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THE GuiOLOGY O rART OF

Tri3 "LABxLDOR TrOUGH" oO0UTn OF LIAF LAKE

IhTrODUCTLON

General

This thesis presents a description and interprstation

%

of the geology of an area of approximately 225 sguere miles,
located in the cxtrems northern part of the province of
Luebec and covering gart of the so-called "Labredor Trough™",
It is hesed on fiela meppling done during the summer of 1902
for Fenimore lron ¥ines Limited and laboratory investisetion
at MeGill Uanlversity duriung 1952 ana 1933,

%5 the explorstion work on uwhich this thesis 1s based
was undertaxen Gy a private corporation, no reference will
be made TO the sconomic potentiality of the region,

5 series of maps, scale one ianch equals oidle half-wile,

accompanies the report.

Logcation

The area is situasted about 4C miles west and southwest

of Ungeve Bay in the south centrsl ssction of the rort Chimo



2.
toposraphic map shest(l). It lies between latitudes 58° 05!
and 58° 37' and longitudes 70° 00' and 70° 11', extending
from a point ¢ miles south of Leaf Lake, whick is actually
n indentation of Ungava Bay, southward a distanée of 40 miles
to straein Lake. 'The width of the map aresa varies from thrse
to eight miles and includes the total width of the usual iron-

tearing seaiments of the "Labrador Trough".

Aceass

The town of rort Chimo, with its sirstrip and nort
facitities sufficient for small vsssels, is the acarest
supply centre to the arsa. (sse msp No. 1) Float plancs
from ksre provide local transportation to the laterior;
while fishin: vessels may navigate along the cosstliiue.

The harbour at Yort Chimo is usually ice-free from Julv until
Octover.

buring the summer of 1952, s=za planes from the company
alr p=se at ingx Lsake providea cormunication asnd su:plies
ror the field particss.

The Chioack niver, wiich empties into Leaf Lake, is
reaully w:vigable oy canoce within the map srea, However,
the stretch from IFinger Lake to Leaf Laxe, a distance of

8ix miles, i1s too rocky and shaliow for water traansportation.

(1) Fort Chimo mep sheet: National Topographic Series, canada
Departiaent of Yines and Technicel Surveys, Ottawe. Preli-inary
#»Gition 19%4o. ocale & miles esyuals 1 inch.
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History

The earliest recorded travel by "white man™ in this
part of the Ungava peninsula was carried out by Dr. Mendry,
who in 1827 crossed from Richmond Gulf on Hudson Bay by way
of the Larch and Koksoak Rivers, to establish Fort Chimo as
a trading post.

The first geological work in this district was carried
out in the years of 1893 and 1896 by A. P. Low of the
Geological Survey of Canada. 1In 1893 he descended the
Koksoak River to its mouth and mapped various crossgs-sections
of the formations along the banks. The results of this work
were published in 1895(Low 1895). In the year 1896, Low
made a journey from Richmond Gulf up the Clearwater and
Stillwater Rivers to their headwaters and descended the
Larch and Koksoak Rivers. He again mapped numerous Cross-
sections along the banks of the Larch and Koksoak and
corrected some of his previous sections. Subsequent to this,
widespread geological surveys by the Iron Ore Company of
Canada have greatly clarified the geological picture in
this region. The government surveys of Canada dnd the
province of Quebec are at present examining sections of the
"Labrador Trough"; their findings have been made available
recently in preliminary report form. However, the geological
information of this large region is largely the work of

private companies.



The area covered in this report was staked for
Fenimore Iron Mines during the years 1950 and 1951 and

in the fall of 1952.

Climate

The climate during the field season of 1952, which
was considered normal by the natives, was most agreeable.
Exact measurements of temperature and humidity were not
taken, but they were generally in a moderate range and the
rainfall was light.

It is much milder with generally less overcast
weather than farther south in the vicinity of Knob Lake,
or as it is now named Shefferville., This is probably due
to the difference in the elevation, as the map area is
within 50 to 150 feet of sea-level, while Knob Lake is
nearly 2000 feet higher. It is also possible thet neigh-
bouring Ungava Bay may be responsible for the milder
temperature,
| Very little snow remained after May in 1952, and
"break-up" occurred shortly after the first of June. The
first snow arrived during the second week of September, but
the ground was mainly free of snow, and the temperature

agreeable until the fourth week of October.



Timber

The country is completely barren of timber from
Finger Lake northwerd. In the valleys south of this lake,
there are small patches of trees, mainly tamarack, which
provide sufficient tent poles and firewood for the require-
ments of a small camp.

There are no stands of trees suitable for commercial

lumbering.

Methods of Mapping

The area was mapped by traversing the country at
right angles to the strike, & half mile intervals. The
geological details were marked on asrial photographs
(scale 1/2 mile equals 1 inch) supplied by the Royal
Canadian Air Force. This geological information, along
with the topographic details, was traced onto a base map
of the scme scale prepared by the author from a series of
aerial photographs joined in as undistorted a manner as
possible.

This method proved to be fast, accurate and particulariy
suitaple for observing and recording structural geological
details.

Particular attention was paid to those areas adjacent

to and including the iron formation.
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GEOLOGY

General Statement

The "Lebrador Trough" is a belt of folded and
faulted late Precambrian volcanic and sedimentary rocks,
surrounded by older gneisses. It 1is at least 600 miles
long, extending from Ashwanipi Lake north to the north-
west corner of Ungava Bay,and thence northward along its
west coast. In the vicinity of Knob Lake, Labrador,
Dufresne (1953) states that this zone is about 60 miles
wide. The width on the area described in this report is
unknown, although the zone of purely sedimentary rock is
much narrower than farther south.

Gill (1952) refers to this belt of folded and faulted
late fredambrian Sediments as the "Ungava NMountain-built
Belt"., This is a more appropriate term than the "Labrador
Trough", as this area is not a depression, but lies at

the same elevation as the surrounding country.

Topography

The topography of the area concerned in this report
has features typicgl of the "Labrador Trough" as described
by Kirkland (1950), Hogan (1950), Harrison (1952) and
Dufresne (1952). The predominance of low eastward
dipping, north-south trending ridges and valleys is

characteristic,



The ridges are generally underlain by resistant
rocks, such as quartzite, iron formation, dolomite, or
volcanic extrusives. These dip at low angles to the east.
Thus the ridges have a steep western face and slopne
gradudly into the valleys on the eastern side. The valleys
are underlain usually by shales, schists, or friable
contact zones. Ixcept for local areas, there is usually
only a thin cover of glacial debris.

The pre-glacial drainage system was well adjusted to
the bedrock structure. It was later modified by glacial
scour and the irregular deposition of drift. The crests
of the ridges are generally of about the same elevation,-
forming the even skyline so characteristic of the Canadian
Shield. On maps and aerial photographs the elongate
north-south drainage pattern of the area may be readily
distinguished from the rectangular pattern of the
surrounding gneiss (see Plate 3.).

The region lies between 200 and 400 feet above sea-

level, and local relief is commonly about 100 to 150 feet.



PLATE 1, Aerial photograph of eastward dipping, north-south
trending ridges of resistant volcanic rock.

B

[+

PLATE 2. View looking north along Labrador Geosyncline,
note eastward dipping ridges with steep west faces
on horizon,
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PLATE 3. Aerial photograph showing rectangular drainage
pattern of the gneiss (on the left of the photo-
graph), and the north-south trending drainage of
the sediments. (to the right).
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Glaciation

Fleistocene zleciation has mocified aetalls of the
tocography of this part ol juebvec, howsvier, its coffect
has not been of sufficient conseyuewnce to destrov the
mature river svstem of rra-gzlacial times. Hill-tops are
rounded, smootined and polished; pwoucking probably took
place along the sides of the ricges. ‘he valleys may
have. been deepgenea, and small water-filled (epressions
on top of the hills pronzivly ows their orizin to the
scouring zction of the overriaing ice. Glacial forms
such as rochss moutonnées, striaec, and steepened slopes
are common., ‘[The overburden of the area sxhibits many
interssting phenomana and figures prominently in the
topography of the district.

Glaciesl striae are common, anc are pzarticuisrly
well-preserved 1n the ares of volcanic =nd intrusive rock.

Gond
Their strike veriss vetween 1559% to 383°%, a varistion of
some 40°. There is some suggestion that ths more easterly
striking set is the oldar.

In the srea south and =zast of ‘Leeter vak:z, there are
very large, angular blocks of conglomerate (up to 30 feet
squere), which h&sve peen moved by ics. Their present
location indicates thst the resultant oilrsction of movemsnt

has been betwsen I 2001 and N 6598,
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. View of Finger Lake Aresa.

PLATE 6. View of the Granite Gnsiss Area, west of
Finger Lake.

12.
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Roche moutonnée structure is common in the gneissice

areas, This feature suggests again that the movement was
from south-west to north-east. It thus appears that the
direction of movement of the main mass of ice was in an

E N E direction., It seems probable that much of the
movement within the rock vallsys was deflected northward
by the well-developed stzsep west-facing slopes.

This northward movement, particularly in the later
stages, would in turn steepen and form cliff-like edges
on the east side of the valley. Inasmuch as the river
and stream-formed topography was not obliterated when
the ice moved across the trend of the predominant feature,
it is likely that glacial abrasion during the last
glaciation was not sufficient to remove great thicknesses
of rock.

The principal valley within the map area is that
which includes Strain, Bones, and Finger Lakes, and the
Chioack River. Glacial deposits along its edges, including
kames and kame terraces, suggest that it contained a tongue
of ice, which during later stages probably behaved as an
inactive vealley -glacier.

The east bank of Strain and Bones Lake’is composed
of typical glacial gravel. It rises steeply and evenly
in a manner common to a sand or gravel slope., At an
elevation of about 50 to 100 feet abovs the lake, it
levels off and continues eastward to the rock ridges.

Similar deposits occur at other localities along both east
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and west sides of this valley. It is perhaps most
gtrikingly exhibited along the side of the North Arm of
Finger Lake (Plate 7),where these gravel deposits are about
1 mile long and reach a height of about 80 to 100 feet above
lake level; their lake faces lie at the angle of repose of
gravel (about 350). The tops of these deposits are even
and level. They occur at approximately the same height on
both sides of the lake. They are upstream from rock
promontories which probably played a part in forming or
preserving these structures. They have the properties of
kame terraces , in places they have been incised by small
streams.

In Bones Lske there are two gravel points which are
in line and separated by half of a mile of open water;
their total length is 3 1/2 miles, their width is 1/4 mile,
énd they rise to about 30 feet above lake level, Their
internal structures could not be studied from surface
exposures, but they are composed of sand and gravel. Their
shape suggests either an esker or a medial moraine. The
form of the valley and the type of gravel deposit indicates
that it is more likely an esker cut in half by later erosion.
In the vidinity of Strain Lake, there are eight
cone-shaped mounds of gravel, some of which are islands
(see rlate 8). Each is about 500 feet in diameter, and up
to 80 feet high. The material composing these mounds is
coarse to fine gravel. Boulders, one to two feet in diameter,

are common particularly in their lower regions.
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PLATE 7.

Aerial photograph of
Kame terrace along the
west silds of the north
arm of Finger Lakse.

ML

PLATE 8.,

a2l

Aerial photograph of
cone-shaped mounds of
gravel as islands 1in
Straln Lake.
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It seems probable that these piles of gravel were
formed by stream deposition in more or less circuler
holes in a residual stagnant ice mass. The term kame
moulin has been appiied to such deposits by Antevs and
VacClintock (1934),

Between Teeter Lake and Bones Lake, there is a thick,
stream-washed gravel deposit. Near its centre is a large,
circular, flat-topped, gravel hill about 800 feet in
diameter, rising about 75 feet above the surrounding plane,
These deposits must have formed during the later stages
of glaciation when Teeter Lake was filled with ice; other-
wise it also would be gravel-filled. Later streams o»¥
rivers have removed part of this gravel barrier between
Teeter and Bones Lakes. The eastern side of the present
stream flowing through this partisl barrier has two swing
cusps (Flatel2).

The combination of kames, kame terraces, and eskers,
within the Strain, Bones and Finger Lake valleys indicate
that this valley must have been the site of a thin residual
mass of ice at the close of the continental glaciation, and
that there must have been movement by water of glacial
debris through or over this ice mass.

Generally speaking the gravel accumulations on the
high areas are thin. The hill-tops are bare and the

broader high areas have only a thin covering of glacial
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gravel. This material generally has the nature of a
ground moraine. Frlate 10 shows this feature well.

It is impossible to know whether the scarcity of
material on the hill-tops is due to anondeposition or
erosive action. The general lack of boulders in these
areas suggests nondeposition, although it may be due to
their removal by streams, late in the glacial period.

wast of oStrain Lake, there is a striking and unusual
area containing numerous very small parallel lakes (see
Flate 9). They are usually less than a quarter of a mile
long, and there are hundreds of them in an area 3 miles
wide and 8 miles long. They occur in depressions on a
gravel-covered shale bedrock surface. The gravel is
relatively thin and consists of smalil river-washed pebbles
and sand. Scattered outcrops of shale indicate that the
lakes are orientated parallel to the attitude of the
underlying shale, It appears that a thin mantle of river-
washed gravel covers, relatively evenly, an undcqulating
shale surface., The fairly well-sorted nature of the gravel
indicates that it was stream deposited. It is postulated
that small thin tongues of ice lay in the depressions, or
over much of the surface, and that gravel was deposited on,
or around this ice, jand later the melting of the ice lowered
it to its present position. rerhaps lateral flooding from

the Strain lLake river channel played a part in this process.
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PLATE 9., Small parallel lakes to the east of Strain
Lake.

PLATE 10, Typical view of hilltops.
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Drainage

The drainage of this map area is typical of the
Canadian Shield. Flowage of the surface water to the
sea takes place through a series of attenuated lakes
connected by short stretches of fast water. This condition
of drainage is generally recognized as being the result of
the disturbance of a pre-existing river drainage system by
rleistocene glaciation.

The principal drainage artery is the system including
Strain Lake, Bones Lake and Finger Lake. These bodies of
water are joined by short stretches of rapids and falls.
The connection between Finger Lake and Leaf Lake is called
the Chioack River (Y). It consists of a stretch of boulder-
strewn rapids and 1s more than 10 miles long. The outlet
of Finger Lake is unusual. Instead of the water passing
through a narrow channel, it flows through a 1000 foot wide
dam of boulders. These boulders are between 1 and 5 feet
in diameter, and most of the original fine material, if such
was present, has been washed away, allowing the main volume
of water to leave the lake through these boulders. Much
of the flow of water is bpelow what appears to be the river
bottom,

The gravel along the rest of the channel is very
coarse and as there is a considerable drop, this is a

rough stretch of water.

(1) Chioack:-pronouneced ch® 50 ¥k which in the local
Eskimo tongue means gravel.
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The upland areas are drained by evaporation, surface
runoff, underground flow, and surface streams. Because of
the predominance of gravel and lack of vegetation there
are no muskegs and few swamps; instead the shallow depresSions
fill with water and are lakes.,

Aerial photographs of the shore of Leaf Lake, actually
an indentation of Ungava Bay, were studied to ascertain
whether similar shore line structures existed further
inland at elevations above the present sea level,

The shore line of wneaf Lake is characteristically
one of bare rock promontories and intermediate gently
sloping tidal flats composed of fine gravel, sand, and
clay. On these tidal flats where the tide rises znd falls
about 30 vertical feet, there is a re=dily discernible,
well-Geveloped trellis drainage pattern (see Flate 1l1).
With the aid of aerial photographs, similar structures
above sea level could be traced inland a distance of ten
miles to the region north of rFinger Lake. This area is
probably about 150 feet above sea level. Inland the
terrain has been slightly modified by the growth of moss
and the large spring run-off, ‘However, there is no
mistaking the appearance of these old tidal flats.

Accompanying the tide flats are bare rock promontories
which have been denuded by tidal currents and waves. The
contact between these two units is sharp and of uniform
elevation, This is in merked contrast to the rock ridges

found further inland which have a gradually diminishing
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l

T34
lade

Trellis drainsge pattern on the mud flats of
Leaf Lske; note continuation of this pattern
on the old tidal flats above the present sea
level.

ﬁhn

BLATE L&,

Two, two-swing cusps, Chioack River north
of Teeter Lake.
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soil mantle towards their top.

Thus those areas which were below sea level and
which were exposed to wave and tide action may be readily
distinguished from those which have characteristics denoting
glacier deposition., ZFrom this study 1t hes been estimated
fhat the land has risen about 200 feet relative to the
present sea level since the ice sheet melted away. This
figure is considerably lower than that suggested by Low
and other authors who mention marine terraces several
hundreds of feet above sea level.

The amount of solution of carbonate since the departure
of the glacier is shown on the outcrops in the Abner dolo-
mite, It is more susceptible to solution tnan other rocks
in the mgp area,and surface exposures show that up to 1 inch
of dolomite has been removed by solution since glacial
times. This figure was determined by measuring the reiief
of glaciclly polished and striated quartz stringers. Deter-
mination ofrrelief was made 1n plsces where rainfall,
moisture in the air, and snow were the only agents eroding
the rock surfaces.

About one mile west of Bones Lake in the Abner dolo-
mite .there 1is a small area with underground drainage. Here
there 1s a large depression, which must have veen formed by
glacial scour and subsequent solution, which resembles and

is similar in size to a football stadium (Plate 13 ).
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The bottom of this depression is about 150 feet wide and
400 feet long and is surrounded by steeply sloping walls
of dolomite from 30 to 70 feet high. The drainage from
this area is by way of a small stream through a tunnel in
the dolomite wall, This tunnel is about 10 feet wide, 4
feet high at the upstream end, and 10 feet high at the
downstream end. Solution of the dolomite aleng the joints
must have been the cause of the tunnel. An interesting
feature of the tunnel is the large blocks of dolomite
which have evidently been spewed out of its mouth (see
Plate 14). These boulders are between 1L and 5 feet in
diameter and are too large to have been moved by normal
stream processes. However, as they have obviously come
from the tunnel, the only satisfactory explanation seems
to be that they must have been moved to their present
position by a great force of water. This force would far
exceed the present capacity of the present stream, but
such a force might have resulted when a large mass of
dolomite gave way suddenly, after being weakened by
solution along joints, releasing a body of water in a
glacial-formed depression., Another possibility 1is that the
ex1lt from the depression might have been blocked by ice
during the winter and when melting took place in the spring,
the restraining block of ice suddenly gave way; the terrific
force of water released could then move blocks of dolomite

loosened by freezing and solution,
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PLATE 13, View of the Abner dolomite showing large
depression with underground drainasge through
a tunnel.,

FPLATE 14. Close-up of tunnel shown in Plate 13,
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Probably a combination of both conditions played a
part, beginning with solution along joints and ending with
a collapse of a section of the wall,
Half a mile further west there.is another similar but

smaller depression with underground drainage.

Trost Action

The action of frost is an important factor in the
cycle of erosion in this region. Frost wedging is an
important force in rock breakup in a region such as
this where freezing and thawing take place during
relatively long spring and fall periods.

Another less appreciated factor in the erosional
cycle in this type of area, is the reworking of gravels
due to ice stratification. In this regard Beskow (page 28,
1947.) points out that silt with a grain size less than .1
millimeter has the ability to become ice stratified by
"sucking up" water. This phenomenon is dependent on the
surface tension of the water about such a particle.
Apparently as ice crystals grow towards a particle;the
surface tension of the water is great enough to suckup
surrounding water if it is available. The observed result
is that layers of ice will form in a moist silt or gravel
with an appreciable guantity (not necessarily a major

proportion) of particies 0.1 millimeter diameter or less.




View of frost heave gravel creeping down
towards the obserwver.
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These luvsrs of dce very bstwesn ons millimeter and
several ilnchss 1n thicsnsass. 7There mayv be many such layers
in 2 thin vand of silt incrsasing the volume of the oriszinal
vanG up to 80 percant. Iin this manner the volume of the
weter in the soll 1s coasliderably iucreased, and the soll
will ©e 1lift-d above 1ts normsl level, when this mnass
thsws 1n the spring, the water is free to move and will be
under hydroststic oressure due to the overlyling soil, with
the result that the tendency will ve for it to move upward
towards the zone of diminished pressurs (zuravel surface).

This process will cause a reworking of the gravel,
and in combinstion with frost wedging, solution and dis-
integration will tend to move broksn fragmsnts of bsdrock
towards the surface,

This feature is important in prospecting for iron ore,
as often indicetions of an underlying ore body mzyv be found
in the overlying gravel, in the form of red soil and small
chunks of ore., .vidently the porous nsture of the ore makes
it particularly susceptible to frost wedglng.

The inecrsessed woter in the soil, due to melting of
ice stretification, causes the sugregate to flow down slopes
of 1 to 10 cegrees (ses Flate lu). The addsd moisture content
decreases the viscosity of the soils (gzravels with an apprec-
iable percentage of material finer than 0.1 millimeter) to

the point where they are able to flow,
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Usually the surface layer of gravel is fairly dry
and solid, but under this there is a mass of water with
fine material suspended therein., The whole slope does
not move at one time in a sudden or violent manner; rather
sections about 2 to 6 feet in dlameter behave as individual
units and slowly creep down hill (perhaps a few inches each
spring). These units are spparently areas where the water
collects after melting, in its attempt to get to the
surface,

These features are probably connected with the
formations of soil polygons as described by washburn (1952)

and others.
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PETROLOGY

The rocks underlying the area included in this report

consist for the most part of a relatively flat-lying

assemblage of sediments resting on older gneisses. The sedi-

mentary assemblage is similar to rocks described as Huronian.

TABLE OF FORMATIONS

FORT CHIMO GROUP

UPPER SHALES AND
SCHISTS

ABNER DOLOMITE
CHIOACK FORMATION

volcanics
shales
shale,tuffs,
schists

dolomite

conglomerates
greywacke
arkose
sandstong/eto.

LOCAL UNCONFORMITY

FENIMORE IRON
FORMATTON

ALISON UARTZITE

LOWER DOLOMITE

Spotted Silica

Carbonate - Chocolate weathering
Blue weathering (Layer chert)
Magnetite
Blue weathering (nodules chert)
Thin-~-bedded

Thinly-bedded Chert

Cherty Metallic

Thin-bedded Jaspery

Ferruginous Shale

black quartzite
grey quartzite
blue quartzite

UNCONFORMITY

GNEISS
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Overburden ig thin and structural details relatively
gimple, facilitating lith@logical examination of the members

of the series. They have been divided into stratigraphic

units as shown in the preceding table.

Lower Dolomite

There are three small outcrops southwest of Strain Lake
which are tentatively classed as part of a Lower Dolomite
horizon. A horizon such as this is found further south on
the Fenimore property and as part of the sequence on the
property of the Iron Ore Company of Canada. There are dolo-
mitic pebbles and boulders in the Chioack conglomerate which
indicate that there is a dolomite older than the Chioack.

These outcrops consist of a very fine-grained, dense,
medium green—coloured,massive rock, composed mainly of
dolomite., It is easily distinguished from the Abner dolomite
because of its lack of quartz stringers and its green colour,
Alsé the lower unit of the Alison quartzite in this district
has a green dolomitic cement; a further suggestion that the
dolomite is an earlier sediment.

West of the south end of Finger Lake along a river bank,
the lower dolomite 1s overlain by a massive dark chert unit.
This chert comsists of a very fine mosaic of quartz. It is
fractured in places and cut by thin gquartz and carbonate

stringers,
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Ailson wuartzite

General oStatement

The Alison quartzite underlies the iron formation
and is widely distributed along the western border of
the map area., It resembles trhe wishard quartzite of the
Knoo Lake area and occurs in a similar position in the

stratigraphic sequence.

Distribution

As this member is resistant to erosion, 1t is
usually found wherever the base of the series is exposed;
mainly along the western border of the "Labrador Trough".
The thickest exposure of the Alison quartzite occurs
west of the centre of Strain Lake,where the true thickness
is about 75 feet. WNorth of this locality at Irony Lake,
the greatest exposed thickness in a éingle outcrop is
50 feet, west of the horth arm of Finger Lake the exposed
thickiiess is <0 feet, However, 1n these two last mentioned
areas, the base oI the member 1s not exposed,although the
relation of the underlying gneiss suggests that the guartzite

is provably about 75 feet thick.

Petrograovhic Description

The Alison guartzite 1s usually medium grey to blue
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in colour on fresh surfaces, and light grey on weathered
surfaces. It is composed almost entirely of rounded grains
of quartz between 1,4 and 1 mi.limeter in diameter, These
grains are clear, fresh, and usually frosted. The frosted
surfaces of the grains can usually be observed on weathered
surfaces. The grains are closely packed and commonly cemented
by silica, mainly in crystal continuity with the original
greins (see Plate 17 & 18). No feldsvar or ferro-
magnesium mineral grains were observed ian the rock, but small
chert grains are common, Fragments of rock other than chert
were not observed, nor could grains be found with abraded
secondary quartz growth.

The quartzite is hard ana resistant to erosion., Beds
are usually about 1 to 2 feet thick. Ripple marks, cross-
bedding, conglomerate beds or such structures were not
observed. The Alison guartzite is generally a massive,
uniform, thick-bedded,evensized, rounded-grain-rock with
readily discernible characteristics, both in the field snd
in the laboratory,which make it a good horizon marker.

Its most variable characteristic is the intergrsnuler
material. while it is usually silica, small amouuts of
carbonate, iron oxide, znd iron silicate minerals may be
present. These minerals change the colour of the rock;
however, the rouhded frosted quartz grains and the massive

texture are constant features.
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PLATE 17. Microphotograph of thin section of Alison quartzite,
% 18, erdinary light,

PLATE 18, Microphotograph of thin section of Alison quartzite,
x 18, polarized light.
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s

PLATE 19. Microphotograph of thin section of Alison guartzite
west of Strain Lake. x 60, ordinary light.

PLATE 20, Microphotograph of thin Section of Alison guartzite
west of the North Arm of Finger Lake. x 60,
polarized light. Note needles of stilpnomelane
cutting the edges of the guartz grains.
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In the area west of Strain Leke, the quartzite may be
subdivided into three sub-members depending upon the inter-
granular material.

Black quartuite
Grey quartzite
Green quartzite

The green quartzite is the lowermost member; its green
colour is due to a percentage of green carbonate as part of
the cement. This carbonate 1s similar to that of the under-
lying aolomite. 1t probably represents gradual change of
conditions of deposition in the basin.

The grey quartzite is as previously described; the
intergranular material 1s principally silica with small
cmounts of iron oxide and minnesotaite, and it 1s similar
to that in other parts of the map area.

The vlack guartzite 1s the uppermost member and is
about 20 feet thick. The blasck colour is due to a thin
iron oxide coating around many of the quartz grains. This
slack cuartzite also occurs interbedded with a black chert
in the lower part of the overlying iron formation.

wast of lrony iLake the upper part of the Alison quart-
zite is intervedded with 2 mgssive shaly iron formation.

west of the worth Arm of Finger Lake the quartz grains
of quartzite are surrounded by needles of stilpnomelane.
These prismatic grains cut the edges of quartz grains (see
Plate 20 ) and evidently they developed by diagenetic meta-

morphic chanze in the sediment.
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Origin

Krynine (1941) considers that high quartz sandstones
may form in three different ways: |
(1) First-cycle orthoquartzites which are the procuct of
intense chemical decay and destruction of all original
minerals except quartz.

(2) Second-cycle orthoquartzites which are the product of
reworking of the first-cycle type.

(8) "Cleaned greywackes"ga very local accumulation which is
the product of washing out of clay and silt portions of
greywacke.

He further states that type (1) may be differentiated
from type (2) inasmuch as the latter usually has much
detrital chert, contains fragments of earlier quartzites,
and many gquartz grains show abraded secondary growth (first-
cycle cement).

On this basis, the Alison quartzite would be classified
as first-cycle as it is of too great an extent to be type
(3) and has few if any of the distinguishing characteristics
of type (2).

The highly rounded nature of the quartz grains indicate
that the sands which formed the Alison quartzite may have been
washed and reworked many times. The relatively uniform size
of grain, degree Ol roundness, and composition iadicate a

high degree of maturity for this quartz sand.
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Pettijohn (1940) statas that grain frosting is a
feature little understood. It has been attributed to
aeolian action, though proof that water acticn is incepable
of producing frosting is lacking. He also says that the
similarity of the surface to that produced on glass by
hydrofluoric acid suggests that frosting might be the product
of prolonged sction by natural solvents. Roth (1939)
believed that it might be the result of incipient secondary
enlargement,

Twenhofel (1939) states that rounding of grains less
than 1/10 millimeter in diameter does not take place in
water, as the viscosity and the surface tension of the media
are such as to protect grains of this size from abrasive
contact, He postulates that frosting of this size of grains
is due to aeolian action,

In the light of present knowledge on the subject, it
appears that the Alison quartzite formed as a result of
complete chemical decay and destruction of =11 original
minerals except quartz and chert, The weathered material
80 produced was thorousghly reworked probably by aeolian
action, during Fre-cambrian times when no vegatation was
present., Possibly it took place on a relatively stable
old landmass, and was subsequently deposited by water and

wind in an extensive basin.
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Fenimore Iron Formation

General Statement

211 the exposures of iron formation within the map
area oelong to the same stratigraphic unit and have been
folded and faulted into their present position,

The thickness of the formation is commonly about
100 feet,although north of Yinger Lake it thickens to
about 150 feet. The thickness is readily determined on
the sides of cliffs where the whole formation is exposed
and where there is no complication due to folding or
faulting.

This formation rests coniormably on the Alison
quartzite and is overlain by the Chioack formation,
There is a local disconformity between the Chioack and
Fenimore iroan formations.

The renimore iron formation 1is a sedimentary rock
composed of chemicairly precipitated, banded, ferruginous
cherts. The principal minerals are quartz, chalcedoay;
carbonates of calcium, iron, magnesium, and manganese;
silicates:- iron chlorite, minnesotaite, stilpnomelanse,
and riebeckite; and oxides:- magnetite, hematite and

limonite.
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PLATE 21. Exposure of Fenimore Iron Formation east of
Irony Lake.

> o

PLATE 2&. Outcrop of Fenimore lron Formation, showing
layers of chert and layers of iron carbounate.
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PLATE 23, Microphotograph of thin section of Ferruginous
shale east of Irony Lake. x 270; polarized light.

m - magnetite
s - sliilpnomelane
¢ - chalcedony-iron chlorite groundmass
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The Fenimore iron formation consists of a number
of sedimentary units of different composition., These
may be most logically divided iauto the following groups:

Spotted silica iron formation.
Carbonate iron formation,
Thinly-bedded Chert iron formation.
Cherty lMetallic iron formsation.
Thin-bedded Jaspery iron formation,
Ferruginous sShale iron formation,

These divisions have distinct lithological charact-
eristics which may be distinguished megascopically. 1n
some instances one membver may grade into another, but
commonly the transition zone is sharp and well defined.
Usually a given member may be traced for several miies
along the strike, however, the thickness may vary and
often units pinch out entirely. Actually the Fenimore
iron formation consists of an assemblage of lenses of
fairly well defined character and sequence, although one
or more may be missing in any locality.

The divisions with the greatest thickness and aerial
extent are the Cherty letallic, Carbonate, and opotted

Silica iron formation.

Ferruginous 3Shale

This 1s a relatively thin member of the series,
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exposed only in the northera part of the map area. Out-
crops of this unit appear to be normal fine-grained shale,
however, closer examination reveals that it is composed of
the same minerals as the rest of the iron zormation, and

consequently belongs to the iron formation series,

Distrivution and Thickness

dast of Irony Lake the Alison guartzite is overlain,
and in part interbedded with a dark brown massive shale.
This shele,classified as the Ferruginous Shale,is less
than ten feet thick but it occurs consistently along the
base of the iron formation for a distance of three miles.

west of the west arm of Finger Lsxe the base of the
iron formation is not exposed and the presence of this
memper could not be determined.

west of the north arm of singer Lake the Alison
guartzite has a high percentage oi inter.ranular material
similar in composition to that oi the Ferruginous Shale,
which would seem to indicate that similar minerals were
deposited but in different proportions.

Nortn oif Finger Lake there i1s a quartz-sericite schist

along the base of the iron formation. It is believed that

this is the metamorphic eqguivalent of the Ferruginous Shale,




FPetrographic Description
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East of iIrony Lake the fresh massive shale is dark

grey to black on fresh surfaces,
weathered surfaces., The rock is
scratched with a knife., Bedding
bedding plane fissility as there
the stratification,

In thin section the rock is

and dark grey to brown on
fine-grained, soft and readily
is apparent only due to

is no colour gradation across

geen to be composed of:

304 magnetite

35% stilpnomelane
35% very, very fine-grained chalcedony and iron
chlorite,

Chip samples across the formation assayeénas follows:

Fe Mn 5102

30.7 .95 54.78
24.3 1.25 44,78
24,3 .85 45.46

The rock consists of a groundmass of extremely fine-
grained chalcedony and a pale green mineral (0.002 to 0.01
millimeters in diameter) containing coarser grains of magnetite
(0.003 to 0.07 millimeters diameter)‘and grains of stilpno-
melene (0.01 to 0.1 millimeters diameter) (See Plate 23).
Much of the magnetite is present as octahedrons 0.0l to 0.07
millimeters in diameter. These grains may be original, or

the products of recrystallization.

(1) Assayer: Fenimore Iron Mines Limited.
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The grain size of the chalcedony and the pale green
mineral is less then the thickness of the rock fragment
formin;; the thin sectlon,so that these minerals produce a
combined effect when viewed with the microscope. However,
with high magnification (800x), and a very strong source of
light, the individual grains may be observed. The pale green
mineral occurs in aggregates of minute flakes; 1t has parallel
extinction, and is pleochroic (X-pale yellowish green, Y-pale
green, /4-light green). X-Ray diffraction pattern by the
Dept. of liines, Ottawa, indicates that it is a chlorite,
however, because of the finely dispersed magnetite mixed with
the chlorite, specific identification of the type of chlorite
was not pnossible.

The stilpnomelane occurs as randomly orientated needles
and plates, with a greater than normal concentration in the
vicinity of the octahedrons of magnetite. The stilpnomelane
resembles biotite to some extent, but it is more transparent
and occurs as thin prismatic grains rather thun thick sheaves.
These grains cut the chalcedony iron chlorite masses and the
finer grains of magnhetite. These textures and coarse graine
size indicate that the stilpnomelane, in part at least,
crystallized later than the iron chlorite, chalcedony, and
some of the magnetite, probably as the result of reconstruction
of matter after original precipitation. It is difficult to
interpret this as a metamorphic change because the size and

texture of the grains of the iron chlorite and chalcedony
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strongly suggests that they are original., It wéuld be
difficult to have this material survive a metamorphic
changénof any coasecuence, This matter is more fully treated
in the section entitled "Origin of the Iron Formation",

Generally the groundmass contzins an evenly distributed
amount of randomly orientated stilpnomelsne and magnetite,
but in places there remain small pods about two millimeters
long and half a millimeter thick, of cryptocrystaslline
chalcedony and iron chlorite (grain size 0.002 to 0.0l
millimeter) with Tine grains of magnetite (0.003 to 0.0l
millimeter). The borders of these masses grade into an
assemblage of coarser.grsined magnetite and stilpnomelane,

There are a few grains of quarté in the sections
studied, but these are conspicuous by their rarity, parti-
cularly as they are so common in the other members of the

iron formation.

Thin-bedded Jaspery Iron Formation,

This member is essentially a thin-bedded part of the
Cherty Metallic iron formation, however, in the southern
section of the map area it is convenient to treat it as a

separate unit.

(1)- The term metamorpiism is used in the paper to desiznate
changes taging place after litnification due to thermo-
dynamic processes 0of endogzenetic orizin,
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Jistrivution and Thickness

Tnz only exposure of any coasecuence is west of Jtrain
Leks wnere 1t forms ths tass of .ne iron formation. It is
about o0 fest thick. 1n other feaions the Cherty iron
formation tands to .rade into the trhiniv-bed

d
The condlvions of ori.in of the “hin-cedazd caspery

L ¢

iron Formsetion eviasatly were locsl in =xtent and closelyw

z1lied Lo those produciu’ ohe Chert - e2tallic marmcer.

cra.nic Jescription

jesper

‘this rock counsists of zlvernsatas thin . layers oi
or chrt, intsr-bzdded with thin lavers con-oos=2d orincipelly
of fine-:zrainasd ma netits and inter:.ranuler yuartz. The
jesger or chart layers are genarallv‘oomposed of manv very
thin ceds of crvptocrystuzlline juarez, with small smounts of
hemztite =zaa me=znz2tivs what give a raaadish or blackish colour
resgectively t0o the layars. Dlack chart laysrs ar= also
intarveddead with the uppyer tan iest oi ths Alison guartzite
(428t of Strain Lake), ana the upver 25 fe2t contain inter-
zranulzsr masnetite which imwarts a bvlack colour to the
cuartzite,

‘he iron oxide niner<l lavers rre considsrebly thinner

(1/6 to 1;4 inched) thrn the chert. Lhev sre comuosed meinlv

cnetits and cryotoecrwstalliine wu=2rtz with small amounts

O

of n

&3]

=)

of hematite.
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Cherty “atellic Iron Lormation

Tha Chertyv "etallic iron formation is ths nost
extensive member of the iron formation sariss. It
comprisss @ part o:i the iron formstion trnrou,thout the wao
arsa anc coutoins aboult o0 Lorcent of ths: total iroil in

-

tha formation. This memper is characterized =7 altarncte

=

red to yray chsrt layers, and steel oclue iron oxide lavers,

vistrioution .nd Thickness

o ~

2Xxtensive exiposurss of ths Cherty [ eatrllic iron

formation occur 1n tie following =ress:

wast of otrain Lake o0 feet thick
sast of lrony Lake zo to 44 feet thick
w88t of the Zast frm of iinger Lake 20 feet thick
west of The .orth Arm of Zinter Lake 20 feet thick
worth of ths Lorth Arm o Linzer cake 22 t0 40 feet thick

The gxposures where these measursnents were taken
are unconrciricated by faulting or folding,and Lhe megsure-
ments mev a8 t=2.e2n &s thes true thicrness of the orizinsal
lithified rotailic memuer. ‘the reason for tiLe thinnsss of
this mamber osrce the iron Joraatioa =s a whole is discussed
in th= secition on structurs and orisin of the iron formaticn.

Zatro ra ction

vha Cherty Jetaliic roc s ar:s com.osad -=sssnti=llv of

iron oxide minerals anc chert, out =s the natures of the rock
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varies considerably, it is a difficult rock to describe
accurately.

Generally speaking the rock consists of alternate even
layers of chert and of iron oxides. The thickness of these
layers varies from place to place, sometimes within relatively
short distances (several hundreds of feet). The chert layers

it aad,
are between l/%ijo 12 inches thick,while the metallic layers
- are between l/zigﬁé 3 inches thick.

The rock is hard and resistant to.erosion. The fresh
surfaces are stsel-blue to grey in colour, and the weathered
surfades are similar in appearance; the chert layers vary
cetween olive.green and a grey-red in colour. In some cases
the chert, as observed in hand specimens, is crystalline, and
in others, it is a dense cryptocrystalline mass which breaks
with a conchoidal fracture.

‘The important exposures of this member of ths iron formation
series are listed on page 4?. Because of the diversity in nature
from area to area 1t can best be described by a detailed desc-
ription of its nature in each area.

west of Strain Lake the Cherty Metallic rocks are dark

steel~blue in colour with olive-green chert layers (about 1/8
to 1/2 inches thick). The metallic layers are usually between
1/2 and 1 l/2linches thick and consist of granuleénof magnetite
between 0.1 and 1 millimeter in diameter in a matrix of

cryptocrystallihe quartz and iron chlorite.

(L} Granule: fine elliptical concentration of material in a
sedimentary rock, no concentric structure.




PLATE 24, Microphotograph of PLATE
polished sesction of
Cherty Metallic iron
formation west of
Strain Lake. x 60,
eranules of magnetite.

AR R
Microphotograph of
polished section of
Cherty Metallic iron
formation west of the
Fast Arm of Finger
Lake. x 60, oolite of
hematite.

PLATE 2%,

Microphotograph of
polished section of
Cherty Metallie iron
formation west of
Strain Lake., x 60,
>rains of magnetite.

Microphotograph of
thin seetion of
Cherty Metalliec iron
formation east of
Irony Lake. x 60,
ordinary light.
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PLATE 28. Miecrophotograph of
thin ectlon of
Cherty Metallic iron
for n‘tjor west of
Strain Lake. X 60,
ordinwrv light.
Note granules of

mscnetite filled with
chulcedonvlc)

Microphotograph of
polished section of
Cigrbv Metallic iron
formation wsst of
Strain Lake, x 18,
Note metallic and
chert layers.

Mierophotograph of
thin section of iron
chlorite (c),(Cherty
Metallic iron formation
west of sStrain Lake).
x 600, ordinary light.

ZLAT.

31.

Miecrophotograph of

thin ssction of iron
chlorite (e¢) filling
ranule of magnetite,
from Cherty *ﬁt“llic
iron formation west
of Strain Lake. x 60,
ordinary light.




PLATE 33.

FLATE 32, Microphotograph of
thin section of chert
layer of Cherty Metallic

iron formation west of

Strain Lake. x 60,
polarized light.

PLATE 34. Microphotograph of
thin seetion of
Cherty Metallie iron
formation north of

Finger Lake. x 60,
polarized lizht. Note
fibrous cummingtonite
in chert groundmass.

Mierophotograph of
Thin ction of Cherty
Mptallic iron formation
west of the Fast Arm of
Finger Lake. x 60,

(==}
o

ordingry light. Nobts
oolite of hematite in
chert groundmass.

¢55-

Microphotograph of
thin section of Cherty
Metallic iron formstion
north of Finger Lake.

X 60, ordinary light.
Note black octahedra
of magnetite & even
size of quartz grains.
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Generally speaking the mineral composition of the
rock is as follows:

Metallic layers 605 magnetite
' 10% iron chlorite
304 cryptocrystalline quartz
Chert layers 605 chalcedony to
cryptocrystalline guartz
40% iron chlorite

The magnetite granules (see Plate 24) are made up of
numerous very fine grains (0,005 millimeter diameter) of
partially crystallized magnetite and a small percentage of
cryptocrystalline quartz and iron chlorite. The magnetite
portion may constitute all of the granule in some cases, but
usually 1t occurs as irregular patches constituting more than
507% of the granule.

The outline of the granules vary from regular, perfectly
elliptical shapes to irregular forms. Rarely do the grains of
magnetitg cut across granuls boundaries, No hematite was
observed in polished sections.

The olive-~green to pale green chert layers consist
principally of cryptocrystalline quartz (indistinct masses
about 0.002 millimeters diameter) and a pale green mineral.

In some cases the fibrous chalcedony structure was observed.

#ithin this chert material under very high magnification

(£800) indistinct grains of =2cid resistant pale green minerals

may be discerned. This,as explained earlier,is an iron chlorite.
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The borders oI the chert layers are sharp, regular,
and well defined, in contrast to chert layers in other
areas. Also no oolitic structures were observed. '[he

rocks contain few, if any, openings,and porosity 1s very

2}
small, Applicaiion of warm hyarochloric acid suggested

trat only very small amounts. of carbonate were present.

fJast of Irony Lake the cherty metallic suratigraphic

horizon 1is composed of chert layers between 1/4:336 12
inches thick, separated by thinner metallic layers.

The avera.e mineral composition is shown in the
following table.

Jasper layers 85 guartz
lu% magnetite
5% hematite, carbonate and
silicates

Kietallic laysers 45% magnetite
5/ hematite
35% quartz
10% iron carbonate
5% stilpnomelane and
minnesotaite

The following table gives the result of five chip

samples across the Cherty Lietallic members.

Thickness %Iron JAfanganese  %4Silica
Minimum 8 feet 25.9 0.7 54,8
Vaximum 35 feet 32.9 3.4 53.1

Average 25 feet 28.7 1.1 45,7
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The chert layers consist of cryptocrystalline to
fine-grained quartz with small amounts of dustlike
hematite, octahedrons of magnetite, iron carbonate, and
iron silicates.

The grain size of the quartz renges from indistinct

grains about 0.005 millimeters in diameter to well developed

grains about 1 millimeter dalameter. Generally the coarser
grains are randomly distributed in bunches or as separate
grains in finer-grained quartz. The average grain size
varies from layer to layer, and in the [rony Lake area it
is noticeably coarser than in the Strain Lake area,

Tne chert commonly contains an appreciaovle percentage
of prismatic grains of minnesotaite atout 0.1 millimeter
long. These have random orientation and are more or less
uniformly distributed throughout the layer.

A small amount of magnetite 1s present as fine
octahedra (less than 0.1 millimeter diameter) sparsely
scattered through the chert. This material is most
plentiful towards the edges of the chert layers. 1In
some cases 1t forms a gradational contact between the
chert and metallic layers. A fine red dust, which is
probably hematite, is present in some specimens of the
chert. There is not enough of this material to give a
deep red or scarlet colour as is necessary for true jasper
or as 1s present in the Thin-bedded Jasper member west of

Strain Lake.
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In plsces within the chert layers, uthere are thin
heds o1 c.3rt containinz well devzloped granulss and
poorly developsd colit s (meximum of thrze concaauric
ria sj. ‘‘hese beds cousist principariy of ouartz and
the structures are indicated by suov-iicroscopic aust. 4
slightly higher than normal mazn2tite contant is prassnt,
usually as part ox the granules.

ithe metallic layers are usually composed of semi-
¢lliptical _reuules vetween 0.1 and 1 millimstsr in
dismeter consisting principalliv of maznstits ..rains
(0..02 to 0.02 miliimeter in diameter; in 2 matrix of
cryptocrystailine to fine-greinza ruartz., TYhe magnetits
may occupy the total volume oi the sranuls, but more
commoilly 1t comy.0sSes a ssetiin oi, or the outer =zdge of
tihie granuls. Outen the macinetite occurs as distincet
octahedroas between 0.0l to C.5 millimeters in Giameter

most commoniv as part of the granules, out in some ceses

cutting =2cross s»ranuls houndarizz, or in the matrix. These

rains sug

‘538t two possioiiitizs (&) slower lithification

and mor. hizhly d:velop:d crystzls or (b) leter recrvstsll-

izs3tion.

SIG TOCHS

“he close cssociation of very fins-;r=ined m=terizl

ith unaltzred carvonste and siitica minersals sugg-

ests the first pessibility. 1In some caszs the sections of

the metallic lavers are similar in composition to the
rerruzinous ohale, =lthough they usually novs a hizher

magznetite content.
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The iron czrbonate is c¢closSs to siderite in composition;
its sppssaraace 1s 21 il-r, &na iv is ss resistant to acid as

the carvonate of To: varpowelts irca .orzation :enmber. 11T

is presant as p=tches 1th a zrain size sztween U.004 and
Uo0 millimetars, as ilasr sraius which aro parts of

sranules, or as an iantergracuiar materizi. well d

@

vaioped
cry.stal outlines =zr= rars; usually the Lorders are irresular,
and the gzrains contain purticlss of sub-microscosic dust.

3]

Lovery small percentigs of stilpnomszlians 13 dresant

and 1s asuzlly associatsd with the carbonate minsr: ls and

The Luartz,

west of thc Zast srm Oof rsinzer Lake the Cherty I"aztallic

memnver is aifferent from that in other areas, irasmuch as
the iron oxids mricerals zare principally hexmatite, and the
chert lavsrs nave & dull red colour (j=asper).

The perczuteze composition is as Jollows:
Jasper layars 802 gquartz

1G5 carconate

0,0 hematite

J» stiipnomelane

“etollic laysers , 40,0 hemstite
1% maxnetite
40, quartz
2,2 carvonate and stilvwnomslane

N

Lveragze coasmicsl com.osition:-
iron $5.7 iancaucss 0.7y oiiica 42.39
The formstion conslsts of acout 40 p=rcent jasper lavers,
and oU gsrcent mataliic lsvyowsd ang is aoviut 23 f:2et thick.
The jasper layeps vary in tliclnsss ostween 1,2 =nd <& inchss.

Senecrally spesking & givew laver is of .niiorin thickaess

(S
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through distances of several feet. They consist of
cryptocrystalline to fine-grained quartz (less than 0.05
millimeterd in diameter))soattered dust-like to very fine-
areined hematite, 2nd scattered fine grains of calcite.

The red dust-like hematite gives a pronounced red colour
to the layers. The presence of calcite was determined by
application of cold, dilute hydrochloric acid.

The metellic layers are composed of oolites and
granules consistiang principally of hematite and gquartz. In
contrast to other exposures of Cherty Metallic rocks, oolites
are common and consist of alternate rings of hematite (grain
size 0.001 to 0.0l millimeters) and cryptocrystalline gquartz.
The oolites are up to 2 millimeters in diameter. The ianter-
oolite or grausule meterial is principally cryptocrystalline
quartz and hematite. There are fine octahedra of magnetite
(0.00S‘tolo;OlB millimeter# in diameter) scattered through
the hematite masses. Scattered patches of carbounate,
principarly calcite,are present. The sodaemagnesium-iron
amphibole arfvedsonite is present at various localities
within this area of iron formation. It is a dark blue-grey
minesral; light green in thin section; with prismatic crystal
form (1 to 3 millimeters long); hardnesss about 5; specific
gravity 3.2; extinotion angle X NC = 70; refractive index

close to 1.68; pleocrroism:- X - medium blue, Z - pale green,
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The striking feature of this rock 1is the pressincs of
hematite as the principsl iron oxide minersal, and the
preponderance of oolitic structures iastead of zranule
forms. QOolities are commonly regarded &s belag formed by
a rolling action produced by waves. The presence of oolites
and hematite suggests that oxygenation of the water oy wave
action took place.

The chert and metallic lzyers are cut by fine-grained
veinlets of quartz. ‘they do not cut the seriss of layers
as a whole, but are restricted to individual beds. They
are inter-bed features,apparently an indication of local

movement of quartz during lithification.

wWwest of the worth Arm of ringer iLake and to the north

of the lake, the Gherty i'etallic iron formation is apparently
the same type only more altered. The guartz grains are
coarser and the megnetite octahedra are better developed.

This area‘ﬁpnsists of alternate jasper to chert layers
o ot

(between 1,4 to 1 inch thick) separated by a thicker amount
of metallic material. The following list indaicates the
mineral composition of these layers.

Jasper layers 90% quartz
10,0 maganetite, hematite,
and arfvedsonite

letallic layers 256 quartz
50/ magnetite
5% hematite
105 minnssotaite
104 arfvedsonite
20,0 calcite and iron
carbonate
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The cherty layers may be either a dense red colour
(jasper) or dull grey. In the case of the red layers, the
colour is due to a noticeavle quantity of red hematite
dust,while the grey layers contain only very fine magnetite
grains,

The metallic layers consist of octahedra of maguetite
between 0,005 and 0.1 millimeter% in diameter, disscminated
through a chert mstrix, or arranged in a granule form.
Particles, which in the arcas west of the Hast Arm of Finger
Lake, would have sappeared as indistinct dust-like material,
are in this area very fine, perfect to imperfect octahedra.

The quartz occurs as fine distinct grains between 0,01
and 0.2 millimoter# in diameter. The grain size of the
quartz in this rock is coarser and more uniform than in
the less altarea exposures further south where only
occasional patcues of coarse grains are present in a
cryptocrystalline grounq:mass.

Iron carbonate is present as granules,‘and patches
(1/4 inch across) of grains about 1 to 2 miitlimeters in
diameter.

Arfvedsonite 1s present as prismatic grains up to
3/ 8 inchef long. These grains cut magnetite and quartz
and are obviously later than both. They commonly cut
across the chert-metallic layer boundary forming a ring of

needles or nodules about chert layers.
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Minnesotaite 1is present as disseminated grains of
random orientation, usually closely assooiated with the
quartz grains,

The large grains of arfvedsonite, and the coarser
grains of quartz and magnetite indicate that this rock
has peen changed by metamorphism, aad the size 01 the grains
suggest that it is the most altered of all the iron rorm-
ations in the area. 7This observation is based upon (a) the
size and the even texture and outline of the quartz grains
and (b) the uniform size and distribution of the well-
developed octahedra of magnetite and (c¢) the large size of
the arfvedsonite prisms.

Chert, which is considered primary,contains iron chiorite

and is composed of a mosaic of irregularly-sized quartz grains,
On the average they are very fine-grained (less than 0,01
millimeter in diameter), but occasionally there 2re clusters
of coarse grains (0.5 millimeter$ in diameter) with irregular
outline. 'The recrystallized material on the other hand is
more uniform in size (greater than the 0,1 millimeter in
diameter) and with a more regular outiine to the grains.
The average size of the grains appears to indicate the degree
of alteration, James (1950) noticed similaf features in the
Lake wuperior iron formations. He states that guartz grains
of about 0.01 millimeter% in diameter occur in cherts in low
grade metamorphic zones, while grains avout 1l millimeter

are more typical of high grade zones. He considers this to
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be an exceedingly delicate indication of metamorphic

grade when used with caution.

North of the North Arm of Finger Lake the picture is

much the same,except that no arfvedsonite is present.

The principal minerals are as follows:

Chert layers 50,0 of whole 90, quartz
10/ magnetite and
iron silicates

Metallic layers 50% of whole 35,0 magnetite
1l hematite
5/ carbonate
10% iron silicate
20% yuartz

The following table gives the results of six chip

samples across the Cherty letallic m=mber.

'hickness slron aManganese  #4Silica
Tinimum 22 feet 21.2 0.1 - 40.6
Liaximum o6 feet 48,6 5.2 58.1
Average 35 feet 55,0 1.5 48,1

The chert layers consist principally of grains of
quartz about 0.1 millimeter in diameter and a few scatt-
ered fine distinct octahedra of magnetite.

The metallic layers are similar in texture, but
contain a higher percentage of iron minerals noticeably
masnetite, iron carbonate and the iron silicates, stil-
pnomelane and cummingtonité%) They consist of octahedra of
(1) Cummingtonite: (Mgie)3Si03, fiberous, commonly in radiating

cluster, pale brown, optically positive, ZAC - 18°, high
birefringence. £ - pale browny Y - pale brown, Z-light brown,
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maghetite between 0.0l and 0.3 millimeter% in diameter
in a groundmass of guartz and stilpnomelane. within this
masgs are scattered spots of iron carbonate avout 2 to 5
millimeters in diemeter.

£s is common throughout this member, thera is a relic
granule structure, which is indicated by.the distribution
of magnetite octahedra and the presence of dust-like
particles, Hhowever, north of Finger Lake this structure
is less distinct, apparently due to a higher degree of
recrystallization of the minerels composing the rock.

The eastern exposure of the Cherty lletallic rocks
is cohsiderably folded and fauited. Besides the usual
minerals of the above-mentioned grain size, there are
radiating clusters and disseminated fibrous graeins of
cummingtonite, These grains are up to 1/4 inch long.

In places there are also narrow fine-grained cuartz layers
suggesting mylonized conditions.

The area north of Iinger Lake evidently contains the
most highly altered Cherty NMetallic rocks. This is indic-
ated by the relétive obliteration of the granule texture,
coarser more uniform size of the quartz, more perfectly
formed octahedra of magnetite, less fine magnetite dust, -
the presence of cummingtonite, énd vresence of mylonized

guartz along some chert boundaries.
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Thinly-bedded Chert Ilron Formation.

The thinly-bedded Chert iron formation is not wldely
exposed and not of great thickness, but it i1s included for
the sake of completeness. 1h the southern part of the area
it 1s a well defined unit,and it mey serve to indicate the
variations in the iron formation in the local areas;
variations which are principelly differences in the amount

of minerals present and the nature of the silica.

Distribution and Thickness.

This stratigraphic memoer is exposed only north and
east of Alison Lake (west of strain and Teeter Lakes).
As there are continuous outcrops across the iron formation
further north, and as this memoer is not present, 1t is
assumed that the Alison Lake area is the only locality in
which this rock type was deposited.

It is between 20 and 40 feet in thickness.

Petrographic Description

This cherty rock consists. of beds of chert less than
2 millimeters thick. 1t 1s dark grey to olack on fresh
surfaces due to a fine intermixture of a small amount of
megnetite with the chert. On weathered surfacesit is light
grey to black in colour. while the maguetite gives a pro-

nounced dark colour to the fresh rock, this seems to be




thin seetion of Iron-rich

ATE 36, Microphotograph of
bed P e e ; formation west
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primarily internal reflections,as it consists of about
90% cryptocrystalline quartz (less than 0.0L millimeter?
in‘diameter).

Bedding is apparent in this section because of
slight varisations 1in the grain size of the guartz, and
because of variations in amount of magnetite and iron
chlorite in different beds.

Magnetite occurs either as indistinct grains less
than 0,005 millimeters in diameter, distributed through
the chert layers, or in some cases, as harrow beds (0.05
to 0.5 millimeters thick) of almost pure magnetite.

Iron chlorite occurs 1in amounts of less than 5 percent
and is ganerallf agsociated with the magnetite-rich sections.

Therebis no granule texture to the rock,

svidently this rock occupies the same position in the
depositional sequence as the Thin—bedded Carbonate iron
formation described in the next section; the difference
in nature is probably due to small changes in the Th and
pH of the basin of deposition anc¢ to an increase in amount

of silica supplied to this part of the basin.

Carbonate Iron Formation

The Carbonate iron formation)because of its brilliant

blue or chocolate weathered surface, is the most striking
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horizon of the iron formation. It occurs in the upper
part of the iron formation throughout the map area, but
the largest and best exposures are in the northern half
of the area, This member contains about half of the total

iron in the whole formation.

Distribution and Thickness.

This stratigraphic horizon is exposed continuously
for a distance of 3 1/2 miles north of Finger Lake and
for a distance of 4 miles east of Irony Lake. Besides
these areas there are large outcrops east and west of
the west Arm of Finger Lake, and smaller exposures
northwest of Bones Lake@nd west of sStrain Leke,

The thickness of the Carbonate iron formation in
these exposures varies between 10 feet (north of ¥inger
Lake) and 25 feet (west of the Zast Arm of Finger Lake
and east of Irony Lake). The thickness in the vicuinity

of Strein Lake is unknown.

Petrographic Description

his horizon is s uniform, continuous stratigraphic
horizon which may be subdivided into several units,most of

which are present in all areas. The petrographic detaills
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of this rock are most easily discussed by descriving
each of the following sub-types.

Chocolate weathering Carbonate Iron Formation.
Blue weathering -Carbonate iron Formation with
layers of chert.
Magnetite lron Formation.
Blue weathering Carbonate Iron Formation with
nodules of chert.

Thin-bedded Carbonate 1ron rormation.

The Thin-pvedded Carbonate 1ron rformation is strati-

graphically ths lowest sub-member. It is between 6 and 11
feet thick and occurs in all areas of iron formation in
the northern part of the area.

The rock consists of beds of carbonate, less than 1
millimeter'thick, with lesser smounts of quartz, minneso-
taite, stilpnomelane, goethite, hematite and magnetite.
The average percentage mineral com osition is shown in the

following list:

carbonate (siderite-calcite) 45%
quartz 15%
stilpnomelane 25%
minnesotaite 3%
goethite 5%
hematite and magnetite 7

The carbonate material coisists principally of oalcite’
with small amounts of iron carbonate. The finegrained
nature of this materiel makes specific identification
difficult, if not impossible. The calcite fraction was
identified in thin section under the action of cold dilute

hydrochloric acid.




59.

FLATE 38, Outcrop Blue Weathering Carbonate iron formation
LJ .
layers of chert.

PLATE 89. Blue Weathering Carbonate nodules of chert with
Septaria cracks.
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The grain size of all minerals in the rocks is about

the same, ususlly less than 0.0l millimeterg

The fine bedding is the result of verietions

limits in the prorortion of minerals present;

the ratio of stilpuomelane to carbonate.
Beddin, is very difficult to discern on
however, on weathered surfaces the variation
and manganese contsnt, =2nd the aifference in
the different veds shows up the structure.

Some Dpeds coatsin a considerably higher

in dismeter.
within narrow
particularly
fresh surfsces,
in the iron

solupnility of

quartz content

than usual?’} nowever, geuerally speaking the quartz is

relatively evenly distributed.

The next overlying sub-memper 1s the Blue Weathering

Carpvoanate with noaules of ciuert., This stratigraphic unit

is founa only east of Irony Lake and for practical purposes

it may be consicered as part of, and similar

in composition

to, the Blue weathering Carbonate with layers of chert. The

well developed nodules of chert, however, readily distinguish

this member, and their developm=at may throw

the origin of the iron formation.

some light on

The composition and texture of the matrix are similer

thouch slightly higher in silica than,the 3lue Weathering

Carbonate iron formation #2nd will be descrived under that

heading. 1Its percentage composition is as follows:




Tilbs

PLATE 40. Microphotograph of thin secti L
Carbonate iron formation west of ©
of Finger Lake. X 60, polarized light.
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Thickness wlron  pMangansse  pSilica
inimun z fTeet 24.3 0.06 31.9
Maximum 17 feet 54,7 3.0 030.2
average 10 feet 29.1 1.8 38,0

The nodul=ss are batween © =»nd 14 inches long, 4 to 10
inchss wide, 2n¢ sbout Z to © ianchas thick. Their shaps is
ususlly oval, and they zr: zlongzcted perallsl to the vedding.
The surfaces zrz relitively smooth :né Tfrsz from .nobs.
Commonly they have a series of radiating cracxs which widen
towards the centres. These cracks :re filled with white
juartz and usualliy occupy ons guarter to ocne third of the
volume of the nodule., They are 10t crisscrossed ny 2 sSceries
of cracks conczantric to the margins,ana the craciks 4o not

cut scross t© s of the pnodule., (See Platz 37).

Q]

F

1 e Ed\b
Pettijokn (1948) rafars to such structures as "sepbsria®,
He states that thsir formation involves the Tollowing:

(a) formation of & bvoday of gzzl.

(b) c:se-h:rdsning of ths sxterior, dehydration of the
interior, =2nd ths formatioan of shrink.ge crack
pattarn.

(c) partial or complsts filliung of cracks bty guartz,
thereby producins thz vein nstwork of the nodule.

The author =2dds th:t ©-is evideantly raquirss conditions
Gifferont to Lross forming the rest of the iron formation,
particularly in regsrd to cusoe-hurdesnin. ~nd subsegusnt

dehydration.
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Genetically related to these structures is an 18-inch thick
band of cross-bedded granule and oolitic chert =~ . The
composition ofArock is 5 percent siderite, 135 percent stil-
pnomelane, 80 percent quartz. The cross-bedding structure
is well formed (top up). The upper surface also shows small
stream channels which are filled with chert conglomerate
similar to the overlying bed.

This conglLomerate is about 18 inches thick and consists
of rounded to angular fragments of chert about 1l/2 to 9 inches
in diameter in a matrix of zranules of chert and iron carbon-
ate. It and the underlying crossbedded member is exposed for
a distance of 100 feet @long the face of a c¢liff. North of
Finger lake there are further exposures of similar material
(about 4 feet thick), although it is composed principally of
angular fragments of chert. <“he chert fragments are between
1,2 and 6 inches long and about 1/4 to 2 inches thick., They
appear to be fragments of broken beds of chert and it is
likely that they represent an intvaformational conglomerate.
1t occurs in the same position in the stratigraphic sequence
as the exposure described east of irony Lake. These units
inaicate subaerial weathering for & short period of time
during the emergence of the sediments. In other words, the
basin was subjected to limited elevation at this time,and the
iron formation material of the matrix of these sediments must

have formed in shallow waters.
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Between the two members of Blue weathering Carbonate

iron formation lises the Lagnetite iron formation sub-member,

It is between 2 and 10 feet in thickness. This sub-
member is rather thin but the carbonate iron formation
contains a persistent magnetite-rich horizon at this point
in the stretigraphic sequence, |

1t consists of alternate 1/2 to 2-inch thick beds,
rich in magnetite, and of thinner beds or nodules of cherst.
in some localities, notsoly where the memoer is thin, the
magnetite layers are composed largely of magnetite. 1n
other pleces, usually where it is thicker, there is an
apprecianle amount of iron carbonate. \iest of ths West
Arm of ringer Lcke and in places cast of Irony Lake, the
percentage of magnetite is particulerly high.

. The following tavle shows the average mineral composit-
ion of the formation:
Maguetite layers 55% of whole ©0% magnetite
20/ iron carbonate
10,0 quartz
10% stilpnomelane
Chert layers 45% of whole ©0j cryptocrystalline
~gquartz
30 stilpnomelane or

~ minnesotaite
1050 magnetite
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FLATE 41, Miecrophotograph of polished sectlion of Magnetite
iron formation east of Irony Lake. x 60,

formation, east of Irony Lake showing chert layer
iron silicate layer boundary. x 60, polarized light.

FLATE 42, Microphotograph of thin section of Carbonate iroen
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The partial chemical composition, as determined by
the analysis of 5 chip samples, is as follows:

Thickness  Jlron  7Manganese “%Silica

Iinimum 2 feet 39.9 0.5 32.2
Maximum 15 feest 46,0 0.6 40,6
Average 7 feet 43,0 0.5 36.1

A grab sample of a magnetite~rich bed assayed as
follows:

Iron 63.5%

Manganese .5%

Silica 8.7%

The magnetite layers of the rock consist of granules
between 0.13 and 0,65 millimeters in diameter, and are
composed principally of subhedral to euhedral octahedra
of magnetite (0.0l to 0.1 millimeters in diameter), a few
scattered grains of hematite about 0.002 to 0.04 milli-
meters in diameter, and a small percentage of very fine-
grained iron silicates. Cryptocrystalline quartz is contained
in the granules as inter-granular material and also as
distincet layers and nodules which contain a small percent-
age of the minerals mentioned above. As throughout the
iron formation, there 1s no sharp minsralogical difference
between the chert layers and the iron-~rich layers; only
the relative proportions of the minerals differ.

The magnetite is greatly in excess of the hematite,

except locally east of Irony Lake where it occurs as coarse
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distinet grains; The very fine-grained hematite occurs
along certain bedding planes irregularly distributed in
the quartz stilpnomelane groundmass, . and small amounts
appear as grains less than 0,01 millimeter% in diameter
within magnetite grains. 1In the beds and series of beds
east of lrony Lake referred to above, hematite predominates
over the magnetite; the relations between the two minersls
being exactly reversed. 71he grain size of the hematite is
the same as the magnetite mentioned above,and the percentages
of each present are reversed to the usual. This suggests
a change in degree of oxygenation of the basin of deposition,
rather than = metamorphic change.

u4ranule structure is common in the magnetite layers,
and as throughout the iron formation, is discernable because
of the distribution of the dust-like material, or magnetite
grains,., 1n the hematite-rich localities referred to préviously,
oolites are common, further suggesting agitation of deposit-
ional environment and attendant increased oxygen content.

There 1s also an appreciable guantity of minnesotaite
and stilpnomelane,which appears as distinct needle-like
grains about U.1 millimeter long. ‘1hese have a random
orientation,and their greatest concentration is in the quartz-
rich areas, particularly near the.boundaries between the
chert and metallic layers., This relationship suggests an
inter-reaction between the iron oxide-rich material and the

quartz to form the iron silicate.
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while this sub-member is widespread, it is never very
thick,and the percentage of magnetite and iron carbonate
per unit of volume, varies between fairly wide limits. In
those cases where little magnetite is present, the formation
thickens and grades into the Blue Weathering Carbonate
member. Where the percentage of magnetite is high, the sub-
member is usually about 3 to 5 feet thick with shamly-defined
upper and lower limits and sharp boundaries between chert
and metallic layers.

The Blue weathering Carbonate iron formation with

layers of chert consists of alternate layers of chert

and iron carbonate. The carbonate layers,which wsather to

a deep steel=blue colour,are between 1 and 4 inches thick,

)
while the chert layers are usually about 3/4 of an inch in

thickness. The boundaries between these units are sharp

when viewed megascopically, however, in thin section there

is distinct gradation in percentages of minerals present.
The mineral composition of the two lasyers is shown

in the following table:

Chert layers 404 of whole 70% cryptocrystalline
quartz
15% stilpnomelane
15% iron carbonate
2% goethite

Carbonate layers 604 of whole 80/% carbonate
10/% stilpnomelane
2% goethite
5% magnetite
up to 10% guartz
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The average of the results of partial chemical
analysis of twelve chip samples across the sub-member is

as foilows:

Thickness Alron  7#Manganese  ASilica
Minimum 3 feet 20,2 0 17.5
Naximum 15 feet 3U.9 4.1 32.6
Average 11 feet 27.6 2.2 30.1

Ind

The average composition of nearly pure iron carbonate

material is as follows:

Iron 36 .4%
Manganese 2.8%
Magnesium 4.2%
Calcium 0.75%
Silica 2.7%

The fine grain size and the cloudy irregular outline
of the carbonate material prevents exact determination of
the optical properties. However, the following were
determined:

Rhombohedral crystal form,
Uniaxial negative,

Extreme birefringence,

Neg generally greater than 1,59
Ng greater than 1.82

H 3.5,

Grey to colourless.

It is also difficult to establish the exact iron
carbonate mineral by the stain test method. Undoubtedly
part of the material listed in the analysis above 1is present

in the form of iron silicates and magnetite, but microscopic
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SIDERITE

BLUE WEATHERING
CARBONATE [RON FORMAT/ION

MnCoz ® o1 © &  MGCO;
RHODOCHROSITE ° MAGNESITE
No=186 Ne=1.597 No=1700 Ng=1.500

= G=2.98
G=368 BY A N WINCHELL /951

PROPERTIES OF THE MGCQ3-FeCO3-MnCQO3 TERNARY SYSTEM.
EACH DOT REPRESENTS AN ANALYS/S. THE CURVED DASH LINE
INDICATES ESTIMATED LIMIT OF MISCIBILITY.
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examination of the aforementioned samples indicated that
this percentage is very small,and that all carbonate
minerals were of similar composition. Assuming that the
percentazes listed above are part of one carbonaté mineral,

it would consist of:

FeC03 73%
MgCOs 16%
MnCOs 7%
CaCo3 2 .5%

The calculsted composition of the carbonate material
indicates that it is close to siderite in composition,but
that 1t contains important guantities of magnesium and
manganese. This composition falls within the zone of
estimated miscibility of the FeCO03, MnCO3, MgC03 system
suggested by Winchell (1951) (See figurezT).

Rapid chemical reaction under the influ:snce of dilute
¢old hydrochloric acid (observed in thin section) of a
small part of the carbonate material indicates the presence
of calcium carbonate, at least in part, in the form of
calcite.

The texture of the carbonate layers of the rock is
largely determined by the carbounate material. This material
consists of cloudy cpystals of irregular outline about 0.5
millimeteré in diameter. Cleavage faces are rarely seen in
hand specimens, and the presence of small amounts of iron

silicates and quartz is not apparent when viewed magascopically.
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The arrangement of the fine subnicroscopic imgurities
inaicate oolitic and granule structures. These ranze from
poorly to psrfectly developed forms and zre between 0.2
and 0.7 millimeters in diametsar. (See Plate No. 47)

The carbonate grains are often as large, or larger,
than sither the sranules or oolites. Lsecrystzallization
after precipitation is l1ndicated.

Oolites ure more common than granules; in this
respect they clifzr from the underlying formations where
granules predominate. Fvicently conditions of formation
of tha carvonste ars mors favoursable for developmznt of
00iite structure.

The carbonste is partislly =zltered to zosthite in

places, although this may ve only =2n outerop surface feature.

*...J

guantitiss of magnetite and/or hematits are preseat

(=)

mal

.

1

in some areas; and n=2ar the magnstite iron formation the
percentage of megnetite may oe cults Large.
The iron silicet: stilsnomelsins 15 a common constit-

veant, =2lthough it 1s generally gresent only in small amounts.

o= <

a3

It occurs as prism=tic srainms avout O.1 milliimsters long.
£s in other sub-members, thils wminer=sl is found 1n thes
hilghest concentration in the more siliceous sections.

The chert lavers coo:13% of cryptocrystalline juartz
(indistinct zrasians less than 0.0l millimeters in diameter)

scatterad carponats, iron silicates, and occasionally
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scattered octahedra of magnetite.

The boundaries of the layers are fairly sharp,
although the percentage of iron minerals increases towards
the edges of the chert laysrs. Individual layers may be
traced for a considerable distance along the strike,although
they may pinch and swell in width. In places these layers
consist of a series of connected nodules. However, nodules
as such are more characteristic of the uanderlying Blue
wWeathering Carbonate iron formation with nodules of chert,
In the stratigraphically higher formations the chert layers
are usually well developed, thin, regular sheets.

The Carbonate iron formations are remarkably uniform
in composition. WNinety-five percent of the minerals present
are either iron carbonate, quartz or stilpnomelane.
Variations in percentage composition is due to variations
in the relative proportion of these minerals; particularly

those of the first two.

The Chocolate weathering Carbonate iron formation is

similar to the Blue VWeathering Carbonate iron formation
except that the carbonate material contains less iron and
more calcium. Grain size, proportion of minerals and
texture are very similar. The iron silicates are usually
minnesotaite rather than stilpnomelane.

The mineral composition of the rock is shown in the

following table:
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Chert layers 50% of whole 75% cryptocrystalline
gquartz
15% minnesotaite
10% carbonate
24 magnetite

Carbonate layers 50% of whole 70% cartonate
5% minnesotaite
15% quartz
5% goethite
Partial chemical analysis of five chip samples is
as follows:

Thickness sCalcium  w»lron /AManganese flagnesium

¥inimum 10 feet 5.1 2.0 0 40,1
Maximum 40 feet 12.0 9.1 0.7 75,0
Average 25 feet 9.3 7.2 0.3 55.2

The analysis of two samples of massive carbonate

material 1s as follows:
ACalcium ysilica slron /Manganese /Magnesium

sample 7l 20.1 7.8 13.0 1.9 7.9
sample 2 10.0 15.0 8.0 1.5 4.5
These samples were examined in thim section and were
ooserved to consist essentially of carbonate, although the
second one had a notsble quantity of quartz. Thin sections
of this material were tested with cold dilute hydrochloric
acid, and they were oobszrved to slowly dissolve. There was
no diffserence in the soluoility-of grains, and the colour
and relief of all the grains were similar. 1t thus appears
that the composition of the grains in a given carbonate layer
is the same. On this basis, and essuming that the above-

mentionea elements are all present in the carvonate mineral,
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the composition of the carvonate in the (hocolate weathering

Carbonate iron 1torm:=viou 1is about:

CaC0 50%
I'eC03 14%
nCo3 3.5%
¥2C03 30/

winchell (1951) refers to such material as parankerite
e.g. dolomite with Ilg:Fe about 2:1, (CaCOz(MgFeMn) CO3).

The carbonate grains are similar in size and texture
to those of the Elue ieathering CUarbonate iron formation;
that is about 0.5 millimeters in diameter, irregular in
outline, and containing scatter=d submicroscopic dust
paerticles. Twinning is common; . the grains are uniaxial
negsative; highly birefringent; high relief and colourless
to a very light grey in colour on fresh surfaces. The
weathered surfaces,as the name of the member implies, are
pale chocolate to pale rust-brown in colour.

The silica in the rock is present as cryptocrystalline
quartz in chert layers, and to a much lesser degree,as fine
‘grains of quartz cisseminsted throuszh the cerbonate material.
In places west of lrouy Lake,this rock contains about 75%
chert layers. It is relatively thin and grades into the
Spotted silica iron formation. Elsewhere it consists of
about 40/ chert layers and about 60, carbonate layers.

Minnesotaite is present as prismatic grains sbout
0.1 millimeter long and is usually restricted to certain

chert layers.
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In one thin section of a rock sample taken east of
Irony Lake, there is about 20 percent of a cryptocrystalline,
pale green material, This occurs as bunches (about 0.1
millimeteré across) of very poorly formed grains 0.003
millimeteré in diameter, heving the characteristics of iron
chlorite.

Oolitic and granule structures are present in certain
layers of the rock, but as with most members of the Fenimore
iron rormation, they are not present throughout the structure,
because in most cases they were not present in the original
sediments. ‘rhe oolite forms are more comrion in the cuert
layers., 1t is noteworthy that they are more common in the
carbonate members than in the iron oxide-rich members, except
where the hematite is abundant.

Apparently the Chocolate weatilering Carbonate iron
formation represents the trensition to more aormal counditions
of chemical sedimentetion, i.e. a calcium carbonate precipi-

tate with lesser amounts of iron and magnesium.

- Spotted Silica Iron Formation

Distribution and Thickness

The spotted Silica iron formetion is the uppermost
unit of the iron formation., 1ts thickness is usually about
30 feet,and it is found in all areas from 3train Lake to

the area north of ringer Lake. As it 1is resistant to
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erosion 1t serves as a good horizon marker, and also
serves to protect exposures of carbonate iron formation

from erosive action.

Fetrographic bescription

The average mineral composition of the rock is shown

in the following table.

quartz 85
carbonate 10%
stilpnomelane 2%
magnetite, goethite

and hematite 2%

The rock is pale blue in colour and may be very, very
finergrained, massive and dense, or finefgrained, almost
sugary. 1t consists of quartz less than 0,01 millimeterf
in diemeter, containing an irregular concentration of larger
grains (up to a 1/4 of a millimeter in diameter) in the very
fine-grained groundmass., In places a faint relic of granule
structure is evident, either as?distribution of dust,or as a
mass of very, very fine-~grained quartz.

The carbonate occurs as bunches of grains about 1/4
to 1 inch across, more or less evenly distributed throughout
the rock (about 1 ver square inch). The composition of the
carbonate is close to that of the Chocolate Weathering iron
formation, The grains are usually about 14 of a millimeter
in aismeter, although there is an appreciable amount between

0.005 and 0.02 millimeter% in diameter closely associated
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with ths larger grolas,., twinning rnd ths presencs of flnn
impuritiss :re comnon in ths luarger gralas, The grain
boundariss ars irrs_ular. Granulae structurs is indicatsd

oy qust-likxe Impuritises .inu the distriocution o1 verv smsll

]

ammunhts of magnatits :nd psothite. These carbonate clusters
are zrev on irash surfzcss sut wsather to a chocolﬂﬁe colour.
Weatherin+ of thes: clusuvzrs ;roauces the prown spottad
texture oI the rock,

“innssotaite, 2ac to 2 lesssr degree stilpnomelane, is
present in small amounts, as widely distrisuted prismatic
crains (0.2 millimeter% lon.,.
| “ha iron oxzias mﬁéerial is lerzely asothite and is
produced by wasthzrin. of th: iron cardonst:y, howavar, =2

srmall amount of ms rnetits 1s disseminntea throuzh the m=ss.,
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Crigzin

Many Testuros iucicsts that the renimore iron
Tormation is of sazdimentery oriin. it has ssdimontrry
texturs, veddea character, =rest ~2rizl extznt, snd lies
petwaen two sealmantar” strataz,., Ths tegktures, minsrsl
compositions, an: z2tructures iwndicate that the iron
andG silics are primary constituzats of the strata. ‘here
is nothiin. in the taxtures or comsosition:s of thsesy bads
to su.¢2st origin by replacemsnt of grs-caisting formations,
of radic~lly ¢ifferent comyposition, suzh as gostulated by
Collins 2aad suir.e (1%2¢) to explain thz orisin of the
ichipocoten iron rangze of Ontario, or by Luan (1941l) to
exglzsin cervain iron-bearing formations in India.

Tne possibllity that any consideravle part of the
formation was procuceq by detrital =ccumulation is remotes.
Lio grains of detrital mstter were found, except for a
local ccaglomerate of iron formation itsels, It i3
possinlzs thet some fine grains of 1ron silicats were

in ov rivsrs, but thosz present hrv: random

[
fal

carric

4]
[

orisntetion, =nd are commontv clustarsd 1an coacsatrations
2t the boundariss oetwsan silics #nc iroa-rich matarizl,
thus inaicatin; crvstzllization »t uvhe exp=nsa ol thsse

two materiais(grobsauly zels). &1so the eomposition of the

- 1

1roa siiicate «atzsrial 1s unususl 1o rocks other thian those

of the iron formstion. 1t is concluded, therefore, that the
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bulk of thz matsrials o1 che iron formation was dzposited
from solutions in bodias of surface waters. ‘i‘he problems
to ve discussszd ia whst follows hsve to do with the sources,
mannzsr of transvort, -nd dzuosition of ths zlzments found
in sedisznts, anc susse.uznt changes taet may have contri-
buted to tha development of the iron formation 28 presszatly
coustituted.

rossil-free banded irecambrian iron formations
are widely distributed They hsvs aroused nmuch intsrsst and
consideranls controvarsy. There ars no known counterosrts

of thez rock formations forminz today, so that dirsct

h

iuference.irom,grocesses talt"in,; place =t present ismot
wossible,

The iron formations of ths Leke Suocrior reczion have
recelved & ZSreat desl of examination and studv. Van Hise
and L.ith (191ll), Grunsr (1l%z22), Gill (1937), Voors and
Maynara {(1929), and Jemes (1954) heve studied the araa
wesf and soutn of Lake superior. These men conclude in
a logical an¢ convincing maanner, that the iron Tform=ztion
is & chemical sedimant .2ich was deposited in a shallow
offshore basin. Gruner, Gill =nd James consider that the
matarizl of the sedir=2nt was derived by ths woathering of

a normal lancdmass, while Van Lise ana Leith, and oore

and Haynard suggest that 1t was derived in part at lzast,
from direct contributions from magmatic sources.

Van Hise and Le2ith based thelr opinions on the close
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Table showing comparison of

Trough and Lake Superior area:

LAKE SUPERIOR DISTRICT
(Marquette district)

Keewanawan
Acid and basic intrusive

formatiéns in the Labrador

LABRADOR TROUGH

Shefferville Ares

(Iron Ore Co. of Canada
Property)

Diabase dykes

-Sawbill granite
Evening Gabbro
Sims quartzite

UNCONFORMITY

UNCONFORMITY

Upper Huronian
Michigamme slate
Clarksbury volcanics
Greenwood iron formation
Goodrich quartzite

(Point series)
Menihek shales

UNCONFORMITY

DISCONFORMITY 2

Middle Huronian
Negaunee iron formation

Siamo slate
Abyik quartzite

(Ferriman series)
Sokoman iron formation
(Nimish volcanics)
Ruth slate
Wishart quartzite

UNCONFORMITY

DISCONFORMITY

Lower Huronian
Wewe slate
Kona dolomite

Mesnard quartzite

(Hamilton River series)
Fleming chert breccia
Denault dolomite
Attikamagen shales

(Nimish volcanics)
Seward grit

UNCONFORMITY

UNCONFORMITY

Laurentian granite and
gneiss

Archean Complex
Orthogneisses and paragneisses

. LABRADOR TROUGH

. (Finger Lake Area)

Intrusive dykes and sills?

UNCONFORMITY

|  Fort Chimo Group
Volcanics

Upper Shales and Schists
Shale

. Black shale
‘Abner Dolomite

Chioack Formation
Conglomerates
Sandstone

Greywacke

DISCONFORMITY

‘Fenimore iron formation
Carborate facies
Oxide facies
Ferruginous Shale
Alison quartzite

DISCONFORMITY ?

. Chert
Dolomite

UNCONFORMITY

" Gneiss
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zssoclations of volcanic rocks with the iron formation.
oubseguent work however, has shown that vulcsesnism is not
closelyv associated in apace 2and time with the iron-rich
sediments. Ordinary weathering was considersd bv the
early workers, t0 be lnadsguate To supplv sufficient
iron to form iron-rich sediments, howsver, Gruner and
Gill have shown that modern rivers nay transport
sufficisnt iroa anc silica to Iorm thick aeposits.

Gruner considers that tropilcal concitions with
acundant or;anic matter mav procducz iron ané¢ silice-rich

rivers, aad volats out that the smzazon is yrasently

b

carryids sufficient iron =and silica to 7orm a deposit
such as ths “iwablk of the wLaks supsrior regilon 1n
L7¢,000 years. <ill points out twhat rivers in 2 |
temparate c¢limate such as the . lata, Loire, Garonne
ance Om, sare also carrving =2s large an amount of iron
as thz JLmazon (sbout & parts per million).

rhose who hsve stucdied in detail the iron-rich
roc¢ils 01 Tne "Labracor Yrough" havs conciuded that
they sre chamical preclgsitztes formad in a merine.
bzsin, and thst the iron-rich motorizl was derived from
tite normal wezatn:zring of Gthe Lzndmaess.

Jufresne (190vj, after wiuespread detailea study
of the sokoman iron formatioa of the sSheiiervills zrea

of tae "Labrador Trouzh™, concluded that it was 2

;I.Ll
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sedimantary chamical vrecipitats oricinating under thne

Tollowinz concitioas:

"Tha iron formestion is p=rt of a merine
assemplage, and is ovellsved to heve
collected in = restricted casin whers
the salicity 01 the sea was rept low
oy £ abundent supplv of fresi water,
S0 that the pil was nearlv neutral,
Crizanic and bacterial 1ifz were
sufficiently developad to ..2lutsin
sensrally reduciing conditvions in the
area of czposition; most of the iron
soG osilics was probvetly derived from
weathcring of an old lznd surface, and
‘orzanic matter pgrovided coliloids to
oringz them To ths basin of deposition,.
TYhs iron mav h-ve veen reduced upon
dzgosition, to form = ferrous mineral,
or agzsin 1t may b ve ovesn precipitated
directly as ferrous siiicate or carboaste,
depez.ading on whethzr the uvsar 1imit of
ths reducing anviroumsnt colncided with
the sea vottom, or whether it was some-
whare above 1t. in extreme redquciig
conailtions tne lattser cass 1s more liuely.
Vulec:onism may LRivs peen instrumental ino
snclosinzg the basin of dz.osition and
may havse contributed minor wuantities
of iron anc¢ silice."

T

“ucer and Gsrrels (19s3) show that the emount of

iron whicin may oe cerried in soluwion, 1s depsndent on

the 2h and »i of the water. TUnder natural conditions of

pil in normal streams (6.5 to 7 in [fresh water rsgions,

and 7.5 to & in calcareous rezions), 1ron may be carried
only undsr strowngly reducing couawitious, such as are

nost likaly to occur in siu gish voclszs of weter containing

abunéant or.sric matsericl. .eter has 1ts przatsst carrvian

capacity whers the pi 1s low, For tnis reason, rivers that drain



96.
areas which are withoutl carbonats rocx would ve the nmost
faveuraovle for ths transportation of iron 1a sorution.
iluber and Garrels suggest thet this may have been a factor
i thz sxteusive developmznt of the rrecambriasn iron
formation, it is noteworthy in this regsrd, that there
ares no known caroonate rociis in the prs-Furonisn rocks

of thz Ungava ranlnsuls.,

12

L

axpariments B e and “aynard show th= al F i
iXpariments of Toore and “aynard show that (a) Ferric
oxids nyvdroscls are com.o2tzlv precicitatsd, or coazulsted

oy salts pressut 1o aorm:l s:a v otsr wiithin s faw davs oftar

pbein; mixed. (o) rerric oxidz =2nd silics hvylirosols whan

[§%)

separatz ~r:z wulte stvapvlz, 2ul hon mizxed, rmutuzl srecip-
itation occurs, (c¢) Iroa zad .ilica mav Le curriea in
sorution without mutusl precipitetion if as Lithe LS 4.0
p rts par million .of psat solution are gresent. () when
hydrosols of ivon and silica, stabilized bv orzeanic matiar,
coms. into contuct .ilh electrorytzs of tie seé, iron is
pracipitatec in 2 few days, whzarezs siilca is not completely
cossulutod after scvesral oouvhs.

vitated Irow Terrous bilcarbonate

iron wiil 5 pr=ci;

i

solucions as lcon coobonats, if carbon aloxidae 1s rsmoved.

{0

This mey Ve erffscted by diminished atwosphoric prsssure,

N

uélilzation oLl ecgroon c¢loxids o+ plants in photosyathesis,

or oy & incresse in tempzraturs. Change of tampaceture

may e *n important conlrol in vhe vyreci.itetion of iron in
~—s ’
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iron Jorm=tion.
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the caroonste manowe
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ihe presszace 01 soapt.ria cracks in chert aodul:zs,
istraformationsl breccis of chaert fragments, =0d cross-

veddlns in &

P

vosits of chiert =zacd carbonste in thsz Carbonate

@

iron .ormetion stratisrsphlic unit, iccicate that the
sadizzntery basin wes relativelir shallo , =nd thus
sudczotinls to chrn es of Tamp.ooturs of the stoosphare.
Ioore and -raynard showed thet "banding o 1ron ana
silics can oe yrocuced oy ths alffzrspticl setbttii. in
sea woter of froesitly presclyit-izd a0d well 2itatad
hyérous rerric oxide 2nd slilica. <whe ~rester portion

of tTiz iron 4. comsideravli: sillica sebttiea first,

followzd oy oo as.o-ition of = lavar of aiw.0s8t .ure
silicz. ew su ylias of meteri-1 111 causs 2 ropetition
o0l canding."

ihese eap riments pood.ced a band of Isrric hydroxide,

the uopasr surface of «iich consistled of spherical znd
ellipticali glow . les 0o -ilica zal. <ther also prouuced

slobules, which whon agitets. &ane rollad zrouna on an iron

[y8]

layer, .ickea up = coating of irom Gust. Thase sxpsriments
sxplaln the granuls and oolitic forms founé in the I'enimore
1ron formatiodn,

-

sakamoto (1900 attrioutszs lhc vansin- of thz chert

sna ferru.inous z2tsrisl to rhythmic craniss of pH du=s to

[y

S2380l- L weoathsrling cornges,  Cuz2rt wousa se cusntitativaly

o

40re ilaportant &t row pooand iron st hish pu,



w0
o

ucer and Garrels (l%ods) point out that raythmic
chagées m= be procuced by a varistv of mechaniswms., Thev
state: "The surarimposivion of zuch chans2s o0 changzing
o.laation potvszucial values, givss a ratioual vasis for the
minzrai sssociatiouns found 1. ilzoa-rich rvocks. sicerite-
hert alteration rzflzcts rhythmic fluctuations of the pH
in the de-oxyvzenated basii with little organic material
aud essentielly no inorganic clestics. with incre=sing

rll the cerbvogate precipitates, with decreasing pl, the
silice. "The chart-hematite a2ssocietion.. 1s the oxrysen-ted
eguivalsnt «ith the 1ron o0xide forming; .urin: the increasing

pi stase.

Iineral opecies Precipitated.

K. I, Garrels in co-opsration with J. k. Castano (1930},
.+ U. Zrumdbien (1952), and . &. buber h=as con:iderably
clerifisd the iniormetion concernini the controls of the

minersl sp3ciss (oxide, corboaste, or sulphide} in which the

(€3]

iron is deposited.

Thev derived a theoretical ouvl.ne for the physical-
chemical controls for ths trsoscortation ané precipitation
Of 1ron, =nd supsequently varified tham by experiments_ion.
Thelr work is bazsed OK the premise that "iron so.ubility in
natural wavers 1s pradictable within  rathsr narrow limits,
if the hverogen ilon conczatration (phk) and the ozidation

LOotantizl (2h) of the environm:nt sre known." Thev assume



i1ron wWie trans ortsd 1n true soluticn. i the 1lron wes
Treas;oirtad 1o 4 colloidel s-ate, th -2 deductions are
bilt valic, 1f soulizad to ths 2ciu.di msterl i ¢om . 03iu7
the seul zntu.v aeposit. ‘asricr formed mia . rols wouid
2ithar ve roglacsd v Lo min:rsals in 2soulilbrium in she
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sisurs 1L, 2 sumnu=rv oF the Iiulits O this .ork,
siows that the 1ron misercl, hichi can 2xist ian equllinrium
with con . ivions 14 chse ofsin, is Llarpsly dz2oznaznt on the
oxication~-rsuucoion potentizi, and to =2 Lzsser =z.tznt on
the ayarogen ion concentration. ‘the concantration of tha
reTTT LeTt, ¢al (0r), =2nd < determines the amount of
precivitats which mav iorgw, out has no =fisct on ths
coniuyO0sition of thz ixon wisesr:l rorzed. obanves of tamn-
ereturce and presSsurs woulc oniv zlishtis nmocify thess

asulivs wy oroadqanine tha tramnsition zone tetwessn the

LOrderid: minerals,

i‘hev state that the vi. 0.7 normsl warine waters ranaed
batween 7.9 aind w.H, .Lile the h rangsss fronm C.é =t Tthe
surracs 5o 0.1 at the ©OTtOm. 'he TesULLS Surrsrized by
tre craph previcusiy mzuatlonsd, show thet lron car.on=te
anQ 1ron cuiphide 4o 406 Torm under tiase couwxlitions.

L1s0 spunormsl coacactrations of salts are unlikelvw

to Iorw 1n Iree-circulsting merins eavirouments.
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owever, 8 restrictzd wussin may cccuru-_albe o sonormsl

at the sams Tire contain

\
iy
v
[
ol

arount o7 1xoa 1w soiutio.,
shosnd pe favourin: the prscipitaition of 1ron oxiues
cartomsu .8, =ua sulphices.

wh2 role oy ma_suslite 1s not Liscussed in whis .orl,
out in SLll pro =oility 1t woull iloum whare concitions in
the hemszcite 4onz wers: close to those 0. the cerbonate
20.:2, Or whzrs DOTLOM CONLILIOoUNS, w 2CH RENE oririnsliy
in the hemetitse fiela, tecams Lr0 P2531Vvaly “0I'2 OXViSl-
dafivient, cu= to baoteriai action, as furial pro rasses.

Ja-es (1954) summarizes the result o7 ths daductions
01 uarrals and fellow .orksrs ratv:er approprietelv whan

ns stetas thast, "in iron Tormevion, the 1ron is &t onge

an indicator of zpvironmeut and o major ccuscituent.”
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L a2 classificotion of diron formation bB2sed Ou vyrimary

cifferencss 1n predominent minszral tygz, 1s =2lsc a
classiiicavion o1 ori,in=l esnvironment.

“he Faninmore 1ron form:tion 13 comoosad princiyally of
guartz, maznatite, 1ron ¢ rbogatg, andé tha iron silicet=s;
stitivnomsians, ainn=:zo0taite, =2nd iron chloritz. iffarcnt
stretisrzprnlic horizoas contain tr:se mimerels in various
progortions., Brosdly speswia., tne low . .r or ~orlisr-
for::2G un1ts c¢o.<ist of c¢rhert 20d iron crcrhoa-te. Lron
silicnmtes occur througkiout th= uanlt, nut sre founu meinly

in the Thin-neddzd varconate i-on formetion sfnd the

lowarmost rzmoesr, the rerrugicous ohale.
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The oxiue, carto. £2ta, -G To : lessar cutent tihe
silicate facies rspresz._t & przdominacc: ol tae perticular
migar:l mentionad, out variation in predomiuzent faclias
from norizon toO horizon is commoun. 1n the cass of the
siiicate rlacies, varistion in ¢e:ree of irportance irom
oaa 1O ved 1s common.

The ozxide facies ctwsist of eltzrnate iayers of
mepnztite znd clzrt, in chich graaule structure is common.
“he occurrenc= o0i small emounts Oof c¢=2iponate witain this
conditions raua:ed

S

unit sugiests thatﬁwitnin the basin1
from midly rsducicz to mildlv oxidizins., 1t 1s sizuificant
that ia the one =xposure of this unit where homatite is

iy

in zxcess of maguetlite, th: -renuls structures zive w=yv

1

to oolitic structuray tous susz:=stine oxy-enation b weve
acvliofi. s180 iu this locelity there 1s no carovciniste- oresent
in the ozias facises.

The iron ceroonsate ~acies whicih in pl=ces contsins
considerailz maszustite incicstas that waalv raducing
condltions iulisted withinthe casiin of d=zposition. Thare
was sufficient oWygen Lo remove all ory,.olc matber sud to
form s m=2 ORyzish-deficisnt oxidas. 'Whe lowsr iron content

206 the r3l-%ivs licrease of the celceium and magesium

tiz upesr saceion

-

content or imn carovonate meteriz. 0
0. the carbonute member, ilndic=ats that The bsasin vecane
lass rustricted towarcs the closs of tha period of

\

form=tion o01f thoe carbsonate facies.




‘rumcein aud Gerrsls hevs showvn thooreticadly thst

there 1s 1ittl: overlep in the fic.lds of stavility of the
0xiGe =6 c=rovon.-te min. rsls. This is »rosdly suustan-

1

tieted ©7 the cetalls o thoe Fenimors iron rormation, Lowev: I,
it is comnon to 1ind & rmixture of iron croroonste and masnetite
in whe same roc=.

avicently magnetite 2orss 2t ths voundary betwean the
carbonate and oxide iacies, zné to o srall sxtent within
tnose conditions which favour rrecipgitetio: of iron
carponatas., The cuamical iwke-up of mas.ctite sugyzests
that tnis is wot an unlikely ph=nomenon. tuber and Garrels'
work shows that ferr.us hyaroxide is easily precipitated
from solullons ceficient in oxy.ozn. Crdinarily 1t combine
wifh ozysen in the air to io.m ferric oiide, however, where
oxvzen is suxcluded, magznsetite coula form,

ihe conditions of origzin of tha iron siiicats facies
is not clear. The predominence of'miﬂnﬂsoteite, stilon-
ormislains, -<nc iron chlorits in certein oads incic~tzs thsat
there must have Jeen definite condi icns which fzvoured
the formation of = specific iron silicate. Lt seems
provable that These c¢ouciticns wora dsternmined b the
2l, irow-rich matarisl, and perticu-

yressnce 07 a4 Si.ica

9]

=
I___l

arly ov the avaliabviiity ol .otash, slumins, zodium, &nd

oaloiuﬁg zrovably &s sug~ested oy Gruner, "1f tne nscessary

117 = = 7iae cust-Xike impurities.
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rietaris 1l 01 ubh3 JUCLir CLAT 2@ 13 L. 2ssabt Lo conelins «ith the
alwe s presenc sladlceous fractido. o owxn © urovicular sili-
cete.t the texitur=l reistion 921 minnssotaiitz 2ad the stil-

T e A e ant @ ] et et Fe - W .
W0 2T 1LG1CES 18 Lhat Thavy forrmad oo tha SXo7se 9

=

the

sicics, “hz zveileviiitvy or iron, lusiuauv, O~-onssliun, S0t ssium,

ot

$0Cil.i, #uG calclium cep:ndson th: raturs oI ths wzsin ~nd the

u
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norlua. 06 the leadmess su;plvins wet rial to
the susin., Th2 suthor comsiders toot iron chlocivs Ls =2 prise v

hewleal _occiio.tz. 1t h=g tie tzxture, jrgin size =nd
GLprosciss the composiivion or _rownvlite,which in the Lake
oupzrior wistrict is cousicersuy vl ary. «he ailifferencs in
mireral sgrcieg 1s proboslvy & rasult of sliht chense in
consosition o7 Tie dust-llce ilmpuricies in the szdimznt.

vhart, wrich 1s cusrtitacively ths most important matarial

of Cihs 1.on formstion, oOc¢cuvrsd Tirou aout the -Sorma.ion as lavers,
nodules ana Glsszrnunstea suall misses. ozgptorls cracks in chert
aoaules, ad an iwvraroscatronal btreccle ol chert, indlcate

aznyvcération of ohe cizrt vefore ocurial., “Ths uaiformity of
smount o1 chert inm 2 divenm ved, 1a ¢ ~ivan menmoer, and throuzhout
the iron fornstion s 2 <hole, Turther incdic:ttas that this
metesatl iIs o pricoars po .cisitate,

he sutpor itnat tho o=2aimore iron formation

|__
P
=
Yl
w
jav)
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U
[on
O

repres:nits Cco. tiau us ¢ 3L05ilion 0. = sitlc2 e, -na tazt the

veriatlcoas id vorCentiugs 0. tiis retericl

-y

' dn s uw tnz totcl unit

|-1|

reflacts (2) Se=sons8l voiriatiowns i the ralsatis =mouut o) siltic=

Ssuppliea to ins orsing () seesowntl chrn :s of i, (cjulffsrentinl

i

=

sett 2 0f this matarial relative to that o1 the iroa-rich fr-ction,

o

{a) sessoncl vesriation in tie amount o1 ivon 2dacsd to the tasin.,
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The iron-rica materisi w=ss aaposited at the same
tlme as the sillica, but in irrc;ular smounts,dus o
varistions in supplv. 1t was ipitizsllv Gesositad cs a
vervy fine-ireinsq smorphous mass, with granulén and oolitic

structurs, composaa OF iron c¢:-rvo.ate and/or iron oxids

f‘J

dspa2ndi.cg on the Sh of the basin, Lhis in turn recrystall-
zeq 1iuto zrains of iron czroonate, masnetite, or asmatite,
or combinea with the silica (31 snd £ssoclited impurities
such as aluminum, potaessium and the likes, to form iron
silicotes ihe finz ~reins of nagunetits so Formad are
clustersa in ;renuies or, if the srenules cont-inaa some
chert thzsy oftsn occur around th . outar edzz of the ~ranule,
Tha hewaiitz raiss are Lor.saly rostricted to 2o0lites or
associntad Tine oads of iron oxids. ‘'ne =raing o1 iroa
caroonats are coarser than thz oolites nud sraaules,
howsver, trzass structuzss =re uoressrved bv fine dust-lixe
impuritizs.

kry discussion of the orisin of iron formation raises
the cuszstlon s to which textures and min:rals are of
primary orizin, and which ars the result of discietic

chan;;z, or cicngz itkln ths sediment nefore lithification.

(1) The writer beliesves, as su gSssbed by Gill (1927) that

sortions or the amdrgshous wass, which wes asszatially
selstinous, groducesd jranules oy collecting into roughly
svharicsal q(s 22, under the 1nLLue:ce of surface tension,
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Diagzenetic chamnzes probswuly includs crystallization
Or yuarvz from a siliceous sel, formetion of magnztite
and,; or nematite {rom a aydrous ferric 0kide, crystallation
of iron silicotos at tns sxpense or silica, ironn =and
fi.ely dispsrssd masuesium, aluminum, anda potassium-rich
naterial,

1t is commonly presumed that diaga.etic modiiication
results in a noticeavly coarsser graln size and a chaage

in the texture of the l=2tsr minerals. 1In this respect

ct

zinztice

F_)
Q

coarse &Sralns such as mé u r08s gsranudie

pocundariezs, zucé neecle-=like silicate grains cut across
chart nodules snd oordering lrouo-rich l=wvars. 1o sone
c=825 crystallization of juartz and :agnetite all but

ovscures zranule and oolitic textures, wshich are onlv

praservad ov Tilne cust-like impurities., These chruzes
avposar to o2 an lategrel part oi the litnification of

tiae wseznimore iron formation, ¢nd #re thoisby not cranzas
aue to outside azents. They are aot included by the
author in the terx .2bomorpaisic.

Ot 1 portesmes in these dizgsunetic processes,in areas
where the redox potential is favourabls, Is the oossibiiity
that m gnetite was originallv'hemetite and wes changed
to magnetiteyas tihe sedi-ant settlsd to the pottom
o7 the basiay or curing Durialjdecomposition of included
orzanic .aterial, =s pointed out by Brujewicz (1958), cause

a reduction o7 the oxygen in the sedinant, ana thus favour  the
growth
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of maznetite at the eipenss of hamstitse. 48 was mentlonad
rlisr, ... ers w2ll preserved oolitic structurzs are

rresont, the iron oxids mlneral is predozinantly hamatite,

Fh

Qrms are

o)

whils where Tresh pranules or indistiact oolitic
pressut, msoietite is the predominant minsral. 1o the
first czsz ozxysonation by ..ave action <pp=rantly produces
aematite, while where iess agltalion .nd cottom ventilation

sranul of megnetite occur. This leads the

O
4]

t.akes plisoce,

G

~uthor to the concluslon that th: magnetite is the primary

precipitatcand that hem<tits occurs where oxyien has neen

)

das

[Ay]

swoagltation.,

Tatamoripnisr.

Yetanorphic sodification (forrition o1 new miincrals
as & rcsult of solution, hesat, =nd pressurs) of the iron
formation is c¢learly shown in the north Finrzer Late area.
In these 2reas, cosrse silicstes, arfvadsonits and cumminz-
tonite have CGVelopsa, anc tne grain siss of the juartsz
sradually inerzases 25 the emount a2nd size of the
arivedsonite and cummingtonite ili.creases, aad the graia
size o1 the guartz 1s more uniform in tiue rore highly
retemorghosed rock. dhaariﬂg Lo 1 lalng are also more

comrion ia tnise more altered 2rsas.

eririched iron material h=s not occurrad to .ny extent

anywiers wivliin the Fenimore iron rormation, =ither in the
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more hichly n:taporghossd ssction, or 1n the wsry frssh

rocC.c.

Corclusiou.

ihe a2xtansivas well-exposed zress 01 ths Lenimore 1iron

[

formation rast in an unuisturoed manasr, proodaoly with
initial dips, on thz stable zn 1ss base znt., This

relatio.shig hes protected thssz units from altsration

to 3 yreat =xtzut, perm@ting a study of the origin:l
minerals, tzitures, aud structurss of Tthe roc.s.

Ths Texture -nad stratigracnic relaticuas oL the iron
formetion indicate that trhis rock is o merina Ssdimontary
chiamical trscl.itute., Tna iron coatzined thereia was
pr0Davly clssolved from cn 2iu iauw surface by the
lzaching of cesrvooaated water wia organic acids. 1t seens
li ely that soth the ir5n a:au& silica ware tr asportea in
colioical form =zaG were protectad Irom preciuisation by
orginic uatter. Wiis irom-rich mataricl and accompsnying
silica was caposited in a restrictvad marins ocasin oy
electrolytes of the sea or by mutual pgrecipitation of
iron and siiica hyurosols. HAestricuved conditions are

4

necessary to orcauce ik oand pm ian wihleh 1rosa pmiierals can
be presciplitated ana to concentrate sulricisal iron and
siilca (o 10-we. Lhe tnicir iron-rich units. The rets of

preclploeaticn 13 acp.iasst on Tthe amount of iron or

siiica in the zosin 2ua on che rzts oI sa2ttii .y, while the



trpe 01 mutericl fracioit=tew i3 cepzndant oo tiae Th eand pd
0i ths pasin. iron corovouatas are the presdoninsut minsrals
where olhsz vusin is 04dyg3w-ceficicnt, 'wua hamatite w.ere
3LUCCB3 04yzg2n 1s prescsnt, agnstlitse ladicatsas condivions
p3se two iaclz:s, silicatss Torm
whars sufficisat 1a1suzities oI ta:z rixht compoosition =re
prascnt 00 cow . in. ilth the sitica and irvon iraction.

Sending 0T 1cs0on -ad siLicz 1u che sedimant mav e

w

»LOCUCEY D7 & VOriocty 01 mschanisms, asUCi Girreranti=l

setllin g, seasswl osciiletion ov pii, or s ason-l veri=tions

Ol

14 Smouns 01 the piriicaasr ratarl L osuL.li=a ©2 ti:z ocssino,
Yhe renimore 1c-on Jsormation, excepc in tho roxion

nortu Oy wriiger .Aaxz2, -8 besn Litcels ~ifscied vy aatso-

morLrlsn, Che moue Oof orizinm O Lie 83Qimantiry ssries

o1l ths 1y zrez 235 - wisle, =uu Loz rols of tas ilroa

Tormation in tnis se,u2ncs o1 svents =s discusssad 1a the

ssctlon gotitleu "Orizia of the cedimentirvy zerias."
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Chioack Formation

General 3tatement

The Chioack formation 1s predominantly a clastic
formation. It consists of conglomerates, arkose, greywacke,
minor shales, and sandstones.

The formation cannot be divided into a seguence of
continuous horizons of different rock types, as it is
made up of thin to thick lenéitic units; a particular
type may occur at any position in the formetion and 1is
often repeated. To illustrate this, the section west of
Strain Lake consists of 100 feet of friable arkose, mainly
buff-coloured, overlain by 100 feet of alternate, 2 to 20
feet thick beds of red conglomerate and red sandstone;
while the area west of Chioack Lake contains 180 feet of
well-bedded greywacke and then more than 100 feet of well-
lith#fied arkose and granule conglomerate,

with such contrasting rock ﬁypes there 1s a considerable
variation in the cement of the Chioack.rock. It may be
anything from silica and iron oxide té clay materizal,
Authigenic chlorite and sericite are common in the greywacke.,

Each of the main rock types is treated in a separate

section.
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PLATE 53. View showing Chioack arkose overlyving sandstone,
gsouthwest of the West Arm of Fingcer Lake.

PLATE 54, Chioack shale east of Strain Lake.
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Greywacke

The author uses the term greywacke in the manner of
Pettijohn (1943 p.944) who, after reviewing work by Krynine,
Atwater, Bruce, Bayley, Irving, Van Hise etc. concluded that
greywacke connotes a type of sandstone marked by (a) large
detrital quartz and feldspar "phenocrysts™ set in a (b) prom-
inent to dominant "clay" matrix (and hence absence of infil-
tration of mineral cement) which may in low grade metamorphism
(diagenisis) be converted to chlorite and sericite and
pertially replaced by carbonate(c) extreme angularity of the
detrital components (miorobrecciaf (a) presencepin the
smaller or larger quantities)of rock fragments mainly chert,
quartzite, slate, or phyllite and (e) certain microscopic
structures (graded bedding, intraformational conglomerates
of shale or slate chips, slip bedding etc.) and (f) certain

rock associations.

Nature and Tyve

The greywacke is dark grey on fresh surfaces and a
brownish-grey on weathered surfaces, The rock is hard,
fairly tough,and usually massive. It is composed of angular
quartz, chert, and feldspar grains set in an argillaceous
matrix or "paste™., The matrix comprises about 15 to 40 percent
of the rock. Generally with the fine-grained clastic material,

8 higher proportion of argillaceous matrix is found. The




Chioack
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matrix contains an authigenic mixture of chlorite and
sericite.

Bailey (1930 p.56-88) emphasizes the argillaceous
nature of the cement of greywacke,and rettijohn (1948 p.244)
repeats this characteristic as a2 aiagnostic feature. This
clay matrix has been used as the determining feature for

the greywacke of the map area.

Composition

The clastic fragments in the greywacke consist of
30 to 60 percent quartz, 15 to 40 percent feldspar, 5 to 25
percent chert, 0 to 15 percent mica, O to 10 percent granite
rock chips. A typical sample would contain 40 percent
quartz, 25 percent feldspar, 15 percent chert, minor quanti-
ties of pyrite, graphite, and rock fragments. Fart of the
matrix , which cowuprises about 25 percent of the rock,
consists of rock "flour" i.e., finely ground rock debris.

The quartz and feldspar grains are mainly sharp and
angular to subrounded, with the quartz usually having
undulating extinction, There are a few grains of guartz
with secondary silica deposited in crystal coutinuity with
the original grain; the abraded nature of these indicate
that they are of detrital origin.

The feldspar gréins are mainly microcline with

subordinate amounts of orthoclase and plagioclase. The




ll4: L]
plagioclase shows albite twinning and perthitic structure.

About 20 percent of the feldspar shows slight alter_ation
to sericite; the remainder 1is very fresh.

The chert grains are usually well-rounded to
subrounded and consist of a microcrystalline aggregate of
quartz.

Rock fragments when present, consist of qguartz and
feldspar)showing granitic texture and composition,

FYerromagnesian minerals are usually absent, but a few
flakes of biotite were observed in several thin sections,

The dark colour of the rock is due to the clay material
surrounding the mineral grains. Microscopic study of thin
gections of greywacke shows abundant fine green flakes of
chlorite with lesser amounts of colourless sericite, and
some carbonate and tale. Finely-ground rock debris is also
present.

The authigenic nature of the chlorite and sericite
is clearly indicated,as crystals of these minerals pene-
trate the vorders of the quartz anda feldspar grains
("chevaux de frise" structure after Frettijohn 1948). The
chlorite shows little,if any, preferred orientation, but
the sericite usually grows parallel to the grain boundaries.

The composition, amount, and texture of these minerals
are usually inferred to indicate changes in the rock caused

by deep burial and folding. Pettijohn (1948) suggests that
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"this readjustment takes place upon the least provocation",
Pyrite and graphite are visible in most thin sections.
The pyrite occurs as euhedral to subhedral cubes, which
replace the matrix and the grains of the greywacke. The
graphite which occurs in very small quantities, 1s present

as scattered flakes.

Texture and Structure.

The greywacke is generally massive and devoid of
closely spaced bedding planes or cleavage. The bedding
planes are usually indicated by a change in grain size
i.e. a thin,fine conglomerate lens or a slightly coarser
bed. The rock tends to have a uniform dark grey colour.

Usually quartz and feldspar cen be observed by the
naked eye in a rock specimen, but in all cases they are
visible with a hand lens. Microscopie study reveals that
these grains are sharp, angular,and elongated.

The greywacke near the western boundary of the
"T'rough™ is more éoarse—grained and contains a lower propor-
tion of clay matrix. The grains show a high degree of packing
similar to an arkose. Greywacke seems to grasde into arkose
in places, particularly as observed in thin section.

In some cases the perfection of the packing of the
sand grains is due to crushing of the individual grains,
while in other cases it is due to normal sedimentary

processss.,
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In any particular bed, the coarse grains are remark-
ably uniform in size. 1In adjacent beds they mey be consider-
ably finer or coarser.

No ripple-mark structures or cross-bedding were

observed in the greywacke.

Origin and Conditions of Deposition.

The angular detrital quartz, feldspar, and granite
fragments existing together with clasy material in the
greywacke,requires definite conditions of origin and
deposition, Chemical weathering must oe incomplste in
the source ares, and there ceaunot ve much chemical
weathering during transportation of rock material,
Sedimentary classification must not progress to such an
extent ss to separate the fine-grained material from the
coarse, as both are deposited at the same time. rapid
erosion accomplished by running water is a condition
whereby the fine grains are relatively protected from
erosion, while the coarse grains are abra ded.

The thick massive beds comprisiug the greywacke
suggest either (a) rapid deposition of material of
constant type and pro. ortion or (v) reworking more
thiuly bedaed deposits by strong shore currents, slumping,
storm currents and the like.

concerning the mode of origin of grits (used to refer
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to 2 .raywacts tvepe of rock) L. .. .oodlend (lvod 5.453)

202l L. LOoreini tis rd £
rziovivaiy 0l 52 cetrie o ozl =T
uniiorm matrix ratarisi. «n Tthe coa.sar
Irs omenbs 2000, Gy J0Anatsly ous Bl ©
rocs, «hlls iu the flnsr-sroinsd. =s0C:s the matrix mat;rinl
Téiiws o0 plaudmianste, that thas o] ShagLe wars Loid
ADatL COuUT ML - 30Usly o O.VIOUSs [1Cm Llo.ir Closszsliv later-
riikea r£.latio sy LT 1s wled cioas that vasy Lalod ) Lo oo

Srits T QJEL“uaL

alof2r.it piiisd 8. ers w o L1TGL: 0. 10 Sor. -4tl0n 0. Lhe
WO priz sy Ul Orul. 2RIV _en.d 0L rousn wndsr raviiy
Or 0¥ Llatarsal uriwessorbauion. - i sotu vhedetritsl tresonts
S U Fido~ 0 deiel oflacolwl o voufa8s3nt2d 00 liourv susuanded
L avity, there would
]

matericl, =3 i, undso Lh laws oTf r
2% iLeast ve 5.4t all orades orf material ¢rom very fins to
corrse, 1o & sa2dimsut contueining toth, ana in 2ddition there
~ould .2 & teudency ror the OLQLﬂarY laws of psradinz to
operatse, S0oth thzse con. itions tend to oe assant. Ths
cozrser [ raliuned -rits countain oniy coque fragmants and the
excoedin, Ly llis-grainsu satrix. 1f, then, the fins-gzrained
~atrlx rasprssants & phrse iiffcreudt from vthat of thes ordiasrv
iztritel ;mturL:Lb, cthat ciasse seins viuse-wraiveda, must ve

ons OI €¢oilidicce susc-nsioun, 1t 1s .ostulstszd therafore,

ret vha matrix oy thesy srilts revr=scaobts a colloical suspeinse
of ciavay ~Lwainous and slilicsous astorials, which were

suov; ¢t to couztent rlocculiation, 80 hecomin- & con-trnt
corsonant of =2il th= roc-s o1 this ~roujp from sine-rained

to conpxss Jrits. <ince it forms awwarés of 54 parcant ol zv=n

Ch3 cossse «rits, it follows that =ccu ul~tio:. of tais
veterdlsl 97 o loc culation wust have resn tsving place very

r?glclw Srof. Soswsll (1980) hes suwestad thet co-vraecipi-

t=tion ox these finz-_rsinsd colloldsl mstariels takszs rnlace

sy the 2ctlion of elactro—positiVﬂ colioifs wnd t° G ihL =2n
snclosea or .irtially snclosed oisinp, pracl.itstion of fine-
creinad sodlment cay taks plesce a2t sucn » rete thst sven
Wials Loo surELv is not coatinuous, and the cz2pth o0 weter
not wsmall, tie sediment roa@ins unci '*xr:ptlﬂuad into racas?,
rloccul=tio. of thzs fine-rained m=teri:is ©00¥ glace
contirucusly «n¢ &0 thav Lacams intimst=lv mixed .ith the
corcde aetritsl matariasl tozt wes pariocicsliv 1-1id down
sitoin the Sesin of aeposivion,
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The last part of the wWoodland dis¢ussion is of
particular interest i.e. "the flocculation of the fine-
grained material rmust take place coutinuously".

As long as the supply of fine meterial and coarser
detrital zrains is constant, a unitform rock consistihg of
interriixed fine clay material and coarser clastic material,
closely intermixed will form. gRelatively rapid continuous
deposition and the reworking of the sedims=nt by currents
would produce a massive rock rather than a layered rock.

In the Chioack formation this type of structure is typical.

Boswell (1930 p. 378) states as follows: "as soon as
the supply of suspensate (clay material) ceases, that
which is alresdy ia the water settles out, in accordance with
the action of gravity ana of electrolytes,and becomes
Gifferentisted iu the process. Accoraing to its mechauical
composition the resulting deposit may show banding." The
last mentioned cese applies to the lower Chioack horizon
found west of Chioack Lake.

Pettijohn (1948) considers that greywacke can form
under diverse climatic conditions. Krynine (1937)
descrives greywacke in northwest India. He believes,on
the basis of botn lithologic and faunal evidence,that it
originated under tropical conditions that varied from
savannah through prairie to steppe.

Pettijohn guotes Fischer as stating that the greywackes
of Germany =re not characteristic of any particular climatic

regimen.
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gskola (1932) points out that the absence of iron
oxide concretions in the A4Archean greywacke of Finland
suggests a nontropical climate for these de.osits.
rettijohn (194%) reached a similar conclusion for the
Canadian Archean greywacke.

If greywackes were to originate underltropic conditions,
more critical. conditions of origin would be necessary to
prevent complete chemical breakdown of the minerals. The
odds favour a cooler drier climate.

The small csrbonate content of ths greywacke of the
present map area suggests a low pH factor of the water in
which they were deposited, thus inaicating a cool climate,

The presence of graphite in the greywacke suggests
organic activity. Both iZskola and Pettijohn attrioute an
organic origin to the graphite of the Bothnian and Archean
sediments.

Krynine regards the pyrite of the Bradford greywacke
(Paleozoic) as the product of early penecontemporaneous
diagenesis. The sulfate-reducing bacteria are thought to
have acted upon the sulfate that was aissolved in the water
between the constituent grains, thereby forming sulfites.
These then react with carbon dioxide to form carbonates.
If such an interpretation of the origin of pyrite and
carbonate is correct,it furnishes strong evidence for
a merine origin for the greywacke and for the presence of

bacterial forms of life (Pettijohn 1948 p.249).
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Trask c¢laims that 1 percent carbon is the normal
content for the average marine sediment. The greywacke
within the map area appears to contein about this amount.

All graphite is not of sedimentary Oorigin, and there
is at least a strong possipility that weathering of rocks
containing graphite could produce some of the graphite.
Howevé%i;%%gi&entary graphite would hardly be as extensively
distributed as that present in these rocrs.

The prescnce of pyrite and graphite, if the above
manner of origin be correct, necessitates reducing conditions,
such as accumulation below the zone of oxidation.

The following factors indicate that the source of the
detrital material of the greywacke was priacipally tne
granite and gnelss srea to the west of the map area.

(a) similer composition of the detrital zraius of

felaspar.

(b) relative proportions of feldspar and quarta.

(¢c) associated arkoses conglomerates derived from

graiiite and gneiss.

(d) source of material close to locale of present

sediments.,

The high chert conteunt of the greywacke resting
conformavly above the iron formation, suggests that the
chert was derived from erosion of the iron formation.

The granite gneiss 1s probably the source of the clayey

materialy however, it is possible that this material came




from a different.souroe, perhaps even from the east.

The content of clay material in the greywacke increases
from west to east., This might indicate that the source of
this material was to the east; however, it could also be
explained as deposition in quiet water at a greater distance
from the source of supply. .he presence of sandstones and
conglomerates along the granite gneiss contact indicates
rapidly flowing water. This precluded the deposition of
clayey material in this locale.

Pettijohn (1948) after Fischer, considers greywacke
as a "poured in" type of sediment requiring special tectonic
environment. As evidence for this he mentions (a) muddy
matrix indicating lack of sorting (b) massive non-stratified
nature of the thicker beds (c¢) lack of cross-bedding, ripple
marks, graded bedding.

Greywacke requires relatively limited chemical break-
down of the rocks in the original source area, short
transportation,and relatively rapid constant deposition.
"Pouring in" -of great gqguantities of sediment in a special

tectonic environment however,seems less justified. Greywacke

]
seems too extensive a formation to indicate a specisal envir-
onment, The muddy matrix indicates simultaneous deposition
of clay material and sandy material. This could heppen in

a shifting marine basin of limited extent which is supplied

with a constant coantinuous supply of clay and detrital

material,
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Lack of sorting in an individual bed indicates
constant stable conditions ior that bed only; there may
be a lzpse of time before deposition of the next overlying
bed.

Stirring and mixing by ocottom currents and/or slumping
after deposition coulc produce massive beds of considerable
thickness, although these agencies do not provide as simple,
or as straightforward an explanation as that of relstively
rapid constent deposition in a shifting basin.

Uplift of the adjoining landmass would initiate
such conditions. This feature is strongly indicated by the
beach-like uncomformity (page 157) at the base of the

Chioack formation.

Feldspathic Sandstone

west of Strain Lake the greater part of the Chioack
horizon consists of massive feldspathic sandstone. The
colour of this rock may be buff, red, grey, or black
depending upon percentage anda type of iron oxide minerals
present in the cement, 1In places west of the northern half
of the lake it is opuff in colour and it is interbedded with
a red conglomerate. .he cement is limonite and hematite
respectively.

wWwest of the southern half,of the lake there is very

little arkose or conglomerate present in the Chioack
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horizon, and the formation consists a2lmost entireiy of red
and grey feldspathic sandstones. Some of the dark grey
sanastones contain rounded grains of guartz or feldspar,

2 to 4 millineters ia diameter, set in a much finer

sandstone matrix.

Composition

The rock consists of about 50 percent quartz, 20 to
40 ﬁeroent feldspar, ana a small percentege of ssricite
saa chlorite,

The cement consists esssntially of carboaate with
veriable proportions of limonite and hematite,and perhaps
some magnetite. 7The megascopic colour of the rock is dependent
on the iron mineral . or minerals iucluded ia the cement.
The grey sandstone cement is almost entirely calcite, and
the dark grey variety coatains an appreciable content of
hematite and,;or magnetite, the type that i1s bufi-coloured
contains a noticeacle amount of limonite,while the red

type contains hematite and limonite.

fexture and otructure

The rock is composed of massive beds between 2 and
lo inches thick, The variation in composition and grain
size between different beds is very smsll and takes place

in a very thin unit of rock so that the bedding plane is
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apparent, principally due to its c.eavage rather than
the changes in colour or composition.

Cross-bedding was observed at one place only in the
Chiocack sandstone., At this locality, west of the south
vnd of sStrain Lake (Fiate 37) no colour banding was
apparent, and the only visible iaaication of the structure
wes the cleavage. This produced ezxcellent three-dimensgional
blocks witn the structure of cross-bedding laminae. The

uoper aund lower surfaces are concave.

Origin

The feldspatﬁio sandstone grain is the normal erosional
product of a granitic gneiss area which has veen rejuvenated.
“his material was repialy stream deposited in an offshore
basin. The ch=anze in nature of the cement evidently indicates

(
local variations of chemical condaitions in the basin of
deposition, or variations of the solutions present in the

sediment during lithification., This points to restricted

disconnected basins.

Arkose

The arkose horizon of the Chioack formation is exposed
between the contact of the granite gneiss and the Strain-Bones

Lake valleyy, 1t is not found farther than 1 1,2 miles west
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of the gneiss contact.

Nature and Type

The arkose beds are lensitic in form and vary between
10 and 100 feet in thickness. They are grenitic in
composition. Interbedded with the lenses of arkose are
beds of sandstone, gsnerally buff-coloured. Usually the
arkose beds contain scattered pebbles of granite and
iron formetion. In places west of Teeter Lake the
Chioack horizon is almost completely arkosic with a high
content of boulders and cobbles (almost a conglomerate in

this instance).

Composition

The arkose coansists principally of quartz and feldspar.
The quartz content is about 40 percent of the whole and the
feldspar 60 percent. The feldspar content is made up of
microcline, orthoclase, plagioclase, and perthite, The
plagioclase 1s largely altered, although its original
composition appears to be that of aundesine.

‘‘he proportions of the various minerals present are
nearly the same as the granite pebbles contained in the
arkose., In these pebbles the plagioclase has the composition
of andesine.,

The cement of the arkose is calcitic and/or iron oxide.
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sest of strain Laks the cemznt is caizits, and thus the
arikose is wufi-coloured. .est of fseter ooke 1t 1s
rri.cizaci . Limonitse with minor hematite, and the arkose

and the con:lomerate are uark zreyv in colour.

Taxture

N

The arxos= 1is axtrenely closs-grained, SO nwuch so in
fact thet in placss, tha rocs 1n soms thin sections =2s02ars
to be sranits. This hizh degree o poe-ing 18 cuz o two
features (a) reworxing durin_ comgaction (%) crushins and
fracturing of the greins. (rlete dc).

The 1l=atter fzaturs is iilustrated ov the offssat

fra.auents of the leldspar sralas which were later csmentad

by 2 thin film of carvonate., There is cousiaerables varlatiou

i

in the grain size of the minerals composiiye the arkose,

psrticularly in thz c=se of thes feldspar.

Origin

r3 to h&eve een the

U]

irhe source of the arkose a;ps
mranite saeliss to the west., The prouportions and type of
the zrains 2re similar in both rocks. Tthe presence of
vzoulas of ;;ranite is slso indicstive of this sourca.
The arkosz apiears to be a rsworked faldspathic

residuum which =g neen depositzd in o Hesin perallel to
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the zrea of the granite gneiss. cartisily alsintegratasd
Or ¢ecowrp0sed gpranite mayv oe formed under any climatic
couGitions, although a c¢cool clirate 15 rost ususl. A

arxoss could have Leen prouuced curinag a

Hhy

it o

wn

depo
reworiiung oi Gthis roci Gebris, with the finer matserial

belaog removed during the trawnsportation of tha rasicuum,

Conglomerate

Conzlomerates are an importaut memier of the Chiosck
formatio.:, 'they occur vs seds from 3 to 7o Teet 1n thici-
asss invarvedded with sendistouzs end ariose (See ilaie 5%,
a typical irlustratio. of muci or the Chioacik Tor -ation),
The conglomerate horizon mav occur at =nv goint in the

Chioack successioiu.

wature and Tvpe

Generallyv speaking the congromerate Iragmsnts are less
than € inches in aiamster. in ssvasral snall areas, howaver,
such as immsalatzly overlyla,, the iron formation w:st of
Teater wzite, th:2 rounded fracments sre Lp to 18 inches in
diametsr. 1o 211 cus2s the fracmants largsr than 1/4 inch
ars well rounded.

The matrix is sandy or .r.csic, with a camsnt of

carvouits or iron oxide.
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PLATE 59. Chioack conglomerate northwest of Strain lLake.
Note: red Jasper pebbles.

T et E = - —— ————t

PLATE 60. Chioack conglomerate (red) overlving red sandstone
northwest of Strain Lake.
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The colour of ths rock depends upon the tyre of cemant.
west o1 —train rake 1t 1s rsa in colour due t©o a coating of
goethite around the saad grains of the matrix. Othszr
horizons may pe buff or dark grew coloured.

The sand-size particlass of the conglomsrate are of the

L

-~

me compositilion ~nda form =s those of the sandstons.

&)

=%
he rounceq Tracnents consist priuwcipa.ir of granite,
sranite gaeliss, auc 1ron rormation with minor guantitias
of guartzite, colonits, scencstoneyand velin ~uzrtz, The
lron formation iragmants ars mainly pleces of cihzrt or
jasper; very little iron is present. the lerger fragments
are mainly iron formation, while granits {orms the majority
of the 1 to v=inch material,
west of wne centre of sirain wake 2t ths oouadary of
the 1ron formation and the Chioacii formstici, thare occurs
a8 con,lousrate co.slsting sctircely of iron formation. Yhe
rounded framents are ilron formation, and the cement cousists
01 posthit:z zua hen=tite.
Undisturbed iron formeatlon mayv bve traced alonz the
bads (on the fcce of a modera cliff), to 2 point where
snzular fragmants of iron formation occur in ths rocizgas at

the bass of an old erosional surface, thzse 1n turn zrade

t=h

into rounded boulder-sizsd pi=zc lzd

b

S, 80 that in a lithi

£
roci one can vracs the develcoment of the srosiounal devris,
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rLATE 61, Conglomerate of iron formation northwest of
Teeter Lake.
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occurring at the foot of a Frecambrian cliff, This
feature indicates beyond a doubt that erosion of some
consequence took place at the end of iron formation time,
and that there was an abrupt change in the tectonic conditions

of the area,

Textures and sStructures

The pebbles and cobbles of the Chioack conglomerate
are smooth and well<rouded. This well-rounded nature of
the conglomerate fragments stands in marked contrast to
the extrehe angularity of the clastic particles of the
matrix and associated arkoses and\greywaoke.

The pebbles and cobbles are moreor less segg;ted as
to size. Cross-bedding is not common, and cut and fill

structures wars not observed.

Origin

The source of the conglomerate debris isreadily

apparent. The granite gneliss occurring to tihe west is

almost identical to the granitic debris of the conglomerate,

and the similarity of the Fenimore iron formation to the

iron formation debris of the conglomerate, is too marked to

look farther for the source. Tectonic uplift is suggested

to provide the conaitions necessary to produce the conglomerate.
The well-rounded and crudely bedded, well-worn, character-

istic of the pebbles indicates that the conglomerate was




134,
formed by an aequous agency.

The roundness of cobble-size fragments does not
necessarily indicate that the fragments were transported a
great distance. A4s Krumbien (1940) states, rivers can
produce rounded debris in relatively short distances
(granite fragments may be poundsd in a distancefghout 4 to
9 miles). The effect of currents at the site of final
déposition is also an important factor in producing rounded
debris. The cliff-like erosion surface of iron formation
suggests beach conaitions.

The relatively thin and extensive beds of conglomerate
(usually 3 to 20 feet thick) suggests that the material
suppliea ©o the site of deposition was evenly spread out.
The absence of cross-bedding and cut and fill structures
indicates the probability that the materizl was added to a
basin of deposiiion vy rivers and spread out by off-shore

currents.

Origian o1 the Chioack rormation

tach of the units making up the Chioack formation has
been described, and deductions 2s to the individual mode

of origin have been made. The formation as a whole is now

considered to try to obtain some idea of the conditions which

formed these rocks. It 1s felt that this may throw some

light on the problem of the iron formation.




Krynine (1941) suggests that different types of
"sandstones" such as arkoses and conglomerates on one
hand, and greywacke on the other, indicate different stages
in the tectonic and geomorphic processss which shape the
successive stages in the developmeut of the lancmass.

Such 1s not the case in the present map area, The
greywacke here is merely a sediment which obtained its
constituents from the same source as the arkose and
conglomerate and was formed at the same time, but under
less drastic mechanical conditions.

The sand-size grains &re angular and irregular in
shape in the congzlomerate, feldspathic sandstone,and the
greywacke, All types of sediments of the Chioack formation
show features of the others; they are all relsted and
belong to the same stratisraphic unit (400 feet thick).

For these reasons the conditions of deposition of each

may be conslidered together to proviae a more complete picture
of the conaitions at the time fhe Chioack formation was
evolved.

This problem will be coasidered under the following
sub-headings:

(a) Climate and degree of weathering of the source
area of the sediments.

(b)Type and amount of transportation.

(c) Mode of deposition.

(a) Aveaisl distribution of the sediments.

(e) nature of the zone of deposition.
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Climate and degree of weathering of the source area of

the sediments.

Arkose debris mey form under sny climatic conditions.
If, however, it forms under humid, tropical conditions
removal must be much more rapid than if it Were under a
cool climate. Inasmuch as the formation underlying the
Chioack ~ - formation is made up of relatively flat-lying
chemical sediments, it 1is logical to assume that the
nearby landmass or at any rate, the landmass draining into
" the basin in which the iron formation was deposited was low,
flat, and relatively stable before Chiocack times. The lack
of angular unconformity between the Chioack and iron form-
ation and the thinnsss oi the Chioack formation, particularly
that of the conglomerate, suggests that uplift preceding or
occurring during Chiloack times was slight,and that there was
not sufficient relief to cause rapid removzl of the arkosic
material from the landmass. Hscola (1932) and Fettijohn(1941)
believe absence of iron oxiue concsntration in the greywacke
suggests a. .ndn-tropical climate.

while no aefinite conclusions may be drawn from the
present map area, it seems likely that the cli..ate was not
humid and tropical.

A feature which influences the author's opinion in
this matter 1s the appearance of the red conglomerate which

is very similar to present glacial outwash qeposits south
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of Strain Lake. The sand and gravel in the present stream
ped is similar in texture, and because of an appreciable
iron content about the grains, has a similar red colour.

About 60 miles south of the present map area the
author observed a dolohitic formation believed to be of
the same general age as the Chioack formation. 1In the
dolomite there occurred several one inch diameter granitic
pebbles which could only have obtained that position by
rafting by icé% This again suggestscold climate or glacial
conditions,ana while no definite conclusions may be drawn
from the present map area, it seems liksly that the climate

was not humid anc tropical.

Type and amount of traansportation.

The presence of rounded boulders in the Chioack
formation indicates that water was the principal agent of
transportation.

The angular irregular nature of the gr=ywacke,
sandstoie, and arkosic fragments indicate that this trans-
portation was limited as to time and distance,

As indicated in the foregoing section there is some
suggestion of ice action at this ti.e. One possible explanation
for some oI the conglomerate lenses within the Chioack formation

could be the melting of tongues of ice.

@) - fafting oy roots or other forms of vegetation seems to be
precluded in Precambrizn tines.



ode of deposition

The massive nature of the sandstone beds, the thn,
even beds of interbedded conglomerate, and the lack of
cross-pbedalng and cut and fill structures, suggest. that
streams or rivers were not the last agent of deposition
01 these members. 1t seems most probable that off-shore
currents reworked and spread the material deposited in the

basin by streams.

Axeslal districution of the sediments.

The conglomerate and ar:.-osic memcers are found
within two miles of the gheiss contact. ithin this zone
there is a consiaerable amount of feldspathic sancdstone.
rurther to the east the Chioack formation 1s princip=ally
greywacke and shsle.

o the east of the gneissic s=rea, there is a normal
off-shore 2ssemblage »of clastig sediments probaovly derived
from the weathering under cool climatic conditions of an

elevated, though relatively stable lasndmass,

vature of the zone of deposiwvion.

The presence of grapnite and opyrite suggests marine
couaitioans for the deposition of the greywacke. The clay
material in the greywacke incicates a reducing marine
environment to flocculate the clay minerals.

The nature of the arkose and conglomerate hodies




indicat~=s thrt these are thin, evenly spread outwash
dezosits formed in a basin bordering the gneiss. The
cement of the conglomerate and arkose is not the same

in ell localities, which suggests that the basin was
civided iato szc¢tloans in hich daifferent ohysical-chemical
conaitions existed and whare different concentrations of

material in soluvion were present.

Abner Dolomite

General statement

Conformably overlying the Chioack formation is a
dolomitic stratigraphic unit referred to as the Abner
dolomite. It is between 100 and 500 feet thick, relatively

uniform, and contiauous along the strike.

retrographic Uescription

This unit 1is geunerally a very fine-grained, light grey
rocx which weathers to 2 ligzght ouff colour. 1t consists
of fine, uniform grains (2 millimsters in diameter) of
carbonate, and scattered concentrations of quartz. Crystall-
ization of the carbonate mineral has 211 but obliterated
original granule to oolitic structure, however, in some
thin ssctions of about twice the normal thickresss, it may

be seen, Arpzareatly the amount of qust-like materisl
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which indicates the oolits structurs, is very small

iningz tests

[¢V]

and uunoticesabie 1n regular thin sectiouw. ot 2
cha rairactive indaex cevtercinations inoeicate tnat the
cavbonuts is qolowite. 1rhe buif colour of the wa&sthared

surfaces, howsver, iladicstz trat 30mz ivon 1s vrsssnt iu

thek: roou=te uwin-ral,

glthaer &8 & 00x-1ixe unatworw of stringers, s small olob-like
concentrations (L to o millimetars in viosastar), or sometimes
a8 eceltbterea very lJias raxus iotisi:telv associstad =2nd
lroterrixed with whe ¢ rooante. owoluvion of the aolomite as
part of the weatureriny urocess, Lyroduces a cnaractaristic

ustwork of stridgers sud point protrus loas of ths yuaertz on

O~
e

8.00824 surfeczs o1 tiz roci., “his feature 1s &n ilwportant
Gleguwostle feature of vhs rocl.,
BGads o1 40lor.ite &re dsualiy ssversl fzet thlcr. J01ints
Sre uleonmuon, 1 1y Joner adolomite a massivoe, ua.roken rock.
wWear the bsss of © 1s member, rLowevar, san&—éize

07

impuritizs co..stivute a iarge Golceatsge ol ths rocii., These

ere rmalinly cuartz <rains. Fedolny (1710 to 1,/4 iunch thick)

is wall-developed 324G cross-oLedelin. may ce preseant (top

Getermine.tions indicate thet the oceds hove thsir tops up).

These 1lmyur: Goicrmites usually waether te a lizht rusty colour,
woGulss of plack ciurt occur <long czrtzin horizons,

uopwjuLv nzar thz woo of the formsation =ast 0f otrein and

Teseter wties, Ths chert is an =o;ren=2ts O0r lcrocrvstililine



2. Mierophotograph

of thin section ofAbner dolomite
east of Strain Lal z 60, polarized I1ight.,

PLATE 63,

thin section of

2

sast of Teeter lake

Bbner dolomite
Note: Quartz stringer

3, polarized light.
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The contact of the ‘bner dolomite with the overlyving
calcareous shale is not expossd, however, indications show
that it is rel~tively abrupt,as in several localities a
change is noted within a distance of o few feet., In the
northern part of the map area (north sast of Finger Lake)
puff wolomite ana shale gre interbedded through a strati-
graphic distance of several hundred feet,indicatiag an

oscilletion of depositional conditions.

Crigin

1

The origzin of aolomite hss not veen satisfactorily
explained, even thougzh dolomite is extensively ailstrivuted
throughout the geologic system.

The most wiaely accepted theory vostulates that dolomite,
whicn has not been precipated in the laboratory, forms as a
result of replacement of calcium carbonate by magnesium
carbonste from marine waters curing or shortly after deposition.
in some cases it is recozhised thot dolomitization takes place
atter ocurial and uplift, and therefore occurs considerably
later in the history of the sediment.

The intimate sassoclation of quartz with the carbonéte
suggests that 1s was precipated at the same time as the
original carboaate., This feature, the'composition,and.the
Zranule and oolitic texture of the rock resembles those of

the iron formation.
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Siliciiication of limzston=: =206 &oliowitss 1s not an
uncommon fezvure; it has vesn descrioed in ths Tn=ote
polomite, Owsciiita Ch=z2rt, Snaxopee doldmite, (Ordovician),
anc¢ the Carnorian oolitic limestone of Tyrone, rennsylvania,
Thoss who have stullcd vae aiors-menvion:d Irocxs couslder
that this process ey occur sarly or leaete in the diagenetic
process. where 1s 0o unanimity of o.inion on tis sucject.

Csttijohn (194%) favours a relotively lste melasomatic
orixin Tor chzrt nodulss 2104 teds 1. normal marine livzstone
and colomite (pase $22). He sujsests thst thev ars often
assoclsted with "colomite, siderits, phosphats roci, sad
eall metasom=titas™,

11 silica were preseat 1a the oriuiwsl chemicel precicate,

a3 vlaj2nesis taiiss

lece, 10 mlght ve cxpzcvzd thit re-

oy

arrsuseaent of thc siiica would occur. arltoa(lvsc) susu=ests
tiat elv-raftion processzes luazuurataed curiig orozenstic
novernsnts (in seaiments ouwly pirti-liv lithifisd znd still
co.bainin_. sea weter) Will affect ths solubiiity of the

sliilcea 1n the sedimsnts. ROcCxS under losc tenc tovhave mosyt
of the water capsiicew, howasver, 3003 01 1t must rew:-in.
5o1u0ility of silica 1s grezotest under nich pressure ziod

curing iniviel foLoiu, gressure lncressas vubt as Harlton

I

£oints out M"wiaere tlhe over-thrust veglus tO Oove, stresses
are io-.tontly rsauced, ilnternel pressure is relisved and

a-

Taeg aoliiity of comprasss.a  waters ©o
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retain silica in solution is vastly reduced."

In accordance with this theory the most highly silicified
beds must have been (a) those beis from which the water wss
most difficult to expel (b) those in which silica was in
such a form as to be readily dissolved by water under high
pressure and (c) beds in which water could have been forced
from adjacent beds of t,pe (a) and (b).

This suggests that a variety of degrees of silicification
would occur within the rock.

following Tarrs ( ) and Kays (1y47 ) concepts of
geosynclinal conditions, the author visuslizes a considerable
thickness of very fine-grasined marine sediments still
incompletely lithirfied, concaining primary silica subjected
to tectonic movement. These movements cause migration of part
of the contained silica to form the box-like network of
stringers of guartz. The remainder of the silica remsins as

of

a microcrystalline aggregate grainsof quartz in small blob-

like concentratioas.

Upper Shales and Schists

General 3tatement

Overlying the Abner dolomite is a thick assemblage of
fine-grained detrital rocks which in many plsces are highly

schistose and contorted. They may represent either a revival
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of finer-srained sedirvzntation of Chiocack tvpe, or cousist
of Chiosaci sedi.ents faulted 1nto thelr prsssnt position.

B

108% of the centrs auc northern part of Flon:er Lake
tie Aboner colomite thias out aand 1s luaterliogersa with
shales, The relatiouns o1 the ovsds su.gzst that ssdimsntation

~
()

the detritel material wsas coavinuous, whils the deo.osxition

=

O uhs Goiomive Took place in =2 morerasstricted wasin eand
gurii & shortar gsriod of time,
The scilst and slatsz edposurss =ast 01 wonss, Tsetar,

ol Finger Lale «rs hi_hly contortsd wue

i

o

anc the souoh

[Q)]

to rolcing :nd thrust iaulfting. sStructursl relstions
iinaicate tuat tuae attitude ol such faulls would be slijhtly
Steepar thzn tine cip of the formetious furthar west.

AT

Jesceription

The comuosition of tr1s stratigraecihic unlt varies

Toun sraywiacss 1o shaidl),  1n places 1t is impossicls to

2

-t

distiliagulsh 1v frowm the Ualoack formetion, bul gsuerally
it is fin3+5r:ineo snd 28s & hlghesr proportion of c¢lay

asntzrial.

(1) - used to d=si_aate & fins- "”eined rock with an
important cont:nt of Tinz-.r:ined hydrous zluminum
licat
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The percentage mineral composition is usually as

follows:
uartz 4G to 60%
reldspar : Almost nil
hydrous alumipum silicate 40 to ©0%
Graphite 0 to 60%
Pyrite 0 to 5%

The quartz commonly occurgf%ngular, fine graias about
0.0l to 0.05 mi _limeters in diameter, although in some beds
coarser grains are present,

The hydrous aluminum silicates consist of the minerals
sericite, talc, and chlorite. Grain size is less than
0.05 millimeters. 1n some cases there 1s random orientation
of this material, but usually the pgr=ins =re psrallel to the
bedding ana concentreted 1a certsia beds, Textural detalls
suggest thet some of this material is of dqetritsl origin,
thougiy much of the parallelism is obviously due to metamorphic
changes.

Interbedded with the volcanic rock east of Lsura Lake on
the sastern edge of the map area, is a rusty weathering shale
with beds containing 2n iron silicate, in a groundmass of
fine-grained quartz.

The texturcl relationship of this rocc is much the same
as that of the iron formation members. Here, however, it is
interbedded with siliceous beds with a high pyrite content.

These rusty weathering units, which are about 100 feet thick
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and severzl miles louz, crs outsioz the ares and scope

4

of this thesis, cut it is of icterest to nots that

they occur clossliv assoclated, in positio:n at least,

with the volcznic rocks, auc somswhit rces=mnole the
ferru_lnous shale norizons oI the iron formetion.
rowever, they ciffzr ia tvhat the iroan silicates &are
commonly ori:ntsted parellsl to the bedding, while thdsse
in the iron rormation =zre alwavs 01 random orvientation.
The =utkor sscrizes the orintation of the silicates of
thes l1lron Torm-tion to crysteslliz=tion {rom = silicsa 1
2nd considers those of tiiz "shales and Schists™" u 1t to

Ea

ve 5f dstritsL sedimznt=:v orizin, =scruss of ths uniformity
rein size, orizntation, ccocmpozitlon, -nd lack of
metamorpnisn,

Graghite occurs as verv {ine rains concentratsd in

r

certain Lorizows lying to the sast of Wszster, Tones and

-

Q

Finger Lakes. This reteriazl i parts a dark grsyv to black
colour to the rocr. .here the concentratisns of the
sragh.te is garticulirly rish, as a few hundrad Test 2887
of the south enc of Leetar Lake, pvrite is orssent in
anounts up to 5 percsat. In this locality the rocik is a
tvpic 1 black shale (Llate o4), in that it is e black,
xtrensly zissasle, soft sock with a very high graghite
content.

fhe prachite shalz in this &rex 1s oI particular

lntsrest inasmuch zs 211 sta_es of alteration to a black
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chert msy e oussrved in the outerop. A& cross-section
throu,h a sillcifi=d szction is =zs follows:

(a) black sha

N

1
(p) black shzls .i.h scattered 1 millimeter guert

stringsers,
(c) numerous 1 millimeter guartz stri..zzrs, some along
oadding plsanes ith silicifTicatiosn adliecent to than,
(@) bleex chort with sestterad _uartz stringers,
(e) conchior¢al fracturing. olack chert_with avidsace of

old oeddlic;, sa. no .uartz striugers.

Lt is 1ateresting to note that the srepiitz content is
lzss thon helf as grest ©s the same bed five Teet swav,

S larsee

34

‘ihess pods of chertified blecis shale ncy be
g5 oLy f2et long and 4¢ fect thick., Ywhey arse not continuous
uniform masses, oubt very in cexree of altsration within a
Tew feet Loth across 2nd =lon: the strike. 1o 2ll cases the
eltaration is connscted with ‘cuartz striazers, althou.h the
end prodcuct is n==rly devoid of them. The source of tine
cuartz appsars to oe the underlying colomite. Ivideatly
during comeaction of (he aolomits silics .as expelled in
soirution., 1t pzrmssated the overlylay shale ana trhis

resultad in ioc. 1 :lteratioa to chert. Tae atove-mzntioned

[¢V]

exyosure is within 50 fset (pervendicular distance) of the

-

o

te in this area has an ebnorm-

jon
l__.v
[
a

[N

o)

O]

édolomite contsct. The om

PRt

ally nish contant of gquartz striogsrs. The sucject of expulsion
of silica Zrom the dolomite is treatzd in th= section on

Lboer colomite.
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ctructure

Yhe more ccntorted section of the Ugpar 3helse and
Schist sz2almsntary norizon 1s “ound in ths vicinitvy of
tiaz otraln-lones-rinser wake trough., 1t is hijoiy

otaed and scinistvose 1n contrast to the gently ciosging,

Hy

prosdlvy folded shsles &ndg tuffs found furthner <&st.
the schistos. s:iries along ths .srconounced tLopo-

STPEpEic Valley sbron Ly suggast thrust Jaulting. low

n

cnd frecturs cleavage, along with small scalz flowage,

)

2na arsy, olds, -re -ighlv developszd. These structures

are ori=nteted in such 2 way 2s 1o indicate movemsant

froiw east 0 west along <ostward aluspin: plaunes.

Urioin

1ne main volume of shales originetad as proiucts
or norum=l Letritil sedirsntary processes, znd as volcanic
tuffs. Lhin ssction study incicatas that ths hydrcus
zlumins 3ilicats x.oerals ow> thsir orsi-nt=tion to sadai-
mantavion .cru recrvstellizetio. ) nowsvsr, on: =xposure wast
of Canal lave whare the rorizon coosists @ 1lmost :ntirely
of 1rom silicatzas, these miuerais grz ol unliorm siza,
orisntatza parailz. Lo the peas, .nu ccaceantrated in cartain

Leds, suggesting that they are uetritsl <~rains. Lhese features

were
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never observed in the iron formation,further suggesting
that the meterial of the iron formation is purely chemical
in origsin.

The presence of local accumulations of black shale,
with sn abnormslly high graphite content, indicates the
existence of local restricted basins wlth restricted
circulation of bottom waters. Such conditions exist today

in the Elack ez and norwegiasn filords.

Fort Chimo Group

Gensral sStatement

The central =nd western parts of the "Labrador Trough"
are underlain by volcanics,interpvedded snales and diorite-
2abbro intrusives. These. lie mainly to the wast of the
present map area. and are desiguated zs the Fort Chimo proup.

As mentioned in tha precedine section there appears
to be & sradation in the sedimesantary facies from Chioack to
this seriles, NO evidence of an unconformity is known to
existy howaver, the contact regions sre confused by foldaing,
faulting, and the gressace of the dolomite,

The rocks of this seriss have not veen studied in
detall elther pstrographically or structurallv =s they ware

larzely outside ths field of study.



Compositlon

The sheles are similar to those described in the
previous saction on Upper Shsales and Schists. Thev occur
g8 stratizraphic horizons about 100f=zst thicik scparated
br thinner horizons of volcanics. The shales unaerlis the
velleys and ere found outcropping =long their sides.

The volcsanics ilucluds andesites, vasalts, agglomsrates,
and tuffs. trillow lavas ars ;resent (tops up) but the
mejority of thessz rocks ars massive andesites.,

The sediments and voicenics zre intruded by bodies of
diorits and saobro. Tor the =most part thise agpear to oe
sills,althouzh in m=any cagss 1t is aifficult to distinguish
setween these sills and thicx volcsanic rlows.  'he latrusive
rocks consist of varwving proportions oi mafic snd femic
minsrals, all of which =rs highly altered. Commonly they

ars as follows:

Hornblende 45%
dpidote £0%
Zoisite 10
Spherne 0 to 13%

The composition or the mafic min=rals was fairly constant
in 211 sactions examined. Yaximum interfereance colours ars
secona order blue, 'thievy are opticallv nezstive, pleochroic
in liht gresen and sluish gresn, 2V is oetween ©0° and &0°,
ané Z to C is 2 meximum of 229, The optical properties and

a well developed prismatic clzavagz indlcate that the mafic



153,

mineral 1s horunnlende wilh the followin COmpositioﬁQ

Ve Fe 3.6
21/ Fa GCed
Nay K 7.0

The hornvlesade occurs as nedium-sizza grains with
an irrezulzsr feati:zrin,; vorder; 1t coatains inclusions
znd appears to be secondary after pvrozene. The hornblende
sralins com.0se Lihe me jority of the rocx,

There are no pronounced, well-devsioped, fresh graius
of feldspar present in the rock. Apparently 1t nhas been:
altzarea to a fzlty mass oF epidote, zoisite, ana to some
extent alolite. .Jlteration is so highiy developed thaet
determination of the ori;;inal feidspar is impossibople.

The mineral which has developzda to ths greatest extent is
gpidote. It is pale green, slightly pleochroic, and occurs
=8 z2lonssted crystzls in tunchas =nd ag . regates. 1ts
pirefrisencs 1s first order, and 1t has pirallel sitinction
thus suggasting thet 1t is epiqote. Associzted with this,

is & c¢olouriess, non-cleochrolic meterial of {irst orcer

ct

interfsrence colour, su.zestin.: zolisits. Iresent iu small
smouauts is 2 falty mass of fibrous mianeral so wianute that

deterpination of its properties is impossible. This

el

assemblage suggzests saussurits, & common metsmor hic
product of calcic feluspers.

small amounts of uuartz cre present in glaces., Sphene
is pres:zat in some locallties,and at the ceutre of the grain

it is commonly partislly altered to i1ilmenite.

{I7- after U.5.G.8. bullatin ko, 846, rase L17o.



Microphotograph of thin
volcanic rock, west of L
ordinary light.
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Structure

mssenti=zlly the seciments =nd¢ voicanics consist cof
2z nonoclinal series dipping st an =ngle of 20°9to 43° to
the ecast. =Dast of tis nmep area there are normzsl fold
structures.

Faulting evicently toox plece in numertus localities
principally as reverse faults along steeply dipping planes
outcropping in ths vallavys.

58 1s common throughout the "Labrador Troush"™ the
stresses camz from the sast causing the Fort Chimo series

to ovsrride the older sadiments.

structure

The areg involved in this regort lies zlong the
western edgs of the northern part of the so-callied
"Labrador Trouzh".

The term "Lebrador Trough" irpiies an elongz<ted hasin
containing an cssemblage Of sedimentary rocwss., Inasmuch as
the "Troucsh" consists of & younaser sedimentary sariszs

N

overlyins older zneiss, the tsrm is applicabl

0]

but far

from cescriptive,as the area 1s not topographically a

Qs

epression, or structurally a sl gle basin, The author
prefers the term "Labrador zeosyncline™ because the

structure is, in effect, & folded ssries of sediments

which Tormed in a gzosynclinal basin, apparentlv in much the
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sam2 w=yv as the Appalachi=n zzosyncline.

T

¥

The sedimentary series involved in this thesis lies
unconiornably upon an older gneissic busement. This
reletionship 1s well shown in the area west of Tseter Lake,
and North of Finger Lake. The Lower dolomite, Alison
quartzite, and Fenimore iron iormation are conformable
units iying one on top of the other, howecver, the Chioack
formation overliss the iron _ormation with locally dis-
coaformavle rel:tions. The Chioack formation, Abner
dolomite, Upper oSheales and oSchists end Fort Chimo zroup
are ulso coriormable; although the Fort Ciimo group
rapresents a distinct break in the type of sedimsnt, there
is no indication of unconformenle relationshiip,

ostructurally spsaking thare 1s a ¢istinct chsngze in
the amount of Geformation of the rock series east of the
wreas of Abner dolomite., £s explained in ths section

rigin of the Rock 3eries, this is bslieved to represent

(@]

W

change in tectonic conditions in the gsosynclinal
structurs. ulet conditious OFf accumulation give way 10
rapiad accumulation along with vulcanism, =uad perhaps failure
of the geosynclinal structure.

The disconforumity between the iron formation and the
Chioack formation is indicatsd by ths following structures:-

(a) Large angzular blocks of Lowsr dolomite lie in the

Chioack formation srkoss west of the south end of Stresin
Lake., 1n this locaiity thsre is en exposurs 0of the Lower

dolomits on a cliff, At its bzase 1is Chioack arkose containing



157.
a block oI c¢olomite identical to that of the cliff (sse
Plate 7).

LOWER DOLOMITE
- 2!x 41 BLOCK OF LOWER DOLOMITE

£ INCHIOACK ARKOSE

(c) west of ths centre of Strain Lake ans south of
Alison Lake, an outcrop of iron rormetion occurs &s
follows (ses rage 31 for cdaegeription) which indicates
erosion at the zag of iron formsiion tir=zs.

VERTICAL SECTION OF CLIFF

IRON FORMATION CONGLOMERATE

(c} west of Teeter =nd Strain Laks ars two locelities
where the Chioack saﬁGSLone lies cirectly on the .SAlison
quartzite.

(d) Doulders of ivon Tormation 2re CoOrw:On OCCUITENCES
1 tihe Chioack coir;lomerate.

(e) Conglomsr=tz composad of iron ~ormetion frazmzunts
are rounc ia a matrix of iron oxide znd fins ir gm:nts of
iron formation.

in all cases msutioned apove Lhere is uo anzular
discordance uvatween the Chioack and older rornmztions, and

in most cases the ssries 1s unigterrurted o7 osny significant



Vertical wview of Chioack arkose, taken from

an eilght foot high bluff of Lower dolomite (D),
looking down at the bed of arkose (&), containing
a large fragment of lower dolomite (B).



cdlteration 1n tactonic concitions in ths oosin.
structurally ths roc:s comsist of & monoclinal

o sastward ot scout €9 to 139 =t its westorn

edze ©nG sradusily iucreasiis to about zG°to 309 in the

in the castern arsas. hesre ars scuttered roczliitlszs

which huve steeper cips hbut these sre locel vurlstions,

and as far @as could ve ¢aterminced ars cusz to local featurss

suchk =8 cpnan.:3s 1lu thic.ruoss of formations, sadiazntation

avout remusats o1 olcsr formatioas lzft by zrosio., fsulting

clon, the _neiss consuct, diiferenti-1 povarsnt of the

oasemznt, ~1iffsrzuce 1lu competsncy in =zrsas of volcsnics

and shales, and verl-tion in mount ana locale of over-

#. These features will be discussed later.

The sentle aips 2u4d l=c¢. of met=sor.. 18:: 1o mwost
arsas ol the gyuartzite, iron formetion, Chioacx formation,
214 aolomite, aiong ..1ith sracusl iacreass in dip easilward,
susoests toat these divs are tha rasult of compaction of a
Zracually increasing thicwn2ss of ssdimznts lving on the
solid .i:2lss tos=ment. The massas or iron formation wwest
or the Jast Arm of Liingsr Leke &nd wasl of choe Last Arm of
Finzer Lake hzvs csen overturniad sy foiwin; 2nd inn tine
former arcza, rspcatesd »- faulting.

west of thnes dast ~rm of Finger Lzie the exgosure

of iron formation end Alison quartzits is rspcated tinre

C g

Timzs cus t0 rToluln. -nd faulting =nd the sastern edge is

ovarturnsd b7 1tolain;. Thare sre nurerous cross faults.
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in places stroug sheariu navy se ocserved cetwsen cthe
Chioack rormation and the overlyins iron formations.
‘hzse featurzss poiant to a2 series of thrust faults zand

attencant 1ol in_; of ths forms&vions. Figsure  1s a

()

cross-section i1nrou,r this msmger., 1t should =130 be
notea that the iron formation is bound=d on tha north vy
Chioacii yrsywac.e. There are sisns of only siisht move-
meut vetwsen bhe two. Thelr structural ralstiocws sugssst
hat it 1s an erozional contzect. Bouth snd southzast
(0 Lo ¢ wmlice) of this countact there are scattered ex.osures
of iron formstion wilch nrz «i50 beiisved to be erosional
rempants of lron formotion. It is possible thet thease
ralutions incic:t: an anoular uancoriornity betwesn thase
two formutions, now:zver, 1% is :ore iisely that th:
relaticashiy atween tn. two wsviioped welfors foliin: and
w.S Suvse.usntly 1ofiu-nczad oy th= 1rrsiuisr rmess of iron
formation,

The iron formation 2a3t of ths .set esrm of FPiazer Lake

~

rcle roctrs snd the

y

¢

has sezun overturaed over the voung.:r Chio
incompeteut thinly-bedded uniis hknva been higshly deformed
into & ssrics of flo.aye tolds. 'The structure 18 of =n
overturunzd fold. This occurrasnce 13 the most westarly
canifesuvation of tha (33 arly thrustinz of the zistzrly

t of thsz wobrador _eosvncliine. 1t is possitle that

3
-

fos
tlisse svructures orl in&ted shortly =iter ccpositioun of

the iron formatlon, perhaps bafor:2 compl:zte lithification



west east

igure 3. Last-west sesction throuzh the folded =nd
fzulted rociks wast of the Zast Arm of f'in.er Lake.
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arG sefore curisl oy younuger sediﬁaﬁts. initial disturbsance
of the besii by tectoulic forces .ouid prouuce a change of
type of sedicsntotion.

worthn of pinger Lels the sas.ern =i, .oczurzss of iron
formation ar:e ailhlv contorted 2ad sltzrsda to schists.
Here toe und=forimed part of the ssries is only acout one
mile wide and The "Trough™ as a wholz 1s reduced iug wicth
to @pout tzn miies.
wa8t of the _train, Boass and ringer Laks veoll:y, the
shzlos ar - oisboy genizvos: snd (z2forred, indicating
foigin. zaa Tau_ting ws a result o7 2 thrust rom zast to
+28t. 1t seews probzole tnat this vall:v 1s the locus of
2 trrust pisznes.
soncerniii; the northarn p=rt of the "iavredor Tr. uzh"
er (lgo4) states:-
"ihe central portion -nd Ttk 2astarn HorGar Arc
catractasrized hy stz2ep dins, ovarturnsd oveds, and ovar-
riai.; faultis.
Ee furtizr states:
"The structurse of ths "Troush™ iundicatss svsrywhere

tnat the rolcia  osna feultlo. o8 caous

(0

d vy & strass iront
coming Tfrom ths wortiheast.™

Ttus trhs szdimesntary rochk 2long ths westsrn worder of
crz "Trough™ conslists 0 . ralatively unuilsturbed series
"neiss; the centrel

[

Lyln. on & daprsssada portioa of the ola

206G cx3t2ru portions coansist of a tihicik, complax series
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of rocis resemoliliy those of = typrical mountalin-built
oelt.

This mztver is .ursuad furtihsr in the gection
antitlad "Origin of the Ssdimentsry Seri-s."

In some localitiszs, novacly zlion: the coatact with
the gneiss comolex, the younger seulmentuary sroup has bdeen
down faulted zlong stzeply 4ai.pin,; aormal Taults. The

sedims=nts .o¢v2 Lezn arijuea up &G,acent to the fault,
clzarly iciacating ths rircction of 1l:ist :overmsnt. Auger
(104 ) valievas:- "that such faults ors latsr than the
muin foiqing of uha "Trough™ rocls ;ng re causzd uy a8
rsizase Of prassurce at th: znd of ths orogzaenic pariod
whicn affectzda the "Laovrzaor Trough".m

Althoush uarzsiated to thoe mountelin-osuliclis gariod,

inteo3st ire post=glacial treaxs

.

oth2r Tault 7

w

aturas o
occurring in tha wouii_ar sedlimants asdjac=nt to the gnsiss
alon. tis strixe of fault zones in tos _n=1s3. Lhese fault
40638 are Or comnsilcerible esatznt, and ow serlsl paotozrachs
may vz followsa .or sevasr:sl miiss, The szdimsnts ovsriving
tiie extz.s10u3 of these -re fractured aud nronen. (ood
exemples 01 this structurs ;é}found west or otraio Lake
weers 3tsep-slaed, aarrow vailays (20 to vl [feet deep)
occur ig the iron itormaticn and .uartzite. ‘hese valleys

ars rugged anhcd sharp, ith post-glacial featurces, yet they

could not havs teen formsd by the strearms runninz throuzh

[

crzsent time. The only s4iplanctior seems to be



lo4.
that during ths end stagzss of siocistion = iursg: volume of
water ran clongs brseks in the roc: wnich were formsd by
raadjustiiont of uvhe crust following thus retreat of the

lce mass.
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OrIGIiv. O 1T 23017

This thesis Is principelly concarnsd with the
Fenlnore 1:0a fovmotion cnda 1ts moaz of oris«in The
author woz2lisvas th ot this matter cin only e fullvy

exanilned oy cousiueriuas 1t g g2rt of the szdicant-ry

and stuwyling ths moas of orizl.. of tho series

o7 the . lison

)

undzari-in
:roduct oY complete chemical
excart

sarizs,
as & wholie,
The iron forratidou 1S
wuartzit yhich 1s the
ay and truction of &ll orizinal snerals
an¢é chsrit. These rminzrels ware doposited in a
The rcuuced, frolted graildas,
Lacr of cross-vedding, and
they waTe Qe osited

T

auartz
bie ofishore basi...

stab

2GS,

consiztsnt
ristica

3 bLick
o.n2r strea . ¢4 ract
slowly :zaG zradually, it wviad
Seat
Whe uppcr Lezds of thz quartzitve oftan contzin either
iron oxldsz, stil.nonelane, or vaigs of Tarrugiacus sh-=le.
Tris irdicuet = gragual chsaocs oif conciitlins to those
vw.icl prodcuced iron IOIrnsTicil,
“he 1ron i1o.ni tion iz vzlisvaed to heve 1owmsd 1o 2
trictzd ..2rin- Juwsiua, waich =2ctad as & tro, Tor iron
wa silicas oweougnt 1u oy rivers that ware carrylug thes
aberiel o1 wowmni wsaticri.g 07 2 landmas

how thet
actiig as t e princigal



“he ferrusinous motarial of Lhe urzar 1 son 4 2rtzite

jan
jay)
w
[
3
L]

irneicatas Loz oracual cevelo meant or tho ¢ o stricts
L6 sedns Llozlv Trat dron suau silices wor tr-wspootsasad o the

¢ Lorntion of the

w
C

215, 8trasss at thz vl

)
slison yuartaiivs, owever, sa3caude 0 Thoe unrsvoursore physio-

D3m1CLe CULGLLiOws, uiiz rat risl ois LOov Lrecliivetaa.  ater

I
P

)

wiaen £ rosirictzua wasin formeu, Thz iron =nc sidlict ware tr-igped

o

GG Couwltions wavelo su Lhich Co.u3=d LA21T Jr=cipluvevion., The

Lrassic: 01 :ooul neli s Lercaat O roundsa gurris oralas (sse

i

[¢7]

Sints L7) within ks iron formation iroicet: vrnet ssulrmentsbion
01 detrital ..A5Usolsl win 0% 3T00 2dvip:ly Cuwins 1xon woryr=tion
vires. fhis 1.o2as ths author fo velieva thet the “lison ,uuzrl-
zite eccuwmulitad very slowly 1o o nop-ras.rictac orsiun, Lhile
the 1c0n rvormetlion accurulated =t a much more rapicd rate in the
Semz 2a3ip uadsr restrictec copcitions. in this wayv the lack

' ragontially
of cl=stic m=terinl .nsya Tsature of the onsiin and not oi the
Lwerlod oy 1004 [ormstlon onlw,

‘iha miazr=al feci=s 0. th- iron form-tio:n d=vnznc on the h
cud oo of the nosin,  This 13 getermined v ths do2res of
czatriction, su.plv of frszsn woter, amount o1 or~ nic = tter,
sau <laeunt or cpluvatiown Of wOTLOL w bsr. L4 the =sarly suwies
the 578110 wis Gean -ud contelinea 2n Sh of anout 0,06, s0 th~t
FeCnstiue w98 vhs oricceictye sdosrel Lsin., c2.081iTsG; townrds

the close o1 this zra, the o7sin #5s cuch sha.io.er as indicated

L f¢]

g7 00litic forms <~nd intraiorm=ilcnal treccis, tulb the oesin w:s

mora rootrictsc =ad tho Jh o wes Lonar snd Tarrlus caroonaots WS
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ATE 67. Milierophotograph ef thin sectleon of Cherty

Metallic iron iormation west of Strain Lake.

]

x 60, polarized light. Note rounded gquartz

g5 ik B S I ( ) .
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Jive wey 1o = lzss restrictead

Thesz conuitions in turn
suviromnmsnut uad the gevaslopmont oL wore nonminal 150,
calclum, mu_nzsiuin, C2r.ou=tes.

Uhe uppornost 1ron L0ormatlO. [Cii.2r Co.31sTs o a 330
soot thicim:es of cnszsrt. This chart with ths ottendant
leck 01 1row, is Lulte cliierent Irom the rest of the iron
formetioi, Ferhapgs this, @nd much of thz2 rest of tre
chart of the iron Iformsztion, wes contributed to tie bosin
by not sprigcs, z=s.ociated with lster wvule=nism, Such
2N explapation woulcd svoia sore of the jroolems of 1lrown

formstlon, such =3 1l.ck of mutusl precipitaitlon of iron

cnd siltica during traascortation, ané the .reat -uesntity

the iron formation rarioc drew to & c¢lossz .ith only
slioskt uplift =2ud no ~ttandant =nsulsr discordance,
Chioacx conz.omerstes, 2rkosss 204 greywasches form=d,
incicating: the initielion of & tactowric disturdzpnces in
the resion. This wrs followod ov the dapogition of the

Lotizr dolomite widich rorresents = locsl raturn to culuos-

™

cent timss.

suuseguent to this, detritel shales and tulfs with

i.Lerbedded volcanic rock, were dsposited. '‘hese r0cks =re

o

o]

tvplcal of an ares of tactonic cisturbriace, such a3 a
oeosvneline. Yhs sedimsnts are idolded and Teulted in such

2omannar as 1o indicats reslo el thrustiny from the =2ast.



le8.

S+

Ths autnor veliieves thet these rocks repressnt a typical

thick shele ang voulcanlce gezosyaclicar Zccumulation, znd that
the iron iorxation reprzscuts 2 tre.sition vetwsen stable
snelftyps rocks such as orthoyuartzite and Lowsr dolomite,
znd an accumulation of snales and voleapics in & :eosynclical

basin.

I

Lhe writer, foliowiiys tne classification of Tav (1947)

arter stille B36), s.2

that the wsstarn part o the map
area represents sedilments deposived in a basin adgacent to,
anG underizin o the stablz shelf, In Xay's terminclosv this
could be a miozsosyncliuns, wiazle the folded and faulwved

volcanics =nd silis reovresent sediments formed in the more
active mein seosynciine (eugeosyancline).

The voundery between tThe roc«s which Iorned in the
euseosyncl.ne, &aud thoss wiiich formed in the miogsosvncline

"2

eopzars to ve the otrein, Sonss, and Yincer Lalte vallev.‘ The
rocks to the east,wiich include volcamic and trnicz clastic
units.2re schistoss and aip esastward st 33° or more, while the
rocks 1o ths west free of volicanic and relativelv flat-lving
ang non-schistose.

Jamss (1954) in kis study of the rocks of the .Lake osuperior
rezion, similarly relstes the iron formation to the development
of the nuronlan pzeosvncline. IHe suagests that sn offsaore buckle
formed a restricted basin in which the iron formation

developed., At the tTime of orilisin of the offshore buckle there

would have veen lLittle effect on the craton;
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thou~k maves the clostic 102G was oriazfily iancreas:zd, in
thz vasi. nowsver, ths bawrisr to circulation would prmit
developmsnt 01 acinormal cbncantrations of material and unusual
radaox potential 1o the water., £5 the developnent of thsz izeo-

syncliae prosresses, the ofrshore pucils migpt raduzlly

D

dasvelop iuto islznd =re structur=s, and the restricted sasin

s

would -radually ive wav tO riore rapld dsztrital and volcanic
ssulicntetion over a braadsr srea, with psrhavs small local
irresular rastricted basinélx in this wey James (1954 Cady,
ir'eXelvey anc .ells (1950))and the asuthor co.sider that the
r=i tionsihip cetween iron formation anda volcanic rocxs, is

structur=1 and not c¢hamical, clthoush voth arce relatad to

f

[

the sams tectonic concitions. 1n the prescat map -rea the
volicanics ana iron Iormations are a part of = continuous
sadim=ntacry seriss, and thes iron formétion formed inmnedistelv
pracceding tectonic disturnoace on tha sitsnle contiasatal
pletform. Thé importent point is that ths ironformation occurs

T occurs in thns seaimsatsoy evele; the2 braak

w
[

whers the ore
betwazn stevle continental sheid conéition, snd thoss of =
rapialy sussi. ing geosv nceliue., A restricted bhasin “ormed.
1his wmav aave se=n the sorc agzet raspousi le for the accumulation
of iron &ua silicea, or verhaps hot spring asctivity at this

A
time plavsa a part also. .8 suzsestad earlier, the wingling

of iron £nd silicz solutvions from ¢ifferent sourczs could cause

mutual praci.itation and result 1la the ceo00sitlon of a thick

(1)Cont=ining such sediments as lack shal
gegimaonts similar to vhose zast of ze




l{/O.

accumu.ation oy mattar.

osummary

& osummary of thz seguelice of cvents is:l(a) During =arly
sagimontstion, uvhe Lland srea (liovrgely grounitic) to the west
Ol the ma. ine basin was .ne or low reliof, which gradually

shelved off into the sza. Orthoguartzite and dolomitz were

i

is stable shelf. (b) Structursl disturbances

Ui

dzpositad on t!

and .r oly 2ccoips.yvin? vulcunism procuced an o fshore

|,,:

sucxla, wors or less paraliel to the edge of the low-lving
lanémass, iving @ rastrictsd ~rasin, or mors prow Hlv a ssries
of restricted oesins, in wiiich 11 ited circulation and an
acnorm=1 oxiuaticon-reduction pot ntial, parmittsed sn unusual
amount of irow, sitica, 2nd cribonate to be pr=ciuvitzted.

This material is oseli:ved to ce ths Lrowuct of wa=thsriang of

a landmess howav-r, thc oo3sipllity of ths mat:rial heins
derived from ot springs is uot ex celudad. (c) Following this

edinentstion, vulesniswm =2néd intrusion of cvkes and

@]
'—.
m
[0}
ct
I_I .
Q
6]
©

f._

sills wecanme major Teeturs 1o ths maia ,.cosvnclins to the

oy

o
2ast, 2na som. s42dilsen.s from this sourcsz sprzad wastward

to cover tThe ssGimsats in the snell zone.{(d) rrofound structural
cisturuvrace of Lne sreat thicknzss of crestic ana volcanic

I'OCKs 10110wzd. 'The laver of sediments lviiaz on the stable

skelf of the old Lanoumass .zre Ler.elv protected from this
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