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LAKE DAVID AREA, CHIBOUGAMAU DISTRICT, QUEBEC 

By J. B. Mawdsley 
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INTRODUCTION 

The writer was instructed to visit, during the field season of 1927, 
Chibougamau region, Quebec, and to report on the mineral discoYeries 
made since 1911. It was deemed advisable to obtain information regarding 
the rocks underlying the area in t.he vicinity of these recent dis.-:overies 
and accordingly an area, the Lake David map-area, 60 square miles in 
extent, was mapped. Outcrops were studied along the watercourses and 
bush traverses spaced at half-mile intervals. The completion of the rest 
of the summer's program allowed only three weeks for this work. It is 
from the necessarily cursory survey of this small mapped area that the 
material for this report was obtained. The writer was ably assisted in the 
field by J. A. Retty and R. M. Williams. Various prospectors in the area 
helped in many ways to expedite the work. 

Lake David map-area lies in the vaguely defined region generally 
known as Chibougamau district, which has an area· of approximately 
1,000 square miles and derives its name from the largest lake within it. 
Lake David map-area comprises a strip of country 15 miles east and west 
and for the most part 6 miles north and south, and lies immediately west 
of lake Chibougamau. The north boundary is about 10 miles souLh of 
latitude 50 degrees and the meridian of longitude 74°30' passes through 
the centre of the area. The map-area is approximately half-way between 
lake St. John and James bay, is 150 miles north of the Canadian National 
railway, 220 miles east of the Quebec-Ontario boundary, 9.nd 40 miles 
south of Mistassini lake. 

Before the building of the Canadian National Transcontinental line, 
Chibougamau area was entered with difficulty, but since then it has 
become more accessible. The old route wa15 from St. Felecien, lake St. John, 
by the Ashuapmuchuan River route, a difficult and arduous route taking 
skilled canoemen two weeks to make the 180 miles. Now a much 
easier summer route leads from Oskelaneo River station on the Ca.na
dian National railway; it is nearly 50 miles shorter and can be travelled 
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in just half the time by experienced canoemen. The Quebec_ Govern
ment SJ?ent some money on this route in the summer of 1927 and improved 
it considerably. A winter trail is now available for dog or light, sleigh 
traffic from St. Felicien on lake St. John to lake Chibougamau. 

The cost ·Of transporting supplies over the summer route from Oske
laneo River station to Chibougamau lake is approximately 20 to 25 
cents a · pound. The route is well marked and well travellerl It is 
best negotiated by the 18-foot freighter type of canoe with small out
board motor. There are twenty-five portages along this route; one is lt 
miles long, the others are well under a mile in length and with a couple 
of exceptions are dry and afford good travelling. The cost of winter 
transportation from lake St. John to the south end of lake Chibougamau is 
approximately 15 cents a pound; sleighs used are either dog sleds or single 
horse' ~leighs. 

The country is dotted with lakes, and transportation and exploration 
by airplane are feasible . 

PREVIOUS WORK 

During the seventeenth and eighteenth centuries fur traders, mis
sionaries, and explorers seeking a route from lake St. John to J ames 
bay ·traversed parts of Chibougamau region. By the end of the eight.ecnth 
century the Ashuapmuchuan River route into Chibougamau [tnd Mis
tassini lakes was well known. An interesting account of this early unsys
tematic exploratory work is to be found in the report of the Chibougamau 
Commission. 

James Richardson, in 1870, did the first systematic work in the 
region. In 1884 the Bignell-Low Mistassini expedition did further work. 
In 1892 and 1905 A. P. Low did further geological exploration in the 
vicinity of Chibougamau lake. The geological results obtained by these 
members of the Geological Survey were published in Annual Reports 
of the Geological Survey for the years 1870-71, l885, and 1892-93, and 
in Publication No. 923, published in 1906. In 1903 Mr. Peter McKenzie 
discovered what were believed to be valuable deposits of asbestos, copper, 
and gold; as a result of these finds Mr. J. Obalski made a report on this 
region in 1904 and in 1908 Professor E. Dulieux made an extensive 
examination of the known deposits of Cii.ibougamau region. This work 
for the Quebec Government was published in the 1904 and 1908 rt:>ports 
on mining operations, province of Queb.ec. 

Topographic work was done in the region by Mr. Henry O'Sullivan 
in 1898, by Mr. C. E. Lemoine in 1899, Mr. C. S. Lepage in 1906, Mr. 
J. H. Sullivan in 1907. 

The finds Mr. McKenzie made in 1903, and subsequent official 
and private reports aroused great interest in the possibilities of the 
region and the Quebec Government was pressed to 'buil~ a railway for 
the exploitation of the gold, copper, and asbestos deposits of the area. 
It was finally decided to have an unbiased and authoritative report on 
the mineral occurrences and economic possibilities of the atea. Accord
ingly the Chibougamau Commission was appointed composed of Dr. 
A. E. Barlow of the Geological Survey, as chairman, Mr . . E. R. Faribault, 
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also of the Survey, and Professor J. C. Gwillim, professor of Mining 
at Queens University. The commissioners, with a large party, en~er.~d the 
region in the summer of 1910 by the arduous Ashuapmuchuan River route. 
The report of the Commission was published in 1911. It was a long and 
able report with a reconnaissance geological map representing 1,100 square 
miles of territory. The report was not optimistic and the building of a 
railway into the area was not recommended. It was poinited out thait 
there were no asbestos deposits of economic importance and that, altliough 
the country gave promise of reward to the prospector, none of the gold 
or copper depo its so far found was commercially valuable even if rail
way facilities were available. This authoritative report killed interest 
in this region for many years. 

The completion of the Canadian National railway from Quebec to 
Cochrane, has since made the region more accessible and the rich finds in 
Rouyn area, Quebec, once more turned the attention of the prospecitor 
to Chibougamau region. Since the publication of the Commission's report 
in 1911 , other discoveries of sulphides earrying copper and gold values 
have been made. 

TOPOGRAPHY OF CHIBOUGAMAU DISTRICT 

Chibougamau district consists of a central hilly section and two 
more or less flat, low-lying sections respectively north and sourth of the 
upland area. The hilly section is 5 to 6 miles wide and is known to ex
tend in an east and west direction for at least 15 miles. This section 
skil'lts the north shores of Chibougamau lake and lakes Dores, David, and 
Simon, which lie west of lake Chibougamau. The south boundary of this 
hilly section forms, approximately, the north boundary of Lake David 
map-area. One hill in this section rises 725 feet above lake Chibougamau, 
or 1,950 feet above the sea-level, and many others have elevations of 
1,525 feet to 1,825 feet. Their oUJtlines are usually rounded, but cliff 
faces are not uncommon. The trend of the hills is, on the whole, ir
regular, and the drainage system has no definite pattern. 

One-third to one-half of the low area south o·f the hilly or mountainous 
section is water. In this low section lies most of Lake David map-area. 
The bodies of water trend north-northeast, and most of the lakes contain 
many islands and many points trending in the same general direction. The 
largest of these bodies of water is lake Chibougamau with a rectangular 
outline and an area of 90 square miles. The lake is clotted with numerous 
small islands and its shores are irregular, with many long points. It 
drains west into lake Dores, approximately 12 miles long, and, on an 
average, barely 2 miles wide. Lake Don~s discharges by a circuitous 
route embracing lakes David, Simon, and Asinitchibastat. Lake Chibou
gamau is approximately 1,230 feet above sea-level and Asinitchibastat is 
43 feet lower. The waters eventually flovv into Chibougamau river and 
finally find their way to James bay by way of N ottaway river. The 
country surrounding these lakes and to the soUJth of them, is compara
tively low and is largely drift covered, so that rock outcrops are few. 

North of the central hilly belt is another area of low country. This 
was not visiited by the writer. Lakes are fower in the northern belt. 
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The two largest are Rush and W akonichi. The former is about 8 miles 
long and 2 miles wide, and drains westward into Chibougamau river. 
W akonichi lake is 20 miles long and averages 3 miles in width; it drains 
northward into lake Mistassini. The trend of tJhese lakes is also north
northeast. Although this northern area is generally low some high hills 
occur along the shores of Wakonichi lake and are composed of flat-lying 
conglomerates of presumably late Precarnbrian age. 

GENERAL GEOLOGY 
Lake David area is underlain by Precambrian rocks covered in great 

measure by Pleistocene glacial deposits which are especially prevalent in 
the lower district forming the southern part of the map-area. The oldest 
of the Precambrian rocks are volcanic flows, chiefly andesite. These vol
canic rocks are intruded by a series of related intrusives that are divisible 
with difficulty into three general types that in order of intrusion are: 
oligoclase granite, and oligoclase syenite, oligoclase anorthosite, and albite
oligoelase granite. A small area of fairly fresh grabbro was found with
in the map-area. A small area of conglomerate and fine sediments, younger 
than the volcanics, lies east of the map-area. They have suffered folding 
with the older volcanics. 

Table of Fm·mations 

Recent and Pleistocene ......... Peat, sand, gravel, boulders, and unsorted morainic material 

Precambrian ................... Conglomerate and fine sediments 

Gab bro 
Albite-oligoclase-granite 
Oligoclase anorthosite 
0 ligoclase grani.te and syenite 

Volcanic flows, chiefly andesite 

VOLCANICS 

The volcanics extend across the northern part of the map-area from 
lake Asinitchibastait to a mile west of lake Dores. They are well exposed 
in the high hills along the north boundary of the area and except for some 
hills adj acent to lake Dores, the hilly region mapped is composed of these 
rocks. The volcanics are in contact with intrusives to the south and the 
line of contact is comparatively straight, follows an east-west course, and 
lies ! to lt mi1les south of the east-west boundary line between McKenzie 
and Obalski townships. Approaching lake Dores the contact tums north
east and then east to intersect the lake shore half a mile east of Cedar 
bay. The volcanics outcrop on lake Dores east of this point. 

Outside the map-area the volcanics are known to cover a large area 
to the north, having a width of at least 8 miles. This belt ex'iends at least 
10 miles northwest of the area and 15 miles northeast. A belt ol' volcanics 
probably equally extensive has been partly explored south of the map-area. 
The northern contact of this southern mass has a west-northwest trend and 
lies approximately 8 miles south of the southern contact of the northern 
area. 
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Within the map-area the volcanics have an east and west strike, ver
tical dip, and face north. An excellent determination of the attitude of 
an assemblage consisting of four flows was obtained on a cliff face three
fourths mile north of Cedar bay. These flows are andesites varying slightly 
in composition and at this point have an east-west strike, and a dip of 80 
degrees north. The 40-foot cliff has a north and south strike, a length of 
120 feet, and faces west. At the south end of the cliff, is e:x:posecl 15 feet 
of a fine-grained flow irregularly varying in grain and colour-banding. 
This is followed northward by the chilled edge of a flow 35 feet thick. This 
chilled edge grades within a few inches into ma.ssive, medium-grained 
material composing the bulk oif the flow. The upper 4-! feet is composed 
from south to north of 3 feet of amygdaloidal lava, 1 foot exhibiting pillow
like structures measuring 6 inches by 2 inches and elongated parallel to the 
surface of the flow, and 6 inches of fine-grained, light-coloured, rhyolitic 
material. This is followed by the narrow, chilled bottom edge of a flow 
40 fleet thick. The upper 15 feet of this third flow has a faint colour band
ing parallel to the top of the flow and the uppermost 3 feet is scoriaceous 
in appearance. This is followed by the narrow, chilled bottom edge of a 
medium-grained flow that is visible for a distance of 20 feet to where the 
exposure and the cliff end. 

The voicanics of the Lake David map-area are predominantly ande
sites. Minor amounts of rhyolite, basalt, and ve1lcanic fragmentals were 
noted. In general charaderistics these volcanics resemble the greenstones 
termed Keewatin in western Quebec. They are usually massive, but locally 
are strongly sheared. The colours of the outcrops are generally various 
shades of greyish green; the colours of freshly broken surfaces are 1simi'1ar 
but d arker. On a weathered surface the massive flows show minor struc
tures such as: flow banding; ropy, scoriaceous, and fragmental tops; and 
amygduies. Pillows of various sizes and degrees of perfection are com
mon in the ancl'esites. Various textures can also be clearly seen, such as 
porphyritic and spherulitic. The grain varies from very fine to as coarse 
as one centimetre. 

Usually the original minerals ofi the volcanics have been altered to 
products such as actinolite, chlorite, epidote, zoisite, and carbonate, but in 
some, fairly fresh plagioclase is visible. One porphyritic flow seen on lake 
Asinitchibastat, is composed of chloritized and epidotized phenocrysts of 
plagioclase one centimetre in diameter, irregular areas of about the same 
diameter of chlorite containing epidote particles and probably representing 
original ferromagnesian minerals, scattered in a fine-grained groundmass 
consisting of a felt of oligoc!lase-andesine (Ab70 An3 0 ) crystals not more 
than one millimetre long. 

A coarse-grained, granitoid rock was found a few hundred feet north 
of mile-posts XI and XII on the township line north of David lake. The 
mass extends east and west for a distance of I t miles. Judging from the 
traverses a-cross it, it is a band having a width of less than 400 feet. The 
rock is a light greyish green, soapy looking, altered rock with a grain of 
1 centimetre. Irregular feathery crystals of colourless actinolite having 
a diameter up to 1 centimetre form 30 per cent of the rock. This mineral 
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is secondary and is itself going over to chlorite which js deVBloped in a 
patchy pattern throughout the crystals. A few recognizable crystals of 
highly altered feldspar are present and are either acid oligoclase or albite. 
The rest of the rock is a fine-grained mosaic of zoisite with low double 
refraction, accompanied by a small percentage of small feathery crystals 
of actinolite and chlorite. These minerals very probably replaced original 
feldspar. If the alteration were not largely due to the addition of calcium 
from an outside source, the calcium-rich zoisite indicates that the original 
feld par was a basic plagioclase. A few grains of reddish titanite are scat
tered through the rock. 

It was impossible to determine the relationship of this rock to the 
adjacent volcanics and it has been mapped with them. It might be a 
coarse flow or, more probably, a dyke of fairly basic composition related 
either to some of the intrusives found to the south, or to an older intrusive. 

GRANITIC INTRUSIVES 

To the south of the volcanics and extending south of Lake David 
map-area, is a belt of intrusive rocks having an average width of 8 miles. 
A width of 3 to 5 miles of the northern part of this belt is shown on the 
map. 

Except the area immediately northwest of Dares lake and in the 
vicinity of Cache lake, the country underlain by these rocks is low and 
drift oovered. Considiera.ble areas contain no rock outcrops and where 
rock outcrops are present they are, in many cases, small, making it difficult 
to obtain information regarding the relationships existing between the 
various rock types. At least three main types o·f intrusive rocks, with 
intruded remnants of greenstone, are present. Each of the three types 
varies in composition and on the ground the variations in many cases 
occur within short distances. 

End phases of each type resemble end phases of the other types, 
making it difficult to map separately the various rocks. All three types 
show certain petrographic peculiarities which lead the writer strongly to 
suspect that all originated from a common magma and are of about the 
same age; that is, the parent magma seems to have been capable of rather 
rapid and extreme differentiation. 

For want of bebter names the three rock types in order of age have 
been OOlled oligoclase granite and oligoclase syenirte, oligoclase anorthosite, 
and albite-oligoclase granite. The three types have the common charac
teristic ,that no ot!Hir feldspar than an acid, sodia-lime plagioclase is 
present, this feldspar usually being an oligoclase close to the albite line. 
Where quaritz is present i1t is usually opalescent, resembling in colour and 
lustre the precious opal; in thin section the quartz is seen to be filled 
with dust-like inclusions and cavities. P ract.ically all the rocks have 
suffered alteration, usually to zoisite, epidote, chlorite, and talcose material. 
It is possible that some of the calcium-rich epidote, zoisite, and oarbonate 
formed from the regrouping of the constituents of the original feldspars 
which, under this supposi,tion, would be more calcic than the ones now 
present. It might be, therefore, that the original rocks were much more basic 
than the present feldspars indicate; they may have been diorites, typical 
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anorthosite.c;, and quartz diorites. Alteration due to the addition or sub
.traction of material has, howev·er, definitely taken place on a large scale 
and obsoured the ,true nature of the original rocks. Though the names 
applied to the different rock types have been rather arbitrarily chosen, 
it is felrt they are probably better than any that might be based on specu
la.tions as to the original compositions as indicated by the part of their 
pre.c;ent content of alteration piroducts that mighrt be ruttributed to the 
alteration of the ori~inal consitituents. Further field and petrographic work 
i1s necessary before these rocks can be sa.tisfactorily classified. 

OLIGOCLASE GRANITE AND OLIGOCLASE SYENITE 

Small areas of greenstone and of a.lbite-oligocfase granite have been 
mapped with the dark, dioritic-looking oligoclase granite and oligoclase 
syenite. In the low, drift-covered area bordering Simon lake, in the 
southwest part of the map-area, the rock outcrops are confined to the 
lake shore and here, fragments of greenstone intruded by oligoclase granite 
are common and many show contact a:ltera.tions. In the northwe.c;tem part 
of this .area albite-oligo.clase g:r;anite cuts a dark phase of the oligoclase 
granite. The point in the southern part. of lake David, projecting north 
from tJhe south boundary of the map-area, is underlain by greenstones, 
dark feldspathic dykes probably oligoclase syenite, and lighter-coloured, 
fine-grained granite dykes. In a schi :tose parrt of the greenstone are 
quartz stringers and disseminated pyrite and chalcopyrite. The small 
area on the no-rth shore of David Jake, represented on the map as occupied 
by oligoclase granite and syenite, ii::: altered andesite cut by dykes, some 
related to the oligoclase granite but others being a coarse-grained felds
pa.thic rock containing altered ferromagnesian minerals and prohably 
related to the oligoclase anorthosite. The mass of oligoclase granite and 
syenite in the vicinity of Cache lake contains fragments of greenstone, 
some of which are altered to fine-grained hornblende rocks that in places 
carry sOiIDe biotite. Dykes of granite probably related to the albite-oligo
clase granite cut the dark oligoclase granite and greenstones. The small 
mass along the greenstone-anorthosite contact where, west of Dores lake, 
it crosse.c; the township line, is of dark granitic rocks that intrude the 
greenstone, but whose relation to the anorthosite is not known. 

The oligoclase granite varies considerably and phases of it resemble 
the albite-oligoclai::e granite, but it usually has the appearance of a typical 
diofi.te or quartz diorite for which it was mistaken in the field. It is 
usually a dark green, medium-grained rock. In places it exhibits a por
phyritic tendency and greenish feldspar crystals of 2 to 5 mm. are dis
persed through a dark green groundmass. The gran1te is everywhere highly 
altered. The relative proportions of the constituent minerals vary. Plagio
clase is the commoneet and usually formE> more than 50 per cent of the 
rock; it is much altered to epidote and zoisite with varying quantities of 
white mica or chlorite, but enough twinning is recognizable in some grains 
to determine them as being acid oligoc1ase. Zoning of these crystals was 
noticed. No orthoclase or microcline was found. Dark green hornblende, 
usually going over to chlorite, forms varying proportions of t.hR dark min-
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erals. Small interstitial flakes of biotite are present in some specimens. 
Part of the large quantity of secondary minerals such as epidote, zoisite, 
chlo~ite, carbonate, iron ore, and titanite, are presumably the alteration 
products of the origina1l ferromagnesian minerals. Quartz is interstitial to 
the fieldspars and forms from 10 to 50 per cent of the rock; it shows strain 
and is dusted with minute inclusions which very probably give it the 
opalescent look seen in some hand specimens. The accessory minerals, 
zircon, apatite, and iron ore, are sparingly present. 

OLIGOCLASE ANORTHOSITF: 

The name oligocla&e anorthosite is applied to the feldspathic rocks of 
the map-area. The name in some ways is not satisfactory. Delesse pro
posed the name "an@thosite" for rocks almost wholly composed of plagio
ciJase and the term was adopted by T. Sterry Hunt. 1 The name anorthosite 
has, however, been generally restricted to plagioclase rocks whose feldspar 
is basic and usually latbradorite or, as in many cases, andesine or bytow
nite, the name being generally us·ed for rocks of a gabbro or norite nature 
but deficient in dark ferromagnesian constituents. 'Dhe plagioclase of the 
Lake David anorthosite is oligoclase, in many cases close to albite. The 
rocks are too acid to be considered as phases of gabbro. They are C'loser 
to syenite in composition and might be termed ferromagnesian-poor, oligo
clase syenites or in the case of phases carrying quartz, oligocfase syenites. 
Certain mineraJs commonly associated with gabbroidal anorthosites are 
possibly not to be expected with the syenitic anorthosite of Lake David 
area. 

A .large mass of oligoclase anorthosite borders the northern part of 
lake Dares. The rock is well exposed in the rocky hills forming the north
westem shore of the lake. On the north 1and west the anortJhosite is in 
contact with lavas, which it intrudes. A small mass of included green
stone lies less than one-half mile south of this northern contact and out
crops on Cedar bay. The anort:hosite body towards the southwest is in 
contact with the area of oligoclase granite and included greenstones in the 
vicinity of Cache lake. A phase of the anorthosite carrying an appre
ciable amount of forromagnesian minerals and quartz occurs on the north 
shore of David lake. On the west shore of David lake a normal phase is 
intruded by ferromagnesian-poor, albite-oligoclase granite dykes. 

On the southeast sho·re of the same lake is a quartz-bearing phase 
which intrudes greenstone along the south shore of Berthe bay. Small 
areas of anorthosite were found about the south part of Simon lake and on 
Buckell lake (south of. the map-area) on the route between lake David 
and lake Simon. 

The outcrops of anorthosite weather white. When broken into, the 
rock has a greyish white, soapy look and is seen to contain cMorite in 
varying quantities. The feldspar crystals, many of which were originally 
3 or 4 centimetres long, are crushed to grains of 2 centimetres or less, and 
greenish chlorific seams follow the irregular fracture planes. The rock is 
much altered and many of the alteration products were introduced by 

1 "Geology of Canada, 1863", p. 22. 
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solutions after the crushing of the rock. The feldspar f.ragments form the 
bu1lk of the rock and in some cases are completely altered, but usually 
traces of twinning and in some cases of zoning are noticeaible and thlel 
feldspar is seen to be oligoclase, usually fairly acid. The alteration rpro
ducts differ in rplaces, but are chiefly epicl!ote and zoisite wi.th varying 
amounts of chlorite, white mica or kaolin, carbonate, and quartz. Chlorite 
patiches are common and with some of the eipiidote and zoisite, proba'bly 
formed from the original ferromagnesian minerals. Iron ore and titanite 
occur and are probaibly largely secondary. A few grains of fresh oligoclase 
are found in some cases. Quartz is present in many instances and in ex
treme cases makes up as much as 15 per cent of the rock. It occurs both 
.interstitially and as grains scattered through the other constituents. The 
quartz shows stmin and crushing and contains dust-like inclusions. In 
some cases the quartz is intimately intergrown with zoisite. 

Veinlets of quartz and veins of zois.ite are common and are definitely 
iater than at least some of the crushing suffered by the anorthosite. Much 
of the quartz, zoisite, and probably epidote, and many fresh oligoclase grains 
are probably due to solutions invading the rock after crushing. 

ALBITE-OLIGOCLASE GRANITE 

A belt of country undel'lain by a1bite-01igo0lase granite extends for 7 
miles from lake Asinitchibas.fat on the west to a point 1 mile northwest of 
Cache lake. The outcrops are comparatively few, especially at the western 
end of the belt. On the north the granite is in ·contact with the greenstones. 
On the south it extends into drift-covered country about lake Simon and 
Iake David. On the west part of Simon lake it cuts the oligoclase granite. 
Nvrth and west of lake I)avid it cuts a phase of the oligoolase anorthosite. 
It was noticed on an island just to the south of Knoll island in lake Dares 
and here may be the northern margin of a mass extending south of the 
mapped area. 

The albite-oligoclase granite is light-coloured, usually very low in dark 
ferromagnesian minerals, and conspicuo'!s for its high content of opales
cent quartz. Phases of it contain fair amounts of dark minerals and 
closely resemble the more acid phases of the oligoclase granite. The grain 
of the rock varies, but is commonly 2 to 3 millimetres. The p:ranite has 
suffered much alteration. Quartz forms from 30 to 60 per cent of the 
rock and occurs in large grains, in small particles interstitial to tJhe other 
minera.ls, aind in round grains penetraiting the plagioclase. Its boundary 
with the plagioclase is usually crenulated. The quartz is strained, and 
in many cases is crushed, and is full of dusty inclusions. Crystallization 
of the larger individuals was probably in the main contemporaneous with 
that of the plagioclase, but much of the quartz was later and is intersti
tial to the other minerals. Acid oligoclase or albite is the mineral next 
in rubundance a111d forms with the quartz the bulk of the rock. It has not 
suff·ered strain or shattering to the same extent as the quartz. Some of 
the feldspar is little altered, but most of it is so changed that VO or 
80 per cent of each grain is an aggregate of zoisite, epidote, chlorit_e, and 
white mica, with minor amount::; of carbonate and, possibly, quartz. 
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Minor amounts of green hornblende occur, usually feathery in Jiabit 
and going over in places to chlorite. What apparently was biotite, but 
is now chlorite, small irregular patches of chlorite, and interstitial car
bonate, occur sparingly. Small grains of the accessory minerals, apatite, 
zircon, iron ore, and fine-grained titanite are scattered throughout the 
rock. Some of the apatite grains were seen to be surrounded by pleo
chroic haloes. 

AGE RELATION OF THE GRANITIC INTRUSIVES 

The oligoclase granite in many places is cut by dykes of quartz
rich al1bite-oligoclase granite and, therefore, in part at leasit, is older 
than the al'bite-oligoclase granite. On an island in the south part of lake 
David and on the shore of Buckel! lake on the route between lake David 
and lake Simon, what appeared to be phases of the oligoclase anorthosite 
cut the oligoclase granite. All granite dykes seen cutting the oligoclase 
anorthosite are albite-oligoclase granite. It is, therefore, at present felt that 
the oligoclase granite is probably in the main older than the anorthosite 
and the albite-oligoclase granite definitely younger than the oligoclase 
granite and anorthosite. Owing to petrographic similarities and the grada
tion of the three types into one another, it is believed that they are differ
entiates of the same magma and their successive intrusions occurred in 
the same general period of igneous activity. 

GABBRO 

A_ coarse-grained, comparatively fresh gabbro was found at one 
place within Lake David map-area. A body at least three-quarters of 
a mile long in a north and south direction and a third of a mile in width 
was mapped between Cache lake and Gladstone lake. The rock out
crops as high ridges surrounded by drift which obscures tha contact with 
the surrounding oligoclase granite and included greenstone. The gabbro 
varies in appearance and texture in different outcrops. 

The southern outcrops of the mass are of a gabbro having a granitoid 
texture and a grain of 5 millimetres. The weathered surfaces are a dark 
rusty brown. The freshly broken rock is greenish black and the shining 
faces of the fresh feldspar, which are slightly lighter than the re:;;t of the 
rock, are easily recognizable. FeMspar forms 50 to 60 per oent of the rock 
and under the microscope is seen to be labradorite (Ab45 An55 ) occurring 
in an interlocking mosaic of various-sized grains. The crystals are dusted, 
especi_ally towards their centre, with minute inclusions, usually dark, 
having a maximum diameter of 0 · 01 millimetre. These inclusions are 
apparently primary. The feldspars show a slight alteration which generally 
occurs in irregular patches and consists of epidote, zoisite, and carbonate 
in fine grains. Secondary green hornblende in feathery aggregates traverses 
filie crystals of feldspar along cracks and boundaries between crystals. Light 
sepia-coloured augite forms about 25 per cent of the rock. Occasional orystal 
faces are present, but on the whole it crystallized contemporaneom•ly with 
the feldspar and in grains of like size. The augite crystals are dusted 
witJh stumpy dark schiller rods up to 0·1 millimetre in length, which 
within each crystal are orientated in the same direction. The augite 
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crystals around their edges have changed to a flaky, secondary, blue
green hornblende. Associated with this hornblende are grains of iron ore, 
probably magnetite. In some Rarts ap~tite in large grains forms 5 per 
cent of the rock. 

Some of the northern outcrops of the moss contain fine as well as 
coars~-grained phases, grading into one another in short distances and 
without any definite arrangement. The coarse variety is 5 millimetres in 
grain and in this and its granitoid texture resembles the gabbro of the 
southern outcrops. The colour of the rocks of the northern outcrops is 
lighter and the feldspar more abundant than in the rocks in the southern 
outcrops. In the field the rock looks 1ike the d1oritic phase of a granite. This 
impression is heightened by the fine phases which form irregular patches of 
the rock. The feldspar has the same development as that of the rocks farther 
to the south, but is Slightly more acid, and is a basic andesine (Ab55An45 ) . 

It shows the same alteration, bwt to a greater extent since 50 per cent is 
affected. Secondary chloriite occurs in irregular patches and has replaced 
noit only ferromagnesian minerals but also feldspar. Hornblende occurs 
both as .the flaky green variety and as crystals that may or may not be 
secondary after augite. Accessory apatite and iron ore are scattered 
throughout the rock. A little quartz occurs and is generally associarted 
with the chlorite. This rock gives the impression of having been altered 
by lruter solutions; the alteration resulting in the development of the 
chlorite, quartz, epidote, zoisite, carbonate, and some of the hornblende. 
The secondary chlorite and quartz may be the strongest evidence in 
favour of the action of later solutions. Although so much altered this rock 
is areally close to the gabbroidal rock previously described and in many 
ways resembles it. It is, therefore, at present considered as a phase of 
the same rock. 

The relation of the whole gabbroidal mass to the adjacent rocks is 
not clear. The drift cover hindered the direct observation of the struc
tural relations to the neighbouring rocks. Phases of the mass are fresh 
as the later gabbro dykes common throughout western Quebec, but tex
turally it does not closely resemble them. The alteration that the northern 
part of the gabbro mass has suffered may have been due to the meta
morphic action of a later intrusive; or the altered northern gabbro and 
its fresh southern phase may be a part of the neighbouring body of oligoclase 
granite and o:ligoclase syenite which has suffered muoh greater but similar 
mineralogical alterations. 

CONGLOMERATE AND FINE SEDIMENTS 

East of Lake David map-area, on the north shore of Chibougamau 
lake in McKenzie bay and Contact bay, are beds of steeply tilted con
glomerate and finer sediments. These sediments were mapped by the 
Chibougamau Commission and like the similar, but flat-lying, sediments 
to the north on W akonichi lake, were tentaitively correlated with the Lower 
Huronian or Cobalt of northeastern Ontario.1 Lithologically the rocks 
are similar to the Cobalt and are coarse conglomerates carrying boulders 

• Chibougamau lllining Commission Report, 1911, p. 134. 
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and pebbles of granite, and finer sediments such as sandstones, slrutes, and 
shales. On lake W akonichi remnants of the series rest upon an eroded 
granite surface and on the same lake and on McKenzie bay remnants rest 
upon an eroded surface of lavas. This series both on McKenzie bay and 
lake W akonichi is cut by quartz veins. 1 A vein near Conglomerate point on 
McKenzie ,bay is 4 feet thick, fiat-lying, and can be traced for some 
hundroos of feet. The quartz is white, glassy, and oontains a little 
tourmaline. 

It is possible thrut an intrusive of the same age as one of the mapped 
inrtrusives in Lake David area is responsible for the quaiiz veins cutting 
the sediments on McKenzie bay and W akonichi lake. On W akonichi 
lake these sediments rest on an eroded granite surface.2 The veins can 
not, therefore, be attributed to the underuying granite. They are due to 
a lruter intrusive which, so far, has not been recognized. 

The steeply tilted attitude of the sediments on McKenzie bay indi
caites strong folding since their deposition. As these upturned sediments 
are north of a known east-west be1t of northward facing, older volcanic 
flows, it is reasonable to assume, tentatively, that they lie in a synclinal 
trough of folded volcanics. The slates mentioned by the Commissions 
as occurring at the outlet of lake Bourdeau and near the southwest end 
of lake Gwillim, 8 and 16 miles west of McKenzie bay, may also be of 
the same age and lie in the saime synclinal trough. The establishment 
of the age of these sediments relative to that of the folding suffered by 
the volcanic.s and to the time of intrusion of the acid intmsives of the 
region will clarify some of the major geological problems of the area. It 
may be menrtioned that Low in 1905 suspected that the granites in the 
area 4 were of at least two ages. 

STRUCTURE 

As previous.ly stated the belt of volcanics a1ong the northern bound
ary of the area strikes east and west, dips vertically, and faces north. 
The synclinal axis of these folded volcanics must, therefore, Ee to the 
north in the hilly belt. The steeply dipping sediments on McKenzie 
bay may lie infolded in this syncline. The slates in the vicinity of Bour
deau and Gwililim lakes may also lie in this syncline. The 6 to 8-mile 
wide intrusive belt to the south of these vofoanics and sediments was 
presumably intruded along an east and west anticlinal axis paralleling the 
postulrutOO syncline. 

Remnants of volcanics have been found at points across the northern 
half of this intrusive belt. The greenstone areas may be ,consid'ered as roof 
pendants, remnants of the once overlying rocks that erosion has since 
swept away. The distribution of these greenstone remnants indicates a 
fiat roof to the intrusive rocks. The three types of, intrusives in this belt 
may be considered as successive products of crystaJlization at the top of 
the intruding magmatic mass. The irregular areal distribution of the various 
intrusives is possibly due to the thinness of the successive shells of solidified 

1 Chibougamau Mining Commission Report, 1911, p . 53. 
• Chibougamau Mining Commission Report, 1911, p. 136. 
• Chibougamau Mining Commission Report, 1911, p. 135. 
• Geol. Surv., Canada, Pub. 923, p. 35. 
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differentiates, to the irregular intrusion of the younger types into the older, 
and to the truncation of the intrusive assemblage by erosion. 

Shearing is common throughout the area. In certain sections the 
volcanics are strongly sheared. Just within the southern border of the 
volcanics and extending for approximately 8 miles in an east-west direc
tion from lake Asinitchibastat to a point 2 miles northwest of Cache lake 
a strong shear zone is present. The strike of the shearing varies slightly 
from point to point along this distance, but is approximately east-west and 
has a vertical dip. The width of this zone in places exceeds 1,000 feet. 
At a point three-quar.ters of a mile north of David lake the granite im
mediately in contact with the greenstone has suffered the same shearing. 
A short distance south of this sheared granite the rock is massive. Another 
strongly sheared zone lies north of Cedar bay on the north shore of Don~s 
lake immediately north of the anorthosite contact. Owing to lack of out
crops this shear zone was only traced for a short distance. It has a width 
of at least 300 feet, a strike of 20 degrees south of east, and a st.eep dip to 
the north. Very probably it is much wider and persists along its strike, 
but is hidden by drift. Shearing on a much smaller seaile was observed 
in other parts of the volcanic area. An east-west shearing with vertical 
dip was seen on the township line a mile east of lake Asii.nitchibastat. 
Shearing, striking 80 degrees east ofl north and having a vertical dip, was 
seen half a mile east of mile-post IX and also in the vicinity of mile-post 
VIII where it strikes 30 degrees south of east and dips 30 degrees to the 
north. 

The strongly sheared zones in the volcanics show much alteration due 
to mineral solutions. In these shear zones small quartz veins are found, 
also considerable carbonate and minor quantities of magnetite, pyrite, and 
chalcopyrite. A mile north of David lake in the long east-west shear zone, 
a 1! -inch stringer of light-coloured sphaJerite with cLisseminatedJ pyrite 
occurs. Similar mineralization was observed in some cases within areas 
of volcanics showing much less shearing. 

The anorthosite generally shows a shattered and crushed structure, 
and in places is strongly sheared. A good example of this is to be seen 
on the north side of Merrill island on the Blake showings. The shear here 
has a width of 30 feet, strikes northwest-southeast, dips vertically, and is 
heavily mineralized with quartz, carbonate, pyrrhotite, pyrite, and chal
copyrite. Opposite Merrill island, on the novth shore of lake Dores, half 
a mile northwest of the above shearing, two smaill prospect pits disclose 
shearing having the same strike, dip, and mineralization. The shearing on 
the island and north shore are probably related. A similarly mineralized 
shear having a strike of 20 degrees south of east and vertical dip occurs 
in the anorthosite on the McKenzie showings on the point on the south
west part of McKenzie bay. 

The east-woot regional structure is believed to be closely relatecL in 
time of origin, with the period of intrusion of the east-west trending belt 
of intrusive fel'dspathic rocks. The shear zones in the area are certainly 
younger than the greater part of the feldspathic intrusives and are pre
sumably younger, though influenced in many cases by the east-west regional 
structure. 
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RECENT AND PLEISTOCENE 

The effects of Pleistocene glaciation are evident throughout Cl11-
bougamau area. Erosion since the retreat of the ice has done little to 
modify the Pleistocene deposits. The hilly country shows the effects of 
glaciation in the rounded surfaces of the hills and the moraine-covered 
slopes and va1'leys. The lower areas are covered by a mantle of morainal 
material, usually unassorted. Comparatively low, rolling areas are floored 
with sand and gravel, probably deposited as outwash material from the 
melting and retreating ice. The direction of flow of the last ice-sheet is 
indicated by southwesterly striking glacia1l stri!B and by the simi1ar trend 
of the lakes that fill glacia lly formed channels. The points and ridges, of 
morainal material that form the crenulated shores of the lakes show in their 
configuration the influence of the southwesterly moving ice-sheet. 

Areas of poorly drained muskeg country , an irregular drainage pat
tern, and minor recent adjustments of this drainage indicate a very youth
ful stage in the present cycle of erosion, the star.t of which was at the end 
of the glacial period. The peaty material in some of the muskegs and the 
delta deposits at the mouths of some of the streams are the onily deposits 
of post-Pleistocene age in the area. 

ECONOMIC GEOLOGY 

Examination of the mineralized showings was confined to the fiew 
sulphide discoveries made since the Commission's survey of the region and 
to the collection of specimens from Asbestos island in McKenzie bay, 
Chibougamau lake. In most cases the properties so thoroughly reported 
upon by the Commission are not now easily examined owing to caving of 
workings and growth of vegetation. The writer's work on Asbestos island 
corroborates the finding by the Commission that no promise exists of an 
economic d~posit of asbestos on the island. Ailthough deflexion of the com
pass needle indicated its presence in the locality, it was not known until 
the writer left the field, that a t.itaniferous iron deposit had been dis
covered on block D of the holdings of the Blake Development Company, 
Limited, on the northwest shore of lake Dores. 

STEELE AND FORTUNE CLAI:vIS 

Two miles northeast of the northeast corner of the map-area, at a 
locality a mile north of Proulx bay at the northeast end of lake Dores, a 
block of eleven c'laims were staked in 1926 by T. A. Steele and T. Fortune. 
The area in which the claims lie is hilly and heavy moraine hinders the 
prospecting of the lower parts. The compositi'on of the bulk 1of the vol
canics that underlie the claims is basic andesite. Near the northeast part 
of the group on C'laim Q1393 is a mineralized zone which has been prospected 
intermittently for 500 feet by pits and strippings. The exposed part of 
the zone strikes north and south, dips vertically, and starts 500 feet north
west of the southeast corner post of the claim. The southernmost pit 
shows a zone 8 feet wide composed of ramifying, glassy quartz veinlets 
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cutting across the basic volcanics and including fragments of them. Quartz 
forms 50 per cent of this zone; calcite and some pyrrhotite and chalcopy
rite occur. One hundred feet farther north, stripping discloses 21 feet 
of a north and south striking mineralized zone similar to the last. 
Sphalerite is present in small quantities, in addition to chalcopyrite and 
pyrrhotite. One hundred and fifty feet farther north, the same minerals 
occur in a single, branching vein 18 inches wide. One hundred feet farther 
on, small, irregular masses of barren quartz involve fragments of the 
country rock. Two pits in the next hundred feet disclose narrow stringers 
and su~ary replacement quartz carrying small amounts of sulphides. One 
hundred and fifty feet west of the last outcrop, an east-west striking quartz 
vein 1 foot wide cuts a gossan-covered outcrop. On an outcrop 500 feet 
northeast of the last-mentioned outcrop, near the northeast corner of the 
claim, a 2-foot zone striking a little south of east and dipping steeply, is 
composed of granular, white, and cherty quartz, containing small amounts 
of chalcopyrite, pyrite, and pyrrhotite. On the southeasternmost claim, 
Q1402, 2,000 feet .south of the south .pit on the 500-foot zone described 
above, a north and south trench 25 feet long cuts across a gossan-covered 
outJcrop. The southern 10 feet is a basic andesite containing a small per
centage of pyrite. This gives place to a vertically-dipping bed of volcanic 
fragmental, 5 feet wide, striking a little north .of west. The mivtrix of the 
fmgments is replaced by fine-grained pyrite, forming 30 to '70 per cent of 
the total rock mass. The rest of the trench shows partly drift-covered 
gossan-stained rock. A few calcite stringers and what appear to be fine, 
sil~cified stringers cut the outcrop. 

The minerailization on this group of claims is not heavy, but it is 
widespread. If substantial gold viaiues are shown by the assays of the 
mineralization now exposed, further exploration for greater concentration 
of mineralization is justified. The thorough exploration of the north 
and south mineralized zone may show it to be made up of a series of veins 
rather than one continuous vein. The relationship of these veins to the 
east-west striking veins should also be studied. As the magnetic mineral 
pyrrhotite forms an appreciable amount of the mineralization, a dip-needle 
or magnetometer survey of the claims might help in locating mineral zones. 

MCKENZIE SHOWING, CEDAR BAY 

The Chibougamau McKenzie Mining Corporation holds a number 
of claims in the vicinity of Cedar bay on the north shore of lake Dores. In 
1922 mineralization was uncovered on the point at the southwest extremity 
of Cedar bay, on claim number Q581. Work that year and subsequent 
years resulted in stripping, .5D feet of rock trenching, and in sinking of a 
19-foot prospect shaft. 

Stripping and trenching have exposed bedrock over an area of more 
than 200 feet east and west and 130 feet north and south. At the north 
edge of the stripped area the rock is believed to 'be a rhyolitic volcanic, 
engulfed in the anorthosite at a place three-qua·rters of a mile south 
of the anorthosite-greenstone contact. The rhyolite is exposed for 
a width of 15 feet. It is porphyritic with 3 millimetre phenocrysts of 
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quartz in a fine-grained, altered groundrrna2s. The rphenocrysts have 
smooth, rounded edges and many contain inclusions of the groundmass. 
The groundmass is not uniform in composition and there is a suggestion 
that areas of secondary minerals may represent completely altered felds
par phenocrysts. In plaQes aibout 50 per cent of the groundmass is a 
fine-grained mosaic of quartz grains with intricate outlines, in other parts 
the quartz forms a much lower percentage. About equal quantities of 
chlorite and white mica, in minute flake::; and small aggregates, compose 
the rest of the groundmass. Dust-like, black particles of what is probably 
iron oxide occur through the section. Minut.e veinlets composed of equal 
amounts of quartz and chlorite in fine grains traverse the rock. A few 
grains of pyrite were seen in an area rich in mica. The rhyolite on the 
outh side is in oontaat "'ith a dark, sheared rock intruded by a large 

number of narrow, dark quartz veins. The strike of the shearing and of 
the veins, south 65 degrees east, corresponds to the strike of the rhyolite 
contact; their dip is vertical. The width of this dark rock is approximately 
40 feet. In appearance it closely resembles basalt or tuff, but thin sections 
show it to be a completely altered, sheared anorthosite, probaibly the oligo
clase anorthosite. The rock is composed of aggregates in many cases with 
fairly regular boundaries, and veinlcts of light-coloured, blue, polarizing 
chlorite; of patches composed almost entirely of fine, flaky white mica; 
and of areas of the two minerals intimately mixed. A small percentage 
of fine-grained carbonate is irregularly scattered throughout. A lace-like 
yellow crystal 2 millimetres in diameter was seen in one section and is 
believed to be titanite. The alteration exhibited is attributed to mineraliz
ing solutions that were associated with the dark quartz veins and dis
seminated sulphides. 'I'he sulphides are pyrite and chalcopyrite. A little 
cobalt bloom was collected, but the cobalt or cobalt nickel mineral of 
:which it is a weathering product htts not been identified. In two zones, 
respectively 7 feet and 3 feet wide, the quartz veins form 40 to 60 per 
cent of the rock mass, but in other parts the quartz vein form a much 
smaller proportion. In the 7-foot zone the sulphides form about 10 per 
cent of the mass, but in places form as much as 50 per cent. The 
mineralization is usually closely associated with the dark vein quartz 
which often shows shattering. Fine stringers of sulphide and disseminated 
particles are also found in the dark chloritized country rock. The 
sulphides are in places largely pyrite and in other places largely chalco
pyrite. Evidence gathered from a study of polished sections i somewhat 
conflicting, but it is believed that the quartz and sulphide mineralization 
is contemporaneous. One specimen shows a vein of pyrite one inch wide 
cutting across dark quartz. The pyrite and quartz are shattered and 
dark quartz fills the cracks in the pyrite. A little ·ohaloopyrite is scattered 
in grains within the crystals of pyrite composing the vein and is also 
associated with the quartz filling the cracks in the pyrite. Chalcopyrite 
and pyrite are found along the fracture zones in the adjacent dark quartz. 
Another specimen is composed of equal amounts of dark quartz and finely 
disseminated sulphides. The pyrite occurs in grains of 4 mm. in diameter 
down to minute particles. l'v1ost of the pyrite apparently crystallized at 
the same time as the quartz, some of it slightly later. The chalcopyrite is 
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closely associated with the quartz crystallization and appears to be later 
than some of the pyrite. 

South of the 40-foot band of highly altered anorthosite occurs a light 
green, soapy, shattered anorthosite having a breadth of 70 feet. A section 
of a pecimen taken near tJhe edge of the 40-foot mineralized zone shows 
chlorite veinlets with a small percentage of what is probably untwinned 
acid plagioclase. Carbonate is absent from the rock or in minute quanti
ties. 'Scattered minute flakes of white mica are present. The rest of the 
shattered rock is a felt of minute, white mica flakes with a very low amount 
of associated chlorite. Within this rock, 50 feet south of its north edge, 
is a pro pect shaft sunk on a mineralized zone 70 feet long, striking north 
80 degrees east and dipping vertieally. The width of this zone varies 
from nothing to 6 feet. Although some shearing continues from the two 
extremities of the zone the mineralization does not extend into the immedi
ately adjacent rock. 

The mineralization is roughly banded. In the shaft, within a few 
feet of the surface, the mineralization consists of 2 feet of dark, glossy 
quartz containing up to 80 per cent of chalcopyrite, followed on the north 
.by 3 feet of black, chloritized, sheared anorthosite holding disseminated 
pyrite and chalcopyrite. When visited, the shaft was filled with water to 
within 8 feet of the surface. Down to water-level the mineralized z·one 
was seen to widen slightly. From information of a reliable nature it 
is understood that this slight widening continues to the bottom of the 
26-foot shaft where the width is stated to be approximately 61 feet. 
Polished sections of material from the shaft show that the relationships 
of the sulphide minerals and the dark vein quartz are much the same 
as in the mineralized zones to the north. The pyrite, chalcopyrite, and 
quartz are essentially contemporaneous, although the chalcopyrite is prob
ably slightly the latest. 

No statements of exact assay values are available, but it is known 
that encouraging a.ssays in gold and copper were obtained from the 
mineralized zones north of and in the shaft, and that silver values were. 
also obtained. The amount of mineralization already exposed on this 
property is encouraging and warrants careful prospecting along the present 
known zones and on their flanks in search of further zones. 

CEDAR BAY 

Northeas.t of the McKenzie showing, half-way up the east side of 
Cedar bay, is a greenstone area exposed in a 120-foot trench along the 
water's edge. This stripping was done in 1926 by Mr. Austin Dumonde. 
The greenstone is a fragment engulfed in the anorthosi•te and lies one-half 
mile south of the contact of the anorthosite with the main area of green
stones to the north. In the north part of the trench is a fine-grained, 
altered diabase that to the south gives pla,ce to a much weathered rock 
that is possibly a spherulitic andesitic flow. Half-way along the trench, 
iin the diabasic greenstone, is a mineralized zone 6 feet wide, striking 
35 degrees south of east, with an apparent clip of 75 degrees 
southwest. The zone is somewhat sheared and the mineralization is 
imperfectly banded. Sulphides form from 10 to 50 per cent ·of the rock 
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and average 20 per cent. The sulphides apparently replaced the sheared 
greenstone and are associated with quartz, calcite, and sideri.te. The 
banded mineralization is composed of carbonates, chloritic material, glassy 
quartz, and varying amounts of pyrite, magnetite, and chaloopyrite. The 
pyrite and magnetite are contemporaneous, the quartz and chalcopyrite 
finished crystallizing shortly after the other two. A 4-inch, glassy, white 
quartz vein strikes along the zone. The vein carries equal amounts of 
pyrite and chalcopyrite, which, combined, form about 15 per cent of the 
vein. The pyrite does not show a euhedral form and the chalcopyrite 
has a dendritic habit. The quartz and the two sulphides were closely 
contemporaneous in time of crystallization. 

Similar mineralization is found on the west shore of Cedar bay on 
the strike of this showing. During the latter part of the summer of 1927, 
The Consolidated Mining and Smelting Company of Canada, Limited, 
did some systematic exploration west of the shore, the e},.,i,ent or results 
obtained are not known. 

Three-fifths of a mile north of the showings just des·cribed, 1,000 
feet north of the bottom of Cedar bay and 500 feet north of the green
·stone-anorthosite contact, a few sheared, rusty outcrops are found. The 
.shearing strikes 20 degrees south of east and dips vertically. Along this 
shearing narrow quartz veins cut carbonated and rusty weathering green
stones. This mineralized zone is hidden along its strike by drift, but it 
must be at least a few hundred feet long and 300 feet wide. No work 
has been done to ascertain the extent or nature of the mineralization in 
this zone. 

BLAKE SHOWING, MERRILL ISLAND 

The Blake Development Company, Limited, hold under mmmg con
cession 136, four claims on the shore of Dores lake. Block C is on the 
east end of Merrill island and has an area of a little over 100 acres. At 
the extreme northwest corner of the block, on the shore, mineralization 
was discovered and subsequently trenched and examined. The exposed 
rock on this property is a soapy, altered anorthosite resembling the 
anorthosite in the vioinity of the prospect shaft on the McKenzie showing. 
It is part of the large mass of anorthosite found in the north part of 
Dores lake. 

Trenching on the north side of the island within a width of 30 feet 
and a length of 250 feet in a southeasterly direction from the shore, dis
closes a mineralized shear zone. This shear has a strike of south 40 
degrees east and a vertical dip. At the northwest end of this trenched 
area, on the shore, a trench 25 feet long across the shear discloses strong 
shearing and banded mineralization. The 12 feet in the southwest part 
of this trench is heavily mineralized with quartz, pyrrhoti<te, chalcopyrite, 
and some fine and eoarse pyrite. The sulphides form from 30 to 50 per 
cent of this zone. The next 6 feet to the northeast is similarly mineralized, 
but not so heavily, and the sheared, altered anorthosite forms a greater 
part of the material. Study of a thin section showed a rock irregularly 
composed of a felt of white mica, lesser amounts of chlorite, zoisite, and 
untwinned plagioclase in about equal quantiities, and a small amount of 
quartz in fine grains and dendritic crystals. The feldspar in many cases 
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formed crystals 3 millimetres in diameter full of other products. Farther 
to the noitheast the trench discloses sheared anorthosite and disseminated 
sulphides. 

In the various rock trenches found for 250 feet southeast of the lake 
shore, there is, away from the lake, a progressive decrease in the intensity 
of shearing and mineralization. In the trench 250 feet from the lake, 
,mineralization is scarce and the country rock merely shows a blocky 
shattering. 

The sulphides and the quartz are believed to have been deposited at 
the same general time and in this way the mineralization resembles that 
seen on the McKenzie showing. In the specimens studied the pyrite is 
earliest, the quartz crystallized and was shattered before tJhe deposition 
of the greater part of the pyrrhotite and chalcopyrite which are oon-, 
temporaneous, the period of crystallization of the chalcopyrite continuing 
slightly longer than that .of the pyrrhotite. The relative amounts of the 
sulphides vary, chalcopyrite and pyrrhotite predominate, and pyrite is 
usually subordinate. 

SmaU mineralized shears having the same strike and dip occur on 
the strike of the one ju&t mentioned half a mile to the northwest on the 
north shore of lake Dores. Two small prospect pits on these shears dis
olose the same type of mineralization as that in the sheared zone on Mer
rill island. 

Substantial values were found in the mineralized trenches near the 
lake. 'Dhe repor·t of J. G. Ross, of Milton Hersey, of Montreal, notes values 
in one case over a width of 31! feet as being 4·3 per cent copper and 
$14.03 in gold.1 Greater values over shorter lengths were obtained in other 
trenches. If further work is done on this property, it should be directed 
to ascertain the value and persistence of the mineral.ization under the waters 
of the lake, for indications point to .a probable increase in mineralization 
in that direction and the possible existence of a commercial ore-body. 

Other Mineralized Showings. Sulphite mineralization in anorthosite 
is known to occur on block B held by the Blake Development Company, 
Lim~ted, but was not examined by the writer. This block is 2 miles west 
of Cedar bay, on the north shore of lake Dores. One-quarter mile north 
of the northwest corner of the block, stripping done during 1927 under the 
direction of Mr. R. T. Gilman, disclosed pyrite-quartz mineralization 
associated with an altered quartz oligodase feldspar porphyry intruding 
greenstones near the greenstone-anort.hosite contact. 

Pits at various points in the anorthosite on the north shore of Dores 
la.ke and art the east end of the portage from Dores lake iinto the north 
end of Cache lake, show small amounts of sulphide mineralization: pyrite, 
chalcopyrite, and, in places, pyrrhotite and sphalerite. On Knoll island off 
the southwest end of MerriH .island an irregular mass of glassy quartz is 
present, having a length of 50 feet and a maximum width of 12 feet. The 
country rock is a sheared, chloritized dark granite. South of Knoll island 
the rock outcrops are granite and to the north anorthosite. A little pyr-ite 

1 Mineral Resources, Canadian National Rys., 1926, p. 32. 
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and chalcopyrite, and tourmaline are assom:ated with the quartz. Although 
an unpromising-looking showing, assays by three independent parties have 
shown high values in gold.1 

Two large fragm ents of mineralized, glassy, white quartz float lie on 
tJhe north shore .of a small island in range V, Oba1ski town hip, near the 
west shore of lake Dores. The sulphide; mineralizia:tion consi ts of scwt
·bered masses of chalcopyrite and a little pyrite. The fragments of quartz 
are 40 feet apart and 8 and 10 feet in diameter. In thei'r vicinity at least 
six other pieces more than a foot in d'iameter were seen. The number of 
pieces of this mineralized float in the one locality makes it very probable 
that the floa.t is not far from its source. The south-southwesterly moving 
P lei tocene ice-sheet probably plucked these pieces from a vein now cov- · 
ered by water and less than half a mile to the north-northeast. The 
minemliz.ation is not particulady rid1, but it is notable that such mineral
ization should be found in the centre of the intrusive belt. 

Quartz sulphide mineralization i•s found in sheared greenstone and 
dioribc looking rocks a·t the north end of t1he long point on the south shore 
of lake David, and on the point on the west side of the entrance into lake 
Simon, just southwes·t of Desohenes island . 

Carbonization and, at points, pyrite and chalcopyrite mineralization, are 
to be found in the 8-mile shear extending east from lake Asinitch~·bastat to 
a point 1~ miles northwest of the north end of Cache lake. In this shear, 
in the greenstOille jus>t north of the granite oontac.t, at a point a mile north 
of the northeast corner of David lake and haU a mile ea•st of the stream 
flowing into the north end of David lake, the .sheared gr·eenstone is strongly 
carbon&ted and disseminated pyrite is sparingly present. The stripping of 
some moss disclosed a It-inch vein striking with the shearing at 10 degrees 
north of west. The vein is composed of about 2 per cent of cubical pyrite 
up to 2 millimetres in size, 70 per cent of light-·co.J.oured spha1erite con
taining minute particles of chwlcopyrite, and the rest white granular quartz. 

CONCLUSIONS 

All the rocks of the area, except the gabbro, are much altered. The 
original constituents have been largely reiplaced 1by minernls sulch as 
chlorite, white mica, zoisite, epidote, and carbonate, and, possibly, acid 
plagioclase and quartz. In various thin sections veinlets carrying quartz, 
epidote, and zoisite were seen 1cutting altered anorthosite. Chloritized part
ing planes in the crushed anorthosite are structuraHy similar. Although 
these minerals are, no 1doubt, largely due to the regroUJping of the original 
constituent.s of tlhe rocks, it is probable that at least some material going 
into their formation was derived from an outsi:de mineralizing source. The 
minerals of the rocks composing the sulphide-bearing zones am usuaMy the 
same as those in the otherwise altered 1'0tcks. Small amounts -of sulphide 
are found throughout the area mapped. It seems, t.herefor,e, that the avail
able evidence points to the greater part of the area having been pervaded 
by solutions capable of producing the alteration minerals menti'Oned and 

• Chibougamau Mining Commission Report, 1911, p. 210. 
Mineral Resources, Can. Nat. rys., 1926, p. 32. 
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of depositing, at a certain sfage and under favourable conditions, quanti
ties of the sulphides. 

The sulphide mineralization occurs as sulphide-bearing quartz veins 
cutting massive country rocks, or as suJrphide replacement in shear zones. 
Mineral solutions can travel ,comparatively easily along hear zones and 
owing to the crushed nature of the country rock, replacement is facilitated. 
When prnspecting for sulphide deposits pecial attention should be paid to 
shear zones containing carbonates, chlorite, or quartz veins. 

The introduction of the material forming the secondary minerals in 
the rocks and of that which gave rise to th6 sulphide-quartz mineraliz<a
tion, was probably not alil contemporaneous, but, very ,probably, in many 
cacses took place along the same channels. The chlorite and <associated 
minerals "·ere probably caused by solutions earlier than those giving rise 
to the sulphides and quartz, but nevertheless all the solutions may have 
been geneticaHy related. Further work in the area may show that the 
altered chloritized rocks were more favourable to the deposition of sulph~des 
than rocks not so altered. The sulphides are pyrite, magnetite, pynhotite, 
chalcopyrite, and sphalerite. Although in no one place are all found 
together, their distribution and rela.tionships strongly suggest a common, 
contemporaneous origin. As no acid intrusive later than the albite-oligoclase 
graillite and capable of producing quartz-sulphide mineralization is known, 
it is probable that the albite-oligoclase granite is the source of the pre
sumrubly single period of mineralization and that the mineralization took 
place , hortly after the consolidation of this granite. 

As previously pointed out the regional structure seems to be closetly 
related to the intrusion of the three acid feldspathic rock types of which 
the albite-oligoclase granite is the y'oungest. Most of the shearing also seems 
closely related to the folding. The presumed single period of mineralization 
is believed to have oc·curred af.ter or near the end of this period of foLdiing 
which involved the volcanics, younger sediments, oligoclase granite, and 
anorthosite. This folding probably ended with the intrusion of the albite
oLigoclase granite. All the rock<S older than the albite-oligocla e granite 
may, therefore, have been the country rock in which sulphide mineralization 
took place, and s1hould be carefully prospected, especially along ca.rbon
ated, chloritized, or quaTtz-bearing ,shear zones. 

At or near the northern edge of the intTusive belt are found many of 
the mineralized showings and it is reasonable to expect tha.t Slimilar condi
tions and equally favourable prospecting ground are to be found along the 
southern edge of this, lying 2 to 5 miles south of the map-are.a (See Not
taway Sheet, Geol. Surv., Canada, No. 190A). Pro pecting there will be 
hampered by ext,ensive areas .of drift. The r·emnia,nts of greenstone, and 
the areas of anorthosite and of dark oligoclase syenites and granites in 
the central part of this presumably :fiat-roofed intrusiv;e belt, should be 
carefully prospected. The McKenzie and Blake showings on Merrill island 
lie in this intrusive belt and the mineralization on Knoll island is half-way 
across it. 

Although little is known of .conditions in the region north OJf Lake 
David area, it would be surprising if in this comparatively large area of 
greensbones, acid intrusiv•es and related mineralization are wholly absent. 
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As the magnetic minerals, magnetite and pyrrhotite, in many cases 
form part of the mineralization, dip-needle or magnetometer surveys of 
su~truble ground may help to quickly locate some of the mineral zones. It 
must be remembered that such surveys will not indicate the presence of 
the non-magnetic minerals , pyrite, chaloopyirite, or sphalerite if unaccom
panied by the magnetic minerals. Adequate electrical surveys will also be 
of value, but will not indicate the presence of the non-conducting mineral, 
sphalerite. 
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During the field seaison of 1927 ge-0logical explamtion and mapping 
were carried on in Ea·gle River ar.ea, the chief part of which is between 
latitudes 49° 00' and 49° 30', and the longitudes 74° 30' and 75° 30'. A 
small northern ·extension lies along the s·eries of lakes drained by Opawika 
river. The area has an east-west length of 45 miles, .a widlth of 35 miles, 
and an area of approximately 1,600 square miles. The southern boundary 
is 60 miles north of the Canadian National railway, and the west boundary 
180 miles ea;st of the Ontario-Quebec boundary. The northeast corner of 
the airea lies 20 miles southwesit of lake Chibougamau. At least a third of 
the area is covered with water and large parts of the rest of it by f oresrts 
of good pulp wO'od. 

A track survey of Opawika river was made for the Quebec Govern
ment in 1898 by Henry O'Sullivan. H. C. Cooke 1 maide a geological recon
nai6sance of this river in 1916. The mapping in 1927 wais confined to the 
water courses, except in the vicinity of Little Nemenjish and Kaopotina 
lakes where bush tmverses were made. Able assistance in the field was 
rendered by Messrs. J. A. Retty and R. M. Williams. 

Further topographic mapping, by the Quebec Government, is now in 
progress and, therefore, a geologica1l maip will not be published until this 
information is available. As i.t is difficult to discuss the geology in detail 
without an accompanying geological map, in this report only a generalized 
account is given. 

MEANS OF ACCESS 

Eagle River area may be entered by three main canne routes, two of 
which traverse the area. The routes to the area are shown on the 3-mile to 
the inch Saint-Maurice sheet issued by the Quebec De;partment of Landis 
and Forests. 

The area may be entered from tJhe west by a well-tmveLled, fairly, 
e816y route, that begins at the Ca,nadi•an National railway about 4 miles 
west of Monet station and follows Susie civer and Cedar lake to Megiscane 

•Cooke, H. C.: " Some Stratigraphic and Structural Features of the Pre-Cambrian of Northern Quebec"; 
Jour. of Geol., vo1. XXVI, pp. 180-188 (1919). 
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riv·er and down that stream to the mouth of St. Cyr river. The latter 
river, which has no rapids, is ascend1ed for 30 miles to lake Bailly ·in Bailly 
townshiip, nearly 80 miLes by water from the railway and close to the south 
boundary of Eagle River area. From J.ake Bailly a portage leads to the 
headwaters of Eagle river, a north-flowing river that traverses the western 
part of the area and empties into the northeaist part of Father lake. 

The other two routes, which may be termed, re pe'ctively, the oent.ral 
and the eastern route, begin at Oskelaneo River station on the Canadian 
National railways and are followed north for 40 miles to lake Obiduan. 
The central route, which is the more difficult, follows north for 30 miJ.es up 
a stream to lac Baptiste on the south boundary of Eagle River area, 15 
miles from its southeastern comer. From ·this lake the route is north to 
Kaopotina lake. The eastern route is along the usual canoe route to lake 
Ohibougamau. From lake Obiduan the mute swings northeasterly through 
a series of lakes to V·erreau and Clearwater l·akes, whence the weH-travelled 
route is followed north to Lynxeye and Gabriel lakes. These lakes form the 
headwaters of Opawika river. Gabriel lake is on the east boundary of the 
ar.ea 12 miles from its northeas·t corner. 

Canoes larger than 18-foot freighters are troublesome on these routes 
ais there are many portages. Small out-board motors are useful and 
economically justifiable. Wirth motors and average loads any of the 
three routes can be oovered in four to six days. The area is dotted with 
lakes and may be easily explored by airplane. 

GENERAL GEOLOGY 

The bedrock of the area consists of Precambrian volcanics, sediments, 
and intrusives. These rocks are very largely covered by glacial deposits, 
and large, shallow lakes and muskegs. 

The oldest Precambrian rocks in the area are volcanics, predomin
antly andesites which in many places show pillow and other volcanic 
structures. Rhyolites, basalts, and voloanic fragmentals -are present in 
minor amounts. A thick series of sediment and interbedded volcanios, 
the Nemenjish series as named by H. C. Cooke, evidently younger than 
the first-menrtfroned volcanic series and in contact with them, forms an 
important proportion of the rocks mapped. The Nemenjish series consists 
in part of beds of oonglomerate, arkose, and slate. Where metamorphism 
due to a later granite has ·occurred, the sedimeruts and interbedded volcanics 
have been converted into hornblende and biotite schists. Intrudjng the 
Nemenjish and the •older, volcanic, series are large bodies of granite and 
related syenites. Amphibolites and biotite and hornblende schists occur 
within the granite areas and are considered to be metamorphosed rem
nants of the volcanic and sedimentary rocks. Cutting all these rocks aire 
a few dykes of perfeatly fresh gabbro closely resembling the new gabbro 
of Rouyn district, Quebec. 

The Nottaway map-sheet (No. 190A, Geol, Surv., Canada) gives a 
general idea of the geology and drainage features of the northern part of 
Eagle River area. Opawika river and its tributaries drain most of this 
region north of the height of land. 
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On Lac du Bras Coupe which lies a few miles norith of the middle 
of the north boundaTy of Eagle River area, the rocks are granite. South 
of this granite is a belt ·Of volcanics, about 5 miles wide and extending, 
apparently continuously, through the north part of Eagle River area from 
the northwest parl of Father lake on the west, eastward through Windy 
lake. The voloanics face south. 

South of the volcanics is a belt of the Nemenjish series. These rocks 
are overturned to the south and apparently lie in a synclinal trough whose 
axis strikes a little south of east. The width of the belt is from 2-! 
to 5 miles. These rocks outcrop on the south shore and to the south of 
Kaopotina lake and e:>..'tend on eastward where in the vicinity of Nemenjish 
lake are hornblende and biotite schists that are believed to be the meta
morphosed equivalents of the sediments. The Nemenjish rocks are 
intruded by granite which forms a very large mass that extends south
ward beyond the south boundary of Eagle River map-aTea. The granite 
holds small masses of amphibolite and schists which are altered frag
ments of the intruded volcanics and sediments. 

Glacial deposits in places almost completely cover the Precambrian 
rocks and have greatly influenced the drainage pattern of the region. 
The lakes in the hilly granite country in the southeast are irregular in 
shape and trend. They lie in a country marked by ridges and areas of 
morainic materials. These ridges ·have steep, north-facing, slope of 
fairly regular outline. To the west and northwest of the hilly area is a 
low district that includes Kaopotina lake and is not more than 30 feet 
above it. The points and bays of the lakes in this district definitely trend 
south-southwest parallel with the glacial strim in this part of the country. 
The shores of the lakes are composed mostly of wave-washed, rounded 
boulders and shingle derived from morainal deposits. 

Some long sinuous points in the Iakes and crooked ridges in other 
looalities, are veTy probably eskers. These points and ridges of gravel, 
sand, and small boulders trend generally south-southwest, are narrow, 
steep-sided, and sinuous. In many places they have a height of 20 or 30 
feet above the surrounding moraine-covered country and their tops, which 
show no evidence of modification by recent erosion, are undulating. 

ECONOMIC GEOLOGY 

Little prospecting had been done in E agle River aTea and the little 
done has been confined almost wholly to the vicinity of Opawika river 
and a few of its tributaries. No claims are being held, no assessment work 
has so far been done, and no economic deposits have been found. 

The northern and 1southern granite masses underlie two-thirds of the 
area and give no evidence of containing commercial concentrations of 
feldspaT or other minerals such as are in some cases assooiated with 
granites. 

Part of the greenstone area in the north, especially in the vicinity 
of Windy lake, is well ·exposed and there a few, small, glassy, unmineral
ized quartz veins and several unmineralized shear zones were noted. South 
of this, especially in the vicinity of Kaopotina lake, outcrops are few. 
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In this part unpromising qual'tz veins and shear zones were also seen. 
South of Kaopotina lake, scattered outcrops of greenstone and sediment 
give place to outcrops of the large southern mass of granite. 

The extensive drift and moss cover will greatly hamper prospecting. 
Although the area of greenstone and sediments is of considerable size and 
may possibly contain ecoll<imically valuable m~neral deposits, it is not 
at present considered as faV'ourable prospecting territory as some adjacent 
areas of voloanics and sediments. 
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INTRODUCTION 

The zinc-lead field of central Gaspe has been described in Memoir 
144 which is accompanied by a geological and topographical map of the 
area. This report, issued in 1926, was based on field wmk carried on 
during 1921, 1923, and 1924. No new discoveries were made nor any new 
developments carried out on the old showings during 1922, 1923, and 1924. 
In the summer of 1925, however, a new interest began to be taken in the 
area. Additional veins were uncovered on the Federal and Lyall and 
Beidelman holdings, the Pioneer Mining Corporation of Canada entered 
the fi eld and staked claims for themselves, and, in the following year, a 
block for the Huronian Belt. In 1925, also, Gaspe Mines, Limited, took 
up a block of claims. During the same year the Federal Zinc and Lead 
Company carried out a diamond drilling campaign. Prospecting pro
,ceeded in 1926 and in the autumn of that year the National Smelting 
Company of London took an option on the Federal holdings and in J anu
ary of 1927 proceeded to do diamond drilling. Other companies entered 
the field and some 30 to 40 square miles of country were soon staked 
solid. In response to a request from several sources for a more detailed 
map of the mineral belt and for a report covering the newer discoveries, 
the writer was sent again into the area. The present report contains the 
results of this investigation. 

An area of some 20 square miles covering the more important mineral 
holdings was mapped on a scale of 800 feet to an inch and contoured with 
intervals of 50 feet. Surveying was by means of chain, compass, and 
barometer traverses, with elevations checked against the readings of a 
camp barometer. Streams and claim lines were followed and intermediate 
traverses made at suitable intervals. Ties were made to two township 
lines cut across the area during the same season by a provincial survey 
party. As5istance in the field was rendered by E. B. Gillanders, J. G. W. 
;Moore, E. F. Creelman, and 0. I. Fetterly. During the writer's absence 
for a part of the summer the party was under the charge of Mr. Gillanders. 
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The writer is indebted to the officials of the Federal Zinc and Lead 
.Company and of the Pioneer Mining Corporation of Canada for many 

. courtesies. To Mr. J. Beidelman, Vice-President and General Manager of 
the fol.1ffier company, he wishes to extend his thanks for the use of the 
Federal camp buildings and for the maps and plans which were placed at 
his disposal. To Dr. J. Macintosh Bell , Managing Director of the Pioneer 
Mining Corporation, he is indebted for the plans of that company's hold
ings, prepared by their surveyor, Mr. L. G. Djingheuzian. 

The area lies in Lemieux township, Gaspe county, in the interior of 
Gaspe peninsula. It is drained by Brandy brook and the north branch 
of Berry Mountain brook, two headwater tributaries of Cascapedia river . 
. It is reached by the road up Cascapedia valley from Cascapedia station 
on the Quebec Oriental railway which runs eastward along the north hore 
of Chaleur bay from Matapedia on the C::tnadian National railway. The 
road from Cascapedia to the Federal mine is 45 miles long. It follows 
the east bank of the Cascapedia for 35 miles as far as Berry Mountain 
camp and the west side of Berry Mountain brook for the remaining 10 
miles. The road is well graded and for part of the summer season motor 
cars and trucks can be driven over it to the Federal mine. Owing to the 
lack of a gravel top and to poor drainage, it became so cut up during the 
summer of 1927 that it was impassable for cars and during the latter part 
of t'he season wagons had to be used. A trip by wagon from Cascapedia 
ordinarily occupies two clays. 

From the Federal camp a trail 3-! miles long leads to the Pioneer 
camp. Other trains follow the main valleys. During the summer of 1927, 
in order to faci litate travel within the mineralized belt, the provincial 
1government built several wood roads, the longest of which leads to lake 
Ste. Anne. Though not graded, these roads are sufficiently good to take 
.a wagon over and are an important help in opening up the country for the 
prospector. 

HISTORY 

Interest in the region as a possible mineral producer was aroused in 
,1909 with the finding of pieces of galena ft.oat ·on a hill near Berry 
Mountain brook, on the site of the present Federal mine. In the fo llowing 
year J aimes M·cKinley staked t•he hill and proceeded to search for the 
deposit from which the fragments had come. A company, known as the 
New Richmond Prospecting and Mining Company, was organized to 
develop the claims. In 1915 M essrs. Lyall and Beidelman entered the 
field and leased blocks "D" and "E" from this company. They aloo staked 
other claims and formed a company known as the Federal Zinc and Lead 
Company. Another company, the North American Mining Company, was 
.organized with blocks "L" "O" "P" "Q" "R" "S" "T" as their holdings. 

The Federal Zinc and Le.ad company in succeeding yearn carried out 
a considerable amount of development on their property and some work 
was al•so don e by the North American. Interest then lagged for several 
years until 1925, when new holdings were taken up by the Pioneer Mining 
Corporation of Canada and the Gaspe Mines, Limited. The taking of an 
option on the Federal holdings by the National Smelting Company of 
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London in 1926 led to an additional interest in the region and other com
panies entered the field and took up blocks, viz., Phelps-Dodge, Mining 
Corporation of Canada, Harvie Mines, Limited, M. J. O'Brien, Limited, 
Minerals Exploration Company, Cascapedia Mines, and others. During the 
;past summer prospecting operations were carried out by all these com
panie1>. 

The fol1owiing publications contain descriptions of, or references to, 
the area, its geology and ore deposits: 
Alcock, F. J.: "Geology of Lemieux Township , Gaspe Gounty, Quebec"; Geol. 

Surv., OaMdia, Sum. Rept. 1921, pt. D, pp. 71-96. 
"Across Ga pe "; Geog. Rev., April, 1924. 
"The Mineral Deposits of Gaspe"; Can. Min. Jour., October 10, 1924. 
"Shickshock Mountains, Central Gaspe, Quebec"; Geol. Surv., Canada, Sum. 

R ept. 1924, pt. C. 
"Mount Albert Map-area, Quebec"; Geol. Surv., Canada, Mem. 144. 
"Recent Developments in Gaspe P eninsula"; Bull. Can. Inst. Min. and Met., 
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GENERAL CHARACTER OF THE DISTRICT 

The interior of Gaspe is a plateau dissected by deep, steep-sided 
valleys. The highest part of the plateau is a belt of country lying north 
of the medial line of the peninsU'la and knovvn as Shick-shock mountains. 
Lt is developed on a zone of hard rocks consisting of volcanics, serpentine, 
and granite. The summits reach elevations varying up to 4,200 feet which 
is the approximate height of the highest dome on Tabletop mountain. The 
mountain summits show broad, flat surfaces. Mount Albert, which has 
an elevation of over 3,700 feet, has for a length of 3-t miles and a width 
of 1-!- miles, ·a surface almost as flat as the western prairies. Tabletop 
has a length of over 1,5 miles and a wiclith of about 5 miles. It shows a 
rolling mature surface clotted with lakes and ponds. 

East of the granite mass of Tabletop , the upland surface is about 
1,000 feet lower, and both no·rth and south of the Shickshocks there is a 
similar rather abrupt descent to a lower plateau region. North of the 
mountain belt this lower plateau is developed largely on shales and slates, 
whereas to the south it is formed mainly on limestones and sandstones. 

The drainage in the Shickshock belt presents a numbeT of interesting 
features. For example, the Ste. Anne and Cap-Chait rivers rise south 
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of the mountains and flow through narrow gorges in them to reach the 
St. Lawrence; the Matane rises north of the mountains, flows southward 
through them, turns westward along the foot of the belt, and in a north
ward swing cuts once more across the range to reach the St. Lawrence. 
The headwater drainage also shows a large number of examples of stream 
piracy. 

The suggested explanation for these topographic features is as follows: 
As a result of the folding and deformation in late Devonian time a range 
of mountains was produced down the middle of Gaspe south of the present 
Shickshocks. Two sets of consequent streams resulted, one flowing north
ward to the St. Lawrence trough and one southward to Chaleur Bay basin. 
In time the region was reduced to base-level. The summits of the present 
Shickshocks are remnants of this old erosion surface. During the base
levelling process subsequent treams flowing along east and west lines 
parallel to the strike of the rocks, carved broad valleys, so that this type 
of drainage became more importaint than the consequent type. With 
uplift the streams were rejuvenated and valley-cutting began again. In 
this new period of base-levelling the limestone rocks on the divide, how
ever, were more easily eroded away than the belt of hard volcanics, 
serpentines, and granites to the north. With the lowering of the limestone 
and shale belts, this band of hard rocks began to stand up above the 
surrounding region. After the softer rocks had been reduced to base-level, 
there came another period of uplift and once again rapid down-cutting 
took place. The present deep valleys date from this period of down-cut
ting. Numerous cases of stream capture took place where streams eating 
headward along softer rocks like limestone tapped other streams whose 
courses followed harder rocks. It was such piracy that produced the 
abnormal feaitures of drainage such as the Matane exhibits. 

The zinc-lead belt of Lemieux township lies south of Shick.shock moun
tains. The ·charncteristic topography oonsists of ibroad, flat-topped, 
interfluvial areas separated by deep valleys. The elevation of the upland 
surface vairies from about 1,800 to 2,800 feet, with a general slope to the 
south towards where the streams converge to join the Cascapedia. To 
the immediate northeast of the area rises mount Lyall, 3,100 feet high, the 
most conspicuous topographic feature visible from the Federal belt. It is 
really an outlier of Tabletop mountain. 

The area is drained by the north branch of Berry Mountain brook, 
Brandy brook, and North Brandy brook. The valleys of these streams 
and their tributaries are entrenched to depths as great as 1,000 
feet below the plateau surface. The valley sides are commonly steep and 
the change from the flat plateau summit to the valley slopes iis •abrupt. The 
degrees of steepness of the valley sides depend to a considerable extent on 
the character of the bedo'Clc Hard volcanics commonly give very steep 
cliffs, as do commonly also horizontally-lying limestones. Folded shales 
give gentle·r slopes. Locally the streams have -cut narrow gorges and in 
places there is a tendency for them to disappear underground for short 
distances. 

The mineralized belt of Lemieux township was overridden by glaciers 
during the Pleistocene. Evidence of this is abundant in the form of 
erratics scattered over the region. The easiiest and best place to observe 
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these is on the Federal hill where a large area of land !has 1been cleared 
and some of it ploughed. Numerous boulders of porphyry, basic volcanics, 
granite, and syenite are to be seen where the underlying rock consists 
of argillite. In the creek south of the F ederal hill is an erratic 10 feet 
long, 8 feet wide, and 6 feet :thick, consisting of ,a basic r,ock belonging 
to the peridotirte series of mount Albert; about 2 miles north of the 
Federal another large boulder of sim~lar rock was observed on a valley 
slope. Near one of the rtrenches on the Pioneer property a boulder of 
banded amphibolite was found and the only locality known to the writer 
where this rock occurs in place is along the border of the serpentine mass 
of mount Albert, more than 6 miles to the no·rth. 

The smoothed character of certain rock surfaces is also suggestive of 
glruoial aJCtion. On the Federal hill no11th of the staff house, the outcrop 
of a syernite dyke sbovvs a rounded, smoothed appearance. No striations 
are present, but the general appeamnce is most suggestive of glacial scour
ing. Similar surfaces were observed elsewhere. 

In connexion with the glaciation two features are to be noted. The 
firsrt is that apparently the ice only lightly touched the region, disturbing 
to only a minor extent the old overburden. Nearly everywhere the ohar
acter of the rock fragments indicates the variety ,of the bedrock under
neath; if there is more than one kind of rock represented in the loose 
material the dominant variety is usually the same as the bedrock. This 
fact is most useful in mapping formations where outcrops are scarce or 
absent, and to the prospeotor in search.ing for mineral deposits. If, for 
example, a piece of galena float is located it usually happens that the 
vein from which irt came is nearby and, usually, a matter of trenching 
uphill locates it. 

The second point is that though glacially-carried boulders are fairly 
common not one was observed to be composed of rock that does not occur 
in plaice in Gaspe peninsula. I n other words, no erratics consisting of 
Precambrian gneiss or other rocks from the north side of the St. Lawrence 
have been found. This means either one of two things: (1) that the 
glaciers which transported the el'ratics were of local origin spreading out 
from a central gatlrnring ground in the high interior region of Gas{Pe; or; 
(2) that if the boulders were carried to their present position by the con
tinental ice-sheet that spread out from the cent.re of Labrador the ice cover 
brought httle or no material with it. 

Local glaciers were rpresent in the high country rof the Sh~ckshock . 
On the flanks of the higher mountains, such as Tabletorp, mount Albert., 
mount Logan, mount Lyall, and ot,hers, cirques exist which were clearly 
the result of individual glaciers. These show the characteristic amphi
theatre forms with steep, in places vertical, waUs, and commonly with lakes 
in the basin bottoms. North of the Shick.shocks, also, are huge erratics 
consisting of granite, which were carried down from T a1bletop. Since the 
direction in which they moved is northward, they must represent i:lhe work 
of local glaciers and not of the southerly moving continental ice-sheet. 

The high summits of the Shickshocks present an unglaciatecl appear
ance. They are covered with blocks of rock of the ame character as the 
underlying bedrock. Along geological contacts there is little mixing of the 
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loose fragments of the two adjacent varieties. There is an absence of 
smoothed, polished, and &tri1ate<l surfaces and many small irregularities af 
beckock project which would certainly have been worn down had an ice
sheet passed over. From these facts Coleman, who studied the glacial 
foatures of the peninsula, conicluded that the Labrador ice-sheet did not 
override Gaispe and that the erratics to which referenoe has been mrudie 
were carried to their present position by local 'glaciers that had their 
gathering ground in the mountain belt. 

There is, however, an alternative po&sibility. Coleman has more re
cently col'Iected evidence that eastern Canada and Newfoundlland suffered 
two periods of glaciation in Pleistocene time, separated by a long inter
glacial period. It is possible that the first of these advances from the centre 
of Labrador did extend over the fop of the Shickshock r&nge, removed the 
old residual soil, and scattered local erratics. Little or no morainal materiaJ. 
from Labrador, howeveT, was carried far inland in<to Gaspe. Since this 
period of early glaciation there has been enough time for the surface rocks 
to weather, destroying the glaciated surfaces, and for frost action to pro
duce the broken blocks of rock which strew the higher surfaoos. The 
later period of glaiciation brought morainal material from the north shore 
of the St. Lawrence and scattered it along the northeTn part of Gaspe. 
The ice, however, was not thick enough to override the Shickshocks, so 
thrut during this period the only ~aciers in the high interior were of local 
origin. 

GENERAL GEOLOGY 

An outline of the general geology of Gaspe peninsula is given in Memoir 
144. The following description is limited to the rocks of the map-area.. 

Table of F:ormations 

Upper or Middle Devonian ............. . ..... Veins 

~~~~~~~~~~~~~~! 

Porphyry 
Syenite 

Middle Devonian ..... ........ ... ... . .... . . ... Sandstone 

Middle or Lower Devonian ........ • .......... Volcanic rocks 

Lower Devonian ... . ..................... . .... Limestone, argillite, quartzite, volcanic tuffs 

LOWER DEVONIAN 

The greateT part of the map-ar·ea is underlain by Lower Devonian 
sediments with some tuft's. The more impo-rtant finds o.f ore were mrude in 
this series and in the recent period of stakiing it was the belt of these rocks 
that was taken up first. Later claims were taken up on volcanic and sand
stone country. 

Outcrops of this series occur ait abrupt changes of slope and, in places, 
in tJhe beds of streMlls. They are so few, however, that it was impossible 
to work ourt a succession or establish structure. The rocks are highly tilted 
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and have been faulted and brecciated so that strikes and dips are very 
irregular. The following is a description of the maiin varieties of rock in
cluded in the series. 

Limestone is an important variety in this series. It varies from light 
grey to dark bluish grey, oocurs in beds ranging from thin to thick, and is 
loeally fossiliferous. Fossils from several localities in the map-area in
dicate that the series is of Lower Devonian age and that it probably 
corresponds tJO the Bon Ami and the Grand Greve Jimestones, subdiivisions 
of Logan's Gaspe Limestone series. With the limestone aire associated 
argillaceous and sandy beds. 

Argillaceous rocks are also common in this series. They vary from 
shales to hard argillites. On a fresh surface they are commonly black, 
but weatheTed fragments are usually grey. Interbedded with them are 
limestone and calcareous bands, and, lin places, also sandy phases. The 
b:liack limestone associated with these rocks oecasionally contains abun
dant crinoid stems. In some places breccias oomposed of angular frag
ments of all sizes and shapes have formed; in other places the beds are 
finely jointed, and looolly a cleavage is developed across the bedding 
planes. 

On some of the claims in the northern part of the map-area, a c~n
siderable amount of loose fragments of quartzite occurs. Outcrops of this 
rock were observed on claims 1849 and 1853. The rock i1s made up of 
small, well-rounded quartz grains well cemenrt.ed by silica. 'Dhe scarcity 
of rock exposures makes it difficult to be certain of the stmtigraphic posi
tion of tJhese beds, but the fact that they ocC1lr in tlhe limestone belt 
makes it probable thait they arc horizons in the Lower Devonian series. 

Associated with the limestones and argillaceous rocks are beds con
taining a considerable amount of tuffacoous ma.terial. The best place to 
study these varieties is the Federal mine itself, though good exposures 
occur also on the upper part of Little Lake river northcast of the map
area. The rocks at the Federal mine are very hard and are finely banded. 
The banded effect is brought out to the best advantage on the weathered 
surface. The colour hands are extremely narrow and ord!inarily no pyro
claisiic materi1al can be made out with the naked eye or with the lens. 
In examining the cores from drill-holes at the Federal mine fresh spooi
mens were obtained for study. These include hard, black, argillaceous 
limestones, dense grey rocks too fine-gl'ained to make out indlividual frag
ments with a lens, and hard, massive rocks in which angular fragments,. 
suggestive of volcanic mruteTial, oan be seen with the unaided eye. Thin: 
seotions of these various types were out for microscopic study. One 
variety, a dense grey rock, in thin section was seen to consist of ash 
material composed largely of glass. A certain amount of secondary quartz, 
sericite, and ca1cite was also present. In other sections angular frag
ments of altered rock were present in the same type of matrix. OtJher 
sections showed a carbonate matrix in which were numerous fragments 
of quartz and some ash maJterial. Apparently volcanic activiity took place 
while tJhe limestone and shale sediments were accumulating. 

67238-3! 
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MIDDLE OR LOWER DEVONIAN 

Overlying the Lower Devonian sediments is a thick series of dark
coloured volcanic rocks. They occupy the southern part of the map-area. 
Outcrops are fairly abundant in streams and on valley slopes. In places 
they give rise to steep cliffs. 

The rocks vary from dense, massive types to porphyritic varie~ies show
ing lath-shaped crystals in a dense matrix. Amygdaloidal varieties are to 
be seen in a number of places. The amygdules consist of calcite and 1uartz. 
Some have a greenish border of delessite and some of the smaller amyrr<lules 
are completely filled with this mineral. In thin seotions the rocks show a 
range of types varying in composition from intermediate to basic. A com
mon variety shows phenocrysts of labradorite in a groundmass of augite 
penetrated in all directions by laths of labradorite. Olivine is present in one 
section studied. Other sections show a typical ophitic texture with no 
phenocrysts and with nearly all the augite altered to a pale green chlor
ite. In some specimens quartz occurs in minor amounts and tLe types 
may be said to range from andesites to olivine basalts. 

These basic rocks are locally mineralized. In the amygdaloidal variety 
at the narrows of Berry Mountain brook about 2 miles below thf Federal 
mine, cubes of galena occur in the calcite amygdules in places. At other 
places small calcite veins cut these rocks, but as yet no strong vein of com
mercial possibilities has been found. 

MIDDLE DEVONIAN 

A small part of the map-area is underlain by a elastic formation 
equivalent to Logan's Gaspe Sandstone series. In this area it rests on a 
thick mass of the basic volcanic rocks previously described. During 1927 
some claims were taken up on this belt, but as yet nothing of intere<>t has 
been located on them. The rock varies from grey to buff, in some cases 
with a greenish or red4ish tinge. Associated with the ~andstone are shaly 
and, in places, conglomeratic beds. 

The series covers wide areas in the interior of Gaspe. The best fOections 
are along the eastern coast where it was first studied by Sir William Logan. 
The series there rests on the Gaspe limestone and is almost conformable 
with it, the difference of dip being at most only a few degrees. According to 
Logan the series shows a thickness of 7,0a6 (eet, but Ells, who later studied 
it, was of the opinion that this amount is too great, owing to the probability 
Qf repetition of parts of the series through faulting. 

The series contains an interesting flora of Devonian age. The com-
1nonest plant is Psilophyton which locally occurs in great abundance. 
:Specimens can be collected along the road leading to the Federal mine 
:about 21 miles south of the property. Petrified trunks of the giant a lga, 
Prototaxites, also occur locally. Specimens of th_is were obtained dur~ng the 
p·ast summer from a sandstone exposure on the Gaspe coast near Cross 
point, opposite Campbellton. Other species have also been described by 
Dawson. Marine invertebrates have also been found in the series. The 
forms are Middle Devonian, including some survivals of an early Devonian 
fauna. 

The best exposure~ of the series in the region of th ,3 map-area are 
along the road leading to the Federal property. There the bedE< are hori-
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zontal. Locally, the series contains shale and limestone pebbles, thus sug
gesting a break between their deposition and that of the underlying Gaspe 
limestones. In most cases, however, throughout Gaspe, the sandstones are 
folded, showing that the main period of deformation was after their deposi
tion. 

Though the series contains some marine horizons it is believed that 
most of it was deposited under continental conditions. It is probable that 
it represents a huge delta whose material was derived from an ancient land 
mass to the east. 

UPPER OR MIDDLE DEVONIAN 

Throughout the map-area are small areas of dense, light-coloured 
igneous rocks that are locally porphyritic. They furnish good outcrops on 
the steep slopes of the valley sides, but it is rare that exact contacts can be 
loeated without trenching, or that they can be followed by actual exposures 
for any considerable distance. Some of the bodies are intrusivC's clearly 
cutting Lower Devonian sediments, others are volcanic flows of the same 
general age as the basic volcanics. 

The best evidence of the surface origin of some of these rocks occurs 
near the northwest corner of location 1806. Most of this claim is under
lain by basic volcanics, but near its northern border trenching carried out 
by tti~ Federal Zinc and Lead Company during 1927 uncovered the 
contact between these rocks and an underlying, light-coloured acid volcanic. 
Associated with the latter is a breccia made up of angular fragments of 
volcanic material in a den~e volcanic matrix. The angular fragments are 
largely of the light-coloured acid volcanic, but some darker materi::il is also 
present. The intrusives in the map-area consist of two varieties, porphyry 
and syenite. Both are considered to be differentir,tes of the grani~e that 
outcrops north of the map-area in Tabletop and Hogsback mountain~ 
These mountaiIJ..S are formed from the upper part of a batholith th?.t appar
Fmtly underlies the middle of the peninsula. 

The syenite forms dykes and stocks. The rock on weathered surfaces 
is in many cases reddish, owing to the presence of ortboelase feldspar. Fresh 
specimens show pink orthoclase crystals in a dark grey ground. Individual 
crystals of feldspar reach a length of over one inch. Most of then1 are 
long and lath-shaped. T here is a gradual increase in coarseness of grain as 
one goes from the edge of the intrusion inward. This i excellently !'hown 
in one of the diamond-drjll cores that penetrates an intrusion. 

In thin sections these rocks are seen to consist of orthoclase, a little 
albite and oligoclase, some quartz, and hornblende, but which in most 
of the sections is largely altered to chlorite. A few narrow Jykes flre finer 
grained and darker in CQ.lour. In thin section th,ey are seen to consiEt. of 
feldspar, mostly orthoclase, with hornblende largely altered to chlorite. 
Pyrite crystals are locally abundant. ' 

The largest area of porphyry lies in block R and adjoining claims 
about 1~ miles north of the Federal mine. Another large area extends 
northwest from claim 959 crossing block B and the northeast corner of 
block A to claim 965. The rocks vary in colour from grey to pink and 
reddish. 

T hey are dense and hard, with phenocrysts of pink feldspar and, in 
places, quartz . In thin section the rocks are seen to consist of <:i microcry-
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stalline groundmass of quartz and orthoclase, with phenocrys~s of the same 
two minerals. Some of the quartz phenocrysts show crystal outlines, others 
corroded borders. Pale green hornblende, secondary after either horn
blende or biotite, is present and also some iron ore. In the vicinity of 
some of the porphyry intru~ions, pyrite, chalcopyrite, and specular hema
tite mineralization is present, but nowhere yet has proved to be of economic 
importance. 

ECONOMIC GEOLOGY 
The minerals of economic imiportance in the .area are sphalerite and 

galena. A :]u<title chalcopyrite has also been found in places, but nothing 
of suffidient importance it-0 lead to the belief thait the camp will ever be 
a copper producer. Precious values also are so low that the deposits 
must be mined for the zinc and lead content alone. 

CHARACTER OF THE DEPOSITS 

The deposits lie in the Lower Devonian series of argillites, limestones, 
and tuffs. These rocks are intruded by numerous dykes and stocks· of 
syenite and porphyry. The deposits are veins and breccia zones. In some 
places the veins show sharp contact with the enclosing rock, in other places 
there is a more or less gradual transition from massive vein material through 
a brecciated zone into barren country rock. Fragments of country rock of 
all sizes and shapes lie in the veins. These are marked by sharp angles and 
borders, and many are entirely separated from their neighbours by vein 
material. 

'I'he depos1ts apparently follow fau1t and breooiation planes, wilth 
mineralization to a less extent along joint planes. Some of the larger 
veins strike noirtheast, oithers strike north a.nd northwest. Their dip is 
for the most part steep, usually over 70 degrees. There has also been 
movement after the period of mineralization. One fault parallels the 
west wall of the Federal vein. The same vein, 180 feet north of the 
north crosscut, is cut off on the 100-foot level by another fault. 

The veins are younger than the syeniite intrusives a.nd in pla:ces cut 
<Ohern or follow the contact between the syenite and the intruded sediment. 
Some of the strongest and richest veins of the area follow such contacts. 

MINERALOGY OF DEPOSITS 

The vein minerals are sphalerite and galena in a gangue of quartz 
and carbonate. Pyrite, marcasite, and chalcopyrite are present in minor 
amounts. The sphalerite is for the most part light yellow varying locally 
to a reddish brown and is almost free from iron. An analysis (made by 
J. T. Donald and Company, Montreal, for the Federal Zinc and Lead Com
pany) of a sample of ore gave the following results: 

Insoluble and silica ............................ . .... . ........ ... ...... . 
Iron oxide ...... ....... ....... ...... . .. .. .................... .. . ...... . 
Aluminium ......... . ... . . . .... .. .... . . .... . .... .. . . .. .... . ....... . . . . 

~~h~~-...... ::::::::::::::::::: : ::::::::::::::: : ::::::::::::::::::::::: 

Per cent 
0·35 
0·82 
0·10 

32·46 
66·00 

Lead. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Traces 
Lime ........... . ..... ....... . ..... . .......... . . . .. . ... . ...... .... None detected 

~:8:~~::::: ......... " "" "" "·." ·." """ "·." "" ............ """ """:::: : : : : : : : : : : : : : ~ ~~= ~=i:~~~ 
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In the surface exposures and to a certain extent in the upper parts 
of rbhe veins, sphalerite has been leached out by surface waters. Some of 
the surface specimens have a white coating of an intimate mixture of 

• smiths'Onite, calamine, ·and hydrozincite. A soft, wh'ite kaiolin minerial 
is also found on the 100-foot level, and even on the 250-foot level, but 
only in small amounts. On the 250-foot level a greenish yellow mineral 
belonging to the kaolinite group was also found. 

The galena, as a rule, is less abundant than the sphalerite, but in 
places occurs in large masses. Some of the masBes show strain effects 
produood by movement after the period of mineralization. 

The most aibundarut gangue mineral is quartz of two varieties, white 
and amethystine. In placces the quartz is banded and commonly there 
is good comb structure. Where the latter structure is shown, the centre 
almost always consists of the amethystine variety. In some places the 
central bands consist of amethystine quartz and the outer of white qua.rtz. 
Carbonaite gangue consisting of dolomite and a light yellow ankeriite is 
also fairly abundant. It is intimately associated with the white quartz 
and usually accompanies the sphalerite and galena mineralization. 

Movements took place during the period of mineralization. In places 
along the walls of the veins are parallel sets of quartz bands wit h central 
comb struoture showing thait reopening took place a number of times. 
In otJher places the vein material has been fractured and is recemented by 
later quartz. Small, narrow st1-ingers of carbonate can also be found 
traversing the quaTtz. 

ORIGIN OF THE DEPOSITS 

The deposits are believed to be genetically related to the deep-seated 
intrusive rocks of the area. The syenite and porphyry dykes and masses 
represent early differentiates of the granite batholith which outcrops north 
of the map-area and which undoubtedly extends below it. During the late 
stages of crystallization of the magma, siliceous sulphide-bearing solutions 
escaping from the still molten intrusion travelled along lines of fracture for 
considerable distances and deposited their sulphide and silica content along 
these fracture planes and brecciated zones. Fractures along which dykes 
had been intruded were reopened in places and formed channels of access. 
Earth movements continued during the period of mineralization. The veins 
were repeatedly reopened and even after vein deposition ceased further 
faulting took place. Practically all the deposits have been formed by the 
filling of cavities. At one place, however, an example of replacement was 
found. In the middle of block A, in a trench opened during 1927 to trace 
the extension of a newly discovered vein, the limestone along the contact 
vvith a syenite dyke shows small, detached masses of sphalerite of irregular 
shapes and not accompanied by quartz or carbonate. 

FEDERAL ZINC AND LEAD COMPANY PROPERTIES 

The Federal Zinc and Lead Company owns blocks C, F, G, H, K, J, 
M, N, and have under lease blocks D and E. Their main camp is on 
block H ·and mos.t of their underground development wOTk has beea on it. 



38c 

Block H. Numerous vein showings can be observed on the Federal hill 
in the northeast corner of block H. The one on which most work has 
been done is the N' o. 1 or Federal vein. This vein has a known length 
of over 600 feet and an average width of 8 foot. In places it is con
siderably wider and, locally, it is bordered by mineralized breccia. Several 
veins interseci it. No. 1 shaft was sunk on it to a depth of 257 feet. A 
description of the underground workings is given in Summary Reporrt, 
1921, P a.rt D. The amount of horizontal work is as follows: 

Feet 
North drift (100-foot level)...... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657 · 3 
Drift from No. 1 west crosscut north (100-foot level)... .. . . . . . .... . .... 34 ·2 
South drift (No. 1 level) ... .. ...... . ..... ... ..... . . . . . . . . . . . . . . 360·8 
Drift around Federal shaft (100-foot level). ... . . . . . . . . . . . . . . . . . . . . . . . . . 73 ·8 

l, 126· 1 

No. 1 west crosscut north (100-foot level)............ .. . . . . . . . . . . . . . . . 180·4 
No. 2 west crosscut north (100-foot level).. ............ . . . . . . . . . . . 164·0 
No. 1 east crosscut north (100-foot level). . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 30· 9 
No. 1 west crosscut south (100-foot level). .... .... . .... .. ........ ..... . 48·0 
Adit (100-foot level). ............ . ..... . .... .. . . ... . ........... .... .... 126·8 
Ad it (250-foot level). . . . .. .. ..... ... . ..... .. .... . .. ..... ... .. . ... ... .. . 104·0 
West crosscut (250-foot level)..... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 165 · 0 
East crosscut (250-foot level) ... . .... .... .... . .. . .. . ..... . . . .... . . .. ... 61 ·0 

880·1 

The McKinley or vein No. 16 forms a large -0utcrop on Federal hill 
900 feet southwest of o. 1 shaft. T he length of this vein has not been 
determined, but it. is exposed in the road east of the main outcrop. The 
vein shows a width of 60 feet which includes, however, a horse of country 
.rock. It carries galena and sphalerite and is bordered on the north by a 
breccia zone. 

In the spring and summer of 1925 the Federal Zinc and Lead Company 
drilled six holes from the underground workings on block H. The results 
of this drilling may be summarized as follows: 
D.D.H. No. 1 

Location: 250~foot level, 146 feet west of shaft and 20 feet from west face 
Direction: Easterly with drift 
Dip : 55 degrees. At 300 feet and 595 feet, 60 degrees 
Length : 596 feet 
Log : 0-51 feet, argillites 

51-88 feet, syenite 
88-596 feet, argill i tes 

D.D.H. No. 2 
Location: 250-f.oot level. Face of west crosscut, 166 feet west of shaft 
Direction: West with drift 
Dip: Horizontal 
Length: 416 feet 
Log : 0-416 feet, tuffs, arg·illitee, limestones 

124 to 126 vein of quartz carrying sulphides 

D .D.H. No. 3 
Location: 250-foot level, 12 feet from face of west crosscut, 154 feet west from 

shaft 
Direction: W est, directly under D.D.H. No. 2 
Dip: 26 degrees 
Length: 520 feet 
Log: 0-520, tuffs, argillites, 1imestones 
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D.D.R. No. 4 
Location: 250-foot level, eart crosscut facing south opposi.te n01th face of vem 
Direction: 43 degrees west of south ma,gnetic 
Dip : 17 degrees 
Length: 620 feet 
Log: 0-198 feet, tuffs, argillites, etc. 

198-48()! feet, syenite 
48t>l--609 feet, argilli tes 
609-620 feet, syenite 
17 to 2H vein of quartz carryinii: spihalerite 
90!- to 962 vein of quartz carrying sphalerite and galena 

D.D.H. No. 5 

Location : 250-foot level; face of east drift; same eetup as No. 4 
Direction: EMt magnetic 
Dip: Horizont.nJ 
Length: 590 feet 
Log: 0-154-!feet, argillites, tuffs, etc. 

1541--329 feet, syenite 
329-445-! feet, argillit,es 
4451--590 [eet, syenite 

D.D.H. No. 6 
Location: 100-foot level; north drift 475 feet north of the 11haft 
Direction : Northwest with drift 
Dip : Horizontal 
Length: 60 feet 
Log: 0-23-! feet, altered syenite porphyry 

231--60 feet, argilh tes 

, Block C. In Septern!ber, 1926, discoveries of heavy float were made 
in the northeastern part of block C, near the head of a valley leading to 
Brandy brook. Trenching was carried out for a distance of 500 feet and 
vein material, in places showing widths of from 12 to 20 feet, located. 
In the winter of 1927 one drill-hole was put down in a northeast direotion 
.at an angle of 4D degrees to the horizontal. Its length was 399 feet. A 
.few narrow seams of quartz were encountered, but no stroillg vein was 
located. The dip of this vein was, however, unknown at the time the hole 
.was drilled. 

Block J. In the southeastern corner of block J two veins have been 
located. The more westerly of the two strikes north 28 degrees east 
magnetic, and has been traced for 300 feet. It shows quartz and galena, 
but the width of the veins has not been proved, although one exposure of 20 
feet has been uncovered. The eastern vein strikes approximately north 15 
degrees east magnetic, and shows a width of from 10 to 40 feet of quartz 
with ore in places. To the south it crosses to block N, to the northeast to 
block T of the North American Mining Company, and has been traced for 
over 500 feet by trenches. 

LYAJ,L AND BEIDELMAN PROPERTIES 

Lyall and Beidelman hold four patented blocks, A, B, W (1467 A) , 
X (1467B), and a large number of other holdings. The latter include 
blocks U, V, Y, Z, 6 (1477), and loca.tion numbers 662-666, 956-958, 
1806-1810, and 2429-2436. 
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Block A. In July and August of 1926 discoveries were made and 
work done on block A, and in 1927 important further disooveries were 
made. The first finds were made in the southern part of the block south 
of the trail which leads to Brandy brook, commonly called the Pioneer 
trail. A vein was traced, by six trenches, up the bank on the south side 
of the creek for a distance of about 400 feet. 'I'his vein strikes northeast 
and, judging from the material taken from the trenches, has good values. 
Definite information about the width of the vein was difficult to obtain 
at the time of the writer's visit owing to the condition of the trenches, but in 
places it apparently exceeds 20 feet. 

In the summer of 1927 a vein was located in the middle of the south
ern half of the block, north of the Pioneer trail. This vein lies on the 
slope facing Brandy brook along the lower contact of a syenite dyke. The 
finding of quartz and large masses of galena float led to its discovery and 
stripping uncovered a vein from which were taken solid pieces of galena 
weighing up to 200 pounds. This vein is commonly referred to as the 
lead vein. The contact between the syenite and argillites was exposed 
by a series of trenches, and galena and sphalerite mineralization was found 
to continue for over a thousand feet. The strike of the vein zone is 
northeast. It lines up with the other vein on block A mentioned above and 
the two may be parts of one continuous vein. It closely follows the 
syenite contact, but in places lies ent.iircly in the sediments, whereas in 
other places quartz veins and tringers cut the syenite. The largest 
exposure is the southwest end where the richest galena specimens were 
obtained. Owing to the exposure being on the side of a hill and along a 
dyke, it is difficult to say how thick the vein is at this point. Vein widths 
of over 12 feet occur in some of the trenches and at the discovery trench 
a considerably greater thickness is present. The mineralization consists 
of galena and sphalerite with pyrite and chalccpyrite in a gangue of 
quartz and carbonate. B.arite also occurs in one trench. Another trench 
shows., near the vein, limestone containing small, irregular masses of 
sphalerite, evidently a result of replacement. 

Bloclc B. In the summer of 192() discoveries of quartz were made at 
several places near the middle of block B. Towards the centre of the block, 
at elevation 1,550, two trenches exposed a vein with a width of from 12 
to 1,5 feet striking a little east ·of noirth. Gakllia and sphalerite are both 
present with the quartz. This vein is on the same line of strike as the 
Lead vein of block .A., and if continuous with it, must be a very strong vein 
zone crossing the two blocks. 

Several other veins have been picked up on block B paralleling the 
Lead vein, but little has been done as yet to trace them. 

Block 6 (1477). In the summer of 1925 vein showings were discovered 
in Brandy Brook region on blocks 6, X, and W, and since that time this 
locality has attracted more attention than block H. The rocks are argilla
ceous sediments cut by syenite. 

A series of trenches has opened up what is known as the Big vein. 
This strikes northeast across the extreme northwest corner of block W and 
the eastern part of block 6. It follows closely the lower or northern 
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border of the syenite intrusion, in plaqes, however, cutting it. The vein 
has been traced for a distance of about 1,000 feet. It shows widths from 
10 to 35 feet, with good sphalerite and galena values. 

Three diamond-drill holes, Nos. 2, 4, and 5 respectively, WPrc drilled 
to intersect this vein. They were located on the slope below the vein 
outcrops and directly southeast. No. 2 was put clown at an angle of 12 
degrees to the horizontal for a distance of 428 feet. From 338 to 350 feet 
quartz with good zinc and lead values was encountered. Hole No. 4 was 
located about 200 feet southwest of No. 2. It was put down at an angle 
of 25 degrees to the horizontal for a distance of 392 feet. Breccia and vein 
material was passed through between 346 and 363 feet; from 350 to 363 
solid vein matter carrying 18 · 57 per cent zinc and 4·13 per cent lead was 
obtained. Hole No. 5 was located approximately 180 feet southwest of No. 
4. It was put down at an angle of 15 degrees to the horizontal for a length 
of 479 feet. Two veins, 6 and 7 feet thick respectively, and separated by 
5 feet of argillites, were encountered from 224 t.o 231 feet and from 236 to 
244 feet. These holes show that the vein dips from 64 to 77 degrees to the 
southeast and that for a length of 400 feet at least the vein maintains a 
width of about 13 feet with good sulphide values. 

In the west bank of the brook, opposite the cabins of Brandy Brook 
camp, a vein outcrops. It shows 6 feet of quartz and ore in a wider crushed 
zone. A number of other trenches wern opened up in the vicinity to trace the 
vein and other quartz showings were located. During 1927. however, little 
could be observed in these trenches. A diamond-drill hole. No. 8 was put 
down in a northwest direction to cut this zone. The length of the hole was 
399 feet and the angle to the horizontal 47 degrees. It cut three veins at 
the following d~stances: 256 to 272 feet, 305 to 317 f.eet, and 353 to 364 
feet. 

Block W. Besides the Big vein to which r eference . has already been 
made and which cuts across the northwest corner of block W, several other 
veins are exposed along the northern border of the block, along the west 
bank of the valley leading to Berry Mountain brook. Outcrops of what 
appear to be several veins occur in a series of trenches along the southern 
margin of the syenite dyke. Diamond-drill hole No. 3 was put down in a 
southeast direction to cut this zone. The length of the hole is 376 feet and 
its angle to the horizontal 20 degrees. It began in syenite, but at a distance 
of 90 feet it passed into argillites. At the following places it traversed 
quartz veins, 98 to 102 feet, 119 to 120 feet, 155 to 158 feet, 221 to 240 feet. 

Claim 961. In October, 1926, an iron-stained zone was found on claim 
961 and a series of trenches was opened for 500 feet along a northward
trending line, down to the brook that crosses the claim and up the north 
slope. The iron-stained zone is from 50 to 75 feet wide. It consists of 
broken argillites mineralized with quartz, siderite, calcite, barite, hematite, 
pyrite, chalcopyrite, and tennantite. Masses of secondary malachite occur 
with the chalcopyrite, and tennantite. Diamond-drill hole No. 10 was put 
down in a direotion north ·70 degrees east astronomic, to cut this zone. The 
length of the hole was 549 feet and the angle to the horizontal 50 degrees. 
The hole traversed argillites for the entire distance. In a few places seams of 
quartz with pyrite and hematite were found, but no strong mineralized zone 
was p~netrated. 
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Claim 965. Mineralization consisting of quartz and specular iron 
occurs in the southeast corner of claim 965. Chalcopyrite also is to be 
found on the steep slope near the north boundary of claim A. In tbe 
narr_ow part of the claim between block A and claim 364 of the Pioneer 
main block, a series of trenches opened showings of quartz along the border 
of a syenite dyke. The showings in some of these trenches have promising 
widths of vein material. The mineralization consists of quartz, carbonate, 
and barite, with chalcopyrite, galena, and sphalerite. 

THE NEW RICHMOND MINING COMPANY PROPER'I'IES 

The New Richmond Mining Company owns blocks D and E. These 
are under lease to the Federal Zinc and Lead Company. 

Block D. A series of trenches in the eastern part of block D has traced 
a vein known as No. 14. This lines up with the vein at shaft No. 3 on block 
E. Altogether on this line of strike there are quartz showings for a distance 
of over 2,000 feet. 

In the southeastern corner of Dis located shaft No. 2 which has a depth 
of 18 feet, sunk on a vein wider than the shaft. 

Block E. On block E, shaft No. 3 was sunk to a depth of 64 feet on 
the Bois or No. 14 vein. This vein shows a maximum width of 18 feet. It 
strikes northeast and, as has been mentioned above, continues over on to 
block D. Northeast of the shaft a series of trenches has traced what is 
probably a continuation of the vein on the valley slope facing Berry 
Mountain brook. At one place the vein fo llows the lower contact of a syen
ite dyke. This vein shows the usual mineralization with, locally, more 
chalcopyrite than is present in the Federal vein. 

During the summer of 1927 t1'enching was performed on two newly 
discovered veins on block E, about 500 feet north of shaft No. 3. These two 
veins lie about 200 feet apart and strike northeast. Both show good sphal
erite and galena mineralization with widths of from 8 feet to at least 15 
feet. 

A vein was also discovered on block E near its western border, on the 
trail from Federal hill to Berry Mountain brook. A trench across the trail 
has e}..'POSed a vein about 10 feet wide carrying good zinc and lead minerali
zation. A syenite dyke is exposed immediately to the north. 

PIONEER MINING CORPORA'l'ION OF CAN ADA, PROPERTIES 

The Pioneer Mining Corporation holds two blocks of claims, and their 
associated company, the Huronian Belt, one block. The Pioneer main 
block lies west of and adjoins the Federal, and the Lyall and Beidelman 
holdings. It consi ts of thirty-six claims, Nos. 359 to 3i8, 1542 to 1547, 
1685 to 1689, and 1711 to 1715. The north block lies north of the Mineral 
Explorations holdings and consists of fourteen claims, Nos. 1690 to 1703, 
inclusive. The Huronian Belt block lies east of the Pioneer north block 
and the Minerals Exploration block, and north of the Lyall and Beiclelman 
holdings. It consists of thirty-five claims, Nos. 1Q48 to 1567, 1680 to 1684, 
and 1723 to 1732, inclusive. 
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Active prospecting was commenced by the company in 1926. Their 
cook-house was built the same year, and in the early months of 1927 their 
other camp buildings were erected and mining machinery brought in. Work 
was continued until November, 1927. It consisted of surface examination, 
mapping, trenching, and exploratory tunnels. It was concentrated largely 
near their main camp on North Brandy brook and the claims adjacent to 
their camp on Brandy brook. 

Many mineral showings were located on the claims. The one which 
received most attention is what is known as the Pioneer "Big Vein". This 
is a mineralized zone that crosses claims 374 and 1686 in a northwest 
direction and which was traced by trenches, spaced at an average distance 
apart of about 120 feet, for a length of 2,300 feet. The zone is on a 
flat summit where the overburden is deep, so that the trenches do not show 
fresh rock or vein material. The vein zone was traced by the iron-stain 
character of the overburden. The trenches show loose, crum!bly quartz, 
iron-stain quartz with sphaleritc, galena, and marcasitc, rounded masses 
of galena with an iron-stain coating, and chambered quartz with malachite 
and chalcopyrite. This iron-stain zone reaches widths up to 100 feet. 
At the north end it tapers down to 8 feet. At the south end, in trench 
No. 18, it has a width of about 30 feet. This trench shOVl(S some large 
blocks of galena with minor amounts of chalcopyrite. The average width 
of the stain-zone is about 30 feet. Just what widths of vein below this 
actually represents, is impossible to say. Between trenches No. 6 and 
No. 8, is an offset of about 50 feet suggesting a fault. 

Two shafts were sunk on the zone in an effort to get through the 
weathered material intv the fresh, unaltered vein. The north shaft was 
sunk 73 feet and the south one 39 feet. In the north shaft the vein zone 
appears to have a dip to the west of 65 degrees. A cmsscut 25 feet long 
from the bottom of the south shaft indicates that here the vein zone has a 
westerly dip of 52 degrees. Owing to trouble with water, work was dis
continued without obtaining definite information about the widths of the 
vem zone. 

The largest single piece of work carried out by the Pioneer was the 
driving of a tunnel, No. 3, from a point in the valley above the main camp. 
It was expected that. this tunnel would serve several purposes. It was 
driven in an easterly direction in order to reach eventually the "Big Vein" 
which it would tap 400 feet vertically below the surface trenches. It 
could thus be used as a working tunnel for the extraction of ore should 
the vein prove of workable value. It was also designed as an exploratory 
tunnel in the hopes that other veins might be picked up. The tunnel was 
driven for 530 feet and two side-drifts, 175 feet and 80 feet long, respec
tively, were opened from it. In order to reach the " Big V cin" zone it is 
&till necessary to carry the tunnel forward about 1,000 feet. 

The tunnel traverses almost horizontal shales. One hundred feet from 
the portal, vein A, 5 feet wide, was cncounitered and drifted on to the 
south for 175 feet. For the first 106 feet of the drift the average values 
were found to be 5 · 78 per cent zinc, and 0 · 73 per cent lead across a width 
of 65 inches. From near the end of the drift a crosscut to the west for a 
distance of 20 feet shows a mineralized zone 12 feet wide. Two narrow 
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veins, B and C, were cut in the main tunnel at distances of 10 feet and 
40 feet respectively from vein A. They show steep dips to the east. 
Two hundred feet from the portal a slrnitter zone wa.s encountered which 
continues for a distance of 130 feet. Thirty feet of this, which shows 
better mineralization than the rest, is known as vein D. For a distance 
of 42 feet along this part of the tunnel eastward from where d'rift No. 4 
branches off, the values av,eraged O· 96 per cent zinc. Drift No. 4 was 
driven along the shatter zone for a distance of 80 feet. Sixty feet along it 
a vein 54 inches wide with a dip of 60 degrees to the ea.st was cut. The 
remaining part of the tunnel shows two narrow veins, F and G, but other
wise no mineralization. 

Work was also carried out at a ntlililber of other places. Tunnel No. 1 
was driven from a point farther up the valley in an easterly direction 
parallel to No. 3, for a distance of 80 feet. Near the face it intersected 
a narrow vein. Tunnel No. 2 follows vein No. 18 for a distance of 8 feet. 
This vein has been traced by l 0 trenches above for a distance of about 
700 feet. Vein No. Bis e:iqJosed in two trenches, in one of which 18 inches 
of solid galena was found in an oxidized zone. 

In the eastern part of the block, mineral s'howings were located on 
claims 364, 365, 366, 368, 369, and 372, and a considerable amount of 
surface work was done. A few exposures shvw quantities of chalcopyrite. 
The overburden here is also very heavy and makes it vel'y difficult to truce 
and prove veins by surface work alone. The result was that, though 
encouraging finds were made, nothing of proved importance was opened. 

NOR'l'H AMERICAN MINHiG COMPANY PROPERTIES 

The North American Mining Company owns blocks L, 0, P, Q, R, S, 
T. 

Block L. Earlier work consisted in the sinking of a shaft 30 feet 
deep, and the opening of some trenches on block L. Quartz with sphalerite 
and galena mineralization was found, but the amount of work dl:lne was 
insufficient to enable any statement to be made about the possibilities at 
this place. 

A small amount of work has recently been done near the eastern 
boundary line of block L. Here some trenches show mineralization of 
quartz, as vein and breccia, carrying sphalerite and galena over a width 
of 22 feet. Nearby on block N of the Federal Zinc and Lead Company, 
minemlization has· been found at the contac·t of syenite and shales. At 
the boundary between L and H, 670 feet from the eastern border of L, 
a trench 66 feet long shows 8 feet of quartz carrying good values of 
sphalerite. 

Block T. During the summer of 1927 work was carried out on block 
T. Immediately east of the bouncfary between it and block J of the 
Federal Zinc and Lead Company some large pieces of galena float were 
discovered. Trenching located two veins 5 feet and 10 feet wide, respec
tively, separated by 30 feet .of shales. It is probable that these are the 
continuation of the two veins thait cross the soUJtheast corner of block J 
in a northeast direction. 
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Six hundred feet northeast of the trench in which these two veins 
were exposed, on the same general strike, oither mineralized quartz dis
coveries were made. These are along the lower or northwest flank of a 
syenite dyke. At the itime of the writer's visit work had just commenced 
on this vein. Good galena specimens were exposed and it looked as if 
an attractive vein might be opened up. 

A considerable amount of work was also done on another discovery 
on block T, known as vein No. 45. A mineralized vein and breccia zone 
was uncovered, but owing t.-0 the heavy overbmden definrite results con
cerning the size and character wore not obtained. 

GASP!::. l\IINES, LIMITED, PROPERTIES 

Gaspe Mines, Limited, is controlled by Honourable John Hall Kelly. 
During the summer of 1927 prospecting was carried out on some of the 
claims and a nUiillber of veins Wt're located. 

Vein No. 1 lies in the northwest corner of Location No. 647. It shows 
a large exposure of quartz, 12 feet a.cross, mineralized with sphalenite and 
galena, but not enough work had been done at the time of the writer's 
vis~t to trace it under the heavy overburden. At a distance of about 200 
feet southeast of this find is a vein from 2 to 2! feet wide called the 
Crooked vein. It strikes in a northwest direction. 

Vein No. 2 lies near the milddle of claim 647. It strikes about nol'lth 
and south, following at iits northern end the border of an intrusive mass of 
syenite. It has been t raced for a distance of 600 feet. In places it shows 
a wid!th of quartz of 7 feet and in one trench the width of the mineralized 
zone, consisting of vein and breccia, is 20 feet. 

No. 3 vein lies in claim 648, on the wood road built in 1927 and cross
ing the claim. The one place where it is' exposed shmvs less than a foot 
of quartz. Vein I o. 4 lies in the nOTtheast corner of claim 650. It has 
been traced by trenches for a distance of over 300 feet in a northwest 
direction. It shows good sphalerite and galena values and varies in width 
up to over 12 feet. 

Vein No. 5 lies in the northwestern part of cbim 647. It has been 
traced by trenches for a distance of over 700 feet. It shows a vein and 
breccia zone in places 25 feet wide. It lies on the same line of stroke 
as No. 2 vein, and is p110bably a continuation of it. To the north it crosses 
t.-0 claim 646. On the latter claim, 250 feet to the northwest of where the 
vein crosses the dB1im line, another quartz vein was uncovered in a trench. 

Vein No. 6 hes .t,o the southeast of No. 5. In one trench a 2-foot vein 
of quartz wi.ith sphaleri.te, galena, and c<halcopyrite is exposed. In a second 
trench tJhere is comiderable iron-stain 'in the overburden, with sphalerite 
and galena masses in the weathered rook. A third trench shows black 
argillites cut by narrow quial'ltz stringers. 

PROPER'I'IES OF OTHER COMPANIES 

During the summer of 1927 prospeoting was carried out by a number 
of other companies on their respective claims. These companies include the 
Phelps-Dodge, Mining Corporation of Canada, Harvie, M. J. O'Brien, 
Minerals Exploration, and others. No finds were reported by any of these. 
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SUMMARY 

Prospecting durring the past summer may be said on the whole to have 
yielded encouraging results. The finds made on the Federal, the Lyall 
and Beidelman, the Pioneer, the Gaspe, and the North American properiJies 
show a wide mineralized belt. The laok of discoveries on the claims of 
other companies is not proof that deposits do not exist on their holdings. 
The difficulties of prospecting, to which reference has already been made, 
such as the heavy overburden and the scwrcity of roads and trails, which 
always makes the problem of travel and supplies a serious one, render it 
a long and tedious matter to investigate the country properly. More work 
is required to test some of the ].larger veins, such as the one on block 6 and 
the one locaited during the past sUiffimer on block A. 
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INTRODUCTION 

North mountain lies about 10 miles northeast of the strait of Canso 
and borders the northwest shore of West bay, one of the arms of Bras 
d'Or lake. The mvuntain is roughly 15 miles long and 3-t to 4 miles wide. 
The Canadian National railway skirts the northwest flank and the 
area is readily aoces1'>ible from three sfations on this railway; namely, 
West Bay Road, River Denys, and Orangedale. 

Field work was carried on during the summer of 1926. The writer 
was assisted by R. M. Williams. Mr. W. A. Bell and Mr. M. E. Wilson 
of the Geological Survey visited the writer in the field. 

Their advice and helpful criticisms are gratefully acknowledged. 
Special thanks are due to the many residents of the distvict who in so 
many ways facilitated the progress of the field work. 

This report was prepared under the guidance of the Department of 
Geology, Oolumbi·a University. The writer gratefully acknowledges the 
friendly counsel 1and advice received from the late Professor J. F. Kemp, 
Professor C. P. Berkey, Professor D. W. Johnson, and Professor R. J. 
Colony. 

The mountain is formed of pre-Carboniferous rocks and there is a 
pronounced topogr-aphic boundary between the a.rea oocupied by these 
rocks and that underlain by the Carboniferous strata that flank the moun
tain. Rock outcrops are fairly abundant on the mountain in the immedi
ate vicinity of streams, but away from the streams, exposures, except in 
special oases, are rare and, generally, small. 

The many records of Oape Breton geology conitain few references to 
North mountain. Sir William Dawson, in his classical work, "Acadian 
Geology", mentioned 
"The syenite and porphyry extensively developed . . . in the irregular tract at 
the sources of the Inhaibit.ants river and River Denys."1 
Prior to the year 1855, the Reverend David Honeyman noted the occur
rence of marble on North mountain, 2 and commencing in 1875 the reports 
---.-r>awson, J. W.: "Acadian Geology"; lst Edition, Edinburgh, 1855, 384 pp., p. 323. 

'Honeyman, D .: "Record of Observations on Nova Scotian Geology Since 1855"; N.S. Inst. Nat. Sc., Pr. 
Tr. 3, pp. 6-18, 18-40 (1873-74). 

67238-4 
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of the NoV1a Scotia Department of Mines record a lime-burning industry 
at Marble Mountain. 

The geologic surveys of the eastern part of :Nova Scotia, commenced 
by Charles Robb and completed by Hugh Fletcher, covered the whole of 
Cape Breton island. Fletcher's report on the counties of Richmond, Inver
ness, Guysborough, and Antigonish, published in the Report of Progress 
for 1879-80, contains the only systematic work relating to the geology 
of North mountain. Fletcher mapped the crystalline rocks, and, follow
ing a classificwtion made in an aroa fa.rther to the east, divided them into 
two gmups, Carbonifer.ous and Prccambrian. He divided Precambrian 
inlto the George River Limestone, and a group defined as consisting of 
syenitic, gneissoid, and other feldspathic rocks. FletC"her believed the 
George River limestone t.o be unconformable upon the underlying igneous 
rocks. 

This early work was ummarizecl by Young1 in 1913 in a description 
of the type locali ty of the George River limesoone. 

The following quotwtion shows some divergence from Fletcher's inter
pretation. 

"Recent examinations made of some typical sections of the George River series 
indicate. however, that the granites unmistak ably cut and are younger than the 
George R iver series. The correlation on 1ithologic ground~ of the George River series 
with the Laurentian (Grenville-Hastings) of di tant Quebec is perhaps no lonJ(er 
justifiable. But the various points of resemblance existing between the Precambrian 
of Cape Breton and the original LaurenLian, are worthy of note."2 

It follows, therefore, that one of the major problems to be determined 
in this re-examination of tJhe ground was that of the true structural 
relrutions of the principal formations. 

GENERAL CHARACTER OF THE DISTRICT 

TOPOGRAPHY 

Cape Breton is characterized by a series of upland areas separated by 
broad lowland valleys, or by the arms of Bras d'Or lake. According to 
Goldthwait3 the uplands are remnants of an extensive plain, once lying 
nearly at sea-level and resulting from the long-continued action of sub
aerial erosive processes. Movement of a regional nature lifted the plain 
above sea-level and tilted it to the south, so that today at cape North, the 
most northerly point in Cape Breton, the ancient plain stands at an altitude 
of about 1,200 feet above sea-level, whereas at Madame island, to the 
south, the plain disappears beneath the Atlantic ocean. Since the time of 
uplift, erosion has etched the broad lowland valleys out of the softer rocks, 
leaving the more resistant rocks as upland ridges. The western part of the 
island contains four such ridges, not all of the same size, but preserving the 
same general trend, and characterized by a remarkable evenness of the 
summits. 

•Young, G. A.: "George River"; 12th Int. Geol. Cong., Guide Book 1, pt. II, pp. 266-276 (1913). 
'Young, G. A.: Op. cit., p. 267. 
•Goldthwait, J. W.: "Physiography of Nova Scotia"; Geol. Surv., Canada, Mem. 140, 179 pp., p. 4 (1924). 
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North mountain is the second largest of the four uplands in western 
Cape Breton. It rises about 700 feet above West bay which flanks it on 
the southeast and is an arm of Bras d'Or lake whose surface is at sea-level. 
The lowland to the north and northwest is occupied by a partly drowned 
river valley known as Denys basin and by the basins of two rivers, known 
as Denys river and Inhabitants r·iver. 

The mountain is about 15 miles long, 3-2- miles to 4 miles broad, and 
extends northeast-southwcst. It rises abruptly from the lowland areas, the 
northwest and southeast slopes being fairly steep. The northeastern end 
is slightly lower than the central part; at the southwestern end, in the 
vicinity of West Bay Road, the relative elevation of the upland is not 
nearly so pronounced because the bordering lowland there also attains an 
appreciable elevation. The top of the mountain is nearly flat, with a gentle, 
downward inclination to the northwest, and the transition from the fl at top 
to the steep slopes is abrupt. 

The drainage of the mountain is mainly to the northwest by several 
large and numerous smaller streams flowing in valleys cut deeply into the 
resistant rocks. A number of the streams rise in small, shallow, swamp
fringed lakes. The gradients of the northward-flowing streams are, as a 
rule, uniform, although falls occur on several of the streams close to where 
<they issue from the highland. The southward flowing drainage is relatively 
short and is characterized by the steepness of the stream gradients. In 
most instances the valleys have not been cut back to the headwaters of the 
streams, which in their upper courses flow over the upland through swampy, 
poorly drained areas, many of which are, doubtless, ancient lakes that 
have become filled through the growth of vegetation. In many of the 
southward-flowing streams the change in gradient at the scarp of the moun
tain is pronounced. They are at first sluggish and deep, flowing through 
a succession of swampy areas, but on nearing the south scarp the gradient 
increases and the waters finally plunge downward by a series of cataracts. 
At the eastern end of the mountain the even contour of the upland is 
broken by two embayments of the lowland, one of which projects east along 
the valleys of McKenzie brnok and the other west along a brook flo-wing 
into Little harbour. The valleys o-f these two streams unite at their heads 
to form a notch. 

The lowlands are rolling and are well drained by streams that have 
cut wide valleys into the general lowland level. Denys river, the master 
stream of the lowland to the north, rises in Craignish hills, another upland 
ridge about 10 miles northwest of North mountain. Big brook, flowing 
along the northwest base of North mountain, is an important tributary to 
Denys river. 

Small alluvial fans are numerous along the base of the upland and are 
especially noticeable in the valley of Big brook. They are built up at the 
mouths of the deep upland valleys where the decreased gradient on the 
lowland permits only the finer material to be carried by stream currents. 

West bay and Denys basin are arms of Bras d'Or lake. The water is 
saline and supports a marine fauna, but the tides, of only a few inches, 
are variable, and are considerably affected by winds. Denys basin is 

67238-4! 
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shallow with a narrow, tortuous entrance and is now seldom used by ves
sels of deep draught. West bay is navigable for vessels of all draughts. 

POPULATION AND INDUSTRIES 

The population of the district is mainly of the descendants of Scotch 
settlers who came to Cape Breton during the first half of the nineteenth 
century. Gaelic is spoken by many and is still the only tongue of a few. 
A few Indian families are resident at a government reserve on Malaga
watchkt peninsula. 

Farming is the ch~ef industry; hay, oats, potatoes, and vegetables 
being the common crops. At one or two places on the south side of the 
mountain, small fruits, especially strawberries, aire grown to advantage. 
Although the best farms are on the lowlands, the northeast, southeast, 
and southwest slopes of the mountain are cu1tivated to some extent, al
though at the present time not all of the holdings are occupied. Fishing, 
though important, does not reach the status of an industry. A few 
oysters and lobsters are exported and a considerable number of codfish 
are taken and dried for local use. Previous to the year 1922 the Dominion 
Iron and Steel Company worked an extensive lime.stone quarry at Marble 
Mountain. The abandonment of the quarry, which employed several 
hundred men, removed an important economic industry from the com
munity. 

Where not farmed, the courutry is covered with a thick growth of 
haTdwoods and conifeTS. These are mrunly of second growth, as a violent 
gale in August, 1873, destroyed a large part of the timber standing at 
that time. The trees grow to good size on the well-drained slopes, but 
the swampy, poorly drained.areas on the top of the mountain support only 
a stunted growth of conifers. The soft woods are cut in a small way for 
lumber to be used locally, and as pitprops for the coal mines. When 
market conditions are favournble, oonsiderable spruce is cut and e:>..'J)orted 
as pulpwood to the United States. 

Four villages are includeci in the area of the map sheet. They are: 
River Denys, West Bay Road, West Bay, and Marble Mountain. River 
Denys and West Bay Roaid are each about 8 miles from the Victoria 
highway, the main automobile road through Cape Breton. The road en
circling North mountain is suitable for automobile traffic, but the roads 
across the mountain have difficult grades and are seldom used. 

GENERAL GEOLOGY 

OUTLINE 

The rock fOTmations of North mountain are readily grouped into three 
main divisions, namely: 

(1) A complex, pre-Carboniferous basement. 
(2) A thick series of Carboniiferous sediments which rest with marked 

unconformity upon the older basement. 
(3) Unconsolidated material of glacial and fluviatile origin. 
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The pre-Carboniferous basement consists of ancient sedimentary and 
volcanic rocks thait have been intruded and metamorphosed by granite. 
Granite makes up the greater pairt of North mountwin, whereas the in
truded group occurs as a rather narrow belt serving to divide the granitic 
mass into two nearly equal areas. 

The CarLoniferous sedjments res.t upon an erosion surface caTved 
on the pre-Carboniferous complex. For the most part the Carboniferous 
sediments occupy the val1ey lowlands. Their upturned edges were noted 
aLong the lower slopes of North mount.a.in. 

Glacial debris lies upon the surface of aH the preceding formations 
and in the valleys is augmented by stratified sands, gravels, and clays. 

Table of Formations 

Quaternary ....................................... . ............ Boulder clay, sand, gravel, and 
clay 

Pa!mozoic ................... . . Pennsylvanian (?) ....... .. .... . . Sandstone and shale 

Mississippian: 

Pre-Mississippian, probably 
Precambrian 

Windsor series .... . ........... Conglomerate, limestone, gyp-
sum, shale 

Igneous intrusives ..... . ...... . . . Basic and acid dykes 

Granite, and, or, granodiorite 

George River series . .... ... ... . . Volcanics, quartzite, limestone, 
greywacke 

GEORGE RIVER SERIES 

The primary classification of the Precambri.an rocks in Cape Breton 
wa:s accomplished during the study of the Boi.sdale hilils, an area lying 
south of St. Andrew channel.1 

The rocks were divided into two main groups. The lower group was 
described under the heading, "Syenitic, 2 gneissoid, and other feldspathic 
rocks," and the upper group under the name " George River Crystalline 
Limestone series." The George River series was believed to be younger 
than, and to resit Uillconforma;b]y upon, the underlying igneooo ro'Cks. 
Although the -original work of Fletcher, and laiter thrut of Maitthew,3 and 
otJhers, hrus demonstrated :that both groups are undoubtedly Precamlbrian, 
later work on sections of the George River series has shown that the 
igneous rocks are intrusive into the sediments, and that the sediments a.re, 
therefore, the older of the two groups. 

The name George River is taken from a smaH stream of that name 
which flows along the trend of the Boisdale hills, and enters St. Andrew 
channel near its northeasitem extremity. The name as applied to the older 
sedimentary rocks in this vicinity was first used by the Reverend David 

'Fletcher, H.: "Report on Explorations and Surveys in Cape Breton, Nova Scotia"; Geol. Surv., Canada, 
Rept. of Prog. 1875-76, pp. 369-418. 

'The word syenite, as used in early reports, indicated a rock composed principally of feldspar, hornblende, 
and qu~rtz. 

•Matthew, G. F.: "Report on the Cambrian Rocks of Cape Breton"; Goo!. Surv., Canada, Pub. No. 797, 
1903, 246 pp. 
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Honeyman in 1873, 1 a lthough the strata were not described in detail 
until 1876 when Fleitcher published his rep01~t on t hjs distriot. In its 
typical developmenit the George River series is described a:s consisting 
of 
" highly crystalline limestone and dolomite, containing talc, mica, tremolite, plum
bago, galena, hematite, magnetite, and other minerals, interstra.tified with felsite, 
syen.ite, diori te, mica schist, quart~ite, and quartzose conglomerate; and dipping 
steeply to the sout'h of east."2 
No fossils are known to oocur in this series and the exa:ct succession of 
the strata is somewhat in doubt, but from seotAons described by Robb, 3 

the limestones are apparently interbedded with the quartzose strata which 
grade up into shales. 

The doscriptions of the rocks lying below t he George River series 
indicaite that they are mainly plutionic, but include " lam~nated fels ites " 
which are apparently to be differentiated from both the George River 
::;eries and the int rusive rocks. Speaking of the felsites as found in Craig
nish hills, Fletcher st 31tes : 

"The distribution of t he . . . fel sitcs here lends strength to the assumption 
that they belong to the syenite series and are older than 1Jhe crystalline series which 
appeare at no great distance from them and distinctly overlies the syenite into which 
these felsites insensibly merge."4 

D escribing the George River series as found on N{)nbh mounlbain, Fletcher 
refers to the felsites as follows: 

"The opinion already expressed that this (George River series) forms an over
lying unconformable .group of Precambrian age is greatly strenigthened by the results 
of recent investigations, the limestones in every case capping the felsites, with whlch, 
however, th ey often seem to bl end near the contacts as if by a common meta
morphism. . . . That the feleites were subsequently intruded or contemporaneous 
volcanic deposits seems Jess probable."4 

Gilpin, in 1886, summarized this problem in a paper delivered to the 
Geological Society. 

"Two divisions have been recognized i:n these measures. The lower consists of 
lamina.ted felsites and ·inter.strati fi ed porphyry and syenite and gneissoid rocks; the 
upper js characterized by the addition of grea.t b eds of limestone. Mr. Fletcher, 
speaking of ~he lower division, gives it as a. result of his experience t hait both the 
felsitc and syenite strata are intimately associated as part of the same group of crys
talline rocks, differing not so much in composition as in the degree of CrYStallization 
they have been subjected to, and that as no evidence :has been found proving the 
higher position of the fe lsites, they may at present be considered together."5 

The present writer recognized volcanic rocks on To·rth mountain. 
They are poorly developed and not distinctly sepamble from t he sedi
mentary George River strata. In spite of the fact that Fletcher reported 
a conglomerate or breccia containing fr agments of felsi te with~n the 
George River series in the type area, the writ.er is inclined to interpret the 
feLs-ites as a part of the George River series which, for the North M,oun
tain district, thus is made to include all sedimentary and associated 
rocks t hat have been int ruded by granirte. 

~neyman, D .: "Notes on the Geology o! Nova Scotia and Cape Breton"; N.S. Inst. Nat. Sc. , Pr. Tr . III, 
pp. 193-202, p. 196 (1871-74 ). 

'Fletcher, H.: Op. cit., p. 382. 
a Robb, C.: "Report on Explorations and Surveys in Cape Breton, Nova Scotia" i Geol. Surv.,Canada, Rept. 

o! Pro~. 1874-75, pp . 166-266, pp . 252-257. 
4 Fletcher, H.: "Report on Surveys in Richmond, Inverness, Guysborough, and Antigonish Counties, N ova 

Scotia" : Geol. Surv . , Canada, R ept . o! Prog. 1879-80, pt. F, 125 pp ., p. 12 F. 
•Gilpin, E .: "The Geology o! Cape Breton Island, Nova Scotia" ; Quart. Jour. Geol. Soc., vol. 42, pp . 515-526 , 

p. 516 (1886). 
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On North mountain the George River series has its chief development 
in a band thait extends s-outhwest along the south scarp of the mountain 
from Little Harbour to Lime Hill and from there westward across the 
mountain to River Denys. 

Owing to the oomple>.ity of ibis group, and insufficient exposures, the 
relations between its several members are not well known. The members 
are described in tJhe following order, namely: Voloanic member, Limestone 
member, Quartzite-greywacke member. 

Vo lea nie 11.f em bcr 

The volcanics are believed to be the oldest rockb exposed, and do not 
appear to be of very great extent. They may be seen to good advantage 
on the brure hill northwest of Little Harbour, locally known as " The 
Creigan ", ::tnd they extend southwestward along the scarp of the mountain 
towards the head of Mill brook. No exposures of them were reoognizecl 
between Mill brook and Lime Hill, but in the vicinity of Mill brook and 
inland similar rocks are strongly developed. 

The volcan~c rocks are generally soft, fine-grained, and dark green. 
Their exact nature, even under the microscope, is obscure, for the primary 
minerals have been converted into aggregates and pseudomorphs of 
amphibole, chlorite, carbonate, sericite, epidote, magnetite, and leucoxene. 
The feldspars, when discernible as such, are lath-shaped and have, appar
ently, small extinction angles. 

Trac'hytic, porphyritic, and amyg;daloidal structures were noted. Inter
stitial quartz is present in some specimens and small veinlets of carbonate 
cut the rocks. Staining by ferric oxide is very common. 

At' The Creigan' the rock carries specks of sulphite and close jointing 
is very prominent. What was taken to be pillow structure was observed 
on the weathered surface. The pillows are rather small, 1 foot to 18 
inches long, and although not conspicuous, were accentuated by small 
arcuate areas that weather a lighter colour than the surrounding surfaces. 

Near Lime Hill the rocks are massive and dense, with much ferric 
iron on the weathered surface. Pillow structures were not noted in this 
vicinity; the rocks are arranged in rude sheets, 15 to 20 feet thick and with 
a very steep dip. 

Limestone lvl ember 

The limestones of the George River series may be traced in more or 
less isolated exposures oYer the entire length of the sedimentary belt. The 
best development is in the vicinity of Marble Mountain, between the vil
lage and Little Harbour, and northeast of Campbell brook in the southern 
part of the belt where it crosse8 the mountain. 

The limestones are invariably crystalline and commonly of coarse 
texture, but where metamorphism is apparently at a minimum the texture 
is fine and banding prominent. They may be grey or white on the fresh 
surface, but weather bluish. Granite intrudes the limestones and the 
effects produced include the formation of ophicalcites, d'Olomitic limestone, 
white massive marble, and occasionally the development of quartz, lime 
silicates, and abundant pale yellow mica. The intrusive nature of the 
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granite is very plain along the top of the south scarp of the mountain from 
the lakes at the head of Mill brook, westward to, and beyond, Sydenham 
brook. In this area tihere are many exposures of the limestones which 
so far as could be determined are wholly surrounded by granite. A 
contact between granite and limestone is visible on the Marble Mountain
Munroe Bridge road, and west of Sydenham brook the granite was observed 
to include blocks of limestone 4 to 6 feet long. At these points few 
structures are to 'be seen in the limestone which is white, coarse, and 
contains a consideraJble proportion of magnesium. 

T he relatively numerous exposures of the limestones may possibly give 
a false impression of their extent and thickness, for it is probable that they 
are to some extent interbedded with the quartzites and greywackes to be 
described next. 

Quartzite-Greywacke M ember 
Quartzites outcrop at several places along the sedimentary belt. A 

very good section of these rocks is to be seen in the valley of Mill brook, 
and they may be traced southwestward along the scarp of the mountain 
where small exposures of limestone and quartzite are associated with 
granite. A considerable thickness is also exposed below the road at Marble 
Mountain. Near River Denys, the quartzites again appear. Lithologically 
the rocks range from a micaceous arkose to a nearly pure quartzite; a 
micaceous quartzite is the most ·common facies . They are thoroughly 
recrystallized and it is only occasionally that the original grain outlines 
can be distinguished. 

The quartzites at Mill brook are mainly dark grey, well-banded rocks 
of fine grain. Under the microscope they are seen to be largely composed 
of quartz, with usually a strong development of biotite. Subordinate white 
mica is present and occasionally altered feldspar occurs as scattered 
grains or in distinc t bands. Light green amphiboles in small, fresh, hypi
diomorphic prisms, are very common in some specimens, with occasionally 
larger, incomplete crystals enclosing original quartz grains. T wo of the 
slides examined contain small grains of unknown minerals of high relief. 
These grains are somewha,t elongated, but roundled, and have pitted 
surfaces. They occur scattered amongst the quartz and biotite, or dis
tributed along the foliation in lines. In the latter case they appear in 
greatest quantity with bands of altered feldspar. The most common of 
these undetermined minerals is analogous to zircon and the group as a whole 
is believed to be heavy minerals of the original sediment. 

Quartzite is in contact with limestone in the quarry at Marble Moun
tain. It weathers rather dark red due to small fl akes of hematite and 
abundant staining with ferric oxide. Below the limestone the first rock 
noted is an almost pure white quartzite, but as the exposures are traced 
towards the shore, biotite becomes more prominent and forms distinct 
bands, 1 to 4 millimetres thick. Ferric oxide along the banding gives a 
dark co lour to the exposures. 

Quartzites occur on the northwest slope of the mountain near River 
Denys. The rock outcropping nearest to the limestones of this locality 
is a red-weathering, well-banded arkose, but within 150 feet this gives 
place to an almost pure white quartzite. 
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At the shore, southwest of Little Harbour, and again in the valleys 
of Dallas and Campbell brooks, the rocks outcropping on the south side 
of the limestone zone differ markedly from any already described. They 
are dark, fine-grained, impure grits and greywackes, which by shearing 
pass into slates and schists. Banding is noticeable at some localities and 
where the rocks are least disturbed bedding is more or less prominent. 
Under the microscope quartz is seen to be the dominant mineral. It 
occurs in single and composite grains ranging in size from microscopic 
fragments up to grains i of a millimetre in diameter; and it is accom
panied by a few scattered grains of feldspar and occasionally a lithic 
fragment. Sericite is present in varying quantity and is associated with 
chlorite and small fragm ents of ferromagnesian minerals. Banding is 
not prominent in the thin sections examined and most commonly the 
quartz grains are scattered heterogeneously through the finer groundmass .. 
They are equidimensional, but are not especially rounded, nor were they 
noted to be drawn out or sheared. 

In the upper valley of Campbell brook the rocks are slates and shales, 
with some few thin beds of limestone. Extremely schistose graphitic 
shales occur a short distance below the upper forks and are again exposed 
above the bridge on the southeast branch. All the beds in this vicinity 
dip very steeply to the south and in the northern exposures they are much 
contorted. The beds are cut by veinlets of carbonate and quartz, the 
latter carrying iron and copper sulphides. These same conditions prevail 
along the road to Lime Hill and in the valley of Dallas brook. Here, 
however, limestone is exposed in greater quantity, is banded, contorted, 
and at places contains serpentinous material and brown mica. Judging 
from scattered outcrops the greatest width was between 250 and 300 
feet. 

Near the mouth of Dallas brook the rocks are much crumpled, although 
the original bedding can still be distinguished. Proceeding northeastward, 
between Lime Hill and Marble Mountain, two small quarries above the 
road again show limestone in contact with strata of the quartzite-grey
wacke member, which, in general, are schistose. At several outcrops along 
the shore, one or two thin beds of quartzite, and a thin bed of conglomer
ate or breccia were observed. Where schistose the rocks are very soft, 
chloritic, and hold lenses and stringers of carbonate. 

The exposures farther northeast where the pre-Carboniferous rocks 
come to the shore to the southwest of Little Harbour, show the strata 
to be well bedded, very compact, and of extremely fine grain. Their 
stratigraphic position relative to neighbouring bodies of the limestone is 
indeterminable because of close' folding and faulting. At one place, 
graphitic shales apparently underlie a well-bedded limestone. 

The strata of the band of George River series are characterized by a 
general southwesterly strike. The dips are almost invariably steep, from 
50 to 70 degrees, and close folding is pronounced at some localities. Con
ditions are such that the stratigraphical succession within the George 
River series has not been established. The limestone member forms a 
valuable key horizon, but its worth is somewhat impaired by the possi
bility of overturned folds. The volcanic rocks are thought to form the 
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base of the' series on North mountain. They are mainly developed near 
the contact with the granite and only sparsely elsewhere. Their relations 
with the other members of the series are not established, but the' presence 
of a volcanic rock interbedded with the micaceous quartzites at Mill 
brook, suggests that the quartzites succeed the volcanic member. The 
association of the micaceous quartzites with the limestones, and the lime
stones with the greywackes, also suggests that the limestones are an inter
mediate member separating the two quartzose formations. The possibility 
that the micaceous quartzites are, in part, metamorphose'd equivalents of 
the greywackes, does not affect this conception. 

The succession then as tentatively set forth, is, from the base upwards: 
( 1) volcanics; (2) quartzites with a zone of thick, interbedded limestone, 
and grading up into; (3) greywackes. 

IGNEOUS INTRUSIVES 

Granite 

Igneous rocks, mainly granitic in character, occupy .the greater 
part of North mountain. As already stated, the granite is intrusive into 
the George River strata. It is not practicable to draw a sharp line of 
conta.ct between the two groups, as they are generally mixed within an 
intervening zone of greater or less width. Variations in the character 
of the granite occur in many places between successive outcrops and there 
is a possibility that the granite is the re'sult not of one intrusion but of 
a series of intrusions, although no evidence to this effect was obtained. 

Typically the granite is pink, or grey, depending on the proportions 
of flesh-coloured and white feldspars. The texture varies from medium 
to coarse, but the grain is seldom even, being commonly hiatal and 
oc·casionally porphyritic. In some cases the grains range up to, and exceed, 
one centimetre in greatest dimension. 

The rocks as indicated by the examination of thin sections, vary from 
a true granite to a quartz diorite, with granodiorite as .perhaps the most 
common facies. Some doubt is felt as to whether the more basic examples 
are truly representative of any large mass of the rock, as it i8 thought that 
scattered inclusions of the sediments may occur more abundantly than 
were noted and thus cause rapid changes in composition. 

In the slides examined the primary essential minerals, in order of 
abundance, are: feldspars, quartz, biotite, and, in some cases, hornblende. 
The proportions are, approximately: feldspars 50 per cent, quartz 40 per 
cent, biotite 10 per cent. The accessory minerals include : magnetite, 
ilmenite, apatite, zircon, and titanite. 

The feldspars are chiefly plagioclases, but orthoclase, perthite, and 
microdine are not uncommon. The plagiodases show altePa.tion, but 
appear to range between oligoclase and andesine. The orthoclase is also 
altered, but the microcline and perthite are commonly comparatively fresh. 
Sericite is the principal alteration product of the feldspars, but epidote is 
present as stringers and patches in the more altered individuals. Unaltered 
feldspar of a mor~ acid type was noted to occur along the edges of, and in 
some instances to penetrate, the altered crystals. The quartz forms coarse 
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aggregates. The •1uartz individualis in some carses h oild small crystals of 
feldispar, or penetrate or · cut the fel cl..'3par ·clusters, oir occur a:s small, 
rounded grains within crystals of feldspar. The quartz r.ggregates are 
crossed by lines of inclusions, and strain shadows are prominent in most 
of the slides examined. 

The biotite is developed in small crystals that are inclined to be 
grouped. In some sections the biotite shows only slight alteration around 
the edges, but in others it is alrriost completely destroyed. 

Green hornblende is present in some of the sections. Like the biotite 
it is developed in comparatively small crystals and shows only slight alter
ation. 

The accessory minerals are not abundant. The iron ores are in great
est quantity and occur mostly with the ferromagnesian minerals. Zircon 
and apatite appear as inclusions in both the biotite and hornblende. Tit
anite was noted in only one section. 

INTRUSIVE AND CONTACT PHENOMENA 

A·lthough mixed zones of the granite and George River strata are most 
strongly developed as a fringe bordering the sedimentary strata, there are 
areas removed from the sedimentary belt where inclusions of the sedi
ments occur in the igneous rocks. Because of the limited number of 
exposures, .the delimitation of t11e borders of the mixed zones, and especi
ally of those removed from the main belt of sediments, could ·only be 
roughly ·a:ppl'Oximated. Over most of the area, weathering of the gran
ites does not appear to be deep, and characteristically the fe ldspars decay 
leaving the quartz aggregates projecting as knobby protuberances from 
the surface. In th e western part of the area, and especially in the valley 
of the west fork of McLeod brook, the weathering is very deep and a fresh 
surface was unobtainable from any outcrop. The stream has cut a narrow 
gorge in the granite, from 10 to 30 feet deep, and from caves in the side 
of the gorge the rock may be scraped off with the bare hand. 

Between Marble Mountain and Little Harbour, where volcanic 
rocks occur along the western edge of the band of George River strata 
and, therefore, are believed to be in direct contact with the granite, the 
granite of the intervening mixed zone is characterized by the presence 
of oval bodies. These are commonly not more than 3 or 11 feet long and 
may be as small as 8 inches. They are arranged with their long axes 
paralleling the length of North mountain, that is para1leling the structural 
trend of the d·istrict, and the line of contact. On ·the weathered surface 
they aire erusily distingui·shed· 1by their colour whi·ch is s lightly darker 
than that of the normal granite, but on fr esh surfaces they are not clearly 
defined. 

The rock of these oval bodies when examined under the microscope is 
seen to be of medium grain and to consist of plagioclase, biotite, horn
blende, and quartz in the proportions of about 4-2-2-2. The accessory 
minerals include apatite, magnetite, and a little titanite. The plagio
clases have an index which is slightly lower than the index of balsam and, 
from determination made on the twinning lMneNro, the •Composition is 
between oligoclase and andesine. The biotite and hornblende are closely 
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associated and in some cases are intergrown. Both show varying degrees 
of alteration to chlorite, and a little zoisite may also be present. The 
hornblende is light green, strongly pleochroic, and contains scattered 
patches of needle-like inclusions, probably rutile. The dark brown bio
tite is charar.terized by alteration products, occurring as lenticular masses 
between the folia, and for the most part appearing to be colourless 
epidote. The quartz occurs in very irregular shapes between the feld
spars and generally exhibits rectilinear boundaries. It is unevenly dis
tributed and in several cases a number of adjacent areas were noted to 
have the same optical orientation. It is evident that this rock differs 
from the granitic rocks in being more basic, and in carrying a higher 
proportion of hornblende, but it has no structures that seem to indicate 
that it has been derived from any part of the George River series. 

Quartz-poor igneous rocks were noted on the road a few hundred 
y·ards east of Mill brook. They outcrop close to the sedimentary rocks, and 
are much darker than the typical granitic rocks. An albrupt variation from 
medium to ooa1i e texture was observed in adj0ining ·outcrops. In min
eralogy and structure the medium-grained phase is somewhat similar to 
the Tock of the oval bodies described above. The coarse variety i·s char
aoterized by brown hornblende and large aggregates of secondary chlorite, 
leucoxene, epidote, and zoiiEite. Quar:tz is subordinate and interstitial, is 
much fractured, and carries radiating aggregates of a colourless m~nel'al 
with the optical properties of epidote. 

At Marble Mountain where the granite is in contact with lime
stones and quartzites, oval bodies such as those already dPscribed were 
not noted, but instead the passage from the granite a!l'ea oi the band of 
George River strata consists of an alteration of bands and patches of 
sediment and granite. In places the mixed zone is of considerable width. 
It extends southwest along the scarp of the mountain towards the lake 
at the head of Sydenham brook, and where it is crossed by the Marble 
Mountain-Munroe bridge road the limestone, occurring within 10 feet of 
granite outcrop, is characterized by the differential weathering of meta
morphic minernls developed along the bedding planes. The granite is 
not greatly affected close to the contact, although a slight decrease in the 
intensity of the colour is apparent and the texture is somewhat finer. At 
Sydenham brook the limestone, which, so far as could be seen, is entirely 
surrounded by granite, does not show the development of contact minerals, 
nor is banding present on the weathered surface. Near the scarp of the 
mountain the grnnite was observed to carry blocks of the limestone. The 
feldspars of the granite lack colour and are inclined to be idiomorphic 
and zonal. Quartz is present in some quantity and exhibits penetration 
effects against the feldspars, as well as slight evidences of straining. The 
rock shows only slight alteration. 

Still farther southwest, in the neighbourhood of Lime Hill and in 
the valley of Campbell brook, the mixed zone on the whole is narrow. 
That part on the farm of Mr. Neil McMillan, on the Lime Hill-River 
Denys road, shows granitic rocks in close proximity to limestones and 
quartzites. Here the sedimentary rocks appear to be more profoundly 
affected than those observed farther east. 
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Four isolated mixed zones are shown on the accompanying map. Two 
ait the northeastern end of the mountain are small and exhibit only slight 
evidences of :the older roicks. The two larger aTerus near the southwestern 
end of the mountain contain a variety of rock types, and although rem
nants of the sedimentary rocks appear to be present in only small quantity, 
they are widely spread, and a.J"e believed' to have exerted a profound 
influence on the character of t!he intrusive. Since the rocks ~n these •two 
areas differ somewhat in general appearance, they will be descTibed sep
airately and in some detail. 

The Lime Hill-Ross Brook Mixed Zone 

The rocks of this zone are best s€en in the valleys of Ross and McCuish 
brooks, and along the shoreline, where, aJ,thoug'h outcrops are few, the 
beach is made up of large boulders showing most of the rock types noited 
on tJhe hillslope above. 

The most abundant general rnck type, called "dimite" in the field, 
$hows gradations from granite to quarltz-beaTing ga:IYbro. This general 
type is invariably grey, but the shade varies wi·th rthe grain sfae and the 
content of ferromagnesian minerals, both of which are subject to rapid 
change. The texture is commonly equi-granular, but in places is slightly 
porphyritic. The varia1tions exhibited by this general type are indicated 
by the following descriptions. 

The rncks east of McCuistl.1 brook, near the roa<l, are of variable grnin 
size and various shades of grey. The dominant mineral is acid feldspar, 
mainly orthoclase, but with some acid plagioclase. Green hornblende is 
the most important constituent after feldspar. 

Biotitte 00curs rather sparingly as a primary consti1tuent. It is associ
ated with the hornbJ,ende. A little quartz occurs inters1Jitially and replaces 
tJhe feldspar in part. Apatite, magneti,te, and titanitte are the aicces'SOry 
mineraLs. 

The rock outcrop along the road between Ross and McCuish brooks 
is very dark, ·coarse, and consists mainly of hornlblendre in short, thick 
prisms. Feldspar and quartz are also present, and wit h the hornblende 
occur in tlhe proportions of a'bout 5-2-2. Pyroxene, magnetite, py·rite, 
titanite, epidote, and apatite make up the remainder. The hornblende, 
feldspar, and quartz a-et as hosts to each other and' to the remaining con
stirtuents. The hornbJ.ende is brown and green, both varieltie1S being noted 
in the same cry1stal. Rome of the S'illaller grains &re associated with a 
pale green pyroxene, closr. to diopside, and prolbably resulted from t!he 
alteraition of that mineral. The feldspars are mainly untwinned plagio
cla:ses, wirtih distinct zonal strnctures and between oligocla'Se and andesine 
in composition. 1'1he quaPt.z occurs in rs,ther large, irregular grains and 
exhibits more pronounced poikili.rtic structures 1Jhan do the other minerals. 
Some of the grains show slight strain shadows. 

A spedmen from the small stl'eam east of McCuish brook is from a 
locality where the grani1te apparently grades into the type under discussion. 
This specimen has a faintly dev~loped porphyritic structuTe. The con
s>tJituentis in order of abundance are: feldspars, quar,tz, 'hornblende, and 
biotite, in the proportions of about 5-2-1-1. Magnetite, titanite, and 
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apatite are the accessory minerals. The feldspars are plagiocla'8es, about 
andesine in composition, wi,bh d,istinct zonal sitructures. The hornblende 
is green. Brownish yellow biotite is assaciaited with tlrn hornblende. 

Another example from the small stream east of Mo.Cuish brook is 
one of the da.rkoot specimens of this general type. It is of medium grain 
ancL consists of labradorite, quartz , and aiteration products in tihe pro
poPtions of about fi-3-2. The quartz does not appear to lbe primary, for 
although in <;onsiderable quantity in the svide, it is in largest part restricted 
to one rabhe·r largie, !cm-shaped area. Smaller inteirstiiitial patche's of quartz 
show myrmckifaic intergrowth:;1 with the plagioclase. 

A variety from the east branch of McCuish brook is a medium-grained 
rock whose essential com:tituents are acid, feld·spar, and altered ferro
magnesian mineral, and quartz, in rt:Jhe proportions of about 5-3-2. The 
tructure is s lightly porphyritic and ithere is a slight but obscure banding 

on a l:.uge scale. The feldspar appears to lbe dO'IIlinarutly orthodase, with 
some little acid plagioclase. The ferramagne ian minerals are totally 
replaced by 1chlorite, Jeucoxene, a little feldspar, carbonate, and epidote, 
the original mineral i1s believed to have been biotite. 

Anobher example from ,tJhe east brarnch of McCuish brook is a medium
grained, grey Todc, consisting of quartz, feld spar, hornblendie, and hiotite 
in the proportions of a.bout 5-3-1-1. The quartz O'Ccurs in quite large 
grains which surround and enclose the feldspars. The fclcLSipars are chiefly 
acid andesine, but also include a more acid plagiocla.sie and a few com
paratively large crystals of orthoclase. Some of the plagioclases are zonal. 
The hornblende is green and occurs in long, irregular pPisms. It is associ
ated with a little granular epidote, probably an alteration product. The 
biotite is in part an alteration product from the hornblende, but some of 
it is primary. 

Assoc,iated with the above des'cribed rocl~s are others of widely different 
chaPac1teir. These include limes tones, gneisseis, and dark, coarse, badly 
altered granitic rocks. Dykes of aphtic ,character ·cut all the other rock 
types and in .some places are very nume1xms. 

The limestones occur abundantly in the lower part of Ross brook and 
were observed in rather thin band1:; in the upper part of McCuiJSh brook, 
where they are somewlnt numpled. AI.though preserving their identity, 
they are much metamorpho"Sed and exh~bit pronounced d'.fferential weather
ing. Besides cakite, the chief ·constituents are micas, olivine, and ser
pentinous material, ·which combine to give the rock a grey colour. The 
mic1as are colourles's and unaltered. They are grouped in aggregates of 
rounded grains. 'Jlhe serpentinous m::i.,terial is variable in amount. It 
occul's in more or less rounded aggregates believed to be pseudlOmorphic 
affor the O'livine. 

The gneisses occur mainly along the north edge of the mixed zone. Good 
exposures may also be seen in the two small streams west of Dallas brook. 
v ,ariations in the general appearance and in the amount of banding ex
hibited were taken to indicate that probably bath orthogneisses and in
jection gneisses were present. 

Rock classified as orthogneiss was found nO't far west of Lime Hill. 
It is of granitic habit and the -fo l1iation, due to the ferromagnesian minerals, 
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is rather .coarse and interrupted. The principal constituents are quartz, 
acid feldspar, and biotite. The feldspars include orthoclase, acid plagio
clase, microcline, and perthite. 

The most oommon gneiss is a grey, medium-grained rock with a well
developed, rather fine foliation. The feldspars, in about equal proportions 
with quartz, include orthoclase, perthite, microcline, and a 1ittle pla~o
clase. Biotite is the principal ferromagnesian mineral and is developed in 
large crystals. Pale brown aggregates of secondary minerals are con
centrated near the biotites. They cons:EJt of serpentinous material, pale 
green •amphibole, colourless micas, ferric iron, and a little titanite. They 
are thought to be derived from olivine. Inclusions of zircon are present in 
the aggregate . 

All the roC'ks of the above assemblage a.re cut and injeoted by small 
dykes and striingers of aplite. In places these are very numerous and they 
are especially abundant on the east branch of McCuish brook. In general 
the walls of the stringers where they cut the granitic rocks are not well 
defined, and there is a gradation from the light-coloured aplite to the 
darker enclosing granitic rock. 

The ·ap1ite consists of orthoclase, micTOcline, perthite, and a little 
albite. Interstitial quartz is ·preisent in some specimens, but .as a rule 
the rncks appear to be poor in this mineral. Ferromagnesian minerals 
are not present in any quantity, and in some €X&mples are entirely lacking. 

An example of a rock formed by lit-par-lit injection was found on the 
west brarnch ·of McCui•sh brook. This rnck is darker and of finer grain 
than the gneisses described above. The different bands are 4 to 5 milli
metres wide. The primary rock is foliated along planes pariallel to the 
layers of injected material and consists of quartz grains set in an extremely 
fine, complex ma s of alteration products, including ·colourless mic·as, 
leucoxene, carbonate, pyroxenes, saussurite, zoisite, and mag'netite. In 
addition there are many elongated grains of rutile scattered along the 
foliation .and large, clear grains of a colourless pyroxene form a distinct 
but thin band. The injec"ted ma,terial consists of microcline, microperthite, 
pale brown biotite, and 1scattered grains of pyrite. The contact 1between the 
primary and injected material is zonal and the feldspars along the contact 
hold the original minerals in poikilitic structures. Shreds of pale green 
pyroxene, and a little earbonate are sc·attered through the fddspars and are 
evidently derived from ithe primary rock. 

The West Ba.y Road-Big Rrook Mixed Zone 

This zone differs from the above described zone on the southwest side of 
the mountain, in that inclusions are more numerous within the igneous rocks, 
and the intruded sediments are recognizable at only a few pla.ces. The 
streams between Big Brook post office and West Bay Road afford the 
beet opportun1ties for observing the rocks in this zone. Good exposures 
may also be seen along the road going southward across the mountain from 
Big Brook post oifice. 

The most common type of rock is somewhait similar in mineralogy 
and structure to the grey granites, etc., of the Lime Hill-Ross Brook 
mixed zone. Here, however, the roC'ks are coarser and in places grade 
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into types very similar to, and in some instances more acid than, the 
granitic rocks. With the distinctly igneous rocks are darker rocks show
ing rapid variations in texture. Where the road going southward from 
Big Brook poot office approaches the south boundary of the mixed zone 
as drawn on the map, the rocks along the road include fine-grained granite, 
gneissic grani1te, medium-grained diorite, and a coarse blotchy rock of 
dominant green oolour. These same ronditions . prevail in some of the 
stream courses where dark, greenish, schistose rocks contain varying 
amounts of injected igneous material. Commonly the rock consists of a 
few irregular, pink feldspars in a dark groundmass. Inclusions are not 
discernible, and in general the rocks appear very similar to the nebulites 
of Sederholm 1 and W einschenk. 2 At some places the greenish rocks 
contain no injected material, and in these ·cases are seen to be dark rocks 
with greenish feldspars and much chloritic mica. In places they are very 
schistose. All gradations of mixing between these rocks and the granites 
are to be seen, and the dark rocks may predominate over the granite in 
the proportion of about three to one. 

Gneisses are commonly associated and intermixed with the dark 
rocks. From their appearance they are all injection gneisses and may 
be fine- or coarse-grained with varying degrees of banding. One speci
men in thin section is seen to be ·a medium-grained rock consisting of 
quartz, andesine, and ferromagnesian minerals in the proportions of about 
6-2-2. The ferromagnesian minerals are mainly green •hornblende and 
biotite, but a colourless pyroxene is present in small quantity and is the 
mineral from which the hornblende is derived. The hornblende is arrianged 
in aggregates of grnins that contain many, small, irregular, and rounded 
inclusions of some colourless mineral, probably a feldspar. Intergrowths 
of feldspar with hornblende or pyroxene lie along the boundal'ies of many 
of the aggregates. The biotite is a very deep brown, and commonly holds 
large grains of magnetite. Rounded grains of quartz and feldspar are 
very prominent in one part of the 11:.hin <section.. The grains are very 
dusty and are enclosed and held in larger crystals of quartz. 

Where distinct and recognizable xenoEths appear in the igneous rocks 
the latter are even-grained, but the shade of colour varies with the local
ity. Xenoliths are fairly numerous throughout the mixed zone, but are 
seen to best advantage along the roads crossing the mountain, where they 
are common in the igneous rocks, in this case granites. 

The xenoliths are not large and are invariably rounded. They are 
darker and of finer grain than the enclosing rock, and are quite prominent 
even on fresh surfaces. In some cases they have a porphyritic structure, 
which is blasto-porphyritic, the blastocrysts being feldspars derived from 
the enclosing rock. The borders of the xenoliths in many cases contain 
abundant blastocrysts with a flecked appearance due to the inclusion of 
minerals from the xenolithic rock. The border blastocrysts are at times 
extensions of crystals from the coarse-grained granitic host. 

• Sederholm, J. J .: "On Migmatites and Associated Pr&-Cambrian Rocks of Southwestern Finland"; part 1 
"The Pellinge Region". Bull. de la Comm. Goo!. de Finlande, 58, 153 pp., p. 120 (1923). ' 

• Weinschenk, E.: "The Fundamental Principles of Petrology" . Tr . A. Johannsen, McGraw-Hill, New York, 
1916, 214 pp., p. 65. 
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A xenolith in the vicinity of the first stream east of West Bay Road 
is a rather fine-grained rock showing pink and green coloration. Micro
scopic examination shows that the rock is composed of dominant quartz 
occurring in small, rounded grains with some larger aggregates, and grains 
of very cloudy orthoclase. Between the grains is much dusty material, 
principally chlorite, sericite, leucoxene, carbonate, epidote, and finely 
divided quartz. Apatite prisms are present in the quartz grains and the 
orthoclase owes its cloudy appearance to iron oxide and vermicular chlor
ite. Slight shearing is noticeable in the thin section. Xenoliths occurring 
on the road going southward from Big Brook post office are medium
grained, acid rocks of orthophyric structure. They consist chiefly of ortho
clase, with a little acid plagioclase, hornblende, and biotite. The feldspars 
are very much sericitized and are zonal with more or less unaltered feld
spar around the edges. The hornblende occurs in elongated prisms. The 
biotite has been completely altered to chlorite. A little interstitial quartz 
is present, and magnetite and apatite are distributed through the section. 

The host rock is a coarse-grained granite consisting of orthoclase, per
thite, acid plagioclase, abundant quartz, and subordinate biotite and horn
blende. The action of the granite on the xenolith may be seen at the bound
ary between the two where the larger feldspars of the granite penetrate 
into the xenolith and hold all the constituents in poikilitic structures. The 
feldspars of the granite show only slight alteration. Although they do not 
appear to actively corrode the xenolithic minerals, in one case small prisms 
of sericitized feldspar are present and in another the xenolithic feldspars 
are absent and only the ferromagnesian minerals remain. 

Exposures of recognizable sediments are few. Small exposures of 
metamorphic limestone, associated with dark quartzose rocks, were noted 
at two places. The limestones are finer in grain than are the rocks on 
the south side of the mountain, and hold abundant pale mica, garnets, 
quartz, and occasionally graphite, and traces of iron and copper sulphides. 

In some localities small quartz veins are numerous, but are not per
sistent. They appear cutting the above described rocks. Where the quartz 
parallels the foliation of the rock the original minerals have been pro
foundly altered, and a thin section shows interrupted bands of alteration 
aggregates in clear granular quartz. 

Minor Intrusives 

A number of dykes of varying composition cut the granite and mem
bers of the George River series. 

The extent and persistence of the dykes are not known, for, although 
twenty exposures were noted, in no case was it possible to trace any one 
dyke for any distance along the strike. Mineralogically they may be 
divided into three groups: basic, intermediate, and acid. 

The basic dykes are the largest and also probably the most numerous. 
They appear to be developed in two sets, striking on the average 58 degrees 
and 152 degrees (true). The widths range from 20 inches up to, in one 
case, 70 feet. Most are diabasic and some are slightly porphyritic. They 
consist of basic andesine, or labradorite, monoclinic pyroxene, and, in some 
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cases, biotite. The accessory constituents include magnetite, ilmenite, 
pyrite, and apatite. In most specimens examined the feldspars occur in 
idiomorphic or hypidiomorphic prisms with the pyroxene as interstitial 
filling. Some show a distinct zonal structure. The pyroxenes and biotite 
are much altered, and in some cases completely destroyed. Hornblende is 
a common alteration product, and is accompanied by aggregates of cplor
ite, epidote, carbonate, and leucoxene. Quartz was observed in a few speci
mens. It is small in amount and occurs interstitially with intimate pene
tration effects against, and in one case intergrowths with, the feldspars. 

The largest basic dyke noted, outcrops on the Marble Mountain
Munroes Bridge road. It is a hornblende diorite, of coarse, granular tex
ture, and consists of andesine and hornblende in the proportion of about 
6, -3, accompanied by white mica and alteration products of sericite, 
fibrous hornblende, chlorite, and leucoxene. 

Dykes of intermediate composition were noted at four exposures. Of 
these, one is referable to as bostonite, the others are lamprophyric in char
acter. The bostonite is fine-grained, porphyritic, and consists mainly of 
acid feldspars heavily stained with iron oxide. Carlsbad twinning is pre
sent in the phenocrysts, but the feldspar rods of the groundmass exhibit 
little twinning of any character. No distinct ferromagnesian minerals are 
present, but the groundmass contains chlorite, sericite, and a little epidote, 
much of which is associated with the feldspars. The lamprophyres are por
phyritic and approach vogesites in character. The dominant mineral is 
acid feldspar, probably almost wholly orthoclase. Pyroxene and biotite 
are present in some specimens, but not in great quantity. Quartz is gen
erally subordinate and interstitial, but in one specimen made up about 
one-third of the rock and was intimately intergrown with the feldspars. 
The feldspars of the groundmass carry abundant ferric iron dust and are 
altered to a considerable extent to sericite, and are penetrated by mats of 
fresh, green, actinolite rods. The alteration of the ferromagnesian min
erals produces fibrous amphibole, micas, chlorite, leucoxene, carbonate, 
sericite, and epidote which generally appear as pseudomorphic aggregates 
after the ferromagnesian phenocrysts. Zircon, magnetite, and in some cases 
titanite, occur as accessory minerals. 

The strictly acid dykes, excepting the aplites of the Lime Hill-Ross 
Brook mixed zone, appear to be rather few. They include granophyres 
and coarse rocks of granitic character that in places are porphyritic. Fer
romagnesian minerals are subordinate and where noted consist mainly of 
a little bleached biotite. Only one dyke of pegmatitic character was noted. 
It occurs in the stream east of McCuish brook, and is a coarse rock made 
up of quartz, feldspar, and a little green mica. The quartz is concentrated 
along the middle of the dyke, whereas the feldspar occurs along the walls. 
The mica projects from the waUs into the feldspar. 

CARBONIFEROUS 

The lowlands surrounding North mountain are developed on Car
boniferous rocks. In the vicinity of the mountain the Carboniferous beds 
for the mosrt part; are Mississippian and belong, largely, to the Windsor 
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series. Younger measures, of Pennsy lvanian age, occur to the south west, 
on the hill northwest of Big brook and in the valley of Inhabitants river. 

The lowest exposed Carboniferous beds are conglomerates and rest on 
eroded surfaces of the crystalline rocks. The conglomerates are made up 
in greatest part of fragments from the underlying rocks, cemented by 
carbonate and finely comminuted material from the same rocks. All the 
pebbies are angular, with rounded edges, and, although in places the 
largest are about 2 inches in diameter, the usual size is less than 1 inch. 
The charaoter of the conglomerate depends upon the neighbouring older 
rocks. Where these are the George River series, the pebbles are' of limestone, 
schist, greywacke, and gneiss, mixed with small fragments of quartz and 
feldspar. Where granite is the underlying rock, the conglomerate is a 
coarse arkose barely distinguishable from the weathered rock beneath 
and the cement is dark green, limy maJterial. Small, grey or grey-green 
lenses of sand are common even in the lowest part of the conglomerate 
and in some places carry ·obscure plant remains. 

Exposures of conglomerate were observed at six widely spaced points 
around the base of the mountain. At no place did rthe exposed thickness 
exceed 15 feet, and at only one point were overlying strata seen in contact 
with the conglomerate. 

In the valley ·of Oampbell brook, a short distance below the lower 
forks, are isolated ~xposures of conglomerate which, so far as could be 
determined, are in plaoe. This occurrence is well within the area of North 
mountain where the valley sides rise steeply for several hundJ:ed feet. 
Lower down the valley, near its mouth, large, detached blocks of grey 
conglomerate occur on the hillside northeast of the brook. An outcrop of 
conglomerate occurs in McKenzie Brook valley well within the area of 
North mountain, on the south side along the main tributary brook from 
the south. These conglomerates are possibly of pre-\Vind or, Horton age. 
They are so situated as to indicate that Campbell Brook and McKenzie 
Brook valleys originate'd in early Mississippian time when North moun
tain must have been an upland area. 

On the lowland northeast of the mountain in the general vicinity of 
Little "Harbour and Big Harbour and on the bordering lowland on the 
northwest side from Denys basin inland to River Denys station, gypsifer
ous Windsor strata apiparently closely adjoin the outer edge of the area 
of Precambrian rocks of North mountain and, in part, make their presence 
known by areas of low, swampy ground close to the abrupt slope of the 
mountain. Exposures of the rocks associated with the gypsum are not 
abundant, but dark, fetid, cavernous limestones, and buff, dolomitic lime
stones were noted at one or two places. On the hillside above the post 
office at Big Harbour, a dark, oolitic limestone, carrying micro-fossils, 
rests on granite with only a few inches of mixed granitic material and 
lime a.t the baise. As exposed it is about 12 feet thick. This rock is 
undoubtedly a member of the Windsor series.1 On the northwest side of 
the mountain, at the foot of the slope north of the mouth of McKenzie 
brook, fossiliferous limestone outcrops. This limestone, as stated in a 
succeeding paragraph, is of lower Windsor age. 

1 Bell, W. A.: Personal communication. 
67238-ll; 
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On the southeast side of the mountain, Windsor strnta in two places 
are to be seen lying on Precambrian rocks. At one locality, on the shore 
southwest from the entrance to Little harbour, fossiliferous, massive, grey 
limestone dips away from the mountain at an angle of 76 degrees and is 
separated from the Precambrian by a thin conglomerate. The second 
locality is a rocky point near the post office at Marshes where a dark, 
fine-grained, thin-bedded, fossiliferous limestone dips away from the 
mountain at an angle of 70 degrees and is underlain by conglomerate 
resting on Precambrian granite. 

W. A. Bell, while vis·iting the writer in the field, made small collec
tions of fossils from the above-mentioned limestones. Mr. Bell makes the 
following statements in regard to these rocks: 

"The conglomerate, and the overlying limestone and gypsum are all referable to 
the Windsor series, as the limestone from Marshes post office yielded a small Windsor 
fauna <that included Leptodesma borealis Beede, and Pteronites gayensis Dawson, two 
characteristic lower Windsor pelecypods. The limestones associated with the gypsum 
near the mouth of McKenzie brook yielded abundant specimens of Cranaena, of a 
species common in Lower Windsor strata of the type locality at Windsor, as well as 
specimens of Dielasma davidsoni (Hall and Clarke)." 

The Carboniferous rocks at the southwe ·tern end of North mountain 
are quite different from the strata to the northeast. In McLeod brook, 
dark, fine-grained limestones and limy shales strike about east and dip 
north at high angles. In Cameron brook, to the south, buff, grey, and 
green sandstones, in beds from 1 to 2 feet thick, overlrie dark, thin-bedded 
shales carrying a fauna of ostracods and a species of Leaia. The sand
stones are fine-grained, and carry abundant white mica. Ripple-marked 
surfaces were noted on loose blocks. The road between West Bay and 
West Bay Road, although rising to an elevation of about 300 feet, neverthe
less runs wholly over Carboniferous rocks, which consist of chocolate 
~nd grey shales, and shaly sandstones, dipping so utherly. The dip 
increases as the base of the mountain is approached, except in the vicinity 
of the road over the mounrtain to Big Brook where grey shales dip 10 
degrees south. They are crumpled, contorted, broken by small faults, and 
show incipient slaty cleavage. The lithology of the above rocks, as well 
as their contained fauna, correlate them with some part of the Riversdale 
series of lower Pennsy lvanian age. 

The attitude of the formations, in the immediate vicinity of their 
contact with the older rocks, varies considerably. On the outheast side 
of the mountain, wiith the exception of the strarta in the embayment at 
Little Harbour, the dips are very steep, in the neighbourhood of 70 degrees, 
and are in marked contrast with those on the northwest side of the moun
tain where the steepest dip noted was 28 degrees. Away from the base 
of the mountain the formations as a whole appear to be only gently 
inclined, and strata with low dips may be seen in the valley of Cameron 
brook, and in the neighbourhood of Denys basin. 

The Carboniferous formations dip away on all sides of the pre-Car
boniferous basement exposed in North mountain. Originally laid down 
with perhaps slight initial dips, and derived in largest part from the under
lying rocks, they are now characterized by variable and in places very 
steep dips. Structures similar to these exist on the south side of Craignish 
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hills to the northwest and probably prevail also on the north side of 
Sporting mountain to the south. 

The lowlands, then, represent structural basins lying between the 
older uplands. The synclinal nature of the struoture is well shown on 
the hill northwest of Big brook where, as shown on Fletcher's map, the 
higher formations of the Carboniferous strata dip inwards on all sides of 
the hill. Although synclinal in general, the structures are not simple, as 
at many places on the lowland the strata are steeply folded. 

Faulting was noted at several points within the pre-Carboniferous 
crystalline area. At McMillan's farm, on the Lime Hill-River Denys 
road, a basic dyke, striking about 70 degrees (true), has been displaced 
in a northerly direction by several closely spaced faults. In the first 
stream east of West Bay Road, another basic dyke has been involved in 
fault movement, and the granitic rocks which it cuts are brecciated and 
contain small fragments of the dyke. This fault appears to parallel the 
dyke which strikes 70 degrees (true). 

Faults along the base of the mountain were observed near the mouth 
of McKenzie brook, near the cliffs southwest of Little Harbour, between 
Marble Mountain and Lime Hill, and in the lower part of the east branch 
of McLeod brook. The faults near McKenzie brook and Little Harbour 
dip outwards from the crystalline rocks, whereas the other two dip steeply 
inward. The fault between Marble Mountain and Lime Hill is a strike 
fault in the George River series. 

The maps that accompany Fletcher's report on the western part 
of Cape Breton, 1 show a large fault along the southwest base of North 
mountain, close to the contact of the Carboniferous sediments with the 
older rocks. Undoubtedly this fault was determined from stratigraphic 
data obtained in the study of the sedimentary rocks of the lowlands 
south west of North mountain, as well as by the attitude of the rocks 
in the vicinity of their contact with the pre-Carboniferous. The direct 
evidences of faulting along the south and southwest base· of North moun
tain are the above-mentioned faults at Little Harbour, between Marble 
Mountain and Lime Hill, and in the valley of McLeod brook. The steep,. 
almost vertical, attitude of the Carboniferous rocks in the immediate 
vicinity of their contact with the older complex is probably also indicative 
of faulting, but the total evidence appears rather insufficient to assign 
a major fault to the southeast base of the mountain. 

The steep folding of the Carboniferous sediments, and at least some 
of the faulting along the base of the mountain, are probably referable 
to the movements that marked the close of the Palreozoic era. 

PLEISTOCENE 

The evidence of glaciation on North mountain consists of a mantle 
of glacial drift which, except in special cases, is rather thin. The drift, 
in largest part, consists of crystalline boulders mainly granitic, with only 
a slight admixture of Carboniferous sediments. Towards the western end 

•Maps numbered 18, 19, 21, 22. 
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of the mountain the latter become more prominent. A typical boulder 
clay does not appear to be present on the m<mntain itself, but is the 
principal formation making up the islands of West bay. 

The thickness of the drift on the top of the· mountain is not great, 
and in many places it is entirely lacking, although a covering of moss 
and humus obscures the bedrock. This is well instanced along the roads 
that cross the mountain. These are not especially graded, yet traffic 
exposes areas of bare rock that in ordinary circumstances would be quite 
abnormal. 

Although rounded surfaces of rock are not uncommon, in only one 
instance was anything resembling a glacial striation seen. This occurs 
on an exposure at McMillan's farm close to the road from Lime Hill to 
Riv.er D enys. The orientation of this mark was 135 degrees (true). 

The rounded surfaces of the granitic rocks, even where covered with 
moss, are quite rough, and a thin veneer of cream-coloured, gritty material . 
was commonly observed to lie between the moss and the solid granite. 
The roughness is due to the quartz grains which stand out on the surface 
as a result of decay or solution of the feldspars . When liberated from the 
parent rock these grains accumulate at the bottom of the outcrop as a 
coarse siliceous sand. 

In the main, glacial action appears to have removed all the· products 
of subaerial weathering, leaving the exposed surfaces in a fairly fresh 
condition. The deeply weathered zone in the western part of the moun
tain is restricted almost entirely to the west branch of McLeod brook. 

On approaching the lowland from the crystalline area, the drift cover 
increase·s and, as seen in numerous road cuts, becomes sorted to a con
siderable extent. In places this sorted material may exceed the unsorted 
drift. Both are composed of essentially the same materials, namely; 
rounded boulders, pebbles, and sand of igneous rocks, mixed with frag
ments and particles of chocolate-coloured shale and sandstone. The 
colours are almost invariably shades of red, depending on the proportion 
of igneous material. 

The sorted drift is developed to a considerable extent on the lowland 
to the west of Big Harbour, and in the valley of Big brook. A section 
exposed at the former place shows a 4-foot band of horizontally stratified, 
fine, brown sand, overlain by rather coarse gravel. In the valley of Big 
brook, sections cut by the tream consist of chocolate-coloured clays 
and sands, interstratified with coarse gravels. The clays are generally 
in beds from 1 to 3 inches thick, and rarely t to -! inch. Fragments of 
wood and branches of trees are visible in some of the layers. 

Near River Denys and again at West Bay Road, deposits of strati
fied gravel have been opened and used for railway ballast. At River 
D enys the deposit is at least 60 feet thick. It consists of a top layer 
of unstratified material a few feet in thickness, followed below by layers 
of gravel and coarse sand dipping steeply to the north and east. The 
deposit projects from the mouth of the valley of Campbell brook, and is 
apparently an outwash deposit built by that stream. At the present 
time the brook has cut deeply into the gravels and flows eastward from 
the mouth of the valley. The writer was informed by employees of the 
railway, who were working in the gravel pit, that shells were occasionally 
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found in the basal layers when the deposit was being actively worked. 
The top of the deposit has an elevation of about 130 feet above sea-level. 

'!'he gravels at West Bay Road, whic1h is about 9 miles west of River 
Denys, have an exposed thickness of 70 feet. These beds also dip to the 
north and east and the top of the deposit ·has an elevaition of over 2'50 feet. 

The glaicial desposite on the soutJhwest side of the mountain are 
mainly boulder clays, built into oval, elongated hills with a rounded profile. 
They cover a large part of the lowland souii:Jhwest of Big Harbour, and 
make up the irregular peninsulas and island1s along the shore as far south
west a:s tJhe villag1e of West Bay. The hills apparently have their steepest 
major-axial slope to tJhe east, although in most cases this feaiture was 
obscured by wave erosion. The orientation of the hills is variable through 
an arc of about 90 degrees, but 'the greatier number have an elongation 
in a direction east of norith. 

Vigorous wave erosion on <the ends and flanks of the hi'lls and islands 
is ex;posing the ·contents to view, ancl building sp~ts and bars from the 
eroded material. The hill at the bll:SB of Malagawatchkt point has been 
half cut away along its major axis, exposing a high, steep bank on the 
soutJh side, and leaving a gentle , forested slope to the nol'th. Magnus 
island, near the village of West Bay, has been almost entirely cut away, 
but its former extent may be ~een by shoal water to tJhe east of tihe island. 

Of the materials making up 1:1he boulder clay the lairger boulders are 
dominantly crystalline with only a few examples of sedimentary rock. 
The latter, however, increase in the smaller sizes, and the clayey matrix is 
generally brown or chocolaite coloured. Striated boulders are common, and 
several small, striated pebbles of Carboniferous sandstone were collected 
from points about 30 feet above water-level on the end of George island. 

Evidences of bedrock were obtained at only a fiew places within the 
area covered by the oval hil'ls. On Mihtia peninsula a small outcrop of 
Ca'I'boniforous ~imestone was observed on the •shore not far soutJh of the 
entrance to Little Harbour, and an area of sink-holes, with limestone 
bouldws, ~n the interior of the peninsula, was taken to indi•cate gypsiferous 
strata. Some of the i·slandts show rather large blocks of gypsum proj ect
ing from the boulder clay near the water-level, but in no case was the 
gypsum actually determined to be in place. 

There appears to be little doubt, from the shape, structure, and com
position of these hills that they are drumlins , built up from material carried 
by glacial ice. The possibility that the gypsiferous rocks, observed on some 
of the -island's, mav actually be in place, does not materially affect the 
classification, as the gypsum occurs near the water-level and the wave 
erosion demonstrntes tJhat the greater part of the hil'ls is of glacial origin. 

PHYSIOGRAPHY 

The phy.s'iographic features of Nova Scotia have been des·cribed at 
some length by several writers, notably R. A. Daly,1 J. W. Goldthwait,2 
and D. W. Johnson.3 In its broadest features the province may be 

1 D aly, R. A .: "The Physiography of Acadia"; Harvard Univ. Mus. Comp. Zoo!., Bull . 38, No. 3, pp. 73-
103 (1901)' 

2 Goldthwait, J. W.: "Physiography o! Nova Scotia"; Goo\. Surv., Canada, Mem . 140, 159 pp. (1924). 
a Johnson, D. W.: "The New England-Acadian Shoreline"; J . Wiley and Sons, N .Y., 1925, 608 pp. 
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separated into two main divisions, an upland division, and a lowland 
division. 

The upland division, called by Goldthwait, the 'Atlantic Upland ' 1 

forms tJhe largest physiographic feature, and oecupies all the southern half 
of the province, with extensions and detached aTeas to the north. It is 
underlain by !l'esistant rocks of Devonian or pre-Devonian age, and is 
characterized by a surface of striking uniformity which bevel'S or cuts 
across ·the complex structure o•f the underly·ing rocks. Because of this 
feature it is believed to have OTiginated through long-continued erosion 
that reduced a mountainous regi'On to a plruin. 

At the present time the upland emerges from the Atlantic ocean 
along the southea.sit ·coast of Nova Scotia, and rises in altitude as it is 
traced nortbwest. T he pvesent tilted attitude of the surface is thought to 
be due to a general warping o-f the whole region, after erosion had produced 
?i. plain near sea-level. 

The lowland areas hav·e their chief deveLopment torwards t1rn northern 
part of the pTovince, and a.re underlain by relat ively soft rocks mainly 
of Carboniferous age. The lowlands a.re more or less deeply sunk below 
the uplands and owe their existence to erosion which followed the general 
upwariping of rthe whole region. 

Both the Atlantic upland and the lowland areas are well developed 
in Cape BTeton. The upland appears wherever tJhe hairo cxystalline rocks 
come to itJhe surface, and consists of a series of elongated irregular belits 
that trend northeast from the strait. of Canso. The lowlands ar€ the deep, 
wide valleys that separate the upland belts. They have been eroded princi
pally in the areas of Carboniferous sediments. 

In North Mountain district erosion surfaces of different ages are 
visible or indicated. The oldest are of early Carboniferous age and 
developed on the crystalline rocks; a younger surface truncates the Car
boniferous sediments and the oldest erosion surface or surfaces; and 
the youngest is developed almost wholly on the Carboniferous sediments. 

The Carboniferous sediments of Nova Scotia are dominantly of non
marine character, and are lenticular in nature with lateral gradation in 
many places. These and other factors demonstrate that parts of the 
region were in a state of movement, either positive or negative, during the 
whole period of sedimentation. In Cape Breton the base of tJhe Carboni
ferous is a thick conglomerate series, which is well developed in the eastern 
part of the island and is of the age of the Horton series of the mainland. 2 

This Horton assemblage occurs in the vicinity of Whycocomagh, at the 
eastern end of Craignish hills to the north of North mountain, and on 
Madame island to the south. The nature of the Horton strata and their 
relations to the older rocks indicate that the pre-Windsor topography 
consisted of valleys separated by areas of 'high land. Presumably North 
mountain was one of these areas of high land. The patch of Carboniferous 
conglomerate situated towards the centre of the mountain, on the relatively 
deep floor of Campbell brook, is evidence that at the time of deposition 

1 Goldthwait, J. W.: Op. cit., p. 4. 
' For the data relating to the Carboniferous sedimentation in Nova Scotia and Cape Breton the writer is in· 

:iebted to Mr. W. A. Bell o! the Geological Survey. 
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of the conglomerate, the area had very considerable relief. This conglom
erate may be of Horton age and possibly, therefore, by Windsor time 
continued erosion of the uplands and deposition on the lowlands may have 
reduced the region to an area of low relief. 

In Nova Scotia the earliest deposit of the Windsor sea is commonly 
a finely laminated limestone. This earliest limestone was not seen at 
North mountain and, instead, at the few places where Windsor limestone 
may be seen resting on the crystalline rocks, the limestone is of a higher 
horizon, perhaps indicating that at North mountain the Windsor sea as 
it rose encroached upon an upland. The Windsor limestone and gypsum 
beds that floor at least the lower part of the valley in North mountain 
that opens on Little harbour, by their presence suggest that this valley 
was existing in Windsor time, but possibly the strata may owe their posi
tion to secondary folding along east-west axes and such folding may 
explain the attitude of the Windsor beds in the vicinity of Big Harbour 
post office. 'Dhus, though the writer is inclined to believe that North 
mountain was an area of very considerable vertical relief during part 
or all of Windsor time, the available evidence is admittedly inconclusive 
and it may be that by Windsor time the uplands of Horton age had 
disappeared and that the general region was low and only gently undula
tory. In any case it is not intended to suggest that the upland area of 
early Carboniferous time was necessarily as high or higher than that of to
day; nor to suggest that there has been no adjustment since Mississippian 
time. The dips of the sediments on both sides of the mountain certainly 
indicate strong movements since deposition. 

After the close of Palreozoic sedimentation, the Carboniferous strata 
were folded and another cycle of erosion set in. During the Mes,ozoic era 
the greater part of the mainland of Nova Scotia and all of Cape Breton 
appear to have undergone erosion. The surface developed by this cycle 
is the Atlantic upland and is, by Goldthwait, correlated with a similar 
surface that is well developed along the Atlantic coast of the United States, 
where it is known as the "Cretaceous Peneplain". In Cape Breton, 
not only were the folded Carboniferous strata bevelled to a smooth surface, 
but the higher parts of the areas of crystalline rocks were also truncated, 
although on account of their resistant nature they may, perhaps, have 
projected above the general level. 

North mountain, with its neighbours, Sporting mountain, Craignish 
hills, Mabou highland, and a small area on Madame island, are the rem
nants of the Atlantic upland in western Cape Breton. They rise more or 
less sharply from the lowlands surrounding them and increase in elevation 
from south to north. North mountain attains an elevation of a little more 
than 700 feet above sea-level, and its slightly undulating surface slopes 
gently to the north and west. A full view of the upland surface is generally 
masked by the thick forest growth, but where clearings give opportunity 
for wider vision the surface is seen to be monotonously regular, and to be 
unrelieved by any important elevations. From North mountain the Craig
nish hills to the north, and Sporting mountain to the south present even 
skylines, and it requires little imagination to visualize the original pene
plain: the whole area near sea-level, the intervening valleys filled with 
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Carboniferous sediments, and a sluggish drainage system occupying the 
wide valleys of that time. 

The drainage on the ancient surface has been fully discussed by 
Goldthwait, 1 but so far as North mountain is concerned, this area gives 
little if any clue to the ancient drainage' development. There is no evi
dence that the harder rocks had more topographic relief than the areas of 
sediment, but doubtless at many places the crystalline areas acted to 
control the' drainage courses. 

After peneplanation had reached a development that must have been 
nearly a maximum, the region was uplifted and tilted to about its present 
position. This tilting extended ove·r the whole region and appears to 
have taken place without any great dislocations. Because of the rising 
of the land surface the old drainage lines which were doubtless to the 
south and east and controlle'd no doubt by the areas of crystalline rock, 
were rejuvenated and commenced active erosion in their old channels. 
It is this third cycle of erosion that has formed the lowlands. 

The effects of the third erosion cycle have been confined chiefly to 
the areas of Carboniferous strata that occupy the intervals between the 
crystalline areas. The later drainage has in these strata developed wide 
valleys which are accentuated by the resistant crystalline masses. The 
gradual erosion of the softer strata would also lead to erosion of the 
crystalline highlands. 

The present lowland surfaces are more or less distinctly separated 
from each other by the crystalline hills. The lowlands may rise as much 
as 400 foet above sea-level. The rolling surface is in places interrupted 
by areas of strata which, through differing lithologic characters, are more 
resistant than usual and stand up as low hills. 

The sinking of the surface, believed to have taken place before 
glaciation,2 interrupted the normal erosive cycle in as far as the drowned 
parts of the country are concerned. Subsequent glaciation has modified 
the land surface and positive and negative movements of sea-level have' 
taken place. In the vicinity of North mountain, the drowning of the 
former valleys is well illustrated in Dcnys basin and West bay, and the 
glacial modifications are shown by the hills of glacial till at the eastern 
end of the mountain, and along the south shore. The ice has also doubt
less modified the lowland surface by smoothing the' more elevated parts 
and filling in some of the valleys. 

The melting and withdrawing of the ice-sheet in North America left 
large areas of country below the leve'l of the sea and it was not until a 
considerable time had elapsed that the land regained in some measure 
its former position. Many authorities unite in stating that the line· of 
zero post-Glacial uplift passes through Cape Breton. In the vicinity 
of North mountain, however, there are indications of a slight positive 
movement since the retreat of the ice. The clay at Eden siding, between 
River Denys and Orangedale, although not stratified, contains few pebbles, 
and may be water laid, as it is stated to overlie the glacial drift.3 The 

1 Goldthwait, J. W.: Op. cit., pp. 4(}-48. 
'Goldthwait, J. W.: Op. cit., pp. 4-5. 
'Ries, H., and Keele, J.: "The Clay and Shale Deposits of Nova Scotia and Portions of New Brunswick"; 

Geol. Surv., Canada, Mem. 16, 164 pp., p. 64 (1911). 
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stratified clays and gravels, noted in the valley of Big brook, may also 
be of estuarine or marine origin, although no fossils were observed, and 
the shell layer, stated to lie near the bottom of the gravel deposit near 
River Denys, is also of value as evidence. The bottom of the gravel pit 
has an elevation of about 70 feet above sea-level. 

THE SHO'lrnLINEl 

The shore1ines of Bras d'Or lakes have been investigated by Tarr,2 
Woodman,3, 4 Goldthwait,5 and Johnson G. It appears to be well demon
strated that these lakes resulted from the drowning of former drainage 
systems, and that the irregular shore pattern is in the main due to original 
irregularities of the non-drowned surface rather than to erosion by 
marine agencies. According to Johnson, 7 shorelines of submergence may 
be divided into two classes; (a) those formed by the partial drowning 
of a land mass that has been dissected by normal river valleys (the ria 
shoreline); and (b) those formed by the partial drowning of a region of 
glacial troughs (the fjord shoreline). Although Cape Breton has been 
intensely glaciated, glacial troughs, of the over-steepened type character
istic of mountain regions, are uncommon, and the shoreline of Bras d'Or 
lakes falls into the first class, namely, the ria shoreline. 

The chief agents in the shaping of a shoreline are waves and currents 
of several varieties that are produced in different ways. s In Bras d'Or 
lakes the connexion with the open sea is so restricted that ocean currents 
are non-existent, and, as the tidal range in the lakes is very small, currents 
caused by tides are negligible, except at the entrance where tidal currents 
in Great Bras d'Or channel may attain a velocity of 7 miles an hour. 
The shore. forms produced are, therefore, the result of wave action, and of 
currents caused by wave action, and are thus indirectly controlled by the 
winds. At North mountain the greatest effects caused by wave action are 
to be seen at Malagawatchkt and Militia peninsulas and along the north 
shore of West bay where the ·expanse of open water is at a maximum. 
In D enys basin, wave-built forms are also developed, but since this water 
is more restricted, the forms are subordinate. 

The greater part of the North Mountain shoreline is developed on the 
lowland areas which fringe the northeastern and soutJhwestern ends of 
the crystalline area. Two groups of rocks occur on the lowlands, the 
sedimentary group of Carboniferous age, and the overlying unconsolidated 
deposits of glacial origin. Both of these groups take part in the shore 
forms developed, but the glacial deposits are by far the most important. 
The effect of the partly drowned glacial topography is to give an exceed
ingly irregular shoreline, with many bays', islands, peninsulas, and the dead 

'Admiralty Chart, No. 2758, illustrates the features described in the following paragraphs. 
'Tarr, R. S.: "Wave-Formed Cuspate Forelands"; Am. Geol., 22, pp. 1-12 (1898). 
'Woodman, J.E .: "Shore Development on the Bras d 'Or Lakes"; Am. Geol., 24, pp. 329-342 (1899) . 
•Woodman, J.E.: "Forelands on the Bras d'Or Lakes"; N .Y. Acad. Sc., Annals 22, p. 351, Abst. (1913). 
•Goldthwait, J. W.: Op. cit., pp. 104-107. 
'Johnson, D. W.: "The New England-Acadian Shoreline"; J. Wiley and Sons, N.Y .. 608 pp. (1925). 
7 Johnson, D. W.: "Shore Processes and Shoreline Development" ; J. Wiley and Sons, N.Y., 584 pp., pp. 173-186 

(1919). 
•Johnson, D. W.: "Shore Processes and Shoreline Development"; J. Wiley and Sons, N .Y., 1919, 584 pp., pp. 

1-158. 
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waters which accompany them. This large amount of shoreline gives a 
greater opportunity for coastal erosion, but, on the other hand, the irrgu
larities and islands break up and restrict the bodies of water, and it would 
be difficult for the wind to form waves and currents of sufficient intensity 
to erode and transport the material were it not in an unconsolidated con
dition. 

The Carboniferous sediments outcrop at only six places along the 
lowland shore, and even there the rock exposed is in four cases gypsiferous. 
Wherever gypsiferous strata are exposed, cliffs are prominent, and it 
appears as if the erosion of the soft strata was too rapid to permit solu
tion to soften the cliff-like form. From the tops of many of the gypsum 
cliffs the land slopes downward away from the shore. This feature is 
due to the sink-hole topography so characteristic of land underlain by 
gypsum. 

The unconsolidated glacial deposits, mantling the Carboniferous 
strata, give a variety of shore forms, for they suffer rapidly from erosion, 
and the materials are apparently transported with ease by waves and cur
rents. For the most part the deposits are of boulder clay, consisting of 
a mixture of rounded crystalline boulders, with flatter sedimentary bould
Ars and pebbles, in a clayey matrix. Without doubt the post-Glacial 
shoreline was much more irregular than the shoreline of today. Not 
onlv were small bays and inlets more numerous, but there were many more 
islands. 

The effect of the wave action has been to form cliffs in the more 
exposed glacial deposits, to transport the eroded material along the base of 
th~ cliffs, and to deposit it at the first opportunity. Where the glacial deposits 
are in the most exposed positions, as at Malagawatchkt point, Pellier 
point, and the islands of West bay, the erosion has been at a maximum. 
The drumlin forming Malagawatchkt point is transverse to waves from the 
centre of the lake, and the material has apparently been transported in two 
directions, depending upon the direction of wave attack. This drumlin 
i.s tied to Malagawatchkt peninsula by two tombolos, one of which forms 
a bR.ymouth bar at the entrance to Gillis pond. The material for this bar 
has been derived from the small, nearly destroyed drumlin to the south
west, as well as from the Malagawatchkt drumlin. The Eecond tombola 
appears to be the result of wave attack from the north, and very little if 
any material has come from the south. The recurved spit, at the eastern 
end of the Malagawatchkt drumlin, is in the main the result of wave attack 
from the south and west, with perhaps some attack by waves from the 
southeast. The Malagawatchkt drumlin, at the present time, is ,about half 
eroded parallel to its length, and presents a high cliff of glacial material 
on the southeast side, whereas the northwest slope is wooded and gently con
vex upward. 

Pellier peninsula is made up of three drumlins, with the largest to the 
east. The peninsula originally consisted of two islands separated by a 
narrow shallow channel. v.,r ave attack from the northeast has caused a 
fusion ~f the islands by means of a tombola, which in reality, because of 
the narrow, shallow separating channel, has been built as a ba!'mouth bar. 
P ellier peninsula is tied to Militia peninsula by a tombola resultmg fro~. the 
growing together of two cuspate bars. The lagoons enclosed by the ongmal 
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bars may be seen at either end of the tombola as marshy depressions. The 
material making up the recurved spit at the south end of Pellier peninsula 
has geen derived from the largest drumlin by truncation at an angle 
to its main axis. This spit has apparently been built out into moderately 
deep water, as the writer was informed that schooners had been known to 
anchor within the hook. The effect of wave attack and transportation, even 
within the restricted P ellier harbour, is illustrated by the slight truncation 
at the south end of the two smaller drumlins, and the formation of a series 
of recurved spits at the western side of the harbour. 

Where the glacial deposits were built on higher ground, and did not 
form islands, as at Militia peninsula and Malagawatchkt peninsula, the 
original shoreline was scalloped by many small bays. Wave attack on the 
headlands, and transportation along shore has now resulted in the formation 
of baymouth bars enclosing shallow, swampy lagoons, most of which have 
no connexion with the open water. Lagoons of this character may be 
seen on either side of Grammo point, and at several µlaces on Militia 
peninsula. The transported material appears in every case to be derived 
from _the immediately adjacent cliffs of glacial material, but character
istically it is made up of a relatively large proportion of sedimentary 
pebbles. It appears that the flat shape of these, in contrast with the more 
rounded pebbles of igneous origin, permits their being more easily trans
ported. 

The islands of West bay are exposed to waves from the east, southeast, 
south, and southwest, and show many examples of wave-built forms. The 
large, irregular peninsula, of which the point called George island is a 
part, is made up of at least seven drumlins, most of which were prob
ably at one time islands. They are now connected by a series of pebbly 
tombolos, built of material eroded from the sides and ends. The inner
most drumlins are exposed only to waves from the southwest and con
sequently are eroded to only a slight extent. Were the drumlins of 
Cameron island not so far removed from the George I sland peninsula, 
these also might have been added to the assemblage. Tailor island and 
Crammond islands each consist of several drumlins. They differ from 
the other islands in that the low ground between the drumlins has not 
been submerged to any extent and consequently exhibits only baymouth 
bars built across the small scallops of the original shoreline. Two small, 
but perfect, recurved spits are devefoped at the south end of the channel 
between the Crammond islands. Each is built by the transverse erosion 
of a drumlin, and the direction of wave attack has apparently been from 
the southeast and southwest. Very good examples of double tombolos 
are to be seen at Clarke island, and the island to the southeast of Cow 
island. The latter two islands may eventually become joined through 
the growth of cuspate spits from each. . . 

It is to be expected that, as wave attack proceeds, it will eventually 
ca11ry away and disperse all t~e g.Iacial material; and that in tim_e the 
islands will have become entirely eroded, provided that no resistant 
rocks occur as cores in the drumlins. Examples of this process are to 
be seen at Magnus island east of the village of West Bay, and at Ronald 
island (spelt 'Ranald' o~ Admiralty chart), southeast o_f Tailor island. 
Both islands are now qmte small, but show traces of their former extent 
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in the shoal water that surrounds them, and in the number and size of 
the boulders that fringe the shore. Magnus island has evidently been 
attacked by waves coming directly from the east. It shows a small cliff 
facing east, at the bottom of which are many large boulders. From the 
top, the cliff slopes gently westward to the water-level. 

The lowland between Ross brook and the village of West Bay is of 
very irregular outline, and has many baymouth bars enclosing lagoons 
between deposits of glacial material. The deep bays in the vicinity of 
Ross brook are evidently too restricted to permit wave action of any 
consequence, but on the southeast shore the glacial headlands are being 
energetically cut back and the material carried to the heads of the bays. 
Two long, curved spits are built by the transverse truncation of two 
drumlins on either side of Head Bay cove and their development restricts 
the channel leading to the village of West Bay. 

That part of the crystalline mass . of North mountain exposed to the 
waters of West bay, presents an entirely different class of shoreline. On 
the lowland, the shoreline is of irregular pattern, and is chiefly built up 
on the glacial deposits, with few occurrences of the Carboniferous strata; 
whereas the upland shoreline is comparatively straight, has few sharp 
indentations, and at several points the crystalline rocks outcrop at the 
water's edge. Where the crystalline rocks are exposed at the shoreline, 
they have been cut into cliffs which generally do not exceed 10 to 12 feet in 
height, but which may reach heights of 60 feet. The cliffs are as a rule 
steep, but wave-cut notches are not prominent. 

The beach of the upland shore is composed almost wholly of pebbles 
and boulders of crystalline rock, many no doubt of glacial origin, but 
some derived from the rocks in the immediate vicinity. The material is 
coarser than that found in the glacial deposits, and, on that account, 
transportation by shore currents and waves is not prominent. Where 
the streams from North mountain have brought down finer material, and 
have built alluvial cones and fans near the shore, transportation has taken 
place, and as a consequence the mouths of some of the larger streams 
show small, cuspate bars enclosing marshy lagoons. 

A certain amount of protection is given the south shore by the islands 
in West bay, and on that account erosion and transportation are perhaps 
not as great as they would normally be. An example of this is to be 
seen along the shore of Clarke cove, near Marble Mountain. This shore 
is well protected from the east and south, but is comparatively open to 
winds from the southwest. The quarrying operations at Marble Moun
tain have resulted in large dumps of broken rock that has reached the 
shore, and has been transported in an easterly direction as far as the 
hooked spit near the mouth of Mill brook. Because of the character of 
this material, a white, crystalline limestone, the amount of transportation 
may be clearly discerned. It was noted that none of the crushed rock 
had been transported to the west of the point where the rock dumps reach 
the shore. Farther to the west, in the vicinity of Lime Hill and towards 
Ross brook, transportation takes place in the opposition direction, namely, 
to the west. 
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The Carboniferous sediments at two points along the south shore 
are in contact with the crystalline rocks. At both places the dip is high, 
(about 70 degrees) and, therefore, is not an original structure. Faulting 
has undoubtedly taken place along the base of the mountain, but there 
is also evidence of a certain amount of upward drag of the early sedi
mentary beds during or after deposition. 

The few outliers of Carboniferous sediment on the north slope of the 
mountain indicate that this slope is a resurrected and tilted surface of 
erosion; and it appears probable that the south slope is also, in part, of 
this character. In the absence of direct proof that the south scarp of North 
mountain is a fault-line scarp, it appears best to classify the south shore 
of the mountain as a resurrected peneplain shore-line, and since there are 
two erosion surfaces, one of which does not affect the form of the shore
line, it is of the morvan type. 

MINERAL RESOURJCES 

The mineraLs of economic importance in N or·th Mountain district are 
limestones and gypsum, but up to the present time orrly the limestone has 
been worked. This .rock is part of the George River series, and has a 
widespread occurrenee, but a gr-eat deal of it is not favourably located 
for easy itransportaition. The gypsum occurs with anhydrite in the Windsor 
formation flanking North mountain, and evidences of gypsiferous forma
tions are to be found at many points on the lowlands. At Maple brQ{)k, 
a small stream flowing into Big brook from tJhe northwest, exposures of 
coal have been known for several vears. Traces of metallic minerals are 
to be found ait several points on North mountain, and some littJle work 
has been done in connexion with these occurrences, but the results obtained 
appear to have discouraged any extensive exploratiion. 

LIMESTONES 

The limestones of the George River series, where developed in quantity 
and favourably situated, 3iS at Marble Mountain, have been worked for 
lime, build·ing stone, and metallrn·gical flux for about fifty years. The 
centre of the industry was on the shore of w ·est bay, where close proximity 
to the water gave cheap and easy transportation. The value of the rock 
in this locality was fi r t realiz,ed in 1861 1 • 2 , but although limes.tone was 
no doubt quarried for local U8e by the early settlers, it was not until 1873 
that the rack was extracted on a commercial scale, 3 when 8,000 barrels of 
quicklime were produced. 

In 1888 the Bras d'Or Lime Company was incorporated to manufacture 
quicklime, and also to quarry marble for building purposes. 4 This com
pany continued in operation until about the year 1900. About 1899 the 
Dominion Iron and Steel Company acquired properity at Marble Mountain, 

1 Honeyman, D.: "Record of Observations on Nova Scotian Geology Since 1855"; N .S. Inst. Nat. Sc., Pr. 
Tr., 3, f.P· 6-18, !!HO, p. 10 (1871-74). 

'Fetcher, H.: "Report of Explorations and Surveys in Cape Breton, Nova Scotia"; Geol. Surv., Canada, 
Rept. of Prog. 1877-78, pt. F, 32 pp . 

'Province of Nova Scotia, Rept. of Dept. of Mines, 1875, p. 69. 
• "Mining and Metallurgical Industries of Canada"; Mines Branch, Dept. of Mines, Canada, 2 vols., 972 pp., 

p. 918 (1907--08). 
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and shortly afterwards started shipping limestone to the iron furnaces 
at Sydney, distant about 60 miles by water. Operaltions were carried on 
by this company until the year 1922 when work was discontinued and the 
quarry abandoned. The quarry was worked by benching and the Pock 
was broken 'by dynamite. T he early drilLing was done by ·hand, but 
later steam dTills, and still later air drills were UJsedi. The broken rock 
was trammed from the fac,e in horse-drawn cairs, and afteT <being crushed 
was screened through trammels. From an inspection of the screenings, all 
sizes passing through a 2-inch ring were rejected. The oversize was con
veyed by gravity to bins near the shore, from whence it was loaded into 
steamers for conveyance to Sydney. During the war, from 600 to 700 
men were employed at the qua-rry. When prodiucltion was at a maximum, 
two 10-hour shifts were worked each day. The greatest production was 
in 1915 when 399,407 ton's of crushed rock were shipped. 1 

'I1he quarry is situated on the soutiheast slope of North mountain, and 
above the village of Marble MoUJntain. It consists of two pits, one above 
the other. The lime:::tones are in contact with the quartzites of the George 
River seTies exposed on the noTthwest side of the large pit and on ;the south 
side of the smaller pit. Lime silicates with quartz, olivine, serpentine, 
and specks of sulphides, 0 1r1cur ·on 1the no'1"!t!heast edge of the smaller pit, 
and apparently indicate that igneous rocks a11e iclose at 'hand. 

Two varieties of limestone occur. 'Dhe first, which is in greatest 
quantity, is a coarse white rock with no structures. The second, also 
coarse, is grey with disrtinot banding. Calcite veinlets and stringers are 
common in the grey variety. The relations between the two varieties a11e 
obscured by broken rock, faults, and folds, but it appears that they grade 
one into the other. 

Analyses of the limestone are given below: 

(1) (2) (3) 

Si02.. .. .. .. . . .. . . . .. . . .. . . .. . . . . . . . . .. . . .. . .. . . .. . . . . . . . .. . 2·58 0·90 2·54 
Iron oxide and AhO.... .. .. . .... .. . .. .. .. . . .. .. . . .. . . . . . . .. . . . .. .. . . .. .. . .. . .. .. . .. . 2·12 
caco..... .... .......... . . .. .. .. . .. .. .. .. . .. .. .. .. . . .. . .. . . 88·67 96·31 Cao 50·07 
MgCOs...... .. .. . .. .. .. .. .. .. .. .. . .. .. . .. . .. .. .. .... . . .. . . 7·89 0· 83 MgO 3·06 
Sulphur........... .. ........................................ 0·00 0·01 0·086 

( 1) Rept. o[ the Director, Geol. Surv., Canada, Ann. Rept., vol. VIII, 1895, pt. A, p. llOA (1897). Average of 
ten analyses. 

(,) " Mining and Metallurgical Industries ol Canada"; Mines Branch, D ept. of Mines, Canada, 2 vols., 972 pp., 
p. 918 (1907-08) . 

(a) Dominion Iron and Steel Company. Average analyses 1911-20. 

l For these historical data the writer is indebted to the Dominion Iron and Steel Company, and to Mr. A. C. 
Campbell ol Marble Mountain, who was an employee at the quarry !or over twenty-five years. 
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Tests made on the stone with regard to its structural characteristics 
are as follows: 

Specific gravity'........................ . .. .................... . 2·72 
Weight per cubic foot .......... . .... .... .......... ...... ... .. .. . . 169·5 pounds 
Pore space...................................................... 0 ·087 
Ratio of absorption.............. . .... ... . .................. . ... 0·032 
Coeff. of saturation, 1 hour... . .... .. .. ... .... . .................. 0·87 

" " 2 ". .. . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . 1·00 
Crushing strength.................. . ............................ 18, 197 lbs. per sq. in. 

" dry after freezing . . ........................ .... 16, 148 " " 

The limestone as exposed at the present time is not suitable for a 
structural stone, as it is badly shattered and broken. A very fissile struc
ture is also pre·sent at some points, and several faults were noted on the 
quarry face. The explosives used when the quarry was worked for metal
lurgical flux were no doubt the cause of much of the fracturing. 

Although apparently limited to the north, the rock in this vicinity 
is by no means exhausted, and further exposures of limestone occur to the 
south and west of the quarry. A diamond-drill core, stated to have come 
from a point 247 feet below the floor of the main pit, consists of a pure 
white crystalline rock apparently free from close fracturing. 

At several other points on North mountain, limestone occurs in greater 
or less quantity. West of Little Harbour, the hillslope below the bare 
bluff known as "The Creigan,'' has many outcrops of a contorted, blue
weathering limestone. A small quarry near the shore has been driven 
in a well-bedded limestone which is associated with graphitic shales. 

The lakes at the head of Mill brook, east of Marble Mountain, are 
in an area of numerous limestone outcrops. The extent, however, is not 
believed to be great, as granite occurs nearby and apparently surrounds 
the individual outcrops. Relations similar to these are to be found in 
the area west of Sydenham brook, on the farm of Mr. Christopher McRae. 
Several pits opened in this rock show it to be coarsely crystalline, and 
white when freshly broken, but turning a bluish colour on weathering. 
Granite outcrops occur in the immediate vicinity, and in the gorge of 
Sydenham brook the granite extends nearly to the shore'. Through the 
courtesy of Mr. George McKenzie, of Marble Mountain, the writer was 
permitted to examine a small map of this property that had been made 
for the Bras d'Or Lime Company about the year 1902. An analysis given 
on the map was as follows: 

Per cent 
Si02...................... . ............................................. 0·66 
Fe20a............... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. . . . .. . . . . . . . . . . . 0·74 
AJ,O,.. ........ . .. . ... . .. ....... ... .. ...... . ........ ............ .. ...... 1·45 
CaCOa..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59·50 
MgCOa....... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37·80 
Sulphur.......................... . ................ .. ... .... ... ...... .. . . 0·06 

West of Marble Mountain, several small quarries have been opened 
close to the road, but in none of these does the extent of the limestone 
appear to be very great. North of Lime Hill, at McMillan's farm, blue
weathering limestones are well exposed. Further exposures are present 
on the ridge to the east of Campbell brook, and strike towards River 

1 Parks, W. A .: "Report on the Building and Ornamental Stones of Canada"; Mines Branch, Dept. of Mines, 
Canada, 2 vols., p. 178 (1914). 

6723~ 
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Denys, where a considerable development is found on McLeod's farm. 
This rock is banded, of various colours, but is invariably coarse grained. 
It occurs in a belt about 1,000 feet wide, but is possibly interbedded with 
other members of the George River series. The limestone' belt is bordered 
on the southwesrt by the volcanic series, and on the northeast by the quartz
ites. From appearances this is an extensive occurrence, but it has not 
the advantage of being close to the water, as have those on the south side 
of the mountain. 

GYPSUM . 

Gypsum and anhydrite occur at many points within the area mapped, 
but are most abundant towards the eastern end of the mountain, and no 
outcrops of these minerals were noted southwest of River Denys on the 
northwest, and Crammond islands on the southeast. The exposures are 
not confined to the' areas adjacent to the crystalline rocks where the 
Carboniferous strata are turned up against th<? former, but may be seen 
at other points on the lowland where the gypsiferous strata are brought 
to the surface by folds. 

In the neighbourhood of River Denys there are several indications 
of gypsum, but the exposures are neither abundant nor large. Three 
small outcrops of a white, fine-grained, and finely laminated rock are to 
be seen in a railway cut about -! to t of a mile' east of the station. The 
rocks <lip about 30 degrees northeast. Other indications were observed 
south of Denys river near Munroes Bridge where cliffs of gypsum skirt 
the river bank e'ast of the bridge. This belt trends eastward across the 
small peninsula, and its extension is indicated by sink-holes on the farm 
of Mr. L. McLean near South Side Basin of River Denys. Other sink
holes occur in the lower part of the valley of McKenzie brook, and the' 
small lakes at this place may be due · to water-filled sink-holes. Plaster 
island, between South Side Basin of River Denys and Plaster cove, 
exhibits cliffs of gypsum and anhydrite. 

The gypsum to the east of Munroes Bridge occurs on three farms, 
owned respectively by Messrs. Alan McLean, John McLe·an, and Malcolm 
McLean. The cliffs on the farm of the former show the greatest quantity 
observed in the vicinity. The exposures extend along the water's edge 
for over a quarter mile, and the cliffs rise in places to heights of 40 or 50 
feet. The point of the peninsula is occupied by a sandy, oolitic dolomite, 
which from its position near the· water's edge is believed to underlie the 
gypsum. Small layers of grey, fine-grained, unfossiliferous limestone, up 
to 6 inches in thickness, occur within the gypsum. Three such layers were 
noted on one face. Grey clayey material is also intercalated with the 
gypsum at some places, and appears to increase towards the top and 
bottom of the exposures. At some points, large, oval, or pillow-shaped 
masses of clay lie within the gypsum whose bedding planes curve around 
the oval masses. The ground at the top of the cliffs, as is common in 
such localities, is pitted with sink-holes and depressions. These extend 
across the peninsula to the farm of Malcolm McLe·an, where the gypsum 
is again exposed, and is underlain by a dark grey, fossiliferous limestone. 
No anhydrite was observed in any of these exposures, and the gypsum, 
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varying between compact and granular, is of fair quality. Due to the 
inactiveness of foreign material, which is not carried off when the gypsum 
dissolves, the exposed surfaces appear to carry more impurities than is 
actually the case. An analysis from the locality, given by Jennison, 1 is as 
follows: 

Per cent 
Lime. ... .. ........ ...... . ......... ... .............. . .......... ......... 33·17 
Sulphuric anhydride................ . ........ . .... .. .... . ......... .. .... 45·42 
Water, loss on ignition.. . ............ .. ............ . ................. . ... 20·63 
Insoluble mineral matter... . .. . . . .................................... . .. 0·93 

Few exposures of gypsum are to be found along the belt of sink-holes 
that trends ·towards the valley of McKenzie brook, but a considerable area 
appears to be underlain by these rocks. Plaster island, the promontory 
east of South Side Basin of River Denys, is mainly composed of gypsifer
ous strata. The cliffs exhibit alternating bands of anhydrite and gypsum, 
in the proportion of about 3 to 2. Small veinlets of gypsum cut the 
anhydrite layers. From the top of the cliffs the strata dip rather steeply 
northward, and at the north side of the peninsula the proportion of gyp
sum increases over the anhydrite. The rock is grey-white and coarsely 
granular. 

Boom island, the large island at the eastern end of Denys basin (See 
Fletcher's map), has several exposures of gypsum along its north shore. 
The cliffs in this case are not high, and many of the exposures are obscured 
by slumping. Although anhydrite was not noted, the gypsum varies con
siderably in quality, being in many cases mixed with nodules of limy clay. 
Some of the material is of alabaster quality, of medium grain with a slight 
tinge of pink. Grey-green rosettes of selenite are common in some of the 
gypsum layers. They grow in a matrix of white, fine-grained gypsum. 

Two exposures of gypsum occur at Grammo point. The outcrop 
extends along the shore for about 600 feet and dips to the northeast beneath 
the water. The gypsum extends downwa;rd into a limy clay, and like that 
at Boom island is characterized by rosettes of selenite in a groundrnass of 
white gypsum. 

Near Big Harbour post office, gypsiferous strata occur in a belt run
ning parallel to the road, and near the contact of ,rthe sediments on the 
crystalline rocks. The strata are exposed on the farms of Messrs. D. 
J. McKinnon, L. McKinnon, J. M. McKenzie, C. McLean, and Mrs. 
Donald McKinnon. The most southocly exposures, on the farm of D. J. 
McKinnon, show from 40 to 50 feet in section, but they may not be traced 
laterally for any distance. One section consists mainly of anhydrite, becom
ing gypsiferous towards the top, and showing the change to gypsum with 
the development of cracks. The second exposure shows a coarse grey 
gypsum, irregularly banded, and with only minor quantities of anhydrite. 
A little to the north, and directly behind Big Harbour post office, a rather 
exten13ive exposure of gypsiferous strata trends northeastward along the 
bank of a small stream. The strata form a small cuesta with the gentle 
slope to the northeast. The main mass of the exposure consists of anhydrite 

t Jennison, W. F.: "Report on the Gypsum Deposits o! the Maritime Provinces"; Mines Branch, Dept. of 
Mines, Canada, 171 pp., p. 50 (1911). 
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trending laterally up the face of the cuesta. Exposed sections show from 
30 to 50 feet of anhydrite capped by varying thicknesses of banded gypsum. 
The gypsum in places grades into the anhydrite and in other places is 
sharply separated from it. The dip of these strata is to the northeast, 
and they may be an extension of the beds outcropping at GraIIlilllo point. 
In this particular area none of the aesociated rocks, either above or below 
the gypsum, were noted. 

The embayment of the Carboniferous strata in the valley of the 
stream running into Little harbour also contains gypsiferous strata. The 
exposures in this locality, however, are small, and the rocks are masked 
by drift and stream wash. 

OTHER MINERALS 

The George River series, where it is closely associated with the intru
sive igneous rocks, may carry various sulphides, and in some cases graphite. 
Although no large bodies of sulphide were noted, and none of the occur
rences is believed to be of economic importance, their recognition is worthy 
of note. At a point on the road, irrn:nediately to the east of Mill brook, a 
slight, local deviation of the compass needle was very marked. 

A small showing of pyrite and sphalerite occurs about half-way between 
Lime Hill and Ross brook, on the farm of Mr. D. Campbell. The sulphides, 
and the enclosing rock, apparently a metamorphosed limestone, are exposed 
in one small pit that was opened by Mr. Campbell several years ago. 

The zone of mixed rocks between West Bay Road and Big Brook post 
office contains a few small areas of limestone associated with schists and 
igneous rocks. One of these areas, on an abandoned farm near the top of 
the mountain, shows graphite-bearing rock exposed in two pits, 10 feet 
deep and 475 feet apart. The pits are said to have been opened about 
twenty-five years ago. The graphitic rock is schistose, iron stained, and 
shows much crumpling. It is in close association with a limestone carry
ing garnets and serpentine. 

The dark slates occurring at the fault zone west of Little harbour, in 
the upper part of Campbell brook, and again lower in the brook, contain 
small lenses and streaks of pyrite following the foliation of the slate. As 
a general rule the rocks are sheared along this zone, and have a brilliant 
lustre on the schistose surfaces. Gold is said to occur in this zone on 
the lower part of the brook, and some years ago a tunnel (now caved) 
was driven into the hillside. The rocks are cut by anastomosing and 
strike veinlets of carbonate. 

Farther up Campbell brook the other members of the George River 
series carry pyrite, associated with quartz, in irregular streaks and bands. 
Carbonate veinlets also cut these rocks. Although pyrite was the only 
sulphide noted in this locality, pebbles in the stream bed, when wholly or 
in part composed of lime carbonate, were seen to have the latter crusted 
with a thin coating of green copper carbonate. 
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INTRODUCTION 

In recent years there has been an increased interest in those vast, 
virtually unknown regions known as the Canad.ian Arctic arohipelago. 
Since 1922 it has been the ·custom of the Government to send nortih a ship 
each year and to maintain police posts in those out of the way pla;ces for 
the administration of justice and allied affairs among the natives. This 
yearly boat offevs a means of access to the country and in July, 1926, the 
writer, with one assistant, M. H. Haycock, sailed from North Sydney, 
N.S. One year was spenrt in Cumberland Sound region, with winter quarters 
at Pangnirtung, the party returning to North Sydney in September, 1927. 

The writer wishes to acknowledge with thanks the many courtesies 
extended by officials and staff of the Hudson's Bay Company, and by the 
officer in charge, N.C.O's and men of the Royal Canadian Mounted Police 
in the eastern Arctic. Dr. L. D. Livingstone, of the Department of Indian 
Affairs, wintered with the writer at Pangnirtung, the two parties occupying 
the same winter quarters, and the writer is grateful to him for many 
courtesies. Ugjuarlo, N aulalik, 1kkaling, and J oanasi, :illskimo of Cumberr
land sound, assisted very efficiently in the role of dog drivers, hunters, 
guides, and boatmen, and took a very intelligent interest in the progress of 
the work. To name all the natives of this region from whom kindnesses 
werre received ait one time or another would prrobably result in an enumerra
tion of the entire population. In fact the success of any work in this 
country depends primarily upon the friendliness and hospitality extended 
by the Eskimo. 
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LOCATION AND PREVIOUS WORK 

Baffin island is the JargesiL island of the Canadian Arctic archipefa~. 
Cumberland sound is an indent.ation aibout 140 miles long on the outheast 
side. The northeast corner of the sound is bounded by very h igh, snow
capped country known as the Penny highland. 1 The region in the vicinity 
of the ound has been the seat of much research, hio1ogical, geographical, 
and ethnological, a coooiderable amount having been done by European 
sc'ientists. The first evidence of modern interest in this 100ality wa.s the 
establishment in 1882 of the German polar station on I sorituk fiord. Dr. 
Franz Boas spent the winter of 1883-84 in Cumberland sound, his interests 
being chiefly ethnologicail, ·al,tbough he ac-complished a great deal of 
geographrcal exploraition. In 1909, Bernhard Hantsch entered the sound 
for a two-year period, his object being to make an ornitho,Jogicail col'lection, 
and to explore Foxe channel. He underwent many privations and these 
finally resulted in his death on Foxe channel in June, 1911. His records, 
however, were not Jost to the world as they were brought back by his 
faithful Eskimo. In 1923-24, Major L. T. Burwash of the D epartment of 
the Inteirior wintered in Cumberland sound and in the spring made 'a trip 
overland to Hudson strait by way of Nettilling and Amadjuak lakes. 
From 1924 to 1926, J. D. Soper of the National Museum of Oanada made 
his headquarters at Pangnirtung and made natural history col~ections from 
that region and also from the interior and Hudson trait regions . In 1925 
the writer paid a shorl visit to P1angnirtung, it being part of the itinerary 
of the C.G.S. Arctic, on which he was a passenger. Dr. L . D. Livingstone, 
wintered at P angnirtung in 1926-27, and in the spring of 1927 made exten
sive sled trips from Lake H arbour to Pond inlet, at the south and north 
extremes respectively of Baffin island. For a number of years a mission 
house has been in use at Blacklead island, and in 1927 a mission was erected 
at P angnirtung. 

SCOPE OF WORK 

AJs t1rn only previous geographi•cal work in this region was rtJhat of Boas, 
pub'lisbed as a map on a scale of about 17! miles to 1 inch, i·t was planned 
that much of the writer's work should be mapping and should cover, both 
geologi·cafly and geographically, as much territ.ory and in as greait detail 
as possible. Living and travelling cond~tions, climate, movements of sea 
ice, game, etc., were to be noted for t-he benefit of later travellers. At the 
conclusion of the year's residence, sufficient data had been secured for the 
compilaJtion of a map of the west end of Cumberland sound from Kekerten 
on the east to N ettilling fiord on the west and of the country inland to 
and irrcluding part, of N ettiJiling lake. 

ITINERARY 

The government .ship sailed from Pangnirtung on August 22, 1926, 
leaving supplies, instruments, and equipment for one year piled on the 
beach. The building of a substantial shack for winter quarters .and the 

1 Name given by F. Boas: Baffin-Land, Erganzungsheft No. 80 zu "Petermanns mitteilungen'', 1885. 
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construction of a deck on a 23-foot power boat, the Zeolite, consumed all 
the time until September 10. Between tthis date and November 1, several 
boat trips were made. These trips had as objectives, primarily, the secur
ing of a supply of seal meat for dog food during tJhe winter, and of deer
skins for winter clothing. During this time a plane-table and micromelter 
survey of PangniTtung fiord was made. A cache of three barrels of giasoline, 
several cases of provisions, 400 pounds of biscuits, and the power boat 
was made on Nettilling fiord an the last boat trip of the season. Almost 
immediately after this trip ice began to form on the fiords and travelling 
wrus at a standstill until the sound beoame frozen oveir oolidly in December. 
During D-ecemlber and January, the sun wa.s too Iow and the days too 
short to permit surveying, but several trips were made to secure 
dog food. Early in February, with the sun oo.tting between 3 and 4 p.m., 
geogra.phical work ·was commenced. Between Felbruary 8 and May 11, a 
total mileage of 2,300 miles was covered by the two dog teams of the 
party. The writer and Haycock travelled oopaTlately, meeting at pre
arranged places for astronomic·al observations, and returning rto Pangnir
tung between laps to plot notes and replenish provisions. 

On May 9, the party, accompanied by two Eskimo families, left 
Pangnirtung for the point on Nettilling fiord where the Zeolite had been 
left the previous· autumn. This move was made beoause it was thought 
that navigation could be resumed on Nettilling fiord much earlier than on 
the sound proper. This was found to be true, although floe and floa.ting 
foe prevented the launching of the Zeolite until July 9. Proceeding 
up the fiord, much pan ice was still found and did not disappear until 
July 16. On this date the party was within sigM. .of what the natives 
call Sarbakjuarlo, or Big tide rip. This tide rip and another farther 
on were navigated with extreme caution, several days being consumed in 
the task. The chief danger was caused by the large amount of floating 
ice which rushed through these tide rips with considerable speed. The 
knowledge gained of these current.s stood in good stead on the return trip 
in August, when very little time was wasted. The tide rips past, the 
power boat was finally beached at the head of Tassiuyak, and a portage 
made to Nettilling fiord beyond. This portage was made to avoid an 
8-mile tide rip which it was thought would be too much for the Zeolite. 
From here to the head of N ettilling fiord and across the height of land 
to Nettilling lake, the journey wa:s continued in two oanoes, and a towed 
kayak. On August 17 the party while on Nettilling lake was recalled 
by radio, and the return journey commenced. Although bad weB1ther was 
encountered, Pangnirtung was reached on August 21., the Government boat 
being alrea.dy there. 

CLIMATE, ICE, NAVIGATION, TRAVELLING, GAME, POPULATION 

In Cumberland Sound region temperatures of -30° F. during the winter 
are common, the lowest recorded being -40° F. Very seldom during the 
winter and spring months up to A,pril does the thermometer rise above 
zero, and if it does, the rise is usually accompanied by a snowstorm and 
blizzard. The proximity to open seawater (at Pangnirtung, not over 20 
miles in the winter) may account for the comparatively high tempera-
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tures during the winter months. In summer no temperature above 55° F. 
was recorded, although it may have occurred. The summer of 1927 has 
been generally regarded throughout the north as very unusual. Very few 
days of unobscured sunshine were experienced dUTing the entire season. 

Winds are unusually destructive in this region, and buildings must be 
especial'ly constructed to resist them. The worst storms were experienced 
in October, although June was marked by one or two very bad gales. 
During the winter, storms are more infrequent, but occasion greater hard
ship on account of the lower temperature. 

Ice begins to form at night in small bays as early as the last of 
September. This ice is seldom a serious inconvenience until the last of 
October, when it may prove quite an impediment to small boat naviga
tion. Power boa;ts were. used on Pangnirtung fiord as late as November 
11 , 1926, but a great deal of ice was floating around. By the last of 
November dog teams may travel out of Pangnirtung into adjacent bays, 
but the sound 1s still uncertain. The first natives to travel from Black
lead island, crossing N ettilling fiord, arrived on December 18. From rthis 
date until the last of April, travelling is generally good all over the north 
end of the sound. 

Owing to the high tides in Cumberland sound (25 to 35 feet), and 
the narrow sounds joining large bodies of water, tide rips are numerous. 
In summer these are a source of peril to the small boat navigator, but 
in winter they are doubly so to the dog driver, as these places seldom, if 
ever, freeze. The amount of ·open water varies as the ·tide is spring or 
neap. As the water is usually open from shore to shore, to pass one of 
these tide rips usually necessitates a land crossing, which is both difficult 
and arduous. However, the tide rips are not entirely without utility, as 
they are one of the chief sources of seal during the winter. The other 
chief source is the flow-edge or edge of the open sea, which is usually 
situated just south of Kekerten. 

In travelling during the winter, the one big problem is that of dog 
food. Very seldom can a sufficient supply of seal meat be laid in during 
the autumn. However, an attempt to do so should certainly be made. 
Among the sea mammals found in Cumberland sound are the common 
hair seal, the harp seal, the square flipper seal, and the white whale. 
Walrus and polar bear are not found at the head of the sound, but are 
fairly plentiful near cape Mercy and Bear sound at the eastern and west
ern sides, respectively, of the mouth of the sound. Caribou are quite 
plentiful around N ettilling lake and at one time were very plentiful dur
ing the winter around the sound. The advent of the rifle among the 
natives has, however, done much to decrease their numbers. Rabbit, 
white and blue fox, •and ptarmigan are quite generally plentiful, and tracks 
of the wolf are commonly seen. 

The native population of Cumberland sound is three hundred and 
fifty persons. This includes the inhabitants of two camps on the east 
coast near cape Mercy, and, therefore, not in the sound proper. In the 
area mapped were nine native villages, each usually composed of two 
or three families. The principal native industries are trapping, sealing, 
and whaling. The products are bartered for the necessities of life. 
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METHOD OF GEOGRAPHIC WORK 

. In traversing Cumbe1~land S01.1:nd area, three methods of determining 
distance were used. Du.rm_g the wm~~' a sled meter was almost exclusively 
used. On the summer tnp mto Nettillmg lake, both a rochon micrometer 
and boat log were used. A sled meter consists of a wheel fa~:tened behind 
a dog sled and equipped with some means of counting the number of revo
lutions .. Bearings were taken with a prismatic compass and tripod, the 
latter bemg used, not only for greater stability, but also that in winter 
the bare hand need not touch the metal compass more often than necessary. 

In the traverse to Netti.Jling lake, one main traverse was run with ·a 
rochon micrometer, and detail, more especially deep bays, was mapped 
with a canoe and outboard motor, using a boat log. The log was several 
times calibrated over a measured distance. The correction was found 
to vary somewhat at varying speeds. 

Latitude was determined by simple observation. For longitude obser
vations Greenwich mean time was determined by means of a small, port
able, long-wave receiving set. There being no timber in the country, 
two 20-foot masts that collapsed to 10 feet were carried. Two chrono
meters, a Nardin and a Dent, were employed. During the summer, 
when the radio receiving set was carried in the canoes, usually not more 
than a few hours elapsed between the time of an observation and the 
cheeking of the chronometers by radio. During the winter the interven
ing period was often long, as the radio set could not be carried during 
cold weather. In the winter the Nardin half-chronometer watch was 
carried in a small sealskin bag hung to the neck of the observer in order to 
maintain as constant temperature and position as was possible. Four 
stations were located during the winter traversing, and three during the 
summer. Those located during the summer should possess a higher degree 
of accuracy for two reasons. First, a shorter time elapsed between the 
time of checking the watches by radio, and the time of obeexvation; and 
second, there was no limit to the number of observations which could 
be made at a station, whereas in winter the number was limited by the 
ability of the observer to resist freezing of the hands. Twenty-four 
hours were spent at a station for observation. At the spring camp on 
Nettilling fiord, however, observations for latitude and longitude were 
made on thirteen occasions. For all computations that involved the 
determination of altitude of a celestial body, a Heath sextant was 
employed. A 6-inch Berger transit was used to determine magnetic 
declination and longitude by meridian transit. 

Summer work in arctic and sub-arctic regions does not vary essen
tially from summer work farther south. Winter work, however, involves 
a change of technique which is rather important. This change is necessi
tated by the effect of cold on instruments, and on the person. Messrs. 
Chipman and Coxl have given a quite extensive account of the tech
nique of observing at low temperatures. These notes were found to be very 
valuable. 

'Report o! the Can. Arctic Expedition, 1913-18, vol. XI, pt. B, pp. 9 and 10. 
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Before using an instrument during the winter months it should be 
especially prepared. All lubricating oil should be removed, and if lubrica
tion is absolutely necessary, bearings should be moistened with kerosene. 
All parts of the instrument that are commonly touched by the hand 
should be covered with adhesive tape. Once the instrument is taken out
doors during the winter, it should not be brought indoors again until 
warmer weather. These points apply to transits, compasses, sextants, 
cameras, rifles, and micrometers. 

For travelling and outdoor work in winter, the native garb is the 
most satisfactory. This is of deerskin, and a traveller entering a country 
for the winter where deer are scarce will do well to take some deerskins 
with him. A very important item is socks, made of soft deerskin, and 
of which at least two pairs should be taken on a trip. 

Geographical Positions 

Stations occupied in winter Latitude north Longitude> west 

0 I . 0 I . 
Duval's house at Usualung ............. ..... ................... 66 15 43 66 32 14 
Kanainak's camp at Nunatak .................................. 66 28 20 67 03 57 
Angmaling's camp at Iglungayung ............................... 66 17 04 67 08 44 
Pangnirtung fiord, small point t mile southwest of Police post .. 66 07 43 

Stations occupied in summer 

Spring camp, on mainland west of Ikkarluli island, Nettilling 
fiord .... ..... ......... . ............... ··········· · ······· · · 65 55 02 67 20 34 

N etrfn~ng;:%e.' .~ ~ ~~.t~~~ ~.f.~~~ .l~~·e· ~~~:~~ .o~ ~~·u·t·e· ~r.~~ :: ~:~~~ 66 22 09 69 19 14 
Nettilling lake, last camp dn summer traverse . ................. 66 13 35 

MAGNETIC DECLINATIONS 

The magnetic declination was determined at the places listed below; 
the declination varied considerably within short distances, owing, prob
ably, to the presence of considerable magnetite in the gneisses of the region. 

Magnetic declination 
Pangnirtung winter quarters. ............ .. .... ... .. ................... 57!0 W. 
Spring camp, Nettilling fiord.......................................... 59° W. 
Height of land, southwest of Amittok lake............................. 591° W. 
Nettilling lake, end of portage to...................................... 57i0 W. 
Iglungayung............ .... . ........ .......... .... .... ..... ..... ... . . . 551° W. 

PHYSICAL FEATURES 

Southern Baffin island may be divided into two physiographic prov
inces, the uplands of Precambrian rocks and the lowlands underlain in 
their western extension by Palreozoic strata. The uplands occupy by far 
the greater area, the lowlands being confined to the vicinity of N ettilling 
lake and west to Foxe channel. 
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The country due north of the head of Cumberland sound and a pro
longation of it ·southeast into the peninsula between the sound and Davis 
strait, is probably the highest part of Baffin island and is known as the 
Penny highland. The elevation of the highest part of this highland has 
not been determined, as it lies inland from Home bay, one of the least 
explored parts of Baffin island. Estimates place the elevations of the 
higher peaks in excess of 10,000 feet. The highest elevations about the 
head of Cumberland sound are between Pangnirtung and Kingnait1 fiords . 
Again actual measurements of heights are lacking, but 5,000 feet is a 
fair estimate for the extreme peaks. Elevations of 3,000 feet were deter
mined in many places by rough triangulation while mapping Pangnirtung 
fiord. 

The eastern side of Cumberland sound is much more rugged than the 
western; the country rises steeply from the sea, and islands are not plenti
ful as on the opposite side of the sound. As one travels westward across 
Cumberland sound a very marked change is apparent in the character 
of the country: the mountains markedly decrease in height; steep, rugged 
cliffs are not so numerous; and islands increase in numbers until the 
mouths of the westerly extending fiords are blocked with almost countless 
small and large islands. So numerous are the islands and so irregular 
are the shorelines that whether any specified stretch of shore belongs to 
the mainland or to an island or islands, can rarely be determined except 
by investigating an extended area. While sailing about half a mile off 
shore, an apparently straight shoreline may pre·sent itself, but if this same 
area is examined from the top of one of tJhe higher hills, countless bays 
and inlets hitherto unseen are visible. The illusion that the shoreline 
is comparatively straight and simple is due, in part, to the difficulty of 
estimating distance in the barren lands. 

The gradual decline in the general elevation of the land along a 
westerly direction continues as Nettilling fiord is followed to its head. 
Near the big tide rips the valleys in the bordering country for several 
miles inland nowhere rise more than 100 or 200 feet and lakes are numer
ous, wher·eas very few occur on -the eastern side of the sound. At the 
head of Nettilling fiord many hills rise to 600 and 700 feet, but the country 
is so dissected that it may easily be traversed without crossing any eleva
tion of more than 200 or 300 feet. The route from near the head of 
Nettilling fiord west to Nettilling lake is a canoe route 20 miles long and 
crosses the Baffin Island divide. The highest point along the route is 133 
feet above high tide. 2 The elevation of Nettilling lake referred to the 
same datum is 103 feet. Lakes are numerous. Along the 20 odd miles of 
canoe route to Nettilling lake, about Ii miles are divided among seven 
portages. 

The country bordering the east side of N ettilling lake is low and 
rolling, elevations of as much as 200 and 300 feet above the lake being 
rather exceptional. Lakes and ponds are very numerous. The shore' is 
indented by many winding inlets, and is fringed with many islands. 

1 The no.me Kingnait is from an Eskimo word descriptive of mountainous country. 
' Elevations along the canoe route were determined by measuring distances with a Rochon micrometer and 

vertical angles with a transit. 
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Along the southern shore the general elevation decreases westward 
until the country becomes flat and featureless, rising only a few feet above 
the lake surface, and bedrock is nowhere visible. Farther west outcrops 
of Palreozoic rocks have been found. 

GLACIATION 

The peninsula between Frobisher bay and Hudson straight is 
occupied by the Grinnell glacier. The Penny highland is covered by 
an ice cap. Other ice-covered areas occur to the north. Many, small, 
isolated areas are covered with ice throughout the year and many of 
such are visible to the north from Cumberland sound. 

The country has been intensely glaciated. The movements of the 
ice in the deeper valleys were controlled by the topography and, in general, 
as in Pangnirtung, Kingnait, Nettilling, and Kaggilartung fiords, was along 
the valleys and towards Cumberland sound. Strire are not plentiful, but 
deep furrows, roches moutonnees, etc., are very marked. On Pangnirtung 
fiord five peninsulas, Nasauya, Aulatsivik, Kunguk, Aulatsivikjuak, and 
one unnamed, are due to glacial action. Each consists of a rock knob 
joined on the north or northeast side to the mainland by a narrow, low 
isthmus, in most, if not all, cases, composed of drift. The glaciated rock 
knob of each peninsula has a low slope on the north or northeast side, 
but terminates in an abrupt cliff or has a much steeper slope on the 
opposite side facing the mouth of the fiord. Similar features are quite 
common over the whole Cumberland Sound region, but in few other cases 
are they so regularly developed as regards orientation and shape, because, 
perhaps, few pther fiords are so nearly straight and have such steep, high 
walls as Pangnirtung. A slight depression of the region would make 
islands of these features in Pangnirtung fiord and it may be that many 
islands on the west side of Cumberland sound would present similar 
characteristics if elevated somewhat. 

COASTAL FLUCTUATIONS 

Evidence that the sea at one time stood much higher, relative to the 
land, is visible at many places. The highest observed beaches are on 
the east side of the sound and are much higher than any seen along the 
west side. Beaches were seen at an elevation above 600 feet on Pangnir
tung fiord. Between N asauya and Augpalugtung raised beaches were noted 
at an elevation of 150 feet. In the vicinity of Usualung many raised 
beaches were seen in the small bays and the home and trading post of 
Mr. W. Duval is built upon a raised beach, less than 100 feet in elevation. 

Along Nettilling fiord, as already mentioned, the country for some 
miles inland is rolling, and the hills are only a few hundred feet high. 
Some of the slopes are steep, others are very gentle. Nowhere were 
boulders found resting in precarious positions on these slopes below an 
elevation of 155 feet above high tide. (This elevation was measured 
at the mouth of a deep, long bay on Nettilling fiord some 20 miles from 
Imigen and again about 12 miles northwest at Tassivyak bay.) Above 
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this elevation, not only are boulders much more numerous, but many of 
them lie in very precarious positions on the polished, rocky slopes. Some 
of them on being rocked, rolled, of their own accord, some hundreds of 
yards. The general condition is illustrated by Plate I A, a view taken on 
Nettilling fiord about 5 miles east of the first big tide rip. The fore
ground, at an elevation of about 120 feet, is of bare, glaciated granite. 
The skyline, about one-half mile away and at an elevation of about 200 
feet, is literally covered with boulders and a sharp line divides the boulder 
covered, and the boulder free , terrain. Apparently after the retreat of 
the ice the sea-level relative to the land was 155 feet higher than now. 
The ice had left boulders both above and below the then water-level. 
During the succeeding relative uplift of the land of 155 feet, all points 
between the present and former shorelines must have been at one time or 
another at sea-level. Thus all the boulders that originally lay between 
the two shorelines would for long or short periods be subjected to the 
action of floating ice and during the winter of shore ice, also, which at 
the present time is sufficiently powerful to move large masses of rocks. 
As a result the polished rock slopes would be denuded of their boulders 
which would collect in crevasses and valleys or be concentrated just 
below the present sea-level in what are known as tide reefs. 

The evidence presented by the boulders is more conclusive than that 
given by raised beaches, because, if the offered explanation is correct, 
the line dividing the boulder-strewn terrain from the boulder-free ter
rain marks the maximum amount of relative uplift, whereas a raised 
beach is only evidence that the shoreline was at one time at the salme, 
level, but not that it may or may not have been at a still higher level. 

The evidence thus tends to show that there has been a differential 
uplift between the east and west sides of Cumberland sound. The topo
graphic forms also suggest that uplift may have been higher on the east 
than the west, but before drawing broad conclusions data should be 
obtained from farther afield. 

Terraces were observed at Nettilling lake as high as 22 feet above 
lake-level, or 135 feet above high tide. These terraces and the evidence 
of the boulder line on N ettilling fiord, putting the old shoreline there at 
155 feet above high tide, would both indicate that the site of Nettilling 
lake was at one time part of a strait of the sea dividing Baffin island 
into two parts, for, as already mentioned, the highest point on the canoe 
route across the divide between the lake and Nettilling fiord, was found 
to be 133 feet. 

The evidence seems to indicate that the highest of the ancient shore
lines along the lower part of Nettilling fiord lies at an elevation of 155 
feet and now is approximately horizontal for 12 miles along a course 
bearing about northwest. On Pangnirtung fiord, some 80 miles north 80 
degrees east, beaches were observed as high as 600 feet above high tide. 
The elevations in Pangnirtung fiord, however, were determined by ane
roid in winter, when for some undeterminate reason the instrument could 
not be relied upon. However, there can be no doubt that the highest 
observed beaches on Pangnirtung fiord are between 450 and 750 feet 
above high tide level. At the east end of Nettilling lake, about 60 miles 
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a little north of west from the place where the observations were made 
in Nettilling fiord, an ancient shoreline lies at 135 feet above high tide. 
Thus, the available information indicates a tilting in an east-west direc
tion and at a rate increasing eastward. 

GENERAL GEOLOGY 

The rocks of Cumberland Sound region are all acid intrusives. Varia
tions in texture and composition occur and in one or two places relation
ships were found which show that in part, at least, these variations are 
due to the presence of intrusives probably closely related to, or of 
slightly different, ages. 

The rocks along P angnirtung fiord and Cumberland Sound shore 
to Usualung, exhibit no great variation. The rock is a greyish granite, 
in many places weathered to a dull red. As a rule the granite is coarse 
grained, the texture varying somewhat from place to place. On Pangnirtung 
fiord small pegmatite dykes are very numerous. Examination of a thin 
section of a rock from Usualung showed it to be composed of quartz, 
microperthite, magnetite, and a little orthoclase and plagioclase. The 
predominant mineral was the microperthitic intergrowth of orthoclase 
and plagioclase. 

On Koiyannak island just across from the village on Nunatak 
island, is a very fine-grained quartz-hypersthene diorite composed of 
quartz, andesine, hypersthene, and a little orthoclase and magnetite. This 
rock appears to be widely distributed in the locality. Eskimo brought a 
specimen of coarse-grained pyroxenite which they declared occurred in 
places on Koiyannak island. A thin section shows the rock to be almost 
wholly augite. 

At Iglungayung, some 20 miles west of Usualung, is a coarse granite 
very similar to that occurring at Usualung and eastward. It, however, 
differs in that a thin section shows many myrmekitic intergrowths. The 
quartz shows a wavy extinction and a slightly developed mortar struc
ture. The minerals present are quartz, orthoclase and a little plagioclase, 
microperthite, and magnetite. 

A very coarse-grained granite from Kangertlukjuak fiO'rd• was examined 
in thin section. This specimen 1comes from midway between lglungayung 
and Koiyannak island. It iJ> very similar boith in hand specimen and thin 
section to the granite at lglungayung, but does not contain any myrmekite 
or mic1mperthite. The minerals present are quartz, orthm:~lase, and· a li.ttle 
pLagioclaoo. 

A hypersthene granirte occupies large areas among the many is.Iands 
in Kaggilartung fiord. This rock exhibits more deformation than those at 
Iglungayung and Kangertlukjuak, a pronounced 1crystalloblastic texture 
being observed accompanied hy optical deformation of the quartz. The 
minerals present are quartz, orthoclase, hypersthene, and a little sodic 
plagioclase. 

On a small neck of land separating the heads of K aggilartung and 
I sorituk fiords was found a fine-grained aplite. The relations of this aplite 
to the coarse granites was unobserved, but may be assumed to be similar 
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to those of ithe aplites on Nettilling fiord to be described latet. Quartz, 
orthoclase, and myrmekitic intergrowths of quartz and plagioclase com
pose the rock. 

At Saunirtungukjuin island, near Imigen island, the rock is quite 
coarse and similar in hand specimen to the granites of Iglungayung and 
Usualung. Much mi1cropert.hite is present and 1Some coarse griaphic inter
growths of quartz and orthoclase were observed. 

On ithe north side of Nettilling fi·ord, on a large ~siland between Keker
tarlung ~sland and <the mainland, i<s exposed an aplite very similar to the 
one seen on the head of Kaggilartung fiord. This rock outcrops on the 
south tip of the island and e~tends northward about t mile. It is later 
than the usual coarse granite with which it is in contact on the north. 
Microperthite and myrmekite are both present. Quartz, orthoclase, and 
small amounts .of garnet compose the rock. A slight porphyritic texture is 
observable in lthin section, but not in hand specimen. 

At Zeolite •camp, west oif Ikkarlu1i island, lenticular masses of quartz 
monzonite are enclosed by granite porphyry. 'Dhe quartz monwnite 
exhibits a slight banding striking north and soUJth. The miner1als present 
are: oligoclase, andesine (ab29 ), orthoclase, quartz, chlorite, and magnetite. 
The vock was seen only in large and small lenses completely surrounded 
by the later granite porphyry. The longest axis of the lenses is parallel 
the strike of the banding. The granite porphyry shows no evidence of 
banding. It is compo.sed almo, t wholly, both phenocrysts and groundmass, 
of quartz and ortlhoclase. SmaH amounts of plagioclase occur in the 
ground mass. 

On Nettilling fiord, about 10 miles east of the first big tide rip. a 
micrographic hy1persthene graniite was observed. The rock contains many 
inclusions of coarser granitic riock and has undergone considerable deforma
tion, resulting in a pronouniced mortar structuire. The minerals present are 
quaritz, orthoclase, hypers-thene, and very little plagioclase. Micrugraphic 
intergrowths of quartz and orthocilase are visible. On the last lake on the 
route to Nmtilling lake a very fine-wained granite or aplite is exposed, 
very much cut by stringers and dykes of pegmat ite. No ferromagnesian 
mineralS are present, the only dark mineral being magnetirte. Quartz and 
orthoclase occur in a very fine-grained admi~ture. 

On Nettilling lake, about 1 mile south of the end of the portage route 
to Cumberland sound, a deformed granite now resemibling a granite por
phyry wa;s found. The larg·e crystals of the original rock, that remain, are 
broken and sheaired, and very irregular in sh&pe. Quartz and orthoclase 
are the predominant minerals. A'hout 10 mi.Jes south is an ouitcrnp of 
essential'ly similar rock. 

ECONOMIC MINERAL DEPOSITS 

No occurrences of economic minerals are reported from the area 
mapped. Magnetic sands a.Te found on Pangnirtung and Kingnait fiords, 
but do not appear to be extensive. Graphite has long been known to occur 
on Blacklead island about 90 miles south of P angnirtung. An attempt 
was made by the Hudson's Bay Company to mine this material in 1926, 
but operations were discontinued the same year. Mica in fairly large 
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sheets occurs here and there throughout the regi·on, and is often brought 
in by na1Jives, who, however, can give little information as to i:ts extent. 
The geological conditions in general are not favourable for the formation 
of metallic mineral deposits. 

OTHER LOCALITIES IN THE EASTERN ARCTIC 

While a passenger •on the 8.S. Beothic a number •of calls were made 
at points among the eastern Arctic islands. Some of these, viz., Rice 
strait, Craig harbour, Dundas harbour, and Pond inlet were described 
in 1925, 1 and will not be further mentioned here. During 1927 stops of 
sufficient length to permit a hurried reconnaissance were made at Arotic 
bay and Lake harbour. 

ARCTIC BAY 

Arctic bay, at which three hours were spent, is a small indentation 
on the north shore ·of Adams sound, a long fiord on the west side of 
A,dmiralty inlet, North Baffin island. The topography is rugged, the land 
rising abruptly from the sea to elevations of 800 or 1,000 feet. A small 
Eskimo village is located on Arotic bay. 

The west point of Arctic bay is underlain by diorite or gabbro which 
extends west t mile .or so to a contaot with black slwtes and shales. The 
contact extends upwards along a gully in a cliff and is either an intrusive 
contaot or a fault, presumably the former. A white, bitter salt, appar
ently soluble in sea water, leached from these slates and shales. 

At the next point westward, diorite occurs and cuts illlterbedded 
massive limestone and sandstone with a vertical contac.t. Adjacent to 
the contact the limestone is heavily mineralized and much altered. The 
predominant mineral is pyrite with some copper sulphides. At the con
tact black shales and slates underlie the sandstone-limestone group with 
unknown relations. 

On the east point of Arctic bay, the basic intrusive forms the point. 
A massive, hard quartzite was found on the northeast side of the bay. 
The relations of this quartzite to the other rocks wrus not ascertained. 

Practically all reports of mineral discoveries in the eastern Arc.tic 
come from Admiralty Inlet region, Baffin island. Geological conditions 
there are much more favourable for the formation of commercial ore
bodies than in most of the remaining territory. 

LAKE HARBOUR 

Lake Harbour was one of the first establishments of the Hudson's 
Bay Company beyond the mainland of Canada. The post is situated 
at the head of a long, winding inlet behind Big island on Hudson strait. 
During the latter part of the nineteenth century mica was mined and 
shipped from a point about 12 miles from the post. In 1916 the Hudson's 
Bay Company commenced the development of a graphite deposit near 
here and in 1917 and 1918 shipped a small tonnage. Neither the mica 
nor the graphite deposi:ts could be visited by the writer in the short time 

'Weeks, L. J.: Geol. Surv., Canada, Sum. Rept. 1925, pt. C, pp. 136-141. 
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at bis disposal. The graphite is of the crystalline m vein variety, the 
veins occurring in crystalline limestone at its contact with intrusive quartz 
dykes. 1 

At the post two rock groups are exposed. The older, a white, coarsely 
crystallin£ limestone outcrops in bands 200 or 300 feet thick, dipping 
78 degrees northwest. Several of these bands are exposed in the neigh
bourhood of rthe post and are separated by bands of acid intrusive of 
about the same width. Under the microscope this intrusive proves to 
be a very fine-grained quartz monzonite. The limestone is composed 
nearly wholly of calcite crystals from a fraction of an inch up to 2 or 
2-! inches long. 

l Spence, H. S.: "Graphite": Mines Branch, Dept. of Mines, Canada, 1920, p, 61. 
67238-7 
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SOME PROBLEMS OF PEAT BOG INVESTIGATION IN CANADAl 

By V ii:ino A 1wr 

GENERAL POINTS OF VIEW 

Canadian peat bogs have not yet been given enough Mientific or 
practical study to afford much knowledge of their main characteristics 
or economic possibilities. It is true that a number of valuable investiga
tions have been carried out, first and foremost among which are those 
of Ganong and Nichols, but these have not exclusively dealt with peat 
bogs and their characteristics. Mention should also be made of the 
short but lucid reports on the muskeg formations in Alberta, recently 
published by Lewis and Dowding, and the fuel-peat investigations by 
Anrep. From these and my own investigations, carried out in 1,926, only 
the broader aspects of the distribution of peat bogs in Canada appear. 
In the eastern part of Canada, where the climate is maritime in character, 
peat bogs are very abundant. So are they in the northern part of central 
Canada where the muskeg formations gradually change northward into 
tundras. There are, als.o, west of the Rocky mountains, plenty of peat 
bogs that resemble the sloping peat bogs of Europe. 

As Canadian peat bogs occupy many thousand square miles, their 
enormous importance is readily appreciated. In attempting to outline 
the underlying principles that should govern their investigation the writer 
is under the limitation of having personal acquaintance only with such 
peat bogs in eastern Ontario, southern Quebec, and the Maritime Prov
inces as he could visit during about three months in the summer of 1926. 
The opinions advanced here are, therefore, only the first tentative con
ceptions of one observer. On the other hand, considerable similarity 
exists between Canadian conditions and those in northern Europe, with 
which the writer has greater familiarity. It is taken for granted these 
investigations should serve practical needs and, therefore, at the outset 
it should be emphasized that for purposes of intelligent utilization a good 
understanding of the nature of peat deposits is more important than is 
generally recognized. 

The investigation and classification of peat deposits may be made 
in different ways depending upon different points of view. Peat bogs in 
a biological sense are peat-forming plant associations, and, in a geological 
sense, natural peat deposits. But as the surfaoe vegetation of peat bogs 
depends on the subjacent peat for its growth, them is a casual connexion 

1 The author of this article has speciali•ed in the study of peat dePoSits in his own country. Finland. and else
where in northern E urope, In 1926 he was granted a fellowship by the International Education Board, New York. 
founded by John D. Rockefeller, jun., to assist him in comparing peat dePoSits and peat-forming conditions in North 
America with those in Europe. As peat dePoSits are much more numerous and widespread in Canada than in United 
States and are of greater practical concern an arrangement was made among Dr. Auer, the International Education 
Board. and the Geological Survey, Canada, whereby some additional assistance was given Dr. Auer by the
Survey for his work in Canada and the International E ducation Board agreed that the results of the investigation 
should be offered to the Survey for publication. 

The present article is a preliminary statement intended to draw attention to some of the problems presented 
by our peat bogs and some of the principles underlying the solution of these problems. Director. 
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between the two. Particularly is it difficult to interpret the relations of 
plants to topography un!.ess one knows exactly the earlier history of the 
peat bog, just as it is impossible to understand the stratigraphy of peat 
bogs unless the changes that take place on their surface are well under
stood. Moreover, the scientific-practical classification of peat bogs 
depends on the purpose for which peat bogs are used. As is well known, 
peat bogs are used for fuel and litter, but they are perhaps still more 
used for agricultural purposes. In North Europe, particularly in Finland 
and Sweden, very productiv·e forest lands have been gained by the drain
ing of peat bogs. Agriculture and industry are exploiting the peat of 
the peat bogs, and, with these usages in mind, the classification of peat 
bogs must be based on peat-geological studies. On the other hand, the 
forestrial classification is based primarily upon the surface vegetation, 
as the forest belongs to the vegetation and is subj e·cted to the laws that 
govern the plant life. The forestrial usage, therefore, demands that the 
classification should be based on plant-topographic studies, especially as 
-with the exception of drainage by means of ditches-the forestrial 
economy does not imply any great improvement of the subj acent soil; but 
the habitats must be taken mainly as they are in nature, characterized 
by their vegetation. 

DISTRIBUTION OF PEAT BOGS 

As is well known, the distribution of peat bogs is influenced by 
climatic and topographic conditions, by the character of the soil, and by 
the geologic nature and age of the subj acent deposits. As the formation 
of peat depends upon the degree of oxidation of plant remains by the 
oxygen of the air, the determining factor in the formation of peat is water 
which is the general preserving agent. Either rain-water or water in 
the ground may come into question. The former causes a regional and 
the latter a local paludification (conversion of dry lands or water-covered 
areas into swamp). Climatic conditions, thus, primarily determine the 
distribution of peat bogs. Where the amount of rain is great in com
parison with evaporation, there peat bogs are likely to be widespread. 
The damp oceanic climate is the cause of intense peat formation in the 
Maritime Provinces of Canada. It is not yet in all details clear in what 
degree climatic factors in other parts of Canada have influenced distri
bution, mode of formation, and character of peat bogs. In southeastern 
Canada many regular characters in the plant-topography, as well as the 
geology of the peat bogs, may be traced back to climatic causes. In what 
degree among the climatic factors, temperature directly influences the 
appearance of peat bogs remains an open question.1 The general topo
graphy has a great influence, particularly upon the size of peat bogs. For 
example, narrow valleys are less favourable for the accumulation of peat 
than are wide, flat valley bottoms. The physical and chemical characters 
of the soils each in their own way influence the appearance, origin, and 
development of peat bogs. Soils, for example clay and glacial drift, that 
are nearly impervious to water, are favourable to the formation of peat 

1 Indirectly temperature acts by increasing or diminishing evaporation. 
67238-71 
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bogs; sterile lands are more likely to become peat bogs than are fertile 
regions. A careful and detailed study of the soil factors would be welcome 
to complete our knowledge of the use of peat bogs, especially for agricul
tural purposes. 

The glaciated parts of eastern Canada are closely comparable with 
t he glaciated areas of northern Europe. Investigations in Finland have 
shown that the appearance of peat bogs is greatly influenced by warpings 
of the land crust and, in general, by changes in the boundaries between 
land and water. Peat formations have thus come earlier into existence 
on geologically older lands, i.e., on those areas that were first freed from 
the water cover, than on geologically younger lands. Hence it follows that 
the thickest peat deposits are found on geologically old areas, though, of 
course, thin, young peat deposits may be found at any place where con
ditions are, or have been, favourable for their formation. As shown by 
the investigations of geologists in Canada, changes in land and water 
areas have taken place, owing to the warping of the land, and at the 
same time as the water-lines have altered in the lakes, the river beds have 
also changed. Moreover, many peat bogs have originated by following 
the coast-line of the receding sea, and others have formed in the valleys 
when the river or lake water had disappeared. 

PLANT-TOPOGRAPHICAL INVEJST:DGATIONS 

The planrt-ttapography of peat bogs is coil!cerned with the "liviing" 
part of peat ·bo~. Consequently, it deals with the general principles of 
plant-itopography and plant- acio!1ogy. Comprehensive investigations along 
these lines have ibeen carried out, especially during the last few years, 
on a large sca1e, in several European countries. Only a few important 
points in connexion with the classification and use of peat bogs are here 
dealt with. 

A'B is general'ly known, the plant cover shO'WS more or less distinct 
regularities, eaused by all the factors influencing each habitat, and reveal
ing themselves ws a result of the sstruggle for exisstenrce am~mg the plants. 
As the planrt ·cover is chiefly dependent upon the habitat factors, its 
dharacter in very many cases indicates the biol~ical V·alue of the habifat. 
The vegetation may thus also indicate the value for agricultural or other 
purposes of a certain land area. Indeed, it is common knowledge tha'ti 
richer plarut associations with more pretentious spee>ies are more often 
found in fertile regions than in infertile areas. 

Extensive investigations have been caried out in Finland during the 
paost few yearn, dealing with the dassification of forests, and the whole 
forestrial activity, scientifi1c as well as pracitica~, is based upon these 
investigations. In a·c·cordance with the principles outlined above, A. K. 
Cajander 1 prepared his theory about forest types, an English summary 
of whiclh has recently been pulblished. He div·ides tJhe Finnish forests into 
types, the ·cha-racters of which he defines in the fol[owing way: 

"Consequently, all ·tJhose stands are referred <to the same forest type, the vegeta
tion of which at or near the time of maturity of the stands, and provided the stands 

1 Cajander, A. K.: "The Theory o! Forest Types"; Acta Forestalia Fennica 31Helsinki1926. 
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a.re normally stocked, is characterized by a more or less identical floristic composition 
and by a.n identical ecologico-biological nature, as well as all those stand1i the vegeta
tion of which differs from that defined 9.ibove orrly in those respects which-being 
expressions of differences due to age, fellings, etc.-have to be regarded as merely 
a:ccidental and ephemeral or at any rate as only temporary. Permanent differences 
call forth a new forest type in cases w!here they are sufficiently well-marked, or a 
sub-type in cases where they are less essential, but, nevertheless, noticea;ble. In a 
forest tY'Pe. therefore, as a rule, only those primary-climatic and edaphic-factors 
of the locality are reflected, which factors may be assumed to remain active, even 
when rthe locality is laid bare of all plants." 

Forest types are thUJs di!stinguished on .the basis of the vegetation. 
This has been done ·chiefly from the surface vegetrution, due to the fact that 
it, even in cuHivated forests, reaches at least a comparatively stationary 
condition, quicker than the tree vegetation, as it is composed of short
lived individuals and, consequently, is usually al'lowed to develop more 
naiturally than the trees. The composition o.f the tree flora, however, is 
not without importance, as, for example in Finland, among baTren forest 
tyipes, only the pine forest thrives, among medium types all the common 
tree species, and among the best types are found the hardwood. The 
floristic composition, even of stands that have 'been cultivated, character
izes the type in a high degree. But still more are the " ecological
biologi1cal " characters of the trees, as of any other plants, and particulady 
their growth relations and the development of stands very characteristic 
of each forest type. The natural forest types, therefore, are the most 
suitable ·basis for a compariSIOn of the productivi'ty of forests, bath with 
regard to forestrial investigations and forest economy. 

From the same points of view Cajander has diivided the Finnish peat 
bogs into types and these types are used to some extent as a basis for 
forestrial peat bog investigations in Finland. It has been proved that a 
peat bog type, as a result of <litcihing, turns inJto a definite forest type 
whose value may, under the most faviournble conditions, equwl that of the 
best forest types. It has also been proved that as a rule better peat bog 
types are found in fertile areas than in !barren reg>ions. In their relation
ship to one another the Finnish peat bog types appear as definite groups or 
complex types. The resulits of invwtigations by the writer strongly support 
the t ype theory and show tJhat in areas of definite plant-topographic 
complex types, the 'bound arie..s of whiich are regional~y very regular, there 
are peat-geological types that are characterist.ic for each area. The plant
topographi·c region al classification, according to these principles, may thus 
indicate the occurrence of different kinds of peat turf strata. Therefore, 
nowadays in Finland, during the orientating investigati•on work, in the 
search for regional regularities, bog types are used also in peat-geological 
studies. 

'Dhe facrt tJhat more pretentiious peat bog plant-associations appear 
on better land, and as a rule form better peait than do les'S' pretentious ones 
shows thrut the quality of the ground-soil influences even the later develop
ment of the peat bog, as Cajander has obseTVed. Good an:d fertile peat 
bogs are formed in places where .there is an abundanlt and flourishing 
water-vegetation, as rush and horsetail vegetation and huge sedge stands. 
A large part of Canada's peat bogs have, however, formed on dry land, 
and the first peat-forming vegetation olbtained all its mineral nourishment 
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from the mineral soil T'he more aibundant .the nourishment the larger 
are the quantities o·f nurtritive substances in the roots and stalks of the 
plants. As the peat strata grow thicker, the uppermost layer receives its 
mineral nourishment from the subjacent layer, and the more nourishment 
the 11atter oontains, the more does the former receive. As the uppermost 
layer is never able whcilly to exhaust the lower layers, the peat layers, unless 
they can receive nourishment from outsid·e ,sources, must 'become poorer 
the higher the peat bog grows. Even in: fer,tile regions the surf·ace peat 
in thi,ck parts of ithe bogis may thus lbe very poor, 1but iit is evident that 
tihe same degree 1of poorness is attained much earlier in place where the 
giround'-'Soil is meagre than where it is fe1ii~e; the bogs in areas where 
the soil is poor are likely to contain poor peat. 

It is clear from t'he above-named facts thait investigation of the 
surface vegetation alone is not eufficient for the study of peat bogs. The 
peat Iayers become more meagre from the botJtom upwards, even during 
an undisturbed development of the peia;t bog.s, aind waters flowing fr.om 
smrounding lands .cause considerable alterations and ,changes in character 
of the peat. Still more so do the .climatic changes dur,ing geol'Ogical periods. 
Peat bogs of similar type may have represenlted very different types at 
different stages of development. In forestry, when no imprnvements of 
the land other than ditching are undertaken, a study of the present peat 
bog type in many Cfa<::es suffices to g-ive an idea as :to the afforestation possi
bilities. In 1agriculture, on the other 1hand, the question of tillage of the 
soil and, perhaps, the remov.a~ of the surface peat, have to be •c<msidered 
and, therefore, more attention muSit lbe paid to the character of the deeper 
peat layers. By means of manuring and fertilizers, etc., a poorer peait 
may be rendered more productive, but even in this case tJhe peat 1bog type 
may not be without importance in giving -indications as to the value ,of the 
bog. Finally, when there is a question ·of using peat for fuel litter, etc., 
all the peat strata mlllSt be studied. 

As to tJhe applicability of the type principle, Caj ander says the 
following ·concerning the forest types·: 

"Within the range of simil ar dimate types characterized by various fore~t tyipes 
and within the range of the same d egree of quality of locality, as indi.cated iby tihe 
forest types. it, therefore, appears to be possible to place forestry everywhere on a 
common foundation and to treat it from an international point of view. On such a 
basis it further seems to be po;,;sible to generalize as comrnon international methods 
of procedure, all those sylvicultural methods that have been developed or are being 
developed in the various local districts, and that have led or are leading to saitisfac
tory results . At the same time it should , however. ibe no,ted that the market condi
tiom of the different regions will always furnish fo1'estry with local fea.tures, si'Ilce 
these conditions are vitally important in deciding which of the methods of treatment 
possible from the biological point of view are economically advanta.geous, and how 
near it is possible to approach to the sylvicu1turally and biologically most productive 
method of treatment after first taking the economic point of view in to aiccount. 

The above Rtatements hold .good not only in fore~ry. but clearly also in plant 
cultivation in general, as well as, more or less indirectly, in those industries which are 
founded on plant cultivation -0r depend upon it. While agriculture in the southern 
half of Finland-to give one example-consists mainly in growing crops, in North 
Finland, where the areas under the plough are relatively small, as well as in cor
responding districts elsewhere, for instance at corresponding altitudes in the Central 
European mountains, agriculture consists for the most 'Part in t he cultivation of 
meadows. In the Central European hardwood forest regions. where the proportiO'Il 
of land suitable for cultivation is incomparaibly greater than in the southern half of 
Ffoland, wheat growing takes precedence over the !!;rowing of the other crops." 
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The question arises where it is possible to make a similar plant
topographic classification of Canadian peat bogs. In southeastern Can
ada there are extensive, open Sphagnum bogs covered or partly covered 
with shrubs (Kalmia, Cassandra, Empetrum, etc.). In many places there 
are other moss species, of the Amblystegium group. Especially on the 
peat bogs of the river valley flats these form a continuous moss-cover, 
growing a very rich sedge and grass vegetation. A similar fl.oristic com
position is found in the bogs formed on lake shores by filling up of part 
of the lakes with peat. Quite common also are the tree-growing bogs: 
Picea mariana and Larix Americana in places form even very extensive 
forests on the bogs. The marginal parts of bogs and bogs in small depres
sions in places grow maple as well as spruce. All of these kinds of plant 
associations are widespread, and as each of them is the result of the 
development of the surface vegetation of a definite kind of bog, they 
may be regarded as the Canadian peat bog types. From a plant-topo
graphical point of view the following type-groups, therefore, may be 
distinguished. 

(1) White moors, or open bogs, whose moss-vegetation principally 
consists of Sphagnum. The brushwood as a rule is sparse. Tufts are 
absent or are low. 

(2) Brown moors, mostly wet bogs without any tufts, the moss
vegetation principally consisting, of so-called brown-moss (Amblyste
gium, Paludella, Meesea, etc.). There may be some Sphagnum, and in 
that case usually of more pretentious kinds. The grasses are richer than 
on the white moors. 

(3) Dwarf-shrub moors, generally dry bogs with plenty of brush
wood, with or without hummocks and the moss vegetation principally 
consisting of Sphagnum. They almost always grow forest, the com
monest trees being Picea mariana and Larix. 

( 4) Marshes, forest-growing bogs whose tree vegetation consists of 
spruce, pine, and hardwood, particularly maple. The moss vegetation 
usually consists of more or less pretentious Sphagnums, but occasionally 
other kinds of moss, as Polytrichum and other leaf moss species. 

The investigations by the writer were restricted chiefly to the struc
ture of the bogs, all the more detailed botanical classifications were left 
to other investigators. Some of the most characteristic types are dealt 
with in a more comprehensive report to be submitted to the Geological 
Survey, Canada. It may be stated that a plant-topographical classi
cation of the peat bogs in Canada will show the same regularities as in 
Finland and that the character and development of the plant associations 
of the bogs also change according to regular laws. The brown-moors 
have been changed by drainage into excellent forest lands resembling: 
grass-herb forests, whereas relatively poor white-moor types have beeu 
changed by drainage only into poor Larix-Picea forests. As soon as the 
forest types in Canada are definitely fixed and their yielding capacity 
accurately determined by forestrial investigations, the forest value of a 
bog can be estimated, if its type and development are known. 
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From the point of view of forestry it is also necessary to study the 
characteristics of bogs with regard to drainage, as to the direction, depth, 
and frequency of the ditches that are required as well as the changes in 
the peat resulting from ditching, the durability of the ditches under 
different conditions, etc. Important results may be arrived at by experi
ments and by a comparative study of earlier ditchings. 

A classification~ed on the plant cover is not sufficient, however, 
even for forest valua on; the character of the peat also must be taken 
into consideration. or example the big Alfred peat bog in Ontario, near 
Ottawa, is in a very good forest-growing condition, which shows that its 
eastern and southeastern parts are of a better type than that suggested 
by the unbroken Sphagnum-cover. The investigations carried out on this 
peat bog show, however, that there is a good Amblystegium-Carex peat 
under the thin Sphagnum surface layer. 

The bog types of Finland are definite combinations, or complex 
types. Analogous regional complex types also exist in Canada, and a 
study of them is of importance because each complex type has its peculiar 
mode of origin and development, as well as other characters of its own. 
Different complex types may be distinguished at least in the following 
areas: in Nova Scotia where the northern and southern parts also differ 
in some respects from one another. In the St. Lawrence lowland there 
is a different complex which may be called a continental form, and 
between the two above-mentioned areas there is a complex apparently 
intermediate between the oceanic and continental forms. Special con
tinental groups probably exist in the Interior Hains region, and in 
northern Quebec, not to speak of the wide areas of northern Canada in 
general, as well as of eastern Canada, where numerous and regular areas 
of complex types no doubt may be found. It would be interesting to 
investigate in what degree these regular variations coincide with the 
floristic areas set up by Macoun and Malte1 . 

The regional boundaries of the vegetation types in many cases are 
not very definite, nor are they very regular. The geological development 
of Canada, especially during post-Glacial time, has greatly affected the 
distribution of plants. Northern forms may be found in isolated spots 
within the areas of the southern type regions, and southern forms in more 
northern areas than those of their regular distribution. The vegeta
tion after the ice age, spread from south to north, but climatic variations 
in post-Glacial time have caused migrations of plants in a north-south 
direction as well as in an east-west direction, particularly near the bound
aries between the oceanic and continental climatic zones. For example, 
in southern Quebec and New Brunswick, there are distinctly northern 
plants, and in Nova Scotia, among others, purely southern forms. 2 A 
closer investigation of the relict occurrence of whole types, as well as of 
individual floristic elements, probably would give interesting scientific 
results, and would show the character of the changes in the vegetation 
and possibly in the type regions. 

1 "The Flora o! Canada"; Geol. Surv., Canada, Mus. Bull. No. 26 (1917). 
•Among the latter, an oozy typha swamp !orm deserves particularly to be mentioned . Tb is is a term !or a 

combination o! the growth-place and the plant-cover, and, consequently, must not offhand be compared with the 
above plant-topographic !orms. 
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The principle of classification by means of types, with very few 
exceptions, _has be·en recognized and accepted all over the world. The 
fact that the whole forest economy of Finland as well as the very compre
hensive investigations in botany and forestry, are based on the type 
system, gives at least some kind of guarantee for its value as a scientific
practical method. It would be desirable, however, to try other investi
gational methods in Canada, for in such an extensive country other 
methods and cla.ssification principles may be necessary, but it is certain 
that the type principle, correctly applied, will lead to positive results. 

FORMATION AND DEVELOPMENT OF PEAT BOGS 

Plant-topographic investigations should include a study of the mode 
of formation and development of the peat bogs, as well as a study of the 
types, according to the principles outlined above. Peat bogs are formed 
in many different ways; by the filling up of water areas, by the changing 
of dry lands, or flooded lands, and seashores into marshes, and in other 
ways. They are being formed by the filling up of small lakes and ponds 
by vegetation. This action depends upon the kind of lake as well 
as upon the kind of vegetation. The character of the vegetation and 
the way in which filling takes place in fertile areas are quite different 
from that found in barren regions. The question is very complicated, for 
many different physical conditions exist in different parts of an extensive 
country. Modern methods for the study of sediments of lakes are well 
illustrated by the results of work published by the International Limno
logical Society. Examination of the sediment types of the lakes of Can
ada that have been, or are being, filled up should show many important 
scientific and practical results. By applying the classifications used in 
limnology, for example, the distinction between fertile and barren lands 
would appear. An investigation of this kind should be of value also for 
the study of fish culture and, indirectly, should have a bearing on the 
question of the utilization of land for colonization purposes. 

The paludification of forest land, or dry land in general is, however, 
the principal method of formation of peat bogs, as is shown by the 
investigations in northern Europe. This appears to be the case also in 
Canada. Many places which within the memory of man had consisted 
of dry lands have turned into extensive peat bogs. Dry land turns into 
peat bogs chiefly in areas having an oceanic climate, as in Nova Scotia. 
This action is much less pronounced inland, and, as alleged by Lewis 
and Dowding, the interior parts of Canada are drying up. The intensity 
of paludification is evidently variable in different parts of Canada, being 
greatest along the coasts where peat may be found directly stratified on 
convex rock surfaces. Whether the growth and extension of peat bogs in 
the interior parts of Canada have entirely ceased, remains to be estab
lished. It is probable that forest lands in the northern parts of interior 
Canada still continue to turn into peat bogs on a considerable scale, though 
perhaps not as much as during the early parts of post-Glacial time. 

A study of the degree of intensity by which dry land or forest land 
turns into peat bog in different parts of Canada would be of considerable 
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economic importance. For the investigations, especially in Nova Scotia, 
have proved that forest fires have great influence on the formation and 
spreading of peat bogs. Within a few decades peat bogs have spread 
rapidly over wide areas that have been burnt over. This is due chiefly 
to the fact that, after the forest has been destroyed, the surface of the 
groundwater rises. In places also the burned-over area becomes water
soaked and this causes spreading of Sphagnum. As great attention is 
being paid in Canada to the effects of forest fires, as well as to measures 
for their prevention, attention will, sooner or later, be paid to the import
ance of peat bog formation due to forest fires. In Europe, these effects 
cannot be proved so clearly as in Canada where the importance of forest 
fires is much greater than eould be imagined by a stranger. 

P aludification of dry land takes place mainly in the following ways: 
(1) A peat bog spreads to neighbouring heath; (2) water from the higher 
situated peat bogs flows onto lower areas which, as a result, are turned 
into peat bogs; (3) primary peat bogs are formed in depressions by the 
stagnation of the surface water on soils that are poorly penetrated by 
water, and extend until they join one other and form more extensive bogs; 
(4) the raising of the surface of groundwater, for some reason or other, 
causes the appearance of new peat bogs in the depressions. A closer 
exposition of these different forms of paludification, using the plant-topo
graphic methods, would lead in Canada to far-reaching and economically 
important results, and, in connexion with these investigations, other 
regional factors, such as soil and climate, influencing the distribution of 
peat bogs, should also be taken into consideration. 

An investigation of the way in which paludification affects Canada's 
numerous tree species would be of great importance to forestry and would 
suggest methods of protecting the forest from paludification. The drain
ing experiments, ditching, etc., together with calculations concerning the 
profitableness of the same, would complete the studies suggested in con
nexion with the afforestation of peat bogs. 

As already mentioned, investigations in southeastern Canada have 
shown that the intensity of paludification probably has changed during 
the epochs of the post-Glacial period. An inve·stigation of the intensity 
and forms of paludification in different part of Canada at the present 
time, as well as at different stages of the post-Glacial period, would lead 
to many important scientific results, and would serve as a basis for the 
regional investigation of Canada's peat bogs. 

Flooded lands along rivers and seashores in places turn into peat 
bogs, a matter that has received little attention from a scientific point 
of view. The paludification of the flood-pl ains of rivers is, of course, of 
grea;t practical importance, considering that the rivers in wide areas of 
Canada still continue to serve as transport ways and as channels for the 
spreading of settlement. 

Peat bogs may develop progressively or regressively. The latter 
means that the surface of a peat bog is, in one way or other, drying up, 
the former that it is becoming wet. Each peat bog type has its own 
characteristic forms of development, and may ·show successive changes 
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from a more damp to a more dry condition, or vice versa. As the Ambly
stegium and Sphagnum bogs develop in different ways, and as each local
ity has its special features, the different habit> and regional distribution 
of these bogs in Canada can be studied with the aid of botanical methods. 
The changes in humidity are shown by the stratigraphic structure. Thus, 
thin stripes in the Sphagnum surface layer indicat e a struggle between 
the more damp and the more dry moss species; the product thus formed 
is called regeneration peat. Regeneration means a development from a 
more dry to a more damp condition. The regressive peat bog forms in 
Europe become more general towards the north; a somewhat similar rule 
also should apply to Canada. Regressive and regeneration forms are also 
found on southern peat bogs, especially on big Sphagnum bogs. In the 
investigation of these questions the methods used by Osvald in Sweden 
are of value. Southern peat bogs may show signs of development char
acteristic of northern peat bogs, and northern ones may indicate a southern 
influence, i.e., forms mainly showing a progressive development. Conse
quently, it is to be expected that both forms may appear together in the 
boundary areas of the regional zones. 

When, as a direct result of drought, the Sphagnum cover of peat bogs 
starts to disappear, there is retrogressive development. According to the 
investigations of Lewis and Dowding this would be quite a usual feature, 
at least with regard to the· peat bogs in some parts of Alberta. Judging 
by their published reports and illustrations, the question should remain 
to some extent open, because it seems that there is a question of the 
parallel appearance of a progressive and regressive development together 
with the influence of forest fires, each being very strongly represented. 

Reforestation of peat bogs is possible at a certain stage of their 
development, irrespective of climatic factors. This is shown by the fact 
that in many peat bogs on seashores, woody peat and Sphagnum peat 
form upon a thin Carex peat layer at the same time. The same phenomenon 
is also shown by structure of peat bogs that regularly consist of Carex 
peat at the bottom, overlain by a Sphagnum layer starting with a stump
layer, a remnant of an ancient forest. On the surface of the peat bogs 
one often comes across local development of forest, a detailed explanation 
of which must be left to future investigations. 

It is, on the other hand, just as important to explain the causes of 
the occurrence of dead pine forests, in many cases very extensive, whose 
white, dead trees leave a peculiar seal on some peat bog landscapes. It is 
important to determine in what way the lateral growth of peat bogs, freez
ing phenomena, insect damages, and other factors, cause the wholesale dying 
-out of trees on pe'at bogs or on their edges. The dying of trees on heath 
lands in many cases is caused by the general rise of the water surface 
owing to the upward growth of an adjacent peat bog. Just as the forest 
revives on the surface of peat bogs from which the· water flows down to 
lower lands, so the more lowly situated peat bogs become moist, and the 
forest that may grow there, eventually dies out. By stem analyses of 
the' trees and by careful floristic investigations of the humidity changes 
of different plant associations it is possible to explain this question and 
in general to elucidate the problem of paludification of forests. Investiga-
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tions in Finland have proved that progressive development, due to the 
drainage of peat bogs, proceeds as a rule gradually into a definite forest 
type, and that, when a drained peat bog becomes wet again development 
can proceed in an opposite direction, in a definite succession of types. 
Consequently, the question of progressive and regressive development of 
peat bogs in Canada is important, especially as similar peat bog types 
reach different final stages depending upon the mode of development. 
For example, the final stage of a wet peat bog which has become dry is 
not always a forest-growing type, it may be a mossless type, growing a 
lichen-covered, low twig vegetation. 

PEAT-GEOLOGICAL INVESTIGATION 

Changes, in the living parts of peat bogs, give rise to the formation 
and distribution of different peat soils. A peat-geological investigation, 
therefore, should be as comprehensive as is possible and should include 
a study of the whole peat bog. The chief methods to be followed are: 
(1) The peat soils are defined on the basis of their physical character
istics; or (2) they are classified according to a system, based on the 
original biological type of each kind of peat. If these methods prove 
unsatisfactory a combination of the two may be used. As no systematic 
classification of peat deposits in Canada has been made, it is proposed 
by the writer that the genetic system, generally used in Europe, should 
be adopted. According to this system, the peats are divided into four 
groups. 

(1) The limnic (lake) group comprises all material deposited under 
water. It includes different kinds of ooze, mud, detritus, shore and 
inundation peat, Equisetum, Scirpus, and similar peats stratified under 
water. 

(2) The telmatic (marsh) group comprises the Carex peats and 
those belonging to the Amblystegium and Sphagnum cuspidatum groups. 

(3) The semiterrestrial group comprises Eriophorum, Sphagnum, and 
some broad leaftree forest peats, formed near the water surface and in 
most conditions, such as Alnus peat whose equivalent in Canada has not 
yet been found with certainty, but which seems to be a grass-herb forest 
peat. 

(4) The terrestrial group comprises peats of various forest peat bog 
types, the essential parts of which consist of remains of trees. 

The investigation work, of course, must be founded on a regional 
basis, particularly in view of the fact that the application of peat bogs 
t.o agriculture and industry depends upon the character of the peat. Such 
an investigation will give an idea of the possible uses of different peats 
in Canada. For defining the actual value of the peats, physical and 
chemical investigation should be made and should be as comprehensive 
as possible. The geology of the surrounding lands also must be taken 
into consideration, especially in connexion with the application of peat 
to agriculture. 
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STRATIGRAPHY OF PEAT BOGS 

Peat bogs as a rule consist of layers of different kinds of peat. It is 
evident, therefore, that the sequence and reciprocal irelations of the 

different peat layers, i.e., the stratigraphy of the peat bogs, should be 
investigated. The investigation should aim at the establishment of defi
nite stratigraphic types and especially should determine the regional 
distribution of these types. Investigations by the writer in southeastern 
Canada, showed that at least a few stratigraphic types may be distin
guished such as those in which Sphagnum peat and those in which Carex 
peat forms the thickest layers, the former representing the oceanic area 
and the latter the more continental area. There is a transition type 
between the two areas. Grass-herb forest peat bogs are also found in the 
area of the continental type. The Carex peat bog of southern and south
eastern Canada should, however, be distinguished from the Carex peat 
bog of northern Canada. It is probable that Amblystegium peat bogs 
occur in western Canada and, locally, at places where the rock substratum 
contains limestone. 

Along with the more or less practical investigations attention should 
be paid to many scientific problems. The most important are those that 
deal with the origin and development of the peat bogs in the light of the 
stratigraphy. The peat-geologic investigations should show the relation 
one to another of the different modes of formation of peat bogs. The struc
ture of the layers that lie under the peat is of prime importance in deter
mining whether the peat bogs formed in ancient lakes .or on dry land. 
Investigations in southeastern Canada have proved that the filling up of 
water bodies has been of much greater importance in the area of the con
tinental type than in the maritime area where the paludification of forest 
lands has been the prevailing feature. Comparative investigations such 
a·s these naturally lead to research upon the nature of pn.ludification as 
shown by the different sediments and vegetable filling of the ancient lakes, 
as well as by the general structure of the bottom layers of the peat bogs. 
The results of work by the writer prove, for example, distinct differences in 
the mode of formation of peat bogs in early post-Glacial time and at 
present, and that the greater part of the peat bogs investigated in Fin
land have been formed close to the shoreline of the receding sea. This fact 
is of special importance to investigations concerning the elevation of land 
and the chronology of the post-Glacial period. 

FORM OF PEAT BOGS 

Peat bogs have definite forms due to the stratigraphic development 
of the bogs and a study of the forms in connexion with that of humidity 
changes on the surface of bogs is of practical value. Some main forms, 
particularly those of the Sphagnum peat bogs in the area of the oceanic 
type, may be mentioned. The surfaces as a rule are convex, but there are 
large variations due to the manner of growth as well as to other factors that 
influence the surface form of the bog. The convexity of the surfaces 
increases during the development of the bogs. This causes various changes 
in inclination of the surfaces and these changes, together with the growth 
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of moss, cause a variety of forms that are in many cases difficult to explain. 
In this connexion the profiles to be published in the report by the writer 
may be consulted. The many-sidedness and importance of the question 
will be apparent from these. 

THE RECORD OF THE PEAT BOGS 

The investigations in southeastern Canada prove that the regional 
regularity for the most part is due to climatic causes. It is reasonable 
to suppose, therefore, thlllt climatic changes during the post-Glacial period 
will be indicated by the structure of the peat bogs and by the occurrence 
of certain types outside their regional areas. The peat bogs record the 
development of the vegetation during the course of thousands of years, and, 
therefore, are important for the study of climatic and other changes in post
Glacial time. 

The investigations in Canada show that there are distinct regularities in 
the stratigraphic development of the peat bogs throughout the whole area 
investigated, that the regularities can be correlated from place to place, and 
that the changes of climate in Canada are comparable with those in Europe. 
Consequently, it is possible to apply to Canada the whole comprehensive 
investigation method used in Europe, altered, of course, in accordance with 
Canadian conditions. This result is of importance also as it gives a chrono
logic basis for the investigations concerning the geographical history of the 
post-Glacial period. The peat-geological method of investigation, there
fore, appears to be more important in a chronologic respect than the method 
of investigation based upon a study of the ancient shorelines, which studies 
have led to a variety of conclusions. Moreover, archreologic investiga
tion in Canada cannot offer such a good chronological foundation as 
does European archreological chronology. It should be possible, how
ever, to combine the geochronological investigation based upon vari
ous kinds of sediments, as warvc clays, moraines, etc., and the peat
geological investigations, so as to arrive at a definite continuous chrono
logic series, and thus establish a consistent basis for all future investiga
tions concerning the history of the Quaternary period. 
. Before dealing with further investigations concerning the various 
phases of the post-Glacial period, it is necessary to explain briefly the . 
method by which the chronologic development of peat bogs is determined. 
This method has been used by the writer in connexion with the investiga
tions in Canada. The buried pollen particles of the plant species in the 
different layers of the bogs can be determined microscopically. The 
examination of the occurrence of pollen is made quantitatively, i.e. all 
the determinable pollen particles in thin sections of a definite size are 
counted, and the results are shown by diagrams in which the different 
depths in a section through a peat. bog are plotted on the ordinates, and 
the relative number of pollen of each species, expressed in percentages 
of the total number of pollen particles counted, on the abscissre. The 
points for each tree species are joined by lines, which forn1 curves repr:e
senting the variation of the relative amount of pollen of each tree species 
in different layers of the peat bog. These curves show practically the 
same regularities in different sections of a peat bog and also in peat bogs 
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far away from one other. The curves thus enable the investigator 
to connect synchronous layers in different peat bogs. If the pollen of 
a certain tree species is not found below a certain point in the peat layers, 
then this limit indicates a time when the said tree migrated to the area. 
The peat bog investigations in southeastern Canada have proved that 
the regular variations in the development of the peat bogs, according to 
this method of determination, are of rthe same age. !If, as seems prob
able, the same climatic changes have taken place in Canada as in Europe, 
where these changes have already been fixed in a complete chronological 
system, it is possible to establish an absolute time scale for the different 
epochs of the post-Glacial period in Canada. In areas where there is 
no evidence of climatic changes, it is possible by the application of this 
method at least to determine the synchronous horizons for different peat 
bogs. By correlation of the curves it may be possible also to extend the 
chronology all over the country. In connexion with future peat-geological 
investigations of this character in Canada it is necessary first of all to 
eliminate all possible sources of error in the application of the method 
in each area. To this end it is necessary among other things to examine 
the surface of the peat bogs, to find out in what way the present composi
tion of the tree flora is indicated by the pollen percentages in the layer 
that is being formed. The method is important both for the study of the 
chronology of post-Glacia l time, and for the history of the vegetation 
during the' same period. The pollen limits indicate the times when the 
different tree species have arrived at certain localities. To determine this 
question in Canada investigations should be carried out in straight lines 
from south to north, and from east to west. The changes in the boundaries 
and zones characterized by different trees during post-Glacial time also 
would be shown in this way. The investigations so far made show that at 
least in a north-south direction there have been movements in close con
nexion with climatic factors other than the ordinary migration of the vege
tation. For example, in the bottom layer of the peat bogs of southeastern 
Canada, Picea and Abies pollen appear in abundance, but their curve, a 
little higher up, rapidly drops to a minimum, when the pollen amounts of 
the hardwood reach their highest value. In the surface parts the pollen 
amount of spruce trees again increases, where'as that of hardwood is 

·decreasing. Particularly noticeable is the absence of Tsuga in the oldest 
bottom layers. 

The method is applicable also to a study of the flora of the inter
glacial periods, and is proved by investigations of the interglacial peat 
in Moose River basin in northern Ontario. It may be used to compare 
the relative ages of different parts of a peat bog, and thus to show the 
nature and intensity of the different kinds of paludification. Besides, the 
method may be used in many cases to indicate critical peat varieties 
and the rates of ac-cumulation of the peat. 

As proved by geological investigations in Canada, the unequal up
heaval of land in many areas has caused the shorelines of the lakes to 
move, either upward or downward, depending on the position of the 
outflow of the water with regard to the centre of upheaval. Peat-geo
logical investigation methods according to the genetic system set forth 
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above, therefore, may be applied to peat bogs on lake shores where 
changes of the water-level are shown by the characters of the peat. By 
this method the rates of retreat of the ice-sheet and upheaval of the 
land may be established on a chronological basis, as the investigations 
in Finland and Scandinavia have demonstrated in such a beautiful way. 

Megascopic plant-palreontogical investigations should also be made 
for determination of fossil plants and animals, especially in the sedi
ments of ancient lakes. The megascopic investigations in southeastern 
Canada have given good results and should be extended to the whole of 
Canada, as they would complete the microscopic method, and in some 
respects are more reliable. 

PRACTICAL PEAT BOG INVESTIGATIONS 

In the preceding pages attention is drawn to features of peat deposits, 
an understanding of which is indispensable for the intelligent utilization 
of these deposits. Some consideration will now be given, shortly, to 
purely practical questions in connexion with the peat bogs of Canada. 
The present writer's conclusions regarding peat bogs in southeastern 
Canada differ, somewhat, from a practical point of view, from the results 
of investigations that the Geological Survey has carried out in recent years 
with the use of peat for fuel in mind. 

Many of the peat bogs that the writer investigated had already been 
explored by Mr. Aleph Anrep, so the writer had a fairly large amount 
of information at his disposal, which facilitated his own observations 
and afforded him knowledge of the methods that had been used in mak
ing these earlier surveys. A creditable amount of labour and time have 
been devoted to these investigations. There appears, however, to be 
room for the application of some further methods of study to complete 
these earlier investigations and to bring them into accordance with cur
rent needs and with the best methods employed in other countries. 

First of all, investigation of the peat bogs should be as many-sided 
as possible. Even the European peat bog specialists have to deal also 
with numerous branches of practical activity, as well as with theoretical 
questions, and they have to apply industrially their theoretical conclu
sions. Such an extensive and complexly developing country as Canada 
has especial investigational work of this comprehensive nature. Cana
dian peat bog investigations should deal with the use of peat bogs, on 
a scientific basis, with an eye to all the different possibilities of practical 
application. Investigation of this kind is, of course, not fully prac
ticable until the various practical uses in Canada have been discovered, 
but an exact analysis can be made of the structure of the peat bogs, the 
ways of paludification, as well as of their development. More specific 
methods for utilizing the various kinds of peat deposits can only be chosen 
on the basis of the first general scientific results. 

The investigations so far carried out have dealt only with the use 
of peat bogs for fuel and litter and they have been ·carried on chiefly in 
eastern Canada. The present writer believes that out of some thirty cases 
which he checked very few could be profitably used for making fuel, and 
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even in these cases the greatest caution should be observed in selecting a 
suitable method. Among peat bogs thus usable are the Large Tea Field, 
Alfred, Newington, and Perth bogs. Considering that some enterprises 
even on these peat bogs have failed, it is doubtful in what degree other 
bogs less suitable can be used. It appears from profiles made by the 
writer that Sphagnum peat, which forms the predominating layer in most 
of these thirty peat bogs, is so raw that it is more or less unsuitable for 
use in the fuel-peat industry. And even in the few instances in which the 
degree of mouldering or humification of the peat would somewhat cor
respond to the requirements for fuel-peat, its mechanical removal from 
the bog presents many difficulties on account of the presence of numer
ous stumps and other obstacles. A distinction must be made between the 
suitability of the material for a given purpose and the profitability of 
that use. In the possibly profitable cases mentioned above, this esti
mation refers mainly to Carex peat. 

Not in a single case has the writer been able to find any type that 
corresponds to the European hochmoor which, under the raw Sphagnum 
layer, contains an older, highly mouldered Sphagnum layer, and, under-

. neath this, a forest peat layer usually containing plenty of Alnus. The 
fuel-peat value of these mouldered layers is in Europe high. Neither 
with regard to their physical nor chemical qualities do the mouldered 
Sphagnum layers of eastern Canada in a single case stand comparison 
with the European ones. It may be added that the comparatively rare 
forest peat in Canada is of a different nature from the corresponding 
variety in Europe. From the investigations carried out in Canada one 
is not, however, in a position to judge the value of this Canadian forest 
peat, because in these investigations the different peat varieties have not 
been studied separately and systematically. Analyses should invariably 
be made on definite varieties of peat whose distribution has been ascer
tained beforehand. 

The principal uses to which the peat bogs of eastern Canada can 
be put are the moss litter industry and afforestation. Many chances 
are offered to agriculture, at least on the borders of peat bogs, and the 
peat material derived from the peat bogs may, particularly on clay soil, 
yield good results. The substantial report of the Canadian Peat Com
mittee, published last year, deserves special attention also in so far as 
attention is drawn to other than the fuel-peat uses. Of course, as 
long as an abundance of fertile arable land remains the use of peat bogs 
for agriculture will be deferred; but even so the classification and valua
tion of the peat bogs, as well as a valuation of their future possibilities, 
is desirable. Some of these bogs have peculiarly high agricultural values 
for the raising of special crops like onions, celery, and cranberries. 

6723S-S 
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DEEP BORINGS IN ONTARIO AND MARITIME PROVINCES! 

By E. D. Ingall 

'Dhe Borings Divi1sion of the Geological Survey exists for the purpose 
of securing, when poS'&ible, records of boring. maide in Canada, whether in 
search for water, petrnleum, or natural ga , etc. It is now univer ally 
recognized that the collection of reliable data illustrative of the nature 
and tructure of the strata passed through in boring is of the utmost 
importance for the int elligent direction of efforts to locate gas, oil, water, 
etc. 

Thi work is carried on directly in co-operation with operators in some 
provinces, and in others with the assistance of provincial and federal govern
ment organizations, and results in the building up of extensive reference files 
of well records obtained from drillers, geologists, and others. In order 
to study the characteri ties o·f bhe trata penetrated 1by boring operations,_ 
samples, in the form of pulverized rock or cuttings of 1the material pr-0-
duced during the proccs i;: by the ordinarily used percussion tools, are taken 
by t he driller at about 10-foot in(eTv,als and ent to the Borings Division. 
They are there submitted to in tensive stuciy by chemical, mechanical, and 
microscopic methods, and the succession and characters of the strata 
established and utilized for the guidance of funth er drilling operations. 

The policy of acquiring and filing sets of samples in an orderly way 
has ju tified itself on many occasion-. In many 1cas€s where d~strict have 
been abandoned for years a renewal of boring ·operations !ms led to a 
demand for the logs of old \Yells and to need for further examination of 
the sampJes. With the ad1vance of geological science, new methods of tudy 
of the material are developed, and new data are sought in the laboratory 
examination of the well cuttings, which were nece sarily not foreseen in 
the past. 

Apart from the efforts made to collect samples and all available data 
relating to deep bo-rin i!iS for gas and oil, effOTbs are made to get in touch 
with driHe1 who are engaged in the business of boring for water supplies. 
Oonisidera.ble difficuHy has always been encountered in thi line of investi
gation as most. of such boring.<> are made by drillers opernting locally, 
with ... ~horn i1t is difficu].t to get in touch and to maintain relationship. 1.'he 
solution of this prolblem might be arrived at by inaugurating in Canada a 
movement recently introduced in some of the fltates of the United States of 
America in which drillers' associations have been formed . Annual con
ventions are held at which problem of interest to d1ril'lers are discussed 
and where the memberis of the association can become familiar with drilling 
madhinery exhibited by the- manufacturer . Through the discusfficms ,tJhe 
practical experiences of the memibers are rendered ·availalble rto al'l. 

The Borings Diviffion of the Geological Survey could then perform 
more effectuaNy its function of providing a cerutml "dearing house" for well 

1 Information regarding boring records !or the Prairie Provinces will be found in part B of Summary Report, 
1927. 
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records and for their eorrelation and interpretation and Lhe utilization of 
the aggregate resuH s for the guidance of fu ture operations. 

The question of waitn supplies is a most difficult and important one 
and becomes more so as the country becomes more closely settled. The 
water required must, of course. be pure enough for doipeshc use and free 
frmn any large percentage of di solved mineral s1alts. The water en
countered in deep horings into thq underlying rock formations is so 
frequently highly min eralized that the a'ccumulationis of rain water in the 
porous pol'tions (gravels and sands) of the surface deposits has to be 
depended on in many distrir-ts. T hese, being in their nature very irregular 
in their distribution, the prablem becomes one of making intensive local 
studies. The data it has been .so far fou nd possible for the Division to 
acquire by corre:oponclence arc too scattered to give anyth ing but general 
conclusions. 

But few records of deep borings have been received by the Boring 
Division from the Eastern Provinces. 

The near exhaus·tion of the pools of natural gais and petroleum of 
Ontario has led to an inevitable lim~t ation of deep boring activities. The 
particulars regarding whatever deep wells were put down in this province 
will appear in a forthcoming report of the Ontario Bureau of Mines, by 
Col. R. B. Harkness. Thanks to Col. H arkness' co-operation the samples 
collected by him are eventually received by the Borings Division, together 
with copies of logs. 

As stated in the accompanying laboratory report, examinations were 
made of samples from a well near Inglewood in Peel county, Ontario, in 
connexion with the searrh for helium-hearing ga!S, prosecuted under the 
auspices of the Univerrit.v of Toronto. 

In the provin ce of Quebec no deep borings for gas or oil have been 
prosecuted since the 'Campaign carried on near St. Hyacinthe in the years 
1914 to 1916. 

Judging, however , from inquiries received during th~ year, fresh interest 
is being taken in the possibilities of the district and in consequence the 
1,473 samples from these wells which had formerly only received a pre
liminary examination, were submitted to more intensive research, as stated 
in the laboratory report appended . The views expressed in former reports 
of the Borings Division were confirmed and no definite change· of formation 
was recognizable in any of the sets of borings samples from the eight wells 
studied , the deepe .. t of which attained the depth of 3,455 feet 

While for reasons stated above, the collection of fresh data regard1ing 
borings has been les,s than formerly, bhe Division has performed it other 
function in meeting the needs of numerous inquirel's regarding the geo
logical conditions to be encountered at various places in connexion with 
proposed boring operations in search of gas, oil, or water-·supplie . 

In the MaTitime Province, t he only deep boring from which samples 
were received wa'S that put clown by the Henry L. Ddherty Company of 
New York on Governor island near Charlottetown, Prince Edward I sland. 
Samples were received last year from this company's No. 2 we'11 to a 
depth of 4,127 feet , at whir-h depth boring was suspend ed for the winter. 
On resumption of work in the spring of 1927 the wel1l was continued to a 
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depth of 5,965 feet, when ·operations were finished without cncounLering 
any definite change of formation. Samples to a depth of 5,870 feet were 
received and examined in the laboratory. 

The laiboratory report, herewith appended, gives particulars of the 
examinations made on samples from the Gautreau well in Moncton ·district, 
N.B. As a very la~ge amount of well cuttings from the numerous borings 
of the New Brunswick Gas and Oil Company had already been accumu
lated, it was agreed with the company'~ officials that further ets of samples 
should only be sent from new borings at outlying points in bhe cliistrict and 
where they would not be a mere duplication of weUs already bored at 
nearby point. No sample.s '"ere, therefore, received during 1927. Thanks 
are due to DT. Henderson who during the whole period he has been in 
t"harge of the operations of the company has accorded to the Borings 
Division the most friendlv a"""wisuance. 

In Nova Scotia no p~rticular deep boring operations were reported. 
The International Petroleum Company and the Eastern Gulf Com

pany put do-vvn a number of shallow holes to demonstrate structure at 
a number of points. Nothing conclusive was reported, however. 

The following report by Mr. D. C. Maddox gives the results of the 
laboratory examinations of borings materials made under his supervision. 

REPORT ON LABORATORY WORK 

The only work done on Ontario •samples wa:s in connexion with the 
well drilled in lot 4, con. I , Caledon tp. , by the University of Toronto, for 
the purpose of obtaioin~ a supply of helium gas. One hundred and one 
s·ample from this well were washed and examined and the re idue insoll~ble 
in hydrochloric acid was det-t:rmincd in the cases of ninety-two of these 
samples. 

A series of samples obtnined some time back from wcUs drilled in the 
area north of the town of St. Hyacinthe, Quebec, were ""ashed and ex
amined. One thousand four hundred and seventy-three samples from the 
following eight wells .were so treated. 

D epths 

Feet 

Number of 
samples 

Canadian Natural Gas Co. No. 1 .... . . . . . . ....... ........... .. ....... 35(}-1, 880 12 
" " " 2. ...... .... .. . . . ... ......... . . . . . . . . . . 98-2,907 2.j8 

3........ ... .. ...... . ............. . . .. . 75-3,455 3:3!) 
4...... .... ........ . ..... ....... . ..... . 12(}-2, 380 22G 
5 . . ..... . ........................ .. . .. . ll(}-2,430 241 

National Gas Co. No. 1 ...... . ......... . ...... . ....... . . . . . . ........ .. ll(}-2,050 194 
" " " 2... . ........... . ......... . ...... .... ........ ... 12(}-1 ,826 169 

Ste. Madeleine.. .. ...... ................ . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . 185- 525 34 

In addition to the routine examination involving the use of the 
binocular microscope and c:olcl dilute acid, the residue insoluble in acid was 
determined for seventy-two samples. Distillation tests were made with 
samples from Canadian atural Ga Company's No. 3 well, the samples 
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cl10scn being from depths of 75 lo 2,000 feet and from 3,215 to 3,415 feet. 
It was ,considered that these tests would help to indicate whether the 
Utica shale was reached in this well. 

Three hundred and sixty samples were examined from the Gautreau 
No. 2 well of the D'Arcy Exploration Company. These covered depths of 
20 to 1,806 feet. All the samples from shale horizons in this well were 
subjected to distiHation tests. Tests for the amount of material soluble 
in water were made on twenty-three samples. 

One •hundred and eighty-nine 1''amplcs were examined from "P.E.l. 
No. 2" well the second of the two wells drilled by the Doherty interests 
on GoYernor island in the harbour of Charlottetown, P.E.I. The~e 
samples covered depths of 4,100 to 5,870 feet. A number of disti llation 
tests were run on these samples, with negative results as far as oil and 
gas are concerned. 
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OTHER FIELD WORK 

Geological 

H . M. BANNERMA . Mr. Bannerman completed the detailed exam
ination of pyrite- and iron-bearing formations in the vicinity of Nickel 
and Pipestone lakes, Rainy River district, and Staunton on the Canadian 
National railway, Thunder Bay district, and commenced a detailed study 
of the Timagami iron range, Nipissing district, Ontario. 

T. L. TANTON. Mr. Tanton investigated many of the mineral 
deposits in the Port Arthur silver-bearing area from Nipigon southwest 
to Arrow lake, Ontario. The results of this work will be incorporated in 
a me~oir now being prepared. 

R. C. El\DWKS. Mr. Emmons concluded the geological survey of 
the Woman Ri\·er and Ridout areas, Ontario. The two maps and accom
panying memoir are being prepared for publication. 

T. T. QuIRKE. M r. Quirke completed a geological survey of the 
Key H arbour area which borders the northeast corner of Georgian bay, 
Ontario. A geological map and report are being prepared. 

W. H. COLLINS . Mr. Collins assisted by R. Thompson completed 
the geographical and geological mapping of Espanola area, immediately 
west of Sudbury nickel baein, Ontario. The geological map of the area 
is b,eing prepared for publication. Field vvork was extended to the adjoin
ing map-area to the east. Mr. Thompson began a special study of the 
nickel-bearing irrupt ive and various associated formations. 

C. TOLMAN. Mr. Tolman continued the mapping and studying of 
the Birch Lake granite body that extends nortlrn·ard from Espanola area, 
Ontario. 

G. M. BROWNELL. Mr. Brownell geologically mapped the district in 
Leeds county, Ontario, represented by the southwest part of t he West
port sheet of the Department of National D efence . 

A. E . WrLSON. Miss Wilson continued the geological mapping of the 
Cornwall map-area, Ontario. 

H. C. CooKE. Mr. Cooke made detailed geological examinations 
of variou miner:i.I deposits in Rouyn district, western Quebec. The results 
obtained will be incorporated in a memoir on the geology and mineral 
depo its of Rouyn di strict. 

W. F. J AMES. Mr. J ames reinvestigated the geology and examined the 
principal mineral discoveries within Duparquet map-area, Rouyn dist
rict, Quebec. A revised edition of the grological map i::: being prepare·d. 
An account of the mineral occurrences will be included in the above-men
tioned memoir on Rouyn di trict. 
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T. H. CLARK. Mr. Clark commenced the geological study and map
ping of the area in southeast Quebec represented by the Sutton sheet, 
Department of National Defence. 

W. V. SMITHERINGALE. Mr. Smitheringale examined various man
ganese occurrences in New Brunswick and Nova Scotia and visited Miehi
picoten district, Ontario, for the purpo e of investigating the manganese
bearing iron formations. The information relating to manganese is to 
be incorporated in a proposed report on the manganese deposits of Canada. 
Several lead-zinc occurrences in Ontario were also examined by Mr. 
Smitheringale. 

F. J. ALCOCK. Mr. Alcock, in addition to work in Gaspe reported 
upon in a preceding section of this volume, examined a number of mineral 
deposits in New Brunswick and Nova Scotia. The information obtained 
in the case of various lead-zinc deposits will appear in a proposed report 
on the lead-zinc deposits of Canada. 

E . R. FARIBAULT. Mr. Faribault completed the geological survey 
of the Digby map-area, Nova Scotia. 

W. A. BELL. Mr. Bell made a geological reconnaissance of the area . 
including Port Hood, Mabou, and Inverness coal districts, Nova Scotia. 

G. W. H. NORMAN. Mr. Norman commenced the geological study and 
mapping of Ainslie· map-area, Cape Breton, Nova Scotia. 

Topographical 

A. G. HAULTAIN. Mr. Haultain carried out surveys in Rutter and 
Key Harbour map-areas, bordering Georgian bay, Ontario. 

H. N. SPENCE. Mr. Spence completed the survey of Carleton map
area, bordering Chaleur bay, Quebec, and New Brunswick. 

R. BARTLETT. Mr. Bartlett completed the survey of the west half of 
Loch Lomond map-area, and the whole of Cape Spencer map-area, east 
of St. John, New Brunswick. 

K. G. CHIPMAN. Mr. Chipman topographically mapped the drainage 
basin of Chamcook lakes, near St. Andrews, New Brunswick. 

J. V. BUTTERWORTH. Mr. Butterworth commenced surveying the 
Ainslie map-area, Cape Breton, Nova Scotia. 
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..:\ . D11\"::tl 1nou11lnin, nli~ed b<'acl1cs in d i ~L.1nce on i·lghl, wi nter quarlt.'1':-; in for('g r o11nd. 

(P nrre !JO.) 

B. Looki11~ t'a'i i'torn l1e1t;ht of Janel beiwet•n Xcttilling lake and Xetti lling fiord. 
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