-glacial subsidence of the land, and also because the llfost va,luable 
deposits are, as a rule, deeper there than upon the higher grounds. soih. 

There is likewise a greater commingling of organic matter with these 
soils. Moreover, the facilities· for obtaining manures, such as sea 
weeds, mussel mud, fish offal, etc., for fertilizing the land, are mucl1 
greater there than in settlements remote from the coast, thus enabling 
the practical farmer to keep the soil in a higher state of cultivation. 

The aaricultural capabilities of those portions of New Brunswick Oh~sific~tion 
b of the s01Js. 

included in this report were treated in my preliminary report on the 
Surface Geology of the province, and a classification of the soils and 
sub-soils attempted.j: In a subsequent report, a further classification 
of the soils was made into (a) sedentary, i. e., those formed in situ 
from the disintegration of the underlying rocks, and (b) transported 
soils, or such as have been removed from the rocks to which they belong 
by glacial, marine, fluviatile or lacustrine action and deposited in 
new localities.§ The latter prevail in the coast districts of the 
maritime provinces, and cover large areas adjoining Northumberland 

*Supplement to 2nd eel. Aca,clian Geology, page 17. 
+Reports on Experimental Farms for 1890 and 1891. 
:\:Annual Report, Geol. Sun·. of Canada, vol. I. (N.S.), 1885, p. 52 aa. 
§Annual Report, Geol. Surv. of Canada, vol. IV. (N.S.), 1888-89, p. 76 N. 
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Strait and the upper part of the Bay of Fundy. The agricultural 
character of those portions occupied with salt marshes and recent sand 
formations has already been described on pages 131 i\l and 124 M. 

9ulture of soi Commencing in New Brunswick, we may first note the value and 
rn New Bruns- . . 
wick. cond1t10n of culture of the soils in the coast districts of Kent, West-

In Kent 
County. 

moreland and Albert counties. 

In Kent county, the narrow belts cleared along the coast and at 
the mouths of rivers, are, in some places, covered with blown sand, 
while in others, swamps and peat bogs prevail. This is especially the 
case north of Richibucto River. South of that, however, some good 
farming lands occur on the borders of Northumberland Strait, at Buc
touche, Cocagne, etc. Excellent soils are found along the river-valleys, 
where the slopes are sufficient to allow the drainage waters to escape 
into the nearest rivers, and where there is always a greater or less 
breadth of alluvial deposits. But on the flat grounds which lie between 
the estuaries, notably between the Richibucto and Buctouche, and 
between the latter anJ Cocagne rivers, etc., there are also many good 
farming tracts occupied by a deep, rich, fertile soil. 

In Westmore- The Isthmus of Chignecto contains probably the best farming lands 
land County. in Westmoreland county, although some parts are sandy and others 

dry and stony. At Shemogue, Bay V erte, and on the Cape Tormen
tine peninsula-districts which have long been settled-there are 
large clearings and well cultivated farms; but those exhibiting the 
highest degree of cultme, and where the occupants seem to be in the 
best circumstances, are around the head of the Bay of Fundy. On 
Westmoreland Ridge, at Aulac, Midgic, Sackville and other places 
around Cumberland Basin, where many of the farmers have a number 
of acres of salt marsh to the front of, or near their uplands, the condition 
and yield are very much in advance of the cultivated lands of any 
part of the country. The same observation applies to the agricul
tural condition of the districts in the Memramcook and Petitcodiac 

In Albert 
County. 

valleys. Large herds of cattle are raised in this part of Westmoreland, 
owing to the great yield of hay afforded by the salt marshes, and most 
of the farmers are in vf'ry comfortable circumstances. 

In the eastern part of Albert county, the areas of low land along 
the coast are narrow in most places, and form mere selvages. At 
Harvey and New Horton, however, the Lower Carboniferous rocks do 
not form such a broken country as further to the north, and here we 
find a considerable area of good farming lands. Benches, or marginal 
strips of excellent soil, skirt the coast of Shepody Bay and the estuary 
of the Petitcodiac River, overlooking the salt marshes. The latter, 
while of' considerable extent on both sides of Shepody River and else-
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where, are not utilized to the best advantage. The dykes in many 
places have been allowed to go out of repair, and portions of the 
marshes are, consequently, subject to overflow by the tides. Too 
heavy cropping also, without the application of any fertilizing material, 
is another evil. In consequence of this, large portions of these marshes 
have turned into what is known as blue marsh, a wet, spongy, fetid for
mation, and are unproductive. Improved methods of culture, such as 
have been inaugurated by the marsh owners at Sackville, are required. 
Despite these things many of the farmers in eastern Albert are in good 
circumstances, and form intelligent, industrious communities. 

Cumberland count;y, Nova Scotia, comprises as large and thriving Cumberland 

b d f f b f cl . f l . . County, N.S. a o y o armers as are to e oun in any part; o tie maritime 
provinces. The slope facing Northumberland Strait is well situated 
as regards drainage, and the soil, derived as it is mainly from the 
Upper Carboniferous sediments, is deep, rich and easily cultivated. 
In the sett,lements along the coast there are many excellent farms in a 
high state of cultivation. 

At Amherst, Nappan, and in the area drained by the Maccan River, 
several good agricultural tracts border the salt marshes, and upon the 
slope there are fine, loamy, arable soils. The Branch Experimental 
Farm at Na,ppan, under charge of Col. Blair, is an example. The 
methods of culture employed there, show what can be done on the farms 
of the maritime provinces, and the kinds of crops that thrive best. 

Upon the higher grounds of Kent, Westmoreland and Albert counties, Soils of the 

New Brunswick, and Cumberland county, Nova Scotia, we meet with ht.iglrnrfptohr-10ns o e 
different soils, and in many cases poorer farms, and consequently less region. 

advanced methods of cultivating them. Yet in a number of places in 
the region the uplands really form excellent soil, and where the drainage 
is good, they are not inferior to that of the coast districts. Upon the 
Middle Carboniferous of Kent and portions of W estmoreland counties, 
however, the surface is flat and the drainage deficient ; hence the soils 
are cold, boggy, and in many places covered with a stratum of white 
or gray bleached sand, under a veneering of vegetable growth. Upon 
the rolling surfaces, however, there are, as already stated, fair arable 
soils, though deficient in lime. Along the Richibucto, Buctouche and 
Cocagne rivers, at St. Anthony settlement, in Kent; and at Irishtown 
and other places in Westmoreland, the agricultural conditions last 
referred to are exemplified. 

In Cumberland County, Nova Scotia, above the limits of the post
glacial subsidence, we meet with soils and rocks differing somewhat from 
those of the Middle Carboniferous just described. Here the prevailing 
surface beds are reddish in colour, being derived either from the Upper 
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or Lower Carboniferous sediments, or from both. The soils are, there
fore, lighter, and as a rule, more porous and easily culti-vated. The 
surface is, generally speaking, rolling, and consequently the drainage 
is better. On these uplands there are many tracts of good land with 
excellent farms upon them, especially on the slope between the Cobe
quid Mountains and Northumberland Strait. Certain undrained sandy 
tracts are barren and remain uncleared. Some of the higher grounds 
are occupied with boulder-clay, but these when well drained form rich 
heavy soils. Here, as in New Brunswick, there is a deficiency of lime 
in the soil, except where the Lower Carboniferous limestones prevail, 
and they all seem to be largely benefited by plentiful applications of 
this fertilizing material, as well as by mussel mud and gypsum. 

Prince Ed ward Island, which is probably the best agricultural por
tion of the maritime provinces, taken as a whole, contains less waste 
land in proportion to its area than either Nova Scotia or New Bruns
wick. The soil is derived almost wholly from the disintegrated Upper 
or Permo-Carboniferous sandstones and Triassic beds which occupy the 
island, and is therefore largely indigenous. On the higher grounds, it 
consists mainly of rotten rock in situ with a veneering of stratified 
material due to the atmospheric and fluviatileagencies which have affect
ed them; while along the coast, boulder-clay, in places capped with 
marine deposits, generally prevails. It is therefore, usually light, porous, 
easily cultivated, and well adapted to the production of oats and 
root crops. Like the soils resting upon the Carboniferous rocks 
of New Brunswick and Nova Scotia, it is deficient in lime. The 
farmers of this isbnd fully recognize this deficiency, however, and have 
been utilizing the extensive deposits of mussel mud which lie in the 
harbours and creeks. Certain localities where good farms were observed 
might be particularized, but, in general, it may be stated that the part 
of Prince Edward Island now in the highest state of culture is that 
lying near Richmond and Hillsborough bays, especially along both the 
north-east and south-west coasts. The higher central part does not 
contain so much good arable land, nor do the districts north of Rich
mond Bay and east of Hillsborough Bay, though there are many 
excellent farming tracts in these also. 

The agricultural character of Prince Edward Island has been dis
cussed by Sir J. W. Dawson,* who speaks of its fertile soil as a source 
of great wealth to the inhabitants. In this connection, however, the 
great facilities for obtaining fertilizers have to be borne in mind. In 
nearly every bay and estuary, extensive deposits of mussel mud occur. 

* The Geolog ical Structure and Mineral Resources of Prince Edward Island. By 
Sir J. W. Dawson and Dr. B. J. Harrington, 1871. 
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In addition to this valuable fertilizing material, peat, marsh and swamp 
muck, seaweeds, fish offal, etc., are extensively employed. When these 
are composted with the mussel mud a rich manure is produced, which 
can either be ploughed under and used for root crops or utilized as a 
top-dressing on the land. The fertilizers mentioned exist in almost 
inexhaustable quanLities on Prince Edward Island, and are accessible 
to nearly every farmer. 

FORESTS. 

The forests of the region included in sheets No. 2 S.E., 4 N.W. and Forests. 

5 S. W. present some features worthy of consideration as regards the 
local distribution of the different kinds of trees which grow therein. 
In the area bordering Northumberland Strait, the sylvan growth is of 
a mixed character, with a predominance of the coniferm. The indigenous Species of 

trees of economic importance are pine ( Piniis Strobiis, P. resinosa and trees. 

P. Banksiana ), spruce ( Picea alba, P. nigra and P. nigra var. rubra ), 
fir ( Abies balsamea), hemlock (Tmga Canaclensis), cedar (Thuya oc
cidentalis ), hacmatack ( Larix A me1·icana ), and the deciduous trees, birch 
( Bl'tiila lPnta, B. alba var. popidifolia, B. papyracea and B. lutea ), maple 
(Acer Pennsylvaniciim, A . sacclwrinum, A . rubriim and A . spicatum), 
poplar ( Popnlus trrmmloides, P.granclidentcita and P.balsamiferci ), beech 
( Ji'ar;ns ferrnginl'a ), ash ( Fraxiniis A mericaniis and Ji'. pubescens ), elm 
(Ulmus Americanus), oak (Quercns rnbra), etc. Besides these there 
are a variety of native shrubs, some of which, in more southern latitudes, 
grow to the size of trees, but here,owingtothe severe climate of the coasts, 
become cl warfed. Even the larger trees, strictly indigenous to the 
country, are found, on approaching the coast, to exhibit striking differ-
ences and peculiarities, the more noticeable of which are the prevalence 
of the coniferm on the lower grounds, over which winds and fogs from 
the ocean pass without obstruction, and secondly their shorter and more 
spreading and stunted size. The prevalence of small black spruce, 
hacmatack, cedar, white birch and the various shrubs of the country 
upon the region bordering Northumberland Strait is a characteristic 
feature. These sylvan forms, together with the occurrence of heavy 
peat bogs upon the low grounds of the Carboniferous area, show that Character 

a certain zone or belt bordering the sea is, to some extent, unfavour- near the coasts 

able to the development of the large forest trees. In sheltered spots, 
however, as, for example, upon the Cobequid Mountains and the 
crystalline plateau of southern New Brunswick, the hill ranges afford 
protection from the winds and cool vapours coming from the ocean, 
and a large growth of both coniferous and hardwood trees is found. 
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Proceeding inward from the coast, a much greater diversity 
m the distributio~ of the forest trees is found. This distri-
bution is evidently affected by several causes, (1) by the elevation, 
or rather by the protection afforded by ridges and mountains from 
bleak winds and storms and from the sea air of the coast districts, 
(2) by the aridity or wetness of the soil, viz., its condition as to drainage, 
(3) by the physical character of the soil, viz., whether clayey, gravelly, 
sandy or loamy, and ( 4) by the mineral composition, in other words 
the character of the underlying rock-formation, whether calcareous, 
silicious or otherwise. 

Effects of soil The relation between the soil, or the rock-formations, and the vege-
or rock forma- bl h . . · h l" l h · · tions on forest ta e growt upon it, is in nort ern c imates, sue l as t e mantime 
growth. provinces of Canada, difficult, if not impossible to trace; nevertheless, 

it is observed that certain geological formations are more favourable 
to the production of certain kinds of trees than others. Calcareous 
soils, for example, nourish the heaviest growth of both hard woods and 
conifers. In New Brunswick, as indeed, in all glaciated countries, 
however, we cannot determine the exact limits of the areas of the forest 
growth affected by the geological formations. On the hills and ridges 
underlain by limestones, we meet with maple and birch groves, intermixed 
occasionally with spruce. The Cambro-Silurian and the old crystalline 
belts of rocks traversing the province from the Baie des Chaleurs to the 
Chiputnecticook Lakes, seem also to mark a boundary in the forest 
distribution. North of this lies t he great area of Silurian limestones, 
south of it the Carboniferous sandstones. Owing to the larger extent 
of country which these formations occupy, the soil necessarily bears a 
closer relation to the underlying rock, and is less intermixed with 
extra-limital drift ; consequently the vegetation and forest growth 
upon these areas ought to show the effect of each particular kind of 
soil upon the flora of the country. Have these districts any peculiar 
forms in their floral productions 1 

Upon Silurian On the Silurian limestones there is observable a paucity of ericaceous 
luneRtones. 1 plants, of scrub pine and black spruce, and an almost entire absence 

of hemlock, all of which are abundant on the Carboniferous sandstones, 
the latter tree, indeed, reaching fuller development on these as regards 
size and number than elsewhere in the province. White spruce, fir, 
white pine, the paper birch, and beech appear also to be more abundant 
upon the Carboniferous area, though common also upon the Silurian up
lands. But the striking features of the forests upon the latter are the 
groves and ridges of birch and maple occu1·ing in almost every part. 
These are seldom met with on the sandstones except where Lower 
Carboniferous limestones prevail. 
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The comparative abundance of ericaceous plants on the Carbonifer- Upon Carbo-
. d b 1 d · h fl f d niferous sand-OUS areas is ou t ess ue, in some measure, to t e at sur ace an stones. 

consequent imperfect drainage, resulting in the formation of swamps, 
peat bogs, etc., where these forms of vegetation find a congenial 
habitat. But the difference in the sylvan growth occupying the drier 
grounds of the two regions in question is not explicable unless we 
admit that the geological formation has an influence upon it. On the 
sandstone area, the hemlock and scrub pine are most abundant trees 
compared with their distribution upon the Silurian uplands. Black 
birch, beech, and black spruce also appear to be more common and 
larger. These facts regarding distribution lead to the inference that 
the l!ravelly, silicious soil overlying the sandstones is more favourable 
to the growth of these trees, or it may be that the limestones are un-
favourable, or, perhaps, both causes operate. 

In regard to the hemlock (1'suga Canadensis) it was pointed out in H emlock. 

a previous report* that the distribution of this tree is peculiarly 
restricted from some cause or causes. Nearly all hemlock trees are 
found to have attained their full growth. Young or growing trees were 
observed only in a few localities, especially along N ashwaak and Little 
Southwest Miramichi rivers. In areas where it has been destroyed it 
docs not grow again like spruce, fir, cedar, hacmatack, etc. These facts 
indicate that the existence of the hemlock tree in this region is on the 
wane. All the other forest tre.es will grow up and replenish the region 
once more except where it has been overrun by fires. Is the cause of 
the decadence of the hemlock climatological, i .e., due to recent changes 
in the mean annual temperature, rainfall, etc. ; or to the destruction 
of the surrounding fore~ts 1 No satisfactory answer can be given to 
this question. 

The black spruce, which is a tree of the greatest economic value, Black spruce. 

does not now seem to be so thriving and vigorous as its congener, 
the white spruce; and the cedar (1'huya occidentalis), though common Cedar. 

in New Brunswick in all moist low grounds, and also met with not 
uncommonly in Prince Ed ward Island, is a tree also restricted in its 
range, occurring only very sparingly, if at all, in the peninsula of Nova 
Scotia. 

The forests in New Brunswick, and, indeed, throughout the Can- Destruction of 

d . 't' . d . 'd d t t' Wl forests a 1an man ime provinces, are un ergo1ng rap1 es rue 10n. rnn · 
the Loyalists landed at the mouth of the St. John River on the 18th 
of May, 1783, the New Brunswick forest stood almost untouched in all 
its pristine grandeur, now the original growth has been largely cut 

*Report of Progress, Geol. Surv. Can., 1832-83-84. Part GG. 
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away, the coniferre, especially, having suffered depletion in almost every 
accessible locality. Only in some parts of the region drained by the 
Restigouche, and in other remote places, does the original forest growth 
still remain intact. The old sturdy pines, monarchs of the New 
Brunswick forest, were the first to suffer. In the days of pioneer lum-

How brought bering operations, these were felled and one or two pieces of square 
about. timber made from each trunk-the remainder of the tree was left to 

rot. These pines are all gone. The spruce bas next been attacked, and 
since the inauguration of the modern steam saw-mill, the ma.nufacture 
and shipment of spruce deals to the British market, have together be
come a large and important industry. The prosecution of this busi
ness has, however, brought about a rapid demolition of the spruce 
forests throughout the province. In some of these depleted areas, i .e., 
where the larger trees have been cut away, a younger growth is taking 
its place, however, and as the whit;e spruce grnws rapidly, the original 
forest growth might be replenished in this way, if fires did not over
run the country. Lumberrnen state that unless too heavy a cutting is 
made, the same tract can be re-cut for spruce logs every ten or twelve 
years, owing to the rapidity of the growth of the white spruce. 

Destruction of The hemlock tree is now being subjected to destructive processes also, 
hemlock. d and is very likely at no distant ate to be altogether exterminated. 

Within the last twenty years, important industries have sprung up in 
different parts of New Brunswick based upon the use of the hemlock 
bark for tanning, and large quantities of tanning extract have been 
prepared for export. To obtain the necessary supply of hemlock bark 
to carry on this bu~iness, the trees are cut down and the bark peeled 
off, the trunk and branches often being left lying in the woods. Near 
settlements, some of these trunks are utilized in the manufacture of 
scantling, boards, etc., and hemlock timber is commonly used 
for the building of wooden bridges, wharfs and breakwaters, as it 
is found, when placed under water, to Le slow in rotting. But large 
numbers of these felled trees are not used in any way, and after a time, 
when their branches become dry, they serve as fuel for forest fires. 
The destruction of this tree from the last c·iuse is tenfold greater 
than from all others combined. 

Of the cedar. An extensive industry has within the last decade arisen in the mari-
tune provinces from the uses for which cedar is required. Previous to 
that date the trunks of the cedar trees were used only, to a limited extent, 
for foundations to buildings, for telegraph poles, fenciug and the 
manufacture of shingles. But within the period mentioned cedar has 
come greatly into use for railw'l.y ties and fence posts, and the shingle 
industry has also expanded to enormous dimensions, though it has 
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latterly suffered a reverse owing to over-production. The principal 
market for cedar wood is in the United States. 

The impetus given to the cutting and export of cedar in New 
Brunswick is also leading to t)le exhaustion of this tree, and already 
whole river basins have become well nigh depleted of cedars. As it is 
a tree which grows very slowly, there will, in all probability, be a 
scarcity of cedar in the maritime provinces in less than a quarter of a 
century, if the present methods u,re continued. 

l''rom the foregoing stu,tement of facts, it will be seen that very Areas over· 
great inroads are now being made on the original forest growth of the run by fires. 

maritime :provinces. The destruction or depletion by legitimate meu,ns, 
thu,t is, from the ordinary lumbering operations of the country is, 
however, not exlmustive, but such as could, doubtless, be checked or 
regulated with a view of conserving the forest. That going on 
every year from forest fires is vast in proportion and far-reaching 
in its effects. No regulation seems at present competent to control this 
evil. Since the great Mira,michi fire of the 7th of October, 1825, forest 
conflagrations have been of constant and u,lmost annuu,l occurrence. 
The dry, gravelly u,nd sandy areas, underlain by Carboniferous and 
granitic rocks, hn.ve suffered most. Along the Southwest Miramichi 
River and its tributaries, a large portion of the district occupied by 
Carboniferous rocks has been overrun hy fires, part of it in 1825, at 
the time of the great fire u,bove mentioned, and part of it at a subse-
quent date. A second growth of trees now covers some portions of 
these areas, but this also has, in certain sections, been destroyed by 
recent fires . Large portions of the country lying between the South-
west Mirarnichi and Salmon rivers, and the head of the Richibucto 
River have likewise been devastated in this way. 

Along the Intercolonial railway between Moncton and Ilu,thurst, 
forest fires occur in the woods on both sides of the line at irregular 
intervals almost every summer, and have thus destroyed the timber 
over la,rge areas. \Vhen this railway was constructed about twenty-five 
years ago, it passed through virgin forest for two hundred miles of the 
two hundred and twenty-two between Moncton and Bathurst. The 
opening of new settlements since that date, the lumbering operations 
carried on along both sides of the route, and the cutting down of the 
hemlock for tan-bark, etc., have brought about nearly a total demolition 
of the original forest adjacent to the railway. After every dry season· 
there is a fire, originating no one seems to know how, and few seem to 
care, if not personally affected by it. It must be confessed, however, 
that farmers in clearing up new land, woodsmen, hunters, a,nd fishermen 
are not careful enough in preventing the spread of fire. The forest is 
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largely coniferous, therefore in dry weather especially combustible, 
and when fanned by a breeze any fire soon spreads beyond control.* 

Difficu]ties of No protection has yet been exercised to guard aaainst these 
protectmg the " 
forests from public calamities further than the enactment of a statute, prohibit-
fires. ing under a penalty, the setting of fires at certain seasons of the 

Rate of the 
growth in the 
eastern 
provinces. 

Growth and 
size of some 
species found 
upon the area 
of the Mira
michi fire. 

year; but the expense of properly enforcing this. would be beyond 
the means of the country. Carelessness prevails, therefore, on all 
sides, and no one takes much interest in the preservation of the 
forests from a national point of view, or unless it is of some direct 
benefit to himself. Indeed, it is practically impossible to devise 
methods of preserving them, owing to the lack of public interest in the 
matter, and it seems not at all unlikely that the existing condition of 
things will continue until they are wholly destroyed. Then, and not 
till then, will the people begin to realize their value. 

The rate at which a tree grows in the forests of the eastern maritime 
provinces, is a question sometimes discussed by practical lumbermen in 
view of forec;t conservation. Since the cutting down of trees of com
mercial value below a minimum size or girth is prohibited by law, it 
follows, that if they are protected till they attain the standard size, 
this periodical replenishment might be the means of preserving them 
from total destruction, excepting, of course, the ravages of forest fires. 
The question then arises, how long does it take a tree such as, £,or 
example, the black or white spruce, or the white pine, to attain a 
certain size; and, having attained a size of say fifteen inches in diameter 
above the roots in a given number of years, how long would it take it 
then to reach a diameter of say twenty or twenty-four inches, in other 
words what is the annual growth of our forest trees in youth and at 
maturity 1 No observations have yet been made which enable us to 
give a definite answer to these questions. There is, however, one locality 
in New Brunswick, that of the Miramichi fire of 1825, which, from the 
fact that it is now covered with a young forest grown up since that date, 
affords a criterion of tree growth upon a given geological formation, 
viz., the Carboniferous sandstones. But it does not show what the 
rate is when trees arrive at a diameter of fifteen inches and upwards. 
It affords data, however, showing the compan.tive rate of growth of 
different species during the period mentioned. For example, poplar 
(Popiilus tremuloides) was found with a girth of fifty-one inches above 
the roots; white spruce (Picea alba), fifty-four inches; black spruce 
(P. nigra), forty-eight inches; fir (Abies balsamea), forty inches; red 

*It would seem that this region must have been subject to forest fires before the 
settlement of the country by the white man, if we may judge by the name of the 
principal river draining it-Richibucto-which in the l\Iicmac means " river of fire." 
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pine (Pinus resinosa,) fifty-two inches; paper birch ( B etiila papyrifera) 
forty-four inches; sugar maple (Acer saccharinum), thirty .five inches; 
swamp maple (A. rubrarn), twenty-four inches; beech (Ji'cigus f errngi
nea), twenty-four inches; hacmatack (La,1·ix Americana), thirty-one 
inches, etc. As some geological formations and soils are more favour
able to tree growth than others, it follows that the rate indicated here 
is a local and not a general one,-on limestone areas it is doubtless, 
higher, on swampy coastal areas less. The hemlock, black and 
yellow birch and cedar have not grown again since the Miramichi fire. 

From the foregoing facts, it will be seen that the general rate of tree Slow rate of 

growth in New Brunswick is by no means rapid, and that it takes tree growth. 

even the most healthy and vigorous tree three-quarters of a cenLury, 
under the most favourable conditions, to attain a size rendering it of 
commercial value. The slow growing trees, such as black spruce, 
hacmatack, maple, birch, etc., of course take longer. It has already 
been stated that lumbermen report being able to re-cut certain tracts 
of the forest every ten or twelve years and get a new crop of logs off 
them. This method of re-cutting the timber lands of New Brunswick Forest con-

. d' 11 'f 1 d d t .er cl bl 1 . servat10n. peno ica y seems, i proper y guar e , o auor a reasona e so ut10n 
of the problem of forest conservation. For, if regulations prohibiting 
the cutting and sale of certain timber trees below a given size can be 
enforced, they might,)n this way, become of economic ,·alue periodically, 
without the depletion and entire destruction of the forests as at pre-
sent. 

MINERALS AND MATERIALS OF ECONOMIC hlPOR'l'ANCE. 

In the superficial deposits of the region embraced in sheets No. 2, Mi1wr.als and 

S.E., No. 4, N.W., and No. 5, S.W. of the New Brunswick ruaps, the ~~~~~~c~: 
following minerals and materials of economic value have been found, 
nearly all of which were briefly reported in the Summary R eports of 
1890, 1891, 1892 and 1893. These materials may be thus enumernted: 
-Peat, bog-manganese, bog-iron 01e, infusorial earth (tripolite), brick-
clays, etc. 

Peat is developed in extensive bogs or moors on the coast of New l:'eat. 

Brunswick, bordering Northumberland Strait, and on the north-east 
side of Prince Edward Island. These moors have been described in 
detail on pages 117-122 llI, and their mode of origin and economic 
uses in Yarious arts and industries noted. It is evident that the value 
and uses of peat, and moss litter, are increasing, ;i,nd that the product 
of the bogs is likely to come into extensive requisition as a cleansing, 
deodorizing and packing material. 

10 
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Bog-manganese occurs in an extensive deposit near Dawson settle
ment, Albert county, N.B., on a branch of Weldon Creek, covering 
an area of about twenty-five acres. In the centre it was found to be 
twenty-six feet deep, thinning out towards the margin of the bed. The 
mineral is a loose, amorphous mass, which can be readily shovelled 
without the aid of a pick, and contains more or less iron pyrites dis
seminated in streaks and layers, though large portions of the deposit 
have merely a trace. This hed of bog-manganese lies in a valley at the 
northern base of a hill, and its accumulation at this particular locality 
appears to be due to springs. These springs are still trickling down 
the hill-side, and doubtless the process of producing bog-manganese is 
still going on. 

A branch of the Albert railway has been opened up to this mine, 
and kilns for drying the material were also erected. Operations had, 
however, ceased at the time of my visit (autumn of 1891) pending the 
completion of the analyses and tests of this product. Indications of 
other and similar deposits of bog-manganese further west, about the 
head of the branch of Weldon Creek have been reported. 

Another bed of amorphous bog-manganese occurs near Harvey, in 
the same county, but it has not yet been opened up. 

Bog-iron ore (limonite) in beds of considerable extent has long 
been known to exist at Maugerville, Sunbury county, N. B. A brief 
description of the deposits is given in my report on the surface geology of 
Western New Brunswick.* 

Another deposit of this mineral, the ore being of the nature of ochre, 
occurs in the banks of the Northwest Miramichi River above Chaplin 
Island and was referred to in a previous report. t This deposit was 
re-examined, as it was reported that operations for the prepara
tion of mineral paint from the material were about to be com
menced. The ochre has been used for many years locally as a paint 
and seems to answer the purpose well, Whether it occurs in suffici
ent quantity to warrant the investment of capital is another question. 
It seems to be in process of formation still and is being deposited on the 
rock surfaces along the ba1ik, through the agency of springs and of water 
trickling out at the contact of the superficial deposits and underlying 
rocks. Oozing out in this way, it collects in the crevices of the rocks 
in considerable quantities in certain places. Swamps and small peat 
bogs lie behind, and it would appear that it is the decaying organic 
matter from these which yields acids that aid in producing this ore. 

*Report of Progress, Geol. Surv. Can., 1882-83-8-1, Part GG . 

1-Annual Report, Geol. Surv. Can., vol. III. (N.S.), 1887-88. 
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Bog-iron ore was also found on the south side of Buctouche harbour, 
in Kent County, New Brunswick, occupying an area of from five to ten 
acres. In several openings which were made the deposit showed a 
thickness of twelve or fifteen inches, and is from one to three feet below 
the surface of the ground. 

To the south of Richibucto Head, another deposit of this material 
was observed. Bog-iron ore was also noticed by Mr. Wilson on the 
south ~ide of Kouchibouguac River, near the mouth, and in several 
other plaees. 

A note worthy feature of these bog-iron ores is that they seem to be 
more abundant in the area of Carboniferous rocks than elsewhere. 

Infusorial earth, or tripolite, in a thick bed, covers a portion of the Infusorial 
bottom of Folly Lake, along the Intercolonial railway, in the Cobe- earth. 
quid Mountains, Nova Scotia. This lake is about 600 feet above sea 
level, and appears to be rock-rimmed. Tripolite is also found at 
Fountain Lake and Sutherland's Lake further west in the Cobequids.* 
At the two first-mentioned lakes, efforts have been made to work the 
infusorial earth to some extent for use as a polishing material, and aR 
a non-conductor of heat in covering for cylinders, etc. 

Brick clay occurs in every part of the district, and usually with the Brick clay. 
fine sand ne.ce~sary for the manufacture of brick in the vicinity. In 
the majority of cases bricks are made from marine (Leda) clay; but in 
a few places from boulder-clay. Brick kilns were found in operation 
at Lewisville, near Moncton, at Folly Point, Westmoreland county, 
New Brunswick, also at Amherst, Oxford, Pugwash River, near Conn's 
Mills, and at Wallace River, near the bridge of the Oxford and Pictou 
Branch railway, which crosses it. In Prince Edward Island small 
kilns were observed at Bloomfield station, also near Indian Point at 
Bedeque Bay, and a third near Cape Egmont. 

Besides the minerals and materials mentioned as occurring in the 
superficial formations, all new mineral localities, wherever accessible, 
were examined by me, whether discovered in these or in the older rocks. 

A reported coal seam near Caraquette, Gloucester county, on the Coal seam. 
south side of the mouth of the Baie des Chaleurs, was examined on 
two occasions with some care. It occurs in the Middle Carboniferous 
or Millstone grit rocks, and consisted of two thin seams with a parting 
of shale between them. The total thickness of the whole, including 
the black shale, did not exceed sixteen inches. In the hope that the 
seam or seams might thicken out, eastwards from the bank of the brook 
in which the outcrop occurs, a trench was opened, following the seam 
for some distance, and further east a shaft or trial-pit was sunk. The 

*Annual Report Geol. Surv. Can., vol. I. (N. S. ), 1885, pp. 70, 71 E E. 
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result of this exploration was not, however, satisfactory, and at present 
the work has been abandoned. 

Argentiferous galena occurs in irregular seams, associated with 
pyritous minerals, on the south side of the Baie des Ohaleurs at Elm
tree and Nigado rivers* and at Millstream. A considerable amount of 
development work has been going on in these places for years, and the 
ore, according to several assays, yielJ traces of gold and some silver. 
Mr. Hoffmann, chemist and mineralogist to the Geological Survey, 
reports on a specimen from the Millstream mine submitted to him as 
follows :-" The specimen consisted of iron pyrites together with small 
" quantities of galena, and apparently trifling amounts of mispickel, 
"in a gangue composed of white to gray subtranslucent quartz, and a 
"little dark gray shale. A fair average of this specimen-which 
"weighed eleven pounds-was found on assay to contain:-

Gold ...................... 0·175 of an ounce to the ton of 2,000 lbs. 
Silver .......... ........... 9'450 ouuces to the ton of 2,000 lbs. t " 

Along the Northwest Miramichi River, between two of its affiuents, 
the Tomogonops and Little rivers, argentiferous galena and pyrites 
occur, in which traces of gold are likewise reported to be found. 
These minerals are met with under somewhat similar conditions to the 
pyritous and galena ores on the south side of the Baie des Ohaleurs, 
'1.nd appear to be of much the same character. 

A bed of magnetite was discovered a few years ago near the head of 
Millstream, Gloucester county, but a good deal of it appears to be 
highly charged with pyrites. Analyses by Prof. Donald, of Montreal, 
shown me by Mr. W. R. Payne, of Bathurst, gave upwards of 60 per 
cent of metallic iron with about 10 per cent of silica. Development 
work was undertaken here four or five years ago, but has since ceased, 

The chief minerals of economic importance in the region indicated 
on the south side of the Baie des Ohaleurs, are galena and iron 
pyrites, and of these there are large deposits in some places apparently 
in the form of irregular veins, while in others they occur more in the 
form of beds. The galena invariably carries a greater or less a mount 
of silver, a.nd traces of gold are also found, apparen tly in the pyr
itous minerals. 

Supposed In the autumn of 1893 I made a cursory examination of the re
~~!!~~:~itng ported gold-bearing deposits at Mernramcook, New Brunswick, where 
Memramcook. a 50-starnp crushing mill had been erected and where operations were 

in progress. The so-called gold-bearing rocks were found to be Middle 
Carboniferous, or .Millstone grit conglomerates, which lie nearly hori-

*Report of Progre•s, Geol. Smv. Can., 1880-81-82, page 21 D, and page 13 n. 
tAnnual report Geol. Surv. of Can., vol. V. (N.S.) 1890-91, page 49 R. 
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zontally on the upturned edges of highly tilted Lower Carboniferous 
rocks. Though I did not see any of the gold, I was informed that it did 
actually occur in these rocks; but as the mine has since gone into 
liquidation, there is a disposition manifested to question the reliability 
of the statements made concerning it. 
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