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ABSTRACT

In the Mesozoic Era limited deposition of sand and 

clay took place in parts of the drainage basin of the Moose 

River, James Bay Lowland. These continental deposits are of 

deltaic character and occur below the present elevation of 

the Precambrian Escarpment which limits the Lowland to the 

south. Also present are accumulations of lignite re 

presenting swamp vegetation. Fossil plants show the 

deposits to be of Late Jurassic to Early Cretaceous age.

The Mesozoic beds overlie Silurian and Devonian 

Formations north of the escarpment and are occasionally 

found in contact with Precambrian rocks in the vicinity of 

the escarpment. They were exposed to erosion until covered 

and preserved under glacial, lacustrine and marine sediments 

of, the Pleistocene E pock. The total area of Cretaceous

sediments is believed to be approximately 5,000 square miles

2 C13,000 km J. The thickness is variable but the deposits

are known to extend to a depth of as much as 600 feet CISO ml 

below the present surface.

The deltaic sediments were subject to extreme 

weathering which led to characteristics of economic 

significance, Weathering f combined with sorting of

-VI-



sediments during water transport, has produced deposits of 

almost pure quartz sand and kaolin clay. The only other 

mineral matter of economic significance is lignite, the 

organic product of swamp vegetation. Plans for use of this 

lignite as fuel in a thermal electricity generating plant 

are in an advanced stage of development.
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ECONOMIC GEOLOGY OF CRETACEOUS DEPOSITS 

MOOSE RIVER BASIN, ONTARIO

GENERAL APPRAISAL

by 

M.A.Vos1

INTRODUCTION

The Moose River Basin is a sedimentary basin in the 

Hudson Bay area of the Precambrian Shield (see Figure 1). 

Lying to the south of the larger Hudson Bay Basin and 

southwest of James Bay, it is truncated to the south by the 

Precambrian Escarpment 48 miles (77 km) north of Kapuskasing. 

The Cretaceous deposits in this basin are confined between 

latitudes 50o07 f to 51O20 ! and between longitudes 81O15 ! to 

83045 ' underlying the area of approximately 5,000 square 

miles (13.000 km2 ) within these boundaries.

The Moose River Basin lies to the south of the larger 

Hudson Bay Basin. The basins are separated by a basement 

high, the Cape Henrietta Maria Arch. South of the Arch 

Paleozoic sediments dip southeast towards the deepest part 

Geologist, Mineral Deposits Section, Geological Branch,

Ontario Div. Mines, Ministry of Natural Resources, Toronto.
This report was accepted for publication by Chief^ Mineral 
Deposits Section, Dec. 15, 1975.
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of the basin in the drainage area of the Moose River. The 

thickness of Paleozoic sediments here is estimated to reach 

2,800 feet C853 m) CSanford et al, 1968, p.38). The south- 

east boundary of the deepest part of the basin is formed by 

an uplifted fault block. The uplift, dated on stratigraphic 

evidence as post"-Upper Silurian, constitutes a rise of 

nearly 1,500 feet C457 m) and locally places basement rocks 

in juxtaposition to Ordovician and Silurian rocks CSanford 

et al., 1968, p.391.

In the, uplifted area to the southeast the Lower 

Devonian sediments, the oldest ones present, generally dip 

to the northwest. TK/O arches have here r- :-* been 

distinguished in the sedimentary rocks. They are the 

Grand Rapids Arch and the Moose River Arch, both with north 

west trending axes Csee Figure 21*

Details of basin structure and bedrock topography are 

not known. In one location drilling on the shore of 

Campbell Lake, Sanborn Township, between Mattagami and 

Missinaibi Rivers, showed the presence of Pleistocene 

deposits to a depth of 700 feet C213 ml CHogg et al,, 1953 f 

p. 1171. Although it may be argued that the deposits here 

fill the confined space of a bedrock valley, the implication



is that Cretaceous deposits may equally well reach this or 

even greater depths, wherever they are found. Adding to 

this the elevation difference, about 200 feet (61 m), between 

the surface locally and the general elevation of the Shield 

rocks just south of the Moose River Basin, one gains a total 

topographic interval of at least 900 feet '(274 m) in which 

distribution of Cretaceous continental deposits took place 

in river delta's, floodplains and freshwater lakes* The 

deposits are postulated to underlie the area north of the 

Precambrian Escarpment for a distance of up to 80 miles 

CI28 kml to the north.

The present surface of the Moose River Basin slopes 

gently towards James Bay. Near the Precambrian Escarpment 

which occurs approximately at the SOOHEoot (155 ml level, 

elevations below 300 feet (91 m) are recorded in large river

A gradual decrease of elevation occurs between 

here and the coast. In a distance of approximately 150 

miles^ (24 O. km! the decrease amounts to an average of 2 feet 

per mile C. 4 m per kml for the large rivers and 

approximately 3 feet per mile C-6 m per km} for the land in 

between. Under these conditions drainage is so incomplete
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that most of the area consists of muskeg , bog and swamp, 

with islands of wooded terrain in between. A photograph 

taken by Satterly on September 25, 1946, and his notes 

(Satterly, 1946 unpublished notes) on an aerial view of the 

Lowland area north of Kapuskasing, give a good impression 

op the scenery:

"Missinaibi River. Flat country, vast open 

brown, red muskegs with islands or areas of black 

spruce, numerous small to large rounded (pancakel 

la,kes.^ Muskega frequently exhibit a ribborr 

structure and a flowage pattern. Some grey 

(lichenl in muskegs. Bands of black spruce with 

scattered poplar along all creeks and rivers 1** 

James Bay Lowland was subject to rebound or gradual rise in 

elevation following the melting of the latest ice cover of 

the Pleistocene Epoch. It has been calculated (J.T. Andrews, 

1969, p.60) that a rebound of about 200 meters (655 feet) 

took place since deglaciation and that a residual rebound 

of approximately 120 meters (394 feet) remains. Before a 

significant amount of rebound had taken place the area was 

invaded by the Tyrrell Sea about 7,900 years ago (B.C. 

Craig, 1969 f p,71L* Marine clays are found at elevations
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of up to approximately 500 feet (155 m) in areas south of 

the Moose River Basin.

History of Discovery and Development

The existence of a seaway north of the 60th parallel 

-GlB3son StraitI r opening up into a southern sea (Hudson Bay), 

was recorded by European map makers at least as early as 

1537 (Neatby f 1969, p.31. The seaway suggested the 

existence of a northwest passage to the Pacific Ocean. 

Martin Frobisher is known to have entered this seaway in 

1578 r being forced by storm and fog while bound for Baffin 

Island. He did not pursue his course into the strait. 

Deep penetration and exploration of Hudson Bay was under 

taken by Hudson who wintered in James Bay from 1610 to 1611. 

Hudson became the victim of a mutiny* He was left behind 

to perish, while his crew returned to England. Some members 

of his crew were back in 1612 on a second voyage with Sir 

Thomas Button.

Exploration by sea was carried out by Baffin in 1615 

a,n3 By ̂ ame^ and JFoxe ^n 1631, After appearance of fur 

t#a4ers on the shores of the Bay in 1668 Qfeatby, op.cit. 

p, 51 trading posts were established and exploration was
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carried out by land as well as sea.

Geologic exploration of importance was first carried 

out in 1875 when Robert Bell of the Geologic Survey of 

Canada visited the area. He reported C1877) the presence 

of clay and lignite on Coal Brook, a tributary of the 

Missinaibi River* In 1880 samples of clay were collected 

by Borron who later CL8911 reported the discovery of an 

extensive deposit of clay and silica sand on the east bank 

of the Missinaibi River , 5 miles C8 km) below the confluence 

with Coal Brook. The-quality of these days as ceramicr 

raw material was confirmed by Professor H.H. Croft of the 

University of Toronto (Jteele, 1920 r p,421.

Later reports by Borron CIS91) and by J.M. Bell CI904) 

mention lignite occurrences on the Abitibi River f particularly 

those at Black Smith Rapids (Onakawana). The importance of 

these deposits was not recognized fully until 1926 when the 

Ontario Government withdrew the area from staking.

Since their discovery clay and lignite deposits in 

the Moose River Basin have continued to sustain economic 

interest in the area. Exploratory drilling has been 

carried out by private interests as well as government 

a,genc;fces t Jn 1974 the Ontario Division of Mines undertook
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a program of drilling and geologic exploration in an effort 

to expand geologic knowledge of the area (Rogers et al., 

19751.

Geology

The Moose River Basin is a basin of periodic 

Phanerozoic sedimentation located adjacent to the larger 

Hudson Bay Basin in the central area of the Canadian Shield. 

Paleozoic, Mesozoic, Pleistocene and Recent continental and 

marine sediments are represented. The Paleozoic rocks are 

estimated to reach a thickness of 2,800 feet C855 m) in the 

Moose River Basin compared to 6,000 feet (1/829 m) in the 

Hudson Bay Basin CSanford et al., 1968,p.38). Mesozoic and 

Pleistocene deposits in approximate thicknesses of 400 and 

200 feet C/3 l m and 6( m) respectively, bring the total 

thickness of Phanerozoic rocks to over 3,000 fleet (914 m) 

(Bee Table lL, The Moose River Basin sediments are under 

lain by Precambrian rocks of the Superior Province.

The oldest sediments of the Paleozoic sequence include 

conglomerates, sandstones and dolomites of Upper Ordovician 

a,ge (Sanford et al. f 19-68, p, 17*-21i. They are succeeded by
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Middle and Upper Silurian limestones and dolomites of the 

Severn River, Ekwan River, Attawapiskat and Kenogami River 

Formations. The Kenogami River Formation consists partly 

of gypsiferous red and green mudstone, siltstone, sandstone 

and argillaceous dolomite correlated with the Upper 

Silurian Salina Formation of southwestern Ontario (Sanford 

et al., 1968, p.26). The Upper Devonian consists of black, 

brown and grey shales interbedded with greyish-green 

dolomite to a maximum known thickness of 285 feet, assigned 

to the Long Rapids Formation by Savage and Van Tuyl 01919,., 

p. 3771.

The Devonian sediments were eroded before Mesozoic 

sedimentation took place. In some limestones the exposure 

resulted in a surface with solution cavities. Some 

cavities, presently filled with siderite, are visible in 

outcrops in the bed of the Mattagami River at Grand Rapids 

CCross, 1920, p.9). The cavities occur in limestone of 

the Stooping River and Kwataboahegan Formations. The 

presence of boulders of siderite containing fragments of 

Cretaceous lignite and the occurrence of beds of pure 

quartz sand in the granular siderite deposit are quoted by 

Bennett et al., C1967, p.601 as evidence for a Cretaceous



o o

i
H

0

•H 0
ri 4J

g *d
•H

ra o
•H ra
0rH
^ Oid u
M G 
tn 3

ra ra 
H r-i
rH O•H ra
4J O 

0

0 id
id
H *
O 4J

id

id

*d id
C! H
id ci w

0
4J
•H

tP•H

•a
id
w 
0

•H
•d
0
4J
•H

0

id
rH 
O W T) rH

'd fi id 
to 0 id -P * 
3 .Q -H g 
O LI J^ LI 3 
Q) d) O) -P CO 
L| 4* M 0 Q| 
Id fi O-H

A O
tn L,

0
•g i!

fi 
0 
Mid

•H O
•P rH3 w id w *d
•H id o -d fi
•H -H 0 Id

id
0 -P

i
H 
O 
H 
O•d

o o *, w

0 to 
o

O C-H O W

id 0 M
^ U O)

0 A tn -ri
id o 0 -H -P w
A fi -P *d -H Q

O L| rrj 4J 4J

" CD (D -P

3 w OH

W
M **i
id 0
O H 

w o tn 
0
-P - L,
•H 0 O 
C 4J
0 id *d
Vi L| 0 

H g *i
O O 0 

Cno 0

tn LI 
0

M 4J

-H G rH 3 O W flj
JH id id o u 'd *fi
-P U G) C W

0 U M id

e-H H
3*0 0 0 4J 

0rH-HrH-H'd fi

O -H CO O ^ rHft fi
L| 3 4J 4J ' H CO O Id
0 0 O O L| - -ri rrj *H

MH -P L| rrj Q) tnrH ,G 0
- 0 4J GL,

irf
O co C co M en -H (d
rlrH O Id gr* O
ftrH .Q -d O *d O U rH

UP

CQ ••OJ"NWCQ

OH M g -P 4^4J M rH r-

oioi

ra 
( 0
3 H rH
g 0 id

•p -p 
fi C -H0 ra-H LI 
00 -P 

0M4Jtn-H
•O

4-* ra
*d

Id rH
o ra id 

0 o.'85
0 M
-P 4J *
-H ra ra
-POO)3-H 4J
rH 43 -H 
O -P

ra
fi0
S

id O tn id o w rH tn
0 rH T3 0 O-H
G *d O.fi ra -PrHLj
O 0*d 4J CM ".-H o H
-P LI -ri 0 w M 4J *d 0
U ra ^ 0 0 0 rH -4J

OO00
O -H ra 0 rH
4J 4J O 4J id

•H -H rH 0 O -S O O " 
4J W-rlrH-H H H *rH 0
•H ft tn o A id ra id -P
O tn id O 0 0 -P fi 
O *dfi0iH-HrH0

L, rH X L, CO Q) -H -H -H O

ft-H L| O 'H "H 0 O 0 O 
D S ,J i^l Q Q

0 O 
H 4J

0 ra 
C M
q id-P O to
ra u 0
•d fi.
firH Oid id -Pra 4^ ra•H 0

w 0 H q-d 
M -d
ri ^ fi
id rQ id.

rd m
0 0
•d fi!
0 o

d) Q) -P
•P O ra. 
id o o, M 3 H. 0 ra o. 
g -d. 
O 0 .

rH rH tt)
tn id fi. 
fi 3 -H. o ra 4H 
u

S
EH

O 
PH

0 
tn 
id
id en
5 rH 

en
g*^

fi oo 
id vo 
TO en ^H

e ra

lC ~* 
id oo 
co vo

* rH'fi.* 0 
id

0 
tn 
id

CO

0

ra 2 ra o
•d EH rHrH

•d 
c *d
H id

0
Tf

id o 
.p ea 
.p cr* 
id H

*d 
0

C 
3

ftfi ra 0 
id id gr-j 
rt > ro'd

H-rH

- CO
OJH 
>>-

JH LI
01 id .O > o 

S

idd 
CQrH S

id en
idrH >H 

* o^ ^ en id en
g rH Id H CO. H

noopctrH

Mid O 
O
ST

xl-d id GJj*
id o

*Hfi-*
G id

•ri
ft*d

•ri O

ai
•ri H

JSra EH 0 EH >E^
G -H G Pt G

ft id p* id id
rd > > O
^ fi M

4J< ^ id 0 id w CQ ;

0a
•ri

1

Q 
O
H

H 
Pi

riid 
fi
0
4J
id•S

LI ra
O 3

oo 0•H O
ra idra 4-)
id 0M LI
3 o

M 0 0
-P ^ 
id o

tt)

•d
•H
S

G 
id •H 
fi

* i "w r
L, -H 0
id fi Q 
H O
4-100

O ft 
Pi ' D

id•H 
fi 
O

Q -ri 

0 0

*^
•rH 

S

id
•H
fi o
P 'ri

•H 
tt) 0

nd 'ri
-r[

S

fiid
•ri 
fi 
O

0
Q fiid 
0 ra

fi id

H fi
•ri id
co tn
LI ^t0 id
ft

fi id

*H c
co id

ri0 id
rH CP
*d id*d *H
•rf ^^

•ri
O

o•d

1 w

o•H 
O
N-8
0 
O

O •H 
O 
N 
O 
ra 
0

O•H 
O
N 
O
0

•Hid 
Pi

u0
M 
Pi



- 10 -

age of the siderite. The siderite may have originated as 

a result of replacement by and direct precipitation from 

circulating iron-rich sulphate-bearing groundwaters.

Igneous activity in the Moose River Basin occurred 

after deposition of Middle Devonian sediments. Lamprophyre 

sills and dikes and kimberlitic rocks intruded the Sextant 

and Abitibi River CMoose River) FrjBjmations; the age 

relationship of these intrusions to Upper Devonian 

Formations is not known CBennett et al, 1967 , p.31).

At the conclusion of the post-Devonian erosional 

interval the Moose River Basin again became the scene of 

sedimentation in late Jurassic or early Cretaceous time. 

The sediments are continental sands, clays and lignite coal 

deposited at the base of the Precambrian escarpment.

Discovery of clay deposits of Cretaceous age is 

credited to Robert Bell (1877}. The deposits were 

subsequently described by Joseph Keele (1920) who introduced 

the name "Mattagami Series". Mattagami Formation was later 

used by Dyer (1928, p.30).

The major deposits of silica sand and vari-coloured 

fireclays are found in the Mattagami and Missinaibi River 

area immediately north of the east-west running escarpment
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(see Figure 21; other deposits underlie a smaller basin 

at Onakawana. The Onakawana basin is limited by the 

Grand Rapids Arch to the southwest and by outcrops of the 

Precambrian Shield to the east Csee Figure 2).

The depositional environment of the Cretaceous 

sediments differed in the two basins on either side of the 

Grand Rapids Arch. The differences are accentuated by the 

predominance of lignite deposits in the Onakawana area. 

Preservation of lignite requires a reducing environment such 

as that obtained in a closed-in area with stagnant ground- 

water conditions and lack of ventilation. . Such conditions
oCt" OvufslbA^MX uA\)v*.^Ax-fw*ou*^ aiSCT^UA 

apparently prevailed, with the lignite beds are of a dark

grey colour. In C^GV* holes lighter coloured china clay 

is not found until well below the lower lignite bed. An 

association of silica sand and kaolin seems to be lacking 

at Onakawana although some clays become sandier in a west 

ward direction approaching the Grand Rapids Arch (J.R. Trusler 

and others, 1975, p.3).

In the area southwest of the Grand Rapids Arch thick -4 

deposits of white silica sand and kaolin alternate with 

beds of varicoloured fireclay including bright red r buff, 

white, purple and grey clays, and occasional seams of lignite
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The deposits discordantly overlap subcrops of Middle and 

Upper Devonian Formations and rest directly on Precambrian 

rocks in the escarpment area. In one location along the 

Mattagami River south of the escarpment a "... highly 

kaolinized syenite gneiss occupies the bottom of a ravine" 

(Cross, 1920, p.17). Deeply weathered crystalline rocks 

may have provided the source of kaolin clay and silica sand 

of the Moose River Basin. In the deltaic environment north 

of the escarpment fast flowing currents left behind coarse, 

pebbly sands in riverbeds while clays were carried over into 

adjacent lagoons or ox6(ruT lakes at times of flooding.

Drill information obtained along the Missinaibi and 

Mattagami Rivers has shown that in places clay beds are 

remarkably flat lying and persistent over distances of l to 

1*5 miles at least (see Figure 4) . In lagoons of this size 

the character of the clay deposits will partly have been 

determined by the screening effect of vegetation and will 

vary accordingly from edge to center of the lagoon. 

Vegetation may also have affected subsequent alteration of 

the clay. Plant root systems tend to withdraw alkalis 

while humic acids will react with soil components, washing
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away the fluxing elements to produce refractory clay. One 

theory holds the former process responsible for development 

of a particularly refractory fireclay referred to as under 

clay, found under coal measures. Thick sections of fireclay 

are reported from a location on Coal Creek between the 

Precambrian escarpment and the Missinaibi River and from an 

area on the Mattagami River 6 to 7 miles ( T-^" to fi kin ) 

north of the escarpment (Montgomery and Watson, 1929, p.82). 

On Coal Creek at least 19 feet C (j *v\ ) of black, brown 

and grey clays are reported. In the Mattagami River section 

92 feet C 2-8* m) of similar clays are found between depths 

of 30 to 122 feet ( ^ m to 3~/ m) - In both areas some 

lignite occurs in association with the black clays.

Fireclay deposits of this magnitude, basically kaolins 

with a greater amount of organic impurities than the white 

clays, are less likely to have been affected by post- 

depositional weathering than kaolins associated with silica 

sands. The latter kaolins may well be due entirely to post- 

depositional weathering of the feldspathic component of the 

sands. Individual beds of kaolin under these circumstances 

may result from minor washing and transport at surface or 

they may be due to vertical migration of fine clay particles 

through the sand and concentration at certain levels, as is
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J
believed to have produce beds with 92 to 93 percent kaolin

in residual deposits in North Carolina (U.S. Bureau of 

Mines Bull. No. 53, 1913,p. 16).

The origin of silica sand-kaolin associations in 

the Moose River Basin will have to be determined on the basis 

of detailed information of individual deposits when this

information becomes available.
t

SILICA SAND

Weathering of rocks and transport of the weathered 

material lead to accumulation of weathering-resistant 

particles. The particles may remain at the site of 

weathering or they may be washed away by rain or flood 

waters and deposited as sediment. If quartz is the pre 

dominant weathering-resistant mineral in the original rock 

the resulting sediment is a nearly pure quartz sand.

Quartz is a ubiquitous mineral. In granite the 

quartz content often ranges from 20 to 35 percent (Hewitt, 

1972, p.57). It is particularly abundant in rhyolites, 

granites, granite-gneisses and clastic sediments.

Quartz, with formula Si02 , hardness 7 (Moh's scale), 

and specific gravity 2.65 lacks cleavage. Prolonged
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physical abrasion results in perfect rounding of the grains.

Quartz is insoluble in acids except hydrofluoric acid.

It is constant in composition and by nature of high purity.

In source rocks quartz occurs in a wide range of 

grain sizes, from large bodies measured in tens of feet 

in pegmatite to the size of rock flour in the clay fraction 

of sediments. Deposits of silica sand are characterized 

by a specific grain size distribution corresponding to their 

origin. The effective grain size is occasionally influenced 

by cementing of the sand grains. The cementation agent may 

be silica or carbonate. Silica cement permits the use of 

sandstone as a source of lump silica required for the 

manufacture of ferrosilicon.

Silica Sand - Kaolin Clay Association

Unconsolidated silica sands associated with kaolin 

clay are frequently of high purity (less than 2 percent 

impurities). The weathering process responsible for 

kaolinization has simultaneously depleted the deposit of iron, 

magnesium, calcium, and alkalis, particularly in areas where 

kaolinization is complete. The major remaining source of 

impurities is a residue of heavy minerals,e.g. rutile, 

zircon, magnetite, staurolite. Heavier than quartz some of
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these minerals have been incorporated with lighter ones or 

failed to respond to gravity separation over the distance of 

transport from the source rock. For material in a silica 

sand - kaolin association this distance is characteristically 

short.

Size sorting of quartz grains is also a function of the 

distance of transport. Consequently a wide range of grain 

sizes is to be expected in deltaic deposits. Silica flour 

may be present as a result of disintegration of feldspar 

crystals with a fine intergrowth of silica or it may be a 

natural component of a clastic source rock. A wide range 

of grain sizes allows for development of glass-grade silica 

in conjunction with development and beneficiation of the 

kaolin component.

Analyses of some samples of silica sand-kaolin from 

McBrien Township, James Bay Lowlands were published by 

Smith and Murthy (1970, p.807). Out of 21 samples 56.2 

percent of the material is in the size range (-20 4- 140 mesh) 

of commercial glass sand. In this range sizes are 

distributed as follows:
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Size Percentage

+20 mesh 0.8

-20 +3S 3.4

-35 +4S 5.9

-45 +60 27.5

-60 +80 41.2

-80 +100 13.2

-100 +120 5.5

-120 +140 1.2

-140 1.3

With magnetic beneficiation it was possible to reduce 

the iron content to a range of 0.01 - 0.015 percent and an

analysis of beneficiated sand (op.cit., p.808) is given 

below:

SiO2 99.73 %

A1203 0.10

Ca02 0.03

MgO 0.009

Ti02 0.013

Zr02 0.009

Total 99.89%
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Uses of Silica Sand

Uses of silica sand in Canada in 1972 are given by 

Pearse (Z973I as follows:

Canada, available data on consumption of silica, by 

industries, 1972.

Short tons

Smelter flux1 1,126,494

Glass manufacture 
(incl. glass fibre)

Foundry sand 

Artificial abrasives 

Ferrosilicon 

Metallurgical use 

Concrete products 

Gypsum products 

Asbestos products 

Chemicals

Fertilizers, stock,
poultry feed 14,939

Other 160,665

Total 2, 894,008

Source: Statistics Canada for source data, Classification 
by Statistics Section, Mineral Development 
Sector. |J

Producers 1 shipments of quartz and silica for flux purposes.
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Major uses are as smelter flux, glass sand and foundry 

sand. Imports in 1973 amounted to 1.09 million tons of 

silica sand at a value of $5.87 million.

The bulk of silica used for smelter flux in Canada 

is produced here. Imports provide for special uses. 

Foundry sand requires a highly refractory sand with round 

grains and rough surfaces. Round grains improve 

permeability for escape of gases during casting and rough 

surfaces provide for a better bond with the bonding agent, 

usually clay.

Glass sand has to meet high specifications with 

respect to purity and grain size distribution. It is 

particularly sensitive to the presence of colouring agents 

such as iron, or chromium and cobalt of which only a 

maximum of respectively 6 parts and 2 parts per million is 

permissible. Glass producers' specifications vary 

according to the type of glass manufactured. One Ontario 

glass producer requires its raw material to meet the 

following standards:
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Chemical

SiO.

Fe203

99.5% minimum 

0.03 5 % maximum 

within jv Q.05% 

CaO-MgO within j^ Q.03% 

Q.03% maximum 

O.O O 01% maximum

TiO,

Physical

- 16 mesh 

4- 20 mesh 

4- 30 mesh

-\r 40 mesh

-140 mesh

None 

0-Trace 

4% maximum 

25* maximum 

5* maximum

ZrO.

Na2O-K2O within j^ Q.05%

These standards are presently met by blending three 

parts of imported sand with five parts of sand produced in 

Ontario by Indusmin Limited. The Ontario sand, manufactured 

from Huronian orthoguartzites, is higher in aluminum oxides 

than the imported sand.

Kaolin and Fireclay

Clays are the fine grained alteration or weathering 

products of rock forming minerals. They are made up of 

finely comminuted clastic particles and newly formed 

minerals. The newly formed clay minerals.are hydrous 

silicates with a layered crystal structure. Common clay 

minerals are kaolinite, montmorillonite and illite or
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hydromica. Members of the kaolinite group are hydrous 

alumino-silicates; montmorillonites in addition carry iron 

and magnesium. Illite or hydromica is characterized by 

the presence of potassium.

Most clays contain more than one clay mineral. Use 

fulness of clay as a fire resistant or refractory raw material 

depends on the absence of fluxes like iron and alkalies. 

Kaolinite converts to mullite and silica at high temperature 

rendering it extremely jsjG^eful as a raw material for 

refractory products.

Mineralogy

Kaolin or china clay is a white clay consisting 

predominantly of hydrous alumino silicates of the

Kaolinite group. Kaolinite has the formula: Al. [Si4O, Q}
e 

(OH) 0 . The group includs polymorphs of this composition
o A

as well as anauxite, which has a higher silica content, 

halloysite, with increased water content and meta-halloy- 

site, which develops from halloysite by partial reduction 

of the water content.

The minerals of the kaolinite group are characterized 

by a double layer structure. A layer of silica
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tetrahedrovis in hexagonal array at the base is linked to a 

layer of aluminium hydroxide above by the shared oxygen 

atoms of the upward pointing tops of the tetrahedrons. 

Additional water can be accomodated between the hydroxyl 

groups of the aluminium hydroxide layer and the oxygens of 

the next layer of silica tetrahedrohs. Additional water 

is present in halloysite, meta-halloysite and in a form of 

kaolinite with tubular morphology, referred to as hydrated 

kaolin (Deer, Howie, and Zussman, 1962, Vol.3, p.198).

Kaolinite is white and has perfect basal cleavage. 

It has a hardness of 2 to 2.5 and specific gravity of 2.61 

The crystal platelets occur either individually, in 

American clays usually concurring with grain sizes smaller 

than 2 n ,or they occur stacked in book form or vermicular 

shape, exceeding 2 p. in size (Lyons and Bowman, 1973 f p.27}. 

A third division commonly made is one of "Pines", smaller 

than 0.25 u. Fines are known to occur in compact masses 

typical for ball clays. A higher content of montmorillonite 

(3-5 percent) often serves to make the fines plastic and 

sufficiently strong for ceramic use.

The degree of stacking order of crystal platelets in 

ibooks of kaolinite determines its specific use in other
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instances. Small/ well-ordered blocky grains or 

individual platelets are preferred for paper coating. 

Extremely thin, small platelets with ragged edges produce 

a plastic clay for ceramic use* The latter grades are 

often blended with larger well-ordered crystals (^2 fi) in 

order to combine plastic strength with shrink resistance 

(Lyons and Bowman, op.cit., p. 28). Loss of platy habit 

common in grains larger than 2 u makes these grains un 

suitable for paper coating.

Origin and Character of Deposits

The formation of kaolinite is dependent on the break 

down, hydration and chemical alteration of common rock 

forming silicates, primarily feldspar. Iron, magnesium, 

alkalis and calcium have to be removed. Concentration of 

acid resistant hydrous alumino-silicate clays results 

primarily from conversion of these minerals under slightly 

acid conditions. These conditions may be met by surface 

weathering or by low temperature hydrothermal alteration. 

Large deposits of residual kaolin are associated with 

granitic rocks in Cornwall, England (^Industrial Minerals,
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January 1972, p.9) and derived from such rocks in Georgia 

and South Carolina, United States of America (Industrial 

Minerals, December 197, p.9). Deposits in the latter area 

are comparable in manner of occurrence to deposits in the 

Moose River Basin. Kesler C1963, p. 3) describes how 

lenses of kaolin alternate with unconsolidated sands of the 

coastal plain in Georgia and South Carolina, southeast of 

a line along which an abrupt change of gradient separates 

this area from the Appalachian Piedmont Plateau. The line 

is,-characterized-by waterfalls and rapids in the rivers and 

is referred to as the "fall line". According to Kesler 

(1963, p.4) the Piedmont Plateau is a weakly rejuvenated 

peneplain which has been eroded to a secondary stage of 

maturity. It is underlain by granite, quartz monzonite, 

diorite, gabbroic rocks and felsic and mafic schists, 

gneisses and pyroclastics.

The sand derived from the Piedmont Plateau and 

deposited below the "fall line" is mostly coarse and 

angular to subangular. Feldspar grains and kaolin pseudo- 

morphs after feldspar occur in some beds. Smooth pebbles 

are rare and usually much smaller than one inch in diameter. 

The Cretaceous sands rest either on crystalline rock or on
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Paleozoic formations. They are overlain by Eocene and 

younger s ed iment s.

Cretaceous sands near the "fall line", where mining 

takes place have been exposed by erosion. The deposits 

in the mining area are up to 500 feet (150 m) thick and 

lenses of kaolin have been found to a depth of at least 

175 feet (53 m). Commercial kaolins occur in two areas 

only. Kesler (op.cit., p.7,8) gives the following details: 

"The kaolin deposits are generally lenticular, 

but rarely symmetrical, and non-uniform thick 

ness is fairly common. In plan, the lenses are - 

mostly elongate and curved or sinuous, although 

no preferred orientation is evident to date. In 

major dimension, they range from a few feet to 

perhaps a mile, but uniform quality is rarely 

found throughout a lens. Vertical thickness 

ranges from inches to about 50 feet ( f5" m), 

and many of the mined deposits have averaged 

about 20 feet^jnL Contacts with enclosing 

sands are mostly gradational, but a few are 

sharp.

In natmujal particle size, very little of the
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kaolin ranges above 10 microns and in the 

greater part of most deposits it is pre 

dominantly less than 2 microns".

and: "Many of the.kaolin deposits contain detrital 

sand and mica in quantity too great for re 

fining, and even the purest contain them in 

small amount. Extremely fine-grained heavy 

minerals- are also present, and, of these, 

titanium minerals have the widest distribution. 

These detrital minerals, together with 

fragments of vermicular kaolinite crystals, 

are collectively termed grit in refining, 

and its amount is commonly determined as 

residue after washing the kaolin through a 

325-mesh screen. For efficient milling, 

a dry-ground kaolin should contain less than 

three percent grit in the crude but much 

larger amounts may be tolerated in wet re- 

fining. With the exception of the grit, the 

kaolin consists almost entirely of kaolinite, 

although traces of montmorillonite are found 

in some deposits".
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The origin of the silica sand-kaolin association 

Kesler (op.cit., p. 101 ascribes to weathering in situ of a 

feldspathic sand. Minor redistribution in the deltaic 

environment could have brought about the separation of sand 

and clay. A temporary influx of seawater at times might 

have caused deposition of fine grained, hard kaolinite, 

while softer clay in his opinion resulted from slow 

deposition in the slightly acid fresh water ponds. The 

low content of ferromagnesian minerals in the sand he 

ascribes to initial weathering of these minerals on the 

Piedmont Plateau. The products would have been carried out

to sea as montmorillonite, leaving behind^the coarser grained
foJlS ?^e\ | AJL OA*JCK.

feldspathic sand for deposition in the deltaic. abundance 

of commerical deposits, Kesler thinks, may be related to 

the location of the major contributing streams (Kesler, op. 

cit. p.ll).

Recent studies indicate that the quality of kaolin 

depends on the type of mineral from which it developed 

(Lyons, S. C. and Bowman, J. A. 1973, p. 145). The well * 

stacked books of crystalline kaolinite, suitable for paper 

coating, are thought to be the product of micaceous minerals, 

while poorly ordered kaolinite crystals seem to have derived



- 28 -

directly from feldspar. The authors (op. cit.,p.144,145) 

note that the respective source minerals are associated with 

kaolins of different quality in the Georgia deposits and 

that- there is a definite regional limitation to the 

occurrence of deposits of well-ordered kaolinite.

Whether or not the weathering of feldspar passes 

through a micaceous stage before formation of kaolinite may 

depend on the effectiveness of leaching (Grim and Wahl,1968, 

p.15). An intermediate stage of secondary micas may occur ' 

when leaching does not rapidly remove the alkalis from 

feldspar.

The association of hydromica or illite with calcite 

was noted by Bondam (.1968, p.65). He found that calcite 

indicates a geochemical trend being part of the illite 

paragenesis. Calcite is not stable, however, and after its 

final removal from the weathering residue the trend changes 

from illite paragenesis to formation of kaolinite and 

ultimately bauxite. Besides advancing the growth of illite 

the presence of calcite also raises the stability of potassium 

feldspar, according to Bondam Cop. cit., p.70).
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Conditions favourable for development of kaolinite 

deposits are listed by Kuzvarth and Neuzil (1972,p.102,103). 

The conditions include suitable parent rock, sufficient 

energy and time. Thermal and chemical energy are 

supplied by a warm and humid climate or a low-temperature 

hydrothermal environment. Necessary are:

"la) an acid aqueous environment CpH 6.4 to 4}

b) an annual temperature varying between 16O and 

180C and precipitation of about l r OOO mm.

c), geomorphological conditions permitting lateral

transport and removal of. products of kaolinization 

(K, Na, Ga, Mg, some SiO2 l and

d) for kaolinization of melanocratic rocks, a higher 

degree of acidity or the presence of organic matter, which 

will reduce ferrie iron to the more soluble bivalent 

ferrous form. The authors (op. cit. p.l01) estimate that 

in a tectonically quiet environment without transgressions 

kaolinization through weathering progresses downward by 

0.01 mm to 0.1 mm annually, or at the rate of 10 ra to 100 m 

per million years. They add that with depth this rate will 

decrease.
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Reference has been made (p. f3 i to development of a 

special clay under coal measures, the underclay. Although 

the role of vegetative matter in development of these clays 

is not always clearly understood, the clays are found to 

consist largely of kaolinite and illite. Underdlays 

beneath coal beds of the Pennsylvanian system provide the 

bulk of fireclays in the east-central United States. In 

California both clays and lignite of the Eocene lone Formation 

are produced . Here lenses of very refractory clay are 

found underneath the lignite coal CBates r 1960 r p. 47 r 48, 

125).

Refractoriness of clays is expressed in pyrometric 

cone equivalent values (P -C. E.). The following distinctions 

may be made CBates, ;op. cit. f p,124)!

Equivalent temperatures 

Fireclay - PCE ̂  19

at rise of 20OC per hour

low duty - PCE up to 28 1615OC

intermediate duty - PCE up to 30 1650OC

high duty - PCE up to 32 1700OC

superduty - PCE up to 35 177 5OC
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Not all underclay s are suitable for use as fireclay, 

however, and many fireclays are made up from other sources, 

often by blending of clay with bauxite minerals.

Tests performed on clays of the Missinaibi River and 

Onakawana River areas. James Bay Lowland have shown that the 

quality of these clays is variable, but that refractory 

clays with PCE's up to 33 or 34 are frequently found in both 

locations COOM, vol. XLII, Pt. Ill, 1933, p. 82, 83, 94).

An analysis of the clay fraction C-325 mesh) of 

3 samples of silica sand-kaolin from McBrien Township showed 

that 75 percent or more of the grains is smaller than 2 ̂ a 

in diameter CSmith and Murthy, 1970, p. 8091. These authors 

fop. cit., p. 8091 found that the brightness of a grey clay 

could be improved by bleaching with zinc or sodium- sulphite 

from 67 percent to 82-83 percent brightness. The presence 

of Fe2O3 and TiO2 in some clay samples. (Guillet, 1967, p. 77)* 

suggests that similar or better results may be achieved with
*

present magnetic beneficiation techniques.

*Chemical analyses of two kaolin samples, Kipling Township
"•325 mesh -5/A 

SiO 9 51.80
33.05 36,07 
0.84 1.64 
0.70

CaCr 0.03 0.36 
MgO 0.09 

Loss on ignition 11.72 13.68
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Recent palynological studies have shown the clays 

near the foot of Long Rapids, KiplingTownship to be of 

Middle or Late Albian age (Norris, Telford and Vos, in 

press!.

Uses of Kaolin

It is normal practice for the industry to grade, 

classify, beneficiate and blend raw materials from a group 

of kaolin deposits rather than to sell in bulk from single 

occurrences. The following discussion of uses is based on 

information in the magazine Industrial Minerals (No. 51, 

December 1971, p.12-151.

In the manufacture of ceramic products kaolin con 

tributes plasticity, dry strength and desirable firing

characteristics to structural clay, refractoriness to
r

alumina refactories, desirable fired coloured to whiteware,
A

and fineness and plasticity to porcelains combined with a 

desirable low electrical conductivity.

Kaolin as a filler in rubber serves to either harden 

the rubber, as in footwear, or to lower the elasticity and 

improve abrasion resistance, which is achieved by using
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softer grades of kaolin as in floor tile. In plastics use 

of kaolin is most promising in the glass reinforced 

polyesters where it imparts good flow characteristics. It 

is particularly well suited as a filler in latex paints 

since the washed grades wet easily in water. It has good 

opacifying qualities and is useful as an extender of pigments 

in paints.

In paper manufacturing kaolin serves both as a 

filler, to fill interstices between pulp fibres and as a 

coater, to produce a smooth glossy surface. It has good 

affinity for printing ink, high gloss and brightness and can 

be applied in near-dry state allowing fast production 

methods. Kaolin may constitute up to 20 percent by weight 

of a glossy magazine paper.

Both air floated and water washed grades of kaolin 

are produced. Only the water washed grades are 

sufficiently bright and pure for use in paper manufacturing.
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Lignite

Lignite or brown coal represents an accumulation of 

vegetative matter which has been subject to coalification. 

Coalification is a gradual process in which loss of 

volatiles (hydrocarbons) and relative increase of elemental,
er

or "fixed" carbon leads to progressively high ranking coal.
A

In practice a distinction in coal is made between low 

ranking lignites with about 30 percent "fixed carbon, inter 

mediate bituminous coals and high ranking anthracites, with 

as much as 90 percent "fixed" carbon. . Bituminous coal is 

the most abundant and economically most important variety. 

It is used directly as an industrial or domestic fuel, 

or in carbonized form Cooke} in the steel industry for 

production of pig iron. Co king of bituminous coal involves 

driving off volatile components under high temperature. 

The volatiles form the base of byproducts like coke-oven 

gas, ammonia, tar and light oils. Some of these by 

products may also be obtained from lignite,

Geologic conditions conducive to accumulation of 

significant amounts of vegetative matter are: 1) abundant 

growth and 2) poor drainage. By rapid burial under sub-
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aqueous conditions oxidation of the decaying plant material 

will be prevented. The required conditions are generally 

met in swamps or bogs which frequently owe poor drainage 

to a high clay content in the subsoil. The character of 

vegetative matter will vary according to J.the depth of water.

Changes in water level may be reflected in the differences 
o-

in beds of single lignite deposit. Beds with tree stumps /*

in upright position may alternate with accumulations of 

reeds, rushes and sedge representing a marshland environ 

ment; open water may be indicated by waterplants or by 

accumulations of leafs trapped in open water when blown 

along the surface. In a deltaic .environment favourable 

areas for plant accumulation will be found in between major 

river courses. The identification of fossil river courses 

may assist in the determination of exploration targets for 

lignite.

Partial decomposition and disintegration of accumulated 

vegetative matter produces peat. Increased coalification 

is favoured by a rise in temperature and pressure 

corresponding with deeper burial. The origin of individual 

components of the transformed product is harder to re 

cognize in coal than in peat.
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In coal a general distinction is made between 

anthraxylon, a translucent material with recognizable 

structures of plant tissue and attritus r a disintegrated 

and partially opaque organic matter. Cannel coal, which 

consists exclusively of attritus, has a typical massive 

appearance, conchoidal fracture and high content of volatiles 

Which furthers the ease of ignition*.

In samples of lignite from Onakawana the following 

entities were distinguished by Tasker (.1933):

Woodyr Definite pieces of wood, generally hard 
and laminated but often consisting of 
knotty portions. Many pieces show well 
bedded structure. The colour of the 
interior of the lumps is generally light 
chocolate-brown, though the outside is 
black. Mos~t pieces when sufficiently 
dried show a slight lustre when broken 
across the bedding plane.

Peaty: As the name indicates, of a peat-like 
nature. Breaks up into flakes and 
often appears to be a mass of compressed 
leaves and twigs. This material contains 
large quantities of fus^ain or mineral 
charcoal.

Earthy: When wet, this material tends to pack 
into balls or lumps, but generally can 
be crushed by hand as soon as the material 
dries out a little. The particles are 
usually spherical in shape and on 
drying produce a large amount of dust.
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Petrography

The terminology which has been developed to make a 

petrographic description of the substance of coals possible 

is quite complex. Four basic types of coal material are 

distinguished. They are vitrainy fusain, clarain and durain. 

The four types are made up of the coal "minerals" or macerals 

in different proportions. Macerals are the petrographic 

units that can be related in some instances to their origin 

in the plant tissue. The macerals sporinite and cutinite 

for example are the products of plant spores and cuticular 

or waxy material. Together they form exinite which in 

combination with vitrinite is the basic substance of clarain. 

Vitrinite, the principal substance of vitrain, imparts a 

glossy lustre and conchoidal fracture to the coal. Vitrinite 

consists of the macerals telinite, a translucent attritus with 

traces of cell structure and collinite, an entirely structure 

less maceral consisting of completely jellified plant
-t 

material which precipitated from solution and subsequenly
A

hardened. Fusain is a natural charcoal. Durain, in 

grey to black lacklustre layers, consists of micrinite, an 

opaque attritus, combined with spores and resin.

The terms xylinite, detrinite and dopplerinite are
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sometimes used to describe material in peat and low ranking 

lignite. Theyapply to a range of substances, from those 

with well preserved cell structure (xylinite) to completely 

jellified ones Cdopplerinite)., believed to be the 

equivalent of vitrinite in bituminous coals (Cameron and 

Birmingham, 19711.

Chemistry

In an analysis of lignite the moisture content is 

determined and values, are given for ash^ volatiles and 

fixed carbon. Percentages of the elements carbon, hydrogen, 

nitrogen, sulphur and oxygen are listed and the calorific 

value of lignite is expressed in British Thermal Units per

pound. Determination of the fusion temperature for the
e 

ash content complets an analysis.
A

Chemically the substance of lignite, in contrast to 

that of higher ranking coal, occurs for a large part in the 

form of humic acids. The difference shows when dis 

solving coal material in sodium hydroxide which yields a 

deep brown solution in the case of lignite. Humic acid can 

be precipitated from this solution by acidifying it with
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hydrochloric acid. Up to 60 percent of humic acid may be 

extracted from lignite on a dry basis and more is present 

in combined form e*g. as calcium humate (Edwards, 1953,p.29). 

The pH-value of lignite ranges from 6.35 to 3.9. 

corresponding to an increasing amount of free humic acid 

present.

The following description of humic acid is given by 

Edwards Cop. cit., p.291:

"The freshly precipitated and filtered humic 

acid is a swollen, jelly-like substance, that 

shrinks strongly ;and hardens in drying, when it 

can be crushed to a black, glistening powder. 

Dried in air it retains 20 percent moisture; 

completely dried out it is hygroscopic, in 

dicating a relationship between the drying 

behaviour of brown coals, and their content of 

humic acid. The brown colour of the coal 

derives from these compounds".

Although humic acids are not defined by a single 

chemical formula but more likely consist of different 

compounds, a probable formula for dopplerite-like masses 

of humic acid in peat is given by Edwards (op. cit.,p.30) 

as:

C60H52024
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In weight percentages this substance corresponds to 

approximately 55 percent carbon, 8 percent hydrogen and 

37 percent oxygen. Humic acids in lignite contain from 

62 to 66.5 percent carbon. The highest percentage of 

carbon is found in the coal variety fusain. Resins contain 

the highest percentage of volatiles C12 percent hydrogen 

in some instances); resin-rich coals classified as dis 

tillation coal are valuable for their wax content. Dis 

tillation or low-temperature carbonization yields tar, tar 

water, tar gas and coke. Paraffin and paraffin-free crude 

oil are produced from the tar.

The composition of lignite ash in comparison with ash 

from bituminous coal is characterized by high contents of 

sulphate, lime.magnesia, ferrie oxide and soda. The 

sources of lignite ash are detrital mineral matter (quartz, 

clay), salts (calcium, magnesium and iron sulphate solutions 

in pore water) and plant ashes. Detrital mineral matter 

in ash tends to predominate near the edges and top and base 

of lignite seams while the centre is characterized by 

chemically derived ashes. It seems that higher ranking 

coals have lost part of their chemically derived ash content 

with the escaping liquids in the process of coalification.
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The use of lignite ash for production of synthetic 

aggregate or as replacement of cement in concrete is being 

studied by several organizations in Canada and the U.S.A. 

Manz C1973, p.213I reports that in the near future up to 

25 percent of the cement is expected to be replaceable by 

some of these ashes.

Sulphur in lignite occurs in sulphates e.g. gypsum in 

sulphides tpyrite, marcasite) and as elemental sulphur. 

The total sulphur content is variable and up to 9 percent 

has been recorded (Edwards, op.cit., p.56).

A comparison of lignite analyses reproduced from 

Edwards Cop. cit., p.27) is given in Table II.

Composition of North American Brawn Coals

Moisture 
Ash 
Volatiles 
Fixed Carbon

Dry.ash-frce 
Volatiles
Carbon 
Hydrogen 
Nitrogen 
Sulphur 
Oxygen

Calorific Value 
gross dry, 
JIvTIi. U./Ib.

Asli Fusion *F 
Softening temp. 
Fluid temp.

North Dakota1
Velva 

McHcnry 
Co.
39-2 

26 .9

46-9

71-1 

i-o

243" 
2470

Quality 
Lignite 
Minot

39*7 4*' 
27-2 
29-0

4H-5

71*1 
5-0

0*4 
22-4

12010

2240
23HO

Dakota l Lehigh 
Collieries Starke Co. 
Adams CoJ

33'9 8-5 
27-6 
30-0

47'9

74-4 5-3

16.9

'275"

2270 
2460

41*2
65 

25-4 26-9

48-8 
71-9

5*2 
I-O
i-o 

20-9

12140

2140
2420

Knife 
River 

Mercer Co.
36-3 

5*8

45'*
72-9
4-8 
i-o
1*2

20-1

1 12340

2460 
2470

South Dakota*

Runkel 
DeweyCo.

38-5

I? 26*9
28-8

48*3
72*0 

4*8
•'4 
0-7

21.1

12230

2270
235**

Outcrop, 
Hard 

ing Co.
* 40-7 

12-7
24-4 
22-a

Texas* I Sa*k.s i Ontario**! Alberta*
Malakoft l Souris- j Unaka- | 

No.2.Hen-j Bicnfait j w ana 
dersoncc J i - .

34*5 l 40-o j 50-0 
9-5 j 8-2 -j 6-3 

i 26-3 j 25*2 ' | 21*3
| 29-7 [ 26-6 . 22*3

i ! ;52-2 | 47-0 j 48-7

0-9 
^3*7

j T* i Z
i '-5 ~ 

1-8 j i-o 
1 18*1 S —

- I'akowki

336 : 
J-3 -

* *9'7*

i
48-9 t 48-8 ;

o-j

j , [..-..l
ro35** J 12820 ( "ii 6 jo 11650

1960 | 2421* j 2275 
191)0 1 2520 : - —

70-2 ,
S'*

. 0'4 : 
23-2

\*V

2200 j: 1920
— -J 5300 .

* V& Mur. Mines. Tech. /*M/*. 700 (1948).
*K. K. Gilmore and E. J. IJorroughs, Canadian Coals: Their Churacterutics and inilizaiiuH,

No. 4, Sect. A. i. Fuel Economy ConC. of the World Power Conference, The Hague. 1947. 
"K. Stansficld ami W. A. I^mg. Ctnils of Alberta, V. Res. Conn. Alticna, Repi. 35 (1944) 146.
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- rIn recent feasibility study (Onakawana fi^(AK^XWvoe\ O). \

Vol. li, Section 2-4 L the following typical average analysis 

of Onakawana lignite was published:

Component Analysis Weight %

Moisture 46.00

Ash 8.83

Volatiles 21.92

Fixed Carbon 23.25

Calorific Value 5246 BTU/lb.

Detailed Analysis Weight *

Carbon 32.23

Hydrogen 2.20

Sulphur 0.51

Nitrogen 0.23

Ash 8.37

Oxygen 10.37

Chlorine 0.09

Moisture 46. 00

Total 100.00

In the study (op.cit. , Section 2-3} the Onakawana 

area is divided into the East, Main and Portage Fields. A 

plan of the mining area and fence diagrams of the Main and
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East Fields are shown in Figures 5, 6 and 7 respectively. 

The lignite seams underlie an area of approximately 6,400 

acres and most of the ore has a strip ratio of overburden: 

ore ss 6.2 or more (average 6.561- Recoverable reserves are 

calculated in millions of short tons as follows Cop. cit., 

P- 2-3} :

No. l Seam No. 2 Seam Total

East

Main

Portage

3.1

41.5

5.4,

8.6

121.5

8.9

11.7

163.0

14.3

TOTAL 50.0 139.0 189.0

Physical Characteristics

The preferred method of mining lignite coal is partly 

determined by the physical characteristics of the material. 

In general lignites with more than 45 percent moisture can 

be readily excavated without the use of explosives. Drying 

in air reduces the moisture content of lignite to about 20 

percent, causing bracking and shrinkage at the surface of the 

coal. The drying process rarely advances more than a few
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inches from surface and part of the lost moisture will be 

replaced in humid weather.

Upon exposure to air lignite oxidizes and when large 

surface areas are involved, as in dust, this reaction may 

lead to spontaneous combustion. Stockpiles of lignite may 

have to be restacked once or twice to relieve the excess 

heat. Application of a coat of fine slack over the sur 

face of a stockpile on the other hand may be sufficient to 

prevent air circulation and consequently stop spontaneous 

combustion for lack of oxygen. Stockpile fires are some 

times initiated by rain showers due to the excess heat 

developed when internal capillary surfaces of lignite are 

wetted.

The capillary structure of brown coal affects the 

drying characteristics of the material. The fineness of 

the capillaries determines the strength of bonding of the 

capillary water. Conversely this knowledge is used to

derive the capillary size distribution from the relation-
'
ship of vapour pressure and moisture content of the lignite.

The information is essential in understanding the resistance 

or amenability of the material to briquetting, which allows 

shipping of the partly dried lignite as an industrial or
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domestic fuel. Weaker briquettes, according to Edwards 

Cop. cit. t p.33, 34L, are thought to result from increasing 

fineness of the capillaries since resistance to a crushing 

together of the coal particles increases. In a study 

by Gauger C1932J, referred to by Edwards Cop. cit..,p.34) , 

it was found that in going from wood to peat the relative 

volume of large capillaries increases while further 

coalification results in a progressive decrease of this 

volume.

Briquetting tests.of earthy lignites from Onakawana 

are described by Tasker C19331. It was found Cop. cit., 

p.28, 29) that dried material could be briquetted without 

a binder, but that the briquettes were not quite as 

weathering resistant as is desirable for handling as a 

domestic or industrial fuel.

Description of Properties

Kipling Township

1. Northern Ontario China Clay Corporation Limited

Mining claims: T18492Jj, T19482, T21582-87 Cpatented) 

and R91135 Cleasel Qsee Figure 3i.
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Location: 9 contiguous claims adjacent to and east 

of the Mattagami River, immediately north of Long 

Rapids.

Minerals; Silica sand-kaolin/ fireclay

Claims on this property were staked in 1917 by C.M. 

McCarthy of Elk Lake who discovered the deposit in 

1916. A substantial interest in the property was 

obtained at the time by W. Douglas of Toronto. In 

1966 the Northern Ontario China Clay Corporation 

Limited was incorporated to develop the property. 

This company is controlled by the Douglas family. 

Present owner is Mr. Bruce Douglas, 36 Wimpole Drive, 

Willowdale, Ontario. No production has been 

reported.

In 1972 ten adjacent claims surrounding the property 

to the north, east and south have been staked by

Messrs. Carroll, Gephart, Kenty and Larche,  4. 
respectively from Sault Ste. Marie, Holland (Michigan),

Cobalt and Timmins.
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Drilling and sampling

1916 *- Samples collected by McCarthy tested at

Bureau of Mines, Toronto. 

1924- -9 test pits and auger holes sampled Creport:

Montgomery and Watson, 192*9, p. 87-90).

*- Winter road C34 miles, (55 km) opened between 

Oil Can Portage, Abitibi River and deposit.

- l diamond drill hole (vertical) - 163 feet 

C49 m).

1962

Geology; The deepest hole on this property, collared at 

70 feet (21 m) above river level, intersects 

silica sand-kaolin clay from a depth of 69 to 

163 feet (21 to 49 m) (bottom of hole) . 

Clay occurs particularly from 69-76 feet (21 

23 m) (7 feet), 100.5-103.6 feet (30.5-31.5 m) 

(3.1 feet) and 138-152 feet (42-46.5 m) (14 

feet) . The beds are near horizontal and lens 

like, with lateral variation in the colour of 

the clays. Mottled and bright red clays are 

less common away from the Precambrian Escarp-
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went.

FireclafsQ have refractory properties ranging from 

PCE 27 to 32. The following chemical analysis 

refers to a sample of crude, white clay CKeele, 

1920, p.441:

Percentage

silica 53.10

alumina 31.92

iron oxide 1.52

lime 0.51

magnesia trace

potash .28

soda .54

water 12.35

100.22

General elevation of the area is approximately 

100 feet C ^O mi above river level.
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2. Smoky Falls Refractory Company Limited

Mining claims; S 24480-85 inclusive! S 26454-59 

inclusive (patentedI Csee Figure 3}. 

Location: 12 claims adjacent to and west of 

Mattagami River immediately north of H-E.P.C. 

Reserve, Long Rapids, north of Smoky Falls.

Minerals; Silica sand-kaolin r fireclay,

Prospecting by A.E* Hilder in 1932 led to staking 

of 12 claims west of the Mattagami River. 

Development of the claims was financed by Mine 

Finders Limited in 1933 and 1934. An operating 

company. General Refractory Products Limited, was 

formed in 1934. Some production took place from 

1940 to 1944. In 1949 the name of the company 

changed to Smoky Falls Refractory Company Limited. 

The claims are maintained in good standing by the 

Mr. F.W. Warren Est. c/o R.B. Warren, 4335 Blue- 

water Place, Burlington, Ontario
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Drilling, Sampling, Production

1933   test shaft dug and sampled

1933/1934 - drilling - 18 holes - average depth 70 feet

C21 ml. 

~ Winter road from Smoky Falls to deposit cut

- l^s cubic yard gasoline-operated shovel in 

stalled .

1942 - road established from Smoky Falls.

-- mining and drying equipment (rotary dryer) 

installed

- Production: silica sand:

fireclay:

1943 - Production: silica sand: -

fireclay 508 tons

Geology

As indicated by results of drilling 20 to 30 feet 

(6 to 9 m) of refractory clay (PCE 31*5 * 1) underlie 

the property. The clay reaches an elevation of 20- 

30 feet C6-9 ml above summer water level in the 

river. The river banks are approximately 70 feet
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(21 ml high; an average 42 feet (13 m) of over 

burden CPyer and Crozier, Unpublished Report, 1934) 

overlie the clay in the mining area (4.35 acres

(1.76 tal. The overburden consists in part of 

Cretaceous, silica sand and kaolin.

3. File 145889

Minerals; Silica sand-kaolin, fireclay

o
A 9/16-square miles (1.5 km ) area located one mile

west of the Mattagami River and two miles northwest 

of the Kipling Dam, Kipling Township is outlined on 

the claim map for reference purposes. Referred to 

as File 145889 the area was held by Messrs. R. Orchard 

and C. McRay until March 31st, 1968. 

The area was drilled in February 1960 (Ventures 

Limited-American Nepheline Limited: Hole MR 4) and 

in the summer of 1970 (Indusmin Limited: Holes 1-9). 

None of these holes penetrated deep enough to inter 

sect Paleozoic Formations. Cretaceous silica sand 
ia 

kaolin and fireclay were encountered from a depth of

60 feet CL8 ml in one hole to the bottom of the 

deepest hole at 202 feet (61 ml. The clay content
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of Cretaceous beds increases with depth in most 

holes but one or two individual beds of fireclay of 

6 to 8 feet C2 to 2.5 ri! thickness have been en 

countered at higher elevation. Although the thick 

ness of these beds is variable, indicating a lens- 

like occurrence, it is possible to correlate the beds 

over the short distance Cabout 1,300 feet C400 ml 

between holes, showing their near-horizontal attitude.

McBrien Township

1. Algocen Mines Limited, Sault Ste. Marie 

Mining Lease No. 1Q2884 

Area; 6,395.25 acres C2,590 hal

Location: Northeast part of McBrien Township Csee 

Figure 41. 

Minerals: Silica sand-kaolin, fireclay

The property was acquired by Algoma Central and 

Hudson Bay Railway in 1965 as part of the area covered 

under Exploratory License of Occupation No. 13,788. 

License rights were takeover by Algocen Mines Limited, 

a subsidiary company The latter company
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obtained mining rights to approximately 1/1Oth 

of the e#pfoW area, or 6,395.25 acres (2,590 a) 

in June, 1972.

Drilling and Sampling

1965

No.l deposit - 29 holes (auger); total depth: 1,050

feet C320 m), 7 trenches for bulk 

sampling (6 ton).

1966

No.l deposit - l trench 

No.2 deposit - 5 trenches

1967

No.l deposit - 12 surface samples 

No.2 deposit - 2 surface samples

1968

No.l deposit - 30 holes (auger); average depth 160 feet

(49 ml? (maximum depth 226 feet (69 m),
x

including 168 feet C51 ml of silica sand- 

kaolin clay to bottom of holel.

, l pit)
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1969

No. l deposit ~ 10. holes (auger!; total depth 1,826 feet

C555 ml; 7 test pits; bulk samples 

(approximately 340 tons).

1970

No, l deposit - 9 holes (auger i; total depth 1,343

feet C :4d9jnl

No. l deposit - 4 holes (augerl; total depth 424 feet

(129

Geology ; Results of testing have indicated the presence 

of glass sand and filler grade kaolin clay 

(paper, plastics, rubber}. The material occurs 

in two deposits. No. l deposit lies adjacent 

to and south of the Missinaibi River. No. 2 

deposit is located approximately 2 miles (3 km) 

northwest of No. l deposit, adjacent to the 

Pivabiska River. The deposits in all likeli- 

hood are connected at depth. The horizontal 

attitude of silica sand and kaolin clay beds in 

No. l deposit is shown in the accompanying
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fence diagram (Figure 41. None of the 

holes drilled reached Paleozoic bedrock.

Reserves:

Estimated tonnage: 200 million

Reserves of glass sand: 2/3 x 200 million^l34 million ton 

Reserves of kaolin clay: 1/6 x 200 million=33 million ton 

Tailings Cwaste rockl: 1/6 x 200 million -3.3. million ton

Total 200 million ton

Dyer, Morrow and Sutcliffe Townships tOnakawana Lignite Fields) 

1. Onakawana Development Limited

Exploratory License of Occupation No. 13902 (1966).
2Area: 396 square miles Cl*025 km ).

Location: Gardiner, Morrow, parts of Sutcliffe, 

Dyer, Bessborough, Canfield, Stapells,

Depencier, Hobson and Hogg Townships
3

Minerals: Lignite, fireclay

The presence of lignite in the Moose River Basin was 

reported by fur traders and explorers prior to the
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middle of, the 18th century. Deposits at 

Onakawana/ known from outcrops in the banks of the 

Abitibi River at Blacksmith Rapids/ were officially 

recorded by Borron Q-891I and J.M. Bell (19041.

In 1929 the Ontario Government withdrew a large
2area (1*096 square miles C2,840 km ) surrounding

Onakawana from staking. Investigations coin 

ciding with construction of the Ontario Northland 

Railway from Cochrane to Moosonee, took place from 

1927 to 1932. The presence of 100 million tons 

of lignite with commercial potential was established 

(Report of Task Force, Onakawana, 1973, p.17).

Some coal was produced in the years from 1939 to 1947. 

Production was suspended in 1947 for economic 

reasons and no further activity is reported unoML, 

in 1906, Alberta Coal Company obtained an exploratory 

license on 396 square miles (1,025 square miles) in 

the area, including the Onakawana lignite deposits. 

In subsequent drilling the company, now known as 

Manalta Coal Company, has established the presence 

of a quantity of recoverable reserves of lignite
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calculated to amount to 189 million tons, 

distributed as follows* Csee Figure 5}:

1. Main Field   1631million tons

2. East Field - 11.7 million tons

3. portage Field - 14.3 million tons

Total 189 million tons

fiCM^ttu^a 

Onakawan Project, Vol. II, Section 23,

October 1973.

Plans for further development at Onakawana are 

under study while the Ontario Division of Mines is 

engaged in investigating the lignite potential in 

other areas of the Cretaceous Basin. Surface 

and mining Kights for the area expected to be under 

lain by Cretaceous Formations have been withdrawn 

from staking on March 10,1975 by Order No. W18/75, 

File: 7598V. 5.
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Development, Drilling and Sampling

1927-28 - Geological Surveys ~ Dyer r W.S. and A.R.

Crozier CODM, Vol. XLII, Pt. Ill, 1933,p.471. 

1929 - Sample (300 Ibsi of lignite tested by Gilmore,

R.E., CODM, Vol.XXXVIII, Pt.IV, 1929, p.30-40). 

1929-1932 - Drilling: 116 holes - 1,000 foot C305 ml

centres - approximate total depth 17,000 feet

C5,200 m) .

- Shafts: 2 (1st shaft-77 feet (23.5 m) deep. 

(2nd shaft-136 feet (41.5 m) deep.

*- Drifting: 1,276 feet C389 ml at two levels.

*  Geophysical telectric, gravityy surveys

1932 - Testing of samples from shafts performed in 

Europe.

1933 - Technical Report by Ontario Research Foundation 

(ODM, Vol.XLII, Pt.Ill, 1933, p.1-45).

1939-1942 - Development and production of coal by Temiskaming 

and Ontario Northland Railway. -

- Drilling: 182 holes -* 16,811 feet C5,120 m)

total depth..

1942 - Takeover of lignite development by Ontario 

Government
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1945

1946

1947

1966

1968

Construction of steam drying plant at 

Onakawana initiated.

Destruction at Onakawana of garage - machine 

shop *- warehouse building by fire in February. 

Construction of process plant completed in 

November; experimental run showed that in 

flammable dust created in the process caused 

an explosion hazard.

Experimental work in processing discontinued 

Stripping of overburden completed to make 

available an emergency supply of coal for 

winter 1946/47. 

All operations discontinued 

Plant and equipment removed. 

Alberta Coal Company acquires Exploratory 

License of Occupation #13902. 

Drilling: 55 holes - 7,273.5 feet (2,219 m) 

total

Sampling: 5 tons of lignite shipped to 

Canadian Combustion Research Laboratory,E.M.R., 

Ottawa; drill cuttings retained by Alberta Coal 

Co.
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1972 - Drilling and sampling - 78 holes - total

11,860,6 feet D, 618 mi Caverage depth 152 

feet C41 ml.

*- Agreement between Government of Ontario, Ontario 

Hydro and Manalta Coal Csuccessor to Alberta 

Coal Co. i to undertake feasibility study on 

development of Onakawana lignite.

1973 - Report by the Shawiningan Engineering Company

Limited: Recoverable reserves 189 million tons. 

Total area mineable field - approximately 

6,400 acres ",C2,590 ^al (SkojWVvNACicx, ^K^^^V-^

1974-75 - Drilling by Ontario Division of Mines in 

Cretaceous Formations west of Onakawana; 

(Rogers et al, 1975).

1975 - Withdrawal from staking of Surface and Mining 

rights in Cretaceous Basin, James Bay Lowlands 

by Order No. W. 18/75, File: 7598 V.5, dated 

March 10, 1975.

b\
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Geology

The outline of Onakawana lignite.f ields in Figure 5 is

partly based on a ratio waste; ore 5.30 :1 (Main and 

East Field; Trusler, et al, 1973 l and partly on major inter 

sections of lignite in the drill holes (Portage Field). 

The following rock units with respective contents 

of mineral resources are distinguished by Trusler (op.cit)
•fl*)UY*S

Csee fence diagrams*^ and 7 1 :

11 Top Fireclay - volume insignificant due to erosion.

21 Top Lignite ~ volume insignificant due to erosion.

31 Upper Fireclay - frequent remnants in subcrop;

* i , ,~-\. : i totaJL voiLumer 

11 million tons.

41 Upper Lignite - Unit largely continuous; mean thick 

ness 17.56 feet (5.4 m); volume 50 

million tons.

51 Middle Parting - Unit continuous; thickening westward

due to increasing volume of sand and 

inclusion of up to 11 significant 

lenses of lignite; clay too thin to 

mine in eastern area and of doubt-
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*- ful quality in western part. 

6 L Lower Lignite - Unit continuous over most of 8

square miles (20.72 sq.kml area; 

mean thickness 18 feet (5.5 m); 

volume 140 million tons.

An average analysis of Onakawana lignite is re 

produced on Page 4^of this report. The quality of lignite 

is expressed in units of heat content or British thermal 

units per pound. Onakawana lignite (approximately 5,000 

BTU/lb) ranks as low grade lignite by North American 

standards, but as high grade material by European standards

C^ta^A/v^flflUVx ''BN^YtJewWA C^pO**A/) Ll*^Jjufr 'l^CJl V0?. ^ . P.^t J

Fence diagrams (Figures 6 and 7) of the Onakawana 

lignite deposits clearly show the presence of two distinct 

beds of lignite throughout most of the Main Field. The 

upper lignite has suffered from erosion eliminating it from 

the East Field. In the area between the East and Main 

Fields erosion has also affected part of the lower lignite 

bringing the overlying Pleistocene Formations in contact 

with the basal clay.
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The Middle Parting is shown to increase in thickness 

westward. In some areas drill holes penetrating below the 

basal clay have intersected some silica sand with kaolin. 

Elsewhere the basal clay is directly underlain by greenish 

grey clay and bituminous shale of the Upper Devonian Long 

Rapids Formation.

The thickness of lignite beds at Onakawana which is 

consistent over several miles distance and the inclinations 

of both Cretaceous and Devonian Formations towards a common 

center led Dyer and Crozier (JL933, p.57,61) to assume that 

differential movements responsible for the basin shape were 

a,ctive during the Cretaceous period. The presence of 40 to 

50 feet C12 to 15 m) of compacted lignite requires, in their 

estimation, the accumulation of as much as 300 to 400 feet 

(90 to 120 m) of uncompressed vegetable material. The 

conditions at Onakawana favour an origin of lignite in situ 

rather than accumulation of drifted material. Although 

proof of this origin has not been obtained from drilling 

the generally low ash content in both lignite seams supports 

this assumption. Clays between the lignite seams and 

overlying the Upper lignite were introduced by temporary



- 65 -

flooding of the swamps. Although a similar sequence of 

deposits is common to other parts of the Cretaceous Basin, 

nowhere are the lignite deposits known to reach the thick 

ness Cup to 58 feet CIS ml of lignite seams at Onakawana. 

Much more information on the structural history and the 

chronology of events in the Cretaceous Basin is required to 

predict the possible whereabouts of additional deposits 

comparable to those at Onakawana.

Fireclay at Onakawana has been tested by Montgomery 

(1933, p. 79-871. The refractory clays range from a true 

ball clay to plastic refractory clay. Although samples 

of high-heat duty clay have been found a body of such clays 

large enough to be mined has not been outlined as yet.
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