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To A. :H. 0. SELYWN, O.M.G., LL.D., F.R.S. 
Director of the Geological and Natural History Survey of Canada. 

Sm,-1 he1·ewith submit to you my report upon the physical and 
geological features, and economic resources of portions of the Rainy 
Lake and the Lake of the Woods regions, including the country 
through which the Rainy River flows; also a geological map of the 
same, in two sheets, on a scale oft of au inch to the mile; each sheet 
em bracing an area of 72 X 48 miles. The topographical surveys neces_ 
sary for the construction of the map, upon which to represent the geo­
logy, occupied a much larget· portion of the time devoted to field work 
than did the geological examination. With the exception of Rainy 
River, all the topography on the Canadian side, in the Rainy Lake 
sheet, is from our own Slll'veys, checked by a few exploratory lines that 
had previously been rnn thrnngh the country. 

Our warmest thanks are clue to Mr. and .M:rs. Pithm· of the Indian 
Agency at Ooutchiching, fot· their most generous hospitality to myself 
and party during the season» we have been at work in the country 
arnund Rainy L1ke. 

I have the honor to be, 
Sir, 

Your obedient ;;ervant, 
OTT..1.w.-1., March 4, 1888. ANDREW C. LAWSON. 



NoTE.-Bearings have reference to the true meridian, and read from 
0° (N.) around to 360°. 



REPORT 

ON THE GEOLOGY OF THEl 

RAINY LAKE RE.GION. 

INTRODUCTION. 

The present report, with tho accompanying geological maps, is an Progress of 

'instalment of the results which are accrning from the syste- survey. 

matic prosecution of a topographical survey and geological 'investi-
.gation of country north-west of Lake Superior. The northern portion 
of the Lake of the Woods was first surveyed and the results 
published in the Annual Report, Volume I, 1885. In continuation 
·Of this work, Rainy Lake and the region adjacent to it were, in 
1885, next subjected to survey, as promising the most satisfactory 
results on account of their accessibility, and the abundance of rock 
-exposures. Of the two sheets now ready for publication, the one 
~mbracing the Rainy Lake Region, or the " Rainy Lake sheet," is the 
more interesting.and important. The othel' or "Rainy River Sheet," 

•Cm bracing the greater part of tho Rainy River and the Lake of the Maps. 

·woods, from about the latitude of Turtle Portage and Driftwood Point 
~outhward, is much less satisfactory, and represents much less work, 
from the fact that only a portion of it is within Canadian territory; 
and of that the g1·eater part is covered either by the waters of the Lake 
-0f the Woods or by the post-glacial deposits through which the Rainy 
Ri\Ter flows. In 1885, I was assisted by Messrs. A. E. Barlow, "\V. H. Field work 

.Smith and C. S. Morton. 'rhese gentlemen were engaged till the close in 1880· 

-0f the season in the prosecution of topographical surveys of portions of 
Rainy Ijake and of the Kishkntena canoe route, while my own work 
{',onsisted of a geological reconnaissance of the whole field, as sketched 
briefly in my summary report for that year. A portion of tho season 
was also devoted to the survey of those islands of the Lake of the 
Woods which come within the Rainy River sheet. 

In 1886, I was assisted in the field by Mr. W. H. Smith. The season's Field work 
. b W b. h -...-. S . h . din 18'6 ·Operations were egun at a 1goon, w ere m.l'. m1t was mstruete - · 

to carry a micl'ometer and compass survey from a fixed point on the Ca-
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M1tnitou route. nadian Pacific Railway through to Rainy Lake, by way of the Manitou 
canoe route, to connect with the system of township surveys on 
Rainy River. The west side of the lakes on this route was mapped in 
detail as far as the middle of Manitou Lake, from which point onwards 
both sides were embraced in the survey, being within the limits of the 
Rainy Lake sheet. Several weeks were next occupied by Mi-. Smith 
in completing the survey of the uorlh western expanse of Rainy Lake 

Rainy Lnke. from Coutchiching northward to the Devil's Cascade. In addition to the 
usual micrometer and compass survey, a transit line was run between 
the two Jntter points, as a basis upon which to check the variation of 
tho compass, whieh cloes not appear to be uniform throughout the dis­
trict. This done, ::M:l'. Smith next made a survey of an important chain 

Otukamarnoan of lakes extending from the bottom of Redgut Bay, Hainy Lake, to 
route. 

Lake .i\fanitou, which it is believed has never hitherto been explored. 

Le.ke of tbc 
Woods. 

Pipestone 
route. 

Geological 
work. 

During the last few weeks of the season, Ml'. Smith was engaged in 
completing certain detached surveys near the mouth of Rainy River 
and .in the south part of the Lake of the W oods, which stress of weather 
or other adverse circumstances had interfered with the previous sea­
~on; so that nearly all the topographical material requisite for the 
mapping of the Rainy Rivet· sheet was secured. 

Afte1· having, at the beginning of the season, provided M1-. Smith 
with men and equipment requisite for his survey of the Manitou l'Oute, 
1 left him at Wabigoon and proceeded to Rat Portage. He!'e two or 
three days were spent in the usual preliminary arrangements, and in 
inquiring into the state of the mining industry of the district, after 
which I proceeded to make a topographical and geological survey of 
the canoe route which extends from Lake of the Woods to Rainy Lake 
via Crow Lake and Pipestone Lake. The route consists of a chain of 
large lakes which have never hitherto been mapped. The west side of 
Crow Lake had previously been traversed by the survey ; so that 
the work was begun in the neighborhood of Turtle Portage, and carried 
along the south side of Crow Lake; thence through Boulder, Sand-hill 
and Schist Lakes into Pipestone Lake, and then through St.onedam, 
Loon, Jackfish and Footprint lakes to the North-west Bay of Rainy 
Lake. The survey was made by means of a Massey 's patent log, the 
portages being chained, and was checked at various points on previous 
surveys. 

The belt of Keewatin rocks which crosses the Kishkutena route be-
tween Lake Kishkutena n-nd Lake De:;paii· was studied in detail, and 
traced in continuom; connection with the area of the same rocks 
examined earlier in the summer on Crow Lake and Pipestone Lake. 
Some three or foui· lakes, of which Kahtimiagamak Lake is the most 
important, were surveyed, and added to the topogl'aphy of the route. Tho-
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geological features of the northern part of the Manitou route wern 
mapped by the aid of the topographical sheets supplied by Mr. Smith's 
survey. I returned to Rainy Lake by the Little Canoe route, making 
a log survey of toe several lakes whi.ch form it, and mapping the geo­
Jogical features exposed on their shores. 

In the southern part of Rainy Lake, some time was spent in working 
out the geological features of the islands and part of the south shore, as 
well as of those portions of the north shore which required special in­
vestigation in the light of the previous season's work; and consider­
able additions were made to the topography. 

For the purpose of acquiring a knowledge of tho geological features Pigeon ]{im 

of the south-eastward continuation of the Rainy Lake formations, and route. 

at the same time of becoming familiar, in a general way, wiLh the 
features of the country between Rainy Lake and Thunder Bay, the last 
few weeks of the season were devoted to an examination of the shores 
of the canoe route along the Canadian side of the Minnesota boundary, 
a.nd the field work was brought ton. close at Port Arthur. 

In 1887, I was again assisted by Mr. W. H. Smith. More than ha.If Field work 
in 1887. 

of the season, till about the middle of August, was required for the 
completion of the surveys and examinations necessary for the construc-
tion of the R.ainy Lake sheet. l\'Iy own work comprised: a further 
examination of a few critical points on the Kishkutena and Pipe-
stone route,;, with some slight additions to the topography; a survey 
and examination of Yoke, Strawberry, Bluff, Sucker, Furlonge, and 
Kaiarskoos Lake; of the lakes of the Lake Harris route, within the 
limits of the sheet; of the lakes of Big Canoe River route; a geological 
examination of portions of Rainy Lake not previously examined; 
a geological examination of the Otukamamoan route, with additions 
to the topography, and an examination of the formations of Rainy 
Rivet and the south part of the Lake of the Woods, together with a 
portion of Sabaskong Bay. 

Mr. Smith's time was taken up with. an exploration of the country 
between Big Turtle Lake and Heron Lake, resulting in a survey of a 
number of lakos; a sm·vey of the lowe1· part of the Little Turtle Riv or, 
of the lakes of the Little Kishkutena route, and of the route between 
Stanjikoming and the North-west Bays; and more esp<)cially of the 
shore and islands of the east arm of Rainy Lake. 

These various surveys and examinations, occupying our time up to Chn.racter of 

about the middle of August, completed all the work that was deemed ~~t'fi~"ds ~~d 
necessary for these two sheets, and our field of operations was moved survey. 

further east. The country is devoid of roads or trails, and accessible 
only by the net-work of lakes, rivers and canoe portages, which is 
spread ove1· its surface. All our travel was, therefore, effected by 
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means of canoes, with occasional excursions on foot through the woods. 
The surveys were such as enabled us to work rapidly and yet to 
r.fford sufficiently accurate data for the geological elucidation of the 
region and its cartographical representation on the scale adopted. 
Mcasurnments on shore lines were made by the micrometer telescope 
01· the Massey log, together with a compass triangulation having the 
lines so measUl'ed from point to point as bases. Portages or bush 
traverses were measured by the tape or by pacing. All bearings were 
made with reference to the magnetic meridian by means of the pris­
matic compa1:>s, except on a check line from Coutchiching to the Devil's 
Cascade on Rainy Lake where the transit was used. 

The following surveys and sketches which had been made prior to 
ours, have served as checks and aids to our work, on the Rainy Lake 
sheet: 

The Dominion Lands Rainy River Township Slll'vey. 
'rhe Minne~ota township surveys along the south side of the Inter­

national boundary. 
Tho Canadian Pacific Ry. exploratory line from Wabigoon to Cout­

chiching through the Manitou canoe route by Mr. W. Kirkpatrick. 
A similar exploratory line from the Canadian Pacific Ry. to Rainy 

Lake by the Sand Islapd River route. 
The Canadian Pacific Ry. exploratory line from White-fish Lake to 

Heron Lake. 
The Indian Reserve surveys. 
The timber limit surveys were of little service, and in some instances 

were ignored in our compilation. 
The sketches of Thompson's Boundary survey have been superseded 

IJy our own, except for a few miles of the south-east side of Redgut.Bay 
where his sketch was adopted. 

A trnnsit and chain line by Mr. Saeger, from the Indian Reserve at 
Wabigoon down the Manitou route to about half way to Fort 
Frances, was kindly placed at my disposal by that gentleman, and has 
also been used as a check. 

For the Rainy River sheet, the surveys and sketches at ou1· disposal 
in addition to ou1· own, were:-

'rhe Dominion Lands Rainy River township surveys. 
C. F. Miles' survey of Sabaskoi:lg Bay for the Department of the 

Interior, 1875 . 
.Joint maps of the No1·th American .Boundary Commission, 1878. 

Cartoi;raphicn.I In the cartographical work we have had the advice and assistance 
work. of Mr. Seott Barlow, chief draftsman, who has laid down the projection 

of the sheets, and determined, as nearly as possible, the position of the 
mol'e important points. The general compilation and drafting of the 
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Rainy Lake sheet has been the work of Mr. W. H. Smith; while the 
Rainy River sheet is by Mr. A. E. Barlow. 

Geologically, the Rainy River region has hithe1·to been almost a 
terra incognito. The literature of the field is very scanty, and bas refer­
ence only to the shores of Rainy Lnko itself. 

Dr. J. J. Bigsby h.'.ts the honor of being the first to attempt a geo- Previo.us 

l . 1 d . . f R . L k I h Q 1 J - 1 f h geological work og1ca escnpt1on o amy a c. n t e uarter y ourna o · t c . 
G ] . 1 S . f L d "' J 8 V l X h bl" h d Litcrnt.ure. · eo og1ca ociety o on on, ior an., 1 54, o . , e pu 1s e a 
paper on the " Geology of Rainy Lake, South Hudson's Bay," accom-
panied by a geological map of the lake on a scale of four geographical Bigsby. 

'IDiles to the inch. In his paper on the '•Erratics of Canada," in the ' 
'same journal for April, 1851, Dr. Bigsby's notes, so far as they apply 
to Rainy Lake, are interesting, and indicate a considerable amount of · 

.attention to superficial phenomena. 
In the Report of the Geological Survey of WiRconsin, Iowa, and Owen .. 

Minnesota, by D. D. Owen, 1852, there is a paragraph on page 319 de­
voted to brief notes of the rocks observed on a two days voyage through 
the lake from Kettle Falls to Rainy River. 

In the Report of Progress of the Geologica l Survey of Canada for Bell. 

1873, Dr. Bell in bis" Notes on the Geology of the· Region between 
JJake Superior and Red River,'' devotes about a page (88-89) to notes 
of geological observations made in passing through Rainy Lake and 
·down Rainy River. 

In the "Report ou the exploration of the country between Lake Hind. 

Superior and the Red River settlement," 1858, Prof. H. Y. Hind has 
a chapter. devoted to a description of Rainy Lake and river. The 
most interesting of his notes from a geological standpoint arc those 
·descriptive of Rainy River. No attempt is made to add to Dr. 
Bigsby's description of the geology of the lake. 

Hector, in his paper "On the Geology of the Country between Lake H ector . 

. Superior and the Pacific Ocean," Q. J . G. S., Vol. XVII, has a brief 
reference to the geology of Rainy Lake. 

The literature bearing on the geology of the south part of the Lake of Dawson. 

the W oodR has already been cited in my report for 1885. The " Geol-
·ogy and Resou1·ces of the 49th Parallel" by Dr. G. M. Dawson gives an 
nccount of the southern portion of the lake, particularly the United 
.States side, which my own notes on the Canadian side, where rock sur-
faces are more abundant, will serve to supplement. 
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PHYSICAL FEATURES-THEIR DEPENDENCE UPON GEOLOGICAL 

CONDITIONS. 

The surface of the country mapped on the two sheets accompanying 
this report presents a natural division into two portions, the respective 
eharacters of which are in striking contrast. These :ire :-

1. The rocky lake country. 
2. The alluvial plain, or river country. 

Alluvinl plain. The latter differs from the former essentially in ~he fact that the 
rocky, hummocky surface, the depressions of which would naturally 
fol'm lake basins, is covered by a thick, uniformly spread blanket of 
post· glacial deposits. The surface of these deposits forms a compa.ra­
tively fiat, well wooded plain; and on the United States side, across 
northem Minnesota, this }llain appears to me1·ge into the prairie 
c.ountry. On the surface of the plain there are almost no lakes, the 
undrained watel' accumulating in wooded or treelern "muskegs." 
Drainage is effected by rivers of the usual sort, which cut their way 

l{ocky lake 
country. 

Ch11racteristic 
fe11ture. 

through the soft horizontal strata so as to form shallow canons. 
'l'he rocky lake country presents the character of a plateau which, 

regarded on the lal'ge scale, is rnmarlrnbly flat and devoid of prominent 
elevations, although the surface, in detail, is extremely uneven and 
hummocky or mammilated. It pt'esents, for the most part, the 
glaciated surface of the rocks, either quite bare 01· covered only by 
forests and forest loam. There is a mal'ked absence of alluvium 01· fine 
drift, except in occasional patches and f!mall areas . The plateau 
abounds in lakes which lie in rocky basins. Rivers are few and short, 
being mostly mere connecting links or sel'ies of rapids between lake 
basins. Rivers of the canon type can scarcely be said to occur at all, 
except, as in the case of the Big Turtle River, a ~mall area of soft, flat­
lying strata, through which it flows, presents the conditions which deter­
mine its character as such locally. These being the broad distinctions 
between the surface aspects of the two 'portions into which the region 
under consideration is divided, we may proceed to consider each portion 
somewhat more in detail. 

The Rocky Lake Country. 

The feature of this portion of oui· field which is of most prominence 
and interest, is that of the lakes. In my report of 1885, I have drawn 
attention to some of the more salient characteristics of the Lake of the 
Woods, and shall, therefore, not now refer to it again, although por­
tions of it fall within the field under consideration. I shall attempt, 
by a reference to Rainy Lake, and to the chains of lakes tributary to 
it, to point out briefly the close relationship which exists between geo-

... 
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logical condilions and topographieal contou1·. A glanec at the map Rn.iny.Lake, 
I h R · 1 k · · · b · · . ,. h d . 11 recel\•rng 

i; rnws t at arny a e 1s a rece1vrng at>m or reservoir 1or t e rarnage bnsin for 
f . . l f t A' . h th t extensn•e o an extensive c1rc e o coun l'y. "its sout -wost corner e wa erscircleof 

b . I country. of th e lake are dammed ack by a low escnrpment of post-glacial cays, 
.;ave fo e the g ap wh ere this formation has been cut through, and the 
waters of the lake break over the jagged upturned edges of an under-
lying J'idp;e of schists, formin g the Coutchiching n1pids, the beginning 
of Rainy Hive1·. To th e N.N.W .,N., N.E. , E . and S.E. of the lake, 
the surface of tho country rises very gradually, forming an amphi­
theatre-like &lope, upon the various ::; tages of which lie lakes linked 
in chai n;::, o r linea1· series, which eonvor.ge upon the receiving basins. 
'This slope, although distinctly r ecognizable as such, by following the 
drainage of the lakes from stage to s tage, ha::; a very slight incline, and 
is practically, as before stated, a plateau. The aver11ge slope can at1}1~ slope to 

tb b t 1, i' . ti ·1 b ttl fi l'ffi l t . lw.rnyLake. mos c u a ew eet rn 10 mi e, u , ie gures are<. 1 cu t o a1-r1vo 
at, on account of the rough, un<ffen character of tho surface, n,nd the 
nbi;ence of systemat ic levels. Tho drop from Lake l\foniton to R ainy 
l1ake was estimated by Mr. Kirkpatrid;:, in his exploratory survey of 
1he .Manitou route for the Canadian Pacitic. Ry., to be 107 feet. 'l'h is 
in a distance of about 12 mil es, gives a mean slope along the water 
coueso of nine feet in !he mile. On the Sand hlancl River route, the drop 
•>f the water from the N.E. corner of' tho region mapped on the Rainy 
Iiake sheet to th e level of Rainy liake is estimated to bQ about 120 
f'eot. The distance being about 24 mile~, t hi s gives a mean slope of 
<\bout five foot in tho mile. 

The a bsence of great contras ts of elevation, associated with tho Hummocky 
remarkable hummocky or mammilnted trnrface, already· mentioned, surface. 
which characterises this plateau, arc features which it has in com-
mon with the Archrean plateau in general of which it forms a part· 
Taking the :;;urface of Rainy L ake as a local datum level, thern are 
few portions of the country that rise to a n elevation of 100 feet in 
the immediate vicinity of the lake. The on ly exception to this iSElcrntion» 

the ridge of schists on t he north side of lhe lake between th e Bear's 
Passage and Open wate1· Narrows. This ridge altainfl a height of 
about 250 or possibly 300 feet above the lake. From its crest a vast 
r;weep of country may be seen in all direetions, and when travelling on 
the lake, it forms a prominent land mark. Further to the northward, 
the surface of the plateau slope hns a general maximum elevation 
of 200 fret above the lake. Two or three notable exceptions may be 
mentioned, a lthoug h t hey do not seriously affe ct the general state-
ment. One of these is the group of conical or dome-like hills of granite 
Ot" granitoid g neiss which rise to an elevation of about 300 feet above 
liako Harris a t it s west end. Tbit; would be about 450 fee t above 
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Rainy Lake. Thel?c hills stand very ·prominently above the general 
level of the country and can be seen from Mani~ou Lake many miles to 
the north-east. Kishkutena ridge, which forms tbe divide between the 
wate1·s running into Sabaskong Bay, and those running into Rainy 
Lake, is probably 500 feet above the assumed datum level. 'fhe land 
lying to tbe south of Crow Lake 1 ise:3 in an east-and-west trending 
ridge, which is in somewhat prominent contrast to the sun·ouncling 
country. With a few exceptions like these, the surface is remarkably 
uniform in general elevation, within the limits mentioned; nnd it i>:l 
only tho endless diversity of detail, the over.changing ha1·mony of 
water, rock, and forest, in all the various atmospheric keys, that con­
ceals the monotonous flatness of the region. Such being the general 
maximum elevation of the region, it becomes a matter of interest to 
ascertain the minimum eleYation or maximum depression. All the 
depressions or basins of the plateau which have a continuous rim, no­
where as low as the bottom of the basin, are filled .with water, and form 
lakes, each of which, under ordinary condition8, is in a constant state of 
overflow into the next lower basin. In very d1·y seasons, tho overflow 
and evaporation exceed the amount of precipitation gathered from 
the country tl'ibntary to any particular basin, and the water of the 
lake is teniporarily stagnant. This is particulal"ly the case with lakes 
at the bead of a chain. These head-water lakes are sometimes, as in the 
case of Kishkutena Lake, the largest of the chain to which they belong, 
and may, unde1· tho conditions mentioned, be seen with the level of 
their surface several inches lowe1· than the rim of' the containing basin 
at tho outlet. To form an approximate estimate of the depth of the 
dep1·essions in which these lakes lie, a series of soundings has been 
made, which, although by no means complete, affords sufficient data 
upon which to base an estimate of'thc general depth of the basins. A 
list of these son.ndings is given below. The figures indicate that the 
dopth of these depressions, below the contour line afforded by the lake 
;;hores, approximates as nearly as can be judged to the general eleva­
tion of the country above that lino. Thus, if land and water rnrfaces 
were in equal proportions, the level of the water would be the mean 
elevation of the rocky surface of the region ; or rnther the mean slope 
of the chains of lakes would be the mean slope and elevation of the 
plateau. But as the land surface ,·cry much exceeds the water, the 
mean elevation of the plateau must be somewhat higher than the shore 
line contour. 

The greatest depth of water anywhere observed was that of Pickerel 
Lake on the Manitou route, where tho sounding showed a depth of165 
feet. The next deepest i;ounding was on Manitou Lake, where I found 
158 feet of water as the maximum of a series of soundings in the lower 



LAWSON ] PHYSICAL FEATURES. 13 F 

part of the lake. It is of interest to note that these maximum depths 
of water are in a line of depression which appears to he connected in Greatest depth 

. . . th h f: lt b bl t C d N p· k 1 L k in line or fault •. Ol'lgrn w1 t e au o serva e a e ar ai:rows on ic ·ere a e. 
'l'he lowest depre:>sion of the region is that of the south arm of Rainy 
Lake south ofLitlle Rocky Nal'J'OWB or opposite the mouth ofSeine 
Bay, where the water is llO feet deep. This is the maximum depth M1 aichimurmu . 

< ept o nmny· 
found anywhere on Rainy Lake, and taken in connection with the low Lo.ke. 

level of the surface of the lake, compared with that of the other lakes 
draining into it, it gives for the bottom of tho lake at this place the 
minimum elevation of the region. The maximum elevation of the 
region was found to be the summit of Kishkutena Ridge, ·which was 
placed at about 500 feet above the surface of Rainy Lake. The differ-
ence between the maximum and minimum elevation, or the range of 
altitude of the various parts of the plateau is thus 600 feet. Reference 
has not been made to the sea level, because tho altitude of our local 
datum level is not known with sufficient accuracy to be of service. 

The following is a list of the various determinations that have been 
made for the elevation of Rainy Lake above the sea:-

FEET. 

1. Colonel Lefroy, barometrical, as quoted by H. Y. Hind ...... 1,160 
2. S. J. Dawson, by way of Pigeon River route....... . . . . . . . .. 1,045 
3. Stline River ................ 1,029 
4. " " Dawson route ...................... 1,035 
5. Major Long <Lake Superior 595 feet.) ..... . ..... .. ... . ... . ... 1,100 
6. W. B. Kirl•patrick, by way of 111 anitou route ...... .. . . . ..... . 1,094 

I am inclined to regard the first of these dete1·minations aR being 
nearest the trnth. Of S. J. Dawson's determination Nos. 2 and 3, are 
taken from hi t:i official repo1·t. They are based upon actual measure_ 
ments of falls and estimations of r apids and currents on the two canoe 
routes mentioMd, from Lake Superio1· to Rainy Lake. No. 4 is given 

Elev 11lion o' · 
Rainy Lnke 
nbove sen. 

by Hind.in his report on the Red River exploring expedition, and Discu~sion of 

credited to Mr. Dawson, with the statement that the level of Lake ~t'l'i.~f:/'ra"~.,. 
Superior is taken at 600 feet above the ocean. All three determina-
t ions are under-estimated. Since they were made the levels along the 
line of the C. P. R. afford an important check upon them. These 
levels place the i;urface of the Lake of the Woods at its lower end at 
1,062 foet above the sea. The Rainy River affords abundant testimony 
of a very marked difference of elevation between Lake of the Woods 
and Rainy Lake. If we assign to the Coutchiching Rapids a descent 
of 5 feet; to the falls of Fort Frances, 22 feet; to the lVJ anitou Rapids, 
5 feet; to the Lougue Sault Rapid, 10 feet; and to the general current 
of the rive1·, which is Temarkably strnng and swift, a descent of 1 foot 
in the mile or 75 feet, all of which estimates are moderate, we would 
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have, as the difference of level between Lake of the Woods and Rainy 
Lake, 117 feet, to which may be added 3 feet for the difference in the 
level of the upper and the lower end of the Lake of the Woods, making 
a total difference of 120 feet. This added to the level of the Lake of 
the Woods, as determined by the C. P. R. engineers, would give us, a.s 
the elevation of Rainy Lake, 1,182 feet. Assuming its correctness, 
the highest land within tho region mapped, the et·est of Kishkutena 
ridge, is about 1,700 feet above the sea level; and the lowest hollow, 
Rainy Lake south of LiU\e Rocky Narrows, about 1,072 feet n.bove the 
same level. 

LIST OF SOUNDINGS IN RAINY LAKE AND IN SO~!E OF THE LAKES 

TRIBUTARY TO IT. 
FEJ0T. 

Manitou Sound, l~ miles 8. E. of Devil's Cascade . . ........... 39 
" " oppo5ite mouth of Little Canoe R.. . ... . . . . . . 54 

Ash Bay, North arm.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
" ·westofBoreasisland ...................... . ..... 32 

Channel between Boreas Island and Gnbe Point. .. . . .. . . . . . 31 
OffS. E. shore of Argyle Island ............................ 29 
Off S. E. shore of' BoOJ.J?. Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Alexandria Bay, north channel.... . .. . .. .. . . . .. .. .. .. . .. .. 31 
Off south side, Cherry Island...... . . . ... . . . . . .. . . . .. ... . . . . . . :->O 
One mile N . of Hanging stone Point...... . . . . .. . . . . . . . . . . . . . 23 
Half mile N. of N. W . end of Woorkbuck Island... . . . . . . . . . . . 27 
We:it of N. W. end of Woodchuck Island........... . . . . .. . . . . 24 
North West Bay, Camp Narrows............. . . . . .. . . . . . . . .. 30 

" opposite Brown Jnlet................ .. . .. . 3.5 
Off S. E. end of Woodchuck Island...... . . . . . . . . .. ... . . . . . . . 27 
Off West side of Rebecca Island.... . . . . . . . . . . .. . . . . . . . .. . . . . 3G 

• Off S. W. en1l of " " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Half mile N. N. E. of Standing-stone Point....... . . .. ... .. ... 3'.Z 
Channel south of Chamberlin Point.... . .. .. . .. .. . .. . .. .. . . GO 
North-east Bay, 4} miles \rest of Frog Portage. . . . . . . . . . . . . . . . GO 

" ')1 
~) ::! " 55 

Channel S. E. of Rebecca Jsiand...... . . . . . . . . . . . . . . . . . . . . . . . 27 

" East end, Cheery " 
vVest " 

. . . . . . . . .. . . . . .. . . . . . . . . . . . . . 43 

" 
Off Tug Point .... . ................... . ................. .. . . 
1.j- miles W. S. W. of Blaze Point ....... .. ..... ... .. . . ..... .. 

42 
50 
57 

2~ " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
2 S.\.Y. . .. .. .. . .. .. .. .. .. .. .. . . .. ... 72 
1 mile N. W. of Reef Point .. . . ........ ... ... . ...... . ....... , GO 
One mile W. of Reef Point.... . . . . . .. .. . . . . . . . . .. . .. . . .. .. . . 45 
Between Homestretch and Risky Islands... . . . . . . . . . . . . . . . . . 37 
1 mile S. of Homestretch Island...... .. .. . . . .. . . . . . . . . . . .. 38 
Opposite entrance to Stanjikoming Bay... . . . . . . . . . . . . . . . . . . . 41) 

" Hay J\1arsh Bay................................... 'JO 
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Sand Bay .............. .. . . . . ... .... . ............... . .... . 
One mile S. S. E. of Little Rocky Narrows ........ . . .. ...... . 
Two miles S. " " 

S.E. " " 
Channel between Dry Weed Island and south shore . .. . ...... . 
Opposite mouth of Seine Bay .......... . ............. . .... .. . 
2 miles E. of Hallelujah Point .............. . ... .... ...... . 
2 E. of Brule Narrows ............................... . 
4 E. " ................ ······ · · ···· ···· 
52 " E. . .. . . . ........................ . 
S. of Vague Point .. . .... . .... . . ... ........................ . 
S of Breezy Island ...... . .. .. . . ......... . . . ...... . .... .... . 
Off N. side of Oak Point Island ............. . .... . . .. . ...... . 
One mile S. W. of Pine Narrows, 
Opp. mouth of Crow Rock Inlet, 

Porter Inlet, 
Parry Strait, 

Redgut Bay .... . .. ....... . 

Mainville Litke, north end .... .... ..... . ....... . .... ... . . .. . 
" " middle .... .... ........ .. .. .. . .. . . . . ....... . 

Obikoba Lake, south end ................. . ...... . ...... . . . . 
north " . . . . . . . . . . . . . . . . . . . . . . ........ . 

Captain Cnttle Lake, south part . . . . . . ........... . ......... . 
Sam "\Veller Lake . .. . ..................................... . 
Twist Lake ....... . .. ·· . .... .. . ....... ··· . . . . . .. . · · · ······· 
Dog Fl~· Lake, middle ....... ... .. . . .. . ..... .... ... . .... ... . 

" 

South encl of Grant Lake .... . . . .. .. ..................... ... . 
Middle " ........... . .. . .. . .. . ........ ... ... . 
North encl 
Sairey Gamp Lake . ...................................... .. 
Lake Harris ...... .. ...... . . ............ . ... . ... . ......... . 
:Missus Lake .. .... .. . . ......................... . .. . .... . . . . 
Lake, west of Missus T~ake .... . ........... . .. . .. . . . . ... . .. . 

FEET. 

23 
70 

110 
105 
33 

105 
80 
22 
oO 
74 
8~ 

5\J 
59 
45 
45 
22 

() 

2i 
18 
16 
14 
31 
16 
36 
68 
92 

90 
42 

126 
27 
99 
75 
66 

Kaiarskons Lake . ....... .... . . .. ........ . .. .. ............. llS 
Furlonge Lake ... . . ... _. . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

Crack Shot Lake.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Sakwite Lake ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
South end of Kahopskikomak Lake. ..... . . . . . . . . . . . . . . . . .. . . 48 
Middle '· ....•............... . .. . 34 
Kahwawiagamak Lake ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
l\iemekwesi Lake .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Down-grade Lake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Smooth-rock Lake~Narrows...... . . . . . . . . . . .. . . . . . . . . . . . . . . . 76 

S. end...... . ... . .. . .. . . . . . . ••• ••• .. . •. . 30 
Windigons _Lake... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

15 F 
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FEET~ 

Pickerel Lake ....... . ................ . .................... 165 
::\Ianitou Lake, opposite Snare Bay. . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

" N. E. of inouth of Hidden River.. .. .......... 96 
N. E. " Peep Bay ..... .. . ... . . . ... 158 

" N. E. of Paddle Porta~e .................... 129" 
" It milesi\. E. of Parldle Portage .............. 117 
" 2 . . . . . . .. . ... .. 87 

" " llO-

Clear-water Lake, S. end near Burnt Narrows... ... .. . . . . . . . . 50· 
" " middle ....... . .. . , . . . . . . . . . . . . . . . . . . . . . . . 56 

" north end. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 28· 
First Quill Lake.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Narrow Lake, S. W. end ............ .'... . . . . . . . . . . . . . . . . . . . . 75 

" middle ................... . ................... 122 
" N. E. end .... . ......•........................ 40 

lfei!?ht of Land Lake, S. end.... . . . . • . . . . . . . . . . . . . . . . . . . . . . . 63 
N. end....... ... ................ .. .. . 44 

Kishkutena Lake, near narrows.... . . . . . . . . . . . . . . . . . . . . . . . . 52 
Kahtimiagamak Lake ........... . . . .............. ...... . . 50 
Pipestone Lake, S. end ...................................... 105 

Three Island Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 50 
Bat Lake.................... . . . . . . . . . . . . . . . . .. . . . . . . .. . . .. 40 
Cold Lake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Strong Lake.... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Vane Lake, N. end . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 

" S. end . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Average. The average of the soundings in Rainy I1alrn, 51 in number, is 47·4-
feet, which is probably not far from the average depth of the lake, as 
the depth of the water does not de pond so much, in these rocky basins, 
upon the distance from shore, as it does in lakes lying in soft or shelv­
ing strata. The average of the soundings, 54 in number, in the lakes 
higher up on the plateau, is 63·6 feet, which represents not an average 
depth of these lakes, bnt rather their average maximum depth. 

Dependence of The intimate dependence of topographical contour upon geological 
contour upon 
r:eologiciit conditions which was observed upon the Lake of the Woods is equally 
conditions. 

well exemplified upon Rainy Lake, and on the other lakes of the region. 
The shapes and disposition of the lakes and the trend ofthe ridges and 
depressions are always a function of the character and disposition of the 
rocks; nnd show that the agencies of erosion have acted along lines 
and with varying intensities, which wore determined by the nature of 
the rock itself long before those agencies had access to it. This fact 
comes out much more strongly, of course, in those portions of the 
region which arc occupied by the schists of the Keewatin and Cout­
chiching series, or in the more gneissic portions of the Laurentian, than 
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in the more granitoid portions of the latter. Still the principle is 
well illustrated even here by the inegular shape of the lakes, 
and the more irregularly hummocky character of the sul'face. Since 
in the more granitoid country there are few or i10 strnctural lines to 
give direction to decay and erosion, and thE>se, therefore, act with 
equal ease in auy direction. 

Leaving the lakes which lie in the more granitoid of the Lauren­
tian gneisses, and passing to the consideration of those lying in more 
evenly laminated or schistose rocks, it will only be necess~iry to draw 
attention to a few of the many instances which illustrate the principle Illustrations 
in order to emphasize its force. Beginning with Rainy Lake itself, we ~~i~,\~encc. 
£nd that it consists of two main arms, an east arm and a north arm, 
diverging at right angles from its outlet at the south-west corner. The 
east arm comprises three distinct basins or troughs; viz. :-

1. From the outlet a.t Coutchiching to the bottom of Swell Bay, a Firsl trough. 
trough 20 miles long and very narrow, compared with its length. That 
portion of it which is east of Open-water Narrows has an average 
width of one mile and its axis or mean course is 70!', The, portion west 
of Open-water Nanows has a bearing from the narrows to Coutchich-
ing of75°, and its average width is something over two miles. A glance 
at the geologically colored map will show that these bearings are very 
closely those of the mean strike of the rocks at these , two portions of 
the trough. 

2. l<'rom Grassy Narrows to the bottom of Seine Bay, a trough 21 Second trough . 
miles long. The axis measured along the longest line of open water 
has a bearing of 76". 'The trough has a width, at iti; micldlo part, of 
about four miles and taper::; towards Grassy Narrows almost to a point 
while to the eastward it irn~ses into Seine Bay, a stretch of water seven 
mile1:> long with pai·allel ;;bores ono mile apart. 

These two troughs are separated by a long, narrow, tapering ridge ofs_opamting 
l h · h d f' L , t I R k ":\T , , d , ndge bet weer roe rn, '" le , westwar o 1 t e oc y l~ arrows, lS contmue 111 a troughs. 

belt of narrow, elongated islands, sepamted by very short tl'ansverse 
channels. This dividing ridge has a trend coincident with that of the 
water-filled troughs on either side of it, and strictly coincident with 
the mean strike of the schists of which it is compo~ed. 

The parallelism of the shore lines which form the rim of this second 
trough or basin to the strike of the schists is everywhere observable 
even in great detail. The divergence of the shores which makes the 
middle of the basin wider than the ends, is due to a similar divergence 
of the strike, the r ocks on the north side having a strike of about 75°, 
white on the south shore, from Black Bay to Brule Narrows, the strike is 
east and wcRt. Dry-weed Island and the islands near the mouth of 
Seine Bay and Brule ~arrows are all long and narrow, and have their 
longest axes parallel to the strike of the rocks. 

2 
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Seine River, a The Seine River and its lake expansions forms a trough whose mean 
<iontinuntion of . • . ] 11 1 th f h t h . t d .b d Th h second trough. axis IS stnct y para e to at o t e roug. JUS escn e . e troug 

Third trough. 

extends from Bleak Bay, with a bearing of 75°, 22 miles to the limit of 
the region mapped. The minor deviations from the mean line or axis 
always follow curves in the strike of the rocks. 

3. The last of these troughs or basins which, together, make up the 
east arm of Rainy Lake, is that which lies between Brule Narrows and 
Kettle Falls. It is separated from the second trough by points of land 
which approach each other at Brule Narrows. Its greatest length is 19 
miles along the line extending on a bearing of 97° from the bottom of 
Saginaw Bay to the bottom of Stokes Bay. This line of greatest length 
is not, however, the true axis of maximum erosion, and to bring out 
tbe parallelism of the maximum erosion and of the trend of the shore 
lines to the strike of the rocks, it wil 1 be necessary to regard this 

Composed of trough as made up of two sub-troughs The axis or longest diameter two sub·trougbs • 
of the first of these extends 85° from the bottom of Saginaw Bay, 13 
miles to the bottom of Cormorant Bay. This line coincides very closely 
with the mean strike of the rocks. The second sub-trough extends 
from Big Island to the bottom of Stokes Bay, a distance of 12 miles. 
Its axis and the mean strike of the rocks, from which there is but little 
deviation, are both east and west. 

North nrm of The north arm of Rainy Lake has a trough which taketi the form of a 
Rainy Lake, its 
cross-shaped cross. The portion of the trough corresponding to the larger bar of the 
basin. 

cross, often 5 to 6 miles wide, has for its mean course a due north-and-

Coincidence 
of sbore line 
with strike. 

south line extending from the south shore of the lake past Squall Point 
to the vicinity of the Devil's Cascade, a distance of24 miles. The portion 
corresponding to the transverse or nanower bar is somewhat curvili­
near, concave to the north, and extends from the west end of the North­
west Bay to the east end of Redgut Bay, by way of Frog Portage, a 
distance of 38 miles. The whole of this cross-like basin lies in Lau­
rentian gneiss, which is, for the most part, distinctly foliated or lami­
nated; and both the N. and S. and the E. and W. trending troughs, 
which together form the basin, conform strictly to the strike of the 
planes of foliation of the gneiss. The inegularities and apparent excep­
tions to the rule are due, for the most part, to masses of granite which 
cut the gneiss in places. From the Devil's Cascade at the extreme north 
end of the lake down to the entrance to the North-west Bay on the 
west side, and to the entrance of the North-east Bay on the east side, 
this coincider:ce of shore line with the strike of the rocks is perhaps 
best exemplified. From the Devil's Cascade southward, the trend of the 
rocks diverges, curving around on the one side so as to strike up the 
North-west Bay, and thence through Foot-print Lake, Jack-fish Lake 
and Loon Lake, the strike of the rocks making a complete circle, and 
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<:losing again on itself at the Devil's Cascade. This circula!' disposition Circular 
of the foliation is closely followed by the shores of Manitou Sound, Ash ~~:Pk°:1~r00 of 
Bay, Ale::x:and1·ia Bay, the Islands of Manitou Sound, the shores of the gneisses. 
North-west Bay and the lakes above named. On the other side, the 
cul've of the strike is first to the south-east into the Nol'th-east Bay, 
and then east through Macdonald's Inlet, Black Sturgeon I1ake, Crow 
Rock Inlet and Redgut Bay. Where the rocks cross the lake with an 
east and west trend, the long axes of the islands all lie in the line of 
strike. From Standing-stone Point southward, the rocks curve around 
from east and wes;t to north and south, and the shore and off-lying 
islands have the same trend. On the east side of the lake, between the 
No1th-east Bay and Gash Point, the shol'es of the bay::: and the more 
prominent points are coincident with the strike. 

Among the more striking instances of the minor lake ba;;ins show- Instances of 
ing parallelism of contour to the strike of the schi;;ts in which they i:1~~~ 1:i~cid­
lie, may be mentioned the following: Narrow Lake, north of the N. I'.;. ~;1;,~'~tr~k~eof 
end of Sabaskong Bay; the south pal't of Crow Lake; the whole of the rocks. 
waters of the canoe route from the south-east end of Crow L:ike to the 
North west Bay of Rainy Lake by way of Bouldel', Schist, Pipestone, 
Link, Firnt Quill, Clearwate1-, Minomin, and De::;pair lakes. This chain 
of lakes fol'ms a Z-shaped trough lying almost entirely in the Keewatin 
schists. The two sharp bend::; in the watee course, at the N . :E. 
end of Pipestone Lake and at the south end of Clearwater Lake, cor-
respond closely to two sharp bends in the strike of the rock:i. The 
lakes are all narrow in proportion to theil' length. Manitou Lake, 
G1·ant Lake, Missus Lake, Strawberry Lake, and other smaller lakes in 
this portion of the Keewatin belt, arc remarkable for the fidelity with 
which they adhere to the strike of the rocks and for their long, narrow 
shapes. The exceptional case of Pickerel Lake, with its iuegulal' 
shape and long axis, transverse to the stl'ike, finds it:> explanation, Excestional 
doubtless in the two granite bosses which intel'rupt the strata, ~~Tt "=~'"a.to 
find in the fault which dislocates them at Cedar Nal'rows. Dog-fty~{a~t~~e 
and Vista Lakes conform in their general contour to the strike of the 
rncks, but are somewhat inegula1· in shape as are most basins 
e1·oded out of agglomerates. Kahopskikamak and Sakwite lakes 
on the Otukamamoan route, Little Tu1·tle Lake, Tesup, Big Saw-
bill, Otter and Mainville lakes, are notable instances of basins in 
Laurentian biotite gneiss which are long and narrow, and have their 
shores determined by the position of the planes of foliation. These 
various instances here cited are only the mo1·e prominent ones which 
come out in the mapping, but on the scale on which the map is pub-
lished there is a host of details lost, in which the topographical contour 
is in the closest dependence upon the characte1· and structure of the 
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rocks. This dependence impresses one very forcibly in the field, but 
cannot here be more than alluded to, except where, as above sketched, 
it affects the main topographieal features of the region. · 

The Alluvial Plain or Ricer Country. 

Extent of Tho wooded plain which extends from the i:;outh-west corner of R.ainy 
alluvifLI plain. 

Its ~lope. 
Lake to the Lake of the Woods is on a Elight but distinctly lower level 
than thaL of the "rocky lake country." Its slope is apparently the 
continuation of that of the rocky plateau jnst described. The highest 
part of the plain, so for as I was able to observe, is where the scarped 
face of the bedded clays which underlie it overlook Rainy Lake nea1· 
Coutchiching, with an elevation of 10 or 12 feet above the surface of 
the lake. Down the Rainy River to the Lake oftbe Woods, the plain 
has practical ly the ::;ame slope as the river, and on the Lake of the 
Woods bet,veen Hungry Hall and 49th parallel, the edge of the plain 
has an elevation of from 10 to 20 feet above the surface of the Juke, 
and according to Mr. Bolger* extends back with "extreme levelness " 
over townships one and two, south ranges XXIII and XXIV. Between 
these two points of maximum and minimum elevation of the surface 
of the plain, the slope is apparently gradual and uniform, the average 
incline in a W. N. W. direction , being probably two feet in the mile. 
Occasionally, as to the north-west of the Indian Reserve at the Longue 
Sault on Rainy River, the country is rolling or undulating, an ap­
pearance which is probably due to the ridged character of the con­
cealed rocky Slll'face, at a place where the covering of post-glacial de­
posits is thinner than usual. Occasionally too, a knob of rock projects 

Rock exposures through these deposits, which has been either exposed by local denuda­
tion of the clays, as atdiffernnt rapids of the river, or which appears to 
have been a small islet in the vast lake in which these deposits were 
laid down. Such i~:dand-like knobs of rock have usually a more 01· less 
distinct formation of sho1·e gravel about their base, as, for instance, the 
knob which projects above the plain on the northern limit of the 
Longue Sault Indian Reserve, or the portion of trap dyke observed at 
the back of Mr. Lutterel's farm. The uniform flatness of the plain 
affords no depressions which se1·ve as lake basins, and none arc known 

Drainage. beyond a few mere ponds. Drainage is effected by the numerous 
creeks and rivers which fiow into the Rainy River. These all cut 
channels down through tho clayey ::; trata, nnd afford excellent sec­
tions of a thickness varying from 10 to 30 feet. The most important 
tributary, on the Canadian side, is Pine River, a narrow stream, 
sluggish at low water, whose principal branches flow in the bottom 

• Report, Commissioner of Crown Lands, Ont.nrio, 188t\ p. 18. 
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of the low valleys in the undulating slll'face above referred to. 
Several much larger streams feed Rainy River from the Ame1·ican 
c;ide. The undrained water rests on the surface of the plain in the 
form of muskegs and swamps. Mr. Bolgel' estimates that "perhaps Extent of swamp. 
::lO)'o of the area is swamp, most of which can be clrainecl and made 
tillable land." Rainy River has, at the mean height of the water, a Depth o\ 

. . . . lhimy River. 
depth which, from a number of soundmgs m mid-stream, appears 
to vat·y from 15 to 21 feet. At the Longue Sanlt and Manitou Rapids 
it is, of cout·se, shallower, but not so shallow as to obstruct navigation 
except at very low wrcter, when the boulders in the channel of the 
Longue Sault obstruct the passage of the small screw-steamel's which 
ply between Rat Portage and Fort Frances. The serious obstacle to 
navigation is the falls of Fort Frances. 'rhe completion of the locks at Lock at Fort 
Fort Frances, all the heavy and expensive work of which is done, Frances. 
would extend navigation very much, and stimulate the development of 
this portiJn of the country. 'rhe general features of the river have 
been well dcsC!'ibed by Bigsby*, Hindt, LJngJ, and S. J. Dawson§. 

ARCHJ~AN GEOLOGY. 

GENERAL STATEMENT. 

The Archroan rocks of the RainyLakeregion, like those of the Lake l'ppera.nd 
:)f the "'Woods, are cleal'ly sepaeable pt'imal'ily into two main divisions, LowerArchooan 

viz.: An upper, chiefly schistose, bedded, and metamorphic: and a ~~~~~':,~~i~~ 
lower, of the granitic or syenitic type of minet'alogicul composition, 
but mostly gneissic in structure. In the uppet' division there can be 
i·ecognized at least two distinct groups. One of these is identical with 
the Keewatin series of the Lake of the Woods,•· and has been tl"aced Keewatin 

I 1 series. 
stratigt'aphically in direct continuity with it. The other is prominently 
developed in the southern part of the region, and occut's between the 
base of the Keewatin series and the Lau!'entian. Being unable to 
conelate this second series with any with which I am acquainted, I have 
named it, in a prelirninal'y notice** of the geology of the region, the 
Coutchiching series.·;· t In the lower division distinctions of strnti- Co~tchiching 

h . l cl 1 · h" "f h · t d h series. grap i,;a sequence an re at10ns ips, i any sue ever exis c , ave 
been obliterated. For this assemblage of rocks or lower division of 

• Geo! .. J ournai, Vol. VII, 1851, and Vol. X, 1854. 
t Report of the Reel River Exploring Expeclition, 1858. 
l Sources o( Peter's River, Keating, 1825. 
§Appendix to XVII Vol. of Journals of Legislative Assembly, 185D. 
11 Annual Report, Geological and Natural History Sun·ey, 18%, Part CC. 
•*Am .. Jour. Sci., Vol. XXXIII, June 1887. 
t t This series presents interesting lithological resemblances to the Montalban series, but has 

not the geological position whieh has been assigned to the latter, 
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the Arcbrean, the term Laurentian is retained. The Laurentian rocks 
in this particula1· field can he classified only on a petrographical basis. 
The different kinds of rocks which are comprised within the assemblage 
so named are susceptible of a geographical separation into zones 01· 

areas, but, as above stated, are not geologically separable into strata 
or bedded formations, though often :;tratiform. 

Schemn.tic The leading divisions of the Archman for this region may, from 
repre~enta.tion. h h b d b d . h f 11 h w at as een state , e anange m t e o owing sc eme, according. 

to the order of which the geologic al features of the region will be 
comidered in detail :-

{
Upper ct. ivision. a. Keewatin.-(Hnronian ?) 

Archlean. b. Coutchichjng. 
Lower didsion.- Laurentian. 

A more comprehensive statement of the ~·esults arrived at, together· 
with a discusf'ion of their theoretical bea1·ing, will be given in the sum­
mary, af'te1· the foctfl, upon which these and othel' genernlizations are 
based, haYe been set forth. 

KEEWATIN SERIES. 

Limits of the Area of the Keewatin Rocks-Conditions uf Contact 1cith 
Lou:er Rocks. 

Kcewn.tin At the S. E. corner of the Lake of the Woods map, 1885, the K eewati n 
series on Ln.ke d L 
of the Wood~. rocks are represente as in contact with the aurentian gneiss on the 

shore of Sabaskong Bay, at a point a little to the east of the pol'tage road 
which leads from that bay to Arrow Lake, through the Indian Reserve 
35 C. From this point eastward, t he line of contact curves to the north, 
around the extreme N. E. inlet of Sabaskong Bay, the trend of the 
shore being approximately parallel to the eurv~ture of the line of contact. 
The shores of this inlet are all Yery coarse granitoid gneiss or granite. 
Tbe contact line lies in 1he ridge of land which divides the waters of 
Sabaskong on the south from those of Arrow Lake and Crow Lake, on 
the north and north-east, and nms much closer to the former thnn to 
the lakes named. The last exposure on the Lake of the Woods at 
which the Keewatin rocks and the Laurentian gneisses are seen in con­
tact is at the northern extrem ity of the S. E . arm of Sabaskong Bay, 

Rocks on Crow close to the south end of Crow portage. In coming over Cl'OW portage, 
Portnge. from Crow Lalrn to Saba~kong, the rocks pasrnd OV(:r are black-green, 

hornblende schists. They a1·e first ECen ab0ut one-third of the way 
from Crow Lake, with a strike of 130° and dip at high angles to the 
north-east.. Fom· cha.ins farthel' south they have a i;trike of 140° with 
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the same dip. Beyond this to the end of the portage they at·e seen at 
intervals with a uniform S.E. strike; dip N. E. At the end of the port- contact of 

th h f. th b h "d h h' · Keew11tin and age, on e s ores o e ay, on t e west s1 e, t e sc LSts come m con- L:wrentian. 
ta.ct with a medium-grained, flesh-tinted, or reddish to grey, biotite 
gneiss, which exhibits, for the most part, a very distinct and even 
foliation of the constituent minerals, quartz, folspar and biotite. This 
foliation is approximately parallel to the schistosity of the hornblende 
schists; the contact is, however, a brecciated one, the gneiss being 
apparently injected into the schists, which seem to have been more or 
less shatlered in a brittle condition, so as to admit of the passage of the 
gneiss in its former soft and plastic state within the fissu!'es of the 
schist, which are sometimes pa1•allol and sometimes transverse to it:; 
cleavage planes. The st1·ike of the rc,cks at the cont,act is 130°, dip?\. 
E. < 60° to 70°. 

The next place where this lille of contact was crossed by our sur- Contact on 
Kah-timi­

veys is on Kah-timi-agamak Creek. The interval between the lastagamak Creek. 
described point of contact, at the south end of Crow portage and this 
creek is about nine miles. But although the line of contact has not 
been actually traced out for this interval we know that it must occupy 
approximately the position given to it on tho map, from oue knowledge 
of the distl'ibution of the IJaurentian rocks to the south, on the shores 
of Sabaskong Bay, Kah-kabik-kitchiwan Lake, Crooked-pine Lake, Big-
pine Lake and Wigwam Lake, and of the Keewatin rocks to the north 
on the shol'es of Crow Lake and Kah-timi-agamak. The contact of the 
gneiss and hornblende schist occul's on the creek about half way be-
tween Wigwam and Kah-timi-agamak lakes. The actual contact is 
not well ex1)osed, but the rocks on either side can easily be traced along 
the creek and :;hew that a very granitoid, reddish, biotite gneiss comes 
in contact with a dark, green, hornblende schist. which gives way, a 
little further up the crnek, to green agglomernte schists. 

To the south-eastward ofKah-timi-agamak Creek the line ofcontactNCqnhtatcht>it 1 1g .. aw t 
appears to continue in the same general dieection for about four m iles, Lake. 
when it begins to cnrve around to the south, so that on the no1·th side 
of Night-hawk Lake, where the contact is next seen, the strike is about 
north and south. Following it a('.ross Night-hawk Lake and thence 
for nearly a mile and a-half to Kishkutena Lake, we find that the line 
of contact curves rapidly to the S. W., Md from the last named lake 
onward it has a coul'se which makes an angle of 70° degrees with that 
which it fot"merly held between the south end of Crow P ortage and a 
point to the north of Night-hawk Lake. The west side of Night-hawk 
Lake is occupied by a rathe1· coarse, reddish, granitoid, biotite gneiss 
or granite, composed of qua1·tz, in large grains, aod orthoclase in about 
equal propol'tions with a subordinate proportion of biotite. 'rhis rock 
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is not only observed to occupy this shore of the lake, but is seen to 
make up the bare burnt bill:> which extend for some miles to the west­
w1u·cl. 'l'he east side of the bke is occupied by the Keewatin rocks 
which form a comparatively high ridge with an abrnpt face to the 
north-west. This ridge runs from this point south-westward for several 
miles and extends to the south of the 49th parnllel, forming the divide 
between the waters flowing into the Lake of the \Voods and those flow­
ing into Rainy I,ake. The rocks of the Keewatin series which com­
pose this ridge, particularly on its north-west side, differ from the 
ordinary hornblende i::.chists which are usually found in coutact with 
the Laurentian gneisses, in being very much more compact and often 
quite devoid of schi»tose structure. The rock appearn, to the naked 
eye, to be, like the schists, composed mostly of hornblende, but has, in 
addition, numel'Ou:> lai·ge porphy1·itic ci·ystals of white felspar, studded 
all th1·ough it, so that on the Ja,rge scale, on the face of a cliff for in­
stance, the rock presents n distinctly and curiously mottled aspect 
although in band specimens it is often difficult to get more 1ban one 
ot· two porphyritic ct"ystals. This rock is very probably an altet"ed 
porpbyrite, and grades into more scbistose varieties with the disappear­
ance of the felspar. '!'he same rode bas been noted at the contact of 
the Keewatin series with the l1aUl'entian on the north side of White 
fob Bay, Lake of tbc Woods.* The contact of this altered porphyrite 
with the granitoid gneiss runs along the bnse of the cliff which forms 
the north-west side of the ridge above mentioned, and as the rocks are 
well ban;d, may be traced easily from the south end of Night-hawk 
Lake to the N. E. end of Kish kutena Lake. 

The granitoid gneiss is here mixed, only to a very limited extent, 
with the Keewatin rocks, a fact doubtless due to thei1· unusual com­
t)<tctness and toup;hness at this locality. At the north-east encl of 
.Kishkutena Lake, one-quartet" of a mile from Kishkutena podag e, the 
actual contact is not ex posed, and between the nearest exposures of the 
granitoid gneiss and the porphyrite, there is a small exposure of a 

Quart1.-porphry greenish, grey qua.r!z porphyry made up of nn aphanitic gL"ound-mass 
"'t contact. in which are imbedcled crystals of felspar. Whethe1· this porphyry is 

only a local porphyritic foci es of the granitoid gneiss, or whether it ifl 
:t later intrusion, or even an older formation incorporated with the 
porpbyrite, there is no evidence to determine. For two miles farther 

Continuation to the S. W., the line of contact runs under the waters of the lake, the 
of the line of 
oont.nct. r0drn on one side of the narrow arm being the altered porphyrite of 

the KiRh kntcna ridge, and those on the other the Laurentian granitoid 
gneisf:i. This gneiss i;; he1·e often quite devoid of foliation and ifl then 
more properly a granite, thoug h both the foliated and non-foliated 

• v. Annual Report, 1885, pp. 38-S9 cc. 
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varieties are part of the same geological mass. After leaving the south 
side of Kishkutena Lake, the line of contact of the Laurentian and Kee­
watin rocks continues for five miles in the same S. vV. cout'se, and is 
next intercepted on Little Kishlmtena portage one mile south of the Contact on 

49th parallel. The nonditions of contact are h ere quite anabgous to k\;t~L.tentt 
those noted between Night-hawk Lake and Kishkntena Lake. The same Portiige. 

ridge of Keewatin rocks composed of hornblende schists and altered 
trnps, schistose or massive, bas been traced for six miles farther to the 
S. W. thl'ough the lakes of the Little Kishkutena route to the west end 
of Off Lake. Here the schists have a strike of 50° and dip to the S. E. at 
< 70°. Thl'onghout this distance the actuttl contact of t,he Keewatin 
rocks on the N. W. side of the ridge with the Laurentian gneisses has 
not been observed, but t het·e is little doubt but that it follows the same 
line as to the N. Ji;. of JJittle Kishkutena, the strike of the rocks and 
the trend of the country remainiug constant. To the west and south-
west of Off Lake the country becomes low and fia:t, with little 01· no ex-
posm·e ofrock, so that the course of the contact of the Keewatin rocks 
with the gneisses cannot be accurately determined. The rocky surface 
of the country passes undel' the post-glacial deposits of Rainy River val-
ley, and for 16 miles, in the direction of the strike where last observed at 
Off Lake, we have no evidence as to the distribution of the rocks. The 
black, green, hornblende schists of the Keewatin are next seen in con­
sidernble volume on Rainy River. They crop out along the river from ~-~~'lt'~~~n 
a point about one-quarter of a mile above th e Longue Sault Rapids to Rainy River. 

near the foot of the same, where they appeal' to be in contact to the 
south with a rathel' coarse-gl'ained, reddish, granitoid gneiss, which is 
exposed on two small islands at the foot of the rapids opposite the 
chief's house. The strike of the schists along the rapids i,, with the 
direction of the river or E. and W. , and the dip is no1'thward at angles 
which aro, at places, as low as 45°. In passing northward from t~e 
rivet· through the woods on the Indian Reserve, the schists are occasion-
ally observed projecting through the soi I, and on the northern limits of 
the r eserve between four and five miles from t.he river, aCl'OSs the 
strike of the schists, they are exposed over several acres on the crest of 
some roches moutormees, and have a strike of 80° with a southel'ly dip at. 
an angle of 65°. 

On a small creek that empties into Rainy Rivet· about three miles and 
a half below the Longue Sault, I am informed by Mr. Cameron, who re­
sides on the river near the place, that there is a small expo3ure of similat· 
schists, and that on a logging road, which runs four miles back from 
Rainy RiYer, there are throe other exposures of similar rocks. 

The next place where I have seen these roe:ks myself is where they Keewatin 
. rocks on 

are crossed by Pine River some seven miles west of the. exposure Pine River. 
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described on the north side of the Longue Sault Reserve. At the firsl 
rapids on Pine Rivet", about four miles up from Rainy River, a 
fine.grained , green, compact, hornblendic rock is exposed with a schis­
tose structure only slightly developed in it. For a mile and a-half 
farther up Pine River, to the second rapids, there are several exposures 
of the same rock. From this point, up stream, as far as it is posuible to 
travel, there are no further rock exposures. 

Thus combining all the evidence at our disposal regarding the dis­
tribution of these Keewatin rocks on the north side ofR:iiny Rive1., be_ 
low the Longue Sault, we find that they have an extensive development; 
anrl although they are for the most part concealed by post-glacial for­
mations, it appears to be tolerably certain that they have a breadth 
across their strike of at least eight miles. The main branch of Pine 
R.iver flows in a vV.S.W. direction in a shallow valley which has for its 
southern boundary a fairly well ,mnrked ridge. This ridge, though 
covered with soil and well rounded, is, I take it, the continuation of the 
Kishkutena ridge, which makes itself apparent in spite of its mantle 

mshkutena, of post-glacial formations. It was found at Night-hawk Lake, Kishku­
~~0~~b\~1\~1~Les tena Lake, and at Little Kishkutena portage, that the line of contact of 
of contact. the Laurentian gneiss and the Keewatin rocks lies in the valley or de-

pression which skirts the Kishkutena ridge on its north-west side, and 
it seems probable that the conditions which were observed there con­
tinue to prevail to tbe south-west, so that the valley of the main 
branch of Pine River corresponds with that in which lies Night­
hawk, Kisbkutena and Little Kishkutena Lakes, and the line of con­
tact of the Laurentian and Keewatin coincides approximately with 
the course of Pine Rivei· from Sec. 36, tp. 3 S., R. XXVI, to Sec. 18, 
tp. 3 s., R. xxv. 

Otherexpooures West of Pine River, the next exposure of the Keewatin rocks on 
on Tutiny River. Rainy River is at the mouth of Rapid Ri\'e l" on the American side. 

~cewat.i.n n.nct 
.1 .1a.urent.1an 
rocks on S. E . 
coa,sL of La,kc 
of the Woods. 

The rocks here are not, however, hornblende schists ot· altered traps, 
but fine-g1·ained, grey, compact, elastic rocks, i:.uch as occur in the 
upper portion of the Keewatin series. They are distinctly bedded and 
in places slightly schistose and micaceous, and clip N. W., < 60°, the 
strike corresponding with the cour se of Rainy River immediately 
:lbove Rapid River. Th e only other formations observed on Rainy 
River, from Rapid River down to the L ake of the Woods, are of post­
glacial origin. 

At the mouth of Rainy River and on the south-east shore of the Lake 
of the Woods, between Hungry Rri,ll aud Little Grassy River, we 
again meet with the Keewatin rocks, although only in isolated ex­
posul'es, and then much mixed with the Laurentian gneisses. This 
portion of the lnke is unique in running transverse to the strike of 
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the rocks, a circumstance due, probably, to the fact that the shore i!:l 
made up of rocky points, with sands and other post-glacial matter 
filling up the intervening hollows. Were the loose deposits removed, 
we would have, as is the general rule in this region, long, narrow bays 
or channels occupying their place, and lying between the ridges which 
terminate on the lake shore in the rocky points above mentioned. 
On these points and at the mouth of the river, the roe;ks are found 
to have a very regular strike of W.N.vY. to N.\V. and it would seem 
that to the westward of Pino River they gradually curve around 
from an E. and w. strike to one having a bearing of w·. ~. w. and 
then N.W. This inference is borne out and supported by the faet, .~t~f~'k~e 
that the bed of Rainy River curves around precisely in the way rlrawn from 

topogmphy. 
indicated, and the close dependence of the physical features of the 
counlry upon the geological 1:>tn1cture gives such a fact great signifi-
cance, where direct evidence as to the strncture is wanting. \Vhcre\·e1· 
rock exposures ham been noted on Rainy Ri,·er, the s trike has been 
invarial!ly coincident with the course of the river at the particular 
place where the rocks crop out, and there is good reason for believing 
that where they are not so exposed, the coul'oe of the river indicates 
the strike of the underlying roc·ks.* 

At the mouth of Rainy River, on a small island near l\1ichel Morri- ~.~s.'E.a~~o~t of 
~can's house, and on the lighthouse plot, there are exposed rather ~~1~::i~: the 

massive, black, green, cry:>talline, hornbl ende schists, which are com-
posed sometimes of hornblende only, and sometimes of hornblende and 
felspar. These schists strike N.W. Following the shore 1101"thward 
there is no othel' rock exposut·e for six miles, when a low point 
juts out of the sand which is mostly made up of black, green, horn-
blende schist, striking 100' to ll0°, but with considel'ablc biotite gneiss. 
The latter is often associated with the schist so as to produce a very 
evenly banded appearance, but here and there t he gneiss cuts the schi:st 
transversely, as if the g neiss had been injected along the planes of 
cleavage of the schist and thmi produced the banded appearance pre-
sented. Half a mile farther along the l:lbore, asimilal' point is composed 
entirely of black-green, hornblende schist, st1·ike 110°, dip vertical. On 
Burton's Island, the rock is a grey, Giotite gneiss, strike 100'-', and Burton's Islnnc 

similar rock occupies the small bare islet just to the north-enst of it. On 
the neck of land which runs out from the main shore, about ha.If a-mile 
to the N.E. of Bul'ton's Island, the rock is a mixture of hornblende 
schist and bioti te gneiss, often presenting a remarkably even ribaud eel 
aspect, but still affording sufficient evidence of the intrnsive character 

•Dr. Bell observes in his roport for 1873-74, on much less evidence tbnn is at my dispositl, that 
"there is reiison lo believe tbrit under these supcrficinl deposits a broitd b:wd of Huroninn 
(Keewntin) rocks crosses the lower oection of the riYer." 
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of the gneiss. The strike is here 120°, dip vertical 01· north at very 
high angles. Half a mile farther north, the same mixture of horn­
blende schist and gneiss is observable, strike 115°. On a small shoal 
about half-way between Burton's Island and the south end of Bigsby 
Island, which is strewn with huge angular boulders of gneiss, the rock 

Windy Point. is hornblende schist, strike 155°. On the extremity of Windy Point 
and on Buzzard Island, as well as the extremity of the po1ut of land 
which forms Indian Reserve 35 E. the same mixture of hornblende 
schist and gneiss occurs, the prevailing strike being 145° to 150°, and 
the clip either vertical 01· to the north, at angles not less than 75°. On 

Little Grassy the shore south of the mouth of the Little Grassy River the rock is 
River. biotite gneiss. North of the Indian Reserve 35 E, the only rocks ex-

Diffuse 
character of 
Kcewfl.tin 
trough on S.E. 
coast of La.ke 
of the Woods. 

posed are gneisses. 
Thus the trnugh of Keewatin rocks, one of the confines of which 

we have traced , with va1·ying degrees of certainty, from 'the N. E. 
corner of Sabaskong Bay, and indeed from the extremity of Rabbit 
Point,* in a sort of a horse-shoe cUl've, around by tho south of 
Kah-timi-agamak Lake, along the north-west side of the Kishkutona 
ridge and the south side of the Pine River valley, out to the Lake of the 
·woods agaiu, app0ars, as it eme1·ges upon the lake, to be very shallow 
and diffuse. All that remains apparently of the voluminous series of 
schists. are the bottoms of in-pinched folds, much mixed with the gneiss, 
in which. in its once soft and plastic state, they appeat· to have been 
immersed. 'l'o define the limits of the belt in its scattered, diffuse and 
brecciated condition is not possible, and it only remains to be noted 
that it is extremely probable that the belt, which has been traced, as 
above indicated, for five-sixths of a com1Jlete circuit, once closed upon 
itself, before excessive denudation removed the other sixth whose 
place is now occupied by the watel's of the Lake of the Woods between 
Rabbit Point and Windy Point. 

Limits of Having thus traced out, as closely as field conditions will allow, one 
Keewatm rocks f h l . , l h Ir . b l I · I f · h to the eastward. o · t e im1tmg ec ges oft e \.eewatrn e t a ong its inc o contact wit 

a great central, more or less circular or elliptical mass of Laurentian 
gneisses, we may cross the belt at any point and proceed to examine 
the limits of its distribution to the eastward. We may begin the 
tracing out of the more easte1·ly edges of the area of the Keewatin 
rocks in the neighbourhood of Clear-water Lake on the Kishkutena 
route. He1·e the belt is nnnowest, being not more than three miles 
wide in a direction transverse t.o the strike, which is about N.E. and 
S.W. In crossing the belt, from the granitoid gneiss on the one side 
to tho same rnck on the other, we pass over the upturned edges of 

Clear-water h J d b Th ] CJ Lfl.ke section. strata w ich ie in a sharply folcle tl'oug . e roe rn on .ear-wate1· 

• v. Annual Report, 188.5, p. 77, cc. 
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Lake which occupy the middle of the trough, or the upper portion of 
the Keewatin series, ~re very largely volcanic rocks of an acid 
chat'acter, being mostly felsites more 01· less slaty and schislose, glossy 
set'icitic schists, and felsitic agglomerates (altered quartz-porphyries 
and their tuft's) with, however, some more basic rocks such as serpen­
tine and agglomerates, or conglomerates (?), in which the matrix is a 
green, rather massive schist and the inclusions blotch-like masses of 
felsite. The sides of the trough oi· basal portions of the series are 
made up of altered traps and black hornblende schists. On the cast 
i;ide of the trough, portions of the basal fot'mations of Lhe series have 
been removed by the disturbance as:;ociated with the il'l'uption of the 
gl'eat mass of granitoid gneiss with whi ~h the belt is in contact., so 
that the granitoid gneiss comes against the higher formations of the 
series, or the middle portions of the trough. This mass of Laurentian 
gneiss on the east side of the Keewatin bGlt on Clear-water Lake will~ t 1 b' 

1_,en rn. sc 1st-
be found to be the counterpart of the large circular or elliptical mass encircled nren 

· of J,a.urenLinn 
of Lalll'entian gneiss described as encompassed by thG Keewatin belt 
from Rabbit Point around by Sabaskong, Kishkutena, and Rainy River 
to Windy Point on the Lake of the Woods again. In general shape, 
dimensions and character of rocks composing it, as well as in the 
nature of their relations to the belt of rocks encompassing them, the 
two masses or areas are perfoctly analagous. I shall, therefore, pro-
ceed as before to tl'ace out in such detail as is possiblG the contact of 
the edge of the Keewatin belt with this central mass of gneiss, so that 
there may be no misunderstanding as to the data upon which the map-
ping is based, no1· any confusion between what is observed fact and 
what conjectural. The most northerly exposure of this contact on the 
east side of the Clcar-wate1· is at the bottom of Sunny Cove three mile~ 
and a-half from the north end of the lake. Tbe Keewatin serie;:; is re- Contact of 

t d t h t t b £' J • h ' t 'th I . L:turnntian presen e a t e con ac y a grey ie s1 te sc is w1 q uar z grams anr1 Keewntin 
1 l h ) h . 1 h · on Cle tuwn.Ler (a terec quartz-porp yry w 1c 1, towards t e contact, merges 111to a Lake. 

fine grained grey gneiss by reason of the development of biotite in 
P.lates which lie in the schist planes. Tbe Laurentian gneiss is coarse 
gi·ained, rGddish to gray in color, very quadzosc and only very feebly 
and indistinctly foliated, and in places not at all. The west and south 
shores of Sunny Cove arc occupied by this g ranitoid gneiss, and also 
the shol'e of the lake for oearly half a mile south of the cove to a poin t Chn.rn.cler of 

directly opposite Hazy Point. South of this the shore is occupied fol' r ock>­

about one mile by the Keewatin rocks. At the eon tact opposite Hazy 
Point an agglomerate made up of a rather massive green schist matri x 
with blotches like felsitic inclusions comes in contact with the gneiss. 
This agglomerate, together with a much larger propo1·tion of felsite 

·schists with <J.Uartz grain~ (quartz-porphyries), occupies this mile of 
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shore to the ent1·ance of Gloomy Cove, where the altered qum·tz po1·­
phyries come in contact with the granitoid gneiss, which is here very 
distinctly foliated in contrast to its more granitoid aspect at Sunny 

Alten>tion o f Cove. As before, when the altered quartz-porphyries approach the 
~~:,;t;:l'l. Laurentian gneiss the alteration becomes mor ' and more pronounced, 
~,~\~~o!~ien.r and they pass into fine grained, gray gneisses by the development of 
t~: 1','.~.:~~~t~~n biotite, so that there can be no doubt but that this passage, from a 
gneies. quartz-porphyry to a fine grained gray gneiss, is the result of contact 

metamorphism, Ot", more generally, to a metamorphism of disturbance 
analogous to that which Lehmann states bas produced the granulites 
of Saxony. From the north side of the entrance to Gloomy Cove the 
shore of the lake and one 01· two of the off-lying islands are occupied by 
the Laurentian gneiss, to a point on shore a mile and a-half southward, 
measured in a straight line. At this point, which is at the mouth of a 
small stream, half a mile south of Burnt Narrows, the Laurentian gneiss 
is again obse1·ved in contaet with the gneissic modification of the 
altered quartz-porphyries of the Keewatin . On the west side of the 
lake, less than half a mile from the contact, the Keewatin rocks have 
been much less a.ffocted by the metamorphosing influences of the Lau­
rentian gneiss, and consist of what are ordinarily termed felsite schists 

Dip of qie (quartz-porphyries), and felsitic agglomerate schists. All along the 
~~e3;:.nS1~ rocks cast side of Clear-water Lake the dip of the schists is to the cast or 
La.nrentinn d b L t' . t l . f 700 800 F gneis>. uu er t e auren ian gneiss a ang es varymg rom to . 1 rom 

the neigbboul'hood of Burnt Narrows on Clear-water Lake, the trend 
Bend.in the 0f the line of contact between Laul'entian and Keewatin bends around 
trend of the 
ro~k, . to the south-cast vel'y sharply, in accord with a similar sharp bend in 

the stl'ata of the eastern portion of the Keewatin belt, and is next 
seen at a point about five miles and a half distant on the shore of 

Hornbl ende Lake Despair. Hel'e a band of black-green, hornblende schists, the 
~~;~~r~" Lake regular basal formation of the Keewatin, come;; in between the 

Laurentian gneiss and the fine grained gray gneisses of the cent1·a.l 
pol'tions of the Keewatin trough, which are presumably the alter­
ation products of quartz-porphyries. This band of hornblende schists 
is well exposed on Lake Despail' for a distance along the strike of 
two miles and a-half, and across its ent.irn breadth. Associated with 

Serpentine these schi~ts at the bottom of South Bay is a considernblc mass of 
in midclle of b 
tho bn.nd. se1·pentine which will e referred to again. The schists appea1· to con-

stitute the true basal member of the Keewatin series. The Lau!'entian 
l'OCks with which they are in contact to the north-east are forthomost 
part coarse-grained, reddish to gray, hornblende syenite gneisses, with 
a sparing amount of quartz and biotite, the latter often appearing to 
be merely an alteration product of the hornblende. The gneissic folia­
tion is quite distinct. The dip of the schists is uniformly to the nort~-
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east, or under the Laurentian gneisses, at angles varying from 60° or 
65° to 70° or 75°, and the planes of foliation of the Laurentian gneis" 
are approximately in the same position. In its north-westward pro- T uinning out 

o f rnh1sts, and 
longation, this band of hornblende schists appears to thin out and dii:;- its probn,~le 

• explanat.1on. 
appear at the present surface, smce they do not occur, as has been 
noted, at the contact of the Laurentian with the Keewatin observable 
near Burnt Narrows on Clear-water Lake. This thinning out is prob-
ably not due so much to an original lenticular deposition as to removal 
by absorption or displacement, incident to the irruption in a state of 
fusion of so large a mass of granitoid gneiss. With regard to the 
question of removal by absorption, it is interesting to note that the 
Lam·entian granitoid gneiss on Clearwater Lake, where it comes in 
contact with the acid altered quartz-porphyries, is a quartzose, biotite 
granite gneiss, whereas, on the other hand, where it comes in contact 
with the more basic, hornblende schists on Lake Despair it is a horn-
blende syenite with, for the most part, only a small proportion of 
quartz. The occasional occurrence, in certain portions of the gneiss 
on Lake Despair of a large proportion of quartz, such as would con-
stitute it a granite gneiss, seems indicative of an imperfect mixture. Continuation of 

On the shores of South Bay of Lake Despair, this band of homblende ~g~~~e~r­
schists has a breadth across the strike of at least half a mile. In its Litke Despair. 

southward prolongation from this point the band appears to curve 
around to the south-west, and t b strike in the direction of Rainy River, 
in the neighbourhood of the Longue Sault, where the schists are next 
seon in considerable volume as already noted. In the intel'val between 
the South Bay of Lake Despair and Rainy River, however, t he country 
is mostly covered by post-glacial deposits, and the continuity of the 
rocks cannot be traced. 

North-eastward from the miJdle of the east side of Clear-wate1· Lake Line of contact 

the actual contact of the Keewatin and Laurentian has not been traced G1~.~~.~;~,: or 
out for several miles. The distribution of the rocks on eitbe1· side of Litke. 

it has, however, been established so well that the line can be mapped 
with approximate precision. The west side of the north end of Clear-
water Lake and all the shores of First Quill Lake, Narrow Lake, Link 
Lake, and Pipe-stone Lake, are occupied by Keewatin rocks which are 
mostly altered traps and hornblende schists. A long ridge of these 
schists runs down the S. E. side of Pipestone Lake with a strike of N .-
E. and S.W. This ridge is crossed at two places by depressions through 
which waters from the south flow into P ipestone Lake, and at each of 
these places the contact can be accurately located. The first of these 
is at Stone-dam rapids where Stone-dam Lake empties into a bay of 
Pipestone Lake. A short distance above the rapids the schists give 
place to a rather coarse-grained homblende-syenite gneiss. This gneiss 
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Cont:t0t on is observable, with variations in composition, such as addition of a 
StonedamJ,ake. 1.ttl · ]] h f b" · th l · 

Contact on 
Creek flowing 
into Pipestone 
Lake. 

i e quartz occas10na y, or t e presence o more iotite an usua , m 
continuous exposure for over twelve miles on Stone-dam Lake, Loon 
Lake and Jack-fish Lake to its extreme S.W. end. The line of contact 
between the Keewatin rocks and the Laurentian must lie between tbis 
line of exposure and the exposures of the Keewatin rocks on Olear­
'vater, Pipe-stone and intervening lakes. The line of contact is 
assumed, as is generally the case where clearly observable, to be 
parallel to the strike of the Keewati n schists. A line drawn, therefore, 
from the point of contact on Clearwater Lake to that at Stone-dam 
rapids, parallel to the strike of the schists on Pipe-stone Lake, must 
be approximately the line of contact which we at'e endeavoming to 
trace out. 

The second place at which the ridge of the Keewatin schists on the 
south-east side of Pipestone Lake is crossed, is a little over a mile east­
ward of Stone-dam rapids where a small creek flows in from the south, 
aud the point of contact is in the projection of the line just sketched, 
the strike of the rocks being 85°. 

Line of contnct About four miles to the eastward, Kaiarnkons Lake affords easy access 
skirti n!? north 
shore of to the rocks, and the line of contact of the Keewatin hornblende schist;; 
Kniarskons 
Lake. and the Laurentian gneiss is found to skirt the northern edge of the 

Gnei~s 
trn.versing 
hornblende­
scbists and 
including 
a.ngula.r 
fragments of 
the s11,,me. 

lake and to be obsel'vable at a number of points, some of which a.re 
good exposures. The first of the.se is at the N.W. corner of Kaiars­
kons Lake where a small creek flows in from the north . The Kee­
watin sel'ies is represented as usual by a. black, glistening hornblende 
::;chist. The schists are peculiM in having imbedded in them large 
crystals or nodules of white altered febpar, which cause them to 
resemble closely the basal formation of the same series whel'e in con­
tact with the Laurentian gneiss on t he north side of White-fish Bay, 
Lake ofthe Woods. The Lanrentian gnei::ls is a coarse-g1·ained horn­
blende-syeni te of gl'a.y colo1·. The gneiss travernes the hornblende 
schibts in different directions, but most commonly in the direction 
of the planes of fission. Angular fragments of the schist are 
also contained in the gneiss. The general strike of both schist. and 
gneiss is about E. and vV. The Keewatin rocks extend away to the 
north, and the Laurentian gneisses have an extensive areal exposure 
to t he southward. 

Cond itions of Two miles farther ea.st, in the same line, the contact is a.gain observ­
~~.~~~~~ farther able on both sides of the na.nows of the north arm of the lake. The 
f~'~~~skons hornblende schists of the Keewatin, which occupy the country to the 

north, a.re seen in direct contact with the coa1·se syenite gneiss of 
ICa.ia.rskons Lake on the east side of the narrows. The strike of the 
schists is about 105°, and_!he dip south, or under the gnei~s, at < 80° 
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The schist i8 traversed by small ine.gula1· dykes of the hornblende 
syenitc gneiss which emanate from the main mass. On the west . 
side of tbe narrows there appean; to h:we been a partial fusion of the 
schists with the gneiss, and portions of the fol'mcr are included in 
the latter. 

About half n: mile farther to the east, in the same line, at the east end 
of the nol'th arm of Kaiarslrnns Lah-, the contact can be very closely 
located, but not actually observed. The same statement is tme of the 
contact half a mile still fm·ther ea~t on the opposite shore. In .both 
these cases the two different rocks arc tr'.lceable on eithe1· side to within 
<'t very short distance of the contact, so that its location may be said to 
be definitely determined. 

Eastward of the point on Kn,iarskons Lake wh ere the contact wa8 Interception of 
1. f' I h line of contact first noted, the 1ne o contact eurves al'Ounc somew at to the south- on Manitou 

ward along the north side of the lake. After leaving the lake the line canoe route. 
continues apparently in this same curve till it is next intercepted on 
th e Manitou route near Cedar :N"anows on Pickerel Lake. Where tho 
line crosses the N n.t'rows, there is very clear evidence of a fault, where- Fnult :tt 
b · h · j h ff l d'ff · J d' l . Cc<larNarrows. y th crocks on e1 t er s H c ave su erec a 1 er en t1a 1s ocat10n in n. 
horizontal direction of about 2000 feet, tho northwal'd thl'ust being on 
the east side, and the southward thrust on the ·west side of the fault 
line which runs N'. N.E. and S.S.W. On the west side of the lake tho 

. contact between the Laurentian hornblende-syenite gneiss and the 
black-green hol'nblende schi~tB of the Keewatin can be located within 
a few yards. On the east side the actual contact is visible 
just at the ua1Tows. Here the hornblende schists appear to have 
undergone partial fusion with the syenite, and for a few yards there is Api>arent 
a sort of tl'ansition bot ween the two distinct types of rocks,· and within 1 u1s!otn of d 

SCllS s an 
the hornblende schists, distinctly recognisable as such, there may ~~~t~,~tt 
occasionally be detected large crystals of red felspar, which is quite 
foreign to these r-0cks, as if the felspathic magmas had penetrated 
within the schist and et·ystallized there in the same large crystals in 
which they are wont to appear in the coarse gneiss. In tho belt ofinclu•ions of 

. b th. . t cl R . L k f f h b hornblende gneiss etween is porn an amy a e, ragments o t e lack schist in gneiss. 
hornblende schist included in the gneiss are not infrequently met with. · 
The strike of the schists at the contact is about 95°, and the dip at the 
north at < 72° to 76°. 

East of Ceda1· Narrows the line of contact bends sliirhtly to thee 
~ ontnct on 

northward in harmony with t he northward trend, which the country llo.t Lake. 
to the east of the nanows has received. It is next intersected at a 
point three miles and a-quarter distant on the shores of the north end 
of Bat Lake on the Little Canoe River route. Here the Laurentian gneiss, 
instead of being a hornblende syenite, is a very coarse mica-syenite 

3 
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with only a snborclinat>e amount of quartz. The line Cl'Osses the lake half 
a mile from the podage at its extreme no1·th encl, and can be located 
very closely, though not with absolute precision on either side of the 
lake. On the east side of the bay which leads up to the portage the 
hornblende schists of the Keevrntin have a strike of 1±5°, and dip N.E. 
at< 35°. The country to the north, which is well exposed, is occupied 
by the Keewatin rocks, while that to the south is Laurentian. It is 
this known diRtri bution of rocks on either side of the contact line, as 
well· as tl<le knowledge of the precise localities at which it is intersected 
and observed at irregular intervals, that enables us to trace out, with 
great certainty, the locus of the contact of the Laurentian and Keewatin 

C9ntaqt on across country. The next point of intersection is on the Big Canoe 
P1ckw1ck Lake. R" h l d f p· 1 · l L ] B · 1ver route near t e ower en o lC rw1c;;: a rn. etwee..1;1 this point 

and the last noted on Bat Lake, tho line of contact bas apparently 
a N.W. and S.E. courKe. Jmit where it crosses Pickwick Lake its course 
is ah6ut clue N. and S. and the hom blencle schists, whose strike is coin­
cident with this, llip to the E. or away from the Laurentian a.tangles 
varying from 65° to 90°. The Laurentian gneiss is a coarse hornblende 
syenite. The distauce from the contact on Bat Lake to that on Pick­
wick Lake is seven miles and a-half. But the country to the north and 
east is accessible and known to be occupied by Keewatin rocks, while 
that to the south is all Laurentian gneiss, whore it has been examined 
along the canoe routes. On Pickwick Lake tho actual contact is con­
cealed by a narrow, marshy bay on the south side of the lake, and by 
the forest coming down to the water's edge on the south side. The 
rocks on either side of the line have, however, been traced close up to 
the contact. 

Contncton Although the course ofthe line of contact, where it crosses Pickwick 
Big Saw-bill 
Lake. Lake, is locally N. and S., the general course, after leaving that lake, 

appears to be as before, N.W. and S.E., for , at six miles farther on in this 
direction the contact is again observed at the N.E. end of Big Saw-bill 
Lake~ Bere, however, t he black-green hornblende schists of the Kee­
watin are not, as heretofore, in contact with a coarse syenite gneiss, 
but with a quartrzose, biotite gneiss of much fine1· texture and occasion­
ally vary evenly lamina ted. The strike of the hornblende schists and 
gneiss at the west end of the portage leading to Otukamamoan Lake 
is about 1 '70° ; a little farther south the line bends around to a north 
and south curve, i:-kirting th e west side of Big Saw-bill Lake. 

Sha !!owin:;: 0 ,1 t South•eastward of Otukamamoan Lake, the Keewatin trough, one of 
ofKeewatin l l b · dd l h 11 trou:;:h on whose ec ges we 1ave een tracrng, su · en y s a ows out; and, 
£;.J..~~ma,moan although on the west side of the lake, it occupies a breadth of nearly 

oight milt:ti, it breaks up on the east side of the lake and to the south­
eastward of it, into thre~ narrow tongues, so that the broad belt 
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appears to end abruptly in a sort of trident fork. The two more 
northerly of these tongues appear to taper out altogether Rome few 
miles east of the lake. The most southerly appea1·s to be more con­
tinuous. Its south-western edge is the continuation of that which has 
been noted as in contact with the Laurentian gneiss on Big Saw-bill 
Lake. This tongue of the Keewatin belt has a breadth, measured from 
the south end of Big Saw-bill Lake to the south end of Otukamamoan 
Lake, of between four and five miles. Sob1th-eastward from this it tapers Continuation ef 

very rapidly and crosses Reugut llay of Rainy Lake at Cliff Narrows ~~d;it"~~Y 
in the form of an attenuated syncline a few hundred yards in width. 
This synclinal trough is but a pinched-in r emnant of the basal portion 
of the Keewatin series. The rocks composing it are much shattered, 
and the underlying gneiss sends apophyses int.o it in various directions. 
Fragments of the hornblende schist also are found imbedded in the {;;i~r-1:~~.fJed 
gneiss to the north and south of this attenuated phase of the belt, quite in gneiss. 

profusely. The strike of the rocks at Cliff NatTows is about east and 
west on the average, though it varies much locally. The dip of the 
schi8ts is distinctly that of a syncline, being to the north on the south 
side of the band, and south on the north side at high angles. Traced 
still south-eastward this attenuated band of the Keewatin rocks appears 
to ~xpand again and merge into the bi·oad belt of these rocks which 
occupies the country between Little Turtle Lake and Seine River. 
In the neighbourhood of Little Turtle Lah, this belt appeai·s to bifur- ~~~Xt~l~nT~e1~tie 
cate ; one branch, the smaller, striking off to the N-E. accrosR the nar-Ln.ke. 
r(')WS of the lake, and across H eron River and .Big Tul'tle River. 
Where it crosses the narrows of the lake, it is much mixed wit.h the 
Laurentian gneiss, which penetrates it i 11 a1l directions, and which 
holds, in the neighborhood of the contact, great numbers of fragments 
of the schist which are generally quite angular. 

The northern edge of the other branch, the Seine River belt of the Serue River 

Keewatin rocks, skirts the the south shore of Little Turtle Lake, that f{~~,~~tio rocks 

entire shore with the exception of two miles ofsyonitic gneiss about the 
middle of the lake, being occupied by green schists. At the east end 
of the lake and on the north side of the lake between the Big aud 
Little Turtle rivet's, there is a band of mica-schists and fine-grained, 
evenly laminated gneisses between these green schisls of the Keewatin 
and the granitoid Laurentian g neiss. These beds have a thickness 
of perhaps 2000 feet, and are analogous, both in petrographical 
characters and in geolog·ical position to the rocks of t he Coutchiching Coutchiching 

- ' series. 
series, so voluminously developed on the south side of Rainy Lake, 
which they seem here to represent. Both the Coutchiching and Kee­
watin rocks have, at the east end of Little Turtle Lake, a common 
east-and-west strike, and a dip to the northward under the Laurentian 
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Dip of schists gneiss of from 45° to 80°. The schists which skirt the north ~bore of 
under Lnurcn-
tian gneiss. the lake between tho Big and Little Turtle rivers al'c much traversed 

by a salmon tinted rock, which has the characters of a felsite or quartz­
porphyry. This rock cuts the schists in differrnt clil'ections, but mostly 
along the planes of fission. In places this quartz.porphyry assumes a 
distinctly crystalline aspect and shows a gneissic arrangement of the 
minernls. 1'hese cha1·acters become more pronounced as the Lauren­
tian gneiss is approached, and it finally appears to merge into the latter· 
rock, the gradation being riuite analogous to that often observable at 
the periphery of a granite boss where the apophyses from the main 
mass, having cooled more rapidly, appear as fine textured porphyries. 

Resuming again the inquiry as to the position of the edge of the 
Keewatin belt as it bends around at the west encl of Little Turtle Lake 
and strikes to the Vl.S.'W., we find that the actual contact of the basal 

Evidence for beds with lower rocks is not easily observable fiw about ten miles till .it 
~·~~~it':t~iine appears on the north shore of Swell Bay on Rainy Lake. The mapping 
:tt~~'\in~.~~~1 • of the line of contact, for thiR interval, depends on indirect evidence. 

Keewn.tin 
trough on 
Rainy Lnke 
flnnked by the 
schists of the 
Coutcbichino: 
series. 

Contact of 
Coutchichinl! 
and KePwrttin 
on Swell Bny. 

Tbi t; consists of the known distribution of the Laurentian gneiss and 
Coutchiching schists on the shores of R.edgut Bay and on Little Otter­
tail Lake on the one side, and on the othe1" the known distribution of 
the Keewatin rocks on Bad Vermilion Lake, Seine River, Seine Bay 
and Swell Bay. 

The Keewatin trough, from its northern edge on Swell Bay, one 
mile east of the Bear's Passage, to its southern edge on the first bay of 
the Seine River and north of'Halleluiah Point, has a breadth 0f about 
five miles. This trongh i8 flan keel on either side by the rocks of the 
Coutchiching series, which dip under it, forming the floor upon which 
the Keewatin rocks rest, and lying between the latter and the still 
deeper Laurentian gneisse8. At the contact of the two series on Swell 
Bay, one mile east of tho Bcae's Passage the mica-schists of the Cout­
chiching and the green homblende and chloritic schists of the Kee­
watin have a common dip of from 60° to 75° E. 15° S., and there is no 
evidence of an unconformity between the two series, only a marked con-
trast in their petrographical characters, which is persistent througout 
the series. The same contact, it may be mentioned, is also observable 
three.quarters of a mile to the N .:N.E . at tho bottom of an inlet of Red­
gut Bay, where tho direction of tho common dip is 10° more to the 
south. 

On the ~outb edge of the trough the contact of the basal portion of 
the Keewatin series, with the upper beds of the Coutchiching, is 
approximately observable, as ah·eacly mentioned, at two places, viz.: 
on the shores of the first bay of thG Seine River and again to the north 
of Halleluiah Point. At both places, the immediate contact is concealed, 
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but t.he exposed rocks on either side arc only about 100 yards [tpart. 
On Seine River the lowel' serie::i is represented by mica-shists and Contnct of 

the upper by soft.green hornblendic and ch Jori tic schists, overlaid by ~,;;\tR~~.~~~Fn 
.a thick bedded formation of scal'cely schistosc altercu trap. The on Seine River. 

schists of the two series have a common strike of about 75° to 85°. 
Farther np stream the contact between the two sei·ies can be traced at 
.a number of points, and it appears to adhere very closely to the direc-
tion of the river. The Coutchiching schists occupy the south side of tlrn 
river east of Kettle Point, and the south side of the east end of Grassy 
Lake, while the Keewatin rock~ are on the north side. The contact is 
-crossed on the Rat River portage and farther east it runs through the 
middle of Wild Potatoe Lake, the Keewatin schists occupying the 
north sbore, and the Coutchiching the south. The same i;; tme of 
Partridge Crop Lake. In all of these cases the strnctural planes of the 
Keewatin rocks are parallel to those of the Coutchiching, and so far as 
this is indicative of conformity, the two serie~ are conformable. But 
~swill be pointed out in another place there are other weighty facts 
which indicate an unconformable relationship. The dip of the Cout-
-0biching rocks near the contact is to the north, under the Keewatin or 
.quite vel'tical. This vertical attitude is, however, only assumed in Vertical 

_ . n.tt1tude of 
dose proximity to the Keewatin trough, for, a, short distance to the Coutchiching 

. . . rc,cks us they 
south, the Coutch1ch10g rocks dip nol'th ward at low angles, and only i>lunt?e und~r 

I d · ll l · 1 l~ · h ] the Keewatin. p unge own vert1ca y1 on approac 1mg tie . \.eewa.tm troug , t rn 
superincumbence of which is undoubtedly the cause of the higher 
angle of dip. At the contact between Halleluiah Point and Seine Bay, 
there are apparently no green schists of the Kecwati!') series between 
its massive altered trap:> and tbe mica-schists of the Coutchichiug. 

From the vicinity of the mouth of Seine River and Swell Bay the Coimeof 
. . l{eewntin 

trough of Keewatin rocks can be traced very d1stmctly, in a vV.S.W. tro~gb through 

d. f b . h .1 . lh1ny Lake. 
-direction across Rainy Lake, for a 1sta.uce o a out eig teen mi es 10 

a gradually tapering belt, flanked on either side by the schists of tbe 
Coutchiching series. All the islands of the lake have rocky shore:> and, 
.as a. glance at the map will shew, a study of these sho1·es should afford 
us very much more abundant data for the mapping of lhe different 
formations than can ordinarily be obtained inland. 

Along the northern edge of the trough, from the north side of Swell N.,rthern edge 

Bay, the contact of the green hornblendic and chloritic schists of the g~"\\~0e'dg~Y 
Keewatin and their associated bedded traps, with the micu.schists of(~0~~~~hi'cfhing. 
the Coutchiching, has bee;1 t raced as mapped . It runs across the 
southern portion of Dude Island, through the middle of Morton, Armot, 
Sand Point, Angling and Red Pine islands. Red Sucker, Jack6sh and 
Stop islands and Medouganak Point, are occupied by the Coutchiching 
schists, while Grassy Island and the south and west shores of 
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Rat-root Bay are occupied by the Keewatin schists. Thus the line of 
division between the t\.vO series on the northem side of the Keewatin 
trough can be m:ipped with great precision , although considerable 
p01-tions of it are concealed by the waters of the lake. 

Along this line, the dip of the roe:ks of the two series is the same, and 
is always at high anglee, generally varying between 70° and 90° 
although occasionally 6.00. The dip is very frequently reve1·sed s<> 
that the Keewatin rocks dip under the Coutchiching. 'rhus on Armot 
Island the dip, although at very high angles, is normal, or south, and 
tho mica-schists of the older rnries pass under the g reen schists and 
traps of the newer. Along the no1·th shore of the eastern part of Sand 
Point Island the prevailing dip is reversed, or north, so that the newer 
rocks pass under the olde1'. The dip is alw reversed in the vicinity of 
Medouganak Point where the Keewatin :;chists pass under the Cout­
chiching at< 60°. For the most part the contact of the two series is 
one of apparent conformity, and there is even a sort of transition from 
the one to the other obsen·able in many places where fissile g reen­
hornblenclic and chloritic schi:;ts ar e interbedded with more siliceous 
and micaceous ones. On the north-east end of Red Pine Island, how­
ever, a portion of tho altered t1·aps of the Keewatin which iR associated 
with the green-schists may be seen b1·eaking through the Coutchiching 
schists which abut directly upon it. On the shores of Rat-root Bay, 
the basal beds of the Keewatin are pebble conglomerates, of which the 
paste is a green schist and the pebbles mostly water-worn, rounded or 
oval pieces of vitreous or sacclrnroiclal quartz. Some of the pebbles are 
felspathio, and when r;o, are occasionally foliated. On tho south shore 
of the bay, houlde1·s of granite are observed to form part of this con­
glomerate, one bonldel· being at least eighteen inches in diameter and 
of a roughly rounded shape. 

It is extremely sign ificant that nowhere along this line of contact of 
the Keewatin with the Coutchiohing, do we find at the base of the 
former series those black, or black-green, eminently crystalline, 
glistening homblencle schists which are so prevalent at the base of 
that series wherever it is in immediate contact with the Laurentian 
gneiss. The intervention of the Coutobiching series between the 
Laurentian gneiss and the basal beds of the Keewatin enables us to see 
those beds in their least altered aspects. The eminently crystalline, 
black g listening aspect of these basal beds, when in contact with the 
Laurentian gneiss, appears to be a function of their proximity to the 
gneiss. This view is in harmony with many other facts which point t<> 
genetic identity of the Laurentian g neiss and irruptive granite. The 
rocks of both the Coutcbiching and the Keewatin series appear generally 
to be much more altered or metamorphosed, as the contact with tho 
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Laurentian gneiss is approached than they are in the middle of the 
troughs, or upper portions of the series. This g1·adation of alteration 
is analogous to the gl'adation in a contact zone of slates al'ound a 
granite boss; and the inference, supported by many other contact phe­
nomena, and by the almost identical character of the rocks, is tha1; the 
altemtion of the rocks of tbe Contchiching and Keewatin series bears 
the same relation to the gneiss that the alteration of slates of a con ta.ct 
zone bears to a granite boss. 

There is, indeed, a difference in the scale on which the operation in" Contact" and 
"regional" 

the two cases has been, so to spenk, conducted. The molten gneiss ruct1imorphism. 

being und er and al'ound these tl'oughs of Upper Archroan rocks, and 
the action long continued by reason of confinement under a snperin-
cumbent crust, the resulting metamol'phism has been more intense and 
more genernl, or regional, than in the case of a mere local intrnsion of 
granite through higher portions of the crust. But while the metamor-
phism has been regional, it has been more intense at the actual contact 
of the basal portion of tlte firm crust with underlying magmas than in 
highel' po1·tions of tbe series of formations, and in this gradation of 
results we have distinct analogy with "local" or "contact" meta-
morphism, so called_ The cont:eption of the igneous origin of the 
Lower Archroan or L :rnt'entian and the metamorphic character of the 
Upper Archrean, thus explains vcl'y satisfactorily why the basal beds 
of the Keewatin, wbern it rests on tho Coutehiehing, should not be 
similar to those same beds when resting on the Laurentian, and why, 
in the latter case, those beds should appear much mo1·e altered than in 
the former. 

The southern edge of thi::: Keewn,tin trough which stl'etches, as Southern edge 

k I d f h S~ . R' R . L k n. t B of Keewatin s etc 1e , rom t o etne 1ver across arny a e to _l_-..a -root ay, trough flanked 

cannot be traced out so satisfactorily as the northern edge, for tho 3~~[;~i~ffi:: 
reason that it is mostly concealed by the water~ of the lake. At the scms. 

mouth of Black Bay, however, the line of diviBion between the two 
series, Keewatin and Contchiching, can be located with comparative 
prec1s10n; and, as the rocks on Grind-stone, Dry-weed, and 
numerous othe1· smaller islands between the last of these and Halle-
luiab Point, are well exposed, the distribution of the rocks of the two 
se1·ies is not a matter of doubt. The south shore of the lake from the 
west side of the entrance to Black Bay to the bottom of R.at-root Bay 
is a continuous exposure of Keewatin rocks, and affords a section 
across the trough diagonal to the strike. In this section it is seen to 
be flanked on either side by the mica-schists of the Coutchiching sel'ies. 
Any attempt to follow up this belt of the Keewatin rocks from Rat- ~fl~~~~~\°nn 
root Bay, W.S.W. in the direction of tho strike is baulked by the thick ~i:J~~11~a.~~Y 
blanket of post-glacial fo1·rnations which conceals the greate1· pa1•c of~1i;,~~ conjec-
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the old rocks, and by the absence of any means of access to the 
country whereby occasional exposures of them might be noted. 

Outcrops of About twenty-five miles distant, however, in the line of the strike 
Keew1ttin rocks K t' k b 1 · b bl th· l 1 b · ' <>n Rainy Hiver. \.eewa m roe ~s e ongrng ])l'O a y to · JS same 1e tare o servable m 

two or three small exposures on Rainy River. The first of these I have 
not seen myself, but I am reliably informed that the Indians quarry pipe­
stone from a small patch of green rock that projects through the soil 
on the rive1· road just at the bend of the river in tp. ti, S.,R XXVIII. 
Such pipestone is only found in the Keewatin rocks in this region. 
Farther down the river, in the next township of the same range, I have 
observed two exposures of hornblende schists, one on either side of the 
river, and at some distance from its banks. In both instances the rea­
son of this pl'Ojection of the rocks abO\'e the level of the ·fresh water 
deposit» which cover the country is the protrusion of a trap dyke. That 
on the American side affords access to a considerable body of horn­
blende schists which have a vertical attitude and a strike coincident 
with the direction of the river at this place. The one on the Canadian 
side reveals only a fow small patches of hornblende schist adhering to 
the side of the dyke, but still quite sufficient to indicate the character 
of the country rock through which the dyke has cut. 

Laurentian and These exposures, limited as they are, give us a very satisfactory clue 
Coutchiching t 1 t f I t "f th 'd d · · · h rocks on Rniry o t 18 struc ure o t le conn ry 1 oy are const ere m connectwn wit 
River. other facts. The strike of the belt would appear to curve around to 

the N.N.vV., as is further suggested by the sharp bend of the river. In 
so bending, the belt curves around an area of Laurentian hornblende 
syenite gneiss which is exposed on Mi-. Singleton's farm, tp. 
5 S., R. XXVIII, Sec. 8 and 9. From this syenite gneiss it 
appears to be separated by a band of fine-grey bedded gneiss 
which is thus analogous petrograpbically and in geological 
position to the Coutchiching series of .Rainy Lake, though here 
apparently the series is ve1·y much diminished in volume. The exposure 
at which this fine·grained grey gneiss is seen, on an island about four 

Probable 
disposition of 
the roeks 
beneath the 
post-glacial 
formn tions. 

miles above the Manitou Rapids, indicates that the roeks, again in har­
mony with tho bend of the river curve around to the west, this time prob­
ably around an area of granitoid gneiss on the south :;ide of the river, 
of which there ii> an exposure at the foot of the Longue Sault Rapids. 
If the belt of the Keewatin rocks, which we have been tracing, thus 
curves around here, as all the evidence at our disposal indicates, it must 
merge into the expansive belt already noted on the Longue Sault 
Rapids, in the country to the north ofit, and on Pinc River. 

Thus in following up this belt of Keewatin rocks, and tracing 
out itti inner edge, or line of contact with underlying rocks, we find 
that it forms a complete eil'cuit. From Lake Despair around to 



LAWSON.] KEEWATfN SERIES . . 41 F 

Rat-root Bay by far the greater part of thi::> circuit bas been traced The Keewnti!J 
. l '] F ] . l t . I d I. h t 1 . l rocks traced m rn c etai . •or t 1e port10n t rn is concea e uy t e pos -g ac1a i1111n almost 

· f R · R' h b L' d complete deposits o the . \.arny iver country, sue ot1tc1·ops as can e ioun , circuit embrac-
together with the other evidence cited above, all point to its unbroken ~';:a"ocfentral 
·continuity, by way of the Keewatin area north of the Longuc Sault, Lomeutian. 
with the greater portion which bas actually been traced out. This 
<!ircuit embraces a great central area which is made up almo:;t entirely 
of Laurentian gneiss, between which and the Keewatin rocks of the 
south pare of Rainy Lake, there intei·venes, howeYer, a compai·atively 
small area of roe ks of the Coutehiching ~erie~. 

It now begins to be apparent that a very general areal di i"position ofGene,nil . 
L . . . h f' I l f h reln.tn•e dts-the auren tian gne1si::, wit re erenee to t rn roe rn o t e upper position pf 

A h · h f' j · l l b · . ] J,aurcntrnn and re i:ean, 1s t at o centra, e1rcu a.1· or ova areas, eg1rt wit 1 a eon- upper Archrenn 
tinuous belt of those rocks in the shape of a sharply folded trongb. rocks. 

In the r eport of 1885, on the Lake of the vVoods, one of these areas 
of gneiss, that comprising the Grande Prcsqu'ile and White-fish Bay, 
was described, and tbe inner edge of the encircling belt of Kcew:1tin 
rocks defined. Jn the earlier pages of this report it is shewn that 
the Laurentian gneiss of Sabaskong Bay and the country to the south­
ward constitutes another of these central areas, also encircled by the 
Keewatin rocks. And now it has just been indicated that the Laurentian 
country to the north of H.ainy Lake is another, the confines of which 
as limited by the inner edge of the encircling Keewatin trough have 
been traced out in detail. There will be frequent occai;ion to refer to LDifferen~ 

a.urcnt1an 
these areas and the most convenient way to do so is by name. The ureus rnuned. 
first of these may be called the Obabicon area, from the lake of that 
name in its central part; tlie second, the Sabaskong area; and the 
third, the Stanjikoming area. 

The belts of Keewatin rocks which encircle these different nreas Conttuence of 
are all anai;;tomosing or confluent. They form a continuous r e ti form ~f!J_t~c~~;ti~elts 
area, t he meshes being occupied by the Laurent.inn gneiss. At their series. 
nodes, or points of conflu ence, these belts have their greatest width. 
Elsewhere they are gen erally narrower, and at times extremely atten-
uated. 

These three prominent central areas of Laurentian gneiss arc not Other central 
the only ones. Ifwe cross the belt which e1rnirdes tbe Staojikoming~f!.~~~11,~:~·t'i.i:~~s 
area at its nanowest points, we come upon other schist-encirelcd nreas 
of gneiss besides the Sabaskong area which lies to the west of it. Some 
of these cannot be mapped with any degree of precision, on account of 
the covered character of the country ; · others extend beyond the 
limits of the l'egion examined, and can only be partially mapped on 
the sheets now published. Some of these, hO\Yeve1·, of subordinate 
importance, are withiu the limits of the region mapped. Thus on 
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l\:Iinomin Lake and Lake Despair on the Kisbkutena route, there is 
exposed an area of biotite gneiss of varying texture which is certainly 
partially and probably wholly surrounded by Keewatin roclrn. 'l'bis area 
is of comparatively small extent and occupies a position intermediate 
between tbe S:1baskong and Stanjikoming areas. It may be referred to 
as the ::\iinomin area. As has already been noted, evidence was ob­
served of another of these Laurentian areas on t.be south side of Rainy 
River in the vicinitv of the Longue Sault Rapids, but the country is 
so covered that it woulcl be hopeless to attempt to determine its extent. 

A course of five miles in a northerly direction from the southern 
edge of the Keewatin belt, on the north side of Kaiarskon:s Lake, takes 
us across the entiro wiJth of the belt at this point, at right angles to 
the strike of the rocks; and we come upon another area of Laureu­
tiai1 rocks. Only the sout.hel'D portion of this last area comes within 
the limits of the Rainy L:ike sheet. Its contact with the Keewatin 
roclrn has, however, been accul'ately determined on Hanis, Missus and 
Bluff lakes. The roeks of this Lake Harris arc:i are granites aucl 
syenites, in which a gneissic structure is in pLrne;; almost entirely 
wanting. The ma~s is regarded provisionally a~ the equivalent of the 
Laurentian gneisses of the Stanjikoming area to the soulh of the belt. 
The Keewatin rocks in contact with it arc not those of the base of the 
series, but those of its upper portion, usuaily observed to occupy the 
middle of tbe ti-ougb. Thoy arc chiefly felsite<> and febiti(' schists, 
most of which n.ppear to have been quartz-porphyries or their tuft'::i. 
The irruptive charncter of the grnnite as observed at its contact with 
those felsite$, and felsitic schists is inferred from the dykes or apophyses 
whiC'h ramify from the main mass into tho surrounding rocks. When 
the contact of the granite and schists is observed on the north-west 
side of Lake Harris about its middle, the sehists are much cut by such 
dykes. l"rom this point, south-westward, the 1vholc of the north-west 
side of Lake Hanis is occupied by granite, while the south and south­
east shores are occupied by felsites and felsitic schists, followed to the 
south-east, across the stt-ikc, by folsiLic agglomerates. The g reater 
part of the shores in the north-east portion of Missus Lake are granite, 
while in tbe south-western portion, the felsitic sehists occupy one 
shore and the agglomernles the other, as mapped. The north shores of 
the two small ln.kes to the south-west of Missus Lake arc occupied by 
felsitic schists more 0 1· less g lossy and sericitie. 

On Bluff Lake the line of contact between the Laurentian and these 
same folsiles a.nd felsitic schists, crosses tbc lake about one-third of its 
length from its outlet, the two ro0ks being very much mixed along the 
contact. 



LAWSON.] KEEWATIN SERIES. 43 F 

Jf we follow eastward that portion of the Keewatin belt, whose nf\.l'-1'11We Litke 

t . · tl f K · k L I fi ·' h t "t · 11 itrca of ' row es section 1s no1· 1 o mm·s -ons a rn, we nu t a 1 rap1c Y Lnurentia.n. 
expands and eventually biful'cates into two arm:; which embrace still 
another, and apparently very extensi\·e, area of Laurentian gncis~. 

One of these arms trends to the south-east and bifurcates again in the 
vicinity of Little Turtle Lake, as has already been described. The 
other strikes north-east and has been traced, along the shores of the Mani-
tou canoe route, as for as \.Va.bigoon. probnbly, however, with several 
laternl ramifications in the interval. The contact of the eastern edge 
of the Keewatin belt with this Laurentian aro:i. which occupies the 
north-ea;:;t cornet· of the Rainy La.ke Rbcet, .from the la.kc:; of the Contact of 

. 1 1\:eewntin belt 
Otukamamoan route across to the Big Turtle River, has been fo1ny with this n.rea. 
well traced within the region mapped. This line crosses Windigons 
Lake near the north end of the two arms into which it is divided. It 
next crosses Smooth-rock Lake near its south encl. The Keewatin 
rocks are in both instanoc8 black hornblende schists. and the Lauren' 
tian coa1·se grnnitoicl gneiss, which varies in composition from that of 
a hornblende-syenite or n horn blencle-r;mn i tc tn orcl in iwy bioti te-g ranite. 
From the south end of Smooth-rock Lake, the line of contact has not 
been closely traced but is known to lie to the west of Knhops-kilrnmak 
Lake and Sakwi-te Lake, the shores of both of which are occupied by 
Laurentian g neiss. The line of contact of tho two rricks is next observ-
able on the west side of Otukamamoan Lake, where there is the clearest 
possible evidence of tho rapid thinning out or shallowing of tho Kee-
watin trough and its breaking up into tapering tc1·minal tongues. The 
disposition of the rocks as mapped on the shore::; of Otuk:ammnoan 
Lake bas been accurately determined. 

An isolated synclinal tl'ough of the Keewatin schist~, cradled, so to Isol,ted trough 
. of J,eewatrn 

speak, m the Coutchiching schists, which are in turn flanked by the rockscrndled 
· . . . m schists of 

Laurentian gneiss, st retches from (Tash Pornt to Reel gut Bay, near Coutchiching. 
Grassy Po!'tage. The patch ca lb for no i;pecial de5c1·iption, it::; rela-
tions being the same as the Keewatin elsewhere in tho r egion . 

STRATIGRAPHICAI, RELATIONS AND STRUCTURE OF THE RocKS OF THE 

KEEWATIN SERIES-SECTIONS. 

Having sketched briefly the limits of t he distribution of the rocks ofStrntigrnphicnl 
th K t . - ] · l t th · ]' •t• I · ] h comnositionof e ecwa m sencs anc porn tee on e1r c 1spos1 ion re alive y to t e Keewatin series 
underlying rocks, we roay now consider the stratigraphica l composi-
tion of the series. It was found t ha. t it is usual ly disposed in a. 
sharply folded trough sinking down into the gnei!:'::; whic:h flanks it on 
eiilie1· side. I have selected for cli::,cussion a numbol' of lines of section 
where the whole series so for as represented is exposed. The first of 
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these sections is that afforded by t he shores of Clear-water Lake and 
the lakes of the Little Kishkutena route. It is rep!'eseuted on the 
map by the diagl'amatic.section A-B. 

Section A-B 'fhe ridge of altered traps and green i;c:hists, which has been traced 
across Clear-
water Lake. from Kishku ten a Lake south-west to Little Kishkutena Lake, and 

thence to Off Lake, has a breadth across the strike ofa mile and a half 
on the line of section. On lhe north-westward edge of tho ridge at 
the contact with the Laurentian gneiss, is the massive porphyritic 
altered trap described as Sec. 1802, p. 72. Occasionally it is schistose, 
but fo1· the most part on Little Kisbkutcna Portage, Box and B11rnt 
lakes, it is difficult to detect either bedding or schisto~ity. Such 
scbit;t planes, as are obsei·vn.ble, seem to dip to the north-west 01· unde1· 
the gneiss at high angles. On Panorama Lake, these massive traps 
give way to much more schistoRc greenstones and green hornblende 
~chist:::. These strike with the long axis of tbe lake or N .N.R and the 
dip of the schists, always at very high :rngle~, is sometimes in one 
di1·ection and sometimes in anothct'. On the line of section, these g reen 

Pe~i~~~~f scbisti; and sch istose greens tones arc seen on the west side of Olear­
cd~traracter otf t water Lake to be fol Io-wed bv a com1)a1·ati,·ely narl'OW band, somewhat 

i erent s ra. n. .J 

da;i<l \bbeir Jess than one·ei!!h th of a mile acl'OSS the strike, of felsi tic schists with 
1stn ution. ~ 

qulll'tz gmins ( q uartZ-})Ol'phyrie; ). This band, like many others of the 
same Ol' ~imilal' rocks, is non-persistent or lenticular. To the north, both 
this band and the nexL succccuing band of agglomel'ate sch ists taper 
off rapidly, and do not appear at all it~ a }Jar::tl lel section across Narrow 
Lake from Kisbkutcna Lake to First-lluill Lake, only mol'C or less 
schistosc altered traps and hornblenuc schists being found in the sec­
tion, the p1·escnt surface being doubtlet;S below the line at which may 
be found, the inpincbcd remnants of the uppe1· portion of the series. 
To the southwa1·d this band of felsitic schists al so thins out rapidly, 
for on tho west s ide of Cedar Lake the green schists of Panorama Lake 
are in c:ontact with the next succ:eeding band of agglomer ate schists. 
These agglomerate schists constitute a wide band, tapering to the north 
east and expanding to the E'Outh-west, which occupies the we-:lt side of 

Agglomerate~. the wide portion of Clear-water Lake, with the exception of llazy 
Point. All the shores of Ceuar Lake and of the two small lakes to the 
i;outh-west of it are occupied by these same agglomerntes. The 
agglomerate is throughout hig hly fobpathic, a lthongh i11 places it is 
also very largely hornblcndic 01· chl01·itic. The paste is usually very 
i;imilar in aspect to the included fragments and otten g rades into glossy 
scricitic, fol,.;itic schists, being undoubtedly the ash or tutf of an acid 
,·olcanic ejection, the massive phase of which is the quartz-po1·phyry. 
The included fragment:; a.re usually lcnticula1· where the rock is very 
scbistose as a result of pressure deforrnat.ion, but often they are quite 
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angular, sometimes rounded 01· boul<lel'-like, but not a1)parently in this 
case smooth 01· water-worn, like the pebbles of true conglomerates 
found elsewhere in the series. On the line of section, this band of 
agglomerates has a width three-eighths of a mile. To the north-east 
it thins out and disappears in less than three miles and a half. To the 
south or south-westward it expands so 1hat at a distance of th1·ee miles, 
on a section acros;; the south encl of Cedar Lake and the south end of 
the wide portion of Clear-wat e1· Lake, where the rocks arc wel I exposed, 
it bas a width of a mile and a half'. Two miles still farthel' to the 
southward on the shores of Off Lake, the coarse agglomerate character 
of the rock has wholly disappeared and we have nothing bnt the paste, 
the felsitic ash or tnff, minus the included fragments of large size. 
This pyroelastic, felsitic rock is schisto;;e in varying degree and where 
coarser-grained, a very distinct gneissic arrangement of the mineral~ 
bas been induced by pressure, and accompanied by the development of 
secondary mica. The fr11gm0ntal origin of the rock is, however, 
apparent, particularly in microseopic sections. 

All these agglomerate schistti on the west side of Clear-water Lake, 
have a strike 30° to 45°, and the clip i,; either vertical or to the S.E. at 
angles not le;;s than 75°. 

On Hazy Point they are followed to the east by a considerable Felsitic schiste. 

breadth of felsito and felsitic schists, which evidently thin out to the 
north, and on the line of section have a breadth of probably less than 
one-eighth of a mile. 

These schists Lio not appear at the north end of the wide portion of'H01:nblende 
schists. 

Clea1·-water Lake. The agglomerates are here followed by a band of 
green hornblendic sehists which have a strike 25° to 30°, and a vertical 
dip. Only a small out-crop of these green schists is exposed. They Serpentine. 
are followed immediately to the east by a band of massive serpentine, 
which occupies the west side of the lake for a distance of a mile south-
ward from the 49th parallel of latitude. Th0ugh not by any means 
a continuous bane! this massive serpentine appears to occur with 
some degree of' constancy in the middle portion of the Keewatin trough. 
On South Bay of Lake Despair a mass of serpentine is found in quite 
an analogous position to that occupied by the 11erpentine of Clear-water 
Lake. They are, probably, the altered remains of oli\'ine rocks which 
we1 e formed antecedent to tho folding of the K eewatin rocks, though 
irruptive through them. The Clear-wate1· Lake rn1 pontine is flanked 
on tho east by another band of green homble>:!dic schists and 
altered traps observable on Pot Island. Thit> appears to thin 
out to the south and is not vi~ible on the islands or shores of 
the south part of the lake. It is followed to the east hy a coarse, Blo1tcby t 

n.gg omera e 
blotchy agglome1·ate schist, of which the paste is a green hornblendic schist. 



46 F RAINY LAKE REGION. 

schist, and the included fragments, masses of a yellowish-white 01· grey 
felsitic rock. The liues of demarkation between inclm;ion and paste in 
these agglomerates is vague, it being difficult to say where one begins 

Felsite schiot.s. and the othel' ends. This agglomerate occupies the shore for about a 
mile north of the entrance to Sunny Cove. Still to the east of this we 
come upon another band of felsite and felsitic schists about a quarter of 
a mile in bn·eadth. These schists occupy the north side of Sunny Cove 
and iil10 south side of the bay, a mile a.nd a-half to the north of it. 
They also occupy about a mile of the shore between Sunny Cove and 
Gloomy Cove, aud are observed again on both shores of the lower part 
of Clear-water Lake, south of the ~arrows . To the east they are in 
contact with the Laurentian gneisses of the Stanjikoming area; and 
we have thus completed the section across the belt. The foll complement 
of bands of rocks necessary to fill out the structure of the ideal trough 

Incompleteness is lackino· along the line of section The basal member of the series of sect10n. ' o · · 
is not present on the east side. To the no!'tb-east of Clear-water Lake 
it is present in considerable volume, :;i,nd also to the south-east, where 
the belt curves across to Lake Despail'. The absence of the basal horn­
blende schists and altered traps is not to be ascribed to their primitive 
uon-existcnce, but more probably·to their removal by the disturbances 
which brought the granitoid gneiss m contact ·with the Keewatin rocks 
in their present folded state. One of the means of removal in the pro­
cess of such disturbance, would be absorption by fusion, but to what 
extent the agency has been at play, would be difficult to say. There 
are not wanting evidences that. it has played a very important part. 

Lenticular F1·om \vhat has been said of the section across Clear-water Lake, it is 
character of 
formations. apparent tbat on account of the very marked lenticular ·character of 

Interpretation 
of section. 

some of the formations, particularly the agglomerates and felsitic 
schists, that no two parallel sections would exactly correspond. The 
agglomer:i,tes and felsites, though separable petrographically, so wedge 
themselve» one within the othet', that they must be rega!'cled hel'e as 
forming t ogether a single g eological fo!'mation; an intimate genetical 
relationship being indicated by their petl'ographical characters. 

If thus regarded, the ac.tual surface section, which I have described 
as nearly as it can be ascertained, will bear the simple interpretation 
shewn in the colol'ed diagramatic section A-B, viz., thB.t of a trough 
composed of a twice-folded sel'ies of two membel's, a lower or basal one 
made up o.f alte1·ed traps and greei: hornblendic schists, and an upper 
made up of felsitic schists (quartz-porphyries and theii' tuffs) and 
agglomemtes. 

Section C-D. The second line of section selected, 0-D, is one drawn northward 
acrossKahtimi- from a r)oint north of Kishkutena Lake acros,:; Kahtimiao-amak Lake 
ngamak Lake · o 
to Crow Lake. and the south-east end of Crow Lake. The Rection does not take in 
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more than probably half of the breadth of tho Keewatin belt. In its 
main features it is very analogous to the Clearwate1· Lake sedion. It 
is interesting chiefly as shewing the great width across the ~rike of 
the 00mponent bands of the belt. Thus the mapping of the band, which 
comprises the basal member of the Keewatin series, as inferred from 
the expost•·es on Kahtiruiagmak Creek and Lake, Night-hawk Lake, 
the south shore of Crow Lake and the west side of Pipestone Lake 
gives it a breadth of very little le"8 than five miles, the schists being 
all in a vertical or nearly verlical attitude. The bedding, wherever it Attitude 

b :I d · f l · J • • l . ,i If of rocks. c::m e c etecte , as it requent y can, is a so in vert1ca attitu~,e. 

w.e take into consideration, however, the enormous jamming together 
which the rock:> have undel'gone, we can easily imagine as a result the 
complete p:trallelism of all the structura.] planes, affording a false 
appearance of a continuous section at right angles to the planes of 
deposition. Hance, it docs not seem safe to infe1· much from the five-
mile section of alte1·ecl traps and green schists as to the original normal En.ormous 

h · k f I · b £' I Ir . . I . 'd l tbtckness of t ic· ness o t 11s mem or o t le .\..eewatm series. tis ev1 ent, 1ow- h.arn.1 portion.of 

J 1 tl · l h b 0 T.- I . . heewutin series ever, t iat sue l uc i:ness must ave een enormous. n .L\.a 1t1 miaga-
mak Lake, mo1·eover, massive or only slightly schistose altered traps 
in which bedding can be detected only with mnch uncertainty, prepon­
derate very much over the mol'e distinctly bedded schists; and it is 
questionable whether these rocks, which Rhew little or no schistosity, 
and which occur in great masses, ever have been up-tilted so as to afford 
a section across their edges. .A.ssociated with the green hornblendic 
schists on Kahtimiagamak, are a few attenuated lenses of agglomerate 
schist and of greenish-grey felsitic schist with clear quartz grains. 
These bedi\ are too Rmall to permit of mapping on the :;:cale adopted, 
but their intercalation with the various beds of green schists, and the 
bedding of the latter themselves, show that the rocks are in a vertical 
attitude. But the pressure which would effect the up-tilting of these '.!'rue thiclrness 

, . cn.nnot he sa.fely 
beds might be rnaclequate when brought to bear upon a great ma~s or inferred. 

thick lens of tough crystal line dinba.c;.e; and the more thinly bedded 
rocks might be simply crushed int-0 vertical attitude against such mass. 
Considerations such as these render it unsafe to advance any figures for 
the thickness of these ~·een schists and traps, based on the measure-
ment of such a sectJon. 

This band is followed to the north on the shores of Crow Lake ·by a Beds of felsites , 

wide band of bedded felsites, and felspathic grau-wackes with other ~~~~t~i~~~es, 
elastic rocks, among which t here appear some quartzites. The rocks 
composing this band are continuously e:');posed on the south. shore of 
Crow Lake in a line oblique to the strike from Patch Island to a point 
within a mile and a half of the extreme east end of the lake. The 
rocks along this line of exposul'e have a general strike of 90° to 110°, 



Thickness 
of ba.nd. 
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and a prevailing dip to the northwal'd at angles uowhc1·c less than 75°. 
From the evenly bedcled and quite uncrumplecl condition in which the 
rocks are here observed, I am persuaded that there is no duplication in 
the section, and that t he width of tho band, corrected fol' the dip, gives 
the actual thickness of the formation. Tho width of the band, as nem· 
as can be estimated on the line of section, is about two miles, and a 
o;mall deduction from this to Co!'rcct the angle of dip gives us as the 
thidrnet>s of this member of the series 10,:200, ot· say, 10,000 feet. To 
the westward, in the vicinity of Patch Island, th is band appears to f.,hin 
out very rapidly, and to gi\e way to the agglomerates which or-cupy 
Chase Point nnd the adjacent islands. To the enstwarcl on the shol'es 
of Schist Lake and the 1101-thwest encl of Pipestone Lake, the felsites 
and grey-wackes which constitute tho hand on Crow Lake are thickly 
intercalated with formations of soft, very fissile, greenish grey, more or 
less glossy schists, which as thoy do not appear a.tail on Crow Lake 
must be presumed to thin out rapidly in that direetion as lcn~es. 

. Some of these very fissile schists are quite nacreous and are apparently 
Other inter- \ ] . L f l d h · c] h · ff: c>Ll1tted rocks in on y more sc·.11stDse })aases o a tere quartz-porp ynes an t . eu tu s, 
same b>tnd. while others a.re associated with their local beds of pebble conglome-

~rg6~~~eE';~;, 

rate, and arc in places cbargocl with dolomite which, however, appears 
to be a segregation and not n, bedded deposit. Ea,.tward from Schist 
Lake these finely fissile, grny, glossy schi:;ts are very pernistent, the 
distinct elastic varieties prevailing. They will be noted in succeecli og 
sections. 

On the line of section C-D the band of fcbites, felspathic grey-
wackes and q uartzites is followed to the north by a b!'oad band of coarse, 
well characterized felspathic agglomerntes. The greater part of the 
basin of the south arm of Crow Lake appears to hnve been excavated 
in this band of agglomerates. The extreme west end of the lake affords 
a splendid section across the whole width of the bnnJ. Its width here, 
transverse to the strike, is two miles and a half in continuous exposure. 
Westward along the basin of the lake the same rocks are well exposed 
on Shanty Point, Chnse Point and Line Point as well as on the numer­
ous iolandB between the north and south shores of this arm of the lake. 
In its eastward proloagat1on this band apper1rs to thin out and give 
way very lai·gely to the felsite;.; and gl'ey-wackes which prevail on the 
shores of Yoke and Buff lakes. These agglomerates as seen ou Crow 
Lake are mostly of a light g reenish yellow ot· grey color. They are 
usually schistose, with the inclusions of lenticnlar shape all lying with 
their greater planes parallel. Not infrequently, howeve1-, no schistose 
structure has been developed in the rock and the inclusions are not at 
all lenticular, but sharply angular. Instances of the latter va1·iety are 
prominent on the Boulder Portage where the paste is a non-schistose, 
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greenish-grey fragmental rock (pyroclastic) of rather fine grain, and 
the inclusions are sharply angular blocks of a light greenish yellow or 
dirty white felsite. 

What relationship exists between the present breadth of thcThicknessof 
band, viz: two miles and a half in a direction transverse to the ni;glomerMes. 
strike of rocks in a nearly vertical attitude, and the original 11ormal 
thickness of the formation is uncertain. But to me it seems difficult 
to avoid the conclusion that this measurement, enormous as it is, 
represent::; approximately the actual thickness of the formation. 

Thi~ baud of agglomerates is followed to the north on the line of sec- G.tbbro. 
tion by a mass, the extent of which is yet only partially known ofa coarse 
gabbro which crops out at intervals behind the agglomerates on the 
north shore of this arm of the lake for a distance of about four miles. 
This gab bro appears to have been irruptive th rough the agglomerates, 
but })l'Obably antecedent to the time of the folding. It is much de­
composed, and in places quite altered to F;erpentine. Two small patches 
of serpentine which ocenr farther west, one on Slim Point and one on 
Line Point, a!·e very probably genetically associated with this gabbro. 

The two following sections traverse that portion of the Keewatin 
belt which is })inched in between the Stanjikoming area of Laurentian 
gneiss and the Lake Harris area of the same rocks. The complete 
trough does not appear to be represented, since the rocks of Lake 
Harris break through the Keewatin in such a way as to bring the 
gneiss or granite, fo1· it is often devoid of foliation, in contact, not with 
the base of the Keewatin series, but with its upper portion. 

The line of section E-F from the narrows of Kaiarskons Lake to Section E-F. 

Bluff Lake Rhows a sequence very analogous in its general features to fc'~~rskons 
those revealed by the sections A-B and C-D. At the base of the t~~:.to Bluff 

Keewatin series n,t the narrows of Kaiarskons Lake, black hornblende 
schists in nearly vertical attitude, in contact to the south with a bl'oad 
area of hornblende-syenite gneiss, which at the immediate contact is 
mixed with the schist. 'The observed strike of the schists at this point 
as already noted is a little south of E, and the dip is to the south or 
under the gneiss at an angle of 80°. Farther north on the shores of 
Furlonge Lake the schists are green rather than black, and altered traps 
more or less i:;cbistose are prevalent. From the exposure at the north 
end of Kaiarskons Lake, and on the shores of Furlonge Lake, Pipe- 'brhickb·ness of 

orn lende 
stone Lake, Sucker Lake and Manitou Lake, all of which are very schists. 
satisfactory, it is inferred that this band of hornblende schists and 
other green schists, with their associated altered traps, has a breadth on 
the line of section of about two mil~s and a quarter. It is 
possible that the felsite schists which are repref:euted on Pickerel Lake 
to the eastward by a broad band, and on Pipestone Lake to the west-

-! 
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ward by a vel'y narrow band, may be continuous through the lower end 
of Furlonge Lake. If so, it must be very meagerly repl'csented, and 
as I did not observe such rocks, I have mapped the band as discoutinu-

Serpentine- ous. A small boss of serpentine occurs in the green schists at the 
~~~~g~u~oin southwest end of Sucker Lake; it is associated with a mottled greyish­
~!~;:.,if~~~s of white saussurite gab bro. The actual contact of this serpentine and 

Felsite schists. 

Soft groy 
.fissile schists. 

Al!':;-lomerate 
schists. 

gabbro with the surrounding schists is concealed, but thet·e is little 
doubt of its irruptive character. With relation to the othe1· rocks 
of the belt, it occupies a position analogous to the other bosses 01· 

patches of ~erpentine, (and gabbro) already noted on Lake Despair, 
Clear-water Lake and Crow Lake. These bosses of altered basic, 
massive rocks have a coarse granular texture when not altered 
to serpentine, or when 80 felspathic as to alter to saussurite. They 
seem to have been irruptive through portions of the Keewatin se1·ies 
prior to their folding, and not improbably represent the cores of vents 
from which were extravasated the more basic portions of the Keewatin 
series. 

Following the green schists and altered traps on Sucker Lake is a 
narrow band of glossy or nacreous sel'icitic felsite schists with cleal' 
quartz grains (altered quartz-porphyries). This band is doubtless con­
tinuous with the more extensive development of the same rocks south 
of the mouth of Strawberry Creek on Pipestone Lake, and with the 
band that crops out on the west t;ide of Pickerel Lake just to the south 
of the granite boss, which there interrupts the strata. The exposure 
on Sucker Lake is a small one, and from the known occurrence of othel' 
rocks on either side of it, the band must be a nanow one where it 
crosses the lake. 

Following this is a band, a mile and a half in breadth, of soft, grey, 
fissile schists with which are intercalated at least two small subordinate 
bands of green-chloritic and homblendic schists. This band is a rathel' 
pel'sistent one, the rocks com]_)osi11g it being continuous with the 
simila1· rocks already alludetl to on Schist Lake and the north part of 
Pipestone Lake. They are traceable also eastward on Pickerel and 
Manitou Lakes and on the west side of the latter lake, through to Grant 
Lake as far as the limits of the region mapped. The rocks composing 
it arc probably mostly altered sediments, silts and clays derived from 
the erosion of volcanic rocks. The occasional occurrence of beds of 
pebble conglomerate proves their elastic m·igin, and othel' portions of 
them merge into schists, which are little more tl.ian slightly micaceous 
fissile clay-slates. On Strawberry Lake, these 1:;chists are, as near as 
possible, in a vertical attitude and strike E. and W, 

They are followed, on the north side of Strawberry Lake, by a band 
of agglomerate schists. At the west end of the lake this band h;s a 
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width of half a mile, but apparently thins out before reaching the Yoke 
Lake portage from Pipestone Lake. To the eastward it is very prob­
ably continuous with the band of the same agglomerates so extensively 
developed on the south side of Harris and Missus Lakes. 

At the mouth of the Bluff Lnke Creek, rind for a mile and a-half to 
the northward, tho only rocks observable on the creek and on the shores 
of Bluff Lake are rather massive, whitish or yellowish-grey felsite, 
sometimes pinkish to greenish tinted. This felsite is a distinct agglo­
merate for a short space on the creek, and seems to constitute a band 
which is probably continuous with the more voluminous formation of 
the same agglomerates on the north-eas t arm of Yoke Lake. At the 
south end of Bfoff Lake, as the contact with the Laurentian rocks is 
approached, these felsites become moi·e schistose, and by the develop­
ment of mica along the planes of schistosity assume a gneissic aspect. 
The Laurentian rocks near the contact are very basic and may, Ch1tracter of 

perhaps, be classed with the gabbros. The schists are cut by this ~:~rr~g~it~~t. 
gabbro in all directions. Away from the contact along the almost 
continuous exposures of the shore to the northward, the Laurentian 
rocks are observed to merge gradually from the basic or gabbro 
variety into the acid or granite. Tho gabbro passes first into a horn­
blende-syonite gneiss of coarse granitoid aspect with, besides the ortho-
clase, a good deal of triclinic felspar. The quartz appears gradually a 
little at first, and then more and more, till at the extreme north end of 
Bluff Lake the rock has tho characters of a very quartzose-hornblende 
gi·anite, very distinctly gneissic in some places, in others much less so, 
and properly a granite. 

The uoxt section G-H is along a very satisfactory line of exposure Section G-H. 
d. f d · L · fFrom Pickerel exten mg i·om the south en of Pickerel ake along the west side o Lake to Missu.s 

that lake, across the lower end of Manit0u Lake to Missus Lake. The Lake. 

first interesting featme observable on the line of section is the fault of 
2000 feet at Cedar Nanows which has already been alluded to 
(ante p. 33). 

At the contact with the Laurentian syenite gneiss, the base of the 
Keewatin is, as usual, represented by a band of black hornblende 
schists, with a strike nearly E. and W., and a clip to the north of '72° 
to '76°. The band has a width on the west side of the narrows of a­
quarter of a mile transverse to the strike. The fault, with its north- F11,ult. 

ward trend on the east side, makes these schists abut squarely upon 
the Laurentian syenite gneiss which occupies the east side of the nar­
r~ws. These hornblende sehists are followed by a band, one mile in 
width, offelsite schists (altered quartz-porphyries). The effect of the 
Cedar Narrows dislocation is still distinctly perceptible since the lower 
portion of these felsitic schists on the west side of the lake abut 
directly upon the continuation of the basal hornblende schist band on 
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the east side. This dislocation probably owes its or1gm to the same 
distmbance which resu1tecl in the protrusion of the two granite masses 
on Pickerel Lake, and the larger one to the south of Bat Lake. The 
dislocation in its north-eastward continuation is probably represented 
in the present topography by the basin of Manitou Lake which is a 
long, nanow, deep trough. 

Felsi tes or The band of felsites (altered qun,rtz·porpbyries) which occupy both 
~~~~{~,.i~~.art z- sides of Pickerel Lake to the north of the narrows seems to have the form 

ofa lens whose thickest pare is on the line of section. Though having the 
width ofo mile on Pickerel Lake, the rocks comprising it do not appear 
on Furlonge Lake, three miles to the west, nor on Three Island Lake 
about one mile to the east. On the west side of the lake the schists 
have a very uniform strike of 90° to 100°, and a northerly dip of from 
75° to 80°. On the east side of the Jake the strike is less constant, 

Hornblende 
schists. 

Second band 
of felsites. 

Granite bosses 
of Pickerel 
La.ke. 

Clastic rooks. 

varying from 80° to 115° with the same northerly dip. 
The nexl rocks met with going north along the line of section are 

green homblende schists. These fol'm a n!11Tow band about one-eighth 
of a mile across, observable on the west side of the lake. The schists 
strike E. and W. and dip~.< 70°. 

These are followed by another band, half a miie wide, of felsite schists 
precisely similar to those of the first band described. This band also 
is apparently very lenticular. It does not appear on the shores of the 
lakes to the east of Pickerel Lake, and if it is continuous to the west­
ward, as I suppose, as far as Sucker Lake, it has, at the latter place, 
a very limited breadth. This band is interrupted on both sides of 
Pickerel Lake by t\Vo distinct bosses of granite. That on the west 
side is shewn on the line of section G-H. Its exposed extent on the 
shore of the lake is about one mile. The boss of similar granite on the 
east side of the lake has its are[t better defined . . Its greatest diameter 
is about one mile and a-quartet'. 

To the north of the5e granite bosses on Pickerel Lake is a broad band 
of elastic rocks, which occupy the i;hores of the north end of Pickerel 
Lake, and the lower encl of Manitou Lake. This band has a known 
width of over a mile, and, according to estimates based on the dis­
position of the rocks on Strawberry Lake, Grant Lake aud Missus 
Lake, its full breadth is placed at about two miles. At the north end 
of Pickerel Lake, the rocks are fine-grained grau-wackes or grits of 
dat·k color. Farther north, towards the rapids between Manitou Lake 
and Pickerel Lake, these become finer grained and pass into schists at 
the rapids, w},ich are scarcely distinguishable from bluish clay-slates, 
though they are somewhat micaceous and distin~tly schistose. The 
schists have a strike varying from 80° to 115°. The dip is either 
vertical or to the northward at high angles as fa1· as the rnuth shore of 
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Manitou Lake. On the north side of :Jfanitou Lake, at lhe lower end, 
the clip is southward at angles varying from '70" to 90°, and the rocks 
here arn less of the cha!'acter of clay slates or grey-wackes and more of 
the character of greenish-gl'ey ash beds with some thin beds of felsite 
schists, nacreous and glossy, and an abundance of soft, glossy, gl'ey, 
fissile schists. The latter are, as has been shewn, abundantly repre­
sented to the westward on Strawberry Lake and Suckel' !Jake on the 
line of section E-F, and the same band appears to be persistent up 
thrnugh Grant Lake. 
Th~ next band of rocks which the line of s~ction intel'sects is that Agglomerate 

of the felsitic agglomerate schists so voluminous on Lake Harris. At schists. 

the north-east end of the latter lake, and at the middle part these agglo-
merates have a width transverse to the stl'ike, of over a mile. They are 
well exposed on the sou~h side of Missus Lake and appear, apparently 
much diminished in volume, at the east end of Strawberry Lake. 

Between these agglomerates and the Lake Harris Laurentian area Felsitic schist. 

is a band of felsitic schist which, on Manitou Lake, has a breadth of 
not more than a quarter of a mile. The section, as a whol e, is r emal'k-
able for the comparatively small proportion of hornblende sehists and 
altered traps which it reveals. In its general features, however, it is 
quite in harmony with the other sections already detailed. 

The next section, that on the line I-J, crosses the Keewatin trough Section r-J. 
where it fo1•ms a wide belt, striking along the course of Manitou Lake, ::~~i:'E~~0[g· 
just before it bifut'cates into two portions embracing the Stanjikoming Lake Harri •. 

area of Laurentian gneiss.· That portion of the section which lies on 
the N.W. side of Manitou Lake is much better known than that on 
S.E. side. 

The eastern edge of the belt which strikes up Manitou Lake is Ho,nblende 
'cln sts. 

intercepted at the points mapped on Wincligons Lake and on Smooth- · 
rock L ake. At the south end of the latter lake, the hornblende schists 
have a breadth westward across the strike from theil' contact with 
the L aurentian gneiss of over one mile, the rocks being, as usual, in a 
nearly vet·tical attitude. Here a mass of granite devoid of foliation Gninite of 

· 1 . h ] 1 · I l L · Smooth-rock projects t noug tie sc 11sts. t present.ti a contrast to t 10 aurent1an Lake. 

gneiss of the northern portion of Smooth-rock Lake in composition 
as well as in structure, it being a quartzose biotite-granite while the 
gneiss inclines more to tne habitus of a syenite. The mapped al'ea 
of this granite mass is inferred from its outcrop on Smooth-rock Lake. 
From the south· end of Smooth-rock Lake across to Manitou Lake the 
rocks have not been actually traced on the line I-J, but their distribu-
tion is inf~rred from the exposure,; on the shore lines of the 
neighboring lakes. It is presumed that the hornblende schist sur-
rounds the granite mass abo•e mentioned on the west side as well as 
on the east. 
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The most interesting feature of the section on the S.E. side of Manitou 
Lake is the triangular area of agglomerate schists which occupies the 
middle portion of the trough just at the bifurcation of the belt. These 
agglomerates are prevailingly of a. light yellowish-grey color, being 
mostly felsitic in composition. They are well exposed on Dog-fly and 
Vista lakes and on the canoe route between them. The area tapers 
off in three cliroetions conesponding to the three branches of the Kee­
watin belt. The north-west corner of the area tapers off to a band 
which is traceable through to the south-end of Snare Lake to Mirrnr 
Bay of Pickerel Lake. The south-east co1·ncr tapers rapidly south of 
Vista Lake, and although exposed on the shores of Twist Lake the 
trough which it forms is pinched out between the latter and the north 
shore of Pickwick Lake where the Keewatin rocks are all hornblende 
se;hists. To the north-eastward it seems to thin out more gradually, 
traces of the agglomerates being observed at tho north end of Windi­
gons IJake, though not apparently in any well defined band. 

Hornblende \Vest of the band which is formed by the north-eastward extension 
~~r~~~lt~~ps of of these agglomerates is a band of hornblende schists and altered 
Manitou Lake. traps. Though there is little or none of the hr.rel, black, glistening 

Felsite schists 
and agglom­
erates. 

hornblende schist which charaderise!'i the Keewatin rocks at tho base 
of the series when in contact wi th the Laurentian gneiss, this b:ind, 
so well exposed on :Manitou Lake, is very probably a repetition due to 
folding of the same rocks as those at the east end of the section, which 
are in contact with the Laurentian gneiss. The more schistose 
varieties of the rocks of this band are often quite soft and cbloritie; and 
there are not wanting local patches of small extent of fissile soft-grey 
schists. :M:any of the schists were observed to be charged with e;ar­
bonate of lime 01· dolomite, and masses of the latter several yards in 
extent were observed whie;h are probably segregations. A good deal 
of this dolomite occurs in the schis1.s on the north-west side of Manitou 
Lake below Peep Bay, but none of it takes the form of distinct beds. 
The altered traps arc nearly all somewhat schistose. The rocks are all 
in a nearly verlicnl attitude. 

This band is followed to the no1·th-west, on the west side of Manitou 
Lake, by a broad band which consists for the most part of alter­
nations of grey felsites or glossy felsitic schists and felsitic agglo­
merates. Associated with these is a :;ubordinate band of fissile, soft, 
glossy, g rey schists and another of green hornblendic schists. The 
sequence from Paddleportage on the west side of Manitou Lake, to the 
north-west side of Lake Harris where the Keewatin rocks a1·e in con­
tact with the Lake Harris Laurentian area, is easily made out from 
the excellent exposures on Grant, Sairy Gamp, and Harris Lakes to be 
as follows, in a direction more neal'ly transverse to the strike than the 
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line of section I-J :-Agglomerate schists,} miie; soft, glossy, grey, Further 

fi . 'l b' t 1 'l . l t b' t , '] <' l 't' h' J. sequence of ss1 e sc lS .s, 4 m1 e; agg omera e sc 1s s, ~ m1 e; 'e Bl 1c sc 1sts, :! stra~1 on. 
'] h bl d d bl 't' b' t l 'l 1 l section !me I..J. m1 e; gTeen orn en e an c on ic sc is s, 4 m1 e or ess ; agg o-

merate sehists, ll mile; felsitic schists, 1 mile; Laurentian.gneiss (or 
granite), indefinite extent. The measurements are, of course, approxi-
mate, but the sequence in about these proportions is undoubted; and, 
as the rocks are in a vertical attitude, 01· dipping at angles rarely less 
than 80°, the section appears to represent approximately the actual 
thickness of this pa1·t of the series, and indeed it is probably less tha.n 
the original thielrness by the deformation due to presslll'e. The rocks 
of the Lake Harris portion of the JCeewatin trough are stratigraphi-
cally doubtless a repetition of the agglomerates of Dog-fly and Vista 
Lakes, since the felsites are so intimately associated with the agglome-
rates, and resemble them so much in composition, that they may be 
regarded for stratigraphical purposes as making up one geological 
formation. The structure of the trough is apparently that of a double 
fold, such as is suggested by the colored diagraruatic section I-J., the 
basal portion of the series at the N. W. end of the section being 
wanting. The section thus interpreted givef; a thickness for the series 1:.hiokness of. 

f b bl fi .1 h.eewatm sen es o pro a y ve m1 es. 
The line of section K-L crosses the Seine River belt of the Keewatin Section K-L. 

rocks at a peculiarily interesting locality. We meet here, for the firnt 
time, the rocks of the Coutchiching sel'ies between the Laurentian 
gneisses and the Keew·atiu roe.ks, forming the fio01· of the trough ~irY~~~iching 
upon which the latter rest. From the south side of the Seine River, 
the whole of the country to the southward as far as Namakan Lake is 
occupied by the Coutchiching rocks. On the north side of the south-
east part of Rainy Lake .• these rocks dip at low angles to the north-
ward under the Keewatin . As the Keewatin trough is approached, 
however, the underlying Coutchicbing beds assume gradually a more 
vertical attitude, and close to the contact, plunge almost vertically 
under the basal beds of the geologically highe1· series. Those basal 
beds are on Grassy Lake, fissile, soft, green chioritic and hornblendic 
schists, the detrital origin of which is established by the fact that on 
the north side of the lake they constitute the paste of a pebble and Pebble 

conglomernte 
boulder conglomerate. The structural plane::> of the rocks of both the"''· base of 

Keewatin and Coutcbiching series are parallel at the neighborhood of Keewatin. 

the contact and present an appearance of conformity. This appear-
ance is, however, only what may be expected in formations that have 
been so squeezed together, and affords but little evidence as to the 
question of original conformity 01· unconformity. rrhe very marked 
contrast in the lithological characters of the two series is indicative Indications of 

of an abrupt change in the conditions of formation; a.nc.l the presence unconformity. 
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of a basal conglomerate in the upper series, in which the pebbles have 
very probably been de!'ived from the underlying formation, is also 
indicative of a geological bl'eak, with a period of erosion which is one 
of the characters of an ordinary geological unconformity. Thel'e is an 
absence at the contact of those very black glistening hornblende 
schists which so commonly cha.ractel'ise the base of the Keewatin 
where it is in contact with the Laurentian gneiss. The conglomerate 
is a much more voluminous formation on the north side of Shoal Lake, 
.a little to the east of the liue of section, than on GraRsy,Lake. A similar 
conglomerate occurs in an analogous position on the opposite side of 
the same trough on the shores of Rat-root Bay, Rainy Lake. 

Rocks on Bad Nearly all the bedded rocks across the belt on the line of section, so 
Vermilion Lake .f' b · d b h B d "<T ·1· L k and Little lar as can e ascertame y t e exposures on a ~ erm1 10n a -e, 
Turtle Lake. Little Turtle Lake and the portage between them, are more or less 

fissile, soft, green, chloritic and hombleodic schists, quite similar to 
the schists which form the paste of the pebble conglomemte on Grassy 
and Shoal lakes. Farther westwal'd, altered traps are abundantly 
intercalated with these fissile i;chists on the shores of Seine Bay and 
Swell Bay. On the shores of Little Turtle Lake, at the narrows, where 
these schists are much mixed with L:mrentian gneiss , they appear to 
have been altered to black, glistening, hard hornblende schists. 

Boss of k The chief inte1·est attached to the section is not, however, in the 
1rrupt1ve roe ~. 

bedded formations of tbe series, but in the irruptive rocks which 
occupy a boss-like area in the middle of the belt, and cause it to bulge 
out on either side. In the middle of tho belt ou the S. W. side of Bad 
Vermilion Lake, thel'e is exposed a distinct boss of very quartzose 
medium grained granite. This boss is roughly circular or heart­
shaped, its greatest diameter being about three miles and a-quarter. 

Ven-: quartzose It is sunouncled on all sides by an encircling area 01· collar of very 
~~~~;~ied by coarse-grained saussurite gabbro, in which the felspathic constitutent 
very basic ( 1 : ) d · I b · · t ·""bbro. anort nte prn ommates great y over t e pyroxemc const1 uent 

(hypersthene ?). This encircling ai·ea of gabbl'o is of Yarying width, 
and on the south-east side of Bad Vermilion Lake, or to the eai;t of the 
granite boss, it forms a very considerable triangular area tapering to 
the eastward. 'l'be evidence establishing the relative distribution of 
the granite aud gabbro is very clear, tho continuous rock exposures on 
the shores of Bad Vermilion Lake and the scarcely less satisfactory 
out-crops on the river of the same name, and on its small lake-like 
expansions, permit the definition of the granite mass encompassed by 
gabbro with a more than usual clegrne of precision. A second much 
smaller area of granite occurs to the south of this collar of gabbro, 
between it and the green schists of Seine Rivel". The mutual 
relations of these two rocks, the one of the extreme acid type and the 
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other of the extreme basic, and both of an eminently granular, massive, 
non-foliated structlll'e, are most interesting and suggestive. They do 
not form an integi·al part of the Keewatin series, but in their pre::ient 
distribution seem to represent the truncation of an immense boss which 
protruded through the basal portion of the se!'ies. The simplest expla- An Arohrean 
nation that suggests itself, and that which is most in harmony with all volcano. 
the facts known in this field, is that this area of massive rocks repre-
sents the roots of an immense volcano, of the age of the Keewatin 
rocks, and that it indicates the vent through which have been extra-
vasated a portion of the volcanic rocks which so largely enter into the 
composition of the Keewatin series. In this view two very distinct 
kinds of rock must have come from tho same vent, the basic first and 
the acid last. The gabbro would represent the plutonic facies of the 
much less coarsely-grained altered traps (diabase and gabbro) which 
ttre so abundant in tho lower portion of the Keewatin series. The gra-
nite would similarly represent the plutonic facies of the felsites, felsitic 
.schists, and felsitic agglomerates (altered quartz-porphyries and their 
tuns) which are so 0haracteri sti c, in this region, of the upper portion of 
th . Tl t t• f b . d "d I . th• Sequence of e same senes. ie ex ravasa ion o as1c an aci roe cs m 1s extravasation . 

. sequence is strikingly in harmony with the conccptious of the devel-
opment of the Archaean crust to which all the other facts of the region 
point. 

PETROGRAPHY OF THE KEEWATIN SERIES. 

Altered Diabase Trop. 

The most important of the rocks of the Keewatin, and those which 
give character to the g1·eater part of the series, are in this region, as 
on the Lake of the Woods, the bedded traps 01· greenstones. These 
rocks are in all cases very much altered from the 01·iginal condition in 
which they existed after solidification from their molten state. The 
influences which have been at work in bringing about this a lteration 
are of two kinds, viz.: (1) those of paramorphic and rrieLasomatiCTwoproc~sses 

h . h b th t"t t · ] h h . of alteration. metamorp JSm, w ere y e cons i uen mmera s ave t e1r 
molecular particles l'e-arranged physically, or their atoms re-arranged 
chemically, so as to arrive at a state of maximum stability for prnsent 
normal conditions; and (2) those of dynamic metamol'phism, whereby 
the structure of the rock has been altered by an actual rending 

.and sundering of its parts, associated with the development of new 
minerals which in part serve as a cement between the broken pieces. 
The first set of these metamorphic influences is found to have affected 
all these old traps. The secund set, the result of pressure, is found to 



Diitbase and 
gabbro. 
Distinction 
lxltweeo. 
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have affected only part of them. Where the pressure metarnorphisn~ 
has been at work, we have, therefore, a combination of both sets of 
influences. The rending effects of pressure appear to afford the most 
favorable conditions for metasornatic changes, so tl1at under such a com­
bination of metamorphic agencies, the alteration from the original type­
is often so extreme that it is not possible to recognise it in the present 
form of the rock, and it can only be inferred by analogy. When the 
rock bas undergone changes of a purely paramorphic or metasomatic 
character, scarcely, if at all, affected by pressure, it is usually not diffi­
cult, with a knowledge of fresher or younger rocks, and of the changes 
which their constituent minerals undergo, to arrive at a clear concep­
tion of its original form. Thus, among the altered traps of the Kee­
watin series it is possible to detect two closely allied types of rocks 
from which the present g1·eenstones must have been derived. These­
are diabase and gabbro. In their fresh forms these two types are, as 
is well known, distinguished chiefly by their structural differences, 
together with an incidental foliated condition of the pyroxene of the 
gabbro which is not observable in the diabase. These differences are, 
in the nomenclature of Rosenbusch,* briefly, that in the gabbro both 
plagioclose and pyroxene are of synchronous generation, and conse­
quently of allotriomorphic form, and the structuro granular as in. 
granites; while in the diabase, the plagioclase is of eadier generation 
than the pyroxene, and is of idiomorphic form, while the pyroxene is 
allotriomorpbic, or at least hypidiomorphic; and the structure of the 

T.0 '."ha,~ extent rock tends to the porphyritic Now when the rock has been subiected d1strncl1ons itre · ' J 

~t1f~~r':.dt~J by to simple paramorphic or mctasomatic changes, even to an cxtreme­
paramorphic or degree these structural differences are not obliterated althouo-h the 
meta.somn.tic ' ' o 
alteration. felspars may be entirely changed to saussurite, or replaced by calcite 

and quartz. In the one case, the characteristic idiomorphic foi·m of 
the felspar still remains, and in the other the allotriomorphic. Again, 
although the pyroxene may be entirely re-placed by its paramorph 
hornblende, or even by chlorite, the relations in form of the secondary 
mineral to the plagioclase, depend upon the original conditions of 
erystallization, and are scarcely Jess distinct than in the case of the 
fresh minerals. So far as observation has gone on the bedded traps. 
of the Keewatin seri es it seems to be a genera.I rule that the foliated 
pyroxene of the rock of the gab bro type bas been more resistant to 
paramorphic incroachment than has the augite of tbe diabase. A large 
number of slides have been examined , and in nearly every case where 
the opbitic or diabase structure was evideDt, there was no t race of 
augite remaining; while in the hornblende of rocks of granular struc­
ture, cores of diallage were not infrequently observed. 

• Mikro. Phys. der Mn.ssig. Gestein. Stuttgart, i886. 
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If we pass now to those rocks in which, in addition to paramorphiCEffect. of 
and metasomatic changes, there are evidences of crushing and stretch- ~~~~orphism. 
ing, where, besides the breaking and sundering of the crystals, thoso 
changes have proceeded much mo1· e actively than in less clistm·bed 
rocks, the difficulty of assigning a rock to a particular original massive 
type, 01· of asserting, with confidence, that it ever was a massive rock 
erystallized from a magma, becomes greater and increases proportion-
ately to the violence of the crushing action. ·when the comminution 
of the rock has proceeded so far that the original structure is quite 
obliterated, the only grounds for asserting that the rock is an altered 
trap is that of analogy estabfo;hcd by the study of grndations from 
rocks whose structure is intact. In extreme cases, however, the aspect 
of the rock under the microscope is undistinguishable from that of un- I>ifficulty 0 .f d1stmg-u1shmg 
doubted elastic rocks, such as the paste of certain pebble conglo- be.tween1 angina ly 
merates and volcanic agglomerates. This paste would appear, in mos~ive and 

. . . . onginRJly 
most cases, to have been or1gmally made up of volcanic clebt·1s of the elastic rocks 

· I h · - h · . l d . b bb l when both hava·-same matena as t at ccmst1tutmg t e origrna ta ase or ga ro roe rn been much 
. h b ' h l · t d Th' l d b · I · k crushed. wit w 1c t 1 ey are assoc1a c . is compacter e ns or c ast1c roe , 

having been subjected to the same conditions of paramorphic, metaso-
matic and dynamic met.amorphism as the massive rock, naturally pre-
sents much the same aspect as the massive rock whose structure has 
been crushed out of {·ecognition. 

From these considerations it will be apparent that when we have 
reached the limit of alteration, which still lea~·es us grounds for a.scrib­
ing to a rock a once massive condition, we come upon a class of rocks 
between these and certain unclonbtedly elastic rocks, of which i t is im­
possible, at present, to determine the original condition. The alte1·ed 
traps which are altered only by paramorphic and metasomaticagencies, 
without tbe interven tion of pressure sufficiently great to produce 
crushing effects, do not appear in t.he K eewatin se1·ies to be pereeptibly 
schistosc, but on the contrary, to have an eminently massive aspect. 
·with the first evidence of crushing, however, as revealed by the micro­
scope, in the sundering of minerals, etc., there is an accompanying 
development of a scb istose structure, observable microscopically, which 
becomes more and more pronounced in proportion as the yielding of 
the rock to pressure has been great. 

Tb e green rocks of palpably elastic origin, other than agglomerates, Dci,rces of 
t b th t fi .1 d J . t k f h . H sch1stos1ty .. appear o e e mos ss1 e an .;c us ose roe s o t c scnes. once we 

have a gradation in schistosity from massive, practically uncrushed 
traps, through more and more crushed and st retcbed traps to the fiss ile 
condition of the chloritie schists of elastic origin; those of medium 
degree of schistosity, generally speaking, being those of which it is 
impossible to say that they were originally massive or elastic. 
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The detailed results of the study under the microscope of the 
altered traps of the Keewatin ser:es are given in more or less 
categorical form. The statement of observations, together wilh the 
localities, will serve as a record to which reference may be made con­
veniently in a more comprehensive treatment of the geology of the 
region. Those schistose rocks which resemble traps, but whose original 
characters as such, cannot, on aceount of thei1· extreme alteration, be 
ce1·tainly determined, are considered by themselves. 

Roctks ofn Ou the shores of Swell and Seine bavs, the rocks of the Keewatin sec 1on rom J 

Bea8r'~PasRs.age series lie in a shar1)ly folded sunclinal troubcrh flanked on either side by 
to eme 1ver. J 

the schists of the Coutchiching. A section from the Bear's Passage to 
the mouth of the Seine River shews this Keewatin trough to be made 
up very largely of altered traps, rnai;sivo and schistose, and various 
kinds of green hornblende and chloritic schists. 

A number of the traps crossed in such a section, as observed on the 
shol'eS of Swell and Seine bays, have been examined, and the results are 
given first as representative of these r ocks in an almost complete 
section across the Keewatin trough. 

Gabbro one Section No. 1604.-About one mile east of Bear's Passage, Swell Bay. 
mile east of 
Ben.r's Passa.ge. Mottled green and white, massive, crystalline rock. 

Under the microscope it presents the characters of a uralitic saus­
snritic gabbro, the structure being granula1· rathel' than ophitic. The 
felspar is almost entirely altered to zoisi te and the pyroxenic con­
stituent to a palu green hornblende, both fibrous and compact, the 
latter being frequently twinned according to the common Jaw ( ooP Cb) . 
Leucoxene in irregulal' brownish-grey grains is the only other p1·0-
minent mineral present. 

Section No. 1606.-Half a mile north of last locality, Swell Bay. 
Greenish-grey massive rock of rather fine texture. It has a much 
smaller proportion of felspar than the last, and is made up chiefly of 
hornblende, in ragged, sheet-like or fibrous masses, with epidote in 
stout columnar, colorless crystals and in aggregates of grains. A little 
chlol'ite, leucoxene, magnetite and secondal'y quat'tz at'e also present. 

Secondary The compact hornblende of this section occasionally appears in sharply 
colargement of defined Ct"<rstal" w1'tl1 a. fring·e of fibrous hornblende of apparenth1 the hornblende J ~, < J 

-0rystals. same optical orientation as tbe nuclear crystal, the appearance being 
much the same as that figured by Becke.>i< The sharp line between 
the compact homblende and the fibrous margin of the same orientation 
sometimes obsel'ved recalls the secondary enlargment of hornblende as 
described by Van Hise.-1· The original augite of the rock appeal's to 

• Eruptivgest. aus ~der Gneissformation des Niederostcrreichischeo, Waldvicrtels. Min. und 
Pctrog. Mitt. Yun G. Tscbermak, 1883, p, 159, fig. 6. 

t Am. J our. Sci. Sept., 1885. 
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have been changed within itR own limits to compact hornblende which 
has become enlarged by a fibrous margin subsequently. The only in­
dication of the original augite now remaining is the pale color of the 
central portions of the hornlilende. '.!;he fibrous green hornblende is 
occasionally seen to be developed along the cleavage of the compact 
lighter colored mineral. The aspect of these enlarged hornblendes is 
shewn in Fig. 1 drawn with camera lucicla from section of an altered 
diabase (734) from south side of Grassy Island, which is here not 
farther described. 

Fig. i. - Crystal of compact hornblende with light colored central portion, 
secondarily enlarged by fringe of columnar or :fibrous, deep colored; hornblende 
of the same, or approximately the same, optical orientalion as the central 
crystal. From altered diabase of south side of Grassy Island. x 18. 

Section No. 1607.-0ne mile and three-quarters east of the Bear's 
Passage, Swell Bay. It is more chloritic than 1606, and contains much 
more magnetite. Epidote, zoisite and leucoxene are common through­
out the section. 

Section No. 1610.-Two miles and a-half east of the Bear's Passage. T'.vo and a-half 

L . h 1 d 1 l't' 't bb Th l . m1lesE. of 1g t, mott e green, granu ar, ura t tc, saussur1 e ga ro. e p ag10- Bear's Passage. 

clase is cloudy with decomposition products and is partly altered to 
s::rnssurite. The twinning tJ:aces are not altogether obliterated, and 
twins of both the albite and baveno types are observable. A large part 



N. E. corner of 
:Swell Bay. 

.S. E. corner of 
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of the hornblende is fibrous, though mostly compact, there being no 
pyroxenic mineral left unchanged. Pleochroic chlorite, in pale-green 
colors, colorless epidote, leucoxene with cleavage traces of the titanic 
iron still remaining, and magnetite are present, besides garnet in 
rounded colorless isotropic grains full of inclusions. 

Section No. 1614.-North-east corner of Swell Bay. Moderately 
coarse greenish-grey crystalline rock. Under the Jens or low power 
of the microscope it exhibits a "fl.asel'," or squeezed and pulled 
arrangement of the component minerals. The plagioclase is in long, 
lath-shaped crystals and is usually cloudy with decomposition products. 
The twinning structure is obliterated in some cases, but quite distinct 
in others. 'l'he hornblende is partially replaced by chlorite and cal-. 
cite. Besides these, quartz and epidote are present in considerable 
quantities. Both quartz and calcite occur in mosaics of small inter­
locking grains, the mosaic areas having a parallel arrangement. The 
chlorite often appears as a base in which are imbedded grnins of calcite 
and epidote. Leucoxene, with opaque nuclei of titanic iron is abund­
ant. Associated with leucoxene, and apparently of the same secondary 
origin, are small double-wedge shaped crystals of titanite. 

Section No. 1618.-South-east corner of Swell Bay. Light greenish­
grey, rather finely crystalline. rock. Unde1· the microscope it presents 
the characters of a uralitic diabase. The felspar is represented only by 
saussurite, of which zoisite is the most abundant constituent. The horn­
blende appears in section in ragged plates. Pleochroic chlor ite, cal­
cite in occasional lal'ge grains, quartz and leucoxene, with sometimes 
an opaque nuc[,ms, are tho Jess-prominent minci"als. 

Section No. 1621.-South shore Swell Bay, near east end. Rudely 
schistoso, gl'een uralitic diabase. The plagioclase is in fresh cl'ystals 
lath-shaped and twinned. The augite is still left in a fresh condition, 
and is seen in hypicliomorphic and allotriomorphic g rains, occasionally 
shewing polysomatic structure. The fclspar contains inclusions of 
acicula1· actinolite, besides a number of stout little bodies of high re­
fractive index. The secondary minerals are : hornblende and chlorite 
as alteration pt'oducts of the augite, which is often entirely replaced by 
them; quartz in mosaics, with an occasional grain of calcite; calcite in 
large single grains and in separate mosaics liko the quat"tz; and 
leucoxene in large grains. Sh !'eds of fibrous hornblende 01· actinolito 
derived from the augite are observed to have been developed within 
the substance of the fresh plagioclase, and along its line of contact 
with the augite. 

Section No. 1622.-Half a mile west of last. Fine-grained green 
rock, made up of fresh plagioclase, in which both the al bite and baveno 
twinning laws are observed, fibrous hornblende, epidote in large yellow 
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~rystals, q_uartz in mosaics, large grains of leucoxene with cleavage 
traces, and a little calcite and iron oxide. The leucoxene is frequently 
faulted or crumpled by pressure, and chlorite hus been developed along 
the cleavage lines. The felspar is also occasionally bent and broken, 
-and the cracks filled with a cement of secondary hornblende and 
chlorite. 

Section No. 1625.-South side of Swell Bay. A massive green schist. s. shore Swell 

Under the microscope it has the structure of a porphyritic diabase, Bay. 

much altered. In a :fine-grained ground mass of felspar, epidote and 
chlorite are imbedded large lath-shaped crystals of felspar which often 

Fig. 2.-Section of altered diabase from Swell Bay, Rainy Lake, shewing bent, 
broken and sundered crystals of plagioclase (p ), the cracks being 

filled with chlorite (ch). x 44. 

shew pressure or rending effects very markedly, the crystals being 
torn apart and the cracks filled with chlorite (Fig. 2). Quartz occurs in 
mosaics with which are associated octahedra of secondary magnetite, 
some of which are surrounded by rims of hornblende. Calcite is pre­
sent sometimes as a pseudomorph after the porphyritic felspar, but 
oftener in irregularly seattered grains. Leucoxene is abundant, often 
with chlorite deposited along the cleavage cracks of the original 
titanic iron, giving rise to a beautiful series of bars of alternating grey 
and bright green in ordinary light, or grey and black in polarized light 
between crossed nicols. 

Section No. 57.-Four miles east of Little Rocky Narrows, north Seine Bay. 

shore, Seine Bay. A uralitic diabase, composed of an aggregate of lath-
shaped crystals of plagioclase and green malitic hornblende, the latter 
greatly predominating. The felspar is lat·gely decomposed and is re-
placed in part by epidote. Numerous isolated grains of clear quartz 
are scattered through the section. 
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Section No. 59.-Six miles and a half east of Little Rocky Nar­
rows, north shore of Seine J3ay. A porphyritic uralitic diabase in which 
the ground mass is an aggregate of freRh lath-shaped plagioclase and 
hornblende. In this are imbedded large crystals ofplagioclase, which 
are partially replaced by epidote and zoisile. ~ eeclles of apatite occur 
in the felspar. Numerous anastomosing veins of epidote traverse the 
section, throughout which are also scattered in sparing quantities 
calcite and chlori te. 

Rock at mouth Section No. 2101.-Seine River near the mouth. A medium textured 
of Seine Rh•er. 

massive green rock. Original character scarcely determinable but pre-
sents the aspect of a much altered porphyritic trap. lt is made up of 
a rather non-descript aggregate of plagioclase, chlorite, epidote, quartz 
in lenses with granular margins, leucoxene with opaque nuclei and 
calcite. In this base are imbedded large cloudy crystals of felspar. 

Porphyritic Section )l°o. 60.-Base of Keewatin series, J3leak J3ay, north side. A 
diabitse at base . . . . . . . 
of :(Ceewatin massive green rock of fine-gramed texture with occasional porphynt1c 
series, Bleak , . . 
Bay. crystals of plag1oclase. Under the microscope it presents the abpect 

of an altered diabase. The plagioclase is in large, rather stout, cry:stal$, 
sometimes in idiomorphic development, but more frequently bypidio­
morphic. The augite occurs in hypidiomorpbic crystals almost 
entirely altered to hornblende and chlorite. Seconda1·y hornblende 
chlorite and epiclote have been developed very extensively along cleav­
ages and cracks of the fresh plagioclase. The accessory minerals are 
apatite and magnetite, both well crystallized and the latter observed, 
in some cases, enclosing the former. 

The be! t of the Keewatin rocks, which may be seen in section between 
the Bear's Passage and the Seine River, continues westward across 
R.<tiny Lake. A few more characteristic specimens of the altered traps 
from this portion of the belt have been examined. 

Berry Islitnd. Section No. 1537.-North side of Berry Island, Rainy Lake. A 
medium textured, green, altered diabase with roughly schistose struc­
ture, made up of cloudy, lath-shaped plagioclase and irregular but 
generally elongated crystals of hornblende of a rather pale-green color, 
quartz, with inr.lusions of small colorless microlites and epidote are 
plentiful, the latter most frequently occurring in the hornblende. 

Section ~o. 1538.-North side of Berry Island, half a mile east of · 
last locality. A fine-textured massive green uralitic diabase. The 
diabase structure is well preserved. Plagioclase in cloudy, slender,. 
well defined, lath-shaped crystals is imbedded in broad plates of horn­
blende which is partly altered to chlorite. Considerable calcite,. 
secondary quartz, in mosaics, and some leucoxene are present, 

Section No. 1539.-Eastern extremity of Berry Island. Finely 
mottled green and white uraliti c diabase, in which the characteristic 
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diabase structure is less pel'fectly l)l"Csorved than in the last. The rock 
is made up of c:Jondy plagioclw:;e in rather stout lath-shaped crystals; 
hornblende, in allotriomorphic development; lencoxene, with cleavage 
traces of original titanic iron; and a con::;iderable amount of quartz. 

Section No. 1549.-South side of Berry Island. A medium-grained 
dark-green altered trap which in stl'Uctme partakes pa1·tly of the 
character of a diabase and partly that of a gab bro. The felspar appears 
in lath-shaped crystals, and in broad inegular tabular masses largely 
replaced by calcite, quai·tz, opiclotc and kaolin. The hornblende also 
occurs in elongated pri>:ms and in broad masses of irregular shape, 
giving the section, on the \Vhole, a granular a~pect. 

Section No. 'i09. - South side of Rat-root Bay, Rainy Lake. A!/;~~~ Yfo.~~;:,t~ 
greenish-grey crystalline rock of medium texture with a rude ill-de- Bay. 

fined schistose structure. Under the microscope, the structure is seen 
to have been much affected by p1·os:;m·e and stretching. The horn-

Fig. 3.-Section of altered diabase from Rat-root Bay, Rainy Lake, shewing 
stretching effects as evidenced by sundered crystal of apatite. x 120. 

a, a, a. Apatite-same individual. 
h. Secondary hornblende-various individuals. 
p . Plagioclase. 
Z. Leucoxene. 
e. Epidote. 

blende mostly })l'esen ts a very ragged aspect and is torn asunder with 
secondary hornblende developed in the cracks. In this torn and parted 
condition it seems to have been very liable to alter to biotite which 
accompanies it in considerable quantities. The plagioclase is occasion­
ally seen in long lath-shaped crystals, but for the most part, the diabase 

5 
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structure of the rock has been obliterated lf the crushing and stretch­
ing to which it has been subjected. The felspar is seen to have been 
broken, and the smaller fragments, together with d.ecomposition pro­
ducts, such as calcite, epidote, quartz and albite, form a base in which 

Fig. 4.-Stretched and sundered crystal of hornblende, with shredR of second­
arily developed hornblende, some leucoxene and grains of titanic iron, 

in altered diabase from Rat-root Bay, Rainy Lake. x 44. 

the larger felspars and the more resistant hornblendes appear to be 
imbedded. A1latite r.•ccurs as an original constituent, and shews very 
well the sundering process which the rock has unde1·gone. :Magnetite 
is present as an associate of the hornblende, and quai·tz in mosaics and 
titanic iron with leuc:oxene are abundant. 

Another folded trough of the Keewatin rocks, flanked also on either 
side by the schists of the Coutchiching series, is well exposed in section 
on the shores of Rocky Islet Ba.y. The results of the examination of 
the altered traps of this belt is now g iven. 

Section No, 1493.-Island three-eights of a mile north of Back Point. 
A coarse-grained, mottled, dark-green and yellowish-white, scbistose 
altered trap. Under the microscope it is made up of large individuals 
of plagiochse in hn)idiomorphic development, beautifully striated, 
and compact green hornblende, interstitial and enveloping the felspar. 

Section No. 1±94. Ralf a mile north of Back Point. Dark-green, 
fine-grained. altered diabase made up in thin sections of plagiocla;;e in 
unusually long lath-shaped crystals, and hornblende in broad plates· 
The plagioclase is often broken; an'2 fragments of plagioclase, original 
or tiecondary, quartz, opiclote and calcite, make up a fine-grained 
secondary base. 

Section No. 1499. Small island on west side of Rocky Islet Bay. A 
coarse-grain1~d rock of granitic aspect, composed of lilac-colored felspar, 
yellow in patches from the pre8ence of epidote, and a green pyroxenic 
mineral, largely changed to micaceous chlorite. Under the microscope 
the plagioclase appears in broad plates, sometimes quite fresh, but 
usually decompoRed and altered to epidote and kaolin. The pyroxene 
is rhombic and slightly pleochroic. When it has escaped alteration to 
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chlorite, it must be regarded as bronzite or enstatite. Magnetite is 
present in sparing quantity. 

Section No. 1500. West side of Rocky Islet Bay. A medium- ~rn~cs~~e 
grainer!, mottled, greenish-grey rock with foliated structure. Under Islet Bay. 

the microscope it has the character of an altered gabbro, being made 
up of a granular aggregate of non-pleocbroic foliated pyroxene, with 
.an extinction of over 30° (diallage) and plagioclase. The fresh diallage 
is not abundant, and it is always partially allered to hornblende and 
chlorite, while there is an abundance of hornblende which, although it 
shews no cores of diallage, is doubtless paramorphic a,ftel' that mineral. 
Tbc felspar is very largely altel'ed to zoisite, which appears in large 
patches with rounded areas ofunchanged felspar included in it. Epidote 
is also an alteration product of the fclspar, but it is very much less 
abundant than the zoisite. 

The following three specimens were taken from the same mass of~~~1i0~ntJa.fr 
bedded trap at the north end of Rocky Islet Bay. No. 1503A is from RockylsletBay 

the middle of the bed, 15030 from its contart with adjoining schists, 
and 1503B from a point intermediate between these. 

Section No. 1303A. A mottled green and white diorite-like rock of Middle of bed. 

medium texture and granular stl'llcture. In this section it appears as 
an altered gabbro made up of a granular aggregate of diallage, with 
paramorphic hornblende and plagioclnse, with a considerable amount 
of epidote. The diallage is in large plates of gl'ey color, showing very 
distinctly the usual parting parallel to ooP~ upon which the extinction 
angle is 25° and upward. It is altered to gr0en compact hornblende 
on its borders, and irregularly shaped plat~s occur, made up entirely of 
the hornblende which, howevet', is light.green to almost colodess in 
the centre, and deep green towards the periphery. In both diallage 
and hornblende, minute inclusions occu1', arranged parallel to the part-
ing of the one and the cleavage of the othe1·. 'fhe plagioclase is cloudy 
with kaolin, epidote and zoisite. A little biotite, is also observable in 
the section. 

Section No. 1503B. Finer grained and darker colored than A. Intermediate 
paL<t. of bed. 

Under the microscope it resembles A, but there is no diallage left, that 
mineral having been entirely changed to homblende, which is fre­
quently dusty, with grains of magnetite, usually heaped togethe1· in the 
<;entre of the crystal, but occasionally in distinct octohedra. Some of 
the plagioclase is almost opaque with decomposition products, among 
which epidote is prominent; while other crystals are clear and glassy, 
and abound in inclusions of straight colorles8 microlites. 

Section No. 15030. A liLtle finer grained than B, but more distinctly Edge of bed. 

crystalline and glistening and of a darker color. The rock is a granu-
lar aggregate of hornblende and plagioclase, together with small quan-
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tities of quartz, epidote and magnetite. The hornblende, in some 
basal sections, is seen to have the outline of a perfect prism 

Section 1519B. Rice Bn,y Narrows, west side. Medium textured, 
mottled white and black altered gabbro, composed of a granular aggre­
gate of plagioclase, hornblende and biotite, with some non-striated 
felspar. The plagioclase is for the most part fresh, being only occa­
sionally cloudy with decomposition products. The hornblende is not so 
abundant as the plagioclase, and the biotite which accompanies it is 
apparently secondarily derived from it. In the Cftse of some of the 
hornblende crystals, undoubted pyroxene can be detected, with brilliant 
polarization colors and high extinction angle. A few crystals of apa­
tite occur in the hornblende. 

Section No. 1561. Island at the north encl of the Bear's Passage, 
Rainy Lake. A medium textured mottled black and white altered 
trap composed of a geanular aggregate of plagioclase hornblende 
and titanic iron with rims of leucoxene. The felspitr is rather 
decomposed, giving rise to quartz and epidote. It occasionally occurs 
in lath-shaped crystals, but for the most part, both the felspar and 
hornblende are allotriomorphic and the structure granular, inclining to 
the gabbro rather than to the diabase type. This trap rock holds 
included in it angular fragments of an older rock of finer texture and 
greener color. A section No. 1561A of one of these inclusions shews 
it to be made up ofa feltwork of hornblende, with considerable quartz, 
and a little plagioclase chlorite, cpiclote and leucoxenc with opaque 
nuclei. The rock affords little indication of its original structure oi.· 
mineral composition. 

Section 1601A. ·west side of Redgut Bay, north of the Bear's Pas­
sage. A medium textured, black-green, massive, crystalline rock, made 
up of a granular aggregate of compact green horublende in large irre­
gular plates, with a little very cloudy interstitial felspar, some water­
clear quartz, and fresh non-striated felspar. A little epidote is asso­
ciated with the cloudy felspar. 

Sedion No. 1601B. Same locality as last, and apparently only a 
different facier; of the same rock, being greyer in colo1., and more 
quartzose and epiclotic. The hornblende is largely altered to epidote, 
and the quartz occurs in mosaics of large grains. Grey leucoxene 
with opaque nuclei is the only other mineral. 

Section No. 763. Squall Point, Rainy Lake. A coarse textured 
uralitic diabase included in gneiss. Under the microscope, the horn­
blende is in large compact masses, with very frequently a pale green, 
almost colorless central portion, indicating the earlier form of the 
mineral as augite, and indeed in some cases traces of the augite itself 
appear still to remain. Epidote and magnetite ai·e associated with the 



(.AWSON.J PETROGRAPHY OF THE KEEWATIN SERIES. 69 F 

hornblende. Plagioclase is in rather stout lath-shaped crystals, some­
what cloudy, but with twinning structure well defined; apatite and 
'C)_Uartz arc present in sparing quantities. 

The following six specimens were taken from the Keewatin belt, as 
exposed on the shores of Manitou Lake : 

Section No. 1139. West side of Mimitou Lake, opposite Snare Bay . .Mnni\ou8L11,ke, opposite nare 
A mottled green and white, altered gabbro of medium texture. Seen Bay. 

under the microscope, to be made up of a granular aggregate of cliallage 
and felspar, the latt er being almost completely changed to a dense, 
cloudy, grey masti which, between crossed nicols appears as zoisite. 
The cliallagc is partially altered to hornblende. The only other mineral 
to be noted is leucoxene. Pressure effects are observable only to a 
very slight extent. 

Section No. 1088.-Manitou Lake, east side, about a mile and one-E.siddfanitou 
half north-east of Snare Portage: A much altered diabase. The Lake. 

augite is represented now only by chlorite, having first probably passed 
through the urnlitic stage. The plagioclase is nearly all replaced by 
calcite and chlorite, its long lath-shaped form being, iu most cases, all 
that is left to determine the character of the original mineral. There 
is a good deal of quartz present, some of which holds needles of apatite 
as inclusions. Leucoxew'l occurs in large patches, with black opaque 
grains scattered through it, and shows pressure effects in being torn 
asunder. A little pyrite in cubes is also present. 

Section No. 1105.-W est side of Peep Bay, jfanitou Lake. A rudely Peep Bay 

schistose green rock, apparently a very much crushed and a ltel'ed M1tnitou 'Lake. 

diabase. It is made up of frugmen.ts of plagioclase and quartz, im-
bedded in a base which is largely made up of chlorite and calcite, the 
former of which shews a tendenc.v to a parallel linear arrangement 
which determines the schistosity. Both chlorite and calcite fill the 
interstices between the dislocated felspars, and many of the latter are 
wholly or parfodly replaced by secondary quartz, calcite and chlorite. 
Although the original structure of the rock is obliterated, it appears 
altogether probable, from the frequent idiomorphic lath-shaped 
character of the plagioclase or its pseudomorph, that the rock was 
-originally a di-abase. 

Section :N"o. 1106. \Yest side of P eep Bay, Manitou Lake, half a mile 
north of last. A light greenish-grey, somewhat mottled, finely crystal­
line altered diabase. Unde1· the microscope the rock shews abundant 
-evidence of crushing and stretching. The stout, lath-sh::iped crys tals 
-ofplagioclase, which arn quite fresh, are frequently broken and parted, 
the cracks being filled in with chlorite, calcite, epidote and quartz. 
Titanic iron, with associated leucoxene, is abundant, and is, like the fel­
spar, frequently sundered. Irregular masses ofchlorite appear to be 
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all that is left to represent the augite. The lath-shaped folspars are 
surrounded by the chlorite as they are by augite in fresh diabase. In 
between these masses of chlorite, crystals of felspar and grains of 
titanic iron, there is a base made up of a mixture of grains of cblorite, 
epidote, quartz, calcite and magnetite. 

Fig. 5.-Stretched leucoxene in altered diabase from Peep Bay, ManitoF. 
Lake. x 44. 

Fig. 6.- Shattered crystal of plagioclase in altered diabase from Peep Bay, 
Manitou Lake. x 44. 

E . side Manitou Section No. 1123.-i\fanitou Lrrkc, eaRt side, opposite Peep Bay. 
~~~~·i~S.ositc Greenish-grey, roughly schistbsc a1terecl trap with an unctuous feel on 

cleavage surfaces. Under the microscope it presents the appearance 
of a very much crushed rock. The most prominent constituent is a 
comparatively fresh plagioclase, which is nearly always broken and 
appears, in some instances, to have been pulverized to a grnnular mass 
which probably, in a pnrtially recrystallized form, mingles with chlorite 
and calcite, to form n, secondary ground mass analogous to the " Mortel 
structur " of Tornebohm. The augite is r epresented only by chlorite. 
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Apatite and titanic fron with leucoxcnc arc present, but not abundant. 
The structure of the rock is almost obliterated, but it is probably only 
a cataclastic diabase. A Fection (1126) of a similar rock from near 
the same locality as last, which ditferR from it chiefly in the presence 
of biotite, is illustrated in Fig. 7, where the t earing apart of the fel­
spars is well shewn. 

Fig. 7.-Section of much altered rock from east Eide of :\Ianitou Lake, shewing 
sundering of felspar crystals. x 4-! . 

j. Felsp·ar, mostly torn into seYeral pieces. 
ch. Chlorite. 

b. Biotite. 
l. Lencoxene. 

gr. Ground-mass, crushed felspar, quartz, calcite, ch lorite and muscovite. 

Section No. 111 '7 .-\Vest side of Manitou Lake, two miles north-east w. s)de 
f P ddl P A fi l l l d. b h' h h Mani tou Lake. o a e ortage. Il" tcxtut·ec , green, a tcrcc 1a ase, w. 1c s ews 

under the microscope the typical diabase strncturc. Small lath-shaped 
crystals of quite fre;h plagioclase, occasionally bent, but never broken, 
are sunonnded by h01·nblende which is partially altered to chlorite. 
Associated with chlorite are epidote, calcite, and pyrite in cubes. 

The following five specimens arc taken from exposures of the same 
belt as exposed much farther to the cast on the shores of 0l'OW Lake, 
Pipe:; tone J~ake and Kishkutena Lake. 

Section No. 25. - Extremity of point on CI'ow Lake, half way be­
tween Crow ancl Wad e portages. Urn,litic diabase porphyrite (?) 
shewing a fine-grnincll ground mass of calcite, epidote, chlorite, horn­
blende, qun-rtz and leucoxene, in whi r h are imbed<led lal'ge, rather 
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stout, lath-shaped c1·ystals of plugioclase which are often partially re­
placed by calcite. These felspars are often 1orn asunder, and the inter­
vening cracks filled with chlorite. The felspar;; are also frequently 
sunonnded by a deep fringe of chlorito, which is bright green and 
slightly pleochroic in ordinary light, and deep olive green to opaque 
between crossed nicols. The fibl'cs or scales of the chlorite are observed 
to stand perpendicular to the contours of the felspar. Hornblende in 
large porphyritic crystals, frequently twinned, is as plentiful as the 
felspar, 

-s. shore Section No. 108.·-Soutb shore of Crow Lake opposite Patch Island. 
Crow Luke. A coarse greenish-grey rock, with yellowish-white weathering, appears 

under the microscope as a uralitic saussurite gab bro, made up of a granu­
lar aggregate of hornblende and saussurite, the former predominating 
and frequently twinned. There is present also considerable g1·ey leu­
coxene, with sometimes an opaque nucleus of titanic iron, secondary 
quartz enclosing needles of actinolite and chlorite in veinules. The 
saussurite is chiefly made up of bright blue polarizing zoisite. 

Near Shanty Section No. 145.-Bay west of Shanty Point, Crow Lake. A medium 
Point, Crow d J d d b f 1 d j Lake. texture a tere ia ase o mott e aspect, cue to intermixture cif 

greenish-grey chloritic mineral and gl'eenish-yellow felspa1'. Under 
the microscope, the plagioclase is in well defined lath-shaped crystals, 
very largely changed to saussurit.i, which renders it cloudy almost to 
opacity. Intel'stitial hornblende altered, fo(. the most part, to chlol'ite, 
and grains of leucoxcne make up t he rest of the section. 

N. w. side Section No. 306.- Island off the north-west side of Pipestone Lake. 
PipestoneLakc. M l d d h' 1. . · d' b U I h · ott e green an w ite ura ittc saussunte 1a ase. nc er t e micro-

scope the lath-shaped plagioclase appears as a cloudy aggre­
gate, which the analyser resolves into al bite, zoisite, epidote, muscovite 
and calcite, constituting the decomposition aggregate known as saus­
surite. The original pyroxenic constituent is repl'esented now by 
elongated, often twinned, crystals of hornblende. A little quartz is 
present, also leucoxene with opaque nuclei. 

s. side Kish- Section No. 1892.-Kishkutena J.1ake, south side. An altered trap 
kutena Lake. of eminently porphyritic foci es. l\facroscopically, it appears as a fine­

grained ground mnss, of green color, in which are imbedded large white 
sharply defined crystals of felspar, often as much as an inch in 
diameter. These crystals are sometimes observed to enclose portions of 
the ground mass. Unde1· the microscope, t"!le ground mass is made up 
of an nggrega te of srriall grains of felspar, quartz and hom blende. The 
hornblende is in long prisms and short, more or less granulitic or 
rounded grains, with which a rc a.:-;socia ted a littlie calcite. The porphy­
ritic felspars are alm os t entirely replaced by zoisite, calcite, a.lbite and 
muscovite, the first named rninei·al predominating, making up the 



• 

LAWSON.] PETROGRAI'HY OF THE KEEWATIN SERIES. 73 F 

saussuri te aggregate. A veinulo of mosaic quartz and al bite tt-averscs 
tho section. Tho section docs not sati~footorily reveal its original 
characte1-, but there is no doubt of its having been the porphyritic 
fooies of a basic massive rock. 

Bornblende Schists. 

In the rocks horn considered there is no conclusive evidence as to Eddencc of 
. ori~dn of horn-

thou· original character, whether they were massive or elastic. There blende schists. 

is much prnsumptive evidence in favor of the view that they are partly 
altered massive rocks and partly altered volcanic ash bed:; (pyro-
clasLic) but little or none that they are the alteration products of clays 
or other forms of detrital matter. The changes which these rocks 
have undergone have been so profound that only occasionally can a 
trace of their original character be discerned; and we have a new rock 
in which tho constituent minerals have crystallized in situ, and have, 
since their crystallization, been practically undisturbed by pl'Cssure, 
except to thiti extent that the pre~sure wa::; probably constant while 
secondary crystallization was in process. If dynamical influences were 
potent in the destruction of the original structure, as we must admit 
from the conditions of theit· occurrence, and their association with 
rqcks that afford goocl evidence of crns hing, chemical or metasomatic 
changes, have since boon 'sufficiently active to have obliterated all or 
nearly all trace of crushing, and have replaced t ho crushed aggregate 
by an assemblage of minerals each of which has been formed under 
conditions implied by the contemporaneous crystallization of the 
others. 

The rocks classed as hornblende schists exhibit within certain nar- Diversity in 

1. · "d bl d' · · l · . . Tl microscopic row im1ts a cons1 era e ivers1ty rn t 1e1r m1croscopw aspect. my aspect. 

are, however, fol' the most part, aggl'egate;; of homblende and quartz, 
the common accessory minerals being epidote, zoisite and magnetite. 

In one variety a colorless base of quartz grains, which in section ap- ·~wo phRSes of 
fir't variety of 

pear as a mosaic, forms a matrix in which are imbeclded the hornblende hor.nblende 
. d' 'd 1 h d T f . 1 l' . 1 schist~. rn iv1 un s as t e pre ominant co11stitnent. wo airy c l:itmct p rnses 
of structure are observable in this Yaricty, which are manifested 
particularly in the form and arrangement of the hornblende. In the 
first of these, the hornblende asi;;umes sheaf-like forms, compact to­
wards the middle, but frayed out into a radiating tuft of a more or less 
fibrous character at one 01· both ends ol t he rnmewhat elongated indi­
viduals, the elongation being, of cou1·so, in the direction of the c axis. 
These sheaf.like masses arc thrown indiscriminately together so as to 
form a more or less intricate felt-work. In tho second phase of struc­
ture tho hornblende i;; uniformly compact, and assumes the form of 
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single prisms which ::ue either short and oblong in shape, or have the 
shape of long s lender needles 01· rod:;. These stout oblong prisms fire 

iu parallel alignrncnt. The more sle nde1· rods ot· n eed les arn less 
strictly so, and may cross each other at small angle:; and produce a 
felted aspect in section. 

The structural fen tu res thus indicated arc doubtless a function, lioth of 
the original characterof'tbe rock and of the t:onditions under which secon­
dary Cl'ystallization has taken pln.C'c, and although those conditions are 
not yet understood, it is altogether probable that a careful study of 
these schists will lead to as sati~foctory a conception of the relations 
between structure and conditions of crystalli zation as has been estab­
lished in the case of the massive rock,; which brtve crystallized from 
magmas. 

2. In the other va1·icty of these i:;ehist,;, plagioclai;e is a prominent 
eonstitnent, and the rock appl'oa.ehes a diorite in composition, and in 
><ome cases even in strncln l'e. 'l'wo g-eneral phases of t;tructure may 
also here be distinguished, viz. : that in which the di ::;pusition of the 
mincl'ab is s imila r to that of the second phase of the tirst variety; and 
that in which thestrneture is more g:·anulat'Ol' diol'itic. 

The interesti ng fca.tul'e of these roelrn, when their petrographical cha­
racters are considered in connection with tli oir fi eld occurrence, is thn.t 
they seem to be con tined in the dist.rict under c·.onsideration m ostly to tl:\c 
ba.ce of the Keewatin se ries, and then only wlien that base is in contact 
with the gn eisse-s of the Lauren tian, which shew abundant ev id ence of 
hav ing existed L1cne:1th t hem in the state of a liqu id or viseid magma, 
a condition of things which would amply account for their· extreme 
alteration, cspeeially if we con,,;ide1· the magma, whiC'h con::;ulidated 
as the Ln,urentian gncios, to have been <me of hydrothermal and not, 
ncces;;nrily of dry J'u,,; ion. 

At t he contact of the Keewatin n,nd Lau1·entian, n,t the south end of 
Crow Por tage, the ba~o of th e for me1· is rep re~ented by n compaet, 
blat:k g li ,; tcuing :<chi:<t of frc.<hly cry,.;talline a,.:ped. To the naked eye 
it appear.; to be m:tclo up of fi ne black needle:; of hornbl ende, all 
arranged appnnim:ttcly pnr:tllcl, with an inter.;Litial micro cry><talline 
greeni '<h-grey material. rnder the mi croseopo (48A) the hornblende 
appear:< in elongn.tccl :-hreds and patcbe:> of bright g reen color. These 
hornblende crystal:; shew a distinct, thoug h roug h alignment or par­
alle li sm. The inte r,<tiee., between th em a re occupied by quar tz and 
febpa r ('?) wi th ,,ome epidote and zuisite. The quart z is dusty with 
inelusion,.; of colorle.>:-< needle ;, liquid inclu:;ions with n,nd without 
bubbles, and ga-< inclu:-;ion~. The epidote is rather nbunclant, and 
ocenr.' in large, pale greenish-yellow masses, and in :-<mall oval grains 
which frequently ha.ye a, nucleus of iron oxide. 
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Some of the rocks higher up in the series, buta:;~ociated \\"ith schists 
such as that just described, nre very similar to tbo;;e at the contact, but 
are more feJ::;pathic, less evenly schistose, and of a. more rnas;;ive aspec't.. 
A Bpecimen taken from Turtle Portage may be de;;cribed as a type ofTurllc Portage. 

these rock;-;. Jt j,., a dnrk-green to black rock, with a small amount of 
greyish-white mineral peppered through it, which come:,; out cli;;tinctly 
on the weathe1·ecl surface, shewing a streaked or linear disposition. 
Under the microscope, the roc:k appears , as a granular aggrngate of 
hornblende and plagioc:lase, and may perhaps be designated JtS a 
diorite. It is not apparently, however, one of those rocks which arc 
often called cliorite, but which are clearly altered forms of diabase. 
There i;; no trace of diabase structure nor any evidence that the horn-
blende is a pa.ramorph of any variety of pyrc1xenc,_ Both plagioclase 
and hornblende arc fresh. A little epidotc aml magnetite are scattered 
through the section. 

On the north-we:;t cido of the lower end of Pipe-,.;tone Lake, the rock L9wcrend of 
P1pestoneL11ke. 

is a dark green hornblende sehist. Jn thin section (018) it is :;een to 
be made up or an intimate felt work of tufts of hornblende, with a. little 
cblorite and epiclotc, nml con::;idernblc quartz in interlocking grains. 
Lencoxene is al-;o present in long slender lense:s arranged in parallel 
position, thus givillg a dec:icled banded appearance to the ,,;ee;tion. 

A ;-;ornewhat simila1· rock ocu1rs on the south-east side of this :-;ame 
lake. It i:s made "i1p as seen in thin >ection (352) of n, felt work of par 
tially fibrons horn blonde al tercel in plfl<:es to ch Jori te. Con,-iderablc 
epidote is associated with the hornblende nnd magnetite in fine grains, 
g enerally di:<;.:eminated. 'l'hc color]c-;s interstitial base of t he rock i:> 
made of mo:;aic c1na,rtz. 

A couple of mile.; along the ::;ame shore to the north-ea:-;tward in the 
::;a.me line of ::;trike, the r oek i,; a, more massive, coa1·~ely cryst:dlioe 
schi;-;t (355) in which the predominating mineral , hornblende, is present 
in the form of an intricate folt work of largo hornbl ende individuals, 
and finer fibrous shreds, througl1 which is distributed zoisite in ,.:hort 
colum1rnr crystais. Fre~h pla.giocla:::e, probably albitc, is pre:-;enL, as 
well a,; quartz and some leucoxenc. The hornblende is in places par­
tially altered to chlorite. 

On tho south-side of l<'irst-quill J~ake, Kisbkutcua route, the horn- First-quill Lake 

blende sc:hists are medium, grained, green, rather ma:;sive rocks. A 
"pecimen (1836) appears, under the microscope, to be mucle up of 
:o;heaf-like or don blc tnftccl masse:S of more or le:;s ti bron:> horn bl en de, 
with a. largo amonllt of epidote and zoi~ite. Between these there j,, a 
fine ground-mas:; of fclspathic material whiG11 polarizes in dull, bluish 
colors as an aggregate and partly shews an undulatory extinction. 
There arc no sharply defined boundaries bet.ween the different grnins. 
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This ground mass shewt:i a parallel or schistose anangcmenL, is in 
places decomposed to muscovite and cpidote. 

A specimen of 1.be hornblende schists which occur on Lake Despair, 
taken from the so nth-west corner of South Bay of that lake, is a fine­
grained dark-gre<'n to black, hard schist seen to be made up in thin 
section (1743) of green hornblende, in small oblong grains, all in 
parallel position, with quartz in rounded oblong grains, epidote and 
probably some felspa1'. Quartz also occurs in nests or mosaics of large 
grains. 

At the south end of Cedar Narrows of Pickerel Lnke on the Manitou 
Route, the rock at the base of the K eewatin series is a compact black 
01' dark-green, hard, slaty hornblende s0hist. A specimen from near 
the contact appears in thin section (988) to be made up chiefly of 
light-colored green hornblende in compact plates of irregular shape, 
but generally elongated parallel to the prism, and zoisite in colorless 
compact masses having the same orientntion over wide fields, polar­
izing in soft blue colors and shewing parallel ex~ioction and biaxial 
interference figure. A few sphenes are present in well fonned crys­
tals of the usual double-wedge shape, such as are common in the syen­
itic gneiss of the Laurentian immediately to the south of the narrows. 
Epidote and chlorite appear as decomposition products of the horn 
blende. 

A specimen from the band of hornblende schists \\1hieh crops out on 
the west side of Pickerel Lake, north of tho Narrows, is a darkgreen, 
medium-grained, rudely sch ic;tose rock (100:3) made up of a feH work 
of compact sheaf-like hornblende imbedded in a colorless b::tse of quartz 
grains in mosaic anangement with a little epidote and leucoxene as 
the only other constituents. 

On the south side of the Lake along the Rill, near its middle, the 
roe:k is a compact black-green finely crystalline hornblende schist 
which appcat·s under the microscope (1208) as a close felt work of 
more or less sheaflike hornblende imbedded in clear quartz, in mosaic 
grains. The only other constituent is titanic iron in aggregates ofgrnins 
each sunounded by its margin of leucoxene. The quartz manifests a 
peculiar state of optical tcn~ion which causes different portions of the 
same grain to havesligbtly Cifferent orientation~, so that the extinction 
is neither uniform nor undulatory, but jumps across the section from 
area to area between whic:h there nre no observable lines of dema.rka­
tion. 

A specimen from the south-east corner of Three Island Lake, Little 
Canoe River route, is a fine-grain~!, green, hornblende !>Chist, which 
i .~ seen under the microscope (1230) to be made up ofa fine folt work 
ohbreds of hornblende imbcddcd in a color less base which c0nsists 
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chiefly of quartz, with some epiclote, zoisite and leucoxeno scattcre1l 
through it. The hornblenclo, though matted together, shews a rough 
tendency to parallel arrangement. 

At the month of the Big Turtle River, the hornblende schists of the Big Turtle 

Keewatin series arc much penetrated by, and included in, the under- Rwer. 
l · L t' · A · f h h' I · db Hornblende yrng anren ian gneiss. specimen o t e sc 1st t ms ll1 tersecte · y schists pene-
the gneiss appears on cleavage faces as a bla<'k glistening rock oft':~~~n\Jan 
medium texture. On transverse fracture it appear,.; peppered with gneiss. 
grey-white fel$pa1· in minute specks. Uncler the microscope (A) it 
resembles the specimen from Turtle Portage, and appears as a dioritic 
01· granular aggregate of deep colored green hornblende and fresh 
plagioclase, with a very little quartz, the hornblende g1·eatly predomi-
nating. A little epiclote is also present, together with rnme cloudy or 
finely granular matter shewing aggregate polarization as of a fine 
micro-crystalline admixture of muscovite and calcite. 

The rock at the entrance to Rocky Islet Bay on the west side (1492) Rocky IsletBay entrance. 
is a compact dark-green finely-crystalline schist made up of hornblende, 
quartz, and plagioclase. The hornblende is in compact, oblong grains 
with rounded corners all arranged in nearly parallel position. The 
qua1·tz and fresh plagioclase are less abundant and are interstitial, also 
shewing a tendency to an arrangement in long parallel areas alternat-
ing with the hornblende. 

On the north shore of Rocky Islet Bay the rock is a dark-green, North shore 
£ · · d j' t · h bl l h · U d b . Rocky Islet Bay ne-grarne , g 1s enmg orn enc e H.: 1st. n or t e m1croscope 
(1502) the hornblende occurs in broad, inegularly shaped plates 
generally closely interlocking, but often with considerable quantities of 
epidoto, zoisito and fresh plagioelase between the hornblende grains. 
A granulal', nearly opaque, brownish aggregate of kaolin-like material 
is also present. The rock, to the naked eye, is seen to be banded with 
yellow a!'eas, and a section through one of these shews it to be made up 
almost entirnly of epidote in regular shaped oblong grains, together 
with a little zoisite and some hornblende, all the minel'als having a 
more or less distinct parallel arrangement of their longer axes. 

Another specimen from the north end of the same bay ( l 503 D) is a 
fine-grained, greenish-grey, glistening schist made up of a mosaic of 
hornblende, non-striated felspar and quat'tz. All three minerals occur 
in grains of oblong sbape being usually two or three times longer than 
broad. The hornblende grains are larger than those of the quartz or 
felspar, both of which are about the same size and ciifficult to dis­
tinguish without reference to their action on converged polarized light. 

A specimen from the south side of Grassy Island, Rainy Lako, Grassy Island. · 
is a dark-green £sRile or slaty hornblende schist, shewing in thin 
section (735) a felted arrangement of sheaves of hornblende of a 
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more or less fibrous character, lying in a colorless matrix of quartz and 
calcite, throughout which are also scattered a little epidote, magnetite 
and chlori te. 

The hornblende schists which form the middle of the three tongues 
iuto which the Keewatin belt splits up on Otukamamoan Lake are fine­
grained and of an eminently cry~talline, glistening, black aspect. A 
specimen from the west side of the lake appears, to the naked eye, to 
be made up of needles or prisms of black glistening born blende, closely 
compacted and in parallel position, peppered with a greyish-white 
subordinate constituent. Under the microscope (1526) it is seen to be 
made up of hornblende, feJ;;par and ri.uartz, the first predominating in 
compact, deep colored, strongly pleochroic green prisms from two to 
four or five times longer than broad. This compact priwiatic character 
of the crystals is very constant. The ends are sometimes sharp or 
jagged but more often somewhat rounded or square. These prisms are 
so closely packed sometimes tbat there is but little interstitial spa<0e 
between them, but for the most part thel'e are irregular spaces which 
are occupied by fresh felspar andg_uartz, which have their contours de­
termined by the shape of the interstices. None of the felspar was 
observed to be striated, and it is usually <]_Uite fresh. In both felspar 
and quartz there are numernus inclusions. 

A band of hornblende schists is exposed on Iviemekwisi Lake; these 
shew in hand specimen~ a black g listen ing surface on eleavage faces, 
while on transverse fracture it appears as an alternation of vei·y thin 
lamina> of black gli,.tening hornblende and greyish-white felspar and 
quartz. Under the microscope the hornblende appears in d8ep colored 
green l)atcbes 01· shreds of irregular shape, which are, however, usually 
elongated in the direction of the prismatic cleavage nnd arranged rudely 
parallel. Tho hornblende is in some portions of the section closely 
packed together, wbile in oth"rs it forms a more open felting , the inter­
stices being occupied by plagioclase and quartz in mosaic, the former 
being quite fresh. The section appears to have been cut at only a 
small angle to the plane of foliation so that the lamination, which is so 
apparent in tranverse fracture, is not. a marked feature of the thin 
section . . Shreds of hornblende, together with numei·ous other inclusions, 
occasionally arra.nged in lines, oceur in the felspar and quartz. 

On Rainy River, at the b ead of the Loogue Sault Rapid, the Kee­
watin series is represented by a dark-green, very fine textured, com­
pact hornblende schist, somewhat g lossy on cleavage faces. Under the 
microscope (J 609) the base of the rock is seen to be made up of a felt­
work of distinct, well defined needles of light green hornblende only 
slightly pleochroic. These needles shew a decided tendency to parallel 
arrangement, and the felted aspect is due to their crossing each other 
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at small angles, although occasionally needles may be i:;een trnnsver::;e 
to the rest. The intel'stices between these needles are occupied by 
bluish felspar and a little quartz. Where the interstices are small, 
the grains of felspar have their shape moulded against the long needles 
uf homblende, but where they are more open, as is often the case, 
the felspar grains form mosaics, the constituent gl'ains having a 
decided granulitic or rounded appearance. G!'ains of magnetite are 
commonly scattered through the section. In this base are imbedded 
large grains of plagi,elase, both in lath-shaped cr.rstals and in shorter 
tabular crystals. These are, for the most part, fresh, being only 
occasionally cloudy, nml shew twinning lamcllre. Some of thorn 
have retained their crystallographic outline, but most of them, shev1' a 
rending or granulation due to lwessurc and shearing; and, in some 
cases, the crystal has been ap1)arently reduced to the cataclastic state 
(rnortel structur of Tornebohm). Some of these crystals of plagio­
clase have a broad border in whid1 hornblende needles similnr to those 
of the base have been developed :dong the cleavage partings of the fel­
i;par. The needles are abundant but (Lre .smaller and shader than 
those of the base, which are often of great length, In other crystals, 
the development of hornblende needles is not confined to a periphernl 
border, but has taken pince throughout the crystal, the needle:i always 
lying in the cleavage partings. The rock is doubtless an altered dia­
base-porpbyrite in which the porphyritic plagiodase has suffered less 
alteration than the base. It is :.in interei:;ting case where a rock having 
the characLors of a homblende schist i'till retains features which indi­
cate clearly its derivation from a massive igneous rock. The base of 
the rock does not differ essentially from the 8ections of many of the 
hornblende schists above described, and the analogy is sugµ:estive of 
the deri·:ation of some of the latter from ordinary diabas~s free from 
large porphyritic c1·ystals. 

On the Pine River there are two exposures of the hornblende schisti:; Pine River. 

of the Keewatin. That at the first r apid is a ve1·y fine-grai ned, com-
pact, hard, dark-green hornblende schist. In thin section (1617) it re-
sembles the base of (1609). It is, however, finer-grained, and the needles 
more intricately felted. They show also a less regular shape. These 
microscopic characters seem to correspond with the fact that the rock 
is inuch less schistose than the rock at the Longue Sault. The inter-
stitial base or matrix in which the hornblende is imbeclded, is mostly 
bluish felsvar, with probably some quartz, but too small to determine 
optically. Scattered through this base are attenuated linear areas 
lying in all directions, which are occupied chiefly by mosaics of felspa1· 
with some epiclote and quartz(?). Some of these appear to be the 
granulated remains of lath-shaped plagioclase crystals, while others 
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have rather the appearance of small cracks secondarily filled. :Magne­
tite is sparsely distributed over the field. 

The same description is applicable to the rock C 618) of the second 
rapid:> of the Pine River, except that the hornblende needles arelarge1· 
and the texture, in consequence, appears coarser; and that remains of 
porphyritic fel;;1)ar crystals are, perhaps, more distinct. 

Sl'Jft Fissile Green Schists. 

These are schists closely resembling the paste of some of the ronglo­
merates. They are usually distinctly bedded. Their elastic origin 
can scarcely be doubted, though, as in tho paste of some of the conglo­
merates, their association with bedded traps and their mineralogical 
analogy with the altered phases of those traps, renders it extremely 
probable they were never ordinary clays, but were originally fine­
grained, volcanic ash beds, the constituent minerals of which have­
suff'ered alteration and decomposition along the same lines as those 
observable in the traps. They arc metamorphic rocks probably only 
in the sense that they exemplify in bedded volcanic ashes of a certain 
character, those paramorphic, metasomatic and dynamic changes 
which arn now so well known in the corresponding massive rocks. 

It is often difficult to draw the line between certain varieties of this 
class of rocks and those which h:we, in another section been spoken of, 
as hornblende schists. In th i:> connection it is, as I have elsewhere 
pointed out, interesting to note that the darker, harder, more 
compact, and less chloritic hornblende schists are usually found at the 
base of the Keewatin series where the basal portion is in contact with 
the igneous graoitoid gneiss of the Laurentian; while, when the base 
of the Keewatin rests upon the Coutchiehing, the soft, fissile, light 
colored cbloritic, green schists abound, and arc also found in portions 
of the Keewatin removed from the contact with the Laurentian gneiss. 
The darker, harder, more compact, often glistening hornblende schists 
appear to be in part an altered phase of the fissile green schists, and 
the a Iteration further appears to be a function of their proximity to 
the Laurentian gneiss, which gneiss has all the characters of an igneous 
irruptive rock. 

Only a few gpecimens of this class of rocks have been microscopically 
examined. On the shores of Swell Bay, these schists are found inter­
calated with the massive or slightly schistose altered traps. A ~peci­
men was taken from one of these beds about one mile east of the Bcar'R 
Passage. It is very fine-grained, greenish-grey schist, glossy on 
cleavage surfaces. In thin section (1604) it appears as an irregular 
aggregate of masses of fibrous hornblende, zoisitc in colorless grains, 
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brownish-grey leucoxene in rounded grnins, chlorite, quartz and 
calcite. 

In another specimen (1605) taken at the same locality from another 
bed, the hornblende appears in needles and :fibrous shred-like masse11 
with a decided t endency to parallel arrangement. Chlorite is abund­
ant. The other minerals are epidote, zoisite and leucoxene, none very 
abundant. 

On an island in the north-east corner of Swell Bay the rock is a 
glossy, greenish-grey fissile schist made up in thin section (1616) of a 
tine-grained aggregate of quartz, fresh felspar, zoisit~, decomposed 
biotite in parallel anangement, and masses of chlorite in which are 
imbedded crystals of epidote. In contrast to this ground mass are large 
grains of calcite and loucoxene, with often opaque nuclei. Iron oxide 
stains the rock somewhat. The general aspect of the section is perhaps 
less like that of a volcanic ash than the other sections. 

The fissile g reen i>chists of Grassy Lake on tho Seine R.iYer are in Grassy Lake. 

thin section ( 49) seeu to be comprised of chlorite, a few shreds of 
hornblende, an abundance or calcit e and a li ttle quartz, all in a more or 
less parallel ar rangement. 

On the north side of Bad Vermilion Lake a similar fissile schist Bad Vermilion 

occurs. It is composed (51) of an irregular mosaic of quartz, mixed Lake. 

with anastomo8ing areas of green, feebly pleocht·oic chlorite. Where 
the chlorite is in la1·gest masses, it encloses crystals of colorless Lo 
yellowish epidote. The quartz <.:ontail1s llquid inclusions, often with a 
moving bubble and microlites of a highly r efracting mineral, probably 
zircon. A little leucoxene with opaq_ue nuclei, calcite and pyrite are 
the only other minerals. Veinules of epidote traverse the slide. 

Another specimen of a similar schist from the N.E. end of the same 
lake (l!J) is a dark-green fissile r ock, which, in thin section, appears to 
be .made up mostly of quartz and chlorite. with large g rains of calcite 
and some mag netite. All the constituents shew a parallel disposition. 

A specimen of the dark-green fissile schists which are commonly Seine Bay. 

interbedded with the altered traps on the north shore of Seine Bay, 
(17) is made up of quartz, felspar (in E>paring quantity) hornblende and 
chlorite; with titanite, magnetite and epidote as aecessory constituents. 
Some of the chlorite appears t o be the result of the alteration of the 
hornblende, but for the most part its origin is indeterminate. The 
quartz and felspar form a mosaic ground-mass which, in places, is. 
visible throug;h the t hin flocculent chlorite. The titanite is rather 
abundant in the usual double wedge-shaped crystals, and is disposed 
independently of the schistosity, which is evident in the arrangement 
of the other constituents. The crystals of titanite often have an opaque 
nucleus. The epidote is sparingly represented, and occurs in irregular 
grains. 6 
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Conglomerates. 

The>ie rocks are of extreme interest inasmuch as they not only give 
us a distinct criterion of the extent of the alteration which may be 
effected in strata of indisputably elastic origin, but also give us a 
clew as to the strntigraphical relations of the series of which they a1:e 
members, to the underlying rot:ks. The nature of the pebbles, furthe1· 
affot'ds us evidence as to the approximately original character of these 
latter rocks. 

Rat-root Bay, On the shores of Rat-root Bay, Rainy Lake, a formation of pebble 
Rainy Lake. 

conglomerate is well exposed and possesses strongly marked char-
acters. The matrix is a rather soft, dark, glossy green, fissile chloritic 
schist. The pebble!> are of a, rather heterogeneous character and com­
prise smoothly rounded, distinctly water-worn pieces @f glasr;y or 
saccharoidal quartz, pebbles of a somewhat foliated felspathic rock, and 
boulders of grnnite. 

Granite boulder A thin section (708) of a boulder of medium textured flesh-red granite 
imbedded in green schist on the south side of the bay appears under 
the microscope as a granular or allotriomorphic aggregate of ortho­
clase and plagioclase, with inclusions of apatite in the usual stout 
needles, quartz and biotite, with some accessory magnetite and 
secondary epidote. The felspa1·s are clouuy, but tbe twinning- lamellae 
of the plagioclase are quite distinct. The quartz has liquid inclusions 
arranged in streams. The biotite is frequently bleached or is altered 
to chlorite and epidote. Some fresh secondary biotite occurs as a rim 
around grains of magnetite. Leucoxene and limonite are present also 
in small quantities. 

Granite boulder At the south-east corner of the end of Swell Bay, Rainy Lake, a 
ifa;.chist,Swell granite boulder less than a foot in diameter was found imbedded in a 

fissile green schist which is interstratified with other green schists and 
with altered diabases. The granite is coarse-grained and of yellowish 
red color. Under the microscope (1618) it is remarkably fresh, and is 
made up of a granular aggregate of quartz, glassy or1.hoclase and 
plagioclase, with occasionally a micro-perthi tic stmcture, and biotite. 
The accessory minerals are pleochroic titanite, apatite, magnetite and 
a little calcite. The orthoclase in exceptional spots is cloudy with 
muscovite. Radiating tufts of an actinolite-like mineral occur in the 
quartz. The plates of biotite are occasionally curved, and are often 
associated with and include crystals of titanite. 

Seine River. On the n01·th side of Shoal Lake and Grassy Lake, on the Seine 
River, near the base of the Keewatin series where it rests on the 
Contchiching, there is a formation of pebble and boulder conglomerate. 
The pebbles are mostly small, not exceeding, as a general rule, three 
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inches in longest diameter. Not infrequently, however, they are six 
inches or even a foot in diamete1·. They are distinctly water-worn and 
are oval or rounded in contour. They are imbedded in a fissile, glossy 
green, cbloritic schist. The rocks have been evidently subjected to great 
pressure, to which must be ascribed the development of the schistosity 
in the matrix of the conglomerate; but owing to the great discrepency 
in resisting power between the pebbles and the matrix, the former 
have escaped deformation, while the latter has been much squeezed, as 
is shewn by the planes ofschistosity bending around and conforming 
to the shape of the pebbles. 

A thin section (3003 a) of one of these smooth, oval pebbles appears, Pebbles. 

under the microscope, as that of an altered felsite, being made up of a 
compact micro-crystalline aggrngate of quartz and J'elspar, both striated 
and unstriated, in which a large amount of sericite has been secondarily 
developed. 

A section (3003 b) of another similar pebble from the same conglo­
merate appears somewhat coarser in texture than the last, and })artakes 
<lf the natul'e of a porphyry. In a very :fine-grained base of quartz 
and felspar, in which have been developed much sericite and epidote, 
there are irobedded crystals of microcline with sharp well formed 
boundaries. 

On i!he west side of Pickerel Lake, Manitou Route, a band of felsitic Pickerel Lake. 

agglomerate assumes locally the characters of a true conglomerate, in 
which a greenish schistose matrix holds rounded pebbles and angular 
fragments of quartz porphyry. A thin section (1044A) of one of these 
·pebbles appears under the microscope, as a fine grained felsitic base in 
which are imbedded large porphyritic crystals of orthoclase, plagio. 
clase and dihexahedral quartz, with a few tufts of fibrous hornblende. 
Veinules of secondary quartz in mosaics of large grains traverse the 
section. 

The matrix in which pebblef\ of this character are i mbeddcd, is a Matrix of 

green hor nblende schist (1044), made up under the microscope of an conglomerate. 

intimate felt work of sheaf-like tufts of frosh green hornblende which 
appear to be imbedded in a transparent medium Ot' base of quartz in 
small interlocking grains, togethet· with calcite in large separate 
grains, and in mosaics with the quartz. Associated with the horn-
blende there iR considerable magnetite in small grains. 

Among the soft fissile glossy gray schists of the Keewatin series at 
the west end of Schist Lake, Pipe-stone route, there are several beds 
Qfconglomerate, the pebbles of which are mostly quartz rock, and the 
matrix a soft, more or less calcareous, decomposed schist, stained yellow­
ish with oxide of iron. 
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A thin section (217) was made across the line of contact of a pebble 
and its surrounding matrix. Under the microscope the matrix appearf! 
to be made up largely of calcite, muscovite in nests, quartz in aggre­
gates of fine grains and in single fragments, and of irregular masses of 
brownish an<:l red translucent iron oxide. 

The pebble consists almost entirely of quartz in a very fine mosaic 
aggregate, partly chalcedonic. The line of contact of the pebble and 
matrix has been a channel of infiltration; for close to the contact 
there has been deposited in the quartz aggregate an abundance of 
minute scales of muscovite, which become less and less plentiful towards 
the centre of the i)ebble, and eventually disappear. Sharp little rhombs 
of calcite have, also, been deposited in the quartz rock pebble near the 
contact, and extend in stringers towards the centre of the pebble, but 
are entirely absent in its central portion. These rhombs of calcite 
are sometimes obsei·ved to have been developed around quartz grains, 
so as to quite include them, thus simulating on a microscopic scale the 
well-known phenomenon of the calcite of the Fontainbleau sandstone. 

In considering these conglomerates with regard to the light they 
throw upon the mineralogical development of the rocks with which 
they are associated, upon the relations of the series of which they 
form a part to older series, and upon the original character of the 
older series from which the pebbles are presumably derived, the fact 
must be borne in mind, that they are intimately associated with rocks. 
which are of undoubted volcanic origin, and are in fact but a subordinate 
portion of a voluminous volcanic series. Fissile green schists, such as 
usually form the matrix of these agglomel'atcs are frequently found 
intercalated with the bedded traps of the series. They appear in these 
cases to be altered basic volcanic ash bed;;. And even where these 
rocks appear as the matrix of a true pebble conglomerate, it seems far 
~ore probable that these fissile green schists were originally volcanic 
debris composed of augitic and basic felspathic material, which has 
been subjected to the ordinary process of mineralogical alteration, 
giving rise to uralite, chlol'ite, epidote, calcite and quartz, than that 
they were ever clays which have by processes scarcely known lo us, 
been crystallized into minerals 'vhich now compose the schists. The 
augite and plagioclase of the bedded diabases of the same series are 
very largely decomposed into the same minerals which make up the 
schistose matrix of the conglomerates. 

Their presence in an overlying series, also, is evidence of an interval 
or geological break, during which the Coutchiching rocks suffered 
erosion; such break and erosion being indicative of unconformity 
between the Coutchiching and Keewatin. 
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The pt'escnce of granite bouldel'S in these conglomerates i>< an inter- Granite 

t . b t' b h · l · t' I l f' th boulders in es mg o Serva 10n, ut one w lC' l is suseep 1 J e o more an one conglomerates. 

explanation. Eithel' the granites may have been torn from the shores 
of the trough in which the Keewatin roc:ks were being deposited by 
ordinary forces of rock disintegration, or they may have been brought 
up from beneath by volcanic fol'Ces. It is al together pt'obable, however, 
that they indicate the existence of subaerial granite at the time of 
the deposition of the Keewatin roe.ks ; and although all the granites, 
of the region appear to be in some degl'ee later than the Keewatin 
rocks, this does not necessarily c.onflict with the Sl:lpposition of a 
granite shore for the basin in which the Keewatin rocks were deposited. 
A Rtudy of the region leaves no room for doubt in my own mind b11t 
that the original floor of the basin upon which the Keewatin and Ooutc-
hiching rocks were deposited, whether it were granite or any other 
rock, was fused in times of disturbance, and appears now to us as the 
foliated granite known as the Laurentian gneiss. Thus the granite 
boulders in the Keewatin agglomerates may have been derived from a 
g ranite basement now obliterated hy subsequent plutonic fusion. 

The felsites and quartz-porphyrie:; which, as smooth, well rounded oi· 
oval, waterworn pebbles, are so la1·gely repre:o;ented in the Keewatin 
conglomerates, have no known analogues within the district examined 
in the unde1·lying Ooutchiching or Laurentian rocks. But if the 
Laurentian were fused at a time subsequent to the deposition of either 
the Coutchiching oi· Keewatin, these pebbles may possibly represent 
the condition of a portion of these rocks as they exi:>ted prior to the 
fusion. Or, these felsites and quartz porphyry pebbles may have 
been derived from the underlying Ooutchicbing series, and represent 
the original cha1·acter of pai·t of the rocks of that series. The altera­
tion of quartz-po1·phyries and felsites would readily yield, under the 
influence of great pressure, the fine grained, evenly laminated, gi·ey 
gneiss which is now found interbeclded with mica schists in the 
Ooutchiching series. The alterntion \\·ould be quite analogous to that 
worked out by Lehmann*, for the deriYation of the granulitic g neisses 
of Saxony, from quartz-porphyries. No direct evidence has, however, 
been observed of volcanic agencies having had a part in the building 
up of the Ooutchiching series. 

S ericite Schists, Felsi.tic S chists-Altered Quartz-Porphyries. 

The rocks of the Keewatin series which, in field parlance, are referred Mode of 

to as fol sitic schists, but which, in strict nomenclature, are for the occtirrence. 

greater part altered quartz-porphyries, occur sometimes as formations 
of enormous thickness, occupying extensive arem:, and sometimes as 

• Ueber die Entstcbun1rder Altkrysta.lliner scbiefcr gestcine. Bonn, 1834. 
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comparatively insignificant beds as little as a foot in thickness, inter­
calated with green schists. They are usually evenly stratiform in 
aspect, and by the development of secondary minerals as a concomitant 
of dynamic crushing and stretching, they pass on the one hand info 
the porphyroids and nacreous or glossy flericitic schists, and on the 
other, into granulitic biotite gneisses. They have very frequently 
associated with them acid volcanic tuft's and agglomerates, in which the 
paste appears to be simply the debris of the quartz-porphyry material, 
while the included fragments are, a:-:; a general rnle, piece,; of the massive 
rock. The,,;e quartz-porphyries are interesting geognostically in the 
fact that they represent a wide-spread extravasation of acid volcanic 
rocks, subsequent to tho extravasaLion of the basic, volcanic rocks 

Sequence of (diabases) which make up so large a part of the underlying or basal 
acid af1er bnsic b f h J{ · · · h' · F · h' l rocks. mem ers o t e . eewatrn sen es 111 t is reg10n. < rom a petrograp wa 

standpoint they are interesting for the clear and unmistakable way in 
which they reveal tbe effects of rock-crushing and stretching, in the 
sundering of the felspars and qua-rtzes, a-nd the frequent reduction of 
the latter by granulation to lenses with tapering Lails, as well as by 
the development of mica along the sheal'ing plar.cs, and its curvature 
around the porphyritic conc;titntents of the rock. 

Line Bay, No. 378.-0n the east ::;ide of _Line Bay, Pipestone Lake, in narrow 
~~dooeL~L . 

bands, one to three feet wide, apparently imbedded with the green 
schists. The rock is a silve1· gl'ey " porphyroicl" sericite schist. 
L'nder the rnicrosco1Je it appears to be made up of a fine-grained 
ground mass of quartz and fobpar, in which have been developed 
scattered scales of muscovite. In this are imbedded grains and erystals 
of varying t;ize of quartz and felspar. These porphyritic constituents 
either retain the charactel'istic shape of felspar or the dihexahedral 
fo1·mt1 of quartz, or are in Lhe form of I enses arranged with their long 
axes parallel. Besides the scattered scales of muscovite throughout the 
ground mass, there is a much more abundant development of that 
mineral along broad wavy parnllel bands, which traverse the schists 
and flow around the porphyritic crystals. , 'These lines, along which the 
muscovite has been so largely developed, would appear to have been 
shearing planes. These band,, of muscovite, although flowing around 
the porphyritic cry,:;tals, rarely completely enclose them. Fol' in the 
wake of the fragment or. crystal there iR usually congregated together 
a number of minute grains offelspa1· and quartz which, in some cases, 
appear to be a portion of the g round mass, which, in the shearing, has 
moved with the porphyritic grnin in its shelter or shadow, and in 
other:> to bo the result of the grnnulation of the largel' mass. The 
muscovite in the wavy band8 exists to the entire displacement of the 
ground mnsB; and would thu:> appear to have been developed during the 
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process of slipping and rending, the proof of which is seen in the dis­
location and sundering of the porphyritic constituents, the cracks 
being filled with the ground mass and musc:ovite. ·rhe scales of the 

Fig. 8.-Section of porphyroid sericite schist (altered quartz-porphyry) from 
Line Bay, Pipestone J.,ake, showing o{ore or less paralle1 bands of muscovite, 
(m) running through the ;-ock and flowing around the porphyritic crystals of 
quartz, ( q) and ortboclase, ( o) some of which are red need to lenses having their 
long axes approximately parallel. x 44. 

muscovite of the wavy bands are, at any particular place, strictly 
parallel and closely compacted, so that the band extinguishes as a unit 
for as much of its length as may coincide with a section of the nicols. 
The relation of these bands of muRcovite to the ground mass and to 
the porphyritic cry;itals is illustrated in Fig. 8 drawn with t he 
camera lucida. 

No. 1'784.-South encl of Clear-water Lake, Kishkutena route, west Cle1mvater 

side. A flesh-tinted to pnq)lish crypto-crystalline schist, with Lake. 

occasional porphyritic crystals of folspar, and with chlorite_ developed 
along the cleavage surfaces. Under the microscope, seen to be made 
up of a fine-grained ground mass of quartz and felspar, throughout 
which are disseminated the secondary minerals muscovite, ch lorite, 
epidote and calcite. In this are imbeclded large usually br oken frag-
ments of orthoclase and plagioclase, and areas of granulated quartz. 
Chlorite has been developed along the shearing planes. 

No. 1786.-Halfamile west of last locality at south encl of Clear-south end 

water Lake. Light grey crypto-crystalline schist with rough, unctuous of lake. 
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cleavage surfaces, resembling the last in its microscopic charac.ter, 
particularly in the ground mal:ls. The porphyritic constituents are 
c1·ystals and broken fragments of felspar, and granulated lenses of 
quartz, indicative of in tense crushing and stretching action. A large 
amount of muscovite has been developed in parallel position and fre­
quently flows around the porphyritic grains. Small amounts of 
chlorite and calcite are scattered through the rock. 

No. 1788.-W est side of Clearwater Lake, towards the south end. A 
greenish-grey to yellowish quartz-porphyry, canying large masses of 
quartz and felspar, in which have been developed considerable muscovite 
and some chlorite, and in which are im bedded in porphyritic develop­
ment, orthoclase, plagioclase and quartz. The felspars tisually occur in 
well defined, crystalline forms, but are frequently dislocated and 
sundered. They are largely decomposed to kaolin, muscovite and 
epidote. The quartz occurs in irregular grain,; and in more or less 
dodecahedral forms, which ai·e often seen to have corrosion bays of the 
ground mass running into them; Ol' to be pat•ted, the fissures being 
filled with the ground mass. 

No. 1791.-South side of Hazy Point, CIE'.ar-water Lake. A flesh 
tinted to purplish quartz-pol'phyry, made up of a :fine-grained ground 
mass of quartz and felspar, in which have been de,·eloped considerable 
muscovite in minute scales and a little chlorite, calcite and secondary 
quartz. In this are imbedded large porphyritic crystals of orthoclase, 
plagioclase, entire and in bt·oken pieces, and quartz usually in lenses 
with granular margins. The long axis of the felspars and of the quartz 
lenses are parallel, and there is a flow structure of the muscovite and 
chlorite around them. There is 1wesent also a little epidote resulting 
from the decomposition of the plagioclase. 

No. 1829.-South end of Clear-water Lake, east side. Grey quartz­
porphyry merging in the field into a gneiss by the development of 
biotite in parallel position. 'Cncler the microscope, it appears as a 
fine-ground mass of quartz and fel,;pm", with considerable quantities of 
epidote, muscovite and a little calcite. In this are imbedded 
crystals of orthoclase, plagioclase, quartz, muscovite and biotite. The 
orthoclase is in Carlsbad twins, and the plagioclase in the usual 
polysynthetic twins of the albite type. They at•e usually rounded or 
sub-angular in outline, though they are occasionally met with in 
sharp, crystal forms. The quartz is in ir1·egular grains, and in more 
or less rounded dodecahedral crystals. The muscovite and biotite are 
only sparingly present in rather thick plates. 

No. 1841.-South end of Clear-water Lake, east side, half a mile 
south of Burnt Narrows. This rock has the aspect of a micaceous 
granulitic gneiss, but is probably an altered form of the quartz por-
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phyl'ies with which it is associated. It is made up of a fine-ground 
mass of quartz and felspar, in grains. which, with high powers, are 
observed to be more 01· less rounded or granulitic, and the constituent 
grains appea1· to be larger than those of the ground mass of the quartz 
porphyries, above described. The porphyl'itic cl'ystals are only 
observable in irregular and vague traces, with often a granular border. 
The porphyritic quartz is less abundant than the felspar. Biotite in 
irregular plates of varying size, but parallel in position, is scattered 
throughout the rock, together with a smaller numbel' of rather large 
plates of muscovite. 

No. 2023.-South side of Off Lake. In association with the acid OffLnko. 

elastic tuffs, 2019, 2021 and 2022. Macrosc0pically, a purplish, crypto­
-Ol'ystalline sericitic schist. U oder the microscope, it pre;;ents a fine 
ground-maRs of quartz and felspar, throughout which an abundance of 
muscovite has been developed, and epidote in lenticular nests. In this 
are imbedded e1·ystals of orthoclase in Carlsbad twins, plagioclase, and 

Fig. 0.-Sundered crystal of tourmaline in quartz-porphyry from south side 
of Off Lake. x 11. 

quartz generally in lenses with granulated mal'gins. A crystal of 
tourmaline was observed in a long prism, showing the sundel'ing or 
stretching effects manifested elsewhere in this rock. The sundered 
aspect of the tourmaline is shewn in Fig. 9. It does riot appear to 
have been a compl-etely developed crystal, but tho separation of the 
once continuous parts is nevertheless quite apparent. The crystal is 
strongly pleochroic, w very dark-green to greenish blue, c Yery lig ht 
brown. 

No. 997.- West side of Pickerel Lake, north of Cedar Nan·ows, Pickerclfokc • 

.Jfonitou route. A light bluish-grey, q_ua1·tzose schist of fine sugary 
texture, ·with large porphyritic blebs of quartz. Under the microscope, 
it appeal's as a fine-grain'ed ground mass of quartz and felspar, through-
out which shreds of muscovite arc plentifully scattered, t0gether with 
irregulal' agg regates of g1·ains of epidotc and a little calcite. In 
this ground mass are imb~dded large grains of quart:r,, some of which 
have distinct dodeeahedral outlines which g ive t he rode the characters 
of a quart;1, porphyry. 

No. 1001.-W est side of Pickerel Lake, one mile north of Cedar N ar- One mile N. of 

A h ·t· k · h" I · b dd d · f t Cedar Nnrrows. rows. grey ap am ic roe m w ic i are im e c grams o quar z 
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and crystals of felspar. Undel' the microscope, constituents of three 
generations are represented by three grades of fineness. The pre­
dominant of the8e are the grains of the second generation which con­
sie;t of quartz and non-striated felspar in uniform-sized grains from ·1 to 
·2 mm. in diameter. These are sometimes so closely packed as to leave 
no inter;;titial space, more frequently, however, there is an interstitial 
space between the grains, which is filled by tbe material of the third 
generation, which comprises grains of folspar and quartz from ·Ol to 
.04 mm. in size. The constituents of the second and third generations 
together with grains of epidote, shreds of muscovite, and a little 
1eucoxene, make up a ground mass in which are imbedcled large grains 
of quartz, crystals of orthoclase twinned on the Carlsbad Jaw and filled 
with sharp little scales of muscovite and crystals of plagioclase twinned 
on the albite law, and largely altered to epidote. 'l'here is throughout 
a well marked flow structure manifested, seen in the bending of 
streams or bands of muscovite around the porphyritic grains which 
are further sometimes torn asunder. 

Swell Bay. No. 54.-South shore, Swell Bay, one mile N. E. of Little Rol!ky 
Narrows. A dark grey crypto-crystalline schist made up of a fine­
grained ba;;e of quartz and febpar grains of varying size, in which has 
been developed con:siderable muscovite. Coarser mosaic linear areas 
n,lternate roughly with finer or more sericitic areas, giving the rock a 
r;chistose or banded structure. In this base are im bedded grains of 
quartz, KOme of which are rounded or crushed into granulated lenses 
while others retain their dihexahedral form quite distinctly. I?retih 
biotite is observed to have been developed along shearing planes in the 
wake of the crushed or granulated quartzes. A good deal of calcite is 
intel'spersed throughout the base, and occasionally replaces the felspar. 

No. 1619.-South tihorc, Swell Bay, near east end. A yellowish grey, 
feebly banded aphanitic schist, with sericitic gloss on cleavage surfaces. 
A very much squeezed and drawn out rock made up of a £ne ground 
mass of quartz am! felspar, with considerable muscovite arranged in 
streams or flowing bands along shearing lines. In this are imbedcled 
grains of ma,gneti te and lenses of granulated quartz, with liquid and 
dirty inclusions, so altered that it might pos::;ibly have been a quartz 
porphyry tuft' rather than the ma::;sive rock itself. · 

Sturgeon Falls. No. 52.-Sturgeon Falls, Seine River. A glossy, grey, porphyroicl 
schist made up of a very fine felsitic ground mass, in which has been 
developed an abundance of muscovite, and porphyritic crystals of 
orthoclase and plagioclase, both very cloudy, with irregular or pear 
shaped grainR of quartz with undulatory extinction. There is a good 
deal of calcite in large individuals present as well as a conf>iderable 
amount of frei;h biotite, developed along parallel lines which probably 
represent shearing planes. 
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Fragrnental Rocks-Grauwackes- Volcanic Tu.ffs, etc. 

Besides the conglomerates and those :fissile green schists which Two types of 
. the<e rocks. 

appear to be altered augitic volcanic ash beds, there are volumrnous 
formations of other fragmental rocks which form prnminent member:> 
of the Keewatin series in the region under consideration. Theso fall 
into two main types which, howeve1-, both in their conditions ofoccur-
ence and in their petrographical characters are closely associated (1) First typo. 

grits or grauwackcs, generally very distinctly bedded, varying in color 
from light-yellowish grey to very dark grey and presenting varying 
degrees of texture. These have sometimes the characte1·s of q uartzi tes, 
and oc1:ur generally on the same horizons with felsitic schists, from 
which they cannot be separated for purposes of mapping. (2) Volcanic Second type •. 

agglomerates or tuffs, generally extremely felspatbic, and having a 
paste quite similai-, in many cases, to tho grauwacke::; . The included 
fragments are, for the most part, either sharply angulae or lenticular, 
and composed of a very felspathic 1·ock, often a quartz-porphyry, whi0h 
is usually of lighter color than the paste. The lentir·ular aspect of the 
fragments appears to be intimately as8ociated with a pronounced 
:;cbistosity of the rock, and is doubtless the result of deformation due 
to pressure. There is thrnughout the region a notable paucity of 
those greener or more hornblendic varieties of the agglomerates which 
were observed on the Lake of the 'Voods. Micaceous varieties are 
also not well r epresented . The agglomerates of the Rainy Lake region 
are remarkably uniform in their highly felspathic character, but are 
quite tbe same a;; the more felspath ic varieties ob::ierved on the Lake 
of the Woods. A somewhat detailed account of the characters of a few 
specimens of these fragmental rocks will be of more immedii1te interest 
than any general t;tatements that may be made concerning them. 

On the south side of Crow Lake there is 1in extensive development South side 

of bedded fragmental rocks, most of which being folspa.thic mther than Crow L a.J;e. 

quartzose, and having their constituent grains angular, rather than 
rounded, may be te1·mod g rauwa.ckes. Some of them ure, howeve1-, 
very quartzose, and of the character of indurated sandstones. The 
finer grained of these arn probably partially of volcanic origin, i.e., the 
direct debris of volcanic matel'ial, and partially of sedimentary origin. 
A specimen (109) from the south side of Patch Island is a very tine-
g rainecl, dark grey, evenly banded, bard rock, with a brittle, conchoiclal 
fracture. U ncler the microscope, it has a well marked elastic struc-
ture, being ma.de up chiefly of angular broken fragments of quartz of 
varying size. Occasionally, the grains are rounded or pear-shape<l. 
The rock shews the banding or bedding in tho tbin section, the 
demarkation between the different layers being an irregular wavy 
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line, along which hai; been deposited a finely granular, almost opaque 
material, probably iron oxide. Minute grains of epidote, pale green 
flakes of chlorite, and shl'eds of muscovite, are present, with a lit.tle 
leucoxene. . 

Half a mile west of Patch Island a little grey massive rock with 
blades of chlorite occurs. Under the microscope (98) it appears to be 
made up chiefly of angular, sub-angular and occasionally rounded 
grains ofplagiocla::;e containing needles of apatite, and quite fresh save 
for the presence of a few grains of epidote and shrnds of muscovite. 
Larger grains of epidote and calcite a!'e generally distributed through 
the section, together with a little leucoxene. Micaceous chlorite occurs 
in large patches as if pseudomorphic, after !'Orne pyroxenic mineral 
and pyrite with decomposition rims of limonite. 

Two miles south-east of Chase Point, on tbe south shore of Crow 
Lake, the rock is a grey to a yellowish white grauwacke, evenly 
bedded. Under the microscope (125) it is made up of a :fine-grained 
g round-mass of more or less rounded grains of quartz and felspar, in 
which are imbed<led large fragments of plagioclase, orthoclase and 
quartz. The section is cloudy with aggregations of kaolin and epidote. 
Well defined individuals of epid6te also occur. Other secondary 
minerals a1·e: quartz in mosaics, calcite in occasional grains, some­
times replacing the feL::par, muscovite in minute scales, a little limonite 
and some elongated shreds of fibl'ous hornblende. 

On the shores of the bay east of Shanty Point, an agglomerate 01· 

tuff occurs, the finel'-grained base which, undel' the micl'oscope (146) 
is made up of a paste of minute partiules of q_ uartz and felspar, in which 
are imbedded angular fragments of the same minerals which have 
sometimes a jagged outline with sharp re-entrant angles. The plagio­
clase is spotted with small quantities of muscovite, epidote and zoisite. 
Shreds of h ornblende with epidote are generally disseminated, as well 
as an abundance of epidote, unassociated with the hornblende, in single 
grains and in nests of g rains. 

Pipestone La.kc At the south end Unde Rapid:> between Schist Lake aml Pipestone 
1.Tn<le Rapids. Lake, a grey to yellowish compact rock occurs with whitish weather­

ing. Under the microscope (234) it appears aR a fine-grained ground 
mass of fel$par aml quartz, with interspersed scales of muscovite and 
grain8 of epidote, in which are imbeddecl rounded and angular frag­
ments ofplagioclase and quartz. The most prominent mineral in the 
rock, however, is calcite, which has been developed in situ in beauti­
fully sharp rhombs. The calcite is also seen partially replacing the 
plagioclase fragments, and occasionally a well defined rhomb of that 
mineral O\;Curs in the heart. of a felspar grain. The calcite has 
occasionally a nucleus of almost opaque granular material. 
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On Pipestone Lake, half a mile west of Pivot Point, north side, aw. of Pivot 

specimen was taken of a greenish grey elastic rock, which in thin sec- Point. 

tion (286) is seen to be made up of a fine-grained paste of quartz 

grains, shreds of muscovite and ch lorite and grains of epidote. In this 

are im bedded rounded and angular grains of quartz and some 

leucoxenc. Pyrite and calcite are prominent secoudary minerals. That 
the rock has yielded to pressure is indicated not only macroscopically 

by its schistosity, but also microscopically by the breaking and sunder-

ing of the quartz grains and the drawing out of the leucoxene into 
long stringers. 

A quarter of a mile we8t of the last locality, a dark green, rudely 

schistose chloritic rock, spotted with fragments of quartz, occupies the 
shore. Under the microscope (266) it is made up of a matrix of 

Fig. 10.-Fragmental rock from from near Pivot Poi11t, Pipestone Lake, sbew­
in~ sundering of individual of quartz, (q, q, q) into several pieces. Rending 
effects also seen in leucoxene (I), ( q) quartz grains other than the sundered indi­
vidual. The base of the rock is chlorite, (ch) in which, subsequent to pressure, 

have been developed sharp rhombs of calcite or dolomite. x 18. 

chlorite and quartz in fine grains. Jn this are imbedded large rounded 

and angular fragments of quartz, felispar and lcucoxene. The rock 

shews pressure effects to a remarkable degree, the quartz grains fre-
quently being torn asunder into numerous fragments shewing thesarrie, Pressure effects 

or approximately the same, extinction. The spaces between these 

sundered fragments are filled with chlorite, the scales oL\vhich are in 
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definite parallel position corresponding to the schist planes. The leu­
coxene sbows the same sundering, though in a less degree. Felspar 
grains are abundimt. Beautifully sharp calcites have been developed 
in the chloritic base of the rock, apparently at a period subsequent to 
the action of the pressure. The various features here described are 
illustrated in Fig. 10. 

Three-quarters of a mile west of Pivot Point, on the south side, the 
rock (277) is a grey schist made up of a fine-grained ground mass of 
quartz grnins and shl'eds of muscovite in parallel position with patcheR 
of cblorite and grains of epiclote. In this are imbedded larger, rounded 
and pear-shaped grains of quartz, with occasionally more angular 
pieces. Aggregates of muscovite are massed together in parallel 
position, in areas having an oblong shape, apparently constituting a 
pseudomorph, after felspar. Scattered through the section are rhombs 
and irregular masses of calcite and magnetite in grains or loose 
lenticular aggregates of grains. 

On the south-east side of Pipestone Lake there occur some subordin-
ate beds of a grey-green, fine grained, though not uniformly textured 
rock, having a well murked scbistose :;tructure. It (356) is made up 
chiefly of small angulai· and sub-angular grains of quartz, shreds ofpm·­
tially bleached biotite in parallel arrangement, lal'ge and small grains 
and aggregates.of grains of epidote, with ai·eas of mosaic quartz and 
calcite of la1·ge grain, and a few crystals of pyrite. 

'Pickerel Lake, At the north end of Piekerel Lake, Manitou route, thel'e is a large 
<11orth end. volume of compact, dark-grey quartzose, elastic slates, passing across 

the strike into fine grained clay slates. A thin section of this rock 
(1011) from the west side of the lake, shews it to be distinctly banded 
and made up chiefly of quartz in more or less rounded grains, with 
generally a black 1·im around the periphe1·y where in contact with 
other grains. Over this are scattered cloud-like patches of yellowish­
green isotropic chloritic material, and an abundance of opaque (carbo­
naceous) matter in irregular grains and ragged shreds. Grains of 
leucoxene with opaque nuclei and small plates of musc(}vite a1·e also 
p\·esent. Microlites of apatite and zircon are included in the quartz. 

IEa.st side 
of lake. 

On tho east side of the lake, another specimen of the same rock for-
mation presents in thin section (1022) to the naked eye, or with a 
low power, a spotted appearance, due to the presence of round or pear­
shaped areas, in rough parallel arrangement, which are clearer and 
more transparent than the rest of the rock. The baRe of the rock is 
an aggregate of minute quartz grains, intermixed witb which is a con­
siderable amount of finely divided opaque matter, probably cal'bon­
aceous. The rounded and pear-shaped clea1· spots are areas where 
tbere is a much Jess amount of carbonaceous matter, and where mus-



~AWSON.] PETROGRAPHY OF THE KEEWATIN SERIES. 95 F 

{;Ovite has been developed in little nests to its exclusion. The border 
of these clear areas is a comparatively sharp one. Muscovite in large 
plates and a little fiocculent chlorite are also scattered throughout the 
section. The differentiation in the distribution of the carbonaceous 
mattcl' recalls that in the Steige1· Schiefer of the Bai r-Andlau contact 
zone described by Rosenbusch,* although the process appears to be 
the reverse of that there observed ; being an elimination of the carbon 
from certain areas, not its condensation into "Kniitchen." The speci­
men described is from the proximity of the most easterly of the two 
granite bosses on Pickerel Lake. 

Another specimen (1023) from the same formation near the same 
granite boss is a fine grained compact rock, made up of a fine q uartzosc 
base, through which are scattered small plates and ragged shreds of 
biotite of pale, greenish-brown color, and colorless muscovite, with 
occasional crystals of pyrite, the decomposition of which has stained 
the rock yellowish. 

On the south side of the lower end of Manitou Lake, the rock is Manitou Lake, 

a much finer grained and more s1atyol' :fissile phase of the same forma-
tion as that from which the specimens just described were taken. It 
(1077) resembles the last in microscopic structure. Under low powers 
of the microscope it shews a distinctly marked lenticular structure 
identical in miniature aspect with that shewn by glaciated sflctions of 
squeezed agglomerates on the large scale. The lenticular areas are 
more transparent than the base of the rock. This base is made up of 
an irregular aggregate of quartz, actinolite (almost colorless),muscovite 
.and calcite. Scattered through it and rendering it cloudy is a large 
.amount of a grey, granular, semi-translucent substance resembling the . 
product of the kaolinization of felspa1·. With high powers these grains 
in ordinary light are transparent, but almost opaque between crossed 
nicols. It is the absence of this cloudy granular material in the lenti-
cular areas of the section that render them so transparent and promi-
nent, since they do not appear to otherwise differ greatly from the rest 
of the rock. 

On the west side of Clearwater Lake, Kisbkutena route there is an Clearwater 

extensive formation offelsitic (quartz-porphyry) agglomerate. A spe- Lake. 

{;imen taken from t.he shore one mile north of Hazy Point, appears as 
a greenish, elastic rock, or quartz-porphyry tuff, in which are i11cluded 
Jarge angular and lens-shaped masses of flesh-tinted quartz-porphyry. 
Under the microscope, a section of one of these inclusions (1796) is that 
of a typical quartz-porphyry, shewing a fine grained, ground mass of 
quartz and felspar, in which have been developed secondary muscovite 
and a little epidote. 'l'he porphy~·itic minerals are orthoclase, plagioclase 

• Mikr. Phys. der mass. Gest.ein. Stuttgart, 1886, ll· .47. 
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and a few grains of quartz. The felspan; are in well defined crystal 
forms, although some are broken. 

The matrix of the agglomerate shews also a fine grained ground 
mass of quartz and felspar, but the grains are not of such uniform sizet 
nor the structure of the rock so compact, as in the case of the porphyry. 
There is much more epidote, muscovite, calcite and chlorite; and in 
the porphyritic or pseudo-porphyritic grains, the felspar is much more 
fragmental or broken in character, and there is an abundance of irre­
gularly shaped grains of quartz. It also shews a foliated structure, 
and might be mistaken for a much crushed quartz-porphyry, were it 
not for its association and known elastic origin. 

Off Lake. On the west shores of Off Lake, on the west side of the Kishkutena 
route, there occurs a coarse fragmental rock of a yellowish to greenish 
color, which under the microscope, (2019) is made up of an indis­
criminate aggregate of quartz and felspar in angular fragments, with 
inegulai· shaped nests of epidote and chlorite, apparently the results 
of decomposition of included chips of a basic rock. 

Pseudo-gne.issic Farther along the shore to the southward, the rock passes into a 
structure. more uniformly textured rock of yellow color, which has developed in 

it a well marked pseudo-gneissic structure. Under the microscope 
(2021) the rock appears to be much the same as that last described, but 
shews pressure and pulling effects to a remarkable degree. The quartz 
grains are reduced to long lenses surrounded by a granular border 
which runs out into a tapering tail at each end. The lenses all shew 
a decided undulatory extinction due to unequal tension. The granules 
surrounding these lenses closely interlock, and are freer of inclusions 
than the lens itself, indicating a re-crystallization of the grains as part 
of the process of granulation. These quartz lenses, with their granu­
lated borders, tapering tails, and undulatory extinction correspond 
exactly with those described by Lehmann in some of the rocks of 

Resemblo.nce to Saxony, as a result of pressure.* The fel:>pars are shattered and torn 
rocks of Saxony . . . . 
described by apart. A considerable amount of muscovite, cblor1te and ep1dote has 
Lehmann. been developed in the rock, i\,nd these minerals, together with the quartz 

lenses are all in parallel arrangement, giving rise to its gneissic 
aspect. 

On the south side of the lake the rock is still more gneissic in aspect, 
and undel' the microscope (2022) appears much more altered. It is 
made up of orthoclase, plagioclase and quartz. The felspars are in 
grains of usually crushed or lenticular appearance, with some broken 
fragments of less regular contours. The quartz is in mosaics, arranged 
in parallel stripes which appear to represent the grnnulation of large 
grains of quartz carried to an extreme. Larger lenses of quartz, with 

•Cf, Intersucb. i\ber die Entstehung der altkrystallinischen Schiefergesteine, p. 250. 
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granulated margins and tails are also observable. Muscovite and 
epidote are abundant and are generally arranged in long, narrow areas 
or in stripes in parnllel position. 

On the south sho1·e of Rainy Lake, n.nd on the off-lying islands in the Grind-stone 

Beighborhood of Grind-stone Narrows, there occur rocks of elastic Nimows. 

origin which appear, in some places, to be simply altered sandstones, 
while at others they are very felspathic, scbistose and glossy, and are 
associated with occasional beds of agglomerate and true conglomerate. 
A specimen (7 43) from the shore of the lake one mile west of Grind-stone 
Narrows, appear::i, under the microscope, as a fine grained matrix of 
quartz, epidote, muscovite and felspal', in which are imbeclded large and 
::imall b1·oken fragments of quart:i: and plagioclase, which are usually 
quite sharply angular, though sometimes rounded. These fragment:; 
of quartz are foll of fluid inclusions which are, for the most part, 
arranged in rows or streams. The other minerals present are magne-
tite, limonite and leucoxene in sporailic grains. 

At Grind-stone Narrows the rock is a yellowish, quartzose schist 
made up, as seen in thin se0tion (749), of a elastic aggregate of quart~ 
and felspar grains of a gene1·ally angular or sub-angular shape, im­
bedded in a paste made up of the same minel'als in a more finely 
divided stnte, and cemented by secondary minerals such as quartz, 
calcite, muscovite, chlorite, 1imonite and epidote. 

Peridotites and Gabbros. 

Pcridotite rocks are very poorly represented in the Rainy Lake Peridotites not 
. Th h b b d t 1 ,. J ]' . d . abundant. reg1011. ey ave een o serve a on y a 1ew oca 1t1es, an in 

these they occul' in the extremely altered forms known as serpentine. 
They occur only in the Keewatin series, but their relations to the rocks 
adjoining them are ill defined, and have not been altogether satis­
factorily dete1·mined. They appear, however, to be the alteration 
products of igneous masses which are of the same geological age as the 
traps and other volcanic rocks of the Keewatin series; and although Theiri:eologice.I 

their common boss-like character suggests that they are intrusive relations. 

through the Keewatin rocks, such intrusion has probably taken place 
coeval with the bedded formations, volcanic and sedimentary, of the 
Keewatin. 

One of these bosses of serpentine, apparently of quite small extent, Crow Lake 

occurs on the N. E. extremity of the point of land that projects into serpentine. 

Crow Lake from the west side midway between Crow Portage and 
Wade Portage. The rock is of a fine, compact texture, and has a. 
mottled, light and da1·k green aspect and shows a yellow weathered 
surface. It if! fli'Sociated with gl'een altered traps and green schists. 

7 
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Little can . be determined from the microscopic examination of the 
rock (24) as to its original character. It is seen to be made up of 
rounded or sub-angular grains, now co1nposed entirely of serpentine 
of a pale green color, but iwobably originally composed of olivine. 
Between these grams there i:s considerable interstitial calci tc and a little 
chlorite, while gl'anulal' or dusty magnetite is disseminated throughout 
the section. 

On Clear-water Lake, Kishkutena route, the west shore of the lake, 
for a distance of about a mile south from the 49th parallel is occupied 
by a ~imilai· rock, which was observed to be tr:wersed by f;mall veins 
of coarsely fibrous ~erpentine or })icTolite. 

Another loculity at which this cl as;; of rock was obf;erved is at the 
bottom of the South Bay of Lake Despair, to tbe west of the North­
west Bay of Bainy Lake. Here it occupies the shore for the space of 
between a quarter and half a mile, with black hornblende ~chists on 
either side. Its relations to these schists could not be studied at the 
time the locality was visited, from the fact that the woods were on fire 
clm1e down to the water's edge, and it was with difficulty that a few 
specimens could be seemed. Two varieties of somewhat different aspect 
were observed in the same mass. One of these (1741) is a purplish, 
green, compact serpentine, speckled wtth gli"itening faceLc; of mic.a. It 
weathers on exposed surfacel:l to a dull red color. Under the micro­
scope, the ooly minerals that can be detected now a1·e serpentine, 
magnetite and white mica.. It is probably rm extremely alte1:ed form 
of an olivine-enstatite rock of coar~e-grnined textuee. The only trace;; 
of these minerab, however, tha.t are now observable a1·e the rounded or 
double-domed outlines of the one with fine dusty magnetite, heaped to­
gether in the middle, and the oblong nea1·ly rectangular fo1·mr; of the 
other with the cleavage line;; :- till i·cmainin_y; . The magnetite is 
occasionally in di::;tinct octabecll'a, but generally it occurs in irregulni· 
g rnnule8, and is nearly alway:; associated with a mica which is eithe1· 
colorless, or pale green and pleochroie; some of it polarizes brilliantly 
and borne in <]_nieter colors, such as brown and grey. It all, however, 
gives a biaxial interferenee figure in c.onvcrged polarized light, a 
fact which determines it as muscovite, and not bleaehecl biotitt>, af! 
might be suspected from it:; association with the iron oxide. The 
Jess brilliant ly polari;-;ing varieties 1<hew between crossed nicols, the 
p eculiar bird's-eye-maple mottling so cbai·aeteristic of the mica:;. 

The >"econd variety ( 17!2) of serpentine taken from this oecurrence on 
Lake Dctlpair, has a mottled aspect of'agreenish, black base and silvery 
grey spot,,;. Its microseopic a:;pcct resemble:-; that of the specimen just 
described, in al 1 re~pects, except that there is an abundance of grey len­
coxene. This often shews opaque nut:lei of magnetite 01· titanic iron, 
but is more commonly without such nuclei. 
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On the nol'th side of the south-east arm of Crow Lake there is boss- Crow Lake 
] "l f bb h" h . 1 b t" l lt d t oli1·inc o:abbro 1 rn area o ga row 1c , !li p aces, a.ppears to e en ire y a ere o ·· 
serpentine although retaining, for the most part, i h granular· character. 
A speci meu of the less altered part of this mass appears in thin section 
(46 A) to be an olivipc, hypersthene gabbro. It is composed of hyper­
sthene, olivine, cliallage and l)lagioclase. The hyperstheue is the most 
abundant, the diallage and plagioclase Ul'e the least ab1Jndant, and 
occur in about equal proportions. 'l'he hypersthcne is q uitc fresh and 
shews its characteristic pleochroism very strongly. Neither it no1· the 
<liallage are bounded by crystallographic contour:;, but are allotriomor-
phic. The olivine is in more or less well defined crystals, with character-
istic dome faces, but is more than half altered to serpentine, anasto­
mosing veins of which traverse the olivine in all directions. Tbe plngio-
clase is in cloudy, lath-shaped, polysynthetically twinned crystals, and 
in small oval bodies included in the bypersthene. There is associated 
with the bypersthene a considerable proportion of magnetite. 

The area of gab bro which is exposed on the shores of Bad Y et'mil- :Onussurite 
. i::ahbro of Bad 
10n Lake and RiVCJ', diffel's from that just described from Crow \ 'ennilion 

Lake in the fa.ct that plagioclaio;e was, in the original rock, the domin- L•ke . 

ant mineral, while the olivine and pyroxenic minel'als were very 
sparingly reuresented. Thus, under process of decay and alteration, 
the rock l1as assumed, not the form of rnrpentine but that of saussurite, 
the condition determining tho differeoce being doubtless the propor-
tion of magnesia and iroo in the original· magma. The gab ho on Bad 
Vermilion Lake is, in many places, a fine white l'Ock resembling at 
first sight a coarsely crystalline marble. It is, howeve1·, much harder, 
and is for the most part mottled, w·ith the pyroxcnic constituent. 
l,Tnder the microscop<'l (47) there is little to be noted, save that the 
ano1·thite is almost entirely changed to the aggregate of zoisite sod 
a.lbite, known as saussurite, and that the i)yroxene is non-pleochroic 
and rhombic, though much decomposed, and difficult to determine 
accurately. 

In another section (2154) caleite is a prominent constituent of the 
saussurite, besides the zoisite and al bite, and the pyroxen1c constituent 
is altered entirely into serpentine in nests or aggregates of small 
grains. 

· TrrE CouTCHICHING SERIER. 

A l'Ound the east arm of Rainy Lake there is an enormously thick Geologieal 

series of schists of rema!'kably uniform character underlyiog the ~~~i;!~if/ 
Keewatin series. 'rbey are composed chiefly of quartz and biotite, ~g~~;~ter. 
with or without felspar, and are distinctly bedded in layers of varying 
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thickness, and in such a manne1· that it is difficult to resist the conclu­
sion that the layers are the result of original deposition. 

Section'?" . The series is best studied in its straticq·ai)hical aspects in the excel-
sbores oJ Rarny o 
Lake a.nd lent natural section afforded by the shores of the lake, on the Canadian 
Nnmeukan 
Lake. side, from Bleak Bay to Kettle Falls and thence across N ameukan Lake 

to Sand Point Lake. Throughout this dist[lnce, about twenty-four miles 
in a direction more or less obliquely transverse to the strike, only the 
upturned edges of the beds of the Coutchiching series are seen, the dip 
varying from almost horizontal to quite vertical. The only interrup­
tions are a fow small intrusions of gneiss or granite which traverse 
the rocks in the neighborhood of the axes of folding. 

Drc11dthofbelt. The breadth of the belt from Bleak Bay to Sand Point Lake, in a 
direction directly transverse to the strike is about eighteen miles. The 
limit of the belt on the north is its cuntact with the Keewatin rocks 
along the edge of the trough which runs down the Seine River and 
across Rainy Lake to the bottom of Rat-root Bay. Its southern limit is 
its contact with an area of gneiss and granite of which the full extent 
is not yet known, but which has been traced on the shores of the Inter­
national Boundary canoe route ae far as the east side of Basswood 

Three-fold 
repetition 
of volume-

Anticlinal 
a_xis. 

Lake. Within these limits this belt of the Coutchiching rocks com­
prises a three-fold repetition of the full volume of the series; and two 
axes of folding, one an anticlinal and the other a synclinal are clearly 
indicated. 

For six miles and a half southward from the northern limit of the 
belt of the Coutchiching series the dips are continuously to the north 
or under the above mentioned Keewatin trough, at angles which.range 
from 15° to 85°. Then we come upon a line along which the rocks 
are in a perfectly vertical attitude, and to the south of which they dip 
southward. This line is taken to be the axis of a great anticlinal fold. 
It intersects the shore at a point midway between the mouth of the 
Rat River and Vague P oint. 

Similar . A precir;ely similar disposition is observed in the section afforded by 
~~~~~a~~ouii\ed the shores of the lake on the United States side. From tbeil' contact 
States side of with the Keewatin rocks near the mouth of Black Bay to the Brule 
the Lake, ' ' 

Narrows, the Coulchiching rocks run in continuous exposure, striking 
with the general trend of the shore and with a prevailing northerly 
dip at angles varying from 50° or 55° to 90°. At Cranberry Bay it is 
about vertical. After rounding Point Observe at Brule Narrows and 
entering Saginaw Bay, it becomes lower and lower, the direction, how­
ever, of both dip and strike remaining constant. With the exception 
of an unimportant local 01· intermediate fold observable at the south­
west corner of Saginaw Bay, this northerly dip at low angles is constant 
on all the shores and islands of the bay. South of Pine Islands, the dip 
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gradually becomes steeper, and at the Na1·1·ows between Big Island and 
the south shore, a line is reached along which the dip is vertical. 
This is the same axis as that obfierved between the mouth of Rat River 
and Vague Point. It is again found on the line of section afforded by 
the Pipestone River about one mile 111) stream the dip on the north Piµ~stone River 

' ' secllon. 
i'ide being distinctly northward, and on tho south, southward. The 
total distance through which this axis is thus traceable i::; sixteen 
miles, and judging from the unifo1·mity of structure it p1·obably 
extends very much furtheJ'. In the vicinity of this axis aml to the 
south of it, on the islandll and especially tho south shore of the lake, 
them are numerous intrusions of granitoid gneiss and of a very coarse 
muscovite granite, in which the constituent crystals are often several 
inches in diameter. These are most prominent on the islands to the 
south and south-west of Vague Point and in the neighborhood of Big 
Island, as well as on the south shore eaflt of Big Isln.nd. 

South of the axis the strata continue to dip south, to a line drawn 
parallel to the strike through Kettle Falls. This latter line constitutes 
a synclinal axis, the rock.:: to. the south of it }t\l having a southerly dip. Synclinal axis. 
The distance between the anticlinal and syncl~n::il axis is about four 
miles and three-quarters. The distance between the Kettle Falls 
syncline and tbe southern limit of this belt of Coutchiching rocks 
where it comes against the granite and gneiss of Sand Point Lake is 
about six miles and three-quarters. In this three-fold repetition of 
the volume of the Ooutchiching series an unusually good opportunity 
of forming an estimate of the thickness of the series is afforded, owing E . . f 

i st1mat1on o 
to the simplicity of the folding. In the first six miles and a half of thickness. 
the belt, from its northern limit southward to the anticlinal axis it is 
difficult to form an estimate of the average dip. The whole distance 
may, however, be divided into five portions, in each of which the 
average dip may be estimated with comparative accuracy, and the 
total thickness thus deduced be taken as that of the series. At the 
contact with the base of the Keewatin series on Bleak Bay and on the 
Seine River, the Ooutcbiching schists plunge unclet· the higher rocks in 
an almost ve1·tical attitude. A little away from the line of cont;.;.ct, 
howeve1·, they become more inclined and the average dip for the first~~':~urement. 
mile may be taken as about 75°; the average dip for the next mile and 
a half is abouL 45°; for the next mile and three-quarters, 30°; for the 
next mile and a quarter, 45°, and for the last three-quarter8 of a mile 
up to the lino of the anticlinal axis, 75°. The total volume estimated 
from these angles is 23,7li0 feet, or 4·50 miles. 

The second or southerly clipping portion of the belt between the anti- Second 
clinal and synclinal axes, or between Rat River and Kettle Falls is four measurement 
miles and three-quarters in breadth, and presents a greater uniformity 
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of clip, the general average of which may be taken at about '75° 1 
giving a thickness of 24,22-:l: feet ot· 4·588 miles. 

In the third portion, or that between the synclinal axis at Kettle 
Falls to the southern limit of the belt against the gneiss and granite of 
Sand Point Lake, the dip again varies considerably. For the first two 
miles the average dip to the north is about 75°; for the next half mile, 

Third 50°; for the next mile and a half, 30°, and for the Ja::;t two miles and 
measurement. three-q uarter:s, 60°. Calculating in the ::;ame manner a::; before we find 

a tbicknei;.; of 28,'754 feet or 5·44 mile:-;. 
Thus the three independent measurementi> of the serie,; shew a fairly 

r;ati1Sfactory agreement, and they ::;eem to be sufficient to establish it::; 
enormou,; thielrnes:-;. Ro far a:-; the figure:; ai·e to be relied upon, they 

Di_minntion ohf indicate that the series i" thickest towards the :south, and diminishe:; 
t.h1ckness tot e 
nonhwa.rd. in volume northward. 
Two other Two other distinct, but stratigraphically connected, areas or belts of 
g~~~ci~ching. the Contchiching series are known. Both of these have an anticlinal 

Bear's Passage 
belt. 

structme and dip undel' the Keewatin formations on either side of the 
axis. 

The first of the:-;e comprii,;es the belt of mica schists (occasionally 
gneis::;ic by addition offebpar) which extend:; from the neighborhood 
of the Bear\; Pa::;sage acros:-; Rainy Lake in a W.S.W. direction to 
Coutchiching and thence down Rainy River. In the direction of it& 
strike, the belt is tmceable continuously for twenty-four miles, and it 
probably con tinues to the westward, under the post-glacial formatiom; 
uf the Rainy River, for a d istance of at least sixteen miles. The breadth 
of the belt at the Bear's Passage and from that point to Open-water 
Narrows is about two miles and a c1 uarter. ·west ward of Open-water 
Narrows the belt bifurcates around an area of gneiss, the more northerly 
:;pm· running out to Gash Point, while the southerly Ol' main sput· keeps 
the general trend of the belt, and near Coutchiching is a little mol'e 
than two miles wide. 

Bosses of The anticlinal axis of the belt is marked by a line, or series, of three 
Laurentian distinct and well defined oval or ellij)tically shaped bosses of Laurentian 
gneiss in 
a.nticlinal a.xis. gneiss. The Coutchiching schists clip away from these bosses in all 

directions, so that the general anticlinal ><tructure of the belt is made 
up of three anticlinal domes. These three bosses of Laurentian gneiss 
cut tho Coutohiching schists in the same manner as an irruptive 
geanite and displace a very cousiderable prnportion of the series ir 
the middle of the belt. The first of these, which is well exposed at the 
Bear's Passage and the shore to the south-west of it, is three miles long 
and one mile and a quarter wide. The 8econd, in the neighborhood of 
Opeu-water Narrows, is three and a quarter miles long, and one and a 
quarter miles wide. The t hiTd i;, over eight miles long, and two 
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miles and a half wide. In each case the long diameter of the boss 
coincides with the general trend of the schist;; composing the belt. 

At the north end of the Be:w's Passage the Oontchicbing schists dip 
away from the Laurentian gneiss (or g1·anite, for here it is very indis­
tinctly foliated) at an angle of 40°. Across the strike, for a distance of 
a little ove1· half a mile to the north-west, the angles of clip diminish Couktchichi.ng 

roe s p11ssmg 
and the rocks finally pass under the altered traps of the Keewatin in- under . 

clinecl at an angle of 20°. All around the north-east end of the boss of 
Keewntm. 

gneiss, whose limit in this direction is the Bear's Passage, the schists 
dip away from it at comparatively low angles. At the south-east comer 
of Reclgut. Bay, ea~t of the Bear's Passage, they gradually assume a con-
stant N.N.E. strike and clip E.S.E. at angles varying from 60° to 75°; 
at which angles, both at the extreme south-east of Redgut Bay and on 
Swell Bay, one mile east of Bear's Passage, the Coutchichiug rock.; 
may be obse1Tecl to pass under the Keewatin. The southern edge of 
the belt along the line of its contact with the Keewatin has already Limits ofBear's 

been sketched in the description of the distribution of the latter serie:s. Pa.ssage belt. 

The Coutehichiug 1·ocks along this line appear to be the return of those 
·which, on the south side of the lake, dip northward under the Seine 
River Keewatin belt, tbe two being continuous stratigraphically, and 
forming a synclinal trough in which that belt of tho Keewatin lies 
sharply folded. The northern edge of the belt, between the north end 
of the Bear's Passage and the bay north of Open-water Narrows is only 
partially determined to be a.s mappecl, the mapping being inferred 
from the known disposition of the mica schists inland on the north side 
of the Bear's Passage boss of Laurentian gneiss, and between the lattel' 
and the Open-water Narrows boss, where they constantly dip away 
from the gneiss and towards or under the Keewatin at angles nowhere 
greater than 60°. At the entrance to Rocky Islet Bay on the west 
side, the Ooutchiching schists dip under the Keewatin at an angle of 
60°, but along the shore from Back Point to Gash Point the dip i::> 
vertical or somewhat inverted. Tbe rocks forming the belt have not 
been observed on the shore of the lake opposite Gash Point, north of 
Coutchiching, and the spm· of the belt which terminates at Gash Point 
ttppears to have been cut off either by a fault or by an analogous dis-
placement of the rocks by the Laurentian gneiss. 

Perhaps the mo:;t remarkable feature of this belt is the small- Compamtive 
smallness of 

ness of the revealed thickness, as compared with the great ,,olume. 

thickness determined for the same ::;eries in the south part of 
the lake only a few miles distant. It it> difficult to find . sections 
across the belt where a satisfactory estimate of tbe thickness can be 
formed, on account of the interruption of the bossei:\ of gneiss which 
occupy its central part along the anticlinal axis. The volume is, how-
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ever, evidently Bmall compared with that already described. The 
maximum measurable thickness is that revealed along the south shore 
from Rat-root Bay to near Coutchicbing, where it is probably between 
8000 and 9000 feet. This diminution in volume agreE's with the fact 
already stated, a;; observed elsewhere, that the thicknei::s diminished 
regularly towards the north. This thinning out may, however, be due 
to absorption in the magma from which crystallized the Laurentian 
gneisses and granites. 

Excesoive . Those portions of the Coutchichin()" series ·which are in immediate metamorphism t:> 

Lat Conttl!-ct with contact with the bosses of Laurentian gneiss, are the most altered, and 
auren urn. 

exhibit the strongly marked characteri:l of contact metamorphism, be-
ing studded with nodule-like crystals of andalusite or staurolite. The 
rocks are, however, very much decomposed, and the metamorphic 
minerals have been much altered and removed by subsequent decay. The 
least altered portion of the series appears to be that which is seen on 
the south shore of the lake between Coutchiching and Rat-root Bay, 
where in places the schists h:we the character of bluish, somewhat 
micaceous quartzose slates. 

Rice Bay The third area occupied by· the Coutcbicbing series is that on the 
area of 
Coutchiching. shores of Rice Bay. Here again the structure is that of a beautifully 

Minimum 
thickness. 

distinct anticline, the rocks dipping away at angles of 45° from the 
axis, and passing beneath the Keewatin rocks on either flank at the 
somewhat steeper angles of from 60° to 75°. The axis i)asses through 
the centre of the peninsula which separates the two arms of Rice Bay, 
but at the extremity of t he peninsula, where it can be closely located, 
the base of the series is not revealed, and no estimate can be formed ns 
to its full thickness at this place. A minimum thieknes'l may be cal-
culated from a revealed breadth ac\'OSs the strike of about one mile, the 
average dip being taken at about 60°. This gives a thickness of about 
4,600 feet. The Laurentian gneiss appears in the axis of the anticline 
at the north-east end of the north arm of the bay. But the irruptive 
character of the gneiss precludes the assumption that the beds in con­
tact with it are the proper base of the Coutchiching. The south-eastern 
flank of this anticline appears to form with the northern flank of the 
anticline of the second belt above described, a synclinal trough in 
which lie the Keewatin rocks exposed on the shores of Redgut Bay 

Stratigrapliical to the north of the Bear's Passage and on the shores of Grassy Portage 
relationship of . . . 
different areas and Rocky Islet bay;;. The connect10n of the two a!'eas and then· 
of Coutchicbing . h' l l . l · · f h · th I d f C I · h · rocks. strat1grap 1ca re ations up is urt er seen m e )an o outc uc mg 

rocks which sunounds the north-east end of the area of Keewatin 
rockR, and forms the rim in that dirnction of the basin ot· trough in 
which tbe latter lie. 
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RELATIONS OF THE CocTCHICHING SERIES TO THE KEEWATIN AND 

LAURENTIAN. 

Without being able t.-0 conclusively prove it, there appears to be much The 

p!'eRumptive evidence in the facts cited to shew that the present ~00~~~~~~~~~ 
eminently crystalline state of the Coutchiching series is the ]'(;Sult orserie•. 
the metamorphism of strata which were originally in large part ordin-
ary quartzose sediment, although part may possibly have been acid 
volcanic rocks, such as quartz-porphyl'ies or felsites. In many parts of 
the series garnets abound, and if the rocks were carefully examined 
other metamorphic minerals would doubtless be found. That percolating 
siliceous solutions were active agencies in effecting the metamorphism 
of these strata, is nroved by the fact that in many places, particularly 
on the north side of Saginaw Bay and east of B!'ule Nauows, the part-
ings between the beds have served as fissures for the deposition of vein 
quartz. This vein quartz is very abundant in lenses or lens-like sheets, Vein qu11rtz 

· d · h between str11t11. and lS clearly a secondary pro uct m t e rock. The same watery 
solutions which deposited the quartz in these lenses in the more open 
portions of the formation, must have saturateJ the rock throughout, 
-and given rise, probably, to murh of the quartz rind felspar in it. Only 
in one instanrc has hornblende been observed throughout the whole 
series. There are no intercalations of basic volcanic rocks, and none 
that ran now be distinctly recognized as acid volcanic rocks. There 
-are no limestones or dolomites in the series, nor have any conglomerate;; 
been observed. 

The advent of the time of the formation of the Keewatin rocks was Period of vol­

tbe inauo·uration of a 1)eriod of intense volcanic activit.)'. Prior tocanic !'otivity 
"' followmg 

that there is no certain record of volcanic action· while a very larrre quie•ce.nc~ of 
' b Uoutcluchrng. 

proportion of the total volume of the Keewatin is made up of voloanie 
rocks, such as diabase and quartz-porphyry, with their tuff.-:; and 
agg !om erates. 

Such a change in the conditions of rock formation does not in itselfN11ture ofbre11k 
'] . l l f . ] h . f h between necessan y imp y any great apse o time )etween t e cessat10n o t e Coutchicliin9 

l . t· b C h' h" d th d , . f h £ k 11nd Keewattn. accumu at10n o t e outc 1c ing an e epos1t10n o t e rst roe s 
c-f the Keewatin. That there bas been a certain intci·val, however, 
during which erosion bas taken place is indicated by the conglomerate 
at the base of the Keewatin on Seine River and Rat-root Bay. If the 
question of the conformity of the two series is to be decided merely 
by the parallelism of the structural planes in the vicinity of the con-
tact, the two series should be described as conformable. But if the 
question is considered more broadly, and the term unconformity is to 
be regarded as expressive of a geological break, or profound change 
in the conditions of rock formation , then the two series are unquestion-
ably unconformable. 
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Relations of With regard to the relationship of the Coutchiching series to the-
Coutcbiching to . . . . 
Lanrentian. underlyrng Laurentian, httle need be added to what has already been 

Irruptive 
character of 
contact. 

Penetrn.tion of 
schists by 
gneiss. 

Cont.act on 
R edgul Bay. 

Sporadic 
intrnsions of 
grnnite and 
gneiss. 

said. Wherever the contact of the two is obse1·vable that contact is 
igneous and more or less brecciated, the conditions being precisely 
the same as those which prevail at the contact of the Keewatin and 
Laurentian at places where the Coutchiching rocks do not intervene. 
The contact is well seen on a small island just three miles east of 
Coutchiching. The north half of the island is occupied by Laurentian 
gneiss, which is presumably continuous with the area of the rock so 
well exposed on the islands between Open-water Narrows and the 
vicinity of Gash Point. The sonth half of the island is occupied by the 
schists of the Coutchiching series. The line of contact runs across the· 
i:;Jand in a direction parallel to the strike of the schists. Apopby;,es 
from the gneiss cut the Coutchiching schists transversely, and these 
are distinctly foliated; while fragments of the schists of irregulaL' 
angular contour, which have very evidently been detached from the 
main mass of the Coutchiching, are found imbedded in the gneiss at 
a few yards from the contact. Plate I. shews the nature of these 
inclusions, as well afl the dist inct foliation of the gneit;S in which 
they are imbedded, close to the contact. The same phenomena are­
ve1·y apparent at many places on the islands where the contact of the 
Coutc;hich ing is mapped between Open-water Narrows and Gash Point, 
and at many places where the contact is not seen, large masse,,; and 
bands of the Coutchiching schists may be seen imbedded in the gneiss, 
the schist., where in large bands, being more or less shattered and 
penetrated in all its fissures by the gneiss which retains its foliation 
usually parallel to the walls of the fissure as shewn in Plate II. 
representing a contact on one of the islands between Back Point and 
Gash Point. The exposures in the vicinity of Open-water Narrows 
and Bear's Passage afford good instances of the intrusion of the gnei8s 
through the schists, although here the former is more granitoicl than 
it is farther west on the islands in the neighborhood of Gash Point. 
l'late III. shews the contact of the Laurentian gneiss and the Coutchi­
cbing mica schists at the south-east part of Redgut Bay, where the 
gneiss cuts the schists sharply and the latter abut upon it obliquely. 

The rocks of granitic composition, which cut the Coutchiching series 
on the shores and islands of Rainy Lake between Brule Narrows and 
Kettle Falls, are in some places distinctly foliated and gneissic, while 
in others they are quite undifferentiated 01· granitoid in structur<'. The 
::;ame is true of the Laurentian rocks which break through the same 
series on Nameukan Lake. In both cases the gneiss or granite cuts 
the schists in the most irregular fashion and numerous detached por­
tions of the latte1· are imbedded in it.. Tbe same conditions prevail at. 
the contact across the north end of Sand Point Lake. 
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COUTCBICHING 8ERIES. 

The rocks of the Coutchiching s01·ies desel've a much more thorough Need o.f more 
extensive study· 

microscopic investigation than I have bad an opportunity of giving 
them. A close comparison of their detailed structul'e with that of the 
Laurentian gneisses, which in this region appear to the writer to be 
beyond question ·irruptive, would, he is convinced from a consideration 
of thei1· field conditions, throw much light upon the vexed question of 
the distinction between gneisses(?) which are truly altered sedrments, 
and gneisses which are nothing mol'c than foliated granites. 

The leading macroscopic charactel'fl of the rocks of the se1·ies have 
already been given, and it only remains to add a description of the · 
microscopic character of the few typical specimens which have been 
examined, in order to put on record all that is up to the present known 
of these roch. 

J!fica Schists and Granulitic Gneisses. 

N ear the Coutchiching Rapids the rocks are typical mica schists ofCou.tchichins 
the series. They are dark, tine-grnined slaty rocks made up essentially mpids. 

of quartz and biotilc. A thin section (690) of a specimen from the 
shore of the lake to the east of the rapids shows it to bean aggregate or 
mosaic of rounded or sub-angular grains of quartz of a generally uni-
form size. The quartz is characterized by a more 01· iess undulatory 
extinction, suggestive of unequal tension. Biotite is in irregularly 
shaped plates lying in parallel position, determining the schistosity of 
the rock. A little muscovite accompanies the biotite, and epidote in 
yellowh;h to colorless cl'ystah, and in aggregates of such crystals, is 
sparingly present. Limonite is generally distributed in large and 
small grains. Apatite also is an accessory con;;tituent. 

On the south side of Knuckle Island, about a mile and a half east of 
Open-water Narrows, the mica schist is observable in immediate con­
tact with the southern margin of the Open.wa.tel' Narrows area or boss 
of Laurentian gneiss. The line of contact of the gneiss and mica 
schists is parallel to the shore of the island, and close to tho waters Contact zonfr. 
edge, f>O that the acce,;sible contact zone of schists is a narrow one. The 
schist i,.; a fine-grained, light grey, fissile rock, with lumpy or nodular 
cleavage ;;urfac:e, d tie to the presence in the schi,;t of large rounded or 
stoutly spindle-shaped bodies, (occasionally ,;qual'e 01· rectangular in 
outline) which give it a gnarled or knotted appearance. 'l'he rock is 
rather soft and fissi le, due to decom po,,;ition unde1· weathel'ing influences. 
Unrlc1· the microscope, (1560) the mass of the rock is seen to be afine-
graioed aggl'egate of granulitic quartz and bl'Own biotite in small 
plates all arranged parallel. fn thit;, as base, are imbeclded lal'ge, oblong 



Absence of 
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plates of muscovite with parallel basal boundaries, but ragged and 
sh1·ed-like at the ends. These plates of mm;covite are congregated to­
gether in nests with some of the base of the schist, in a modified form, 
as interstitial cement. This cement differs from the rest of the schist 
in having moro biotite and less quartz in its composition. Besides these 
nests of large plates of muscovite, there are larger, light-colored areas 
of oval outline, but of inegular boundaries, which appear to have been 
probably occupied by crystals of andalusi.te, 01· some allied mineral as 
a product of contact metamorphism. In the present altered condition 
of tho rock the original mineral is replaced by a grey mass of minute 
particle;; of muscovite and kaolin, which polarize as an aggregate. The 
quartz of the schistfl is seen occasionally to enclose minute shreds of 
biotite. 'l'he total absence of felspar in a rock which has undergone 
contact metamorphism at tho contact with a granitic mass is an in­
te1·esting fact. It is in harmony with Rosenbusch's observations on 
the contact zone of Barr-Andlau.* 

Rock from top A specimen from the top of the tleries neat· the contact with the 
of series. 

Keewatin at the west end of Red-pine island is a dark, g rey, fine-
grained, micaceous schist. Under the microscope, (1436) it appears 
as a fine-grained quartzite, made up mostly of grains of quartz with 
a little felspar and a good deal of brown biotite. The quartz grains 
appeal' in section as a mof'aic, but present a distinctly rounded or 
granulitic aspect. '!'here arn, howeve!', areas in which mosaics of 
coarser texture apprnr with the grains more interlocking. These are 
probably secondary. There are also occasional larger broken pieces 
of plagioclase and quartz, which shew a pa1·tial rounding of the contour, 
as if by abrasion. <Jalcite and a little muscovite are also present as 
seconda1·y minerals. 

On the south shore of Rainy Lake near Coutchiching Rapids there 
Soutli shore 
Rainy Lake.I is in association with the mica schists an iron grey, micaceous 

Bleak Bay. 

gneis8 diffel'ing from the former only in the possession of a felspathic 
constituent. It might perhaps be rather called a folspathic mica schist 
than a gneiss. In thin section ( 690 b) it is seen to be com posed of 
quartz, orthoclase, plagioclase, biotite and muscovite. A more or less 
distinct rounded or granulitic appearance i;:; presented by the ortho­
clase, though not by the plagioclase. The quartz contains inclusions 
of apatite in characteristic jointed needles, besides opaque minutely 
granular bodies. 

The rocks on the south side of Bleak Bay are fine-grained, grey 
gneisses or felspathic mica schists. A specimen (53) in thin section, 
cut para.I le! to the schist planes, appears as a more or less granulitic 

*'Die Steiger Schiefer und ihre Contactzo.1e o.nd en Graniten von Bo.rr-Andlo.u, Strassburg. 
1877. 
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mosaic of quartz, orthoclase and plagioclase, with an abundanee of 
fresh biotite, mostly arranged in parallel position. Both quartz and 
felspar contain numerous liquid inclusions, some with bubbles, together 
with minute microlites. A number of opaque grains of uncertain 
character are also present. A similai· rock, from one of the islands in 
this part of the lake, in which the section (55) is cut perpendicular to 
the sehist planes, resembles the last closely. The ortboclar;e i::; cloudy, 
while the plagioclase is quite fresh. The quartz contains liquid inclu­
sions with moving bubbles, and hair-like needles of rutile, besides oval 
grains of apatite. There is a well marked tendency to granulitic 
structure in the quartz and orthoclase, while the plagioclase is usually 
in irregular shaped grains. The biotite is in plates of vai·ious thick­
ness lying in parallel position. 

Another specimen from the south side of Bleak Bay resembles (53)­
It is \rery q uartzose, and the disposition of the biotite is such as to give 
it a spangled appearance. Under the microscope, the rock has a 
strongly marked granulitic aspect, the grains of quartz and felspar 
having a prevailingly rounded shape. The grains are of varying size. 
The quartz preponderates very much over the felspar and is full of 
liquid inclusions arranged mostly in streams. Fresh, brown biotite is 
distributed throughout the section in small shreds and large plates all 
in parallel position. 

A specimen from the south shore of the Jake between Cl·anberry Ba.y Rocks near 
. Cranberry Ba.y. 

and Brule Narrows, resembles the last m general appearance. In thin 
section ( 1239) it is seen to be made up of quartz, plagioclase, biotite, 
muscovite and garnet. The granulitic or rounded eharacter of the 
constituent grains is confined to the quartz, part of which, however, is 
also in elongated, irregular lenses. The plagioclase occurs in grains 
of quite il'l'egular shape, adapted to the contours of adjoining grnins, in 
other words, is granular in the sense in which Rosenbusch defines the 
word. The biotite is much more abundant than the muscovite and 
occurs in large plates. Both micas are in parallel position throughout 
the section. A few garnets of a purplish grey color occu'l', some of which 
are the largest individnals of all the minerals in the rock. These are 
of irregulnl'iy rounded shape, and sometimes enclose portions of the 
base of the rock. 

On the east side of Lobs tick Island the series is represented by a Lob-stick 

dark, pepper-and-salt grey, glistening schist of very fine-grain. Under Island. 

the microscope (680) it is seen to be composed of quartz, orthoc!ase, 
plagioclase and biotite, with a little homblende. The biotite is very 
abundant in irregular shaped plates, lying in parallel position. The 
orthoc!ase exhibits a zonal structure, the outer portion being of differ-
ent optical orientation from the innel' perfectly shaped crystal whieh 
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forms the nucleus of the irregularly shaped grain. The same strnc­
ture is less commonly exhibited by the plagioclase. In many of the 
felspars, ocherous 01· dusty matter, together with minutely granular 01· 

granulitic matter, is congregated in more or less spherical bunches in 
the centre of the grain. Otbenvise, the felsµars are fresh and glassy, 
The hornblende is usually in elongated, but irregularly shaped grains. 
The f.'tructure is fo1· the mo~t paet granular. 

The rocks of the Rice Bay area of the Coutchiohing series differ 
gomewhat from those of the same ,,;eries farther south. They are as 
before all very quartzoso nnJ fall into two va1·ieties, those containing 
felspar and those free from it. In the latter, which a.re µrobably the 
more pt'evalent, the rod~ is either made up of a very schistose inter­
leaving of thick layel's of quartz and thin films of dark green scaly 
chlorite, apparently an alteration production of biotite; or is composed 
of a similar but less even interleaving of quartz and muscovite, the 
latter being more abundant than the chlorite in the first case. In the 
febpathic variety, both biotite and muscovite are usually present, the 
biotite predominating, and Lbe rock assumes the form of a gneiss of 
peculiar character, in which the quartz is disposed in lenses usually 
from one-ei5hth to one-quarter of an inch in diameter, and from one 
thirty+econd to one sixteenth of an inch thick at the middle. If not 
in lenses the quartz is in very dis ti net F;heets often Olle or two inches 
across, 11.nd one sixteenth to one eighth of a n inch thick. These sheets 
taper towards their periphery and arc, indeed, also much flattened 
lenses of great diameter. In these rocks Ol'thoclase occm·s sometimes 
in large cry;;tals from half au inch to an inch across, with t heir 
greatest diameter parallel to the schist plane, and the plr..ne of com­
position of the Carlsbad twins inclined at a,n angle of about 45° to the 
same. These cry;;tab of orthoclase usually ha>e long tails as in the 
fel~pars of augcn gneis;;. ·whether the. habitus of the quartz and 
orthoclase are the ; e,;u lt of pressure analogous to that described in the 
Saxon grnnulites by L ehmann, 01· whether they partake of the nature 
of vein minerals due to the percolation of heated solutions, is a ques­
tion which can only be decided by a much more careful microscopic 
study of the rocks than I have had an opportunity of giving them. 
Apart from these augen-like orthoclases, which are only of occasional 
occuJTence along certain lines, particularly in the rocks on t he west 
side of the narrows of the north arm of RLce Bay, there is a consider­
able proportion of felspar associated with the quartz throughout the 
rock. The schists, or gneisses, in which tho augen-like felspars were 
obsel'ved, are in proximity to the \·ery coarse mica-syenite or syenite 
gneiss on the south east side of Hopkins Bay which appears to be of 
irrujjtive origin. Only a few characteristic specimens of these rocks 
have been examined microscopically. 
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At the entrance to Rice Bay, 011 the west side, the series is repre- Entrance to 

d b :fi . d 1 I . I . ··r· . ll Rice Bay. sente y a ne-gmme , even y amrna.tec grey gneiss. Y icroscop1ca y 
(1506) it appears as a granulitic aggregate of quartz, orthoclase, 
plagioclase and biotite, with some mu:;covite and epidote. As a rule, 
the granulitic or rounded characte1· of the quartz and felspal' is vel'y 
marked. The quartz contains liquid inclusions. All the mica plates 
aee in parallel position. 

OD the wef;t side of the Narrows of the north arm of Rice Bay, a rock Rice Ilay 
narrow..;. 

occurs whose macroscopic characters have been described on the last 
page. Under the microscope, (1519 A) it appears as im eminently granu-
litic aggregate of quartz, orthoclase, microcline, plagioclase and biotite, 
with some muscovite and epidote. The gr:mulitic or rounded char-
acter uf the g1·ains is, however, chm·acteristic only of the q nartz and 
orthoclase, while the plagioclase often presents it-regular or granular 
shapes. The felspar,; are all quite fresh. 

A specimen from the north shore of the east arm of Rice Bay is a E~~t '11'01 of 
' ' Rice Ilo.y. 

schist made up of muscovite and quartz. In thin section (67) the 
quartz appears in a.l'eas of granulitic grains surrounded by muscovite 
which is veq abundant, both in broad plates and in compact aggre­
gates. The qua!'fa is full of colol'le~s microlites. The plates of musco­
vite are in parallel position. 

A specimen from the north encl of the north arm of Rice Bay is a North •.rm of 

h. d f 1 . f d h . fi I Rice B!1Y. sc 1st compose o a ternate thick layers o quartz an t m ms of 
green biotite or bio tite altered to chlorite. Under the microscope (66) 
the gua1·tz i,:; granulitic, and contains liquid inclusions and microlites. 

On an island in Rainy River a little ove1· four miles above Manitou Coutchic.hingon 
' Rainy River. 

Rapid, there is an outcrop of a rock which has provisionally been 
das~ed with the Coutchiching, al though its isolated character renders 
its stratigraphical relations a matter of conjecture. It has the atipect 
-Of a very fine-grained, grey gneiss of even lamination, bnt micro­
scopically (1604) it appears to be little more than a rnicaccous sand­
stone 01· quartzite. It is made up mostly of quartz, with a little 
])lagioclasc in grains of varying size, partly rounded and partly angu­
lar. It is evidently a elastic rock, the chief alterntion which it has 
unde1·gone being tbe development of seconda1·y quartz in mosaics and 
-0f muscovite and brown biotite in snrnll irregular plates lying in 
parallel position. The rock is scarcely schistose. The rounded shape 
of the constituent grains of quartz appears to be due to water-wearing 
action in an original sand. There is a good deal of cloudy, kaolin-like 
material scattered through the section. 
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A .-LAURENTIAN. 

It will be convenient in describing the Laurentian of the region 
under consideration, to deal with each area separately, dwelling 
particularly only on that which has been most closely studied, viz. : 
the Stanjikoming area. 

The limits of this Laurentian area have been already described and 
are tihewn on the map of the region which is being preparP-d. It bas 
a north and south diameter of thirty-two miles, and its gt'eatest 
diameter is an east and west direction, from Clear-water Lake to the 
east end of Redgut Bay, is about forty-six miles. 

Areasepamble The area is naturally separable into two distinct parts, according to 
into two parts. h f h k h' h h ( ) the c aracter o t e roe s w ic compose t em, viz., 1 an inner 

nucleus, and (2) a broad periphe1·al zone. The distinction between 
these is very clearly and sharply defined in the northern half of the 
area, but much less so in the southern half. The inner nucleus is com­
posed es,;entially of a biotite-granite gneiss of medium texture and 
grey color, which is very quartzose and distinctly foliated. The rocks 
of the peripheral zone are more basic than those of the inner nucleus. 
The prevailing habitus is that of a syenite, or hornblende-granite, 
quartz being either absent or only sparingly present. The color is 
either grey or reddish; the texture is coarse-grained and the gneissic 
foliation very much less pronounced than it is in the biotite gnei;;ses of 
the inner nucleus, 

Line of From the west end of the Nor th-west Bi;.y the line of demarkation 
demarkation b 
between between the inner nucleus and the outer zone of horn lende-syenite 
~~~f~:~~l zone gneiss, with its local facies of hornblende-granite, and even biotite­
nucleus. granite, gneiss, has been traced very satisfactorily as mapped, around 

in an irregular crescent, concave to the south, to Redgut Bay. From 
Lake Despair, across the Despair River and the various arms of Jack­
fish Lake, through Loon Lake, across the Manitou Rive1· above the 
Devil's Cascade, and thence across Vane Lake and Capt. Cuttle Lake to 
Black Stmgeon Lake and Crow Rock Inlet, the line is very sharp, and 
can be located at all of these various points of intersection very closely, 
there being a sudden change from one rock to the other. This line is 
rudely parallel to the line of contact previously sketched between the 
Keewatin and Laru·entian. Between these two roughly parallel lines 
the zone of syenitic gneisses has a breadth which varies from three to 
to six or seven miles. That the whole of this brei,tdth is occupied by 
the same kind of rocks is established by the examination of the well 
bared shores of the half dozen or more canoe routes, which traverse it 
at intervals sufficiently close to afford the necessary data for mapping. 
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At the two ends or ho1·11:' of this crescent-like zone it appears to be- Breadth of 

come confused with the bioLite gneisses of the inne1· nucleus, and to zone. 
blend with them in a manner which seems only explicable on the sup-
position that the two roeks \Vere both in a more 01· loss plastic 01· 
fused state at the same time. This lack of sharp distinction between 
tho two kinds of rock begins on the west side on Lake Despair and be-
comes more and more apparent as we endeavor to trace the syenitc Local blending 
gneiss across the end of North-west Ray to Half-way Inlet. A band o f~f ~~gk~inds 
the::;e syonitc gneisses certainly crosses the North-west Bay in the 
direction indicated, such direction being coincident with the strike of 
the evenly foliated biotite gneisRes. But in this band are portions 
which are sca1·cely disLiuguishable from the ordinary biotite gneisses, 
except, perhaps, that they are rathe1· coarse-textured, and which do 
not appear to be inclusions, but pass into the syenitie phase of the rock 
by gradations. In the adjacent bioti te gneiss, also, which occupies the Gneisses on 

grcatet· portion of the shores of North-west Bay, there are local de-Wi:ih'-~~st 
velopments of a syenitic faci es. These are intimately associated with Bay. 

what appear to be included masses and bands of hornblende schist, or 
massive dioritic rock, in the more acid biotite gneiss, and it would ap-
pear in these ca;;es that the coa1·se syenite gnebs, whether it be mica-
;;ycnite or hornblende-syenite, bas resulted from the fusion and inter-
mixture of the more acid with tho more basic rock. The first occur-
renee of this coaro.c syenite gneiss observed in going up the bay is on 
the south shore opposite Shelter Island, where it has the facies of a 
porphyritic mica-syenite with frequently a little quartz. At all the 
available exposures on the shores of Half-way Inlet, tbisgneiss appears 
to bo the prevailing rock, from a point a quarter of a mile north of 
Cliff ~arrows to !he bottom of the inlet. It also appears on the 
S.E. shores of the terminal expansion of the North-west Bay and 
occmpios probably a mile and a half of the shore. It occnrn also on 
the uorth, ot· nol'th-west Bhore of this same expansion of the bay, 
opposite Gusty Poiat. Hel'e, however, as at othei· places, it is much 
mixed with the ordinary biotite gneiss, BO that the relationship that 
exi~ts between the two is difficult to make out. In some places it ap-
pears to cut the lattc1· as an intrusion through it, but this appearance 
or: ly extends to the sudden and boss-like presence of the syenite in the 
midst of biotite gnei::;s, and contacts where the relaiionship can be 
satisfactorily studied, are difficult to find. 

In its continuation to the S.E. the band appears to thin out to a narrow 
width between Halfway Inlet and the west shore of Rainy Lake, 
where nothing but biotite gneisses are found, except at a point three­
q uartMs of a mile N.W. of Standing-stone Point, where a small patch 
of syenite was ob5erved; and some on the latter poin t itself. 

8 
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Continuation of It seems probable tbat the zone of syonite gneiss which thus be­
zone of svenite . B b f d d ~l)eiss on Rainy gms, at the west end of the Nor th-west ay, to ecome con use an 
River. mixed with the biotite g neiss, is continued in the area of hornblende 

syenite gneiss, which is exposed on Rainy Rive1· between 8ix and seven 
miles above the Manitou Rapid, and also in the area of coarse mica­
syenite gneiss which is exposed on Rainy River at Fort Frances and 
thence northward for about six miles on the west side of the lake to 
Stanjikoming Bay. The small aren, of hom blende and mica-syenite 
gneiss observable on the south-east side of Hopkins Bay seems to serve 
as a link of connection between the last and the first described cres­
cent-like zone at its eastern extremity on Red.gut Bay. On tbe Big 

On Big Ca.noe Canoe River route, .the syenite gneiss occupies the whole of the 
River route. b b d b b f h read th etween the inner nucleus of biotite gneiss an t e ase o t e 

Keewatin. South-eaf'tward of this, however, the zone of these rocks 
appears to diminish rapidly in breadth, and on Black Sturgeon Lake and 
Crow R.ock Inlet is little more than a mile wide. In this interval, more­
over, the rocks compoi:;ing it are no longer in direct contact with the 

Distribution of Keewatin, for the cxposui·cs on Big and Little Saw-bill Jakes, 
~~~t~~~i~:dgut Porter Inlet, and the north end of Redgut Bay, shew that an area of 
Bay. ordinary qual'tzose, biotite gneiss lies between the Keewatin and the 

zone of syenitic gneiss. The Jattei· seems to t:t1)el' to a point on Red.gut 
Bay, and where it does i::o, it appears in places to be intimately mixed· 
with the biotite gneiss and appeal's ful'ther, in certain cases whirh 
have becu examined carefully, on the north side of the bay opposite 
the Indian village, to rnsult from the fusion of the biotite g neiss with 
certain included bands or masses of hornblende schist and diorite, 
whicb will be alluded to more particularly in the discussion of inclu­
sions in gneisses. 

Relationship of Above the Devil's Cascade, on the Manitou route, tbe biotite gneiss 
structuml b 
planes of two may e seen very clearly dipping under the syenite gneiss at au angle 
~~~~~~at of .about 60°. On the south-east side of Loon L ake the two rocks are 

in the same relative attitude, the angle of dip varying from 45° to 60° . 
.A.t the lowel' end of Loon Lake, and across Jack-fish Lake, the dip of 
the biotite gneiss is much less regular, being sometimes away from 
and sometimes towards the syenite gneiss, the former being the pre­
vailing dip on Jack-fish Lake and on Hes.erve River. On Vane Lake 
the planes of foliation of the gneiss are not sufficiently r egulai· to afford 
an indication of the dip. At the contact here of the biotite gneisfl 
with the hornblende-syenite gneiss, the former is traversed by dy kes of 
granite, while the latter is not. At the contact on Captain Cuttle Lake, 
no very exact line of demarkation could be detected, but rather a, pass­
age from the biotite-granite gneiss, through hornblende-granite gneiss 
to tbe syenite gneiss. 
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The only portion of the zone where the rocks val'y so much from va~io.tion from 
h . 1 h t J J f h . . -" . normal t e11· genera c arac er as to pa,:;R comp ete y L"Om t e syemt1c 1ac1es, cbamcter. 

and become pl"Ominently qua1·tzose and granitic, is at its extreme east 
·end. On the shores of the .weRt arm of Jack-fish Lake, the rocks arc some-
what quartzose, and the quartz becomes m01-e abundant on Clear-watel' 
Lake, where the rock is a coarse-grani tc, foliated in some places, and 
scarcely at all, ju others. 

The biotite gneisses of the inner nucleu:; of the Stanjikoming area ofBiotite gneisses 
. of1nner 

Laurentian rocks, are, as regards their field characters, chiefly remark- nuc1eu.. 
able for the constancy of th eir composi~ion and general aspect, the uni-
form regularity of their foliation, the regular dip of such planes of. 
foliation , generally at angles of from 45° to 60°, and the ease with 
which the strike of their edges can be traced in eurves which, in one 
notable instance at least, close upon themselves in concentric cil'cles. 
The gneiss is characterized, too, by holding included fragments of 
foreigll rock, which resemble the rocks of the Keewatin and Coutch­
iching series. These inclusions will be con;;idered more in detail in the 
next section. The contact with the geologically hig her series of 
Coutchiching and Keewatin rocks is always of a more or less distinctly 
brecciated charactel', the gneiss sending apophy~es into the &eh is Ls, and 
holding imbeddecl in it detached angular fragments of them. The geo­
logically colored map, taken with the detailed descriptions of typical 
specimens of the rocks, renders a lengthy account of the geological fea-
tures unnecesi:;ary. Attention may, however, be clil'ected particularly 
to the structure of the rocks of this portion of the a!'ea. Tho plotting 
{)f the observed strikes and dips shows that if we follow the strike of the 
Planes of foliation from the Devil'sCascadesouthward it curves crradu-Concentrio 

' 0 · structure of 
ally to the south-west and west on the ~bores a od islands of Manitou foliation. 
Sound and the bays to the west of j t; then north-west along the shores of 
the North-west Bay and Foot Print Lake, north to northceast through 
J ack-fiRh and Loon Lakes, and finally south-east at the south-east part 
{)fLoon Lake where the rocks t rend directly towards the starting point 
at the Devil's Cascade, joining in a complete circle. This circular 
trend of the strike of the planes of foliation of the gneiss is constant in 
a zone which has a considerable breadth measured on the radii of the 
drcles or in a direction transverse to the strike. The breadth of the 
zone bearn no relationship to the angle of dip, being no greater where 
the dip is low thnn where it is high. Thus from t he nol'th side of Ash 
Bay to Ami Point, the rocks have a const ant dip to the south-ea;;tward 
of from 30° to 45°, and the breadth of the zone is much the same as at 
the opposite side of the circuit where, on Loon Lake and Ja.ck-fi;;h Lake, 
the dip is at a much higher angle. The angle of clip is also high along 
the North-west Bay. Tbe concentric circles thnR formed by the inter-
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section of the pbues of foliation wilh the horizontal plane of the pre­
sent :·mrface have their c·en tre in a point which appears to lie in tbe 
north arm of Ash Day, the rocks in that vicinity being at extremely 
low angle:\ almo:>t flat in ~ome cases, and the Rtrike con,,;eq uently 
difficnlt to trace. The dip is away from this centre all the way around, 
so that the strncture is the ;;ame as that which would be revealed by a 
section across a low cone or dome laminated concentrically to its f:Ur­

facc. The ~imple,;;t explanation that suggests itself to account for the 
structure, is that of an upheaving force acting on a plastic rnass, bUCh 

force acting with greatest intensity in the vc1'tical line which would 
. correspond to the axis of the cone or dome. 'l'his would correspond to 

an anticlinal dome in ordinary bedded formations. With this differ­
ence, however, that in the latter the structural planes existed as p1anes 
of bedding pl'ior to the applieation of the force which bulged it into a 
dome, whereas in the case of this Laurentia,n gneiss, all the evidence 
~toes to show that the struclmal planes are the result of such upheaval 
and a differentirition, from the bomop;eneous characte1· of the rock, 
produced by the deformation incident to it. 

South of a line dr::twn from Ami Point to the entrance to the North­
west Bay, between Hay-ma1·sh and Woodchuek Islands, the dip is very 
suddenly revei·sed and we have what appears to be a synclinal axis, 
the strike on eithe1· side of the line diverging to the eastward. A 
parallel line foul' miles to the southward, drawn from ;Frog Portage to 
the neighborhood of Stand ing-stone Poiut, appears to be the cones­
ponding anticlinal axis, for on the south side of this, the dip is again to 
the south or south-east. 

Between these two lines, the clip is constantly to the north, and the 
rocks lying within them are much ti'aversed by local 01· sporadic in­
trusions of red granite accompanied by pegmatitic veins. Along the 
line of the anticlinal a xis just mentioned, the biotite gneisses artl ob­
served locally to give way to hornblende granite and syenite gneisses. 
To the south of the line a eouside1·able numbet' of observations have 
been made as to the strike and dip, but no general statement as to 
the structure can be deduced from them beyond the fact that the dip 
is prevailingly south-ea&tward 01· eastward on the west side of the lake 
where the strike curves around to a north and south direction. In this 
part of the area, ine;Jusion,:; of rock fragments resembling the forma­
tions of the Coutchiching series arc more abundant in the gneiss than 
farther north. Indeed in some places, notably between Blaze Point 
and Frog Portage, the gneiss appears to be quite composite in char­
acter, as if made up of shattered fragments of such rocks as occur in 
the Coutchiching series which had become immersed in a felspathic 
magma, i)urtially fused and drawn out into lenticular bandR. Some 
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phases of this variety of the gneiss p1·esent a remaekably evenly rib-
1)anded aspect due to alternations of sheets of dad{, fine-grained, very 
micaceons rock, with others of light .grey color, of coarser gi·ain and 
mostly fel spathic, with little ot· no mica. 

The three small bosses of biotite gneiss that lie in the axis of the Bosses of · · · Li\urentian 
anticlinal fold of Ooutchiching rocks which stretches from the Bear's gneiss between 
P 0 h. h' b , 1 ad b ll d d ffi · Be:tr'sPassl1ge assage to outc w mg- ave a re y een a u e to at su c1ent and 

' ' . . . Coutchiching. 
length (p. 102). Ii only remams to be noticed that the gneiss of the 
mo::; t westerly of the three exhibits the most pronounced, and that of the 
most eastel'ly the least pronounced foliation, or is most g 1·anitoid. In all 
three t he evidence of their protrusion throug h the Ooutcbiching r ocks 
is most clear, and also that the protrusion bas been one of slow upheaval 
of a magma which must have been very thickly viscid, ot· tough and 
coherent, rathe1· than fluid. For the gneies has not simply filled a 
dyke-like fissure in the Coutchich ing schists, but has displaced the 
lattei· in such a way that the strata have eve1'Ywhere accommodated 
themselves to the shape of tbe p1·otrud ed boss, i.e., the strike conforms 
to the shape of the bo"s , and ru11s around it , while the dip is constantly 
away from it. The dykes that emanated from the gneiss and penetrate 
the schists at the contact are of a local character, and do not extend 
far within the schi~ts, being orig inally rather of the naturn of a 
plastic mass forced into fissures and crnvices by great pressure, than 
fluids fi lling cracks in the crust like regular dykes. 

The rocks of the Sabaskong Laurentian ai·ca so far as they are Sn.basko~1g , ' Laurentian 
known, on the Kishkutcna ro ute, Sabask ong Bay, and the shores and area. 
islands of the south part of the lake, are mostly quartzose g neisses. An 
exception to this general rule is· found in a mass of hornblendc-syenite 
gneiss, of very coarse texture and very indistinct foliation, which 
-0ecupies about two miles of tho south-east shore of Lake of the Woods, 
beg inning at a point one mile nor th of the 49th pa1·a llel. A pa t<.: h of 
the same rock also occurs on the ex tremity of Pork P oint. All the 
oth er r ocks are either biotite-grnnite g neiss or hornblende-granite 
g neiss, the latt er being usually only a local facies of tho former. 
Thus the rocks of Sabaskong Bay, as a whole, resemble vo1·y closely 
those of the inner nucleus of biotite g neiss of the Stanjikoming ai·ea, 
but on the islands at the mouth of the bay, on the south shore where it 
opem; out to tho Juke, the proportion of th e quartz is less, hornblende 
r eplaces a part of the bioti te, and finally the rock passes into a horn­
blende-granite g neic;s in w hich there is no mica. At the east end ofvnriationin 
h b h . f . b l d h f . cha.racter of t e ay, i e propol' tIOn o m18a ecomes ess, an t a t o qual'tz rn- rocks. 

creases, and the whole aspect of the rock is more granitoid and 
perhaps coarser g rained. This increases along the Kisbkutena r oute, 
till on Kishkutena Lake the r ock is a Yel'y q uartzose, coarc;e-gra ined, 
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reddish granite, with a foliation only occasionally developed, but 
still geologically the same as the evenly foliated gneisses of the 
western and middle p ortions of Sabaskong Bay. The strike of the 
planes of foliation of these gneisses exhibits a marked tendency 
to a disposition in concentric c:ircles simila1· to that observed on 
Rainy Lake. The gneisses both here and on the south-east shore 
of the lake toward;; the mouth of Rainy River are often charged 
with inclusions of hornblende schist and dioritic or amphibolitic 
rock. In Sabaskong Bay their fol'cign and included character is much 
more apparent than in the gneiss south of the moulh of .Little 
Grassy River, where the schist and gneiss arc either confu>;edly 
mixed, 01· appear in remarkably even inter-bandings, due, doubt­
lcs;:1, to pressure deformation, such as that discussed by Teall,* 
with this difference, that, whereas, Teall regards the more basic bandB 
as the squeezing or pulling out into sheets of the more basie early 
secretion~ from the magma, the evidence here points to t heir having 
been fragmenL.; detached from the once ovel'lyin~ Keewatin series, or 
pipes-of volcanic rocks that filled vents in the floor upon which the 
Keewatin was depositeJ, and which by fusion and recorystallization 
gave rise to the Laurentian gneiss. Even where tbey are most evenly 
banded, there is occasional evidence of the gneisR having been the 
matrix, since it trave1·ses the schists locally transversely to the strike. 
Many of t hese inter-bandings appeal', too, a~ I have before stated, to 

have been produced by the penetration of t he gneiss in a plastic con­
dition along fissul'es which are coinciden t with the eleavage planes of 
the schist, the latter having been parted on the large scale in a manner 
similar to tbat sbevvn in Plate VI for a comparatively small inclusion. 

In the Turtle Lake Laurentian aren,, so for as it comes within the 
limits of the region examined, the greater part of the gneisses are­
quartzose, biotite gneisses, similar to those of Rainy Lake and Sabas­
kong Bay. Going northward from Rainy Lake to .\fa.nitou Lake, by 
way of the Otulrnmamoan route, all the shores of the lakes as far as the 
outlet of Kinoje Lake are composed of this rock. Between this point 
and the Manitou Lake, however, we come npon rocks of the charncter 
of horn blende-granitc and syenite gneiss of much less distinct foliation 
and coat'sertextnre. 'rhe5e are ve1·y simi lai· in characte l' to those of 
the peripheral zone of the Stanjikoming area, and occupy a si milar 
position relati \ ely to the biotit e gneisses and to the Keewatin series_ 
These hornblende-granite and syenite g neisses are well exposed on all 
the shores of Kionje, Kahwawiagamak, Memekwesi (west ond), Down­
grnde, Smooth-l'ock, and Win<ligons Lakes. All the Laurentian rocks 
observed on the shores of lakes and river-5 between the Otukamamoan 

•On the origin of certain banded gncisie;, Geo!. Mng., Nov., 1887. 
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route and Big 'l'urtle Rivel', and on Big Turtle River itself, to a 
point one mile north of Jones Lake, are quartzose, biotite gneisses. 
At the point above Jones Lake just mentioned, however, we come 
upon coarse, reddish, homblende-syenite gneiss. Thi" is probably 
geologically tbe same with the bornblende.syenite and granite gneiss 
observed at the north end of the Otukamamoan route, and if so, they 
would appear to form a zone quite as extensive a~ the peripheral zone 
of the Stanjikominp; area. 

The Lake Harris Laurentian area. on the northern limits of tbe J,n.ke Harris 
. d 1 l b . ll . l 'I'! Jl t" La.urentin.n region mappe , 1as on y een pm·tia y exammec. 1e sma por ion area.. 

of it which comes within tbe limits of the Rainy Lake sheet appears to 
be continuons with the Laurentian known to occupy the shores of 
the middle and eastern parts of Deer Lake and which, according to 
Bell,* also occupies the shores of Hugh Osboume's Lake, and of lakes 
Rowan, Hill and Lawrence. If this be so, then the Lake Hanis arna 
is an immense pear-shaped aren of Laurentian rocks completely en­
circled by the rocks of the Keewatin series, and so quite analogous to 
the Obabicon, Sabaskong, and Stanjikominp; areas. :From Dr. Bell's 
account of the dist!'ibution of the (Huronian ?) Keewatin on Wabigoon 
and Eagle Lakes, and our own knowledge of the distribution of the Kee­
watin on the Manitou route and thence continuously by way of Pi pe-stonc 
Lake, Crow Lake and White-fish Lake to the west end of Deer Lake, 
there appears to be no doubt but that the area is completely encircled, 
as i:;tated, by these rocks. The interior of the area has not yet, however, T~ncircled by 
b . d d ]] th t b 'd . b . . Keewo.tm een examrn e an a a can e sa1 at present IB t at it l S very schists. 

probably entirely occupied by Lamentian gneiss. The greatest length 
of the area in a N.E. and S.W. dil'ection is fody-five miles, and its 
greatest width, from Lake Harris across to near the outlet of Deer 
Lake, is about twenty-five miles. 

On Lake Harris the gneiss is coarse and granitoid with very indiS· LakeHa.rris. 
tinct foliation, or none at all. Hornblende-granite and biotite-granite 
both prevail, the former, howeve1·, being probably more abundant than 
the latter. Both kinds are s imply different fa.cies of tbe r::ame geo-
logical mass. No varieties were here obse1·ved which are entii·ely de-
void of quartz. 

On Bluff Lake, howcvel', the Laurentian rocks in the vicinity of the Bluff L11,ke. 
contact with the Keewatin are very basic, and have the facies of aura-
litic gahbro. Towards the north this passes into a hornblr.nde-!"yenite 
g oei8s and then into a bornblende·gmnite gneiss, the rocks at the 
north end of the lake beiug distinctly q uartzose. 

• Geologienl map of Lhe Lake of the Woods und 11djacent country, 1881. 
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PETROGRAPHY OF THE LAURENTIAN Rocrcs. 

Hornblende-Granite and Hornblende-Syenite Gneiss. 

The hornblende-granites, fol intcd ::tnd non:foliated, nre not separable, 
geologically, in the Rainy Lake region, from the hornblende-syenites. 
In the former, the quartz is never, a::; a rule, vcl'y abundant; and in the 
same geological mass, specimens may be taken which, regarded in 
themselves, would be cla::lsed as hornblende-granites, while othen;, not 
far distant, may be taken in which it i:,1 difficult to find a trace of 
quartz, and which would, therefore, be placed with the syenitcs. In 
view of the sparing amount of quartz, when present, and of the geo­
logical idcnti ty of the quartzose varieties with the quartz-free, it ha!=> 
been found convenient to refe1· generally to these rocks as syer ite, 
particulady those of the peri1)heral zone of the Stanjikoming area. 
When foliated they are called syenite gneiss. It it', howeve1-, just as 
difficult to draw a hard line between the foliated and non-foliated 
varieties of those rocks as helween the quartzose and quartz-free. The 
one g1·ades into the other, and rocks which are non-foliated may some­
times be J"efened to as gnei8ses, because of their being a mere local 
facies of a mass which is prevailingly foliated or gneissic. Although dis­
tinctly foliated, tbe rocks hero considered rarely, if ever, assume that 
evenly pal'allel lamination 01· banding which is commonly observed in 
the bioiile gneiss. 

The Laurentian formation with which the Keewatin rocks are in con­
tact at the norlh end of Stone-dam Lake is a coarse-textured, horn­
blende-granite gnP-iss. In thin section (375) it is seBn to be made up 
of a granul.:.r aggregate of orthoclase, plagioclase, horn blcnde and 
quarfa, with some rounded prisms of apatite, a few grains of mag­
netite and a llttle secondary biotite and epidote. The quartz is in 
large water-clear grains, including apatite and other less determinate 
microlites. The ortboclaso is partially altered to kaolin and musco­
vite. The plagioclase is usually fresher, but is occasionally cloudy. 
There are included in it long, i)crfectly stl'Uight, extremely tine rods 
which are sometimes in perfect continuity for great lengths and some­
times disjointed. Part of the hornblende is somewhat tibroue, and has 
associated with it cpidote as an alteration product. On its margin itis 
in places altered, also, to biotite, which in turn has cpidote developed 
in it. 

Another specimen from this part of the zone, taken from the north 
shore of JJoon Lake, is a eoarse, foliated, mottled, black-green and 
white granite. Under the microscope (525) the structure is granular. 
The orthoclase and plagioclase are usually quite fresh, with excep­
tional small patches of decomposition products. The homblcnde is in 
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deep green colored, compact grains, with sometimes a nuclear, light 
yellowish colored portion, which shews brilliant polarization colors and 
large extinction angle, eviclently the remains of an original pyroxene 
of which the hornblende is a paramorph. The cleavage of the 
pyroxene is coincident; and tho latter, although not at all fibrouR, ap­
pears to be developed along the cleavage of the pyroxene well within 
the nuclear area occupied by it. Biotite is sparingly present associated 
with the hornblende, from which it is probably deri\·ed. Epidote oceurs 
in large, yellowish masses with well defined cleavage (co Pro) to which 
the extinetion is par:tllel. It is sometime~ associated with the horn­
blende, but is often quite apart from it. Apatite is of rather frequent 
occurrence in small oval and stout columnar crystals shewing pyra­
midal terminations. 

On t be shores of the north-west arm of J ::ick-fish Lake, the same geo- Jnck-fish Lake 
norcti-west arm 

logical mass or zone is rcp1·escnted by a coarse-textured, flesh-tinted 
rock made up, so far as can be detet·mined, maC!'Oscopically, of folspar 
and black hornblende. Dndel' the microscope (562) the hornblende is 
com pact and of a deep color, with the u!'ual pleochroism, and is frequently 
obse!'ved to have a core of foliated }lyroxenc. The py!'oxene (diallage) 
polarizes in brilliant colors and shews a high extinction angle, it is 
colorless and not perceptibly pleochroic. The encroachment of the 
paramorphic hornblende upon the pyroxene ulong the cleavage traces 
is shewn very beautifully. The felspars are clouJy ortbocluse, micro-
clinc and fresh plagioclase, with inclusions of apatite. Larger crystals 
of apatite and sphene in idiomorphic development are sparingly dis-
tributed. Small quantitie::; of brown mica and a very little quartz are 
also present. Epidote occurs in separate, well-formed, pleochroic crys-
tals of greenish-yellow color, often with an opaque nucleus of iron 
oxide. lt also occurs in the plagioclase. Besides this, ch lori te is pre-
sent as an alteration product of the hornblende. 

Another specimen from the south-west side of the same bay is a 
~oarse-grained, pepper-and-salt, grey, hornblende and fobpar rock. 
Under the microscope (560D the i;tructure is granular. The horn-
blende possesses distinct cores of foliated py1·oxene (diallage) which cores of . 

d t t j, l l d . . f th f' cl pyroxene rn emons ra every per cct y t 1e secon ary or1gm o e Ol'mer, an hornblende. 

point to the paramorphic derirnLion of all the hornblende in these 
rocks from pyroxene of some form or anotbel'. Tbc dial I age appears 
to pass into a pale, green colol'ed variety of the hornblende first, and 
then into deeper colored Yarietics, the pyroxene itself being of a light 
grey to lavender color, and very slightly pleochl'oic. The angle of ex-
tinction is about 40°, and the polarization colors are the bl'illiant ones 
common the pyroxe11cs. Plagiocla~e and Ol'thocl:.isc are prc:0ent in 
abundance, but the former predominates Yet·y much over the latter. 
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Apatite is fairly abundant as an inclusion in the other minerals, and 
bioli te is present but is probably an alteration product of the horn­
blende with which , together wiLh epidote, it is closely associated. The 
r emains of foliated pyroxene and the preponderance of plagioclase 
taken together with the g1·anulal' structure, suggest that this rock 
perhaps belongs with the gabbros rather than the Hyenites. 

Foot-pnntLake On lbe south-,vest side of Foot-print Lake, the biotite gneiss is ioter-­
s. w. side. rupted by a rathe1· ill-defined area of hornblende syenite. The roek is 

a coarse-tex tured aggregate of flesh-tinted to red felspar a11cl gL"eenish, 
black hornblende. Under the microscope, the strnctu1·e is gL"anular, 
and the section (642) is made up of fre~ h microcline, inter-grown with 
al bite, giving regular pertbitic structure; plagioclase, slightly 
cloudy, in patches; compact, green hornblende, with occasion­
ally a coi·e of the original pyroxenic miner::il to suggest the 
secondary origin of all the hornblende. Sphene and apatite are 
generally distributed, though not ahundant, the Jattel' in stout, 
rounded or pyramidally tel'minatcd pl'isms, and the fo1·mer in its 
characteristic dou bl e-wedge ;;haped fonnc:. Epidotc is pl entiful and 
has, in some instances, apparently been fol'med around a grain of 
magnetite or other iron oxide, bu l is genern,lly associated with the 
hornblende from which, and from the fobpar it is derived. A sma.l\ 
proportion of the homblcndc or of the pyroxene of which it is a 
paramo1·ph , has been cha.ngecl to nen,rly isotropic ch lorite. 

Foot-printfoke At the lower end of the t'llme lake, the rock, evident ly the same geo­
lower end. 

logically as the last, is a coar,;e-tcxtnred, salmon-tinted g neiss, made 
up offelspar with a small proportion of epiclotc and chlorite in rough 
but distinct gneis~ic :1l'!'angement_ Under the microscope (646) the 
felspars al'e seen to be fresh orthoclasc, microdine and plagioclase 

· (albite). The lamelkc of the lattol' are frequently bowed and the 
twinning of which they are indicative is, in some instances, probably 
secondary and du e to pre.-snre. Other pressure effects are observable, 
such as the minu te fau lting and di,;Jocatiou of crystals, and the abrupt 
termination of twinning traces upon cracks.0" Tho pyroxen ic or horn­
blenclic eonstituenb of the rock have been so decomposed that they 
arc represented now only by intel'minglec\ aggl'egates of epiclote and 
chlorite. The only other minerals observed are a little limon ite and 
some secondary qnal'tz. 

North-west Bay At the west end of the North-west Bay of Rainy Lake a clecom­
Rn.inyLake. 

posed syenite rock interrupts the biotite gneiss much as it docs on 
Foot-pl'int Lake. It is a coarse-grained, granular aggregate of flesh­
red felsp~n-, f..deJ-gl'e1rn hornblende and yellow-green epidoLc. Unde1· 
the microscope (9 lS) the folspars comprise orthoclasc, microcline and 

• Cf. Judd. Tertin.ry a1tl Older Peridotitcs of Scotland, Q. J. G. f' ,, 1885. 
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plagioclase with inclusions of apatite. Tho hornblende is very largely 
altered to epidote, which is closely associated with it. Besides this there 
is an abundance of epidole, in lal'gc masse.s and in aggregates of gl'aim, 
who:;e origin is less apparent. Quartz is only sparingly pt'esent, and is 
dusty, with liquid and granular inclusions. 

On the Manitou Canoe route from the Devil's Cascade to Cedar Nar-Above Devil's 

rows, on Pickerel Lake, the whole breadth of the pet'ipheral zone ofcu,cnde. 
the Stanjikoming Laurentian area, is well exposed . Tho rocks are 
gneissic, horn blend e-gran it cs and syonites, of which a number of typical 
specimens have been el'itically examined. Ralf a mi le ahove the 
Devil's Cascade, the rock is a grey, distinctly foliated gneiss, which in 
tbin section (951) is seen to be a granula1· aggregate of orthoclase, 
plagioclase, hornblende and quartz, witb some idiomorphic apatite in-
cluded in all these, and epiclote in considet·able abundance associated 
with the hombleodc. The felspar:; are all fresh and the hornblende is 
com pact, but of rathel' pale shades of gl'ccn, and not ,:;o strongly pleo-
ehroic as it is usually; it i:i irr il'l'egularly slrnpctl grains, which, how-
ever, are genernlly elongated in Lhe direction of the pri><m. The qua1·tz 
contains, as inclusions, long, straight, extremely fin e, rod-like 
bodies. 

About a mile W.N."'iN. of the la.s t locality, on the shores of Spbeue Srhene:Lake. 

Lake, the rock is of the same miel'oscopic charactcrn. .111icl'Oscopically 
(959) it is a gl'anular aggregate of orthodnse, rninocline, plagioclase, 
hornblt:mde and qua1·tz, the last in spnring quantity. The accessory 
idiomot'phic constituents are brown, ploochroic sphenc, apatite in 
jointed needles and oval bodies, ~t few z.il'cons, and a ~lender, pink-tinted, 
limpid, pleoehroic prism, with parallel extinct.ion, and low refractive 
index, probably tounnaline. The latter i8 included in the ol'tboclase. 
The felspars arc frcoh, and there is pt'obably more than one variety of 
plagioelase, some of the crystals Rbewing broad twinning lamellre, 
while in others these arc excessively fine. The hornblende i;; compact, 
deeply colored and ,.;tautly pleo(;hroic. It is usually full of inclusion:; 
of apatite, sphene, and grains of magnetite. The qua1·tz plays a vel'y 
subordinate role, and may be regarded as an accessory. 

A mile and a half north of the Devil's Ciiscadc, on Sphcne Lake, the 
rock is vel'y much the same as that last described, a distinctly gneissir, 
coarse-grained, ho1·nblcnde-syenite, with accessory qual'tz, apatite a.net 
sph ene, together with a liltlc Sf'C'Ondat'y biotite aswcialecl with the 
hornblende. The qual'iz is dusty, with inclllsion:s of an indeterminate 
charactc1., together with microlite;:; of apatite, small, stout, brown bodies 
and long, straight, excessively thin rods, probai.Jly rutile, many ofwhicb 
have a parallel a1·rangement, but which, taken altogethe1', have no ap­
parent regularity. The most intet'csting point to be observed in the 
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section (961) of the specimen from this locality is the beautiful instance 
of the twinning of sphenc according to the law fiJ'st described by Dr. 
G. H. Williams,* as explauat,ory of the appal'ently perfect cleavage in 

Fig. 11. Section of hornble,nde-syenite gneiss from west side of Sphene Lake 
shewing a crystal of titanite polysynthetically twinned parallel to-4 P (Dana), 
probably as a result of pressnre. Nicols +. x 44. 

t. Titanite 
o. Orthoclase 
h. Hornblende 
p. Plagiocla:;e 

a .. Apatite 
b. Biotite 
q. Quartz 
p'. Plagioclase, dislocated, and shewing 

pressure twinning. 

American varieties of thi;; mineral. Tho :;phone is t'athcr abundant in 
brown, slightly plcochroic crystals of the usual double-wedge shape, 
and the crystal shewing the twinning pantllel to -4 P (Dana) is cut 
approximately pcrpendiculal' to the p1ismatic zone. The aspect of the 
crystal between crossed nicols will be gathered from a g lance at 
(Fig. 11). There i~ a well pl'onounced set of bmell::e of varying widtb, 
inclined at a small angle to one of tbc pl'ismati c faces; and feeble 
trnl5es of another set of pol,p;ynthetic lamclltc are also observed as 
nearly parallel to the other pL'ism, or inclined to the ffr~t set of 
lamellre at an angle of ll::L This twinning law, which gives rise to 
the parting commonly regarded a:; cleavage iu the largest sphenes 
found in many crystalline limestones docs 11ot seem to have hitherto 
been ob;-;erved in the sphenes occurring in massive rocks. Di·. Williams 
in bis paper, suggests that this twinning is probably due to presRure, 
and its occunencc, in the present instanl'e, is under such co11ditions as 
)encl interesting con6rmation to this view. Faulted and secondarily 

"'Cu use of the HJJtiarently JH rfect clc;l\'uge in Amer1c11n srbcne , Arn. Jour., Sci. XXIX, 
J unc, 1885. 
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twinned plagiocla8e occurs in snch relation to it as to shew that there 
must have been p1·essm·c exerted at right angles to the best developed 
twinning lamelb:e, while at right angle::i to the feebly developed 
lamollre, there is no such oviden('e of pressure. 

At Ceclal' ~arrows, Pickerel Lake, the gneissic hornblende-syeniteCedarNru:rows. 
is in contact to the north with da.1·k green , hornblende snhists. Near 
the contact the syenite gneisr< loses its foliated aspect, and becomes very 
much darker in color, the hornblende greatly predominating, and at 
tbe eonta,ct, the appearance is such a,; might be produ ced by a partial 
fusion of the green schist;; and thP.ir absorption into tho magma whi('h 
solidified as the syenite. Th ere is a transition of several yards between 
the schist;; and the ooar8e-texturcd, foliated, black and white syenite, 
whose general charader may be described as that of an aggregate of 
hornblende crystals in which are in<:ludcd reddish crystals of 01·tho- · 
clase. l;nder the microscope (1054 A) this transition roc:k is seen to~{~~~i:~~~. rock 
be made up, besides orthoclase and hornblende, of large quantities of 
epidote and zoisite, with muscovite, de1·ived from the decomposition of 
the felspar in scattered shreds. In another section (1054 B) of the 
same rock, whore it is coa1·ser-g:mined an'cl fal'ther from the confact, 
the structure is that of a hornblende syenite. The hornblende some-
times shows a pale colored central a1·ea, suggestive of its derivation 
from pyroxene, and carries numeJ'ous inclusions of apatite, besides 
which there are larger oval apatite c1·ystals scattered through the slide. 
The felspar is cloudy and is sometimes stained reel with oxide of i1·on. 
Epidoto occurs in large individuals and in aggregates of grains. 

Among these hornblende-syonite a nd granite gneisses the most in­
teresting point, is, perhaps, the frequent detection of either a pyroxene 
core, 01· evidence of the former prcsenc:e of one, in tho middle of the Secondary 
h bl d I l . . ] d . . f . chnrnoter of orn en e orysta s, c emonstratmg t 1c secon a1·y ongm o a port10n hornblende. 
at least of the hornblende of these rocks. This, of course, raises the 
question of the extent to whi('h the horn blonde is secondary; and it 
seems not improbable that all the hornblende of the hornblencle-
syonito und granite of this region is of secondary origin. Snch a view 
appears to be quite in harmony with the growing conviction of petro­
graphers and geologists as to the general paramorphic origin of horn-
blende in cases where it is not distinctly basaltie. Irving* sums up 
hi;,; conclusions, at the end of a valuable paper on this question, in 
these words : "Thus, after an exami uat.ion of' about a thousand thin Irving's 

. . . . conclusions. 
sectwns, representing the crystall1110 schists, acid eruptives and basic 
eruptives of a region some 400 miles in length by 300 in width, and of 
three distinct geological systems, I have found no hornblende that is' 

''On tbe Paramorphic Origin of Hornblende of th e Crystalline rocks of the North-western 
Sta.Les. Am. Jour . Sci., 1083. Vol. XXVI, p. 27. 
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Wadsworth. not either clearly, or ve1-y probably secondary to augite." Wadsworth 
had previously expressed a flimilar opinion with reference to the green­
stones of the Marquette district.* The development of the idea of the 

Williams. secondary ot·igin 0fhorn blende is P-uccinctly sketched by Dr. Williams 
and a number of instances are described by him shewing tho passage 
of augite into compact hornblende. t In view of these and many other 
observations, and of the fact that the hornblende of the syenite and 
granites of this region frequently has a remnant of the original 
pyroxene clearly cliscernable in its centre, I feel warranted in stating 
that these rocks, hornblencle-syenites and granites, foliated and non­
foliated, seem to bear the same relation to pyroxene-syenites and 
pyroxene-granites as do many of the old greenstones, commonly called 
dioritee, to original diabases and gabbros. 

Te:i:ture and 
8tructure. 

Falls of Fort 
Frances. 

Sand B~y, 
Rainy Lake. 

Mica-Sye:nite Gneiss and Biolite-Granite Gneiss poor in Quartz. 

These rocks resemble closely the foliated, hornblende syenites and 
granites in their conditions of occurrence, but are sometimes in geo­
graphically separate masses. Theit· texture is coarse to very co1irse, 
and they are usually of gneissic habit, although they can be traced into 
varieties in °which it is difficult to detect any sign of foliation. They 
are usually characterized by the pol'phyritic development of ortboclase 
in large crystals twinned according to the C:irlsba<l law, and, when the 
rock is gueissic, the long axes of these porphyritic crystals are in 
parallel al ignrnent. The planes of foliation are, however, in their de­
tail undulatory, owir,g to their flowing around the large folspars as in 
the case of augen gneiss. It occasionally contains ronnded or ovoid 
secretions of finer grain, or more rapidly cooled portions of the rock 
which are of identical composition with the bulk of the rock mass. 

The rock at the Falls of Fort Frances on Rainy River belongs 
to this class. On the islands below the fort and on the shores of 
Sand Bay, the same rock is more distinctly foliated than it is at 
the falls. A section (65) of this rock shews it to be a granular 
aggregate of orthoclase, plagiocla.se and biotite, with a little accessory 
hornblende and quartz, in which are imbedded porphyritic crystah:1 of 
ortboclase. Other accos:sory constituents are sphene, apatite and 
magnetite. The twinning lamellre of the plagioclase are very fine and 
the extinction determined on a cleavage slice parallel to ooPoo is 
about 1°, RO that it is vel'y pl'obably oligoclase. 

At the bottom of Sand Bay, near the Half-breed village, the rock is 
much the same as that at the falls, but it is distinctly gneissic and 

*Bull. Mus. Comp. Zoo]., 1880, pp. 37, 39, 42,46. 
t On the Parnmorphosis of Pyroxene to Hornblende in Rocks. Am. Jour. Sci., 1884, Vol. 

xxvrrr, p. 259, 
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shews areas of finer grain enclosed in the coarser, probably as earlier 
secretions. The composition and structure of these, as r evealed by the 
microscope, present no marked difference from the rest of the rock ex­
cept in the texture. The thin section (662) is t hat of a granular 
.aggregate of fresh plagioclase, orthoclnse, biotile, homblende and 
quartz, with some epidote. 

Another specimen of this same gneiss was taken from tho east side Stnniikoming 

of Stanjikoming Bay neat· the channel leading into it from the Jake. fyiy. 

The rock is here a coarse, grey gneiss with porphyritic crystals 
-Of orthoclu;;o in Carlsbad twins. Under the microscope (793) it is a 
gt·anular aggregat e of orthochise, microcline, plagioclase, biotite and 
quartz. Apa,tite and spbene arc accessOJ"y orig inal constituents and 
limonite and epidote secondary products. None of these are very 
abundant. The quartz is in sparing quantity aml is intergrown with 
orthoelase in micro-pegmatitic structure. Only an occasiorni,l crystal 
ofhornblende is observable. The epidote is derived apparently from 
the biotite with which it is a"sociated aR large, well-formed ct·ystals of 
yellowish color. 

Farther north, on the west side of Rainy Lake, three-quarters of a Nenr S t:tnuing--
. N "-T W f S j" p . d d fl h d h stone Pomt. mile .r ·~'. . o tanc mg-stone omt, a ecompose , e,; -re , poYp y-

ritic gneiss of coarse-texture interrupts the biotite gneiss of that part 
of the lake. It is made up of large crystals of febpar around which 
the micaccous constiluents flow. "Gndel' the microscope (833) the fel-
spars arc seen to be or thoclase, micrnc:ine and plagiocbse with some 
included zi rcons. The mica is altogether changed to epiclote and 
chlorite, there being none of the fresh mineral left. A little leucoxene 
is also present. 

Biotite Gneiss. 

The biotite gneisses of the region have not been made tbe subject CompRrisoo of 
f t · · · t l 1 · t" · b · · fo lin.ted and o ex ·ens1ve mtcroscop1c s uc y, sue l an rnves 1gai10n erng unneces- non-foliated 

"' d · d t · t' A£" · l · f \'arieties. sary iot· or 111at'y e ermrna 1ve purposes. iew typtca spectmens rom 
different pal'ts of the region have, however, been ex~mincd, chiefly with 
the object of instituting a comparison between the minute structure of 
the more distinctiy foliated and the less or non-foliated varieties. Such 
a comparison failed to esLablish any easential distinction between the 
two variet ies beyond that observable w ith the naked eye in t he 
parallelism of arrangement of the constituent minerals in the g neiss as 
contrasted with their indiscriminat e disposition in granite. In both 
the structure is granular. 

At tbe sou th end of C,·ow Portage, Sa baskon1r Bay, the irneiss which c P ta. 
· · ~ · ' row or ge. 

has been described as forming a brecciated contact with the basal, 
hornblende schis ts of the Keewatin series, is a medium grained, flesh-



Loon Lake. 
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tinted to greyrockofunusu11llyeven foliation. :u micrnscopicsection 
(48 B) it is seen to have a well-defined granular strnctnre, all the 
minerals heing allotriomol'phic, exeept a few large porphyritic febpa.rn 
of an earlier generation than the mass of the rock. The constituents 
are quartz, orthoclase, pl::tgioclase, and bioLi te. 'rhe last menLioned 
mineral always lies in definite parnllel planes, while the quartz and 
felspaT grains exhibit a. corresponding but mut.;h ruder tendency to a 
similar ftrranµ:emcnt. The felspars are usually <1 uito fresh. ·when de­
composed to kaolin or muscovite, the deco1nposition i,; nuclear or cen­
tral rather than marg inal, and tihews itself in sporadic tlalrns ot· cloudy 
aggregates sometimes along clea.vn,ge lino~. The orthocla;;e is occa-; io11-
ally seen in Carlsbad twins, and the plagioclase is as usual twinned on 
the al bite law, or a combination of this itnd the pet'icline law. The fel­
spai·s are occasionally observed to be broken and parted with a shea1-, 
the intervening fissure being filled with secondary qua!'tz or musco­
vite. The quartz carries inclusions of apatite, liquid inolusions with 
dancing bubbles, and darker bordered round inelu,;ions, probably of gas, 
besides dusty or granula1· indeterm inate matte1·. 

On the south side. of Loon Lake, on tho Pipestone canoe route, 
the1·e ici an extensive exposure of the bioLi te gneisoi of the inner nucleus 
of the Stanji Lrnming Laui·entian area. A specimen taken from the west 
side of the Jake, about a mile north of Speak-no-bad-language Po1·tage 
is an evenly, foliated, flesh-tinted to g 1·ey, fine-grained rock. Micl'o­
scopically (476) it is built up of allotriomorphicgraios of q uartz, ortho­
clase, plagioclaso, bioti te and epidote, the strncture of the i·ock being 
granular. Quartz is the mo:;t abundant mineral. It contains flt1icl in­
dusions with moving bubble.:;, fine straight, rod-like bodie.:i, probably 
rutile, and besides the8e a number of small yellowish. hig hly refracting, 
oval or oblong bodies. The orthoclase is pe1·foctly fresh, and is only dis­
tinguished from the quat"tz by t he blnish colo1· between cro3secl nicols 
and its biaxial inter ference figure in converged polal'ized light. The 
})lagioclase is also qui te fresh and i:; as usual recognized by- it:> poly­
synthetic twinning. The biotitc is of a g1·eenish, brown color. Stout, 
oblong crystal::; of apatite n,nd epidote in aggregates of grnins ai·e also 
present. ' 

The medium grained, biotite gneiss on the west shorn ot' Stanjikom­
ing E<ty, towards its north end , differs but little from that !ac;t desct·i bed, 
except that it is mneh less distinctly fol iated a.nd looks more like fin 

ordinary grey granite. In thin section (776) the strnetnre i.s g1·anular. 
Tho felspa1·s are usually fresh and the plagioclase is prnbably mo1'e 
abundant than the orthoclase, al though the rock is decidedly q uartzose. 
Apatite and spbene are sparing ly present. The biotite is in places 
altered to chlorite. 
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FromthewestcoastofRainy Lake, about two miles north ofthewestcoo,st 
t t St "k . B . . t k h' h b RainyLake. en ranee o anJJ omrng ay, a specimen was a en w 1c may e 

regarded as typical for a very large proportion of the gneiss of the 
inner nucleus of this Laurentian area. It is a medium-te:s:tured, evenly 
foliated, biotite gneiss, which, in thin section (801), appears as a granu-
lar aggregate of quartz, orthoclase, plagioclase and biotite, with 
sphene and apatite as accessory constituents in their usual idiomorphic 
forms, included in the first named minerals. Besides these there are a 
few small, stout, highly refracting, brilliantly polarizing bodies which 
are probably zircons. Some epidote, derived from the mica and a few 
grains of magnetite complete the list of constituents. The quartz is 
water-clear and shows streams or rows of liquid inclusions with mov-
ing bubbles. This mineral shews in all its sections a strongly marked 
undulatory extinction. The undulatory character manifests itself in 
t·wo ways, (1) the extinction passes across the q_ua1·tz sectior. like u 
wave, as is ordinarily the case when a crystal is subject to unequally 
distributed tonsiori, and, (2) a somewhat abrupt break in the optical 
orientation in different parts of the crystal without any apparent 
break in its individuality. The angle, however, through which the 
stage of the microscope must be revolved to make these diversely 
orientated portions of the same individual coincide in intensity of ex-
tinction, is very slight. 

Of the more granitoi<l 01· less foliated vai·ieties of this gneiss, a speci- ONpen-wa.ter 
' ... arrowl1. 

men from the north side of the Open-water Narrows is a good example. 
Under the microscope (1464) it appears as an aggregate of orthoclase, 
microcline, plagioclase, quartz, biotite, muscovite and some epidote. 
The rock bas a granular strncture and is a true granite according to 
Rosenbusch's classification since it contains the two micas. The folia­
tion is only observable on the large scale. 

On the north-west side of Pipestone Lake a mass of granite breaks Pipeston& 

through the Keewatin schists, which appears to be identical geologL La.kc. 

cally with the Laurentian granite and granitoi<l gneiss of Kishkutena 
Lake which pass into distinctly foliated gneisses along the route to­
Sabaskong Bay. A thin section (326) of this rock is seen under the 
microscope to consist of hypidiomorphic orthoclnse and allotriomorphic 
quartz and plagioclase with bleached biotite. The accessory minerals 
are apatite, sphene, magnetite, and leucoxene. The ortboclase is. 
usually quite decomposed, the kaolin and muscovite having often a 
very distinct zonal arrangement. The sphenes are in sharply defined 
crystals, often surrounded by a rim of varying width of grey or 
brownish leucoxene. The biotite is often of a green color, and has. 
epidote associated with it. 

9 
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Clear-water On the east side of Clear-water Lake, Kishkutena route, the peri-
Lake eastsidc. h l f · · f th St ··1 · L t• ' p era zone o syemte gneisses o e anJI rnmrng auren ian area, 

Lnurentinn 
gneiss nt 
oontn.ct with 
Coutchiching. 

Ehape of 
inclusions. 

presents the local facies of a medium-grained, flesh colored granite of 
porphyritic aspect which, in places, is distinctly foliated. In thin sec­
tion it consists of lv.rge idiomorphic or hypidiomorphic crystals of fel­
spar ( 01·thoclase, microcline and plagioclase) and allotriomorphic 
qua1·tz, felspar and biotite, the latter mostly altered to ch l,01·i te and 
epidote. The felspars, even when quite allotriomorpbic, shew a dis­
tinct zonal structure, tbe different zones having a differellt optical 
orientation, indicating difference of composition .. The decomposition 
in some zones is much greater than in others, so that the alteration pro­
ducts have a zonal arrangement. Tbe quartz is water-clear and com-
paratively free of inclusions. A few small sphenes are present. 

The Laurentian gneiss at the contact of that formation with the 
schists of the Coutchiching series on a small island three miles east of 
Coutchiching, is a grey, medium grained, distinctly but not evenly 
foliated rock. It forms the matrix in which are imbedded the de­
tached fragments of Coutchiching schist shewn in Plate I. Under 
the microscope (693) it is an eminently granular aggregate of grains 
of orthoclase, plagioclase, quartz and biotite. The felspars are partially 
decomposed, the cloudy, g1:ey kaolin exhibiting a definite zonal 
arrangement, though occasionaly confined to the central portion of the 
ci·ystal. Shreds of muscovite are generally distributed as an altera­
tion product of the felspar. The biotite is only sparingly repre~ented. 
It is often bleached green, and is then usually associated with epidote 
into which it has partially altered. Apatite occurs included in the 
biotite. Pyrite is also present in small quantity and limonite in 

· various brown grains. 

INCLUSIONS IN LAURE~T[AN GNEISS. 

The Laurentian gneisses of the region, both of the granite and the 
syenite type of composition, frequently form a matrix in which are 
imbedded portions offorcign rock either as sharply angular, sub-angular, 
or somewhat rounded blocks, or as more or less attenuated bands dra.wu 
out parallel to the foliation of the gneiss and confused with it. This phen­
-0menon is perhaps more commonly observed in the granite gneisses than 
in the syenite gneisses. As in the Lake of the Woods rogion these inclu­
sions arc most abundant in the,vicinity oflines of contact with over-lying 
rocks. They are, for the most part, indistinguiRhable from the basal 
portions of eithe1· the KeE'wa.tin 01· the Ooutchiehing series. Where 
they prnsent points of difference, the difference is such as is readily 
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explicable as a result of the conditions to which tho inclusions must be Comparison 
conceived to have been subjected. Near the contact with the Coutchi-~~~bc~~~bi~tin 
ching series the Laurentian gneiss holds as inclusions ~enerally only ching rocks. 
fragments which are identical with Coutchiching rocks where examined 
in situ; whereas near the contact of the Laurentian with the Keewatin 
fragments resembling the Coutchiehing rocks are very rarely met with, 
and those resembling the basal formation of the Keewatin abound. 
These facts, taken in connection with the prevailingly shattered char- Shattered char­
acter of bolh the Coutchiching and Keewatin strata at the contact with ~t~~~1~ri~[r!n'h 
the Laurentian gneiss, which allows apophyses or dykeR from the Laurentian. 

main are::i of gneiss to rami(y through the s6hists both parallel and 
transverse to their planes of schistOl';ity, leave no room for doubt but 
that these inclusions are detached portions of overlying formations, 
which, in a firm and brittle condition, have become immersed in tho 
underlying viscid magma which subsequently crystallized out as the 
Laul'entian gneiss and granite. It seems probable, too, that Ruch 
shattering und detachment of fragmenti:< took place at the last stages of 
crumpling of the crnst in this region. This opinion is based on the Period _of 

fact that while both the Coutchiching and Keewatin rocks afford sh1tttering. 
ample evidence of having yielded to pressures and earth stresses, the· 
T~aurentian gneisses do not, except very locally, and to an insignificent 
extent. This fact proves that after the solidification of tho Laurentian 
gneisses thern was no farther very violent deformation of the crust and 
no shattering subsequent to the time at which those gneisses were solid, 
bard rocks as they aro now. All the violent disturbance of the region, 
and t he folding and crumpling of the stl'ata of the Coutchiching and 
Keewatin series appears to have transpired antecedent to the final 
solidification of the Laurentian rocks, and while the latter were yet in 
the form of probably a thick, viscid magma upon which floated the 
slowly shrinking and crumpling strata of the Coutchiching and Kee-
watin :;erie:<. Tho scatte!'ed fragments of the overlying series which 
we now find imbedded in tbe Laurentian gneiss do not, of course, re-
present the whole of the shattering and dccrepita.tion, as it were, of the 
overlying rocks. Largo portions of these rocks have very prnbably 
been absorbed by fuf'ion with the magma, for the Laurentian rocks 

. . ProbRblc 
appear to have resulted from the fus.ion not simply of the floor upon absorption· 
which the Coutchiching and Keewatin rock first rested, whatever such 
floor may have been, but, also, with it, of portions of those series. The 
inclusions which we now see are probably only those fragments which 
were detached, as I h,ave stated, at the later stages of the develop-
ment of the Laut"entian gneiss, when the beat was less intense and the 
temperature of the magma was approaching the fu~ion point or the point 
of solidification, for the pressure and other modifying influences to 
which it was subjected. 
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This conception of the development of the Lamentian gneisfl, which 
seems necessary in order to give a consistent explanation of all tbe 
phenomena of 1.his field, involves the belief that the present line of de­
markation between the lower and upper Arcbrean, or the contact of 
the Laurentian with either the Coutchiching or Keewatin, represents 
what was once the contact of the lower surface of the crust, in this 
region at least, with the magma upon which it rested. 

Inclusions in While these inclusions are, as a rule, most abundant near the con-
gnei8s remote· 
from contact. tact of the Laurentian with the Keewatin and Coutchicbing series, they 

are by no means wanting in the gneisses many miles remote from such 
contact. On the shores and islands of Sabaskong Bay there are revealed 
the most unequivocal evidence of the brecciated contaut of Laurentian 
and Keewatin rocks, the penetration of the latter by the former, and 
the inclusion of angular broken pieces of the Keewatin schists within 
the gneiss. Scores of the the most beautiful instances of fragments 
and groups of fragments of rocks indistinguishable from those which 
form th e base of the Keewatin, may be seen in a day's paddle among 
the well bared rocky islands of this intricate labyrinthine portion of 

Conditions the lake. They occur here almost as abundantly away from the con­
s~t~'ske!~nBay. tact as close to it. So long as theso inclusions retain their broken 

augular shapes, there is never any confusion of their boundaries with 
tho enclosing gneiss. The contrast of matrix and inclusion is as sharp 
and distinct as it possibly could be, and indeed much more so than one 
would naturally expect. The size of the fragments varies usually from 
the dimensions of one's fist to those ofa house. Many are much larger 
than a house, but these are not always traceable around their entire 
contour. Some are acres in extent, and some take the form of bands 
one or several miles in length, by hundreds of feet in breadth, which, 
in single sections, might easily be mistaken for inter-strati£catiorns 
with the gneiss. When groups of these fragments are found in the 
gneiss together, they arc ananged more or less distinctly in lines cor­
responding with the foliation of the gneiss, and the whole appearance 
of the horizontal section, presented by tbe glaciated surface of the rocks, 
is suggestive of the thick, crystallizing magma, in which they were 
once immersed, having been subject to a fluxion or flowing, to which iR 
due both the foliation of the g:ieiss and the alignment of it_s included 
fragments of foreign rock. 

Microscopic A specimen of one of these angular inclusions in biotite gneiss taken 
characters of 
inclusion. from an island south-east of Rabbit Point, Sabaskong Bay, is a glistening 

black to iron grey schist made up of glistening hornblende in minute 
needles, and a gt"eyish-white mineral, which n10d.ifies the color of the 
schist, but which is too minute to show cryst~l faces to the naked eye. 
In thin section (1'709) tbe rock is seen to be bitnded, owing to the dis-
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tribntion of the hornblende. All of the Jatte1· mineral occurs in com­
pact, stout prisms or needles arranged parallel. In certain })arallcl 
linear areas, however, these hornblende prisms are much larger than 
in the re.:;t of the section, and are much mo1·e closclycl'Owdcd togethe1·, 
with but little interstitial space. In the broader areas lying between 
these, the hornblende prisms arc much smaller and much less crowded,· 
the intcrspaco being occupied by folspar in small irregular grnins with 
some quartz. In exceptional areas the felspar predominates, and the 
hornblende prisms stand out very sharply in direct light from the 
colorless base, and present (l,n appearance analogous in miniatu1·e to 
a bird's eye view of a run of saw-logs in a broad stream. Grains of 
magnetite arc scattered throughout the section. 

The description of the microscopic charaetcrs of this specimens he~s 
that it diffet·s in no essential feature from those rocks of the Keewatin 
series which have been classed as hornblende schists, and described in 
a p1·evious part of this report. 

In many instances, however, these incl usions, as observed on Sabas-casesofappa-
1 B d I h b l ti · h ] l t d ren t fusion of wng ay an e sew ere, ave ost 1e1r s arp y angu ar con ours an inclusions with 

have rounded, oval, or more or less attenuated, lenticulai· shapes. In matrix, 
these cases the line of demarkation between matrix and inclusion be-
comes less shai-ply defined, and in many cases there is eviclenee of the 
included frag ment having been reduced by total or pa1·tial fusion to a 
condition admitting ofits deformation and drawing out into lenseR. In 
thc.:;e cases the condition of fu3ion must have been one of tLick vis-
cidity which did not permit of the complete mingling of the magma of 
the inclusion with that of the mat1·ix 01· gneiss. In those cases where 
magmas had by highe1· temperatures been sufficiently liquid to mix, 
the inclusions have probably been entirely absorbed by the g neiss 
leaving no trace of theit· existence, except a more basie locftl fac:ics of 
the gneiss. When the inclusions have been so deformed and drawn 
out by partial fusion and recrystallization, there is a partial admixture 
of the two at t.he contact, and a transi tioual rock exist:; which is mid-
way in character between the matrix and the inclusion. The inclnsiou 
in these cases;. too, has lost its schi;;tose characte1·, a.nd has become more 
felsp:ithie in comp )t;iti0n and more g1·anulal' in structme, having the 
facies of a dio1·ite. The folspar seems to have been absorbed from the 
inclosing magma proba.bly rather by the agency of the penetrating 
watery solutions from the grnnitc magma, than by a direct addition of 
a portion of the !attet· in the di'Y state. 

A good example of this kind of inelusion is one taken from the west Inclusion' on 
side of J ackfish Lako, Pipestone route. Here the bioti te gneiss as- Jackfish La.ke 
sumes locally the aspect of a bl'eccia, in which a very quartzose, biotite 
g neiss forms the matrix for angula1· blocks of foreign rock of an cssen-
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Polis h ed s urface of specimen of biotite gneiss. with included fragment o f amphiholite 
partially drawn out iuto a•• tail.' ·' \ Vest side of jack fish Lake, Pipeslo11e route. 
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tially bornblendic or dioritic character. The specimen taken is from tho 
shore about two miles nol'th of Foot-print Portage. It is of intel'est as 
shewing on the small scale in a baud specimen a condition of things 
which is vel'y common on the large scale, and yet difficult to describe 
clearly without specimens. In the field the foreign and included chnr­
actet· of the angular blocks of amphibolite 01· dioritc is very apparent 
and can be examined critically in numerous well-exposed examples on 
the glaciated surfaces of the country rock. Tho specimen in question 
was cut through the middle and polished. Plate IV is a repl"Oduc­
tion of a photog1·aph of the polished surface, and shews the sharp 
well-defined character of tho inclusion. The foliation of the gneiss 
flows around the inclusion, and the longest diameter of the irregularly 
shaped fragment lies parallel to the gene1·al trend of the foliation. A 
portion of the fragment has been drawn out into a "tail " analogous to 
those which may be observed in the porphyritic crystals of quartz-po1·­
phyries, arc! other rocks that have been subjected to excessive pres­
sure. The two cases are, however, not entirely analogous, fol' the "tail" 
of the lenses in squeezed pol'phyries seems to be due to actual rupture 
of the solid brittle crystal, with probably a certain amount of recrystal­
lization, while the "tail" of the dioritic inclusion in tho biotite gneiss 
would seem to be due to a pal'tial fusion and recl'ystallization of the 
hornblendic material, while the matrix was in a plastic condition and 
in process of solidification. On the large scale, by a similar process, 
blocks seem to have been, under the combined influence of pressure and 
partial fusion, drawn out into flat sheets which have all the aspect of 
intercalated beds, so even and sharp is the banding, and yet so unmis­
takably due to a simple stretching of the viscid and crystallizing 
magma with its included blocks of fot·eign matet·ial. The rock com­
posing the matrix of the specimen figured is an evenly foliated grey, 
biotite gneiss of medium texture. Under the microscope (568 A) it is 
seen to be made up of a g ranular aggregate of orthoclase, plagioclase, 
'l uartz and biotite, with a few erystals of a pa t i to and some secondary 
epidote. The folsparn are fresh and glassy. The quartz is very abund­
ant in water-clear grains with minute inclusions arranged usually in 
rows. The biotite is in the form of g l'eenish· brown shreds. The 
epidote is in greenish-yellow crystals, and in aggregates of gmins. 

Another thin section (568 B) from the same hand specimen was 
made across the line of contact of the inclusion and matrix. The line 
of contact was observed even in thin section to be quite sharp and de­
cided, though not a simple straight iine. The gneiss is identical with 
that last described. The included block is made up of a medium­
grained, granular aggregate of compact, deep colored green hornblende, 
fresh plagioclase and quartz. Hornblende is the predominating 
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• mineral. There is no biotite. On the other side of the line of contact 
biotite is abundant, and there is no trace of hornblende to be found. 
The ragged character of the contact is such as would be presented by 
a section of the surface of a broken rock fragment of medium grain. 
There are traces of fusion and inter-penetration, but within very na1·­
row limits, at the place where the section was cut. The inter­
penetration is much more apparent, where the block is drawn out into 
a "tail." 

The biotite gneiss of the mu th-east side of the Lake of the Woods, S.E. side of 
L•tke of the 

between the mouth of Big Grassy River and that of Rainy River Woods. 
is characterized by an abundance of these inclusions, in sharply 
angular blocks, in more or less attenuated lenses, and even in sheets 
which simulate strata. 

Plate V is the reproduction of a photograph of a horizontal glaciated Inc!usions in 
surface of the rock on an island off this shore about three-quarters of a ~giu;·~a~~f{01. 
mile north of the 49th parallel. It illustrates very beautifully what is 
common on a scale usually much too large for photography, and shows 
in one small horizontal section a representative variety of' the shapes 
of these inclusions, and theil' relationship to the gneiss in which they 
are imbedded. Some, it will be observed, have rectilinear boundaries 
and sharply angular contours, others are oblong in shape, but more or 
less rounded, and some are distinctly lenticular. The foliation of the 
gneiss is well shewn, as is also its flow around the inciusions. The sun-
dering of the included fragments, the penetratiqn of the gneiss into the 
crevices, the drawn out or tapering ends of some of tho fragments and 
the alignment of all of them parallel to the foliation of the gneiss, also 
are features wbic.h come out very clearly in the photograph and which 
are full of suggestion and instruction. 

'rhe biotite gneisses of tho inner nucleus of the Stanjikoming area ofrnc1usions in 
L · k · · 1 h d · h h · 1 ~taniikoming aurent1an roe s 1s, m some paces, c arge wit t ese rnc us10ns, n.cea. 

while in others it is remarkably free from them. Here they do not 
always resemble the rocks of the overlying series, but are frequently 
very coarse-textured and massive, and would be classed as massive 
amphibolites or diorites rather than hornblende schists. In this con-
nection it should be observed that on the supposition that the Lauren- · 
tian gneiss is the r esult of the fusion and recrystallization of the floor 
or basement upon which the Keewatin rocks were deposited, we should 
expect to fi nd other inclusions than those of rocks such as occur in 
the Keewatin. The Keewatin series being largely made up of vol-
canic rocks, the vents from which these volcanic rocks emanated must 
have existed in the acid crust or floor at the time the latter suc-
cumbed to the process of fusion, whatever tbe exact nature of that 
process may have been. These pipes or vents would be filled with the 
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<loep seated, coarser, granular phases of the rocks, which, as flows and 
loose ejectamenta, formed the Keewatin strata at the surface. When 
these vents were filled with basic rock, they would, in a fusion which' 
only reduced the rocks to a thickly viscid magma, and did not permit 
of their mingling, or the complete absorption of the one by the other, 
still retain thefr distinctive characters, and on solidification present a 
strong contrast to the general gneissic matrix. Such appears to be tho 
probable origin of some of the morn massive coarse-textlll'cd amplfr 
boli!ic or dioritic inclusions in the biotite gneiss of Rainy Lake. They 
are usually very much more irregular in shape, and theit· relations to 
the gneiss much more confused, than in the case of those inclusions 
which are recognizable as identical with the schists at the base of the 
Keewatin. Their size varies very much, and some are so large that 
their character as inclusions is not directly determinable, but is in­
ferred from Lheir analogy with the smaller inclusions adjacent to them. 
They are often traversed by irregular veins or dykes emanating from 

Example of tho main area of gneiss. As an example of this class of inclusion, a 
a~olass of 
inclusions. specimen was taken from an island in Rainy Lake opposite the mouth 

of the North-west Bay. The inclusion is a large block of irregular 
outline, the greatest diametel' of the exposed surface being twelve or 
fifteen feet. A microscopic examination of a section (3000 B) of the 
rock shews that it is made up of a granular aggregate of deep colored 
green hornblende, with a little felspar, both cloudy and glassy, striated 
and non-striated. A small amount of epidote is associated with the 
cloudy fclspar. No biotite is present. The hornblende is greatly in 
excess of the felspar, so that the rock. may be classed as au amphi­
bolite rather than a diorite, particularly as light colo1·ed central areas 
occur in the hornblende occasionally, which suggest the probability of 
its derivation from pyroxene. 

Matrix in The matrix in which this block is imbedded is a medium-grained, 
J;~~C~d'3~~tion g rey, distinctly foliated gneiss. Under the microscope (3000 A) it is 

made up, like the other similar gneisses of the region, of a granula.r 
aggregate of quartz with liquid inclusions having dancing bubbles, 
fresh ortbocla:;e, microcline, plagioclase and biotite, partially altered 
to epidotc. There is no hornblende present. 

Gneissof The biotite gneiss of Redgut Bay, opposite the Indian village, is 
Redgut Bny. much like that already described from other localities. It is medium 

grained, lig ht grey in color and distinctly foliated. Under the micro­
scope ( 1600 A) it appears as a granular aggregate oforthoclase, plagio­
clase and biotite, the laLter largely altered to cpidote, together with a 
sparing number of apatite crystals in slender, round-ended prisms and 
in oval bodies. 

• 
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Included in this gneiss is a dark green, medium grained amphibolite Attenuated 

1·ock. The inclusions do not he1·e retain their angular fot'ms, but are Jcmes. 

<lrawn out into attenuated lenses or sheets, which have the appearance 
-0f being intercalated with beds of gneiss, and give the rock a pro-
nounced laminated or banded strncture. The appearance is, however, 
deceptive, and it is far more satisfactory and more consistent with all 
the facts observed to ascribe the banded strnctnre not to any intercala· 
ti on or stratification, for it is Ycry local, but to the attenuation of in-
dusions by the combined action of pressure and a pl'Ocess of slow 
fusion and recrystallization. The amphibolite in thin section (1600 B) 

·.appears as a granular aggregate of hornblende and cloudy fel spar, the 
former greatly predominating. Some of the felspar is striated, but fo1· 
the most part the twin structure, if present, is obscured by the decom­
position. 

The rock along the line of contact of the attenuated inclusion and 
the matrix of biotite gneiss is not of a simple nature, but is made up of 
a fused mixture of the two. This mixed character of the margin of the 
inclusion was observed in the :field, and the conclmiions the1·e arrived 
at as to the relations of the amphibolitic lenses and the gneiss, and as 
to the conditions to which the rocks must have been subject, to produce 
the appearance pre:sented, have been sustained by a microscopic study 
.of the normal gneiss, the core of the lens and the marginal or tran-
sitional rock. This transitional rock is a mica, hornblende and felspar Transition 

k . h "·1· . 11 b dd' . 1 • between 1·oc wit some quartz. iv 1croscop1ca y, t e a 1t10na constituents, inclu.sion and 
. 1 d ' d t b bl 'l'h t . matrix. apatite, eucoxcne an ept o e, are o serva e. e s ructure is granu-

lar, with porphyritic crystals of ortboclase, wb ich are somewhat cloudy . 
.Some ofthe biotite seems to be an alterationproductofthehornblende, 
and much of it is observed to have alter(d vc1-y la1·gcly to epidote. In 
some of these lenses, the interfosion of matrix and inclusion bas been 
so complete that they are entirely made up of this trnnsitional rock, 
which bas the facies of a syenite, while in otbet· cases, probably where 
the imbedded mass has been larger, the inter-mixture bas been only 
marginal. 

The sycnite gneiss which crops· out on Rainy River on Mr. Geo. Inclusions in 

.Singleton's farm about six miles and a half above the Manitou Rapid 'k:;·~~ 0Rivcr. 

·exhibits some vc1'Y bea11tiful and instructive instances of inclusions of 
fragments of h ornende schist. One of these is represented in 
Plate VI from a photograph of the bare rock surface close to the watci"s 
edge. The gneiss is distinctly foliated, as appears in the photograph-
'Thc figure illustrates, in a very forcible manner, the drawing out and 
sundcrin~ of the included fragments. The large, central, pear-shaped 
piece of schist appears to be only the remnant of a much larger block 
wbiC'h has been reduced in size by the tearing off of fragments which 
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::Lo 
are still in its immediate vicinity, and whose relationship to the central 
mass is quite apparent. All these detached pieces, as well as the central 
pear-shaped mass, have their longest diameter parallel to the foliation 
of the gneiss, and there seems little room for doubt but that the folia­
tion of the gneiss and the alignment of these fragments of schist, are 
due to the same unequal pressures upon the mass as a whole, and to a 
general flow in the rock at a time when the matrix was plastic, and not 
yet completely crystallized. To have produced these effects, the 
matrix in which the inclusions are imbedded, although yielding to pres­
;;ure and flowing like a liquid, must have been very nearly solid, 01· at 
all events a very thickly viscid and tough magma, such perhaps as 
some laboratory preparations of soluble silica, or mo1ten glass at low 
temperature near the point of solidification. That the matrix could 
not, at the time it yielded to pressure and exercised such rending 
effects upon the included blocks of schist, have had the form of a 
crystalline aggregate Eu ch as it now is (a syenite), is shown by the fact 
that there is every evidence of the constituent minerals of the present 
rock, in all the minute crevices and corners into. which it penetrates, 
having crystallized in situ, and no evidence of such minerals having 
been subjected to excessive pressure since the r ock solidified and as­
sumed its presen t form of a hornblende-syenite. The effect of the same 
preE<sure on a solid crystalline rock is seen in the shattering and 
sundering of the inclusion of the hornblende schist, which here seems 
not to have been fnsed to any extent, even on its edges. Had the 
matrix, at. tbP. time that it yielded to pressure, been a solid crystalline 
rock, we cannot concei\·e of the deformation, such as it indicated by its 
flow, its penetration of the schists, and its accommodation to the most 
intimate parts of the schist, taking place without a similar shattering 
of the rock, or of its constituent crystals, and without thefr granula­
tion and reduction to the cataclastic state. 

Inclusions of In the Laurentian gneiss of the southern part of Rainy Lake there 
fraqments of . I · ff f k h" h · d" · · h rooks of Cout- ar e numerous me us1ons o ragments o roe w 1c are m istrngms -
chichingseries. bl f h l t• h C h" b" . h" h . I 1 d a e rom t e roe rn o t e outc lC mg series, w ic is arge y e-

veloped in that part of the lake. 'l'hese inclusions o<;cnr both in the 
regular biotite gneiss and.in the coarser gneiss of the syenitictype. As 
an instance of these inclusions in tl1e latter rock; may be mentioned 
those which are observable at the north end of th e island which lies 
opposite the entrance to Stanjikoming Bay. The inclusions are most 
plentiful in the g neiss in the vicinity of the contact with the Coutch­
iching series. Plate I. will serve as an illustration of these. It is 
reproduced from a photograph of a rock surface a few yards distant 
from the contact on an island off the south shore of Rainy Lake, three 
miles eagt of Con tchiching. The distinct character of the inclusions, 
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the foliation of the gneiss and the penetration of the latter within the 
fissures of the inclusions is very clearly shewn in the photograph. 
There is not the remotest doubt of the derivation of the included frag­
ments from tbe edge of tbe Coutchicbing formation a few yards to the 
south. That edge is ragged and shattered, and the schists are traversed Sh:tttered edge· 
b h ~f h · f · h" h · b . .., 1. ofCoutchichiog y a pop yses, rom t e main mass o gneiss, w 1c retain t eir 10 ia- schists. 
tion distinctly. 

Sm.IMARY OF ARC:HA::AN GEOLOGY. 

Th e broad results which have been arrived at by my study of the 
Archrean geology of the Rainy Lake region may be briefly summarized. 
They are:-

1. The prima1·y separation of the Archrean complex of this region into Primn.ry 
t t l b ·1· · • · A 1 d. · · L . division or two grea na ura su -c 1vis10ns, viz. : ower 1v1s10n, aurentian , Archoo:w. 

ancl an upper division, composed of at least two distinct geological 
series, the Coutchiching and the Keewatin. 

2. The Laurentian is composed entirely of rocks, which are of the Lnurenti1tn. 
nature of grnnites and syenites in mineralogical composition and 
granular structure, but which, by reason of their more or less distinct 
foliation, are known as gneisses. 

3. Abundant evidence has been adduced to shew that these gneisses Irr11rtive and' 
b h · 11 · [ · l · I . . . d 11lutonic e ave in a essent1a pat·t1cu ars prec1r,e y as 1nupt1ve granites o; dinrnct~r of 

d h h 1 . k h " h h 1. l l J b Laurentmn. an t at L ey are p uton1c roe s w 10 ave crystal 1zec sow y, pro -
ably undee an extremely g eadual diminution of temperntul'e from a 
thickly viscid, eohel'ent or tough, hydrnthermal mngma. 

4. There is evidence that such magma, up to the time of its final Differential 
pressures on. 

solidification, when it became approximately rigid, was subjected to magma. 
cliffei·ential pressul'es, which, by causing a yielding or deformation, in-
duced a flow in the mass. To this flow is ascri bable, with g reat l)l"Ob-
ability, both the foliation of t he gneiss, and the parallel alignment of 
certain inclusions of fot"eig n rock imbedded in in it, presently to be 
mentioned. 

5. vVlrntever may have been the more remote history of the Lauren- Origin of 
tian rocks of this region, it appeal's clear that the magma from which mngmn. 
they crystallized as foliated granites and syenites, was immediately or 
p roximately produced by the fusion of the basement or floor upon 
which the fol'mations of the upper division of the Archrean were 
originally deposited. With the fusion of this floor it seems probable that 
portions of the supet"ineumben t strata, which once formed integral parts 
of either the Coutchiching series or the Keewatin, have also been ab-
sorbed into the genel'al magma, and reappeared on c1·ystallization as 
Laurentian gneiss. 
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6. This fusion, however, only extended up to a certain 
face, which surface constitute:> tho clcrnarkation between 
upper and lower Arcbrean. 

uneven su1·­
the pres~nt 

Relntion of 7. Above this surface, or upper limit of fosion, the formations of the 
·crust to magma C h" . d K . . t , I h . t"" b dd d outc ichmg an \.eewatm senes re amec t e11· stra 11orm ot· o e 

Dislurb11nce 
-of crust. 

disposition, and rested as a cru:st of hard and brittle rocks upon the 
magma, subject to its metamorphosing influences. 

8. Thel'e is abundant evidence that while resting on this plastic 
magma the crust was violently disturbed, folded, crumpled and in 
place.3 shattered. This distuJ"bance probably served to accentuate the 
~l.iarpness of the line of demal'kation between the fused and unfused 
rocks, and accounts for the shal'p contraRt to-day visible along the line 
of contact of upper and lowel' Archooan. 

R!'ln.tiveit~e 9. The normal condition of things along this lino of contact proves 
.~~~~~~;n~[ vcl'y clearly that the schists of the upper Archrean, whilo in a hard 
lower Archre11n d b · 1 h d d h ( d h d f b an ntt e state, we!'e s attere ; an t a; ctnc e rag men ts ecamP, 

Period of 
yielding to 
·pressure. 

immel'sed in a magma which at the same time penetrated within the 
main mass of schists and filled their fissures and crevices. This magma 
which thus permitted fragments of foreign rock to sink into it, often to 
great distances from the contact, and which filled the cracks of the 
overlying schists, crystallized eventually as tho Laurentian gneisses; 
which, therefore, as l'Ocks, must be considered of later age .and newer 
formation than the overlying schists. 

10. Afte1· such crystallization and final solidification, there appon.rs 
to have been no further violent disturbance; for while the rocks of tho 
upper Al'chrean afford abundant evidence in their folded and crumpled 
condition, in thei1· prcYailingly schistose charactor, n.nd in thei1· micro­
scopic stmctul'e, of their having yielded to excessive differnntial pres­
sure, there is no such evidence in the Lanl'entian, except locally and to 
an unimportant extent. The Laurentian gneiss formation, regarded 
gonerally, does not appear to have been affected to any notuble extent 
by vrossure deformation after it had assumed its present crystalline 
form of foliated gt·anite or syenitc; the foliation being regarded, as 
above stated, as duo to a flow in the magma prior to crystallization, 
and 1vhilo cl'ystallization was in progress, but not after the rock was 
wholly cJ"ystalli ne. 

Bedded 11. The rocks of the upper Archman occm· in bedded formations, 
·character of ff 'd . . 
upperArcbrean and a ord no ev1 ence of havrng ever been r.oduced to a fused or plastic 

Conlchiching 
series. 

. state after their deposition. 
12. The lower of the two series of the upper Archrean or Coutchi­

ching series is a very voluminous formation of mica schists and folspathic 
mica schists, or fine grnined, grey, evenly laminated gneisses. The 
latter differ very much in their field appearance and in micl'oscopic 
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structure from the granite and syenite gneisses of the Laurentian, the 
constituent gl'ains having a prevailingly r ounded 01· granulitic aspect 
in thin section. All the rocks of the series arc very quartzose, and no 
ot11el' rocks than those mentioned occur in its entire volume, which, in 
measured sections where the series is at its maximum development, 
varies from ~2,000 to 28,000 feet. 

13. It seems entirely pl'obable that this series is of metamorphic de- Origin ?f. 
. . f d. t t t d . t d . . h . b Couic'11chm:r· nvat10n rom se 1men ary s ra a, epos1 e rn a qmescent epoc , wit series. -

little or no volcanic disturbance; and that such metamorphism has 
been largely effected by the upward percolation of heated, watery 
solutions from the underlying magma upon whi?h the series rested 
after the fusion of the floor upon which it was deposited. Evidence of 
the percolation of such waters is seen in the numerous lenses of vein 
quartz which occupy the partings between the strata in many parts of 
the series. 

14. The Keewatin series is also largely metamorphic, but the l'ocks Origin of . 
· · t ti f l · · · · h fl · h Keew:thn sen es composmg 1 arc mos y o vo came ongin, e1t er as ows or rn t e 

pyroclastic state. With these are associated rocks of undoubted ero-
sive sedimentary origin, and others, sueh as some of the hornblende 
schists:which, from the extreme metamorphism to which they have 
been subjected, do not l'eveal with certainty their original characters; 
such extreme metamorphism being displayed most pTominently at the 
contact!with the irruptive Laurentian gneiss and grunite. 

15. In a general way, the Keewatin series in the Rainy Lake re0<rion Divisio~ of 
Kcewll.11n 

is naturally divided into two parts, an upper and lower. The lower series. 

part is prevailingly made up of the mo1·e basic rocks, such as bedded 
diabase and hornblende schists, while the uppel' part is composed 
rather of acid rncks such as quartz-porphyries and their tuft's and agglo­
merates with fclspathic greywackes and other rocks of distinctly elastic 
ongrn. There is, however, no hard and fast line between these two 
upper and lowel' parts of the Keewatin, and they are of interest chiefly 
in shewing the change in the chal'acte1· of volcanic ejectamenta or the 
sequence of volcanic rocks in the earliest epoch of which we have any 
record. This sequence of acid after basic rocks accords with the evi- Arcbooan 

. . volc1tno. 
dence of the sequence of cxtravasat10n from the Archman volcano 
whose roots are exposed on Bad Vet·milion Lake. 

16. The break between the Coutchichiug and Keewatin is important, Break between 

1 · ]} · d' t' r d h · h d' . f k Coulcbiobing geo og1ca y. as m tea mg a pro1oun c ange in t e cou tt10ns o roe and Keewatin. 

formation, the advent of the Keewatin epoch being the beginning of a 
wide-spread and intense volcanic activity. There is evidence also in 
the pebble conglomerates at the base of the Keewatin on Rainy Lake 
and Seine River of an interval of erosion such as is required by the 
definition of a stratigraphical unconformity. 
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'Relolive 17. An important discovery has been made in the mapping of the 
distribntion 1 t' d' t 'b t' f th d 1 A h h b . of upper 11,nd re a ive is Tl u 10n o c upper an ower l'C man, w ere y it 
lower Archrettn. th th l t · · f L t' · d · appears at e at er, cons1st111g o auren 1an gneiss an granite, 

occurs in large, isolated, central areas more or less completely sur­
rounded by the schists of the upper Archrnan, the encircling belts 
anastomosing and forming a continuous me~h work. 

THE GRANITES. 

Character The rocks hel'e considered are of an eminently gl'anitic, non-foliated 
of granites. 

aspect, usually of a reddish color and a texturn that varies from medium 
to fine grained, althongh some of them are extremely coarse and par­
take of the characters of pegmatite. They occm· in various parts of 
the region, inuptive through Laurentian, Keewatin and Coutchiching 
rocks. Where they have broken through the Laurentian gneisses 
their age is dete1·minable at onee as post-Laurentian and post-Arcbroan. 
When, however, they break throug h the formations of the Keewatin 
01· Coutchiching series, it is a matter of considerable doubt a ::; to whether 

A:;e of :;rnnitos they are of later age than the Laurentian gneiss, or whether they are 
portions of the gneiss that have broken tbrough the schist under such 
conditions that there was developed in them no gneissic foliation. 
That some of thcRe masses are of such a character is extremely prob­
able, as will be shewn farther on. On account of this difficulty of iden­
tifying the age of those granites which cut the Laurentian gneiss with 
that of those cutting the Keewatin 01· Coutchiching, and of discrimin­
ating between the latter and certain facies of the Lam·entia;i rocks, the 

C!nssification. granites of the region will be considered under two heads, viz.: (1) 
Those cutting the Laurentian gneiss, and (2) those cutting the forma­
tions of the Keewatin or Coutchiching series. 

Granites cutting Laurentian Gneiss. 

Distribution. These granites may be studied under their least equivocal and most 
characlel'istic conditions of occurrence in an aeea twenty miles long 
and five miles in maximum width, at its middle part, which extends 
across Rainy Lake in an east and we.>t direction from the end of the 
North.west Bay on the west side, to Macdonald's Inlot on the east. The 
Laurentian biotite gneisses of this area are intersected by innumerable 
sporadic masses and irregular ramify ing dykes of g ranite. The. largest 
of these masses do not extend a mile in diameter, so far as observed, 
while the dykes may have apopby::;es only a few inches in width. The 
granite is most pl en Liful and occurs in la1·gest masses on the shores of 
the eastern half of Nor th-west B:iy. Its character:> are very uniform. 
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It is a reddish, usually fine-grained, biotite granite and has, commonly 
associated with it, veins of very coarse pegmatite of the character of 
the so called "contemporary veins." 

Althouo-h there is the clearest evidence that these granites have cut Reln,~ion of 
b ~ranite to 

the gneiss, after the gneiss was in approximately its present conditi<:m, Lau_rentian 
g-ne1ss. 

yet it seems not improbable that they are more or less intimately · 
.associated in age and in origin with the Laurentian gneiss itself, 
and that they represent simply the up-welling through fissures, oi the 
same magma as that, which, in its more superficial portions, under the 
influence of flnidal motion bad solidified earlier as Laurentian gneiss. 
But however probable this conjecture may be, the evidence of theit· 
having broken through the gneiss after the latter had assumed its 
present form, is so clear, that we have no option but to classify them 
as post-Laurentian and post-Archrean. They are always perfectly 
·devoid of foliation, a fact which would seem to indicate that they had 
.solidified in fissures or vents in a comparatively quiescent condition. 

One of the largest of those granite masses is that which occupies Hang- Grnni,te of 
Ilang1og-stone 

ing-stone Point at the entrance to the North-west Bay. In thin section Point. 

{840) it appears as a granular uggi·egate of quartz, orthoclase, micro-
cline, plagioclase and biotite, the la~t very largely altered to epidote and 
,chlorite. Apatite in long needles is included in all of these minerals. 
The felspars are in some instances quite fresh, while in others they are 
<;barged with kaolin, epidote and muscovite. The quartz is full of 
liquid inclusions with dancing bubbles, Anothet' specimen (922) from 
a similar but smaller mas.<; at the west end of the bay, near Hone HoretPorto,ge 

l"' gru.m e. 
Portage, is almost identical with the one from Hanging-stone Point. 
The only difference to be noted is that the biotite, as a rule, is fresher, 
shewing very beautifully between crossed nicols its characteristic 
bird's-eye-maple shimmer, though sometimes it is bleached colorless. 
Both quartz and folspar shew undulatory extinctions. 

Of the granites aRsociatod with the Laurentian gneisses in other por- Granite near 
, f th . 1 h b . 11 , d I . Squall Point. t1ons o e reg10n, on y one as een m1croscopica y examme . tis 

a fine-grained, purplish, hornblende granite, which interrupts the 
gneiss on one of tho islands off the S.E. corner of Squall Point. Only 
a small patch of it was seen, and the actual cont~ct with the gneiss was 
not observed. A thin section (665) shews it to be made up of a granu-
lar aggl'egate of orthoclase, plagioclase, quartz and hornblende, with 
some accessory biotite, magnetite and leucoxene. A little apatite is 
also, as usual, present. The quartz and felspar shew a crude grano-
phyre structure, and the quartz is besides observed to occur commonly 
in spherical blobs included in tbe felspar: The quartz contains 
numerous inclusions of rod-like microlites. The most prominent con-
stituent aftet· the fel5par is the hornblende. This has sometimes a 
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roughly radiating, fibrous structure, though usually quite compact, 
and in basal sections shews the usual prismatic cleavage. An occasional 
plate of biotite, probably original, is observable, while there is a good 
deal more that has been formed as an alteration product of the horn­
blende with which it is closely associated, and a little that has been 
secondarily developed around grains of magnetite. 

On the Little Canoe River route from Rainy Lake to Manitou Lake 
a born of red, medium textured granite is crossed, the north and south 
diameter of which is about seven miles. The boss is apparently irrup­
tive through the more or less syenitic, coarse·grained, Laurentian 
gneisses, and extends from the northern portion of Bat Lake to the 
south end of Respite Lake. The contact of the granite with the gneiss 
is more closely observable on its southern confines than on its northern, 
and at the south end of Respite Lake the gneiss is traversed by dykes 
of the granite. The rock is composed of a red orthoclase, quartz and 
biotite, the latter being often replaced by hornblende, so as to give rise 
to a hornblende-granite. On Bat Lake the line of contact can be traced 
approximately, as mapped, without, however, affording any satisfactory 
exposures of the actual juxtaposition of the two rocks. The granite is 
well exposed on Bat Lake and Eat Creek, the latter being a sluggish 
stream in a gorge, flanked on either side by precipitous granite hills. 
On the shores of Bend Lake the facies of the rock is that of a horn­
blende granite. No specimens from these granites have been examined 
microscopically. A similar muss of red granite projecting through an 
area of Laurentian gneisses is ob!:!ervable on the shores of Spawn Inlet, 
and has a length in a north and south direction of at least three miles 
and a half. 

The only other granitic masses cutting the Laurentian gneisses. 
in the region mapped are small and unimportant, and are usually 
rather of the character of a plexus of dykes than simple irruptive 
bosses. A few of these are, however, deserving of brief mention. The 
gneiss on the shores Blue-beard Lake is interrupted by a mass of red 
granite, which occupies the west shore of the lake for three<quarters of 
a mile at the north end, and the east shore for about one-eighth of a mile 
as mapped. 

At the north end of Heron Lake, a number of dykes cut the gneiss 
in different directions. 

On the south-east shores of Big Turtle Lake the gneiss is similarily 
traversed by dykes, and small, irregular masses of red granite, so much 
so that in some places oflimited extent the granite predominates over 
the gneiss. 
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Granites cuttin9 the Keewatin ancl Coutchiching. 

On Pickerel Lake, Manitou route, two apparently distinct bosses of1·wo gro.nite 
. . h . d f b l k t . b l{ t' k bosses on gram to occur, oneou e1t er s1 e o t e a ·e, cu ting t e eewa 111 roc s. Pickerel Lake. 

That on the we:;t side is a flesh-red, coarse-tcxtmed granite, which 
uncle!' the microscope (1008) is seen to be made up of orthoclase, 
microcline and plagioclase, with cpidote and chlorite in nesis replacing 
the biotite, a little of which, however, still remains. Some of the 
orthoclase is idiomorphic, being of earlier generation than the rest of 
constituents, though it does not cli:ffe1· from them in size sufficiently to 
present n. mn.drnd porphyritic aspect. The fel;;pars !1.l'e full of inclu­
sions of micro lites and needles of apatite. Beautiful, cloubie-weclged 
sphenes are common, often in close association with an opaque sub­
stance, brownish in reflected light, as if secondarily de1·ived from it. 

The extent of this mass of granite is only known from its exposure Extent qfboss 
on W. side. 

on the shores of Pickerel La,ke. Tho rocks through which it is in-
trusive are partly volcanic and partly elastic rocks, those on the south 
side of the boss being felsitic schists (schistosc quartz-porphyries) and 
on the north side, greenish-gray, scbistose, cla~tic rocks. The actual 
contact on either side was not' observed, although it could be located 
very closely. 

The grnnite from the east side of Pickerel Lake presents on its Boss on E. side. 

margin the facies of a porphyry, which, under the microscope (1032) 
is seen to consist of a fine-grained, ground mass of quartz and felspm· 
in which are imbedded large crystals of orthoclase, twinned according 
to the Carlsba,d law, and finely laminated pla,gioclase, both compara-
tively fresh. Biotite generally much decomposed occurs in ragged 
pat1'hes and pyrite partially changed to limonite is occasionally ob-
served. 

The limits of this boss have been fairly well determined, from the Its limits. 

fact that it occupies a portion of a peninsula on the greater pa!'t of 
whose shores the rocks are well exposed_ It is apparently an oval 
mass whose long diameter, one and one-eight miles, has a N.E. and 
S.W. trend and the short one, three-quarters of a mile, a N.\.V. and 
S.E. The rocks through which it protrudes are mostly felsitic grau-
wa,cke, and conglomerate on the south and wo:st side, and finer schistose 
or slaty elastic rocks on the north. 

On tho shores of the south-west side of Bad. Vermilion Lake and on Granite of Bad 

Bn.d Vermilion River there occurs, as is r epr esented on the map, VennilionLake 

a boss of granite between three and four miles in diameter. This 
granite is peculiarily inte!'esting from the fact of its intimate associa-
tion with a still la.1·gel' mass of saussurite gab bro. The granite is, for the 
most part, unusually acid or quartzose, while the gab bro, being made up 

10 
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mostly of an altered lime felspar, anorthitc, with but a small p1·opor­
tion of the foliated pyroxenic constituent, i• among the most basic 
rocks with which we have to deal. This g ranite and gabbro are inli­
mately associated, the latte1· surrounding the main mass of the former 
as a zone or colla1·. A smaller area of p;l'anite lies to the south beyond 
the zone of gabbro which encircles the main granite mass. Portions of 
this, in places, exhibit an indistinct sort of foliation, and hornblende 
occasionally replaces the biotite. The geological relations of this 
granite and gab bro have already been discussed in the account of the 
section K-L across this part of the Keewatin belt. 

A few specimens of the granite have been examined microscopically. 
One from the second falls of the Bad Vermilion River, appeal's under 
the microscope (2150) as a sim1)le granular aggregate of quartz, 
cloudy orthoclase and plagioclase. The biotite is never abundant, and 
is almost all changed to chlorite a11d epidotc. The quartz contains 
fine dusty inclusions and liquid inclusions with bubbles. 

Another specimen (48), from the larger of t he two masses into which 
the granite it> divided by a band of gabbro, taken from the extreme 
south of Bad Vermilion Lake, differs from this in having quartz in 
large, rounded blebs, imbedded in the granular aggregate of quartz, 
felspar and biotite, which forms the base of the rock. These blebs of 
quartz shew a well marked ecto-pcripheral rim, composed mostly of 
small, brightly polarizing needles, sometimes :irranged perpendicularly 
to the out line of the quartz, and sometimes aJTangecl parallel io it or 
interwoven in a felt work. The quai·tz includes microlites of apatite, 
rutile and zircon; and rutile is common as an inclusion in the biot ite 
which is sometimes bleached, or altered to chlorite; calcite is present as 
an alteration product of the felspars which are more or less cloudy. 

At the S.W. end of Bad Vermilion Lake this granite is in thin sec­
tion (50) a granular aggregate of quartz, orthoclase, microcline and 
plagioclase, with idiomo1·phic apatite, zircon and sphene. The quartz 
is foll of liquid inclusions with moving bubbles. The felspal's are 
somewhat cloudy with kaolin, muscovite, etc. 

On the north-west side of Pipestone Lake, near its lower end, a boss 
of granite breaks through the Keewatin schists and is entirely sur­
rounded by them. 'rhe g ranite is exposed for three.quarters of a mile 
on the shore of the P ipestone Lake, but the greatest diameter of the 
boss is probably a mil e or ove1-. Although detached from the great 
area of Laurentian gneiss and granite which extends to the westwat'd 
of Kishkutena ridge by the Keewatin schists which constitute the 
ridge, it is })robably in geological continuity with the gneiss and 
granite. It is quite devoid of foliation, but not more so t han many 
portions of the L aurentian gneiss on Kisbkutena Lake. It is, th el'efor e, 
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regarded as Laurentian and is described petrographically with the 
Laurentian gneisses. 

A Jai·ge number of s1)oradic masses of oTanite and 1n1eiss cut the Grnnites 
o 0 cutting the 

rocks of the Coutchiching sel'ies in the south-east.arm of Rainy Lake. Coutchiching. 

Some of these are distinctly gneissic and are indistinguishable from 
the ordinary Laul'entian gneiss of the region. Others are of the 
character of very coarse non-foliated granites or pcgmatites. These 
masses are usually of small extent and break through the schists in 
the most irregular manner. On the United States side of the lake, 
ho" ever, the peninsula between Rainy Lake and N emeulrnn Lake 
appeal'8 to be largely occupied by the coarser variety of these granites. 
Most of them from their analogy with the LaU!'entian gneisses should 
probably be placed with the latter, al though it i:i possible that some of 
them may be correlated in age with the post-Laurentian granites. 
Their distribution is shown on the map. None have been microscopic-
ally exn.mined. 

PosT-ARCHiEAN DIABASE TRAPS. 

These are tbe youngest of the cryf;talline rocks with which we 9,uestions of 
'Tb . . f h . . f h mterest. have to deal. ell· occurrence is one o t e most rnterestrng o t e 

geological features of the field we are considering. The chief questions 
on.nterest arising from a consideration of these rocks may be stated 
to be :-1. Their relations in space to other r ocks-mode of occur-
rence. 2. Their relations in time of formation to that of other rock:s, 
as inferred from such mode of occurrence. 3. The physical conditions 
under which they finally solidified as rocks. 4. Their geographical 
distribution. 5. Their petrographical character, comprising their 
mineralogical composition, structure and metamorphism. Upon these 
various heads, which include mm't of the interest attached to any for­
mation, we have more 1)l'ecise and definite information than can be 
cited with respect to perhaps any other geological formation in this 
region. 

By far the greater number of the occunences of these post-Arcb:mm Mode of 

traps are of the nature of dykes with sharply defined, approximately grcd':i:·:~ce 
p1wallel, confining walls. Occasionally they are found in more diffuse 
masses with less regular boundaries, without, however, losing their 
dyke-like characters, if we consider, as the essential feature of a dyke-
rock, the fact of its having solidified from a magma within a fissure in 
pre-existing rocks, whether the walls of such fissure be comparatively 
close and parallel, or widely separated and of irregular contour. These 
traps may then, for the most part, be refened to as occurring iu dykes. 
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Strike of <lrkes The strike of these dykes is commonly transverse to the strike of 
the gneisses, schists and other rocks of the region. And they are­
always, when bounded by parallel walls, in a mol'e or less vertical 
attitude. The fissure walls al'e remarkably sharp and arc brecciated 
only to a very limited extent. It is only occasionally that fragments. 
of the country rock arc found imbedded in the dyke, and when this is 
the case it is often possible to traee tho fragment to the place from 
which it has been cletached , as has been noted in the case of tre dyke 

Litteral 
apophyses. 

crossing Thompson Island, Lake of the Wood~.* Even rarer than 
inclusions of country rock in the dyke is the occurrence of lateral 
apophyses penetrating the country r ock. In the few instances 'vhere 
these have been noted, they usually run out obliquely from the main 
dyke at a small angle, and are vel'y insignificant in size compared with 
the parent dyke. An inspection of the occurrence of any of these 
dykes leaves no room for do11bt, but that the fissures that have been 
:filled with dyke matter were made after the rocks of the region had 
been tilled into their pre~ent attitude or had solidified in approxima-

Ai:e of dylm. tely their present form. They traverse indifferently all tho other rock 
formations of the region, and pass from one to another transverse to the 
line of their contact. Tho few inclusions that bavc been caught up by 
the dyke:; are identical, in every respect, with the adjacent country 
rock. Local metamorphism along the line of contact has not been de­
veloped so as to be rnac1·oscopically apparent, a fact probably due to 
the generally highly crystalline state in which the rocks were before 
the molten dyke matter came in contact with them. It is very prob­
able, however, that a microscopic study of the country rock near the 
contact would shew that chemical and physical changes had been in­
duced. There is no cvidenco whatever in the dykes themselves or in 
their relations to the i:ocks they cut, of their having been subjected to 
those forces ofupl1caval, folding and deformation that have so profoundly 
affected the other rocks. They have been practically undisturbed since 

Width of dikes the time of their soliditication. The dykes which are contained by 
parallel walls have a generally uniform width of from about 60 to 15(} 
feet. Their strike is, for the most part, in a remarkably constant 
dire0tion, being ~.W. and S.E. There are, however, some exceptions. 
to this rule as will be noted behw. Their continuity along the same 
straight line for great distance" across country, not as the same dyke, 
perhaps, but as a prevailing line of :fissure, i:> one of the most interest­
ing featu res of these dykes, as will appear in the discussion of their 
geographical cl istribnlion. 

A constant character of all these dykes is the ver.Y marked differen­
tiation observable in the texture of the rock as one passes from the 

• v. Annuo.l Report, 188;, p. 121 G c. 
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-con tact wil.h the eountry rock on either side towards the central por- pifferentiation 

t . f . h d k A h · d' ' ] 1 fi 11 th Ill texture. wn o t e y e. t t. e imme iate contact wit 1 tie ssure wa s, e 
.dyke rock i:>, in every case observed, a very compact, greenish, black 
rock, either entirely aphanitic, or made up of an aphanitic base in which 
are imbedded minute, glistening, porphyritic crystals. A little distance 
.away from the contact, often only a few inches, the rock rapidly, but · 
by insensible gradations, assumes a granular aspect, being made up 
-entirely of minerals which appeat· to the unaided eye to be distinct 
-crystals, although very minute. This fine-grained rock passes gradu-
ally in Lo a coarse-grained, mottled, dark grey rock in the middle of the 
.dyke where the greenish-white felspar, the lustrous black augite, and 
the metallic-grey magnetite may be distinguished at a glance. This 
transition in the texture of the rock appears to be practically tbe same 
in all the dykes; and a specimen from the middle of a large dyke does 
not appear to be of coarser texture than that from the middle of a 
small dyke. Renee the transition in a small dyke must be more rapid 
than in a largo dyke. 

The texture of the rock being a function of its distance from the Dilferenti~ti?n 
containing walls, it is inferred that it is also a function of the rate off~1~~~e"~l'atwn 
-cooling and solidification. If this inference be just, and it is of wide cooling. 

acceptance among geologists in analogons cases, it has its bearing upon 
the general question of the relation of rock structure and rock texture 
to conditions of solidification. Important investigations have of recent 
years been made upon this subject, pa1·ticularly by Stelzner,* Judd,t 
Hague and Iddings,:!. and Lotti~. The gene1·al tendency of these 
investigations has been to establish the intimate relationships existing 
between the strncture of igneous rocks and tho pressure under which 
they ha Ye cooled. In the case of the dykes which we have been con- v . . . 

a.r10.t1on in 
sidering, however, the d iffereo tiation in texture and structm·e is not a pre~su.re ~·· 

, varrn.t1on in 
funet1on ofpi·essure. Fol', in the horizontal piano, which tho present rnte of cooling. 

surface affords us, we must conceive the pressure in the liquid mass, 
now represented by the dyke, to have been practically uniform and 
the same near the walls of the fissure as in the middle of the mass. 
We have the same magma cooling at the same depth and under the 
.same pressure, presenting a very rapid differentiation in structnre and 
texture, in a comparatively short.space, so that we are forced to admit 
that the structure and texture of these rocks is a function of the rate 
·Of cooling quite indcpenden t of the pressme. This conclusion does not, 
-0f coul'se, pi·eclude the possibility that, under a varying pressnre, a 

* Beitrtige r.ur Geolog. u. P11!3'ont. der A rgentinisshen Rebublik. 1885. 
t G!lbbros, Dolerites and Bas11lts of Tertiary ago in Scotland 11nd Ireln.nd. Q. J. G. S., Vol. 

XLII., l8SG. 
:j: Development of crystallization in the igneous rocks of WMboe. Bull. U. S. Geol. Survey, 

No. 17, 1SS5. 
§ Pt1.rngono fra la roccie ofiolitiche ito.lin.no e le roccie basicbe pure terziare dello. Scozia e 

·'.iell' Irlanda (Boll. d. Com. geol. ital., 1886, 93). 
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differentiation in structu!'e might be induced of an entirely different 
order to that which is a function of the rate of cooling simply. It 
would appear tbat no attempt bas yet been made to discriminate be­
tween that diffc!'entiation of stru<;tu1 e which is clue to difference in 
rate of cooling, and that which may be due to Yal'ying pressure simply, 
or that which may result from a combination of these two varying in­
fluences. 

Prominence of These dykes stand out more or less prominently from theroc:ksthey 
dykes. 

cut, their steeply rounded or domed glaciated E:;urfaces contrasting 

Weathering. 

strongly with the more gently inclined roehes moutonnees of the schists. 
and gneisses. On the smooth glaciated surfaces of the dykes there is 
sometim es observed a peculia1· pittin?," arranged in remarkably even 
and straight, uniformly spaced lines which run across the dyke trans­
verse to its strike. These lines seemed to correspond to the surface 
limits of vertical strnctural planes of some sort, though wbat the real 
nature of t bese planes is, 1 have not been nble to discover. 

tr'be aerially wenthered surfoces of the dykes assume usually brown­
ish tints, and are rougher than those rnrfaces below high-water mark, 
which are of a black colol', and retain a smooth, frc~h aspect. 

Dykes on LRke On theLnke of the Woods it has been obsel'ved that a line of dyke 
oftheWoocls. fill d fi d . NW l SE d' t• f h . . . f e ssurcs exten s ma _j_ • • anc . . !l'ec ion rom t e v1cn11ty o 

Rat Portage to the K side of Wbite-fish Bay nea!' the S.E. corner of 
tho area embraced in the Lake of the Woods sheet. The intervals at 
which these dykes have been observed on the northern l'art of the­
Lake of the \Voods are pl'obnbly much grc:ater than the actual occur­
rences of them wa1Tant, ns, at the time of the geological exnmination 
of these shores, they wore not particularly looked for, and their charac­
ters were loss familiar than they are now, nnd less easily distinguished 
from those of the more massive altered di.abases of tho Keewatin series. 
However, there is enough evidence to indicate a well mal'ked line of 
fissure. 'l'he dyke which cuts the S.W. end of Scotty Island is very 
probably identical with that which traverses Thomson Island from 
N.N.W. to S.S.E.; and this, together with tho dyke which cuts the 
Keewatin schists on the main shore S.S.K of Yellow-girl Point appears 
to be in tbe north-westward pl'ojection of the remal'kable line of dykes 
which my assistant, Ml'. A. E~ Barlow, traced across White-fish Bay i~ 
1885, n,t intervals, for sixteen miles, with a stl'ike of 140°. If we fol-

Line of dyke- low th is line south-eastward we find these dyke-filled fissures continued 
filled fissures 
forlOO miles at intervals, as for as our explorations have gone, to the south side of 

Rainy Lake on tho International Boundary. The fir;;t of this linea1· 
series of dykes is one which cuts the green schists of the south 
side of Crow Lnlrn a little over a mile to the N.E. of Crow portage. 
Tbe next obse!'ved crnps out on CleaMrnte1· Lake just where the 49th 
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parallel intersects the N. W. shol'O of tho lake. In nearly the same line 
a large dyke crosses Jack-fish Lake less than a mile east of Totem 
Point. Still further to the S.E. on tho shores of the North-west Bay of 
Rainy Lake there is another at the west side of the entrance to Brown· 
Inlet. At the north-east corner of Stanjikoming Bay and on the north 
shore of the adjoining Shoe Bay, thel'e is a group of three parallel 
dykes not far separated, all having a common strike of ~.\V. and SE. 
The most easto!'ly of those appears to be the stl'ongest and probably re­
present~ the dominant fissure. On the nol'th shore of Shoe Bay it is 
between 60 and 70 feet wide, and occ:upie,;; two smltll islands which lie 
off shore in tho mouth of the bay. It is probably identical with the 
dyke whi0h cuts the gneiss on the N.E. side of Home-stretch 
Island, and occupies tho southern extremity of Risky Island. About Dykes between 

a mile and a-quarte1· to the south-east of !he lattel', in almost the same~?~ho~~Y and 

line, we have a lal'ge dyke occuj)yiug the cast half of Memento Island, 
cros~ing Gash Point, and appearing again on Lobstick foland and the 
adjacent small islands. On the south side of Rainy Lc.ke in the line of 
the strike of the dykes of Shoe Bay and Gash Point, two large well 
defined dyke;; have been observed which have a N.\Y. an<l S.E. strike 
but which are not quite parallel, being convergent at n small angle to-
wards the south. The more easterly of the~e is more nearly in a lino 
with the Gash Point dyke than the othel'. It travel'sos Stop and 
Grassy Islands, and some of the adjacent smaller islands, and has been 
traced for one mile and three-quartet·s from its most northem -ex-
posure to where it cuts tho rocks of the south main shore. The other 
more wer;:terly dyke traverses Meclouganak Point a.n<l crosses the mouth 
of Rat-root Bay, being observable on both shores. 

I have thus sketched briafly the di5tri bution of a series of dykes 
which, in a. very remarkable linear :i.rrangement, and all with a com­
mon strike, extend from the north end of tho Lake of the \Voods to 
the E;Outh shore of Rainy Lake, a distance of 100 miles. The lino of 
their occurrence has a bearing of 140° to 145°. The fissures of which Line of fissure, 

th · -F • • d l th th b l 1 1 · a.nd probable ey are pnma J acie ev1 ence, w 1e el' ey e a iso ute y contrnuous faulting. 

or be mude up of a series of ruptu rns with in terveni ug planes of strain, 
have probably played an impol'tant part in the post-Archrean earth 
movements which have affected the region. It is difficult to positively 
assert that any profound faulting ha,; occurred along this line, since 
there is little dit"ect evidence to warrant su0h an as~ertion. That it 
is a line of fault, howcve1', seems extremely probable, and it is worthy 
of note that the whole rocky sul'face of the countl'y to the S.W. of this 
line of dykes and to the south of the 49th parallel, i8 on a level dis­
tinctly lower than that of the count!'}' to the N. E. of that line, being 
covered with the flat-bccldccl, low-lying, post-gla0ial deposits through 



Parallel 
fissures. 
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which Rainy River has cut its way. Although the linear arrange­
ment of these dykes is very marked, it docs not follow tbat the fissure 
was confined to any single line. Indeed, as has been noted, the dykes 
occur in triplicate and duplicate; but, in these instances, the dykes 
have been so near together as to leave no doubt as to their close 
relationship, all being in the same linear area. There are a few dykes, 
however, which have been observed to lie a little out of the line of 
:fissure, as above sketched, and although they have the same strike, arP. 
to be regarded rathet· as belonging to parallel but subordinate and less 
pronounced fisrnre lines than the ma,in line. One of these dykes occurs 
on the east side of Clear-water Lake, three miles and a -half south of the 
49th parallel. Another crosses the south sho1·e of Pipestone Lake one 
mile west of Stone-dam Portage. In this category also may be classed 
the dyke ·which crops out on the United States side of Rainy Rivel' 
opposite the east end of the town plot of Fort Frances. (v. Plate VII.) 

Line of dykes The dykes enumerated do not comprise all that have been observed. 
from Shoal 
Lake to Little In the south i)art of the Lake of the Woods a line of post-Arcbrean 
Gra.ssy River. 

irruption has been noted and mapped on a string of small iBlands ex-
tending some eight miles N.W. from the N.W. point of Big Island. 
This irruption docs not appear to be a simple parallel-walled dyke, but 
seems in places to have a very considerable width, and its exact dis­
tribution caonot be determined on account of its occurrence on a num­
ber of small islands. The anangoment of tb ese islands in a line which 
runs N.W. and S.E. is eminently suggestive of the strike oftbe long­
itudinal axis of the irruption. The contact of the irrupted trap has, 
moreover, been observed on two of the islands, viz., on Massacre Island 
and on a small island two miles vV.N.W. of the north end of Bear 
Island, and in each of these Qilses the strike of the fissure wall is N. W. 
and S.E., and all the conditions of contact are identical with those ob­
served in dy kes of more limited dimensions and contained within 
observable parallel walls. The north-westward projection of the line 
in which these trap islands lie, passes through a small boss of trap that 
projects through the sand at the south encl of Shoal Lake. And with 
this is probably assoeiated a mass of trap which cuts the schists on a 
small island off the west shore of Shoal Lake between Berry Point and 
Calm Bay. 

Tbe south·eastward projection takes in a dyke which cuts the 
gneiRs on the west side of Bigsby Island nea1· its south end, and 
another which occupies pa!'t of a small island opposite the mouth of 
Little Grassy Rirnr. Thus we have again sketched fo1· us by the 
occurrence of a line of dykes, another line of fissure extending for over 
forty-five miles in a general N.W. and S.E. di1·ectioo, and again the 
surface of the country is lower to the south-wc~t of this line than il is 
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to the nol'th-easL This line is not strictly parallel to the White-fish 
Bay line of fissure, hut varies from parallelism only by a very small 
-angle, the two lines being conve1·gent towards the south-east at itll Convergence of 

angle of between 5° and 10°. As;;uming their continuity across the ~~kcl~nes of 

state of Minnesota, they would meet near the heud of Lake Superior. 
The line of fissure indicated above as extending from the bottom of 
Shoal Lake to tbe mouth of Little Grassy River appears to be dis-
tinetly traecable to1· t.he distance of forty-five miles. There is evid-
ence, however, of its much greater extension to the S.B. The country 
to the S.E. of the mouth of Little Grassy River is covered with 
post-glacial formations, and no OCCLll'l' euc·e of dykes has been noted 
along this line for thirty-five miles. Afte1· this interval, however, we 
again meet with them in great strength on Rainy River. The 
)fanitou Rapid on Rainy Ri\·er flows over a large dyke, whose strike 
appears to be N.W. and S.K The actual contact with the enclosing 
rocks is not exposed, but a di:>tinct gradation from a fine to a coarse 
texture can be observed, inclicatiug that the containing wall.~ of the 
dyke c:annot be for di~tant from the part with the finest texture; and RrJ~~·~onRiLiny 
the dyke presents a disLinct l'idge at right angles to the stream which 
is taken to be its strike. For th rce miles north from the river this 
tra1) can be traced through the bush at intervals on the Indian Reserve. It 
seems to lose its dyke-like characters to the northward, and to mel'ge 
into a ratbel' extensive bogs of uniformly coat·sc gabbro. About six 
miles furthet· up Rainy River, above Manitou Rapid, there are 
two othet· dykes which may pet·haps be dassecl with that at the rapid, 
and so be considered as belonging to the same line of tissure. They both 
have a strike of from N.vV. and S. K to N. and S. One of these occurs on 
the American shore projecting through the po~t-glacia.l formations as a 
pl'omincnt bluff, and cutR thl'ough gre~n hornblende schists. The 
'Other occurs on the Canadian side, about one mile a11d a-half from the 
r iver at the back of Mr. Lutterel's farm. Like the first it projects 
boldly through tbe po:it-glacial deposits with a width of about 150 feet 
without, however, shewing the rock which it trm·e1·:>es. On either side 
<>f the middle part of the exposure the roe!;: becomes fine1·-grained to-
wards the sides, so that it may safely be infened that the exposure re-
presents very nearly t.hc width of the dyke, although the contact is 
concealed. The coa.rser portion>i of th e dyke shew, in place:>, a very 
distinctly foliated, possibly a "flowed" structure. Thus if these dykes F0Ii11:ted struc-

R . R' b d t b t f h f' fi . lure m dyke. on arny 1ver e assume o e par o t c same system o ssunng 
as that tl'aced from Shoal Lake to Little Gra:;sy River, and they are 
approximately in the same line, that system will have a linem· extent 
ofovereighty miles, and is then comparable, in its minimum length,* 

•Of course either of thorn lines of fisst1rc rnny extend to the N.11'. and S.E. be)'ond the limits 
of the field of explorMion. 
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with that of the White-fish B!l.:r system of fissuring. 'Two other trap 
dykes have been observed on the river which do not fall into line with 
any others. One of these crops out on the south side of the river one 
mile below the foo t of the Longue Sault. The other cro~ses the river 

Other dykes. in a N.vV. and S.K direction, and causes a slight rapid in the stream, 
about half a mile aboYe the mouth of Rapid River. Neithe1· of 
these is sufficiently exposed to afford positive evidence of th eir being 
dykes, and that they are so, is inferred chiefly from the similarity of 
the rock to that of the 0Lhe1· dykes of the region. One other dy ke r e­
mains to be noticed and that is tmique in having a strike of N.E. and 
S. "\V. It occurs on a small i ~ land Lwo miles m;d three quarters W.N.vV. 
of H alleluiah P oint near the mouth of Seine Bay. with a width of six ty 

Petrogrn.phicA.I 
cha.meters. 

J nck-fish L>tke 
dyke . 

feet cutting th e Bad Vermilion Lake saussurite-gabbro formation. 
The petrographical characters of these dykes have only received a 

preliminary study so that no exhaustive statement regarding them can 
be made. A few notes on the microscopic foatn1·es ofsome ofthern which. 
have already been published elsewhere,* are, however, incorporated 
here, so that taken with the foregoing description of thei1· field occur­
rence they may make th e genera.I account of' these dykes as complete 
as possible to date. 

One of the most chm·actel'istic of these dykes traverses the coarse 
granitoid gneiss of tho we:<t a rm of Jack-fish Lake, which lies to 
the north-west of Hai11y Lak e. Its width is 135 feet and its con­
tact with the country rock i:i well exposed a>:; a sharp line. From 
a macroscopic examinatio n, tho gneisfl does not appear to have been 
altered perceptibly towards t he contact. Specimen;; for mic roscopic 
examination were taken fr(Jm d ifferen t parts of the dyke, viz., a(, six(,y 
feet , t wenty feet, and cix feet from the contact, and at the eontact. At 

Rock :itGO'frorn sixty feet from th e conta ct, the rock is a coar~e-grained, mottled grey 
contMt. rock, in which dirty white fobpa1· and black pyl'Oxcne are the prominent 

constituents. -C ncler the microscope it presents the characte1·s of a 
coarse-grained, compamtively fr e~h diabase. Augite of a pale mauve 
tinted grey eolo1· is abundant, and often occurs in masses that fill the 
field of the microscope when low pow em are used. Sometimes these 
plates of augite are individual crys tals. For the most part, however, 
they are not single incliYiduals. When examined between crossed 
nicols the plate of augite is seen at once to be resolved into an inti­
mately interlocking mosaic of irregularly shaped grain:; of diverse 
optical orientation. Jn ordinary light the boundaries between the 
different members of these " polysomatic "·i· nrnssc:; of augite are trace-

~~~i~~cmatic" able only with diffieulty and unce1:tainty. _ Th~is no in_~~rstitial 

• Procc e-Jiugs Canndian Institute, 18S7. 
t Adapted from Tscbermiik's ''""of this word a~ "PJJlicd to a similrtr structure in the olivine 

of certain mclcorites.-v. Die Mikr. Bcscbaff. clcr Meteor. Stuttgart, 1855. 
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matter whatever, tho different gl'ains being as intimately associated a,; 
in the case of interpenct1·ation twins of felspai-. That they arc not 
twins is shown by the fact that there arc often as many as half a dozen 
grains all of different orientation thut> combined rn the same mass. 
The cleavage, by its lack of continuity over the field, of cour:-;c, indicate,;; 
a diffe1·ence of orientation in different par!s of it, but the cleavage 
truces are not st1·ongly marked, and attention is only directed to the 
discordance of the cleavage after the pol:p;omat'ic character of the mas;:; 
bas been rendered pl'Ominent by the analyi>er of tho microscope. This 
polysomatic structure of augite does not appear to be common. Rosen-
busch does not mention i t in his last comprehensive summm·y of the 
present state of petrngraphical knowledge. * The nen.rest approach to 
this structure that is at all well known is the polysomatic character of 
some chonclri of olivine in certain meteorites such as are figured by 
Tschermakt and Wadsworth.t Olivine in a similar condition inter-Analogies. 
r estrial rocb; has recently been described :tncl tigured by Renard in 
specimens from Kerguelen hbnd in the Indian Ocean.§ The polyso-
matic stl'ucture in augite is not so .well known . . Renard notes t hat the 
augites of tho fclspathic basalt of Heard Island, Indian Ocean, are 
grouped togethei· at cel'tain points,\\ and ngain in the same rocks at 
Marion Island that. the augite is characterised by a tendency to form 
groups of indiviJuals having theit· ~· e l't'cal axes parallel.** Teall 
mentions" Granulal' Aggregate,;" of augite in the H ett and the High 
Green dykes in tho north of England.i' i· So!ne of these appear from 
the figures given to be aggregates of µ:ra i11s of augite not in close 
juxtaposition with an interstitial barn, although that fi gu red in Plate 
xii, Fig 5, would seem to be a polysomatic augite, :incl if so i?l the only 
strictly parallel instance that I can find of this structurn so common in 
this dyke and in others of the region. 

The aug·ite is <>'enerallv altNocl to hornblende at its peri1)hery am! Altern.~ion 
<=- J of augite. 

occasionally the la tl er mineral en tirely replace:> the former. The pro-
cess ofalterntion does noL appear to proceed along the almost or quite 
imperceptible lines of clemarkation uetween the different individuaJs 
of the polysomatic augite, but exte11J::i from the periphery of tho mass 
as a whole in towards its centre. 

• Mikr. Phys . de r Mincrnli c11 und Gesteine Stuttgrirt, 1886. 
t Die Mikr. Besehnff. der .\letcor. Stultgnrt. 188;\ Taf. x10, Fig. 1 and2. 
i Lithological Studies , Mem. ~Iu~. Comp. Zool. }farvurd, Vol. x ., pl . 1. 
§ Notice sur Ju.geotnp;ie de l'ile de Kerguelcn , Bui. Mus. l~oy. Hist. Nat. 13clgique, Tome lV. 

:No. 4 .. p . 233, 6g. I , pl. v. 
II Nul ice sur Jes roches de l'ilc ll ciircl. Bull. Mus. Roy. Hist. N <tL Bclgique, 188 ), 8 p. 26 ', 

"Notice sur Jes roches de l'ile ~farion. Ibid. p. 200. 
tt Petrogrnpbicnl Notes on some north of England Dykeo, Q .. J. G. $., 1884, 153. p. 2.D nnd 2~2. 
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P!agioclase. The l)lagioclase a1)pea!'s in two general fol'ms: a rather stout or 

Accessory 
min era.ls. 

tabula!' form, which is the larger and usually the more cloudy with de­
composition products, and a small long lath-shaped felspar which ap­
pears quite fresh, and in which tbe polysynthetic Jamcllm are much 
more distinct than in the former. 

Magnetite OCCUJ'S in irregularly bounded masses 01· is disseminated, 
often quite thickly, thi;ough the augite as inclusions of dusty or finely 
gr:mular aspect. Pyrite also occur:> <1nd is di~cernable macroscopically. 
Apatite is seen in ocrnsiona\ly eolorless hexagonal sections and in 
s lender prisms wiLh r ounded terminn,tions. Water-clear quartz, with 
inclusions of apatite microlites and liquid inclusions with dancing bub­
bles, forms a considerable proportion of the mineral constituents of the 
rock and is charactel'ized by having a common orientation for isolated 
sections over a wide area of the microscopic field, as in the micropeg­
matite structure. A fow colorless garnets are also prcscn t. The rock, 
sueh being it;; chai·nctcrs, may be classed ns a ui-alitic quar tz-diabase. 

Rockat20'from At twenty feet from the contact the rol·k is very similar to that at 
contact. sixty foet, but is inuch less c.:oa1·se in texture. It differs from the latter 

Garnets in 
dykes. 

in mineralogical composition in the fact that there is present a num­
bel' of white or colorleRs garnets, all perfectly isotropic. They have a 
well defined border, indie;ative of a high index of ref"raction and per­
ceptibly roug h surface. Their shape is for the most part rounded, or, 
when rectilinear outl ines are observable, they are hexagonal sections 
of the rhombic doclechedron. The larger grains have a curved parting 
which may be dcmarlrntion lines between different individuals. The 
treatment of the slide with hydrochloric acid, cold or hot, leaves them 
unaffected. The occurrence of garnets in basic dykes is by no means 
unique. They are, howevcl', regarded as a product of contact m.eta... 
morpbism within the dyke. Speaking of the "Iron Distl'ict of Lake 
Superior," ·Wadsworth says: "Most of the 'diorite;' (urali tic dia­
l>ascs) here (at Republic Mt) contain gamcts, t hi >< mineral being found 
principally along the edge of tho intrnsion while the centre was neal'ly 
if not entirely free from it. The schist iil like manner near the 
'dioritc' frp,qu ently contains garnets, both rocks appearing to have 
mutually reacted upon each other."* The garnet.<> in the Jack-fi:sh 
Lake dy.lrn do not appear to be a ])roduct of eontact metamorphism, 
since they are found in the middle of the dyke and very much more 
abundan tly nt twenty feet from the contact than at six feet from it, or 
immediately nt the contact, whel'e their presence has not been de­
tected. Beyond the alJundance of garnets, the dyke at twenty feet has 
tho rnme characters as at ~ixty feet. The polysomatic structure of the 
nugite ic; pronounced. 

•Notes on th e Geo!. of the Iron and Copper Districts of Lake Superior. Bull. Mus. Comp . 
Zoo!. Harvard, 1880, pp. 45, 46 . 47. 
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At six feet from the contact the rock is fine-grained and the ophitic Rock at6' from 

structure of typical diabase is much more characteristically developecl contact. 

than in the coarser grained parts of the dyke. In thi s part of the dyke 
there is first observed a differentiation of the rock into constituents of 
diffe1·ent periods of crystallization, the order being first plagioclase in 
more 01· less idiomorpbic, * lath-shaped individuals lying in all 
positions, then augite generally allotriomorphic,* sometimes hypidio -
morphic,* and finally a base or matrix of both th~se minerals in a very 
much more finely crystalline state, tDgethe1· with magnetite. Tbe 
structure of the base is rat.her obscure, the chloritic substance usually 
present in diabase rocks being more prominent bore than in the coarser 
grained part of the dyke where it is almost, or perhaps entir ely, want-
ing. Quartz is presen t but in smaller quantities than in the coarser 
grained portions of the dyke. Tho augite occurs both in t;imple indi-
viduals and in polysomatic masses. The uralitization of the augite, 
which is generally observable, is mm:h more pronounced in the inegu-
ln.rly bounded polysomatic masse;; than in the simple allotriomorphic 
development of the same mineral. A few garnets arc present as in-
clusions in the felspa1-, but were not identified with certainty. In this 
respect this portion C)f the dyke differs markedly from the more cen-
tral portions examined. The mos t interesting constituent of this 
portion oft be dyke remains, however, to be mentioned. It is the non- Enstatite. 

pleochroic, colorless, rhombic pyroxene, onstatite; it occurs in ictio-
mo1·phic development showing the characteristic obtuse domes in some 
of the sections. It shows regular cleavage parallel to oo P (110), upon 
which the angle of extinction is zero, and characteristic cross parting, 
along which partial alteration of the mineral to bastite or serpentine 
is apparent. This ens ta ti te is not abundant, and plays the role of an 
accessory mineral. Its occunence in a rock of well mai·k:ed diabase 
structure is interesting. Rosenbusch remarks that it is present in only 
a few diabases ·which have a gabbro-like structure,t and Teall has re-
corded the occurrence of the allied rhombic pyroxene bronzite in the 
Wbin-Sill of the north of England as an accessory) Enstatite also 
occurs in a variety of the allied rock, diabase porphyrite, from E:chaum-
berge, which bas been described by Laspeyres and Streng under tbe 
name of Palatinite. This enotatite wns not obt;erved in the coarser 
parts of tho dyke but occms, as will be noted, in the still finer grained 
cl iabase at the contact. 

At the immed iate contact the dyke assumes macroscopically the Rockn.tcontact. 

characters of a very compa?t, greyish-black, aphanitic rock in which 

•Terms introduced by RornnbuEcb. Cf. op. cit. P- 11. 
t Mik. Phys. rler Massigcn Gestinc, 2nd Ed., 1886, P· 188. 
t Q. J. G. S., 1881, p. 652. 
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can be occasionally detected minute glistening facets ofporphyritic crys­
tals. With low powers of the micl'oscope the matrix is not resolvable, 
but appeal's as a uniformly yellowish to g1·eenisb-grey ground thickly 
dotted with grains of magnetite. Under the higher powers this is 
seen to be made up, in addition to magnetite, of a fine felt-work oflath­
sbaped crystals of plagioclase imbedded in hazy, somewhat yellowish 
green f!occulent chlo1·itic substancedel'ived presumably from the alte1·­
tion of the augite, since that mineral cannot, with certainty, be identified 
in the base. The po1·phyritic cbarncte1· of this part of the dyke is well 
marked, though the irnbedded c1·ystalR are small. These al'e augite in 
small irregular polysomatic masses, with n hazy margin or fringe of 
greenish decomposition products, long lath-shaped plagioclase and 
occasionally stouter broken fragments. Besides 1hese are po1·phyritic 
crystals of enstatite much more altered and less })lentiful than at six 
feet from the contact. Neither quartz nor garnet are observable in the 
contact rock. 

Considering then the dyke with reference to its variation in struc-
t ure and mineral composition, the points of interest to be noted are : 
the passage of tho coarse grained central portions of the dyke to the 
compact aphanitic rock at the contact; the ab~ence of porphyritic 
structure in the middle of the dyke as contrasted with the well marked 
development of the same as the rock becomes finer grained towards 
the dyke walls; the absence of the characteristic chlori tic substance of 
diabase in the centre of the dyke, and its abundance towards the con­
tact; th El -presence of qual'tz in g1·eater quantity in the coa!'se grained 
middle portions than at the sides; the presence of garnets in the 
coarsest parts of the dyke, their abundance in the medium grained 
parts, and their ra1·ity or total nbsence in the neighborhood of the con­
tact; the presence of the rhombic pyroxene cn:itatite in typical idio­
morphic porphyl'itic cry;;tals in the fine grained parts near the contact, 
and its absence in the coareer central parts; the diminution in size of 
the porphyritic crystals near the contact in co-extension with the in­
creasing fineness of the ground mass; and finally the "polysomatic" 
structure common to the augite throughout the dyke. 

Continuation of Three·quarters of a mile from whern the specimens whose cbarac­
dyke. ters have just been given were collected, there occurs, on the oppo­

site side of the bay in the line of the strike of the dyke, another 
exposure of the same dyke. On the islands of the bay which lie inter-. 
mediate between these two localities, the outcrop of the dyke is observ­
able, so that there is no doubt of their both being exposures of the same 
dyke. The rock here was not studied in so great detail as at the last 
exposure. The specimens taken were of the same grade of coarseness 
as those taken at twenty feet from the contact on the north side of the 
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bay. The felspars are more decomposed, and the twinning larnellre 
often obscure, and the small quantity of quartz which is associated with 
the1;n appears to be of secondary origin; whereas the origin of the quartz 
noted in the same dyke on the nOl'th side of the bay seemed much more 
problematic. In the lntter c:1se the common micropegmatic character 
of the quartz and the occutTCnt'c in it of needles of apatite, which 
in no way differ from those in the fel8pa1·, together >yith the not 
infrequcmt occurrence of one individual of apatite partially included in 
quartz and partially in an adjacent fo],-par, wuuld argue for the pri-
mary charaeter of the quartz. The nugitc in the dyke on the south side 
of tbe bny resembles that nlrnady descl' ibed, occuning both in s imple 
individuals and in polysomatic masses. It i~ largely altered to uralite. 
Titanic iron with its alteration product lcucoxcnc shows ehamcteristic 
barred structure of the cleavage traces pantllel to the planes of the 
rhombohedron. 'J'be leuwxene is frequently ac.:companied by a margin Chamcters 

1 t . f" d b . A . . of other more or ess ex eos1vc, o sce:on ary l'OWll mica. pat1te is present in specimens. 
comparative abundance. Chloritc Ot'C:u1·s in n1gucly defined masses aucl 
the garnets which, as before, are present, :tl'e associated with it. 

On the south-east shol'e of Pipcsto110 Lake, about a mile west ofp;pcotone Lake 
Stone-dam Portage, there is another of these dykes cutting transversely dyke. 
sr;hists which have a strike of N.E. to E.N.E. 'l'he specimen taken 

Fig. 12. Section of diabase, from Pipestone Lake dyke, showing large poly 
somatic grain of augite in three gra nules of di1·erse orientation ab c; d, uralitic­
bornblende; e, magnetite. x 28. 

from the middle of the dyke has the cha,mctel'S of an uralitic quartz 
diabase. The felspar, as a rule, is remarkably fresh, and occurs in the 
usual lath-shaped twinned crystals of plagioclase. The crystals are 
commonly observed to be cracked transversely and the cracks £lied 
witb a brownish-yellow material which shows aggregate polarization. 
Tbe augite occurs more commonly in polysomalic masses than in simple 
individuals. The magnetite is often surrounded by rims of secondary 



160 F RAINY LAKE REOION. 

brown mica. The quartz is appal'ently Ol'iginal and has numerous in­
clusions of an opaque g1·anula!' character, together with fluid inclusions 
wi th dancing bubble~, gas pores with black bordern and glas;; (?) inclu­
sions oval and circular. 

DykeonS.shore On the south i::hore of the North-west Bay of Rainy Lake, a similar 
of North - west . . . . · · . 
Bay. dyke cuts both the b1ot1te gneiss of the region and the red gramte 

which is intrusive through it. Itis an uralitiC' quartz diabase. The 
felspar is in rather stout cl'ystals in the coarser .grained part of the 
dyke, though usually lath-shaped. It is much decomposed and is 
partially replaced by qual'tz and ehlorite. The polysomatic character 
of the augite is not prominent, Lut this may be due to the fact that it is 
about half altered to hornblende and to chlorite. The augite indi­
viduals are often twinned and the cleavage traces are usually well de­
fined. The magnetite show;; a tendency to peripheral arrangement 
around the altered augite indicative of its secondary 01·igin. Quartz is 
present which is probably original besides that whieh is clearly 
secondary. Apatite in Jong slender needles and lencoxene in irregular 
masses, are the accessory co nsti tu en ts. 

In the same dyke, nearer the contact where the texture is fine­
grained, the rock i;:; much more uralitizecl, traces of augite being ob­
servable only in the coreo; of the green compact hornblende, which has 
almost entirely replaced it. Apatite appears more abundant, as do 
also the secondary quartz and chlo1·i~e. Garnet of a pale yellowish 
color occu1·s sparingly. 

Fig. 13. Pla.gioclase from diabase 
dyke, North-west Bay, Rainy Lake, 
showing effect of pressure of one crystal 
against another. 

Fig. 14. Augite from diabase dyke, 
North-west Bay, Rainy Lake, showing 
marginal alteration to green compact 
hornblende with an encircling wreath 
of secondary magnetite. 

At the contact the dyke rock is a compact aphanitic base in which 
can be detected minute porphyritic crystalf!. Unde1· the microscope 
the base is :;;een to be made up of minute lath-shaped crystals of fresh 
plagioclase, augite grains, magnetite and chloriLic substance. The por­
phyritic crystals are lath-shaped felspars occasionally broken and 
showing the lamella; in some instances bent, as the re!:;ult of pressure of 
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one individual against an angular part of another, and augite gene:·­
ally surrounded with an irregular border of secondary hornblende, 
which, in turn, has an outer girdle or wreath of grnnules of magnetite 
that have separated out in the process ofuralitizaticn as in Fig. 14. 

On the lake, near the extremity of Gash Point, one of these dykes Gash Point dyke 

cuts the schists with a strike of N.W. and S.E. across the whole breadth 
of the point and traverses the islands on both tiides of it. Here it is 
traceable on the point and on the islands for the distance of a mile. 
Three miles to the south-east in the line of the strike of the dyke, a 
dyke occurs cutting the schists on the islands off the south shore of the 
lake which is probably a continuation of that of Ga.sh Point. From this 
point it is traceable for two miles across the islands to the main shore 
on the south side of Grassy Narrows. Thus this dyke has a length ofnrnssyNa.rrows 

' · dyke. 
at least six miles and has an extension to the north-west and south-
east of the points observed, for a distance that is probably very much 
greater. .A. specimen from the central part of this dyke, proved, on 
examination, to have the characters of a uralitic quartz-diabase. Tho. 
plagioclase occurs in long, rather stout, lath-shaped crystals, which are 
generally so cloudy as to obliterate the twinning in most cases. The 
augite occurs both in simp1e individuals and in polysomatic masses. Jt 
exhibits the usual marginal a1teration to hornblende, and there is 
besides a certain amount of chlorite. Original magnetite is frequently 
surrounded by a margin of secondary biotite. Micro-pegmatitic quartz 
is abundant. It is often intimately intergrown with the felspar, and, 
as the latter is much decomposed, would seem to replace it as a partial 
pseudo morph, but apatite needles of the same aspect as those which occur 
as inclusions in felspar, augite, and quartz, are often seen to be inclosed 

Fig. 15. Polysomatic grain of augite-Grassy:Narrows Dyke, Rainy Lake, a 
and b are twins-the other granules are of diverse optical orientation. x 28. 

partly in a felspar and partly in quartz grain. The primary origin Originofquartz 
of the quartz, in spite of its micro-pegmatic character, is however, 
not beyond doubt. It is to be noted that were the quartz original we 
would hardly expect to find it in such close association with the 
felspar. The plagioclase of these rocks affords unmistakable evidence 

11 
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in its idiomorphic character of its having first crystallized from the 
magma. The augite erystallized next, enclosing the lath-shaped 
plagioclase; and the quartz, which would be last to crystallize, we 
would expect to find separated from the plagioclase by the augite, i.e., 
to fill in the interstices between the augite. Again, although single 
apatites are often found extending from a quartz grain to a f.ilspar 
grain, a condition of things favoring the notion of a common primary 
origin of both the latter minerals, yet such a phenomenon is not 
incompatible with a secondary origin for the quartz, since the replace­
ment of felspar by quartz must necessarily be a slow operation and 
proceed particle by particle. Further, if the quartz were original we 
should hardly expect to find in it inclusions of crystals of the first gen­
eration like apatite, which would be liable to be enclosed, for the most 
part, in tbe earlier secretions like felspar and augite, rather than in 
the residual silica of the magma. The non-existence, however, of 
quartz in some diabases which are very much decomposed and its pre8-
ence in frei;h ones, militates against the theory of the secondary origin 
of the quartz in these rocks, so that the question of how much of the 
quartz is primary and ho\V much secondary in an old diabase is a ques­
tion that as yet does not appeal' to be susceptible of definite settlement. 

About a mile to the west of this dyke where it crosses Grassy 
Island is another nearly parallel dyke converging on the former 
at a small angle towards the south. The rock is an nralitic quartz 
diabase and in its coarset· portion, near the middle, the texture is more 
granulm· than that of typical diabase. The plagioclase is cloudy with 
decomposition products, and quartz is abundant. The augite is entire­
ly replaced by compact green hornblende the only indication of the 
augite that remains being tho light colored character of the central 
portion of the hornblende and the abundance of magnetite granules 
that have separated out in the process of alteration. Apatite occurs 
in slender hexagonal needles, mostly in the quartz, but also in the 
felspar and hornblende ; and a number were observed which were 
common to both felspae and quartz. A few zircons showing pai·allel 
<lxtinction, deep black border and brilliant polarization colors, also 
occur. A few colorless, rounded, isotropic grains, probably garnets, 
were observed. Nearer the contact where the rock is much finer 
grained the typical diabase structure is much bette1· developed, the 
felspar having its usual lath-shaped c)1arncter, with augite in allotrio­
morphic structure around it, although the character of the latter is 
obscured by its extensive alteration int0 hornblende. The augite so 
far as revealed in the cores of the hornblende occurs both in simple in­
dividuals and in polysomatic masses, and it is interesting to note that 
the hornblende derived from a polysomatic aggregate of augite is of 
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unifol'm Ol'ientation throughout. Magnetite or titanic it·on with asso-
ciated leucoxene is generally distributed. The qun.rtz is in small 
grains proportioned to the fine!' grnined tex:turn of the rock. In the 
centeal pa1·t of the dyke the quartz is in la1·ge gL"ains commensurnte 
with the incren.scd size of the felspat· and augite. In ncithet· case 
does it occur in the mosaics which arc so characteristic of the second-
at-y or vefn quartz. In addition to the minerals enumerated in this 
po.rt of the dyke, there is in prominent porphyritic development an 
altered rhombic pyroxene. The alteration has proceeded very fa1· and Rhombic 
th . l . t d l f' 11 . ] pyroxene. e m10era is now repeesen e on y a mass o ye ow1s 1 green ser-
pentine with perhaps some of the intermediate alteration pro:luct 
bastite. The cleavage is, however, well defined and the extinction in 
the several cases noted is sharply pa1·allel to it. These characters 
together with the trnces of the obtuse dome so charnderistic of sec-
tions of enstatite arn sufficient to identify it as that minewl in an 
altered state. The occlll'rence of the enstatite in t his dyke in its finer 
gL"ainecl parts towa.rd> the contact is analogous to, and an iu tcre.>tiug 
confismation of, the similar occunencc of the mineral noted in the 
J:d~-5.3h L'.tk·) clyka al,;o in the vicinity of contact. 

~o summa1·ise, the main points of intere:it a1·c, bt·iefl.y: 1. Po:>t Summo.ry. 

Archcean age of dykes. 2. 'rheir problematic relationship to traps 
of Animikie and Keweenawan. :i. Their uniform strike and anange­
ment in line.> indicative of great line:> of fissure. 4. Shal'p contaet. 
5. Pitssage from coarse texture at centre to aphanitic at side:3. 
6. Granular character towards centre, porphyritic at sides. 7. Pce­
valence of q u:utz and garnets towards centrn and absence neai· contact. 
8. P1·escnce of enstatite at side3, ab.:ience towards centre. 9. "Chlori­
tic snbsta.nce" abundant at sides, absent towards centre. 10. Polyso­
matic cha1·acter of augite thoughout. 11. U ralitization of augite, 
12. Very marked contras~ of texture of two diffet·ent parts of a rock 
which solidified unJci· pr,ic tic~tlly tlrn same pr<Jsmre but :Lt different 
rates of cooling. 

GLACIAL PHENOMENA. 

What was said of t he g laciation of t he L:1ke of the Wood~ in my Aspect of rook 

report of 1885 i..; generally trne of the R~1iny Lake r egion. The whole surfaces. 

country has been swept, grooved and poli->hed by glacier ice. Towards 
the south, the surface ha~ been covernl by a great sheet of post-glacial 
fresh-water deposits, but nOt"th of the area ovet· which the;o are dis-
tributed, wherever the glaciated rocks are exposed, the surface is hum-
mocky, being made up of roches moutonnees and long rounded ridges 
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which follow the strike of the rocks of the country. In spite of this 
hummocky character, the surface of the country is essentially that of 
a :fl.at plateau wit.ha gentle slope to the south-west. The most promi­
nent features resulting from the glaciation are the grooves and strire 

~~?~ves and which so constantly mark the surface of the roches moutonnees, and the 
heaps of boulders which aTe so abundantly strewn upon portions of 
their slopes. These boulders ai·e all of Archrean and northern origin, 
and are all that remains of the glacial drift. All the finer kinds of 
drift, such as til1, sand, pebbles, &c., appear with the exception of 
occasional remnants to have been swept down into glacial or post­
glacial lakes and spread out into st1·ata by the action of their waters. 
As on Lake of the Woods, those slopes which have been in the lee of the 

Distribution of glacial cul'l'ent 01· flow have a i:rrnater accumulation of these boulders 
boulders. ~ 

resting upon them than have those slopes exposed to its impact. 
Subjoined is a list of the observed direction of the ice grooving and 
striation at various localities. The list may seem somewhat lengthy, 
but it only represents an average of one observation to about every 16 
square miles of the area mapped on the Rainy Lake sheet. The 

T!ireetion of direction of the glacial grooves and strim is very constantly south-west-
ri<lge~ a.nd val- l Tb d' . f h 'd d 11 f h t . . leys independ- er y. e irect10n o t e r1 ges an va eys o t e conn ry is qmte 
~I~ci~tion.· independent of the direction of the ice :fl.ow as indicated by the groov-

ing, and is dependent almost entirely upon the strike of the rocks as 
above stated. Where the strike of the rocks and the consequent trend 
of the ridge has been transverse to the general flow of the glacier 
there appears to have been little or no deflection from its mean course; 
but where the. ridges have made a small angle with the mean course of 
the glacier movement, the lower portion of the glacier seems in some 
instances to have suffered deflection to the extent of this angle, and to 
have :fl.owed in the direction of the ridges and their accompanying 
valleys till a change in the strike permitted its falling into line with 
the general flow. The average direction of the glacier movement 

Average direc- over the Rainy Lake region as indicated by the grooving is about 40°, 
!!~~e~e;l~oier as compared with 45° on the I1ake of the vVoods, a deflection towards 

the meridian as we pass south-eastwardly which is probably associated 
with the more easterly trend of the height of land to the eastward of 
Lake of the Woods. 

LIST OF DIRECTrIONS OF GLACIAL GROOVES AND STRI.iE. 

Kishbltena Route. 

Kahtimi-agamak Lake S. shore, 1 m. E. S. E. of outlet 
" l } n1.E. 
W. " tm.N. " 

- 53" 
58° 
46" 
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Clear-water Lake, 1 m. S. vV. of north end 
" S. E. sbore opposite Hazy Point 

Minomin River,~ m. vV. of entrance to Lake Despair 
Hope Lake, N. side, { m. W. N. W. of Nort.b-west Bav Portage 

Pipestone Route. 

Crow Lake, 1 m. N. vV. of Crow Portage 
" l~- m. N. E. of 

l~ m. S. E. of Chase Poiot 
" west side of Shanty Point -
" n0rth side of " 

Schist Lake, 1 m. N. W. of outlet 
Yoke Lake, north end 
Pipestone Lake,} m. N. W. ofUnde Rapids -

" t m. "\V. N. W. of Fisher Island 
" 
" 
" 

" 
" 
" 

~· ro. west of 
bottom of J a:nes Bay 
Gates-ajar Narrows 
~· ro. E. of north end of Corner Island 
N. W. side of Line Bay 
1 m. N. E. of Stone-dam1Portage -
1 m. S. W. of '( 

Loon Lake, moutli of Whistle Bay -
Jack-fish Lake,~· m. S. of Two Lake Narrows -
Foot-print Lake, 1 m. N. W. of outlet 

Kaiarsl.;ons Route. 

Bluff Lake, li m. S. S. W. of north end 
Strawberry Lake, S. side ;: m. from K end 

" Itm. '' E. " 
" at outlet -

Strawberry Creek 
Sucker Lake, E. side, t m. S. of outlet 

.Manitou Route 

Grant Lake, N. E. end 
Missus Lake, S. shore, 1 m. E. N. E. of west end -

,, " lm. " " 
Manitou Lake, W. side, lt m. N. E. of Paddle Portage -

" " l~ m. s. s. ·w. " 
" S. E. side, 11l- m. N. E. of Snare Portage 
" " 2} m. E. of Pickerel Rapids 
" S. VV. end -

Pickerel Lake, entrance to Mirror Bay 
" } m. N. N. E. of entrance to Mirror Bay -

Manitou River, t m. S. W. of Porcupine Rapids 
Famine Point, Sphene Lake 

165 F 

33° Beiiri ngB of 
0 glnci:il grooves 

53 and strirc. 
33° 

- 36° 

39° 
44° 
36° 
42° 
49° 

- 23° 
48° 

- 20° 
29° 
20° 
37° 
27° 
44° 
41° 
44° 
44° 
44° 

- 24° 
25° 

- 28° 
38° 
48° 
39° 

- 53° 
33° 

- 38° 
48° 
43° 
48° 
28° 
53° 
44° 
44° 

- 34° 
36° 

- 33° 
33° 
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Little Canoe River Route. 

Bea~ings of Bat Lake, 1 ~- rn. 8. E. of portage to Three Island Lake 
gl110111l grooves · . 
and strim. Respite Lake, S. end 

" "\V. side 
Vane Lake, E. side,~ m. N. N. E. of outlet 
Little Canoe River, 1 m. N. of mouth -

Big Canoe Rii"er Route. 

Dog-fly Portage 
Vista Lake, N. end, W . side 
Pickwick Lake, ] m. from N. end -
Sam Weller Lake, 1~ m. N. E. of outlet 
Obikoba Lake 

Nvrth-1cest Bay of Rainy Lake. 

Two miles S. of Gusty Point 
Rocky islet, ~- m. E. of Indian Falls 
S. shore, 1 m. E. of Gusty Point 
N. shore, l !j- m. N. E. 
S. shore, ~ m. W. of Camp Narrows 

t m. N. of Cliff Narrows -
~-m. N. E. 
entrance to Brown Inlet, E. side -

Brown Inlet, E . side 
N. shore, opposite Brown Inlet 
Hanging-stone Point 

North Arm of Rainy Lake. 

Island, It m. N. E. of Hanging-stone Point 
West side, 1] m. W. N. W. of Standing-stone Point -
Alfred Point -
West side, 1 m. W. N. W. of Standing-stone Point 

" 1 m. " Hook Island -
" It m. S. W. of Alfred Point 
" 1 m. " " 

Island, 1· m. N. N. W. of Hook Island -
Entrance to Grassy Narrows Bay -
East end of Hook Island 
Shoe Bay, north side 
Island, opposite Shoe Bay 
West shore, !j- m. N. of entrance to Stanji-koming Bay 
East shore, Ami Point -
Macdonald Inlet, north side, E. of Big Canoe River 

" 1:} m.E. 
Blaze Point 

- 26° 
28° 
31° 

- 40° 

43° 
- :::oo 

23° 
- 38° 

33° 

- 50° 
33° 
37° 
48° 

- 48° 
- 38 & 48° 

45° 
38° 

- 44° 

50° 
- 46° 

53° 
- 28° 

23° 
- 38° 

28° 
28° 
28° 

- 25° 
- 36 & 45° 

38° 
- 38° 

30° 
- 43° 

33° 
38'' 
40° 
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Hopkins Bay, 1 m. E. of Blaze Point -
'' l~- m. " 
" 2m.E. 
" 
" 

3m. E . 
bottom of bay 
S. E. shore at 3 diff. points 

Reef Point 
Point, 1 m. E. S. E. of Reef Point -
Shore, 1~ m. S. E. of Reef Point 
Entrance to Stanji-koming Bay, north side 

" " south side 
Stanji-koming Bay, E. shore 

" " W. shore, 2t m. from S. end 
" 1~ m. " N." 

" " island, 11- m. from N. end 
Hay-marsh Bay, N. side 
Island, k m. E. of Squall Point -
Squall Point -
Sand Bay, small island -

l} ro. N. of Pither's Point 

Turtle River Route. 
Turtle River, l~ m. N. N. W. of Jones J,ake 
Big Turtle Lake, N. E. end of large island 
Robinson Lake, W. side, near N. end -

t ro. N. N. W . of outlet 
Heron River, half-way from mouth to Heron Lake -
Heron Lake, W. side, l} m. N. N. W. of outlet 
Little Turtle Lake, at mouth of Little Turtle River 

16'7 F 

460 lle11rings of 
glacio.l grooves 

35 ° and strire. 

- 48° 
32° 

- 45° 
44° 

- 28° 
38° 

- 36° 
40° 

- 28° 
31° 

- 30° 
18° 
35v 
48v 

- 31° 
43° 

36 &43° 
43° 

Little Turtle Lake, S. shore, ~ m. E. of Portage to Bad Vermilion Lake -

- 44° 
35° 

- 42° 
43° 

. 46° 
53° 

- 53° 
63° 

- 63° 
61° 

- 33° 
48" 

- 42° 
23° 

- 43° 
33° 

- 43° 
23° 

- 28° 
50° 

" 3 m. from S. 'vV. end 

" " " lm. " 
Sand Island River, Otter Falls -
Redgut Bay, 2~ ro. S. W. of mouth of Otukamamoan River 

'' Sim. ' ' " '• '' 
" Porter Inlet, 2} m. N. E. of entrance 
" 2;) m. E. N. E. " 

W. shore, -~ m. N. of Pine Narrows -
west side Pine Narrows -

Black Sturgeon Lake, S. side 
Redgut Bay, 3 m. N. of Bear's Passage 
Bear's Passage 

Seine River Route. 
Seine River 1 m E . of Partridge-crop Lake 
Wild Potatoe Lake E. end -

" 
" 
" " 
" " 

" S. shore It m from E. end 
" S. shore at narrows 
" N. shore at ' 
'' S. " It m \V.S.W. of narrows 
" S. " at outlet -

- 56° 
36° 

- 48° 
50° 

- 40° 
48° 

- 58° 
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Bearings of Shoal Lake N . side 1 m from E. end 
~~aJ~t!i~.ooves " S. side l} m " "\Y. " 

" " N. " near outlet 
Seine River opp. Kettle Pt. 

" " ;} m from mouth 
Bad Vermilion Lake, Island Bay 

" " " N. shore 3 m from S. W. end 
H " '' S. '' 2 ID " ct '' 

East Arm of Rainy Lake-Pither's Point to Seine Rii•er. 

South shore 1 m E. of Pither's Point 
,, " 2 " " " 

Island 3 " 
Island ~- m N. of Medouganak Point -
Medouganak Point 
Entrance to Black Bay W. side 
Lobstick Island -
Island S. of Gash Point 
Main shore N. of Lobetick Island 
Cross Island -
Main shore vV. of Lichen Island 
Rocky Islet Bay,~W. side 1} m N. of entrance 
Rice Bay, at entrance S. E. side 

" " N. "\V. side 1 m. S. W. of narrows 

" " near bottom -
" 1 m. E.S.E . of narrows -

Grarny Portago Bay, 1~ m W. of Grassy Portage 
Island l~ m. E. of Last Island 

" 1 m. E.N.E. of Last Island 
Pukamo Island E. end 
Island } m E. of Cross Island 
Nowhere Island N. side 
Island 1 m. N. of Red Sucker Island 
Red Pine Island S. side 
Sand Point Island B.W. end 
Dryweed Island E. end 
Sand Point Island at Open-water Narrows 
Goose Island S.E. point 
ReAt Island S. end 
Goose Island W. end 
Berry Island S. side 
Little Rocky Narrows 
Swell Bay S. side 1~ m N.W. of Little Rocky Narrows 
Swell Bay E. end 
Island 3 m W. Halleluiah Point 
South shore, 2~ m W. of Brli.le Narrows 
Bleak Bay, E. end 
Seine Bay, N. side opposite mouth of Seine River 
Seine Bay, bottom of bay 
Halleluiah Point 

45° 
53° 

- 53 & 63" 
46 & 60° 

53° 
- 40° 

48° 
53° 

- 48° 
48° 
33° 
33° 

- 46° 
48° 

53 & 28° 
38° 

- 41° 
43° 

- 48° 
36° 

- 5R0 

48° 
48° 
57° 

- 53° 
40' 

- 43° 
53° 

- 41° 
43° 

- 38' 
48° 

- 43" 
48° 

- 48° 
48° 

- 38° 
48° 

- 43° 
43° 

- 48° 
51° 

- 48° 
53° 

- 56° 
53° 

- 58° 
61° 
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Rainy Lake-B1'ule Na77ows to Kettle Falls. 

Island t m S.W. of Point Observe 
2~ mS.W. of " " 
at bottom of Saginaw Bay 

Shore t m S.W. of Pine Islands 
Lobstick Point 
W. shore opposite Oak Point Island 
Kettle Falls 
S. shore 1 m \V. of Soldiers' Portage 
Soldiers' Portage -
W , shore opposite Oak Point Island 
W. shore z m N.E. of Oak Point Island 
Stokes Bay, south side 
Mouth of Pipestone River 
Pipestone River, 5 miles up stream 

,, 6 " 

N. shore 2 m N.N. W. of entrance t::i Stokes Bay -
Breezy !eland 
N. shore I m N. of Breezy Island -
Vague Poim 
Shore,~· m N.W. of Vague Po~nt 
Mouth of Rat River 
Shore 1 m W. of mouth of Rat River 
Shore 3 m N.\V. of Deer's Horn Point -
Bnlle Narrows E. side 1 m N.E. of Pt. Observe 

Rainy River. 

I sland 4 m above Manitou Rapid 
S. side 1 m below Longue Sault Rapids 
Pine River, first rapid 

" second rapid 
South side>)· m above mouth of Rapid River -

POST-GLACIAL FORMATiONS. 
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- 73° Bea.rings of 
630 ~~",ts~~i;~ooves 

- 63° 
60° 

- 33° 
2s· 

- 38° 
33° 

- 33° 
33° 

- 36° 
58° 

- 33° 
53° 

- 43° 
43° 

- 40° 
43° 

- 48° 
55° 

- 58° 
59° 

- 60° 
53° 

- 38° 
24° 

- 24° 
24° 

- 38° 

Rainy River, from ils source at Rainy Lake to its mouth on the Previous 
Lake of the ·woods, flows through a country which is thickly covered noticeg, 
by post-glacial fot·mations. The earliegt notice of scientific value, 
which I have been able to find of these post-glacial deposits, is that by 
J. J. Big;by, M.D.,* who remarks that "Lhroughout the whole length Big;by. 

of the river L<t Pluie, it:; bank:> expose a grey clayey and loamy soil, 
full of small angula1· fragments of the yellow limestone of the Lake of 
tho Woods, intermixed occasionally with round lumps of gneiss from 
the size of the fist to that of the head. I saw no marks of stratification, 
nor any mal'ine Ol' fresh water shells." J. E. Norwood, M. D.,1- in run-Norwood. 

•Geo!. Jour., Vol. VHL, 1851, p. 2li. 
t Report of Geo!. Stlrvey, Wisconsin, Iowa 1tnd Minnesota, by D. D. Owen, 1852, p. 319. 



Dawson. 

Bell. 

Evidence of 
stratification. 

170 F RAINY LAKE REGION. 

ning clown the river from Rainy Lake to the Big Fork, noted that 
"while descending Rainy River, a bed of blue clay was observed similar 
to that seen and described on St. Louis and Embarras rivers. It is full 
of gravel and overlaid by a bed of yellow sand." S. J. Dawson* also 
has noted that "the l::tnd immediately bordering on Rainy River, on 
the British side, is of an alluvial description, and almost as uniformly 
level as the prairie at Red River." 

Dr. Bell t states that "the banks of the Rainy River, except in 
approaching the Lake of the Woods, are generally from fifteen to 
twenty feet high, and are eomposed of clay and drift materials in which 
pebbles and be ulders of a yellowish grey limestone are plentiful." 

These brief notes by ea1:lier observers of the formations through which 
Rainy River cuts its way, do not give a sufficiently cleat· or com­
prehensive account of their character, their distribution or their geolo­
gical history. I shall, therefore, attempt to supplement them by 
observations I have been enabled to make in the field myself; as well 
as to point out the connection of the facts adduced with those that have 
been observed by others in the study of post-glacial phenomena in 
adjoining regions. I am at a loss to ur;derstand Dr. Bigsby's statement 
that he saw no marks of stratification in the banks of the river. There 
are abundant and distinct evidences of the deposition of the greater part 
of tbe formations in stratiform layers or beds. They are first observed 
on Rainy Lake on the west shore of Sand Bay, as bedded clays. Be­
tween Rainy Lake and Fort Frances, the banks of tbe river are com-

Charactcr of posed of light colored, more or less, sandy and calcareous clays with 
beds. numerous pebbles of yellow or cream-colored limestone. The banks 

rise about ten or twelve feet above the surface of the 1·iver at its mean 
height, and the country back from the river is flat. Below the Falls of 
Fort Frances the river sinks in level, between 22' and 25'. And as the 
surface of the country remains flat, the height of the river banks below 
the falls is increased by this amount. The banks here present a more or 

~~~'lfs~Y scarped less steeply scarped aspect, a cbarar.ter which they retain almost con­
tinuouely to the mouth of the river, although there are occasionally 
short stretches of sloping banks or low shores which are wet or dry, 
according to the height of the water in the river. Fo1· a long distance 
down the river from the falls, evidences of stratification are not 
very prominent in the banks. The clay is very calcareous or marly, 
and crumbles readily when dry, forming a steep talus. The bedding 
can, however, be seen occasionally in the short scarp which rises above 
this talus quite distinctly. In these cases, thicker beds of a calcareous 

•Report on the exploration of the country between L11ke Superior and the Red River settle­
ment. Appendix to Vol. XVII. of the Jonrnn,ls of the Legislative Assembly. Session 1859. 

t Report on the country between Red River and the South Saskatchewan, with Notes on the 
Geology of the Region between Lake Superior 11nd Red River, 1873. 
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or sandy clay, with numerous small pebbles, are generally separated 
by thin partings of purer unctuous cby. The thicker beds usually 
vary from 2" to 6" in thiekncss, aml are often much more ~andy than 
clayey. Fot· the first three miles below the falls, the underlying gla­
ciated rocks upon which the formation rests crop out occasionally on 
both sides of the rive1·. From these exposures I should judge that the 
mean level of the rocky sudacc of the country along this part of the river fo~i~~~t~~-of 
would be but little below the surface of the river, and that we have 
in the height of the banks a vertical section nearly equal to the 
mean thickness of the formation which would, therefore, be between 
30' and 40'. After turning the bend three miles below Fort I~rances, 
no rocks cl'Op out along the river for ove1· twelve miles. Throughout 
this distance, the character of the banks varies but little and presents 
only a few puints of special interest. On the Indian Reserve opposite 
the mouth of Little American or Little Fork River there is a pecu-
liar terrace-like ridrre runnin•r parallel with the rive1· a few hundred 'J:'.errncc-like 

b b ridge. 
feet from the waler's edge. It is observable only for a short distance 
where the Indians have dea1·ed away the bush. Between the Little 
and Big American Rivers on tbe Canadian bide there can be seen an 
extensive, apparently un:stt·atiticd mass of clean, unctuous, blue clay Blue clny. 

underlying the bedded marly clay:; and sands of the upper portion of 
the bank. Helow the Big American River the beclcled clays, sanely 
and mai·ly clays aud sands pt·evail, nod the lower unstratified blue clay 
was not again observed fot· a conside1·able distance. On Mr. George 
Singleton's farm, (Sec. 9, 'l'p. 5 S. R., XXVIIf ,) the glaciated surfaces 
of the old rock:-i outcrnp from beneath these post-glacial deposits, 
not only on the rivet· banks, but over a <:onsiderable area in the 
rear of his farm, the rock being a born blt'ncle-syenite gneiss. Ro<:k Rock exposures 

exposures are more common from this point on to the bottom of 
the Longue Sault than anywbel'e else along the river, and some of the 
more prominent points appeal' to have been islands in the fre~h water 
lake, in which the post-glacial formations wern clopositcd. The latter 
cannot be on tho average much mo1·0 than 25' or 30' thick along this 
part of the river. The surface of the country rises gently, however, on 
the north side of the rivet-, and at tho back of Mr. Lnttere:'s farm, See. 
22, Tp. 5, S. R. XXVIII, a low flat gravel ridge was observed which Griwel rida:e. 

probably lies on top of the beds exposed at the river bank. Between 
this point and Manitou Rapid many morn boulders of Archrean 
rocks were observeu imbecldeu in the stmta o! the river banks than 
had been noticed higher up the stream, although they are not promi-
nent neat· tho rapid itself, the fol'mation, as observed by D1". Bigsby,* 
being unusually clayey there. N cal' the eastern limit of the Indian Unbedded olay. 

•Loe. cit· 
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Reserve at Manitou Rapid there may be t.een on tho north side of 
the river a mass of nnbedded clay with pebbles to a thickness of 10' to 
15' above the surface of the rive!', and resting upon this 4' of evenly 
bedded sandy clay in which the pebbles are mostly yellow colored lime­
stone. Down near the rapid these upper beds are wanting just at the 
water's edge and the lower clay only is seen. This lower clay is pro­
bably the same formation as that noted between the Big and Little 
American rivers. 

Below the Longue Sault Rapids for some miles the banks of the 
rirnr on either side, wherever the sca1·ped faces permit of close obser­
·..-ation, shew only bedded marly clays, and clayey sands with pebbles. 
H the unstratified lower clay undel'lies these beds, as appears quite 
probable, it is concealed by the soft talus that has fallen from the 
scarp. Mr. Cameron iufo1·med me that he had sunk a well four miles 
back from the river 011 a logging road, Sec. 21, Tp. 4, S. R. XXV., for 
22', and had bored a further 40' through formations similar to those on 
the bank of tho river before ho strnck solid rock. He obtained water 
at this depth of 62', but found it extremely hard, a fact due to the 
abundance of calcareous matte!' in the loose strata through which 
wate1· must percolate before reaching the comparntively impermeable 
surface of the underlying hard rocks. The formations up the Pine 
River, as fa1· as the second rapid, are, as on Rainy Rive1·, bedded 
marly clays and clayey sands together with gravel made up very 
largely of limestone debris. At the first rapid on Pine River a 
gravel ridge which li~.3 on the glaciated surface of the rock has been 
cut into by workmen engaged in the construction of a dam across the 
rapid. The gravel is rather fine, mostly calcareous, and much mixed 
with clayey matter. In it were found larg;e numbers of fresh water­
shells together with some fragmeuts of bone3 of the buffalo (Bos Ameri­
canus, Gmelin.) Fresh-water shells were also found in the beds on 
Rainy River, at the confluence of Pino Rive1·, and at various points 
below this, particularly, however, in the ·bedded sands and clays at the 
mouth of Beaudette River. Although the shells at these points are 
numerous, tme species are few. Tho following have been identified by 
Mr. Whiteavos, Spluerium sulcatum, Lamark ; Sphmrium striatinum ? 
Lamark; Planorbis (Helisoma) bicarinatus, Say; Limnma (Limnophysa) 
desidiosa ? Say (one, b1·oken). Near the confluence of Beaudette River 
and from that point on to the mouth of Rainy River, the banks still 
retain their abruptly scarped aspect rising from 10' to 20' above the 
river, but the formations composing them g1·adually change in character, 
and the chiy gives place to a fine light-yellow muddy sand, bedded 
often with vet'y thin parting8 of clay. A third of the way from 
Beaudette Rive1· to tho mouth of, Rainy River, this yellow sand is 
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observed to rest upon a pebble conglomerate made up of limestone and Conglomcrrite. 
Arohman pebbles imbedcled in a pa1·tially hardened mud matrix. 

At the sout.h-east corner of the Lake of the Woods these post-glacial 
deposits of sand have been much modified and altogether r e-arranged 
by the currents incident to the discharge of a large river, by tbe waves 
of a large open expanse of watcl' CX})Osecl to the full force of the west 
wind, and by the wind it;:elf whcl'ever they arc exposed above the sur­
face of tho watei· and unp!'oteetcd by vegetation. About th1·ee miles 
west of Rainy River thcl'e runs ont from the south shore of the lake, 
in a di!'cction 65°, a sand spit three miles and a-half in length. The sand-spit. 
1>and on this spit has been blown by the wind into dunes and ridges 
which are now partially pl'otectccl by vegetation. At the extremity 
of this spit, on Oak Point, the main cunent from the river discharges 
into the open lake. On tbe othei· side of this ga1) of half a mile, through 
which the current sweep:;,· the i;and spit is continued in a long barrier 
running parallel with the shore, OJ' in a dil'ection 40°, as far as Bur- Sand-barrier. 
ton's I sland, a distance of six miles and a-half from the gap above men-
tioned . Portions of this barrie1· are only revealed above the surface of 
the lake in seasons of low water, and its breadth varies acco1·ding to the 
height of the water. It is, bowevc1·, vcl'y narrow compared with its 
length, and is for tho most part a prominent ridge standing out boldly 
against the sky in a series of wind-blown dunes which rise from 10' to Dunes. 
40' above the level of the lake. The sand is of a light yellowish color, 
and ofval'ying degrees of coarseness. It is composed chiefly of quartz 
and felspal' grains. In the dunes may sometimes be detected a bed-
ding due to the action of the wind, and the process of sorting out the ~fi3!ng due to 
different sands in layers according to thei1· coarseness and the strength 
ofthe wind, may be observed in actual operation. The channel 01· 

open lagoon, which lies between the shore and this banier, varies in 
width from half a mile to a mile and is silting up on the shore side, there 
being, appal'ently, a weak side current from the river along the inside of 
the barrier which keeps it free of the grassy vegetation which prevails 
closer to shore, and which catches the fine silt in seasons of high water. 

The shore of the lake from Burton's Island north-eastward to the In- 8.E. shore of 

dian Rcse1Te north of tbe mouth of Little Grassy Rivel' is mostly sand lake. 

of the same charncter as that of the bal'rier, and has been much 
modified by wave action. Windy Point is a long sand-spit and the 
island to the north-east of it partakes of the nature of a delta. The 
water fol' considerable distances off shore along this stretch of coast is 
very shallow. On the Indian Reserve 35 E., bedded clays similar toBeddedclayson 
those on Rainy Rive1· are again obse!'ved in low scarped banks. The Ig~~n Reserve 
shore of the bay on the north side of this reserve was the most 
nol'therly point along this coast at which these depo~its were observed. 
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Herc they consist of clayey limestone gravel and marly clay in beds. 
Further The same fol'mations occur togethel' with much sand on Bigsby Island, 
distribution of 
bedded clays. and in ]Jlaces on the south and west side of Big Island. Their occul'-

rence on Cornfield Island was nottld in my report of 1885. vV est of 
Cornfield Island, the north em limit of the distribution of these post­
glacial beds bends more to the nOl'th, for they are found on the shores 
of tho North-west Angle Inlet, and probably underl ie tbe extonsi,-e 
flat country to the south-wost of the inlet and we:>t of the Lake of tho 
W oodti. .A.t the south end of Shoal Lake great sandy stret<.:11es (•Ccur 
and at the north-west eol'Der of Shoal L ake, in the neighborhood of 
Indian Bay, the bedded clays are again obse rvable. The northern 
limit of the flat country underlaid by these post-glacial deposits appears, 
from such information as I can gather from those familiar with the 
country, to cross the C. P. railway in the neighborhood of Whitemouth, 
and such deposits appear thereafter to be in direct continuity with 
the prairie count1·y of Manitoba. 

Country north In the country north of Rainy River it appears, from information 
ofRaiayRiver. 1. d b f M D "' .,,. T B supp 1e y the r eports o l 1·. S. J . awson, "· in.r. . 0. ol-

gcrJ and from the plots of the township surveys as well as from my 
own observations, that these post-glacial formations, through which 
the river cuts its way, extend back to an average distance of about 
twenty miles, or to a lino connecting the N.\V. corne1· of Sand Bay on 
Rainy Lflkc with the northern limit of Indian Reserve 35 E. on the 
Lake of t he Woods. 

Northern limit Thus it appears to be possible to trace approximately the northern 
of post gl:te1al ] ' . f 1 f l · l d · f R · ·L k forruations. mnt o a great s 1cct o post-g acia epos1 ts rom :.arny a -e to 

Whitcmoutb , a distance of 150 mil e:3. The line defining this limit ii> 
more or less sinuous, so far as can be made out, but its general 
direction is remarkably straight and has a course which is approximately 
at right angles to the direction of the glacial grooving in t he exposed 
rocky r cg·ion imm ediat ely to the north of the line. This sheet of 
postrglaciul deposits appears to extend indefin itely to the south, and 
from Ya1·ious 1;ourees of information! the flat country underlaid by 
them appears to Le in direct continuity with the prairie count1·y of 
western .Minnesota, Dakota and Manitoba. The body of water in which 
these fo rmations were deposited appears to bo the samo, as stated in 

Lake Agassiz. my report of 1885 with Mr. Upham's Lake Aga:;siz.§ Accol'ding to 

•Exploration of country between Lake Superior a.nd Red Rh·er Settlement, 1859. 
t Report of Commis;;ioner of Crown Lands of the Province of Ontario, 1886, P· 48 et seq. 
I Reports of Progress together with a Prelimin11ry ttnd Gcnerttl Report on the Assiniboiae and 

Snskatchcwan Exploring Expedition, by H. Y. Hind, M.A .. 1859. Report VII. 
Geo!. and Itesources of 49th Parullel, G. M. Dn.wson, 1~75, p. 212. 
Information received from Mr. Thompson, who wns engngcd upon :i preliminary survey of a 

rnilway from the mouth of Rn.iny River to Red River acruss northern Minncsotn . 
§Eighth Annual Report, Geo!. iind Nat. Hist. Survey of Minn. 1879, p. 84, ct seq. ; Eleventh 

Report 18'2, p. 137-153; .ilso Bulletin 3~, U.S. Geo!. Survey. 
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Mr. Upham's determination of a northerly upward slope of the surface 
-0f Lake Agassiz as it appt'oacbed its northern ice barrier* there would 
be by his estimate 150 feet of watet· above tbe present level of Rainy 
Lake and much more above the present level ofthe Lake of the Woods. 
·This being the case, the waters of Lake Agassiz ought to have 
extended far to the north of Rainy Lake and Lake of the Woods, and 
the fresh water Jeposits, which I have sketched as stretching to the 
south of a line drawn from Rainy Lake to Whitemouth, should also 
extend far to the north of that line, since there is no i:rnfficient rise of 
the land along the line against which the waters of Lake Agassiz 
~ould form a shore. As a matter of fact, no old beaches have been 
·Observed along the northern limit of the fre~h-water formations. 
Hence, if Lake Agassiz stood at this elevation, the only explanation 
that will account for the non-continuance of the lake deposits to the 
north, is the supposition that tbe line which defines the northern 
limit of those formations is appl'oximately also the line of the ice-barrier Nor\hern 

b11rr1er of Le,ke 
which dammed back the waters. Against the base of such a bani er there Agassiz. 

would be no beaches formed, since it would be in deep water, but a 
gradual overlapping of strata in flat layel's as the ice receded. There 
are, however, some facts which have yet to be reconcilecl with this 
hypothesis. These are the occurrence of arnas of post-glacial deposits in 
the country to the nol'th, and numerous grnvel ridges and other deposits 
which are known to exist, but have not yet been studied. In valleys 
tributary to Rainy Lake, such as the basin of the Seine River ancl that 
of the Turtle River, there a1·e local deposits sirnilal' to those on Rainy~!~~~A~~P.l 
River which may perhaps be regarded as having been formed in arms 
or bay,; of Lake Agassiz. These deposils appear to lack a feature 
which is vel'y charncteristic of the deposits along Rainy River, viz., 
the presence of pebbles of c1·eam colored ot· yellow Silurian limestones. 
The northem limit of the distribution of this limestone drift has been 
noted by Bigsby, Dawson and myself, and it appears to be coincident 
with tbe line that has been sketched as limiting the northern extension 
of the post-glacial formations. The limf1stone pebbles and bouldel's, Source of liroe­
while doubtless derived in the first instanr.e from the Silurian rocks of stone pebbles. 
the Red River basin, appear on tho Lake of the \V' oods to come im-
mediately from the po;;t-glacial strata in which they are imbedded. 
Their glacial origin is attested by the very common and distinct 
striation obserrnble upon them; which fact aL;;o attests that they have 
been vel'y little watel'-worn since theit· escape from the foot of the 
glacier, the inference being that the clayey strata in which they are 
imbeddecl wel'e derived la1·gely from the same glaciers. With regard 
to other isolated patches of post-glacial formations, it is to be noted 

• BulleLin cit. p, 15. 
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that those of any considerable extent that are known, such as that 
near Lake Wabigoon, appear to lie on the north side of the height of 
land, and may have been formed at a somewhat later stage of the 
recession of the ice barrier, after Lake Agassiz had shrunken to a 
fraction of its maximum size. On this assumption the lake in which the 
deposits around Wabigoon were deposited would have had the height 
ofland for its southern barrier and probably the ice for its northern. 
There are few facts, however, as yet to support such speculations, and 
they are only suggested by the analogies which the results of :J:l:r. 
Upham's work naturally lead us to look for. 

ECONOMIC GEOLOGY. 

The country mapped on the Rainy Lake and Rainy River sheets, 
accompanying this report, presents, in the geological features which 
have been described, conditions which are favorable to its develop· 
ment both as an agricultural and mining district of considerable im­
portance. The lumbering industry is already fairly well established 
there, the greater part of the timber which is sawn at the numerous 
mills near Rat Portage and Keewatin being bi·ought down the Rainy 
River. The fur-trade, also is an active industry, trapping being the 
chief occupation during the winter months of the numerous bands of 
Indians who inhabit the country, while in the summer they support 
themselves by :fishing, shooting and rice-making. 

Agriculture i:; perhaps the most promising of the economic prospects 
of the region. Rainy River, from itt> source at Coutchiehing to 
Hungry Hall, flows for eighty miles through a rich alluvial plain, 
which, so far as can be judged from the banks of the river, is eminently 
adapted to support a largo agricultural population. Travellers and ex­
ploreTs vie with one another in praising the beauties of the rive1· and 
its capabilities for settlement. Mr. S. J. Dawson in his "Report on 
the Exploration of the Country between Lake Superior and the Red 
River settlement" says of it, "The distance from Rainy Lake to the 
Lake of the Woods, following the windingB of the stream, is about 
eighty miles, and throughout the whole of this extent the land front­
ing on the river is :fit for set,tlement without, I may say, a single break·; 
indeed, I have never seen anything to equal it in my experience, except 
at Swan River and on the .Assiniboine. Farther inland, although the 
ground becomes in many places swampy and broken, the.re must be a 
fair proportion also fit for settlement, but to ascertain anything like 
the precise area that is so, would require a closer examination than we 
have as yet been able to bestow." Prof. H. Y. Hind in his account of 
the country examined by the same expedition says of the land along 
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Rainy River : "The average breadth of superior land fo1· a distance of Pr?f: Hind's 
'I . h . h . b d b ' opm1on. seventy m1 es m1g t perhaps, wit propriety, e assume to e not 1ess 

than six miles, giving an arna of available soil of high fertility, exceed-
ing two hundred and sixty thousand acres; and there can be little 
doubt, that with the progress of clearing, much that is now included in 
the area occupied by swamp, would, without difficulty or expense, be 
reclaimed." In another paragraph the same authority says:" No part 
of the country through which we have passert from Lake Superior 
northwards can bear comparison with the rich banks of the Rainy 
River thus far. The river has preserved a very uniform breadth, vary-
ing only from about 200 to 300 yards. The soil is a sandy loam at 
the smface, much mixed with vegeLable matter. Occasionally, where 
the bank has recently fallen away, the clay is seen stratified in layers 
of about two inches in thickness, following in all respects the contour 
of what seems to be un~tt-atificd dt·ift clay below. Basswood is not un­
common, and sturdy oaks, whose trunks are from eighteen inches to 
two feet in diameter, are seen in open groves, with luxuriant grasses 
and climbing plants growing beneath them." 

A more recent autho1·ity is Mi·. T. 0. Bolger, P.L.S., who explored Mt" f!ul!l"'r's 

the region in the summer of 1886, fo1· the Department of Crown Landfl ~ii~c~}P~i~~f 
of Ontario, with the special object of ascertaining its fitne;is for settle· River country. 

ment. His description and opinions ar~ more valuable than the pre-
ceding, and they are even mo1·e optimistic. He says : "I first en-
countered good land at the point where the forty-ninth parallel or the 
first base strikes the Lake of the Woods, and following up Little Grassy Little Grassy 

River, which empties into the lake, a couple of miles south of this River . 

point, I found, from travelling in every direction, that the block of 
four townships composed of townships one and two south, ranges 
twenty-three and twenty-four eaRt, c~ntains a large percentage of the 
finest land I have ever seen, and the same description applies to the 
block of land lying westward between these townships and the Lake of 
the Woods. Little Grassy River is navigable for canoes for a distance 
of about eight miles from its mouth, and the land on the shore is all 
good, being composed of a rich calca1·eous drift formation, equal to any 
soil in the best agricultural districts of Ontario. 

"The timber along the river is chiefly large thrifty poplar, mixed Timber on 

with some scatterin(J' oak and swamp elm and some ever(J'1·ecns such as Little Grassy 
o ' b River. 

balsam and spruce; inland, the timber changes in character somewhat 
from that along the river shore, as large balm of Gilead, spruce, balsam 
and tamarac are met with more frequently, and the nice open bush 
which prevails along the river banks iR changed for a tangled brushy 
undergrowth ; but the characte1· of the soil remains the same. Tamarac 
and spruce swamps occur frequently in this section of the country, as 

12 
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is the case all throuo is large level area of good land which lies. 
along the banks of Riany River. These swamps were a11 perfectly 
dry this summer, and are ne1wly all capable of being made into excel­
lent land by drainage, as they lie nearly as high as the surrounding 
dry lands, and only require prope1· ditching to take the surface water 
off in wet seasons. The extreme levelness of the country causes th~ 
presence of so much swamp land here, as the surface water has no 
means of escaping from the low-lying portions, and consequently the 
growth of moss and swamp timber is engendered. I noticed that in 
mogt cases the beds of the little stl'ea.ms are deep enough to form out­
lets for ditches and drains, and these creek beds are usually so 
numerous that to drain any swamp no very long ditches would be re­
quired ; in nearly all the swamps tht'ough which I passed I observed 
the soil to be a black vegetable mould, varying in depth from one to 
three feet, and always underlaid by the sa.me calcareous clay above 
alluded to. I seldom met the muskeg propel', that is to say, the wet 
shaky bog in which water is present at all seasons of the year, an cl 
which g rows nothing but dwarf spruce and moss. I then paddled up 
Rainy River, and on both shores I found the same kind of country as 
I have described as being in tho viCinity of Grassy R.iver, and as there 
are a good number of rnttlers along the river on the Canadian side, I 
had an opportunity to obse1·ve the soil while under cultivation, and to­
see the kind of Cl'ops it is capable of raising. 

"The soil I found to be most excellent in character, calcareous clay 
overlaid by a thin streak of whitish frne earth about six inches in 
thickness, and this again covered with a coating of vegetable mou1d, 
and these three mixed up together in the working of the land form a 
soil which cannot be excelled in a,ny part of the' Dominion. I saw 
along the river crops of potatoes, turnips, hay, oatr-:, wheat, corn, 
tomatoes and cabbage, all grown to perfection this season, which shows 
that the climate, as well as the soil, is suitable to successful farming, 
especially when tomatoes ripen as they Cel'tainly did this yea1· as well 
as I ever saw them ripen in the vicinity of Lake Ontario. 

"As I went np the rivet· I frequently travelled inland several miles, 
and at the easterly side of township thl'ee, range twenty-fom·, I pene­
trated northwat·d to the section I had explored from Grassy Rivet', and 
found that the calcareous clay formation extends at this point clear 
from the Lake of the ·wood;:; to Rainy River, a distance of ove1· twenty 
miles in a straight line; I found a tremendous bush fire raging along 
the fil'st correction line south, which waR destroying everything before 
it; in fact bush fires wore very frequent in thiR part of the country 
this season, owing to the extl'emely dry weathe1-. There is an at'ea of 
pine land in here a little north of the first correction line south, where 
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the soil is inclined to be ;.;andy, but the exte th.is tract is not rnl'y 
lai·ge. 

"Along the line dividing ranges twenty-six and twenty-seven the good 
land extend;; back some tweh·e miles from the rive!', but toward:;; the 
north-cast corner of township three the rough regions begin to appeai., 
a.ncl away to Lhe north ward the country is broken and l'OC ky, aml the ~;.~~'t~~. 
good laud disappears. 

"Township three and the north pa!'t of township fom, range twenty­
seven, have been burnt over :some years ago, a11d are now gro1-\ n up 
with smiill second growth of poµlar. 

"Township!' four in range~ tweuty-eight, twenty-nine and thirty, are 
mostly all good land ; while townships three in the same range.,; ai·e 
generally broken with rocky ridges, but cuntain some excellent land in 
the valleys among the hills; townships two, ranges twenty-seven and 
twenty-eight, alw contain Mme good land, although broken by rl)Cky 
hills. · 

"A straight line drawn from the south-west cot'l1et· of the lai·g-e Indian Extent of good 

R B. G R' 1~ F Id · · t l agricultura.l eserve on ig rassy :.tver to 'ort • ran(;es wou approx1ma e y land. 

fo1·m the north boundary of the good belt of land, while almost all the 
country lying between this line and Rainy Rivel' and the Lake of the 
Woods is good agl'iculturnl land. This tract of countl'y is over sixty 
miles long, and averages over fifteen miles wide, and contains ove1· 
nine hundred sq_ ua!'e miles, or something like six hundred thousand 
acrns , and has a water frontage on the Lake of the \Yoods and Rainy 
Rivel' of over one hnndl'ed miles. Of thi s ai·ea, perhaps thir ty pet· 
~ent. i!'l swamp, most of which can be di·aiocd and made tillable land, 
rocky ridges occm· vel'y rarely, and the soil is all a limestone clay such 
as I have described. No limestone rock in place has been observed, 
but loose limesto nes containing fossils at'e frequently to be met along 
the rivers, and the settlers along Rainy River pick them up and burn 
them into excellent lime; in fact this whole district is a g lacial ckift. 

"The timber is chiefly JJOphw which oTows to a grnat size· I h~we T:mber ~m '°' ' R:t1ny Rlver. 
seen trees ove1· eighteen inches across the stump and sixty feet long 
clear of the limbs. Balm of Gilead, too, prevails in some sections, 
while spruce, tamarac and balsam of thrifty g1·owth are everywhere 
met with. In some places m agnificent cqdar abounqs large enough 
fol' telegi·a1)h poles, shing le bolt8, or any othei· use to which cedal' is 
applied; there are some grove~ of pine through this section, but it can-
not be called a pine country, that is, on this drift formation." 

Such testimony as to the character and value of the land through 
'Nhich Rainy River flows leaves little for me to s~iy beyond expres­
sing my entire uont;Ut'l'encc in the opinions quoted as to the great 
suitability of the country for settlement and agriculture. Seitler<S are 
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going in gradually, and there are some excellent farms along the river 
front. the chief market for produce being the town of Rat Portage and 
the milling population between it and Keewatin. With the settle­
ment of the question of civil jurisdiction, and the prospect of the rail­
way which is projected to run through the valley, a more decided in­
flux of settlers may be expected, and all the lots along the river front 
will doubtless soon be occupied and cleared. The river affords an easy 
means of access, and the levelness of the country renders roads eaf'y 
to build. 

Other small isolated patches of flat-lying land, probably old post­
glacial lake bottoms, which would be suitable for agricultural purposes 
occur to the north and east of Rainy Lake. One of these is on Big 
Turtle River, and another smaller one, now occupied by Indians, is on 
Seine River. 

The economic value of the Rainy Lake region, as regards its mineral 
resources, is entirely prospective. There are no mines in the region, 
and extremely little search bas been as yet made for mineral doposits. 
It is, however, quite probable that when such i>earch is made, the 
various minerals will be found which are more or less common else­
where under the same conditions as those which obtain here. The 
Keewatin rocks of the Rainy Lake region are the same as those in 
which the gold of the Lake of the Woods occurs. In them deposits of 
iron may confidently be looked for. Indeed on Seine River, good 
indications of iron ore have already been discovered, and farther up 
the river, beyond the limits of the region mapped, valuable deposits 
have been found on the Atic-okan, Iron pyrites, coppe1· pyrites and 
arsenical pyrites are very common in small quantities in the Keewatin 
rocks and will doubtless some day be found in valuable deposits in 
some portion of the belt. Lead and zinc ores may also possibly be 
discovered. The occurrence of •bosses of serpentine suggests the 
possibility of diamonds, and some enterprising prospector may yet be 
rewarded for a close examination of the vicinity of the serpentine rocks 
indicated on the map, or of others that may be discovered, particularly 
if they be found near the carbonaceous schists that sometimes occur in 
the Keewatin. Asbestus should also be carefully searched for in these 
serpentine rocks. Poor varieties were observed in veins in the serpen­
tine of Clear-water Lake. Closer examination may reveal the finer and 
more valuable varieties. Good soapstone is not uncommon in the 
Keewatin rocks and will some day be of value. Limestone in small 
quantities bas been observed on Manitou Lake, associated with the 
green schists. Good roofing-slate has not been observed, but occurs in 
the Keewatin series on the Lake of the Woods. Some of the more 
siliceous schh;ts would make good whetstones, and the finer-textured 
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felsite schists good bones. The development of these various resources 
will, however, only come with the gradual settlement of the country, 
as it is only the discovery of the more valuable metals in large quan­
tities that will create a sudden influx of prospectors and mining popu­
lation. 

In the dykes and irregular masses of pegmatite which break through 
the rocks of the Coutchiching series on the south-east arm of Rainy 
Lake and on N emeukan Lake, white mica occurs abundantly, but un- Mica. 

fortunately not often in sheets over two inches in diameter. If these 
pegmatites were carefully prospected, local developments of large and 
valuable sheets of white mica would very pl'obably be found in paying 
quantities. 

The Laurentian rocks of the region are, so far as they are known, Barrenness of 
,. ) d t"t t f l\"<' d · · . Laurentian periect y es i u e o meta i1erous epos1ts, except m one instance, rocks. 

where, at the immediate contact of these rocks with the schists of the 
Coutchiching at the Bear's Passage, a quartz vein occurs in which 
flakes of molybdenite are common. Even in this instance it is difficult 
to say whether the vein is not as much in the Coutchiching as in tbe 
Laurentian, the contact of the two being a brecciated one. This re­
markable barrenness of the Laurentian rocks, as contrasted with those 
of the upper Archrean, is a fact of great interest as well as of practical 
importance to the prospector. On the map accompanying this report, 
the distribution of the Keewatin rocks is mapped distinctly, so that 
prospectors for gold, or iron, or any other of the metalliferous ores, 
need not waste time examining the Laurentian country. 

The reason why the Keewatin series should be metalliferous and the 
Laurentian barren of metals is a theoretical question which neod not Theoretical 

. . . . considerations. 
be gone into at all fully here. It may, however, be briefly rnd1cated 
that the fact is quite in harmony with the interpretation of the geology 
of the region which has been given in the earlier pages of this report. 
It has there been shewn that the Keewatin series is largely made up of 
volcanic rocks, while neither the rocks of the Coutchiching nor of the 
Laurentian are volcanic. From this it is inferred, as has been established 
in many parts of the world, that the presence "f metalliferous deposits 
is intimately associated with the volcanic rocks. It has also been 
shewn that the Laurentian or lower Archrean rocks have very probably 
resulted from the plutonic fusion and recrystallization of the floor upon 
which the upper Archrean was deposited, and that such fusion has in-
cluded portions of the upper Archrean formations. Sueh fusion would 
effect the dissemination throughout the magma of whatever metalli-
ferous deposits existed, so that on recrystallization, the ores would only 
be found in the minutest traces, while the existence of an extensive 
magma underlying the unfused rocks of the uppe1· Archrean may have 
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been an important factor in the production of the numerous veins 
fonnd in them. 

In the post-glacial formations of Rainy River, the clays, sands, 
and limestone boulders are a11 of economic value. Some of the lower 
blue clay seen on the banks of the river appeared to be very pure and 
capable of being worked for pottery. Othor clays would make good 
bricks. l\fuch of the f<and intercalated with the clays would be service­
able for building purposes, and some of that at the mouth of Rainy 
River would be good for glass making. The limestone boulder;; are 
occasionally burned for lime, by the settlers. 




