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PREFACE 

The occurrence at Clearwater Lake of fresh-looking, flat-lying volcanic rocks 
associated with remnants of Ordovician limestone, in an area otherwise underlain 
by some of the oldest rocks in the Canadian Shield is surprising. In this report 
these rocks are described and a possible mode of origin suggested. 

J. M. HARRISO , 
Director, Geological Survey of Canada 

OTTAWA, November 14, 1961 
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Bulletin l 00-Clearwater Lake ( eu Quebec). 
Von S. H. Kranck und G. W. Sinclair 

Beschreibt zwei kreisformige Vertiefungen im ordosten 
Kanadas. Man nimmt an, da ,. sie vulkanisch-tektonischer 
Entstehung sind und durch den Ei nsturz der Erdkruste an 
kreisformigcn Bri.ichen gcbildet wurden. 
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CLEARWATER LAKE, NEW QUEBEC 

Abstrnct 

Clearwater Lake in New Quebec consists or two circu lar depressions 
19 miles and J 6 miles in diamet er loca ted on a highland of Preca mbrian 
gra nitic gneiss east of Ri chmond Gulf. 

Geological evid ence suggests that the lake is of volca nic-tectonic origin. 
having formed by colla pse of the ea rth 's crust a long circul ar fra ctures. A ring 
of islands concent ric with the hore o( the larger basin is composed of 
dacitic lava and volcanic breccias made up of granite fragments in an iron 
oxide cement. 

Th e structure of the is lands sugges ts that they Tepresent volcanoes, and 
were formed by extrusion o[ Java a long a circular fra ct ure probably concur
rently wi th caldera collapse. Ca ldera collapse occurred at a time when this 
part of the Shield was covered wi th Pa laeozo ic lim estone si nce block of this 
lim estone were found in th e volcanic breccia . The small drain age bas in and 
the amount of glass in the volca ni c rocks suggest th e subsidence occurred in 
Tertiary time. 

Resu111 e 

Le Jae a !'Ea u-Claire. a u Nou veau-Quebec. prcnd la forme de dcux 
depressions circul aires, de 19 milles ct de 16 millc de diametre rcspcctivement 
et est s itue clans Jes hau tes terres, co n'>lit uees de gneiss grani tiqu e du Pre
ca mbrien, a J'cst du go lfe Richmond. 

Sui va nt !es fa il s gfo log iques, ii scmb lc q ue ce lac so il d'originc volcano
tec tonique et qu'il se soil for mc par su ite de l'efTo ndrement de la cro lite ter
restrc le long de fractures circula ires. Un anneau d'iles co nce ntrique a la ri ve 
du plus gra nd des de ux bas;ins se compose de laves de dacitc ct de breches 
volca niques co mposccs de fragme nts de granite cim entes avcc de l'oxyde 
de fe r. 

La structure des lies pone a croirc qu'elles rcprcscntenl d'anciens volca ns 
fo rm es par extrusion de lave le long d'unc fractu re ci rcu lairc qui sc se ra it 
probablement o uverte au mo ment de l'effondrcmcnt de la ca ldci ra. Cct cffon
clremenl s'est produit lorsriuc cette partic du Boucli cr c ta it reco uvertc de 
ca lca ire paleozo·iquc, car des blocs de ce calca irc o nt ete retrouves clans la 
brechc vo lca nique. Le pctit bassi n hyd rogra phiqu e et la quantile de ver rc au 
sei n des roches vo lca niqucs po rte nt a croire que l'cffondrement s'cst produit 
a u Tertiaire. 

IX 





PART I 

GEOLOGY AND ORIGIN 

Inrroducrion 

Clearwater Lake consist of two circular basi ns, 19 and 16 miles in diameter, 
on the highland of the Precambrian Shield east of Richmond Gulf. The most 
striking aspect of the geology of the lake is a ring of islands of volcanic origin. 
The work on which this report is based was done during the summer of 1959 as 
a special project in conjunction with Operation Fort George, for the purpose of 
checking the very interesting geology reported by personnel of the Dominion 
Ob ervatory. 

The lake attracted the attention of the staff of the Dominion Observatory 
in connection with their study of circul.ar depressions of possible meteoric origin 
subsequent to the discovery of the ew Quebec crater in 1952. Many such 
depressions have been discovered (Beals, Fergu on, Landau , 1956) , and the 
problem is whether the Clearwater Lake basins should be included with them. 

No definite conclusion as to the origin of the lake was reached by scientists 
of the Dominion Observatory, but the suggestion was adva nced (Beals, Innes, 
Rottenberg, 1960) that impact by twin meteorites may have produced the basins 
and initiated volcanism in the la rger one. The writer questions th is hypothesis 
because a reasonable explanation of the structures is possible without recourse to 
other than vo lca no-tectonic processes. The astronomers are struck by the similar
ity between the Clearwater Lake basins and moon craters, most commonly assumed 
to be of meteoric origin , but the writer is struck by their similarity with coll apse 
calderas. This does not, of course, mean that they are necessarily unlike moon 
craters, as many workers are of the opinion that the moon craters are also collapse 
features (Spurr, 1944; Green, 1960). 

On the earth there arc many isolated circular depressions like those of 
Clearwater Lake for which both a meteoric and a volca nic origi n have been 
proposed; for example the Meteorite crater in Arizona, the New Quebec crater 
in Ungava, Lake Bosumtwi in Ghana, Loom Lake in India, and the Steinheim 
basin in Bavaria. All these structures have caused considerable controversy among 
geologists and there is still no unanimity of opinion as to how they formed . For 
the Arizona and ew Quebec craters a meteoric origin is generall y accepted , but 
for the other structures an origin by purely geological processes is favoured . Each 
of these tructures has its own peculiarities and it is pointless here to review the 
arguments that have been put forward to support this or that manner of formation . 
The literature on craters of presumed meteoric origin has been reviewed by Hardy 
(1954) and Spencer (1933). Ca ldera type depressions have been discussed in an 
excellen t paper by Williams (1941). The writer prefers to regard the C learwater 
Lake structu res as calderas. 

65923-5- 3 



C learwater Lake, ew Quebec 

Calderas, a common landform in areas that have been affected by volcanism, 
consist of large circular depress ions or grabens. They arc formed by foundering of 
the crust as a result of tension produced by an underlying magma shrinking during 
cooling or being ejected as lava , pumice, and gases during vo lcanic eruptions. 
Some of the la rgest known collapse ca lderas are the Va ll es caldera in cw Mexico, 
and the Aso and Askja calderas in Japan. These are fully as large as C learwater 
Lake. Many calderas arc bordered by a rim of volcanoes in the same way as at 
Clearwater Lake, for example the Niuafoou caldera in the Pacific, the Aira 
caldera in Japan, the Sierra de Bonca caldera in Italy, and Crater Lake in Oregon. 

Clea rwater Lake difTcrs from typica l calderas principa lly by its iso lated loca
tion in a Precambrian Shield. In this respect it i comparable to the Lappajarvi 
and Janisjarvi basins in Fi nl and and Lake De11en in Sweden where Tertiary Javas 
have erupted in isolated grabcns in a Precambrian Shield. Other examples of 
volcani sm in otherwise tectonically stable areas may be fou nd in the Swabian 
Alps where 125 cryptovolcanic features, including the Steinhcim basin, dot a 
ci rcul ar area underlain by flat-lying limestones, an area in south western Scotland 
where Carboniferous sediments are perfora ted by clusters of cryptovolcanic vents 
mainly resulting from gas explosions, and an area in southeastern Missouri closely 
coinciding with the Oza rk uplift where a swarm of cryptovolcanic features have 
been produced by explosive volca ni sm. Ru st ( 1937 ) has noted th at such areas of 
cryptovolcanic activity appear to be related to broad uplifts possibly coinciding 
with the emplacement of magmatic rocks at depth . It also appears to be located 
on a topographic high (see Physiography, p. 4) . 

Another indication that Clearwater Lake is st ructura ll y contro ll ed is its loca
tion in line with Richmond Gulf near the middle of the arc formed by the coast
line of the Belcher basin. Kranck (1951) noted that Tertiary movements have 
taken place alo ng this coast-line, and it is probably not too far fetched to assume 
that this was the same uplift th at produced the domes in the Clearwater Lake 
area. 

Fi nally the similarity of the Clearwater Lake st ructure to the Manicouagan
Mush alagan basin should be pointed out. R ose (1955 ) concluded th at the Mani
couagan-Mu shalaga n basi n was a result of diffe renti a l erosion, but the circul ar out
line of the volcan ic area indicates that the volcanic rocks fill an ea rlier formed 
depression , very likely a volca no-tectoni c depression of similar origin as Clear
water Lake. The volcanic rocks found in the two places are ve ry similar ( pers. 
co m. E. R . Rose). 

The writer would like lo conclude from the existence of these volcanic 
features that the Canadi an Shield has not been as imm obile as is generally assumed. 
Fracturing and movement may have occurred at other places on the Shield in 
connecti on with more recent orogcnies, th ough these movements generally are 
difficult to detect because of the scarcity of datable geological fea tures associated 
with them. With thi s point of view in mind , C learwater Lake in thi s paper is deal t 
with as a purely geological problem . Those readers who would like to consider 
a different approach a rc referred to papers by Dr. Beals and his group. 
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Geology and Origin 

Previous Exploration 

A. P. Low (1889) visited Clearwater Lake in 1885 on his travels from 
Richmond GulE to Ungava Bay. He did not observe the volca nic rocks on the 
islands in the Jake, but was the first to report fossiliferous limestone float near the 
lake believing its source to be the flat area around Upper Seal Lake. 
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In 1958, the year that the Dominion Observa tory party visited Clearwater 
Lake, J. R . Woodcock of Kennco Explorations Ltd . spent an hour on one of the 
islands in the island ring and concluded that the island was a volca no, and probably 
one of rather recent age as shown by the presence of unaltered glass (private 
report, 1958). 

3 
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Clearwater Lake, New Quebec 

The Dominion Observatory party found that the ring of islands in the lake 
consi ted mainly of a micro-breccia, at least partly of volcanic origin. In addition 
abu ndant float of fossiliferous limestone wa found at the lake. A number of gravity 
readings were taken and ome soundings made of the lake bottom (D. B. Mcintyre, 
C. S. Beals, J. G. Tanner, pers. com.). 

The writer spent six days at the lake accompanied by Phillip Reynolds, a 
student assistant. The lake was reached by Beaver aircraft from an Operation 
Fort George base-camp 240 miles to the southeast. Most of the data collected 
are from the main island in the south part of the island ring, here called Volcano 
Island . Two other islands, the one immediately northeast of Volcano Island and 
one of the shoals in the middle of the lake, were visited briefly. 

Physiography of the Region 

The physiography of the area round Clearwater Lake has not been studied 
in detail, but some observations should be mentioned. 

Airphotos show that the area is a highland broken by rounded granite knob 
and long lake-filled valleys. Most lakes occupy depressions that have been carved 
out by glacial erosion along joints of more than one set. The most distinct linea
ments trend east-west probably reflecting the direction of ice flow. A few well
defined fractures trend north-northwest, and some curve concentric with the 
Clearwater Lake depression . 

The vegetation is of the type characteristic of areas close to tree-line. A sparse 
tree-cover grows in the valleys but the hill tops are completely barren. 

The lake itself, with its large stretches of deep clear water and high rocky 
shores, is an impressive and beautiful sight, and seems completely alien to the 
flat and featureless terrain characterizing the Shield area farther east. The shore
lines are dotted by island and protruding points and an occasion al delta plain 
at the river mouth . Away from the shores the small er southeas tern basin is 
completely free of islands. Soundings made by the Dominion Observatory field 
party show that the smaller basin has a flat bottom at a depth of a little less than 
400 feet. The larger basin contains two ets of islands besides the islands and 
shoals along the shore. There is the spectacular ring of eleven high islands con
centric with the shore about 5 miles from the centre of the basin, and there arc 
a few low shoals right in the centre of the basin. Both these landforms appear to 
be of volcanic origin. o soundings of more than 320 feet were recorded in this 
basin. 

The islands in the ring are made up of high ridges, esti mated to be in the 
order of 490 feet, bordered by steep, red, vertically jointed cliffs. The ridges 
genera lly have an east-west trend. Thi s trend reflects the direction of flow of the 
continental ice-sheet, but the form of the hill s may also have been influenced by 
an ea t-west trending joint system and possibly by the regional foliation in the 
area, as most of the bigger Jakes and other major topographic features in the 
vicinity have this trend . 
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C learwater Lake. New Quebec 

The tops of the ridges on the larger islands in the eastern and southern sectors 
o[ the ring consist of fairly fiat high p lateaus. These, as far as could be determined 
from Volcano Island, arc all about the same height and may also be the same 
height as the hill tops in the surrounding highl and . If this is so-a closer study 
is needed to confirm it-it would be evidence of a period of peneplanation subse
quent to the formation of the basins. 

The fact that a limestone capping (the remains of which are preserved on 
the bottoms of the basins as shown by the float around the Jake) is not found in 
the surrounding highland is good evidence that a moderate amount of erosion has 
taken place in the area subsequent to the volcanic acti vity. On the other hand, it 
is noteworthy that the drain age basin of Clearwater Lake is very small ; only from 
the east do a few strea ms drain into the Jake. A study of a topographic map of 
the area indicates that there is a tendency for a rad ial dra in age pattern around the 
lake. Some lakes only a few hundred feet from the shore of Clearwater Lake on 
the south and west sides drain away from the Jake rather than into it, and the 
water from Upper Seal Lake east of the area takes a very round-about route to 
the north via Nastapoka River (see Fig. 2) to reach the sea. The radial drainage 
pattern suggests that the depress ions a rc loca ted on the crests of uparched domes 
in the basement. As was noted in the Introduction, thi s is a common characteristi c 
of cryptovolcanic structures. Thus it appears as if the large-scale fea tures of the 
topography are the result of vo lcano-tectonic processes, erosion being limited to 
the cutting down of the highl ands around the basins, probably mainly by removal 
of the soft limestone capping. 

It does not seem likely that Clearwater Lake itself could have been deepened 
by river erosion of the limestone. This would require a profound change in the 
ti lt of the land surface subseq uent to the last peneplanation . A more positive 
statement about this matter h as to awa it a better knowledge of the relief of the 
bottom of the basins and the physiography of the surrounding country. 

Volcano Island 

Most of the information recorded by the writer on the geology of the Clear
water Lake feature is from a large island in the south part of the island ri ng, 
here called Volcano Island because it is concluded th at the island represents the 
remnant of a composite volcano. 

The island consists of gently rolling highl ands bordered by steep cliffs along 
the shores (see Fig. 3). The elevation of the hills is in the order of 400 feet, the 
highest point being on the rim west of the central lake. Two north-south trending 
valleys divide the island into three parts, thought to be the result of separate 
volcanic eruptions. A few lakes lie in depressions in the hi ghl and , the largest being 
si tuated in the central part of the island between a northern and a southern 
ridge. 

A sparse brushy tree cover is present in spots along the shores and in protected 
valleys. The hill slopes arc covered with dense, almost impenetrable alder and 
bi rch, but the uplands are mostly barren. 
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C learwater Lake, New Quebec 

The most striking feature of Volcano Island, and also of the other islands, 
is the steep cliffs of red vo lcanic breccia showing a columnar-like jointing. Such 
cliff-faces follow the shoreline on the south side of Volcano Island (Pl. II A) , 
the central part of the north shore, and the west side of the more westerly valley 
cutting across the island (Pl. I A). 

On the highlands outcrops are relatively sca rce, but isolated exposures consist 
mainly of massive grey and red lavas. Apparently massive lava occupy the 
central cores of the hi ghlands and breccias the peripheries of the hills (Fig. 3). 

On the island northeast of Volcano Island where only the southwest face was 
studied the lower cliff face is red breccia and the cap is massive grey lava. 

Description of Rock Types 

Jn the field the bedrock of Volcano Island was subdivided into three lithologic 
units, namely, red volcanic breccia, red massive dacite, and grey massive dacite. 
The red and the grey lavas, where present in the same outcrop, grade into each 
other within a few feet, the gradat ional rocks being characterized by red spots on 
a grey base . The colour of the rock appears to correspond to the degree of oxidation 
of the mafic minerals . There is also a complete gradat ion between the lavas and 
the breccias . As a rule the grai n size and homogeneity of the lavas increase and 
foreign fragments become increasingly scarce and difficult to identify as one moves 
away from the peripheries of the hill s. 

Most of the breccia is a red massive unit made up of rock fragments ranging in 
size from submicroscopic to outcrop in a matrix of iron oxide, glass, and crypto
crystalline lava. Jn some places the fragmental character of the rock is plainl y 
visible in outcrops, with rounded and angular granitic and gneissic fragments 
scattered through a grou ndmass richly stained by red iron oxide. The contained 
rock fragments are partly well-defined angular pieces of granite and gneis and 
partly poorly defined ghosts of disintegrating fragments, outlined by concentrations 
of loose feldspar and qu artz gra ins. In other places the rock as a whole is fine 
textured and only a close look reveals that it consists of a mixture of red , glassy 
blebs, greyish coarser textured patches, scattered feldspar fragments , and patches 
of varying texture, coarseness, and shade of red. In places the rock is soft. This 
rock breaks along irregular surfaces and is shot through with hollows partly or 
completely filled with chalcedony and zeol ites. In other places the foreign fragments 
are embedded in a harder, deeper red, more homogeneous groundmass. 

A study of thin sections shows that the hardness, colour, and homogeneity of 
the groundmass of the breccias ca n be related to the amount of magma present. 

The soft, fragmental rocks typically consist of frag ments of granite and gneiss, 
loose, angul ar grains of microcline, pl agioclase, quartz, rusty pyroxene, and biotite, 
as well as glassy to microcrystalline blebs and stringer cemented together by fine, 
unidentifiable rock powder and a la rge amount of hematite dust (Pl. IV A). The 
fragmen ts are mainly angular and fresh looking except for oxid ation products of 
the ferromagnesian minerals. The freshness of the rock fragments and the presence 
of thin glass thread and shards indicate that the rock was emplaced not far from 
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Geology and Origin 

the surface of the ea rth . It may represent either a true tuff-brcccia or more 
probably welded tufts, a mixture of gas, glass, du st, and wall-rock fragments 
extruded as incandescent clouds (nuees ardentes). 

In the harder rocks the magmatic material is mixed with the ox ide and rock 
dust, first as a p ale brownish, glassy to mi crocrystalline mass th at is diffi cult to 
distinguish from the contained rock dust. It is identifiable more pos itively in the 
rocks in which the gra in ize is large enough tha t evenly distributed, haphazardly 
o riented microlites of feldspar can be seen aga inst an isotropic background . As the 
amount of foreign material in the rock decreases the grain size of the prim ary 
magmatic m aterial in the breccias increases, reflectin g the dimini shing effect of the 
chilling action of the wall-rock debris. 

Interesting reaction phenomena ca n be obse rved between the fo rm erl y molten 
fraction a nd the enclosed fore ign mater ial ( Pl. lV B ). The fe ldspar, quartz, and 
different rock gra ins take on a rounded form as they become corroded and 
a bsorbed by the Java along the edges. Most of the rock fragments have recrystallized 
a long the edges to fin er gra ined , commonly isotropic mater ial , a nd the sma ller 
grai ns stand out from the magma ti c groundmass onl y fa intly as ro unded patches 
outlined by rims with a sli ghtly diffe ren t texture, mostly a llotriomorphic as com
pared to the more idiomorphi c tex ture of the groundm ass , and by slightl y different 
proportions of minerals. In single minera l gra in s it may be difficult to decide 
whether the grain s represent phenocrysts o r pieces of wall-rock. Generally if they 
a re foreign gra ins they show evidence of reaction with the magma. T he plagioclase 
grai ns commonl y are surrounded by an almost isotropic aureole presumably a 
mixture of glass and more ca lcic pl agioclase. The qu a rtz and microcline gra in s in 
some thin sections a rc surrounded by a rim of pyroxene and iron ox ide. Probably 
these gra ins acted as crystallization nuclei for ea rl y fo rmed crystals in the magma . 

The dacite lavas arc massive, fine-grained rocks, weathering yellowish to red
dish grey. Except fo r the colour va ri a tion in red and grey they a re homogeneous 
throughout the island. The colour of the rock appears to re fl ect the degree of 
oxid ation of the iron-bearing minerals, probably as a result of different degrees 
of mixing with surface air at the time of the extru sion. Two chemical analyses of 
the lava have been performed, one of the red va riety a nd one of the dark grey. The 
analyses a re fairly simil ar but the slightly lower CaO/ NaO and MgO/ FeO ratios in 
the grey specimen show that it represents eithe r a more advanced stage of fractiona
tion or alternatively a sm aller degree of mixing with ass imil ated wall-rock material, 
more probably the latter. The specimens were taken fro m widely different parts 
of the isla nd , suggest ing that the lavas have a fairly constant chem ica l composit ion 
everywhere and probably are the result of a single period of eruption. 

The dark grey specim en is composed of approxi mately 60 per cent plag ioc lase, 
including antiperthite, 15 per cent quartz, 15 per cent sanidine, and 10 per cent 
pigeonite (Pl. V A). A part of the rock is too fine gra ined for the mineral 
constituents to be identified positi vely in the thin sections, bu t the calculated norm 
agrees fa irly well with the estimated mineral content. The main mass consists of 
fine-grained, h aphazardl y oriented , anhedral to subheclra l tablets of plagioclase 
(2Vz85 °) with pronounced zoning and with or without multiple twinning. Scattered 
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Si02 
Ti02 
Al20 3 
Fe203 
FeO 
MnO 
MgO 
Cao 
Na20 
KiO 
HiO 
P20 3 

Si02 
Ti02 
Al203 
Fe203 
FcO 
MnO 
MgO 
Cao 
Na20 
KiO 
HzO 
P20 3 

Chemical Analyses of Lavas 

weight % cation % 

I. Grey dacite (GSC No. A934) 

63.5 60.0 
0.6 0.5 

16.0 17.8 
2.9 2.0 
J.87 J .4 

2.7 3.8 
4.7 4.8 
3. I 5.7 
3.3 3.9 
I . 3 
0 .3 0.2 

2. Red dacite (GSC o. A935) 

62.0 59.3 
0.6 0.5 

15 .7 17.7 
4.5 3.2 
0 .72 0.6 

3.0 4.3 
5.0 5.1 
2.9 5.4 
3. l 3.8 
l. 36 

molecu lar norm 

Or 
Ab 
An 
Q 

Di 

Hy 

Ap 
11 
Hrn 

Or 
Ab 
An 

Q 
Di 
Hy 
Ap 
Tl 

Hm 

19.4 
28.4 
20.5 
JS. I 

J. 2 

8.2 
0.6 
1.0 
2.0 

19.0 
27.2 
21.3 

17.8 
3.6 
7.1 

0.9 

3.2 

subhedral to euhedral microphenocrysts of plagioclase, mostly with an antipcrthitic 
texture in the central part, are al o present. Most of these grains are surrounded by 
an untwinned, unzoned rim that is probaly sanidine. Patches consisting of crypto
crystalline feldspar and quartz make up about 10 per cent of the rock. Another 
10 per cent is made up of micropegmatitic intergrowths of quartz and sanidine. The 
quartz commonly is in networks of thin spears of uniform optical orientation sur
rounding euhcdral sanidi nc grains. Pigeonite occurs as anbedral grains partly 
scattered through the rock, partly concentrated in patches. 

The red variety of the lava has an almost identical mineral composition and 
texture except for the greater abundance of iron oxide dust and alteration products 
of the ferromagncsia n minerals. The pigconitc grai ns arc partly or completely 
altered to tremolite and talc and arc surrounded by red oxidation products, partly 
hematite, partly a deep red , iddingsitc-like mineral. Other thin sections of the 
massive rocks are very simi lar, so that the chemical analyses are p robably repre
sentative of most of the magma core of the island . 
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A special rock type was seen in an outcrop on one of the low shoals in the 
centre of the lake, and in a few outcrops on Volcano Island. It is a grey massive 
rock with a coarser texture than the volcanic rocks, and consists of pyroxene and 
partly or completely fused plagioclase (PJ. V B). 

The exposures on the shoal consists of medium-sized anhcdral grains mixed 
with patches of light coloured isotropic material that appears to be fused plagioclasc 
grains. Locally, along the edges of the pyroxene grains the glass has been devitrificd 
into radiating, microcrystal line, brown spherulites. The pyroxenes are of two types , 
a pale augite (faintly plcochroic in pale red and pale green, 2Vz 70°, Z C 35 ° 
and a bronzite (X, pa le greenish brown; Y, dark greenish brown; Z, green; 2V" 
between 60° and 70°). Minor biotite also is present. 

Another fairly coarse grained, pyroxene-bearing rock makes up an outcrop 
we t of the summit in the central part of Volcano Island. It consists of colourless 
clinopyroxene mixed with plagioclase whose crysta l. structure has been almost 
completely destroyed by fusion. Along the edges of the pyroxene grains is a rim of 
finer grained olivine granules partly altered to iddingsite. A part of the slide has CJ 

mylonitic texture, the pyroxene and feldspar grai ns having been broken down into 
a jumble of finer grained fragments. Dark green chlor ite occurs with the pyroxene in 
these places. 

Structural Features 

The short stay on the island did not allow a complete study of the structural 
relationships of the rocks, but the collected data give a fairly good general idea of 
the makeup of the island. 

As the lavas and breccias in most places arc completely massive it is difficult 
to deduce the orientation of the flows. In a few places on the cliffs on the south 
side of the island a rough horizontal layering was noted in the breccias, produced 
by a parallel arrangement of the wall-rock fragments (PJ. JIB). Also, the vertical , 
columnar-like jointing in the breccias indicates that the movement of the breccias 
during their emplacement along the edges of the islands was in a horizontal direc
tion. On the other hand , in some places away from the edges of the islands, particu
larly, in stream-cut gullies in the south-central part of the island, the columnar 
jointing is replaced by a clo cly spaced, vertical east-west striking, almost slaty 
cleavage. The slaty cleavage and the east-west trending ridges characterizing the 
island are best explained by an upward movement of magma along a central east
west trending axis. The fact that the rocks apparently flowed sideways along the 
edges of the hills at the time of their emplacement and the tuffaceous nature of 
some of the breccia rocks are good evidence that the rocks were emplaced on the 
surface of the earth from volcanoes. Probably the breccias with their contained 
wall-rock debris were pushed out in front of the lava flows and along their fringes . 
Where a clean channel had been produced the clean massive lava poured out from 
the centres of the vents and pi led on top of the earlier ejected breccias. To what 
extent glacial and river erosion have modified the shapes of the volcanic ridges is 
not known and it is unwise to attempt to ded uce too much about the structure from 
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the landforms. The streamlined shape of the east-west trending ridges is of course 
a result of glacial erosion and the preglacial form of the volcanoes may have been 
profoundly different from their present form. However, it seems reasonable to 
assume that the different ridges represent separate lava outpourings and some of the 
lakes may represent remnants of the original craters. Most of the lava making up the 
island seems to have been frozen in the act of breaking its way to the surface, but 
some of the long tongues striking out towards the centre of the lake in the western 
part of the island (Fig. 3) may represent surface flows that have spilled over the 
breccia rim and flowed down towards the inner basin. The same interpretation may 
be offered for the fl at inward-sloping tongue on the island northeast of Volcano 
Island and perhaps also for the west parts of the other islands along the east side 
of the island ring. However, a more extensive study of the islands is needed before 
any definite conclusions as to the mechanism of emplacement of the lavas can be 
drawn . 
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FIGURE 4. Schematic section illustra ting suggested mode of formation of Clearwater Lake. 

Limestone Float 

Much limestone float was seen by the writer on Volcano Island, principally 
along the shore on the southwest side of the island. The fl.oat is mostly rounded 
boulders but just east of the camp a large block of about 20 square feet was seen 
(Pl. III B). It is probably from a local source, having been preserved in down
faulted blocks of the calderas from a time when limestone covered this part of the 
Canadian Shield. 

Proof that the limestone predates the formation of the caldera and the extru
sion of the volcanic rocks was found in the form of a large block of crystalline lime
stone within the volcanic breccia itself. The block is a slab about 20 feet in diameter 
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on top of the hill at the east end of Volcano Island (Pl. III A). It is in contact on 
three sides with the red breccia and is altered along the contacts to wollastonite 
and other ca lc silicates. About 100 feet west of this block another smaller block of 
a ltered limestone sticks out of the moss , but it is not certain that thi s block is in 
place. F urthermore, several blocks of altered limestone we re noted in the ta lus 
slope below the breccia cliff west of the camp. 

The crystalline limestone presumably represents fr agments caught in the 
magma as the lavas broke through the limestone layer. Whether limestone still is in 
place in the basins is of course not known, but it seems likely that some may be 
preserved on the bottoms of the lakes, particularly under the lava flows . 

Low, in his report of 1887-88, mentions the occu rrence of a limestone 
boulder on top of a hill near the outlet of Clearwater Lake. This observation , how
eve r, was buried in the li terature, so th at the discovery in 1958 by staff of the 
Dominion Observatory of a large amount of fossi li ferous limestone float on the 
islands between the two basins was a complete surpri se. 

A number of specimens of this limes tone float were studied by G . W. Sinclair 
of the Geological Survey, and his observations a re given in Part II of this repo rt. 

Conclusions 

A preliminary examination of Clearwater Lake sugge ts that the circular 
basins of the lake are the results of volcano-tectonic proees es that took place in 
Mesozoic or early Cenozoic time. 

The following hypothesis seems to cover the known facts . The volca nism 
probably was preceded by a regional uplift in the area, possibly the same uplift 
that produced movemen ts along the circular rifts on the shore of the Belcher 
basi n. The uplift is believed to have been the result of emplacement of magmatic 
rocks at depth and a general ri e of iso therms in this part of the crust (Fig. 4) . 
The roof of the magma chamber caved in as a result of tension produced ei ther 
by cooling of the magma or by penetration of the magm a close enough to the 
surface to enable it to eject gases and pumice. As the circular collapse calderas 
were formed glowing ava lanches and dacite lava were ejected through a r ing dyke 
concentric with the side of the larger ca ldera . At the time of the collapse the 
Precambri an basement rocks still were mantled by Ordovician limestone. The 
limestone ca pping has since been eroded away from the surrounding area but is 
still preserved in the down-fa ulted blocks within the ca lderas and as fragments in 
the volcanic breccias . Co ncurrently with the eros ion of the limestone capping the 
tops of the larger volcanoes were levelled down to the elevation of the surrou nding 
peneplain, and glacial eros ion further modifi ed the form of the volcanoes. 

This very provi sional picture of the happenings at Clearwater Lake is based 
on incomplete evidence and is p resented mainly as a guide to further explorat ion. 
The lake is a fascin ating object for geological research and a fine tourist attraction 
and should be visited by other geologists who have access to the area. 
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PART II 

OBSERVATIONS ON THE ORDOVICIAN LIMESTONE 

Introduction 

Six pieces of limestone were submitted for examination, and registered as 
locality 44420, the individual fragments being numbered 1 to 6. The fragments 
are fresh and normally angular, and show no signs either of transportation or of 
prolonged weathe ring, their appearance being entirely consistent with the assump
tion that they were essenti ally in place where collected. 

The few macrofossils visible on weathered and broken surfaces suggested that 
at least some of the samples mi ght be of Ordovician age, but no certain conclusions 
could be drawn from them. Pieces of each sample were therefore dissolved in 
formic or acetic ac ids, and the residues searched for microfossils. After a preliminary 
report had been completed , the conodonts were examined by Dr. W. M. F urnish 
and Dr. Brian Glenister of the State Univers ity of Iowa, who kindly provided 
precise identifications which are included in the lists below. 

It is concluded that the sa mpl es are all of one age, and probably are derived 
from beds correlant with the R ed River Formation of southern Manitoba. 

Fossi l Dctcnninations 

Sample No. 1 
sponge spicules 
echinoderm fragments, includin g square crinoid columna ls 
Calapoecia sp. 
Catenipora sp. 
indeterminate brachiopod and gastropod fragments 
Drepanodus homocurvatus Lindstrom 
Belodina cf. B. compressa (Branson and Mehl ) 
Panderodus spp. 

Sample No. 2 
sponge spicules 
R eceptaculites sp. 
Streptelasma sp. 
Cyclocystoides sp. 
fragments of crinoids and ophiurians, including square columnals 
fragme nts of brachiopods, including ?Dinorthis sp. 
Hormotorna cf. H . gracilis (H all) 
Panderodus spp . 
Cordylodus robustus E th erington and Furnish 
Drepanodus homocurvatus L indstrom 
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ample o. 3 

sponge spicules 
echinoderm fragments, including cirrate crinoid columnals 
Cornulites sp . 
unidentified scolecodonts 
orthoid brachiopod 
Zygospira sp . 
H ormotoma? sp . 
Kraussella? sp. 
Panderodus spp. 
Cyrtoniodus sinclairi Etherington and Furnish 
casts of Leiosphaera 

Sample No. 4. 

sponge spicules 
echinoderm fragments 
Metaconularia sp. 
Arabellites sp., and other scolecodonts 
Hormotoma? sp. 
Panderodus spp. 
Leiosphaera macrocystis (Eisenack) 

ample No. 5. 

asty lospongid spicules 
R eceptacu fit es sp. 
Arabe ffit es sp. 
Streptefasma sp. 
echinoderm fragments, including squ are columnals 

and circular c irrate column als 
orthoid brachi opod 

Sample o. 6. 
Streptefcrsma sp. 
Catenipora sp. 
echinoderm fr agments 

Hon1ogeneiry of Samples 

Although each sample is small , so th at no complete representation of the 
fa una can be expected , the faunu les of samples 1, 2, 3, 5, and 6 are so simil ar 
that it ca n be sa id with confidence th at they are de rived from the same source . 
This simil arity is grea te r than can be ex pressed in faunal li sts, fo r many of the 
foss il fragments that can be recogni zed as being identica l fro m one sample to 
another cannot be ass igned to particular taxa, and so cannot be named. This is 
especially true o f di smembered echinoderms, which make up much of samples 
1, 2, 3, and 5. A squa re crinoid column al with distinctive markings occurs in 
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1, 2 , and 5: a small di sco id columnal with stout cirri occurs in 3 and 5: ophiuri an 
ossicles of di stinctive pattern a rc common . None of these can be assigned to 
described ge ne ra or species, but they a re recogni zable and valuab le in demon
strating the identity of the s:rn1plcs in which they occur . These five sa mples arc 
indi stingu ishable lithologica ll y. 

Sample 4 differs from the other five both physica ll y a nd fa una ll y. The tex
ture of the rock is somewh at more dense, and the residue from it was the only 
one containing an appreciable amo unt of clayey materi a l. However, the abundant 
Leiosphaera which dominates the sample seems to be represented in No. 3 by 
ste ink:e rns o f the sa me for m, and the conodonts fo und in sample 4 a re also pres
ent in J , 2, and 3 . It is felt th at the differences in aspect and prese rved faun a are 
not greater than could be ex pected in contiguous beds of the same fo rmation, 
and sa mple 4 is con sidered to be of the same age as the othe r five . 

Age of Samples 

Although indeterminate fragm ents m ay be used with some assurance to indi
ca te correlati on between the sa mples, onl y those spec imens th at ca n be referred 

to described ge ne ra or spec ies m ay be used as ev idence of age in broader terms. 
Many of the ge nera li sted above have ranges so long that they Jack significa nce, 

but o the rs are more closely restri cted. The presence of Calapoecia, Catenipora 

and R eceptaC11lites rul es out a pre-Wilde rness age: the Cyclocy.s toides indicates 
tha t the samples a rc not as la te as Siluri an. Thus, we ca n say with certa inty that 
the age of the sampl es is Middle or Upper Ordovician. 

Within thi s span, some co rre la ti ons may be rega rded as mo re probable th an 
o thers. The la te Wilde rness Sim a rd Formation of Lake St. John , which contains 
many of these genera, has been ra th e r ex tensive ly sampled for microfoss il s, and 
the suites recovered a re not si mil a r to those from C learwate r Lake, differing 

especi a ll y in the nat ure of the sponge spicules, which are ab undant in each but 
quite differe nt in detail. I am not famili a r with samples from beds of Trentonian 

age prepa red in such a way as to be comparable. 

Of all the samples I have seen, those most si milar to the present m a terial 
were de ri ved fro m the D og H ead Member of the Red Ri ve r Form ation of Lake 

Winnipeg. A tenta ti ve conclusion th at the C lea rwater L ake beds might therefore 
be E deni an had been reached before Furnish and Gleni ster 's report on the cono

donts was made. They find ( in a letter of April 19, J 960) tha t the significant 

speci es a re Cordy/odus rob 11.stus and Cyrtoniodus sincfoiri, both of which were 
described from the Gunn M cmb:: r o f the Stony Mountain Form ation , which i 
the member immediately ove rlying the R ed Rive r Form ation (see Ethe rington 

and Furnish , J. Pal., M arch 1960, pp . 265-274). 

Since two Jines o f invest igatio n each suggest a co rrela tion with the E denian 

or M aysvilli an stages , thi s may be accepted as a reasonable approximation , keep
ing in mind the sma ll size of the ava ilable samples. 
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Palacogeography 

A large part of the interest in th e Clearwater Lake occurrence lies in the 
fact that it is so far within the Shield , and so distant from previously described 
Ordovician areas. It would be well , then, to a ttempt to incorporate this new 
information into the general picture of Ordovician geogrnphy, eve n though many 
points are still obscure. 

The sea in which the Clearwater Lake limestones were deposited was derived 
from the north , as it brought with it the genera ( Calapoecia, Receptaculites, 
Catenipora) which have come to be known coll ectively as the "Arctic Ordovician" 
fauna. This fau na, and therefore we ass ume seas from the no rth , apparently never 
extended so far to the southeast as the Mingan-Anticosti region. ln this direction 
the fart hest recorded limit is in the dis trict north o( Ch icoutimi, where the Simard 
J<o;mation (of la te Wilderness age) carr ies this Arctic fauna (see Sincl air, 1953 , 
p. 845). However, by the time that the C learwater Lake beds were laid down, 
the margin of this northern sea had shifted, for we have in the Saguenay Val ley 
beds extending throughout the Trentonian and Edenian, and in the Richmondian, 
in which there are no northern elements, the fa un a being entirely southern in 
aspect1 . Thus we must imagine a southern sea extending somewhere north of 
Lake St. John , but not so far as Clearwater Lake, and a separate northern sea 
extending some distance south of Clearwater Lake, but not so far as Lake St. John . 

More directly to the south , we know that a northern sea covered the district 
arou nd Haileyb ury and New Liskcard o n Lake Timiskami ng in Trcntonian time, 
but unfortunately we cannot say when it arrived or how Jong it stayed, as the 
Liskcard Formation rests directly on the Preca mbrian and it is not known what 
beds may be between the Liskeard and the Silurian. All that can be said with 
certainty is that this sea covered Lake Timiskaming at a time when it had already 
withdrawn from Lake St. John. 

Tt has b een suggested above th at the most plausible correlation of the Clear
water Lake beds is with those found to the west, in Manitoba . Tf these regions 
were under water during Wilderness or Trentonian time, no convincing evidence 
of this inundation remains. The first recorded sea, which reworked the available 
fragmental material to form the Winnipeg Sa nd stone and then, as it cleared, 
produced the Red River Formation, see ms to have invaded the region in Edenian 
time. Later , probably at abou t the Maysvillian Stage, a new source of elastic 
material brought about the change in deposition which we see as the red Gunn 
Sha les. This Red River sea carries the A rctic fau na, but the avai lab le evidence 
docs not allow us to choose between the possibility that it was a vast sea, extend
ing as far east as Clearwater Lake, and the possi bi lity that it was a more restricted 
sea with sepa rate cmbayments to the east and to the west. 

1 Jn 1953 it was necessary lo leave open the question whether any beds lay between the 
S imard and the Shipshaw (S incla ir, A111. J . Sci., v. 25 1, p. 849). Later wo rk now permits the 
statement that such beds do not exist, and that the Shipshaw rests d irectly o n the Simard, and 
that the Lower Trentonian (Hull and Sherman Fa ll equiva lents) a re absent from th is region . 
This hiatus is not surprising, for if the Simard sea came from the north, and the Shipshaw sea 
from the south, it is reasonable to expect that there wou ld be a time be tween when neith~r 

would be present in this region. 
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Table of Suggested Correlations 

Stage Ontario-Ottawa L. St. John L. Timiskaming Manitoba 

Mays\illian 
------1-

Edenian Hallowell 
l

---·-1-
--- Gunn 

'"Utica·· 
Galrts 

RED RIVER 
Winnipeg 

------------1-

Trentonian Hillie1 
Sherman Fall 
Hull 

---- ----!-----

Wi lderness Rockland-
Kirkficld 

Shi pshaw LIS KEA RD 

SIMARD 

Clearwater 
Lake 

xxxxxx 

Formations that carry the 'Arctic' fauna arc in capitals, others are given to 
provide a context. The names of Ottawa Valley and Centra l Ontario formations are 
included for comparison. Relative position only is indicated , with no suggestion 
that the limits of units coincide from one column to another. The Liskeard and 
Winnipeg rest directly on the Precambrian; the Kirkneld and Simard are under
lain by older Ordovician beds. Tn al l these regions you nger beds are omitted as 
irrelevant. 

Note on Leiosphaera 

As this organism is so abundant in one of the C learwater Lake sa mples , and 
has not been noted in America before, a brief note may be in order. 

The fossils as found are partly collapsed spheres, mostly between 0.3 and 
0.5 mm in diameter, with an extremely thin wall, or amber colour (that is, various 
tones of orange-brown and red-brown). No appendages have been seen on our 
material, and the origina l surface seems to have been smooth. This evenness of 
surface is now broken into large depressed facets separated by na rrow rounded 
ridges, but these show no regularity of arrangement and are clearly the result of 
partial collapse of the sphere after shrinkage of the material filling the interior. 
Although specimens are abu ndant, no ne has been observed flattened, and from 
this fact it is assumed that the sphere contained some orga nic material suffi ciently 
solid to maintain its shape until the surrou nding matrix had become consolidated . 

That the spheres were not empty is also attested by the occurrence of stein
kerns in the residues; some in sample o. 4 with patches of test adhering, in sample 

o. 3 without them. These samples show no surflcial signs of si licification, and the 
residues are so small as to suggest that replacement was on ly partial and very 
selective. Yet the materia l within these spheres was replaced by si li ca, and so must 
have been composed of some material that differed from the matrix. 

Applying E isenack's name to this materi al mean s little, except to indicate 
that we have smooth spheres which arc the sa me size as th ose he found in the 
Baltic regions. Nothing is known of the bio logical nature of the spheres, no r even 
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C lea rwate r Lake, New Quebec 

if they were produced by p lants o r animals. R egnell has described in detail similar, 
but sma ll er, spheres from the Lower Ordovician of Sweden (Geo!. Faren. Forhandl. 
Bd. 77 , p. 546, 1955) and E isenack has di scussed their relationships to other 
sphero id fossi ls ( Palaeontographica, ser. A, Bd. 110, 1958) . 
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PLATE 1 

S.H.K., 1959, 2 -8 

A. Volcano Isl and - view westward across western cross-valley; lower flank 
of hill in background is vo lcanic breccia , upper part is massive do cile. 

S.H.K., 1959, 2 -1 

B. View over northwestern part of Volcano Island, 
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A. Cliffs of volcanic breccia with columnar jointing 
southeast side of Volcano Island. 

PLATE 
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S_H.K., 1959, 1-15 

S.H.K., 1959, 2-2 

B. Granitic fragments in 
volcanic breccia. 



PLATE Ill 

S.H.K., 1959, 2 -13 

A. Crystalline limestone in contact with volcanic breccia . View from ea st end 
of Volcano Island with the southeastern basin of Clearwater Lake 
visible behind the islands of the horizon. 

B. Block of Ordovician limestone on Volcano Island. 

S.H.K., 19 59, 2-14 
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Jll908 -D 
PLATE JV. A. Photomicrog raph of soft breccio showing rock fragments and shards in opaque, 

fine-groine d ground mo ss consisting ma inly of iron oxide. Non- polarized light, X 18. 

111908 -B 
PLATE IV. B. Photomicrograph of hard breccio showing corroded rock fragments in fine

g ro ined lava . Note rim of iron oxide a nd pyroxene around the rock groins . Non
polorized light, X 18. 



111908 -C 

PLATE V. A . Photomicrograph of dark grey lava ; composition given in analysi s 1. Polarized 
light , X 18. 

111908 -A 

PLATE y _ B. Photomicrograph showing rock com posed of pyroxene and g lass, proba bly 
fused feldspar. From shoal in centre of Clearwa ter Lake. Polarized light, X 18. 
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