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PREFACE 

In order to assist in effective use and conservation of resources and 
in the management and preservation of our environment, the Geological 
Survey provides geologically-based information on land resources and terrain 
performance derived from geological, geome>rphic, geophysical, geotechnical 
and relatud studies. 

In this report, the author presents the results ol a study of the sur
ficial deposits of about 14, 500 square miles of the Moose River basin of 
northern Ontario. At least five distinct till-sheets are present; these are 
separated by non-glacial deposits. The thickness of Quaternary succession 
varies from about 60 feet to more than 700 feet. 

Although at one time it was thought that certain of these Quaternary 
beds contained lignite deposits, it was late\· shown that the principal fuel 
potential l.ies in strata of Mesozoic age. However, there are Pleistocene 
sands containing lignite derived from the Mesu:;rnic deposits and also 
Pleistocene interglacial peat deposits. 

Ottawa, May 26, 1972 

Y.O. Fortier, 
Director, 
Geological Survey of Canada 
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QUATERNARY STRATIGRAPHY OF THE 
MOOSE RIVER BASIN, ONTARIO 

ABSTRACT 

In the Moose River basin of northern Ontario, there are at Least five 
till sheets separated by ilonglacial sediments. The sequence consists of, 
from bottom to top, Till I, intertill sediments I-II, Till II, intertill sediments 
II-III, Till III, interglacial Missinaibi Formation, Adam Till, Friday Creek 
nonglacial sediments, Kipling Till, and late- and postglacial glaciolacustrine, 
marine, and terrestrial units. The pre-Missinaibi sequence, exposed only in 
the southwestern portion of the area, was deposited when the fluctuating mar
gin of a southwestward flowing ice sheet stood in a progl.acial lake. The 
presence of marine shells in at least one of the prc-Missinaibi tills indicates 
that James Bay was occupied by a sea during the Quaternary beforeMissinaibi 
time .. 

The Missinaibi Formation, of probable Sangamon age, includes a 
ubiquitous buried soil and forest b~d developed on glacial, marine, and fluvial 
sediments and is overlain by lacustrine beds. The interval began with incur
s ion of the Bell Sea to an altitude at least 100 m above present sea level, fol
l owed by recession to a level probably near present sea level. As the land 
ernr?rged, rivers incised, cutting alluvial terraces on which the soil and fo~
est developed. Finally, an extensive lake, damdied in front of a slowly 
advancing ice sheet flooded the land. Lake sediment mantled the pre-existing 
topography and eventually was overridden by the advancing glacier. The 
Missinaibi interval is believed to be interglacial because it displays many 
features similar to the present. 

Adam Till, overlying the Missinaibi Formation, was deposited by a 
southwestward flowing glacier. Later, Friday Creek sediments were laid 
down as the ice margin retreated to north of Kwataboahegan River, but the 
glacier did not leave Hudson Bay, as indicated by southward currents recor
ded in the sediments. Ice flowing again from the northeast deposited Kipling 
Till, the uppermost till of the rc~ion. The age of Friday Creek sediments is 
unknown. A late Wisconsin age (i.e., immediately pre-Cochrane} would 
require very rapid rates of retreat and advance; alternatively, a Middle 
Wisconsin age (Port Talbot) requirin11; considerable shrinkage of the ice 
sheet would imply high Middle Wisconsin sea levels, a subject of curr~nt 
controversy. 

As the last glacier retreated from the area, glacier ice was grounded 
in Hudson Bay betwcc-.n a lake to the south and marine water to the north. The 
Tyrrell Sea suddenly replaced the lake, an event marked by a density flow of 
salt water under the lake water. The bottom currents were apparently strong 
enough to erode the lake clays and form a gravel of clay and silt clasts. This 
took place about 7, 800 cl 4 - years ago, Marine limit was formed synchron
ously in a vast area south of James Bay, which was ice-free but isostatically 
depressed. The fo1·me1· water plane represented by marine limit is now iso
statically warped upward to the northeast at a gradient of about 30 cm/km. 



Rf:SUME 

Il existe au moins cinq couches de~ till separees par des sediments 
non glaciaires dans le bass in do la rivi~re Moose, en Ontario. En coupe 
gcneralisee, du bas vers le haut, la sequence se p-rcsente cornme suit: till I, 
sediments intortUls I- Tl, till II, sediments intertills II-1II, till III, formation 
interglaciaire de Missinaibi, till d 1 A<lam, sediments non !{laciaires de Friday 
Creek, till de Kipling et d<~s couches tardi- et postglaciairc;s ~lacio-lacustres, 
marines ct eontine11tales. La sequence de d6pnts pre-Miss inaibi affl eure 
uniqucn:1ent dans le secteur sud-ouest du hassi.n ct a ete mise en pl aco clans 
un lac proglaciaire dans lequel aboutissait un glacier s•ccoulant vers le sud
ouc~st. La marge de ce glacier eta it fluctuante. La presence de fossilcs 
marins <lans au moins un des tills prc-Missinaibi laisse penser qu'avant la 
rnise en plac:e d~ cc dernicr depot la baie James fut occupec par une mer. 

T .a formation de Missinaibi, d 1ttge probablernent Sa11~amo.n, co1n
prend unlit de d6bris forcstiers reposant sur un palcosol forme dans des 
sediments glaciaires, marins et fluvia.tiles. Le d6but de l 1 intervalle fut 
marque par !'incursion de la mer F\cll. Cctte mer a atteint un nivoau sc 
trnuvant a au mains LOO metres de pl.us que le nivcau actuel de la baie 
d 1Hudson. I'ar la suite la mer Bell s'est retiree jusqu•au niveau actuel. 
Durant L•enlersion des terres les cours d 1 ean ont creuses leurs lits et sculp
tcs des terrasses alluviales sur lesqucllcs un sol et une for~t se developpe
rent. En dernier lieu, un va~te lac, retenu par un glacier en lento progres
sion innonda la region. Des depots ).(lacio-lacustres recouvrirent la topo
graphic pre-existante avant d'etre chevauches par le glacier. L 1intervalle 
de Missinaibi doit etre inierglaciaire car il presente plusieurs caracteris~ 
tiqucs de 11 epoqtte actuelle. 

Le till d•Adam qui recouvre la formation de Missinaibi a etc depose 
pal" un glacier a eeoulcmcnt sud-ouest. Par suite.:, les sediments de Fl"iday 
Creek fur0.nt deposes alors que la marge du glacier sc rctirait jusqu•au noi·d 
de la riviere Kwataboahcgan. L{~ glacier ne qui.tta cependant pas la bai~ 
d•Hudson comme en font foi lcs structures sedimentaires qui temoignent d 1un 
ecoulement vers le sud, Une nouvelle re-avancee depuis le nord-est deposa 
le till de Kipling, le plus recent de la region. L•age des sediments de Friday 
Creek n'cst pas connu. Si on leur attibue un ~ge tardi-glaciaire (immediate
ment avant la recurrence de Cochrane} il faut supposer des avancees et des 
l"etraits forts rapides; si par centre on leur attribue t•age du Wisconsfn moyen 
(Port Talbot) il faut supposer tin retrait considerable du glacier ce qui 
implique une hausse importante du nivcau de la mer, point qui porte actuellc· 
ment h controverse. 

Au cours du dernicr rctrait glaciaire, les restes de l'inlandsis 
s'ancrerent clans la baie d 1 Hudson cntrc un lac s•etendant vers le sud et la 
mer au nord. Par suite la mer de Tyrrell a remplacc ce lac. Cct cvene~ 
ment a eu lieu Lorsqu'une masse d•eau salee plus dense pcnetra sous Les eaux 
du lac. Les courants de fonds scmblcnt avoir ete suffisamment puissants 
pour croder les argilcs lacustres et former un gravier compose de particules 
argileuses et limoneuses. Cet f.vcnement s•est probablcment produit il y a envi
ron 7, 800 ans, Au sud de la baie James la limite de submersion fut atteinte 
de manibrc synchrone dans une vaste region qui bien que Libre de glace etait 
en depression isnstatique. L 1ancien plan d•eau represent6 par la limite de 
submersion a ete isostatiqucment deforme et accuse une pcnte qui s 1eleve 
vers le nord-est ~ raison de 30 cm/km. 



INTRODUCTION 

The presence of extensive glacial and interglacial sediments in the 
James Bay lowland has been known fo r nearly a century. This region is o f 
special impoTtance to Quaternary geology be~causc of its location close~ to the 
former centre of the Laurentide Ice Sheet. Nonglacial episode s here should 
correlate with interglacials and n1ajor intcrgtadiah in areas farther south. 

The objective of this study was to determine the age , character and 
stratigi-aphic relationships of Ouatc rnary dopo:oits, and e nvironments and 
events they record in the Moose River basin, This objec tive included 1) 
determ ination of the nun1bcl' of till sheets and directions of ice flow associated 
with each, 2) assessment of buried organic beds as interstadial or interglac
ial, and 3) elucidation of the nature o( dcglaciation, marine incursion, and 
postglacial isostatic uplifl. 

The study area (Fig. I, in pocket) is in the Hudson Bay Lowland 
(Bostock, 1970, p . 15) and is that part of the Moose River basin north of 49°N 
Latitude . Throughout .this report "Moose River basin" refers to the drainage 
basin, not the Phanero :r.oic.: sc:dinicntary basin (Sanford et al., 1968, p. 3). 
It includes the north half of Cochrane-Hearst 42 SE and a ll of Moosoncc 42 
NE 1: 500, 000 map-sheets of the National Topographic System of Canada. 
Most of the field work was concentrated north of the limit of Precambrian 
outcrop . Ontario Northland Railway provides limited acces s to the field area 
along its route between Cochrane and Moosonee. Smoky Falls on Mattagami 
River , at the southern edge of the~ study area, can be reached by motor vehi
cle along Highway 807 north from Smooth Rock Falls. 
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Previous Studies 

The region around James Bay was first investigated geologically 
almost a century ago whc:n Robert Bell began a series of explorations that took 
him down nearly every major river west and south of James Bay (R. Bell, 
l 877, 1896, 1898). He was followed in the early twentieth century by many 
others including Barron (1891}, J.M. Bell (1904), Wilson(1906), Keele(l920). 
and Mc Learn (1927). Recent government surveys, 'Operation Kapuskasing' 
(Bennett ct !!J.., l 967) and 1 Ope ration Winisk' (Sanford et,!!., 1 968; Craig, 
1969; McDonald, 1969) have added greatly to our understanding of the geology 
of northe\·n Ontario. No attempt will be made here to review all the litera
ture; for a complete bibliography of work done in Hudson Bay Lowland prior 
to 1967, the reader is referred to Norris et~. (1968). Useful summaries of 
bedrock and surficial ~cology are provided by Stockwell et al. (1970, p. 137-
145} and Prest (1970, p. 687-690 and 731-739). 

Although early studies concentratc:d on Quaternary deposits, they 
emphasized the fuel potential of the nonglacial organic deposits then referred 
to as 1 lignites 1 ; little was known of the number of till sheets, ice-flow direc
tions, paleoenvironments, or postglacial events. Early geologists confused 
Quaternary peat and Meso~oic lignite describing them together as interglacial 
lignitc(R. Bell, 1877, and later papers; J.M. Rell, 1904; Wilson, 1906; 
Borron, 1891) or Cretaceous lignite (Keele, 1920). McLcarn (1927) finally 
distinguished the Quaternary and Mesozoic ages of the buried organic deposits. 
Terasmac and Hughes (J 960a) recognized five Pleistocene units exposed 
along Missinaibi and Opasatika rivers: 1) lower drift, 2) middle drift, 
3} interstadial Missinaibi beds consisting of peat, organic silt, and clay, 
4) upper drift, and 5) marine clay, sand and silt. Prest (1966, p. 138) and 
McDonald (1969) reported marine beds associated with the Missinaibi beds. 
Controversy has arison among various geologists as to whethe~· the Missinaibi 
beds, more than 54, 000 cl4 years old, are interstadial or interglacial, 

Studies south of the lowlands by Antevs (1925, 1928), Hughes (1959, 
1965}, and 13oissonneau (1966) confirmed the occurrence of a local, latc
glacial readvance that deposited the Cochrane Till. The northern limit of 
retreat of the Cochrane lobe prior to readvance has never been dete1·mined. 

R. Bell (1896) noted widespread evidence of a postglacial marine 
incursion south of James Bay and suggested that the land tp.ere was emerging. 
Later, Lee (1962) and Terasmae and Hughes (l 960b} obtained dates for mar
ine shells from the James Bay region that provide the basis for a postglacial 
chronology for northern Ontario, as well as a measure of the rate of isostatic 
uplift. 

Bedrock Geology 

The bedrock of the area has received considerably more attention 
than have the Quaternary sediments because the region has high economic 
mineral potential. Large reserves of nonmetallic minerals including kaolin, 
fireclay, silica sand, lignite, and gypsum are present. Niobium has recently 
been discovered and explored for possible development (Bennett et al., l 967). 

The lowland region south of James Bay is underlain by Ordovician, 
Silurian, and Devonian limestones, dolostones, shales, cvaporites, and sand
stone, cut locally by Mesozoic lamprophyl'ic intrusions. Lower Cretaceous 
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or Upper Jµrassic continental beds consisting of unconsolidated quartz sand, 
lignite and underclays overlie the Paleo7.oic rocks. Relatively resistant 
Precambrian rocks form a plateau south of the lowlands. The northern limit 
of this plateau is defined by a fault scarp whet·e many falls and rapids occur 
in the rivers. The oldest Precambrian rocks arc folded metavolcanics, meta
scdimcnts, and related gneisses, intruded by mafic to fel.sic rocks. Accord
ing to Bennett ~ al. (1967) Archean granulites have been faulted into a 
northeast-trending horst structure. Late-r, the granulites were intruded by 
Protero:Goic carbonatites and post-Middle Devonian lamprophyric rock.s. 
Stock\vel J et al. (I 970) have recently summa ri:Ged the bedrock geology 0£ this 
region. 

Control on the outcrop distribution uf distinctive indicator lithologies 
is inadequate for determining provenance) of tills. Floulders with unique con
cretions have been described by R. Bell (1877, p. 325) and Hogg~~· (1953, 
p. 50) along Kcnogami and Missinaibi rivers. Hogg et~· thought they were 
derived from the F\elc:her Islands, near the east coast of Hudson Bay; they 
probably occur along the belt of Proterozoic rocks from Ottawa Islands to 
Long Island and west to Sutton Ridges. 

Fi~ld and Laboratory Technigues 

Field work for this project was done during the summers of 1969 and 
1970 and consisted primarily of canoe and helicopte1· traverses along rivers, 
River-bank exposures were measured, described, sampled and later recorded 
on fence diagrams (Figures 2A to E). Station locations are shown on Figure 
1 or on inset maps on the fence diagrams. 

Some 180 till samples were analy:led mechanically in the Sedimcntology 
Laboratory of the Geological Survey of Canada. The reader is referred 
to McDonald and Kelly (1968) for a description of laboratory procedures. 
Besides grain size analyses, calcite and dolomite determinations on tho 
44-63µ fraction (Chittick method), heavy mineral separations from the 1 Z5-
Z50µ fraction were performed by the laboratory, A table in Appendix A lists 
the following data for each till sample: 

1) sample number (also on fence diagrams) 
2) station numbers (also on Figure l and fence diagrams) 
3) graphic statistical parameters of Folk and Ward (1957) 

a) graphic mean (M7.) in <!> units 
b) inclusive graphic standard deviation (0'1) in <!>units 
c) inclusive graphic skewness (SK1) 
d) graphic kurtosis (KG) 

4) per cent sand, silt, and clay 
S) per cent calcite, dolomite, and total carbonate (%(C03 )) 
6) per cent sidcritc grains in heavy mineral separates (fo1· lower 

tills only). 

In determining the statistical parameters of Folk and Ward, percent
iles 5, 16, 25, 50, 75, 84, and 95 were read off cumulative grain-si7.c cur
ves on arithmetic probability paper. Whe1·e higher percentiles (84 and 95) 
were not attained, they were interpolated by extrapolating the last 2 points of 
the probability curve in a straight line to the 14<1> size. This was performed 
on al'ithmetic paper. 
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Preliminary examination of heavy mineral separates indicated that 
percentage of side rite in pre- Miss inaibi tills variud sufficiently to warrant 
further study. Heavy mineral separates of approximately 50 samples of 
lower tills were systematically counted for siderite. Three counts of 250 
to 550 µ;rains for each sample were a.veraged to obtain the values given 
in Appendix A. 

Values of Mz and %[Co3 ) for each till were plotted on maps but, 
except for Kipling Till, inspection did not reveal any meaningful. trends; 
therefore, only maps for Kipling Till are given in Appendix E. 

Station and sample numbers will be mentioned below. A key to sta
tion numbers is given in Appendix A. To find if till sampks arc available 
from a given point in the basin, a station number near the point of interest 
can be found on Figure 1. Noti.ng the river, the station can be located on the 
appropriate fence diagram, and sample numbers (if any) checked beside till 
units shown in the station's stratigraphic column. The till (Kipling, Adam or 
lower till) can be noted and the sample number found in Appendix A. All data 
in Appendix A are on computer cards, available on request from the Geological 
Survey of Canada, Ottawa. 

Ice - flow Direction Indicators 

2 
Because the study area is approximately 40, 000 km , no attempt 

was made to measure till fabric.c; on a comprehensive scale. Instead, well
preserved striations and stoss-and-loc features on the upper surfaces of large 
boulders within and at the bascs of till sheets were considered valid because 
a) striations on 3 or 4 different boulders at the same locality and at different 
stratigraphic levels within a till indicated the same direction of ice flow within 
15 to 20°, and b) in the same till, striations on approximately 25 boulders, a 
two-dimensional till fabric (approximately 50 pebbles), and grooves and stria
tions on bedrock directly beneath the till, all indicated the: same general 
direction of ice flow. Striation and till fabric directions are shown on fence 
diagrams and also arc plotted on maps for Adam Till and Kipling Till (see 
below). 

QUATERNARY STRATIGRAPHIC RECORD 

The Quaternary record of the Muosc River basin consists of a sel'ies 
of tills, intercalated with nonglacial sediments, both organic and inorganic. 
The various units are identified primarily on the basis of stratigraphic posi
tion relative to two marker beds! 1) interglacial peaty sediments, and 
2) postglacial basal marine clay-pebble gravel. Texture, colour, and com
pactness aid locally in discriminating among tills but cannot be applied region
ally. Mean grain size (M2) and per cent total carbonate (%[C03J) are useful 
locally in diffe1·entiating tills. 

Thickness of Quaternary sediments varies in the region. Closely 
spaced drill holes at Onakawana reveal 20 to 30 m of local relief on the bed
rock surface (Dyer and Cro:>:ier, 1933, p. 68). Unpublished ddll records in 
McBrien township, on uppur Missinaibi River, indicate more than 35 m of 
drift below river level and i·elief of at least 35 m within 70 m horizontal dis
tance. Hogg~al. (1953, p. 117) reported 212 m of Quaternary sediments in 
a well at Campbell Lake, between Mattagami and Missinaibi rivers. 
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Table I. 

Rock-stratigraphic units and inferred events, Moose River basin 

ROCK-STRATIGRAPHIC 
UNIT 

Terrestrial unit 

Marine unit 

Glac iolacustrine unit 

KIPLING TILL 

Friday Creek sediments 

ADAM TlLL 

Lacustrine member 

Forest-peat m(~mbcr 
(buried soil) 

Fluvial member 
Marine member 

TILL III 

Intertill sediments 
II- III 

TILL II 

Intertill sediments 
I-II 

TILL I 

INFERRED EVENT 

w~athering; peal and forest growth 
eolian activity 
stream incision and deposition 
marine recession 
marine incursion 

glacial retreat 

glacial advance 

retreat 

glacial 
advance --lacustrine 

transgression 
weathorin!{; peat 

and forest ~rowth 

stream incision and deposition 
marine recession 
marine incursion 

glacial retreat 

advance 

retreat 

i:: 
advance 0 .... .... 

. ~ 
() 

i·etreat "' ...... 
b~ 

advance 

AGE 
ct4 

years B. P. 

7,800 

'>54,000 
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Quaternary units, listed in stratigraphic ordc:r in Table I, will be 
described and discussed from oldest to youngest. This sequence is based on 
stratigraphic sections shown on fence diagrams. 

SEDIMENTS OLDER THAN MISSINAIBI FORMATION 

Quaternary sedirnents underlying the Missinaibi Formation include 
at least three tills separated by silt-and-clay rhythmites, sand and gravel. 
These sediments are exposed in the southwestern part of the study area along 
Coal Creek and Missinaibi, Pivabiska, and Soweska rivers, Station 24M of 
Tcrasmac and Hughes (l 960a, p. 3) provides a representative section where 
all three pre-Missinaibi tills outcrop (Fig. 3). The tills are designated 
i11formally from bottom to top, as Tills I, II and III. Nonglacial sediments 
between Tills I and II, and II and III are referred to as intertill sediments I-II 
and II-III, respectively. These five units comprise Terasmae and Hughes, 
lower and middle drifts (l 960a, p. l). Their lower drift is Till I in this 
report. Units are equated from section to section primarily on the basis of 
their stratigraphic ·position relative to the Missinaibi Formation and also on 
their gross similarity in outcrop. 

Till I 

Till I at 24M is pinkish grey, very compact, sandy, and contains 
inclusions of contorted gl.aciolacust:rine silt and clay. The pil!kish colour is 
local and believed to reflect a high siderite content (sec below). Elsewhe1·e, 
the till is grey to brownish grey. The bottom contact of Till I at 24M was 
below river lovel when visited in 1969 and 1970; three metres were exposed 

Figure 3. Station 24M, Missinaibi River. GSC photo 201915-B. 
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above water level. A sandy texture (Mz = 4.4-6.0 .p) and tendency to form 
steep banks are useful parameters for identification of Till I around Soweska 
and Missinaibi rivers; the sandy texture can be accounted for locally as being 
due to incorporation of Cretaceous silica sand. Elsewhere the till may be 
silty but it is characteristically very compact. Large boulders are rare in 
Till I, perhaps 5 or 6 being exposed on a cut-bank 75 m long and 5 m high. 

Marine shells were found in Till I at station MS-70-36. 1 

Intertill sediments I-II 

At 24M, intertill sediments I-II overlie Till I with a sharp contact 
and consist of 30 cm of silt and clay rhythmites at the base, directly overlain 
by 7 m of bright orange to yellow coarse to medium sand with lenses of brown, 
sandy, pebbly diamicton 20 to 30 cm thick. The diamicton lenses arc ~imilar 
in colour and texture to overlying Till II. ln places, the sand is cemented 
with iron oxide. The attitudes of cross strata in this unit indicate former 
current directions to the southeast, south, and west, opposite to the present 
gradient. The rhythmite facies at the bottom of the unit thickens westward 
from 24M; at Coal Creek, it is more than 12 m thick and individual rhythmites 
are more than 1 m thick at the bottom decreasing to 2 cm at the top of the 
exposure where they are deformed and incorporated into Till II. 

Till 11 

Till II at 24M is dark greyish brown, sandy (Mz = 3.9-5.0~). mod
erately calcareous, averages 4 m in thickness, and forms a distinctive cliff 
along the length of the exposure. This till unit can be traced only a few miles 
downstream from 24M; upstream on the Missinaibi its presence is assumed 
by •counting down• from the Missinaibi Formation. On Coal Creek it over
lies glaciolacustrinc silt and clay and, consequently, is finer grained (Mz = 
6.4-7.1<1>) and more greyish in colour. The brown colour at 24M is believed 
to be local and a result of abundant siderite in the till. Till II is similar to 
Till I in compactness and boulder content. 

Intertill sediments II-III 

Intertill sediments II-Ill overlie Till II and, at 24M, include yellow
ish sand and silt and diamicton lenses. The diamicton lens<.ls arc similar to 
those in intertill sequence I-II. Sedimentary structures, such as climbing 
ripple laminations, indicate a former current toward the south, a.~ainst the 
natural gradient. 

A sand-and-gravel unit outcrops in a comparable stratigraphic 
position -- that is, below the till immediately subjacent to the Missinaibi 
Formation -- in several sections west of 24M on Missinaibi and Pivabiska 
rivers and on Coal Creek. It is assumed to be intertill unit II-III. North of 
24M along Soweska River the unit is coarser, poorly sorted, and resembles 
till except that it contains very little clay-sized sediment, and faint bedding 
is visible. 

1 
MS-70-36 refers to ~'tation 36 on Missinaibi River. For key to rivers, see 
Appendix A. 
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Till III 

Till 111 at 24M is brown to gr<)y with lenses of yellowish to orange 
sand. It is commonly sandy (M7, = 4.8<1>) although finer texture (Mz = 7.J-
7. 611>). was encountered on Soweska River and Friday Crcck, It is usually oxi
dized and very friable, breaking into thin flakes parallel to the exposed sur
face. Tills I and 11 are .not as easily excavated anddo not appear as oxidized. 
The oxidation is probably related to weathering during the Missinaibi intet·val; 
however, percolating groundwater after the Missinaibi interval cannot be 
ruled out as causing some oxidation. The till is calcareous throughout except 
near the top where it is directly overlain by Missinaibi peat or forest bed. 

Discuss ion of pre-Miss inaibi Stratigraphy 

The age of these sediments is unknown. No macroscopic organic 
remains were found in them. The sequence from Till I to Till III is believed 
tu represent a series of local oscillations of an ice margin. General south
ward current directions indicate that natural drainage to the north was 
blocked. No evidence from paleocurrent data, marine~ deposits, or weather
ing was found to suggest withdrawal of ice from Hudson Bay during either 
retreat interval I-II or II-III. The intcrtill units arc interpreted as glacio
lacustrine sediments. The northward coarsening of u.nit II-III near Soweska 
River is believed to reflect increasing proximity to the ice margin which per
haps then did not retreat much farther north than Soweska River. The dia
micton lcnscs in the intertill sediments are interpreted as having been de1·
ived from nearby ice, perhaps as local flow tills. 

The three tills in the western part of the basin possibly combine to 
form the one pre-Missinaibi till observed in thc eastern part. This is highly 
speculative, for at most exposures in the east (Abitibi, Mattagami and Moose 
rivers}, the Missinaibi Formation's base is below or close to river level 
leaving little pre-Missinaibi record exposed. 

Till fabrics and striated boulders suggest that direction of ice flow 
for all three tills was from the northeast quadrant. Several bouldc1·s in Till 
II at Station 24M (MS-69-16} had striations oriented north-south and northwest
southeast. In general, though, no significant differences of carbonate con
tent, heavy mineral content, or texture were observed among the tills to infer 
widely divergent sources. During retreat of the glacier that deposited Till I, 
the glacier margin is infen·ed to have oscillated into a proglacial lake in thc 
western part of the area, depositing a sequence of tills intcrcalatcd with 
glaciolacustrine sediments. 

The presence of Quaternary marine shells in at least one of the prc
Missinaibi tills suggests that James Bay basin was occupied by marine waters 
sometime earlier than the Miss inaibi interval. This is consistent with 
McDonald's (1969, p. 89) observation of marine shells in all tills in north
western Hudson Bay Lowland. 

Side1·ite in heavy mineral separates of pre-Missinaibi tills 

Varying percentages of sidcritc were encountered in heavy mineral 
separates from pre-Missinaibi tills. Side rite is known to occur in the Moose 
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River basin at Grand Rapids, on the Mattagami River (R. Bell, I 877, p. 32; 
Bennett et~., 1967, p. 59) where it is found as fillings in solution cavities 
in Devonian limes tone. The re, side rite is altered in placc~s to limon ite, and 
intermixed with silica sand. The siderite occurs in the tills as reddish 
brown, euhedral, single tabula1-, and composite crystals ('roses') and as 
massive-g1·ained, globular, and earthy masses, commonly enveloping or 
attached to quartz grains. Many side rite grains are abraded and fragmented 
suggesting transport. Because siderite in the till samples was observed 
attached only to silica grains, the siderite probably was reworked and not 
formed as a primary minerat within till; otherwise:, additional minerals would 
bt: covered with siderite. 

The samples were obtained mostly from the western part of the basin. 
Abundant siderite (>50%) was observed in tills at·ound Z4M. The source for 
this siderite is probably not Grand Rapids because samples along Opasatika 
River, between Grand Rapids and 24M contain kss 'than 1 per cent side.rite. 
Other siderite deposits very likely occur near the confluence of Soweska and 
Missinaibi rivers. As Cretaceous deposits 011tcrop there, Paleozoic rocks 
with sidcritc-filled solution cavities may also be present. 

A sequence of glacial events preceded the Missinaibi no1tglacial 
interval. A multiple-till sequence in the western part of the basitt may record 
oscillations of a retreating ice margin. Marine shells in at least one till indi
cates that James Ray basin was occupied by marine wakrs earlier than 
Missinaibi time. Direction of ice flow was from the northeast, up the regional 
topographic slope; consequently, glaciers blocked northward flow of streams 
and proglac ial lakes developed. 

Analyses of heavy minc:rals suggest that siderite, similar to the 
Grand Rapids iron-formation, may occur neaT the mouth o( th<: Soweska 
River. 

MISSINAIBI FORMATION 

Robert Bell (1877, p. 314} first reported buried organic beds in the 
Jaxnes Bay lowland. James Macintosh Dell(! 904) subsequently studied the 
deposits for their fuel potential and referred to them as interglacial lignites. 
Keele (1920) confirmed that some of the lignites were Mc:so?.oic and assumed 
those studied by J.M. Bell to be of similar age, thereby introducing a conflict 
over ages. Mc Learn (1927} finally resolved the conflict by distinguishing 
three tyres of lignite: l) Mesozoic lignite, Z) Pleistocene sand co11tain
ing detrital Mesozoic lignite, and 3) Pl.eistocene interglacial peat. In 
1954 O. L. Hughes examined and sampled buried peat along Missinaibi and 
Opasatika riverF>. Tcrasmae and Hughes (l 960a) later discussed the paly
nology and age of the beds which they informally named the Missinaibi beds. 
McDonald (1969) disctwered many more exposures of these or similar beds 
thToughout Hudson Bay Lowland. 

In the present study, the Missinaibi beds and their equivalents in the 
Moose River basin were examined in detail to determine facics relationships, 
environments and events that the various facies record, and whether the beds 
were deposited during an interglaciation or an interstade. 
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The Missinaibi bed s and related nonglacial s ediments are div ided into 
fou r members : (a) marine, (b) fl uv ial, (c) forest - peat, and (d) lacustr ine . 
The Missinaibi beds , as defined by Terasmae and Hughes (1 960a , p. l) 
included " . . . layers of peat, organic silt, and clay ,, , 11 ; therefore, employed 
strictly, this definition excludes all of (a) and parts of (b) and (d). It is pro
pos ed here to refer to all 1nembers collectively as the Missinaibi Formation . 
Section 24M of Terasmac and Hughes (Figs. 3 , 4) is one of the best exposures 
of the formation and is described a s the type section in Appendix B with other 
r epresentative sections. 

Marine member 

Description 

Ma r ine sediments have been found in situ a t only a few locations, so 
detail s o f marine stratigraphy are virtually ~nknown. Marine dep os its are 
best expos ed a l ong Kwataboahegan Rive r near the mouth of Mis tuskwia River 
where they were first discovered by J, M, Bell' s party in 1904.1 There the 
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Figure 4, Missinaibi Formation, Station 24M, Missinaibi River, T ape 
showing appr oximately 120 c m . GSC phot o 154878. 

1 
Although Bell ( l 904, p. 168) did not state spec iCically that the shells he found 
were marine , others assum ed them to be (Coleman, 19Z6, p. 26 ; 1941 , 
p. 128; Mc Donald, 1969, p. 82.), and McDonald confirmed their marine char
acter. Freshwater shells are also present i..n the Missina.ibi F ormation, so 
the distinction between marine and fre shwater i s important, 
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Figure 5. Two sections with marine fossil s in Missinaibi Formation. 

member consists of at least 80 cm of fossiliferous, bluish grey, very com
pact sand and silt. An undulating bed of marine mollusc shells occu rs near 
low· rivet• level about 40 cm below the top of the unit . The whole formation 
here is badly deformed, probably by ove rriding glacier ice. 

At the following two marine fossil localitie s fossils are believed to 
have been reworked and incorporated in younger members of the Missinaibi 
Formation: 
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I) At the mouth of Rig Cedar Creek (Fig . 5A), abund ant ma rine fO!; 

s ils including rnore than 15 species (Appendix C) were found in a poorly sorted 
bed 3-4 cm thick, about 1.5 m above low rivcrlevcl. The bed is ina sequence 
of reddish brown to yc:llow, organic sandy silt and clay couplets whic h rest 
on nonfossili forous, compact sand irnderlain by compact, sandy till. The till. 
surface slopcR s teeply westwa rd beneath Abitibi River. The c oup le ls grade~ 
up into rhythm itcs of the J.acustdne n1en1ber sui.rnes ting they are not i11 situ 
marine beds. The worn and fragmented nature of tho n1arine shells supports 
th is interpr~tation . 

2) At Station AC - 69-85 (Adam Creek; Fig . 513) fragmonted marine 
shells, mostly Hiatella arctica, we re obse rved in a bed of olivr.-g.rcy silty 
clay dire ctly overlain by the lacusirinc member and underlain by 11.bout 50 c:m 
of bouldery gravel, lyin({ on 30 cm of very hard, bluish grey sill a nd clay, in 
turn resting on ti 11. The boulde ry gravel is interpreted as flu vial nw mber 
but could well bo marine or glaciofluv ial. Because the bluis h grey s ilt and 
clay may be marine, extens ive sea rch in it might reveal marine fossils . 

Prest (1966 , p . J 38) r eported Hub- till ma r ine sediments on Abitib i 
River (Station AR- 70 -83 ) and related them t o the Miss inaibi beds . When his 
section was exa1nined in 1970, s lumping had obscured the st1·atigraphic rela
tionships; contorted silt with marine fossils at river level appeared to have 
bcc11 slumped from the top of the: section. However , a small s ample of mar
ine shell s fro n1 the contorted Rilt gave a radiocarbon a~c of >19, 000 y rs. 
(GSC-153 5) confirming their antiquity and probable Miss inaibi affinity, 

Discussion 

The marine member represents a marine incursion of u nknown 
extent, age and duration. The sea that invaded the Moose Rive r bas in during 
the Missinaibi interval is here named the I3dl Sea after Robert Bell, who 
first disc overed and reporte d buried organic.: beds o f the Missinaib i Fo rmation 
in this regi.on. 

F igure 6 shows all l ocalities
1 

in the Moose River basin where mar
ine fossils a r o known in the Missinaibi F ormation . The occurrences along 
Kwataboahcgan River are believcd to be the only one s where the fos sils actu
ally occur in :marine beds except, perhaps, for those noted by Prest (1966); 
elsewhere, known marine fossils are suspected o( having been reworked in 
other members of the formation . 

F ossil assemblages include Mollusc a, Fo raminifcra, Ostracoda, 
and Echinode~ rmata . A list of fauna. fo r each locality is g iven in Appendix C. 2 

Dr . F r ances J . Wagner identified the forarninife ra collected during 
this study. She states : "These collections all suggest comparable conditions ; 
that is, shallow depths (les s than 100 m), salinity app roximately 30 - 35%, and 

1 Since this r epo rt was completod, marine shells have bu en disc overed in 
Missinai.bi Formation at the Moose River Crossing section, See Appendix B. 

2
auaternary Foraminifera recovered from intertill sediments i n a d rillhole 
at Campbell L ake (Hogg et al., 1953 , p. 117) and reported in P r est (1970 , 
p. 688) arc not included in th e foss il list because stratigTaphic d e tail s of the 
core are unce rtain and, of the 11 species identified, none has been found in 
known Bell Sea assemblages. Furthermore, baaed on fossil lists in Wagner 
(1969). only one of the 11 specie s has been found in Tyrrell Sea sediments 
or in Huds on Bay . 
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Fi9111"& 6. Pr•-Tyrrell S•a Marin• localities 
in Moose Riv•r Basin 
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... , 
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temperature similar to present Hudson Bay" (F,J. Wagner, written comm., 
1971). Quaternary ostracods identified by .T. E. Ha7..cl (1971, written comm.) 
indicate deposition in cold water. Molluscs, found in Bell Sea sediments, 
also occur in Hudson Bay and in Tyrrell Sea sediments, Based on faunal con
tent, the Bell Sea was probably very similar in temperature and salinity to 
the Tyrrell Sea and Hudson Bay. 

Although stipulation of many localities as marine is based on rewor
ked marine fossils, the altitudes of the sites provide a minimum limit for 
marine incursion because the fossils were reworked most likely from higher 
altitudes. The highest is the Adam Creek site at approximately 90 m; pre
sumably the marine fossils were reworked from the Missinaibi Formation 
and not from some older deposit. As noted earlier, marine shells were found 
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in pre-Missinaibi tills, so the possibility of inclusion of older, prc-Missinaibi 
specimens exists. However, this is considered unlikely where the fossils are 
abundant. A small sample of grey sand below lacustrin<J member on Pivabiska 
River (Station PR-69-29) 120 m a.s.1., contained one foram; this individual 
should be considered pre-Missinaibi until more abundant assemblages are 
found at comparable altitudes. Samples of the fluvial member from sections 
on Friday Creek and Soweska River, well above 90 m, contain no marine 
microfossils. The marine limit for the Bell Sea is placed tentatively at about 
J 00 m. An upper limit of marine off-lap is indicated by post-marine subaer
ial deposits such as peat and trees at Moose River Crossing, 23 m above 
present sea level. A still lower limit is inferred because 2 m of peat accum
ulated at Moose River Crossing during which time the Bell Sea probably fell 
below 23 m. 

In summary therc was a minimum emergence of 67 m and perhaps as 
much as l 00 m 01· more. This relative sea level change may have been due to 
isostatic uplift, to eustatic fall of sea level, or to both. Most likely it was 
caused by isostatic uplift, for eustatic fall probably would mean glacier growth 
adjacent to Hudson Bay and attendant cold conditions which are not reflected 
in pollen and seed assemblages at Moose River Crossing (see below). 

Fluvial member 

Description 

Representative exposures of the fluvial member occur along Abitibi 
and Soweska rivers. The member consists of gravel, sand, and silt com
monly oxidized to yellow or orange and is moderately calcareous to noncal
careous. Large scale trough cross-stratification and horizontal bedding are 
common; the cross-strata indicate a former current toward the north in the 
direction of the present stream drainage. The member is rarely more than 
8 m thick, 2 or 3 m being the average thickness. 

A fluvial subfacies consisting of concentrations of detrital organic 
matter occurs in a few outcrops. This organic Cacies is not restricted to any 
specific level within the fluvial member. It commonly outcrops as a lenticu
lar body with an erosional base. The organic content varies from a few 
freshwater molluscs to an assemblage of wood, mosses, seeds, leaves, 
freshwater sponge spicules and molluscs, arthropods, and finely dissemina
ted organic detritus. Figure 7 illustrates the stratigraphic position of this 
deposit within the Missinaibi Formation as exposed on Soweska River (Station 
SR-69·60). This facies in the Moose River Crossing section (in Appendix B) 
contained abundant organic matter including a fish (Family Cyprinidae), sev
eral species of freshwater molluscs, Coleoptera (3 species), diatoms, mos
ses, sponge spicules, as well as leaves, twigs and more than a dozen seed 
types, mostly from aquatic plants including Najas flexilis, In 1972, pieces of 
wood (Pie ea sp.) that had been chewed by beaver were discovered in the 
Moose River Crossing section. 

McLearn (192.7, p. 31C) reported freshwater molluscs from what is 
interpreted to be the fluvial member on Soweska River (Station SR-69-110). 
Mollusc species found so far in the fluvial sediment have been found in post
glacial alluvium as well (F.J. Wagner, 1955. unpubl. report). No mammal
ian bones have yet been recovered from the Missinaibi Formation. although 
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R. Bell (1898) reported mastodon remains from Long Island at the northeast
ern cornel· of James Bay and from the Moose River. He suggested that the 
latter specimen may have been derived from interglacial lignite exposed near
by. This site, l km below the confluence of Missinaibi and Mattagami rivers, 
wa.s examined closely during the present study but no bones were found. A 
thick sand unit outcrops along this stretch of the Moose River but the only lig-
11ite observed was detrital Cretaceous lignite contained in the sand. Further 
~xcavaiion of the Moose River Crossing section (Station MR-69-107) could 
lead to the discovery of additional fauna! remains. 

Discussion 

Tho fluviai member records an interval of sh-earn deposition. The 
top of the fluvial member commonly is alt<.?rcd or weathered (see bdow) sug
gesting that streams became intrcnchcd in their own alluvium. Stream piracy 
may explain abandonment of channels but incising to lower base-levels seems 
nrnre probable, especially in view of the evidence for off-lap of tho Bell Sea 
during this nonglacial interval. The organic subfacies is interpreted as chan
nel fillings; as streams incised or shifted laterally they left cut-off channels 
of varying she that initially contained water and supported aquatic life, then 
gradually filled wi.th sediment or were drained. 

The regional configul·ation of the surface of the fiuvial member pro
vides some indication of low-points on the Missinaibi surface relative to the 
levels of modern rivers. For example, this surface falls from about 30 m 
above present river level at Z4M on Missinaibi River to about 5 m above river 
level near the mouth of Opasatika River. As the surface is traced up the 
Opasatika River it disappears below river level some 8 km from the mouth 
and suddenly reappears 10 m above river level at Friday Creek (see fence 
diagrams, in pocket). This suggests that a topographic low existed some
where between Friday Creek and Missinaibi River and that former streams 
here cut to or below the level of the modern stream. At many exposures of 
the Missinaibi Formation, the base of the lacustrine member occurs below 
river level indicating that the pre-lacustrine erosion surface was lower than 
the modern one. 

Forest-peat member and weathered substrate 

Dcsc ription 

The forest-peat member consists of mosses, sedges, sticks, logs, 
and stumps. It marks a ubiquitous unconformity that truncates Missinaibi 
fluvial and marine sediments and older tills. The forest-peat bed averages 
Z to 5 cm in thickness but locally reaches Z m where it mostly consists of 
peat. Wood from this unit has been identified as larch or spruce. l In places, 
stumps were observed in growth position resting on a mineral substrate (Fig. 
8). 

Stumps and logs with diameters up to 12 cm have been found in the 
Missinaibi Formation, Larger specimens, more than 50 cm in diameter, 

1 
Reliable differentiation of spruce and larch wood is difficult, if not impos
sible, when the samples are compressed and partly lignitized (R. Mott, 
pc rs. conun., I 971). 
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have been reported in the past as interglacial, but the specimens probably 
were collected from the Mattagami Fo rmation (Cretaceous) in which la rge 
diamete r t rees are common. The maximum diameter of modern Populus and 
~ {80-90 cm) far exceeds that of tree s collected by the author from the 
Missinaibi Formation, 

Discussion 

The small diame ter of trees in the forest b e d may reflect a cold cli
mate toward the end of the Missinaib{ interval. The apparent absence o( lar
ge r trees could also be a function of sampling, The presence of hydrophytic 
plants such as moss and sedge and small diameter spruce and/or larch sug
gests wet conditions du ring growth of the forest-peat bed . Lake sediments 
overlie the forest bed s o perhaps it represents g r owth dur ing the last few 
yca1·s be fore flooding, w h en soil conditions we r e wet. 

The weathered substrate or buried soil 

Description 

The forest bed e verywhere rests on an altered zone in older deposits. 
This is commonly a noncalcareous, dark greenish b rown to greenish grey 
diamicton, up to 80 cm thick. It typically contains abundant dissemi11ated, 
fine organic matter as well as larger fragments of wood and roots, Abundant 

F igure 8, 

Forest peat member, 
Miss inaibi Formation. 
Note stump (arrow) in 
growth position. Scale 
20 cm . Lacustrine 
member overlies stump 
(Station MA· 70-114). 
GSC photo 201 915-D . 
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pollen grains were extracted from only a few grams of diamicton at sevei·al 
locarities; all the assemblages were similar and herbaceous pollen made up a 
large percentage of total pollen (see p. 25). 

The lower boundary of the diamicton is gradational to s'harp and, in 
places, is involuted or penetrated by underlying sediments. Texture varies 
and seems related to the texture of underlying sediments. For example, 
where the underlying sediment is coarse sand, the diamicton is also sandy 
but contains nwre clay, is coloured dark brown to green, and is more mas
sive in appearance. On drying, the diamicton typically breaks into prisms, 
flakes, or joint blocks, the size of the fragments being dependent on the tex
ture; the finei· the texture, the larger the fragments. Pebbles are found in 
the diamicton where they als-o occur in underlying sediment. Calcareous peb
bles are rare and, where preserved, arc chalky white, very soft, easily cut 
with a knife, and still slightly calcareous. 

Thin sections and carefully shaved oriented samples of the diamicton 
were examined. They reveal organic staining, abundant disseminated organic 
detritus, alteration rinds around non-quartz sand grains and pebbles, clay
skins around pebbles, abundant fungal sclerotia, uneven texture (example: 
irregular blebs of fine sand contained in a matrix of coarse, clayey sand), 
and mottles of reddish iron oxide. 

Discussion 

The origin of the diamicton has been uncertain. Bell (1877, p. 4c), 
McLearn (1927, p. 33c), and Hughes (in Te1·asmae, 1958, p. 31) described 
it but did not attempt to explain its origin although Hughes suggested that its 
1 till~likc 1 texture may have been partly the result of frost action (op. cit., 
p. 32). McDonald (1969, p. 86) reported a calcareous, lenticular, shell
bearing diamicton below lacustrine beds and above stream gravel on the Hayes 
River and believed the diamicton to be a subaqueous slump deposit. It is 
unlikely tha~ the widespread noncalcareous diamicton underlying the forest 
bed in the Moose River basin had a similar origin. Terasmae and Hughes 
(l 960a} drew attention to this unit when they discovered fl:· contained a pollen 
assemblage similar to modern assemblages. 

The diamicton is he~·e interpreted as a buded soil because J) a fo1·
est bed in growth position rests on it, 2) it is leached of carb.onatc (sediment 
immediately above the forest bed is not leached, ruling out significant leach
ing after the Missinaibi interval), 3) it contains abundant non-arboreal pollen 
and a similar pollen assemblage at 6 different points within the Moose River 
basin, 1 and 4) it represents alteration of deposits of diverse origins and ages. 
In addition, clay skins, organic staining and alteration rinds around pebbles 
all suggest weathering. The fungal sclerotia may be from soil £ungi that 
assumed the sclerotial (resting) stage when the soil was flooded. 

Frost action and biological activity probably contributed to soil mix
ing by blending pollen into the soil, resulting in a fairly uniform pollen 
assemblage and, at the same time, incorporating wood and plant fragments. 
The interpenetration of lower lying sediments at the base of the diamicton 

1 Most pollen grains arc resistant to weathering, especially in non-alkaline, 
unaerated environments. Under such conditions, pollen can be concentrated, 
provided that accumulation of other sediment is comparatively insignificant. 
The diamicton contains abundant pollen of herbaceous plants (grasses, ferns, 
chenopods, etc.) indicating a probable soil environment (see p. 25). 
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Figure 9. 

Lacustrine member 
Missinaibi Formati~n 
overlain by Adam Till, 
Adam Creek. Lacus
trine beds arc 5 il ty 
and calcareous with 
disseminated organic 
debris. (Station AC-
69-85). GSC photo 
154890. 

Figure 10. 

Clump of 
Drepanocladus sp. 
moss on bedding plane 
of lacustrine mem
ber, Missinaibi 
F'ormation. Abitibi 
River (Station AR-
70-73). GSC photo 
201915-C. 
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may have been caused by frost a<.:tion, glacial loading, or both. Frost action 
to a depth of a metre or so might be expected in this region even during a non
glacial interval as •warm• as today. 

The buried soil probably formed under moist, cool conditions. This 
is indicated by the abundant pollen of hydrophytic plants (mosses, sedges, and 
forns) and pollen of boreal forest species such as spruce and pine (Fig. 10). 
There may have been some eluviation of organic material and clay producing 
the generally dark, clayey nature of the diamicton. The greenish colour 
implies reduction or gleying as would occur under cool, humid, poorly 
drained conditions. The buried soil is considered to be a humic gleysolic soil 
(Can. Dept. Agric., 1970, p. 138-140) and similar to the modern soils of the 
region which are gleysolic to mesisolic except on well drained, sandy sites 
where they are pod7,olic. 

In summary, a soil similar to the modern soil in this area is infer
red to have developed during the Missinaibi i:nterval. The soil probably rep
resents a major portion of the nonglacial interval, especially at higher 
elevations. 

Lacustrine member 

Description 

The lacustrine member is the thickest and most prominent member 
of the Missinaibi Formation, its cliff-forming character being very distinct
ive (Fig. 9). Thicknesses of more than 30 m have been observed in the 
Moose River basin. The lower 30 to 40 cm generally consist of dark brown, 
compact, platy, very carbonaceous, almost peaty laminae which grade 
upward into rhythmites of brown organic silt and dark green clay, then into 
rhythmites of grey, noncarbonaceous, calcareous silt and greenish grey clay. 
This g1·adation from very organic slightly calcareous beds at the base to non
carbonaceous, strongly calcareous beds at the top occurs in nearly every 
exposure of the formation and is a useful aid in correlating sections. The 
upper metre or so is commonly a massive green clay with lenses of calcar
eous silt and a few rafted pebbles. Tiny calcareous ripple-laminated silt len
ses occur in the lower brown 'peaty' silt; these are inte1·preted as impover
ished ripples (Coleman and Gagliano, 1965, p. 134). 

The individual clay-silt couplets are <1 cm to 20 cm thick and aver
age l. 5 cm. They appear to be thickest where the total unit is thickest; for 
example, on the east bank of the Missinaibi River, just below Long Rapids, 
silty and sandy couplets 3 to I 5 cm thick are exposed from river level to a 
height of 20 m. The west wall of the valley here is bedrock which suggests 
local high relief on the sublacustrine surface; th~ thick lacustrine section 
probably lies in a buried valley. Confinement of sediment in the gorge of an 
ancestral Missinaibi River would account for the local large volume of sedi
ment. Thick lacustrine beds also were observed along the upper Opasatika 
River near a possible buried valley and along the Pivabiska, Soweska, upper 
Abitibi, and Little Abitibi rivers. The thickness of lacustrine beds is irregu
lar along Pivabiska River, relief of l 0-20 m over a distance of only 50 m on 
the sublacustrine till surface being observed, 

The massive green clay at the top of the lacustrine sequence is inter
preted as a shearing phenomenon due to glacial overriding. Intensive shear
ing along the bedding planes of silt and clay couplets resulted in a massive 
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green clay with 1augens 1 o f grey silt O. l t o 3 m thick and up to 3 m long, 
Close examination revea l s intricate folding and faulti11g w ithin the augen s and 
clay. Evidellce of shearing was obse rved throug hout the lacustrine sequence, 
At station MS- 69-18, wnod and mos s from the forest bed are shea1·ed upward 
into the lacu!:ltrine beds. 

Discussion 

The lacustrine member oC!C!urs throughoul th e study a r ea. It was 
observed in t h e Harricanaw bas in in Quebec, and from desc riptions by others 
(J.M. Bell, 1904, p, 161; .P rest, 1970, p. 688- 68 9; and MC!Donald, 1969, 
p . 83) it probably outcrops along the Nettogami, Albany, Kapiskau, and 
Attawapiskat rivers , and poss ibly a long Severn and Hayes rivers in O ntario. 
Equivalents of these beds in the Moose River basin we re described by early 

geologists as "interglac ial lignite". J.M. Bell (1904 , p. 143) refe rred 
to theni , p r ob abl y together with the fores t - peat member, as "coal - bearing 
mesures" inclu d ing "blue cla ys , ar.,,naccous s h ales, lignitic clay s hales , and 
lignite" . He spec\llated that the beds we r e d e posited " in numerous , shallow, 
unconnected freshwate r basins" . V . Auer, who c::xa1nined Mr.; L earn' s (1 927, 
p. 47c) peat samples, conclud e d that most of the "peat" beds w e re alloch
th.onous, deposited in a flu via tile e nv ironment. Tc ras n.1ae and Hughes (I 960a., 
p . 8) similarly concluded that t h e beds wer e " depos ited a.Long shallow , 
wide river chan11els where frequent flood ing occurred, perhaps annua lly" . 
McLearn's (1927, p . 31 C) interpretation was probably nea r est to that offered 
here for he s uggested that l a ke clay capping Miss inaibi Formation along the 
Soweska R iver "was laid down in a lake formed by the ponding of northward 
flowing waters by an advancing glac ier". I interp1·et all sediment overlying 
the diamicton and forest bed a s proglacial lake sediment, not just the upper, 
nonorganic rhythmites, As the nonglacial interval nea red an end, a g l aC!ie r 
advancin~ southwestwa rd, up the reg ional slope (as indicated by ic e -flow indi
cators for the o verlying till). blocked northward dra inage and p <Jnded a lake . 
The lake flood e d a land surface that was covered w ith vegetation a nd leached 
of car bonates ; the refore, t h e fir s t beds deposited at any one point were low in 
carbonate and charged with organic matte r. The approaching ~lacie< became 
increasingly important as a sou1·ce of calcareous , noncarbonac eous sediment. 
Meanwhile the s horeline source of o rganic matter s hiftc:d farther away (south). 
A coarse 'beac h ' facies was not for med at the base o f the lacustrinci unit, 
probably because the forest dis sipated wave energy and protected the unde r
ly ing mineral sediment , Al so , in view of the low slope of the lowlands any 
one site may not have been in the surf zone (or very l o ng. A few round e d 
picC!cs of wood were found above the forest bed and may reflect wave action in 
the transgressing lake. 

Lacustrine sediments of Miss inaibi Forntation equivalents elsewhere 
in the Hudson Bay Lowland probably were depos ited in a similar or. t h e same 
proglacial Lake. The di.stribution and uniform charac ter of lake sediments in 
the Moose River basin is best explained if they were deposited in one lake 
r a ther than a series of s mall separate l akes. ConC!eivably , tho whole of 
Hudson and James Bay basins could have contain ed a s ingle lar ge l a k e if 
g laciers b locked off the outlet from Hudson Bay . 

The duration of the inferred lake is unknown but can be estimated if 
the silt-clay couplets aru assumed to be varves. An annual origin is s ugges
ted by small (10 c m diameter), bioh e rm-like masses of Drepanocladus moss, 
observed in growth position within the silt part of some couplets (Fig . I 0). 
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Section AR- 70-73 across from Rig Cedar C reek, exposes appr oximat e ly 10 m 
of varves averaging 1 . 5 cm in thickn ess . The bottom of the unit lies below 
river level and the top i s t r uncated by post glacial alluvium . If the rhythmites 
a r e t r uly annual, this section r epresents at least 600 to 700 years . Another 
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section on Pivabiska River exposes 25 m of silty rhythmites that are 10 cm 
thick at the bottom of the exposure and decrease to 2 cm at the top; perhaps 
500 years are represented by this section. 

Summary of environments and events 

Figurn 11 is a composite section 0£ the Missinaibi Formation illus
trating the sequence of sediments and corrGsponding environments. The 
events represented by this section arc: l) incursion of the Bell Sea to an alti
tude at least 100 m above present sea level, 2) recession of the Bell Sea to a 
level probably near present sea level. Meanwhile rivers flowcd north to the 
sea and deepened their valleys as the land en1erged. As streams incised, 
they cut alluvial terraces. Soil developed on fluvial deposits, till, and emer
ged marinu sudiments, and supported a hydrophytic vegetation. 3) Towards 
the end o[ the nonglacial interval a large lake, dammed in front of a slowly 
advancing ice sheet, flooded the land. Sediment deposited in the lake mantled 
the pre-existing topography and ultimately was overridden by the advancing 
glacier. 

Age and rank of Missinaibi Formation 

Determination of a.ge and rank of the Missinaibi Formation is an 
important objective of this study. Unfortunately, as all C 14 determinations 
on wood and peat from the formation so far have yielded infinite dates, ihe 
age remains unknown. McDonald (1971, Table I) gives a list uf dates; GSC-
1185, > 54, 000 cl4 yrs.' provides a lower limit to the age of the formation. 
In the absence of finite dates, assessment of rank~- whether interstadial or 
interglacial -- on paleoecological grounds, is probably the only available 
means of suggesting possible ages. A cooler climate than the present is often 
considered to indicate interstadial conditions; also, the continental ice sheet 
is assumed to have bucn much greater in extent than at present. Deep wea
thering profiles and especially climate as warm as or warmer than ihe pres
ent are considered evidence of an interglaciation, 

As noted above, R. Bell, J.M. Bell and McLearn referred to these 
nonglacial beds as interglacial. Te rasma~ and Hughes ( l 960a, p. 11) believed 
the beds to be inte rstadial because 1) the pollen record did not indicate to 
them a climate warmel· than present as suggested for the interglacial Don 
Formation of Toronto, and 2) the time interval was inferred to be short 
(Terasmae, 1958, p. 33), However, McDonald (1969, p. 89) considered an 
open Hudson Bay, among other evidence, as indicative of conditions suffic
iently nonglacial to warrant giving the Missinaibi Formation interglacial rank. 

Various types of paleoecologic data were sought including pollen 
analyses and identification of plants and sGcds. Tcrasmae and Hughes (l 960a) 
studied two pollen profiles through the formation of which profile 24M is of 
special interest because it includes the buried soil, Before doing additional 
pollen analyses it was considered important to understand the sedimentary 
environments of the various units in order that important units could be sel
ectively sampled, and Terasmae 1s interpretations could be reviewed in a 
regional lithostratigraphic framework. 
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A significant conclusion of the present study is that the upper peaty 
beds (lacustrine member) of the Missinaibi Formation are glaciolacustrine 
and deposited at the very end of the nonglacial interval, not during the major 
part as inferred by Tet·asmae (1958). Th<'lrdore, it is not surprising that a 
climate similar to or cooler than present should be reflected by pollen con
tained in these lake sediments (sec Z4M in Tc rasmae and Hughes, l 960a). 
The pollen sampled is probably a mixture of pollen from vegetation that grew 
south of the transgressing lake, and older pollen, reworked during transgres
sion. Hence, paleoclimatic interpretation of the resulting assemblages would 
bear little relationship to the actual paleoclimate. If a climate as warm as or 
warmer than today's prevailed at any time durin!{ the Missinaibi interval, it 
should be represented at a strati~raphic.: level below the lacustrine member. 

Tcrasrriae (1958, p. 32) found a concentration of hardwood pollen 
and~ below the lac.:ustrinc bed in "till·like material", here interpreted 
as a buried soil. Terasmae pointed out that "the low values of birch and 
alder, and the conspicuous presence of pollen of temperate deciduous trees 
(Quercus, Ulmus, Tilia, Carpinus} in the bottom part of this layer may be 
interpreted as an indication of climatic conditions very nearly duplicating 
those of the present time". He could offer "No explanation ... for the abun. 
dance of fern spores and NAP (predominantly Ch~nopodiaceae)" at the same 
level. In a later paper, Terasmae and Hughes (l 960a, p. 7) attributed this 
hardwood as scmblagc to long.distance trans po rt by an ancient Miss inaibi 
River. If so, the pollen had to be carried to the present level at 24M eady in 
the nonglacial interval, before the ancestral Missinaibi River abandoned the 
alluvium containing the hardwood pollen and cut more than 40 m below this 
elevation. Alternatively, the pollen was transported by a tributary stream 
th.at flowed into the ancestral Missinaibi River. In this case, the hardwood 
pollen may have been derived from within the Moose River basin. A simple 
and attractive explanation is that the pollen was wind-transported from 
deciduous-coniferous (mixed) forests just south of the lowlands and settled on 
the soil developed in abandoned alluvium, was worked into the soil, and 
preserved. 

The pollen assemblage of the buried soil is likely a mixture of pollen 
contained in the original fluvial sediment, abundant pollen from local herba· 
ceous plants (grasses, weeds, and ferns on the soil), and airborne pollen 
from local and distant vegetation. In this way, the total assemblage conceiv
ably represents a mixture of several otherwise distinctive pollen assem· 
blages, for example, a deciduous assemblage mixed with a younger and/or 
older boreal assemblage. The resulting pollen assemblage would not neces • 
sarily reflect the actual pollen production and preservation during the interval 
represented by the buried soil. The possibility of preferential destruction of 
certain pollen types and indeed of whole assemblages under certain conditions 
of soil chemistry, renders paleoclimatic interpretation of pollen from the 
buried soil very tenuous. 

A sea1·ch was made in the Missinaibi Formation for true, ombrogen
ous peat which generally contains representative spectra of airborne arboreal 
pollen (Oldfield, 1970). Unfo1·tunately, significant thicknesses of such peat 
were not found, although a section at Moose River Crossing includes very 
fibrous peat without mineral matter interbcddcd with dctrital peat, and woody 
peat resting on weathered till. This section is illustrated and d(.)scribcd in 
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o\o 
~\G 
;\~ .. , .. 

Bfb 

Bf o'(' 
Lok• Timi•kQmlnQ 

Rf 

@ - Sample location (see site descriptions, Appendix D). 
Bfb - ROREAL FOREST: forest and barren; white and black spruce, larch. 

Bf - predominantly forest; white and black spruce, balsam fir, jack pine, 
white birch, and trembling aspen. 

GL-SL - GREAT LAKF.S - ST LAWRENCE FLORA: red pine, eastern white 
pine, eastern hemlock., yellow birch, maple, and oak. 

D - DECIDUOUS FLORA: beech, maple, black walnut, hickory, oak, 
basswood. 

Figure 15. Modern pollen sample locations and forest regions (after Hosie, 
I 969; Native Trees of Canada). 

Appendix R. It records an unknown span of time during the Mis sinaibi inter
val. Pollen from six levels in the section (Fig. 12} were analyzed by D1-. S. 
Lichti-Federovich who states: 
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"These spectra suggest a forested landscape dominated by 
closed•crown boreal forest almost entirely composed of 
spruce with only minor elements of pine, birch and larch. 
The very low frequencies of all other pollen types except 
sedge, can be accounted for in terms of either long dis
ta11ce dispersal or (minor) Local plant communities (Lichli
Federovich, G. S. C. I'alynological Report No. 1971-5)". 

Seeds of birch (~ sp., probably a shrub species, J. Mc Andrews, 
pers. comm., 1971), one whole cone of Picea mariana (black spruce) and two 
cone fragments of Picea glauca (white spruce) (R. J. Mc)tt, Wood Identification 
Report No. 72-66, unpubl. ioternal. Tept.), were found in fluvial sediments 
approximately 200 m upst"ream from the peat section. Although Populus pol
len is minor in the peat section, PoEulus sp. wood was found in the peat 
(R • .T. Mott, Wood Identification Report No. 71-5, unpubl. internal. rept.). 
The buried soil is exposed upstream from the outcrop of fluvial sediment, 
capped by the forest layer of flattened logs of spruce and/or larch, Salix sp. 
and Populus sp. The pollen assemblage of the soil (d iamicton) (SJ A-70-1 06, 
Fig. 13) is similar to that of the diamicton or weathered till at the base of the 
peat just downstream (level 198 cm, Fig. 12) and similar to the assemblage 
in Terasmae and Hughes' "till-like deposit" (24M). Noteworthy in the buried 
soil is the variety and abundance of nonarboreal pollen and spores, especially 
ferns (Polypodiacca) and mosses (Musci). Four additional pollen spectra from 
buried soil samples from various localities in the region at:e shown in Figure 
13; Dr. Lichti-Federovich states of them: 

"The main feature of the assemblages is that they show no 
significant variation between samples. The preponderance 
of spruce (up to 50%) is the salient featul·e. On the basis of 
comparison with modern spectra, these pollen frequencies 
suggcst a landscape dominated almost entirely by spruce. 
The relatively low pinc frcqueneic:s (20-30%) indicate that 
pine madu up less than 5% of the forest. Likewise, birch 
either in shrub or tree form, was a very minor component. 
The very low frequencies of pollen of other tree species 
can only be explained in terms of long distance dispersal. 
The grass and sedge pollen probably reflect the local veg
etation. Similarly fern and moss spores probably had a 
local origin. These assemblages are reasonably similar 
to modern assemblages from the northern boreal forest. 
Notable differences at·e that the modern assemblages show 
higher frequencies of alder and birch. The climate was 
likely similar to that of the modern northern boreal forest 
(S. Lichti-Federovich, G. S. C. Paly.nological Report No. 
1971-4)''. 

For Ct)mparison with Missinaibi spectra, several modern pollen 
spectra are shown in Figure 14. Their locations with respect to the Forest 
Regions of Canada (Hosie, 1969) are shown in Figure 15, and their site des
criptions are given in Appendix D. Only percentages of tree and shrub pol
len arc shown. Percentages of NAP and spores are not given because thc~ir 
t·elative abundances are so variable. Variation is dependent on sample site 
which included open bogs, lakes, rotten stumps, and moss polsters. The 
relative paucity of I3ctula and Alnus in buried soil samples may be due partly 
to poor preservation. 
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The usc.:fulncss uf pollen analysis in comparing past and present cli
mates in the bore al region is questionable. So few tree s pee ies occur, 
especially c:limatic.:ally sensitive species, that pollen analysis may not be suf
ficiently definitive to detect differences in climates. The bore al forest pres
ently exists within a very broad range of temperatures; therefore, if mean 
temperatures during the Missinaibi interval were a few degrees higher or 
lower than present, the bol·eal flora may not have differed appreciably from 
that of the present--at least not enough to be reflected in pollen spectra. 

Ecotones are generally considered climatically sensitive (Bryson 
and Wendland, 1967) and indication of ecotone-shift should be sought. The 
'ecotone' between the forest and barren (Ilfb) and predominantly forest (Bf} 
sections (Fig, 10) is probably 110t now climatically controlled. The limits of 
flat-lying Paleo,;oic rocks and postglacial marine clays coincide with the eco
tone suggesting that it is strongly e<laphically controlled, Poor drainage of 
the marine clays, cool temperature and possible maritime influence of Hudson 
Bay have led to the development of. bog Land with few tree types. Search for 
evidence of past shifts of this ecotone, therefore, might prove unproductive 
for palcoc.:limatic studies. 

In .sumrnary, thG pollen evidence suggests that a boreal forest exis
ted in the Moosc River basin during the Missinaibi interval; the climate was 
probably similar to that of today. The 'requirement' of higher temperature 
than present for an interglaciation n'!ay not be justified in this region where 
the maritime influence of an ancestral Hudson Ray may locally have overrid
den any effect of higher global temperatures. The discovery of Najas flexilis 
in the Missinaibi Formation at Moose River Grussing indicates, however, 
that cl irnate might have been warmer, Najas flcxilis is presently found within 
the borC?al forest but not in the northern boreal forest of James Ray lowland 
( Flaldwin, l 959; Hul ten, I 958). Ritchie ( l 964, p. I 93) reports Na jas fl exilis 
only in the southeastern part of Manitoba. Seeds, pollen, diatoms, a fish, 
and wood from the Moose Rive1· site are presently being studied to gain better 
insight into the palcoclirnate of the Missinaibi interval. Because the available 
evidence suggests that a bo1·eal forest exis led in the region, the cl irnate is 
inferred to have been close to that of today and therefore of interglacial 
character, 

McDonald (1969, p. 89) listed several reasons for considering the 
Missinaibi Formation as interglacial. These include: 1) the formation rests 
between till sheets; 2) it includes marine strata, subaerial deposits at low 
altitudes, and deposits laid down at low altitudes by north-flowing streams, 
all features that require that Hudsun Ray and Hudson Strait be glacier~free 
(i.e., the ice caps must have been sufficicntl y restricted to warrant calling 
the climatic environment interglacial); and 3) Terasmae and Hughes 1 (l 960a, 
p, J J) pollen studies indicated a vegetation "similar to that now present in the 
regio1111

, In a later paper, McDonald (1971, p. 340) correlated the Missinaibi 
Formation with St. Pierre beds thereby implying an interstadial rank (assum
ing St. Pierre is interstadial), although he again pointed out the possibility 
that the Misi:;inaibi Formation is interglacial. 

Accepting that the present is an interglacial, the Missinaibi interval 
is also believed to be interglacial because it displays several features simi
lar to the present. These include: 1) pollen assemblages indicating a simi
lar flora and, therefore, probably a similar climate, 2) incursion and reces
sion of the Bell Sea in a manner like the postglacial Tyrrell Sea; furthermore, 
as noted above, marine incursion requires an open Hudson Bay and therefore 
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signiCi<:ant din 1inution of the Laurcntitlc kt: Sheet , 3) inc ii; ion of in tergla cial 
streams to eleva tions equal tu or lower than rnode1·n stream Levels , and 
4) weathering comparable to postglacial weathering. 

POST - MISSINAIRI DF.P OSIT S 

Post-Missinaibi dcpusits , cncon1passing all. units a bove the lacustrin e 
membe r of the Missinaibi Formation, include from b o t tom to top, I) Adarn 
Till , 2) Friday Creek sertiments , '3 ) Kipling Till and 4 ) late - and postglacial 
s t:dinrn nts. 

Adam Till 

Th0. lower t ill of the post- Missinaibi sequC!nce is he r e named Adam 
Till after Adiun C r eek where the unit i s w e ll exposed . F.xcellent refcrcnc<: 
tlections can be found alon g Opasatika and Abitibi rivers . Along Adan; Creek 
the till i s v e ry compact, silty (M7 = 5.2-7.04>, = 6 . 0<1> , n = ')). n10derately 
calcareous(% [en~~= 12-2.2%, x~ 16.6%, n = 9), grey to greyish green, and 
u p to 15 m thick. The lowc~r contact is exposed on the west sidC! of Adam. 
Creek a bout 3 km above the mouth. On Opasatika. River and Abitibi River the 
till is clayey, greenish grey, rests o n greenish rhyth mites o f the Mi.ssinaibi 
Formation, and co11trast:s sharply w ith the overly ing brown , silty Kipling Till . 
Like othc~ r t i lls of the reg ions , Adam Till conta ins (cw large bo ulders. 

T he character of Adam Till varies considerably with in the study 
area . No single parameter could be used alone to d istinguish Adam Till . 
Str atigraphic pos i tion immediately above M i ss inaibi Formation is the m os t 
usefol crite rion, but often can only be e stablish e d after c.areful observa t ion of 
sever al adj acent s<:cticms . The fine t exture, green ii>h colour, and low car
bonate content of the lacu strine beds appareutly have been transmitted to 
Adam Till. Inclusions of lvlissi.naibi Formation within the t ill are coninwn; 
in ma n y exposures, Adan1 T ill appears as nlassive sil t a11d clay with very 
little coa rser. sediment. In cxcnptionally clean exposures along Artam Creek, 
ma d n<: s he lls, including w hole valve s of Hiatel.la a r ctica. were found in the 
t ill, Probably they were der ived fr o m Rell Sea deposits . T hey occur in 
Adam Till on Adam Creek more than 50 m above the limit of pos t g lacial mar 
ine invasion, a s i tuation which cmphasi:>.cs the need for caution in this area 
when collecting shells intended for radiocarbon dating and when interpr eting 
the dates . 

Ice - fl ow direction indicators for Adam T ill arc shown in F'igure 16 
as wc:ll. as on the fence d iagrarm;. Tho data, although few, suggest that ice 
which de posited Adam Till fl<>Wf!d from the northeast , perhap s from Labrador. 

Frida y Creek nonglacial sediments 

T he break b etween Adam and Kipling t ills is in many plac i:: s accentu 
a ted by a dis tinct boulder pavement (Fig . 17). Commonly deposits of sand 
and silt more than 20 m thick also occu r at th i i> s t r a tigraphic Level. This 
str atified unit is h ere r eferr ed to informally as the F r iday Creek sediments . 
Representative e x p osures can be found along Friday Creek, Abit ibi Rive r, 
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Adam Creek, Opasatika River, Kwatab6ahcgan River , and along the lower 
2 km of Soweska River. The nonglacial unit along Abi.ti.bi and Opasatika rivers 
(e.g. , Stations AR- 70 - 71, OR-70 - 10, 11 , 28) consists of loose, medium- to 
fine - grained, cross - stratified sand . Along Friday Creek (Stations FC - 70-20 
and 69 -116) and Soweska River (SR-69-70, ?l) the unit includes rhythmites , 
50 cm thick at the base o( the section, which gradually thin to 3 cm at the top 
where they are severely c.:ontortccl. Climbing ripple laminati.ons (south-flowing 
cur rent) are present in lowc r , thicke r l"hythmites. F.ach r hythmite cons is ts 
of vci·y light brown fine sand at the base grading up into pink silt overlain by 
dark ~ rry clay. This colorati(m is believed due to differential oxidation c.:on
trollecl by variation in mineralogy and g rain she at different levels in the 

u"oo' 

Figur"e 16 . Dit'ilctions of ice - movement 
for ADAM TILL 

S1riotions on boulde" it'I Ot1d 0, bote ot till 
(T); Ii II fobric 

I D 0 20 40"m 
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FiglUe 17. Contat:t betwee n Adam and Kipling tills, type locality Adam Creek 
diversion channel. GSC photo 20191.S-A. 

rhythmites . A similar sequenc0 occurs along Snwoska Rivcr where appl·oxi
mately 25 rhythrnitos wer e counted . 

In a few sections , th e upper 5 or 6 cm of the Fri.day Creek sedin1ent s 
are cemented into a very hard crus t by CaC03, but generally the unit lacks 
compaction . Although the sediment s a r e calc a reous throughout , the clay lay 
ers are only slightly so. 

On Kwataboahcgan River , twu tills oveTlie the Missinaibi Furn1ation 
and are separated by light b rown to faint ydlow, cross-laminated sand, This 
two-till sequence was noted a ls o by McDonald (1969, p . 94} and is correlated 
t(mtatively with the Adam a nd Kipling Tills in the southorn part of the area. 

Sedimentary structures cons istently indicate a forn1er current to the 
south against the regional gradient. An ice shP.ct is inferred to have blocked 
drainage to lhe north, the nonglacial unit being deposited by glacial meltwater. 
No datable: o rganic material was found in the Friday Creek sediments s o the 
age of the nonglacia) in te r val is ltoknown . 

Kipling Till 

The upper till of th<J r egion was described and san1pled as far south 
as Smooth Rock Falls. Th e uppe r till south uf the Limit of P recambl"ian out
crop has been named Cochrane Till (Hughes, 1965; Boissonneau, 1966). North 
of the limit of Precambrian outcrop, the upper till is here named Kipling Till 
after the type locality on Adam Creek in Kipling Township (Fig. 17). There, 
Adam Creek flows through a gorge more than 30 m deep with vertical walls 
com posed l a rgely of t ill (sec Appendix B). At th.e type locality Kipling T ill i s 
2 t o 5 m thick, b rown ish where oxidized, greyish brown wher e fresh, and 
rests with s h a rp contact on eithe r sand and gravel or a boulder pavement. It 
is ove l"lain by late-glacial glaciolacus trine pebbly silt and c lay similar to 
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Kipling Till; the contact between the two units is often difficult to delineate. 
Four till samples from the Adam Creek section have m ean grain si:<:es of 6. l , 
5. 9 , 6 .1, and 6. l ~and total carbonate values of 50, 33 , 3 2, and 32 pe r cenL 

res pec tively. 
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Regionally, Kipli11g Till is i·ccognizcd by a combination of para
meters including low cornpactiun, brownish colour, and stratigraphic position 
(it is the youngest or uppcrrnost till in the rq{ion). Texture and carbonate 
content are not diagnostic, although Kipling Till gener.ally is more calcareous 
than older tills, especially Adam Till (Fig. 18}. Values of %[co3 J and M:<. 
are plotted on maps (Figs, 28 a11d 29, Appendix E). On lower Abitibi River 
(sample SJA-70-82, station AR-70-71) M:t, = 4, 64> and is very calcareous (% 
(C03) = 48). Proceeding southward, near Adam Creek, Mz increases (till 
becomes finer-grained) and %[C03] decreases. Samples S.TA-70-124, 125, 
and 126 on the Pinard moraine (sec bdow) a.re coarser (M,., ~ 4. 7-5.81>) due to 
incorporation of underlying sand comprisi11g the moraine; %[co3 ) is low, per
haps indicating the influence of the Canadian Shield as a source for the sand, 
Farther south, at Smooth Rock Fa.Us, %IC03 ] values dee rease lo 14% and M:,,: 
increases to 8. 81, The fine grain si:t.e here probably ~s due to the incorpora
tion into the till of Glacial Lake Rarlow-Ojibway silt and clay which is appar
enlly also only slightly calcareous. 

In the region of Soweska and Missinaibi rivers the upper till is fine 
grained (M:<. = 7. 9, 7 .1 4) and not very calcareous. These characteristics, 
plus the! till's greenish colour, suggest that locally the lacustrine member of 
the Missinaibi Formation influenced the texture: and lithology of both post
Missinaibi tills. 

Jl'\:10' 
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./..···:?-
~ 

o;tC'ctions of ic•-movtmtnt 
for t(IPUNG Till ond for 
COCHRAN£ Till 

.ti Sttlotle1n Ot1 bovld•u lft ond o' bou ol tl ll 
Y {f)i tillfo!P,1lc 
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Direction of ice flow 

Frequent exposure of a boulder pavement at the base of the Kipling 
Till provided many opportunities for determining local dh·ections o( ice-flow. 
These arc shown on Figure 19 along with surface ice flow features on the 
Cochrane Till plain south of the study rq{ion, The inferre<l direction of flow 
as shown for the base of the Kipling Till appears similar to that of the 
Cochrane Till, compatible with their having been deposited during the same 
rcadvance, but correlation of Kipling Till with Cochranfl Till is not possible 
on this basis alone. 
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Figure 20. Hypothetical composite late- and postglacial section, 
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LATE-GLACIAL AND POSTGLACIAL STRATIGRAPHY 

Late-glacial and postglacial deposits in th e Moose River basin are 
divided into (from oldest to youngest) : l) a glaciolacustrine unit, 2) a marine 
unit , and 3) a terrestrial unit. Figure 20 is a generalized late - and postglac
ial section, 

Description 

1) Glaeiolacustrine unit 

The glaciolacustrine unit directly overlies Kipling Till and comprises 
from bottom to top a) silty diamicton, b) sand and gravel, and c) silt-clay 
rhythrnitcs. Rarely arc all three facies present in any one outc rop. The dia 
micton and rhythmite facies arc the most widespread. As much as 6 rn of the 
glac iolacustrine unit have been observed in the Moose River basin. 

The glaciolacustrine diamicton is texturally simila r to the Kipling 
Till but differs in having lenses and inclusions of waterlaid sand and silt, The 
contact between till and diamicton is frequently gradational. Evidence is 
lacking for an interval of subaerial weathering after deposition of th8 till, The 
diamicton ranges up to 2 m in thickness. 

Sand and gravel commonly overlie the diamicton and grade upward into 
silt-and-clay rhythmites. Ono exposure (Station KR-70-55) on Kwataboahegan 
River consists of 5 m of sand and gravel deposited as large cross -strata indi
cating forme r currents toward the west and southwest. 

Rhythmically bedded silt and clay rest conformably on diamicton, 
sand, gravel or lower stratigraphic units; howeve r, t h e rhythrnites generally 
have been reworked into an overlying clay-pebble gravel. Locally as many as 
20 rhythrnites have been preserved. Thicknesses of individual couplets 
dee reasc upwa rd from 4 to 0. 5 cm . The colour grades from brown in lower 
couplets to bluish grey in upper ones. The bluish grey colour is very dis -
tinctive and persists in the unoxidized parts of the ovcrlyin({ marine clay
pebblc gravel. 

2) Marine unit 

Lee (1960) gave the name Tyrrell Sea to the late-glacial and. post
glacial sea that occupied the Hudson Bay basin , Deposits of this sea constit
ute tho g reatest volume of the late -glacial and postglacial sediments in the 
Moose River basin . They lie below approximately 145 m a . s . 1. and gradually 
thicken toward the present coast , More than 7 m of marine sediment occur 
in the vicinity of Pivabiska River and Missinaibi River. Lee (I 968, p. 516) 
reported 60 m of marine sediment at Fort George, east of .Tames Bay. Com
parable thicknesses probably can be expected near Moosonee. 

The marine sediments consist of three facies: a ) c lay-pebble gravel, 
b) clay and silt, and c) beach and shallow-water sa.nd and gravel . The clay
pebble gravel is the oldest; the clay, silt, sand and gravel a re lateral facies 
equivalents . 

Fossils are present in all facies but are numerous in the silt and 
sand. Wagner (1969, p. 14-18) has presented lists of species from the 
Tyrrell Sea. Many of the fossils , including molluscs and d riftwood collected 
in the present study, were used for radiocarbon dating. 
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Figure 21 . 

Clay- pebble g-ravel. Knife 23 
cm long, inserte d in top o{ 
reddish clay-pc bblc gravel. 
Light sand and some pebbles 
at hori~on near knile - point , 
Note clast (arrow) with lamina
tions. {I km downrive-r fron1 
station SR-69-46,) GSC photo 
201 915. 

A dist.inctive blue and red clay-pebble gravol 20 to 100 cm thick 
forms tho basal part of the marine beds throughout the Moose River basin, 
serving as a marker b1.:d at altitudes below marine limi.t (Fig. 21). Rounded 
clasts .of rhythmically laminated clay and silt comprise 65 to 75 pc~r cent of 
the gravel and are enclosed in a clayey matr ix, Clasts , which attain diamet
ers as large as 4 cm, ai·e so disoriented that o r igin al laminations are no lon 
ger liori:r.ontal. 

The day- pebble gravel typically consists of a. basal blue, unoxidi<.ed 
~one and an upper red to reddish brown o'leidi~ed zo11e. Occasionally there 
are 2 or 3 intercalated red and blue zones. At such exposures, oxidhed 
clasts , apparently derived from lower oxidized :L:ones wc:ra observed enclosed 
in blue matrix, Other than presence or a.bsence of oxidation, no recogni?.oable 
diffeTences were seen between the red and the blue zones . The clay-pebble 
gravel appears to be restricted to that part of the lowlands whe re pre-marine 
glaciolacustr inc sediments occur . Foran1inifera and echin<>derm spines identi
fied in the matrix of the clay -pebbl<~ gravel confirm a marine origin, 

A thin , nonsoTted, d i scontinuous layer of silt, sand, pebbles and 
cobbles rests on the clay - pebble gravel. It occurs as lenticular p a tches with
out internal lamination or evidence of channeling at the base. These features 
seem more diagnostic of an ice- rafted deposit than a traction deposit or lag 
concentrate . 
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Horizontally bedded marine clay or silt overlies the clayey gravel 
and rafted layers with a contact that is everywhere sharp and readily discern
ible. The lowest clays are often very dark grey to black, sticky and give off 
a musty odour presumably due to decaying organic matter. Where thick, as 
near the mouth of Pivabiska River, they form unstable slopes subject to large 
slides and mud flows. The clay grades up into silty clay, then into sandy silt 
and sometimes gravel. These facies are also lateral equivalents of one 
anothe1•. 

Large volumes of gravel and sand were deposited in beaches, especi
ally near marine limit close to where major rivers emptied into the sea. 

3) Terrestrial unit 

Terrestrial deposits include peat, alluvium and eolian sand. Peat 
blankets most of the region but is thin or nonexistent near river banks, on 
raised beaches, and in similar well-drained areas. As much as 4 m have 
been re co rdcd in river banks and in drillholes at various points in the basin, 
Postglacial peat stratigraphy was not included as part of this study. F,arlier 
investigations wer(~ made by Sjors (J 959, 1961, I 963) who studied bogs and 
fens near Attawapiskat River north of the Moose River basin, and by Terasmae 
and Hughes (l 960a) who discussed three posiglaci'al pollen profiles from the 
James Bay area. Potzger and Courtemanche (1956) did pollen studies south
east of .T arnes Bay. 

Alluvial sedimentation has been minor, the rivers having tended to 
cut and maintain canal-like channels rather than develop flood plains, although 
some rivers occasionally abandoned their channels and cut new ones as land 
emerged. The lack of significant lateral erosion is probably a fonction both 
of isostatic uplift and cohesive bank materials. Abitibi and Moose rivers have 
eroded laterally in their lower reaches, developing numerous bars and 
islands. There, rnarinP. silt and clay rest on resistant flat-lying limestone 
and dolomite. Apparently, the rivers erode laterally into the unconsolidated 
marine deposits mot·e readily than they do vertically into the carbonates; 
however, farther up the Abitibi and Moose rivers incision into bedrock is 
indicated by islands (e.g., Williams Island) composed mostly of bedrock. 

A field of stabilized sand dunes, observed from the air 3 k:rn west o( 
Otter Rapids, covel·s an area of approximately 10 km2 in a region of raised 
beaches and a forme1· delta of Abitibi River. Thicknei;s of the sand is 
unknown. The dunes appear to be parabolic and their orientation suggests 
effective winds from the southwest. Except for a few active deflation areas, 
the dunes are stabili7.ed under a cover of lichens and jack pine (Pinus 
banksiana). 

Discussion 

During retreat o( thP. Cochrane lobe, grounded glacier ice in Hudson 
Bay lay between a lake to the south and marine water to the north. Eventu
ally this ice barrier was breached and the Tyrrell Sea replaced the lake. 
Isostatic rebound then gradually caused emerge.nee of the land. 
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1) Glaciolacustrine-madne transition and origin of marine clay-pebble gravel 

Craig and McDonald (1968, p. 162) first reported lacustrine beds 
below the marine beds in the James Bay lowland, and McDonald (1969, p. 92) 
outlined their distribution which can now be expanded eastward to include 
occurrences in the Harricanaw River basin. The overlying ma Tine clay
pebble gravel apparently has a similar distribution, at least in the Moose 
River basin, and possibly is related in some way to the lacustrine-marine 
transition. 

Recausc clasts in tho clay-pebble gravol are composed of lacustrine 
rhythmites, bottom current velocities appa1·ently rose from zero or relatively 
low values during rhythmite accumulation to higher values during erosion of 
rhythmites and transport of clasts, then back to zero during marine clay 
deposition. The occurrence of sudden erosive conditions at the base of the 
marine sequence probably is related to incursion of salt water into the low
lands. Two hypotheses could account for the clay-pebble gravel. The lake 
may have drained, the clay-pebble gravel being deposited later during marine 
tt·ansgression. This allows for oxidation of the upper part of the gravel in 
the surf zone during transgression. However, this hypothesis appears unten
able because, at the time of deglaciation (7, 800 cl 4 yrs. B.P.), a) lake level 
was controlled by, and the1·efore was higher than, sea level, and b) marine 
history is one of offlap only because, since marine incursion, more than 150 
m of isostatic recovery has occurred compared with only an estimated 16 to 
20 m of eustatic rise (Fairbridge, 1961; Shepard, 1963; Milliman and Emery, 
1968; Moran and Bryson, 1969). The clay~pebble gravel is present in the 
Moose River basin at least as low as 30 m a.s.l., providing a minimum level 
at which marine transgression would have had to have started. It was obser~ 
ved near sea level at the mouth of Albany River (J. D, Mollard, pers. comm., 
l 971). ' 

Ruling out a transgression, any alternate hypothesis must explain the 
inception of bottom currents with velocities sufficient to erode and transport 
silt and clay clasts as large as 4 cm in diameter beneath 150 m of water. 
According to Ippen (1966, p. 605) 11 ••• as long as density differences of a 
given magnitude exist between fresh and sea water, there must always be net 
upstream current along the bottom ...• 11 He was referring to the salt-water 
wedge found in many estuaries. When the Tyrrell Sea broached the remnant 
ice sheet in the Hudson Bay basin, a density flow of saline water under lake 
water presumably began, This inferred underflow may have been strong 
enough to erode the lacustrine rhythmites producing the clay-pebble gravel. 
Bottom erosion would have ceased when mixing was complete or at least suf
ficiently advanced to induce flocculation of the marine clays which rest with 
sharp contact on the clay-pebble gi·avel, The marine clays indicate an abrupt 
return to quiet bottom conditions. The patches of pebbles, cobbles and sand 
immediately overlying the clay•pebble gravel probably were derived from 
melting icebergs that must have calved in abundance during disintegration of 
the ice barrier between lake and sea. 

Oxidation probably occurred when the freshwater silt and clay clasts 
were exposed initially to salt water. An Eh-pH change probably accompanied 
the transition from fresh to salt water, but whether the change was sufficient 
to suddenly trigger oxidation or precipitation of ferric oxide is unknown. Oxi
dation was confined to the interval of bottom erosion, as evidenced by isolated 
red clasts enclosed within unoxidized blue matrix, where more than one red 
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zone occurs. A later episode of oxidation is apparently precluded because one 
clast probably could not be oxidized without adjacent, textu1·ally similar clasts 
being affected. Modern sediment on the bottom of Hudson Bay is reddish 
brown and, according to Leslie (1965), is oxidized while settling through oxy
genated water. Conceivably, the sudden influx of sea water during ice disinte
gration also was sufficiently oxygenated compared to the bottom water of the 
lake, that it oxidized the lake sediments. 
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2) Warping of marine limit and postglacial uplift 

The James Bay lowland provides a unique opportunity to study iso 
stati c warping because synchronous shore features arc present. A large 
region shown in Figure 22 was occupied by a glacial lake befor e sudden incu r 
sion of the Tyrrell Sea, thereby permitting formation o.£ a synchronous mar
ine limit over a distance of some 800 km. Identification and accurate mea
surement of marine limit would pern1it measurem ent of isostatic tilt. How
aver, the marine limit is difficult to delineate becaus e the area is heavily 
fores ted, and becaus e marine a nd lacustrine shore features are easily con
fused. The lack of thick gl acio lacustri11e sediments , e specially silt-clay 
r hythmites , indicates that the pre -marine lake was shor t-lived, and there
fore distinct shorelines may not have had time to form . The marine limit was 
mapped on the basis of the highest persistent beach compatible w ith ma rin e 
fossil localities . Isoba ses were drawn on this limit in o rder to approximate 
the amount a nd d i rection of t ilt (F ig . 22). Presence uf a few m arine shells 
confirmed marine origin for many of the highest beaches in the Moose River 
basin , Some of the elevations on the marine limit are from Craig (1969, 
p. 67) whereas others w ere interpolated between contours. A few were m ea
sured with altimeter with respec t to bench marks, High and low numbers at 
points represent maximu m and minimum values of marine limit elevations 
estimated by inspection of aer ial photos and contour maps . Such values are 
only approximate. Wher.e sn1allcr maximum-minin1um differences are shown , 
bdtc r control was availa ble (c . g ., I. 5 m contour maps and bench marks). 
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Figure 23 . Time-altitude graph for James Bay. 
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Because precise marine limit determinations a1·e not available, iso
bases shown on Figure 22 are provisional. Based on these data, isobases on 
the highest marine water plane a ppear to be convex southwest and indicate 
upward tilting to the northeast with a grad ient of approximately 30 cm/km. 
If the cont ours are considered concentric, the cent re of the upl i ft can be esti
mated by extrapolation and is pta(;cd to the east or northeast of James Ray, 
approxin1ately coincident with a centre of rnaxilnum upli!t in(crred by Andrews 
(1969, p. 53). . 

Figure 23 is a time - a ltitude curve of some c 14 dates from the James 
Bay re gion. Samplo locations are shown on Figure 22 and described in Table 
II. E l evations have not b c:cn corrected for eustatic ri.se of. sea level. A ten
tativo uplift envelope h as bec~n drawn on l'igure 23 to fit available data from 
th(! southern part of tho Moose River basin. From Figure 22, it can be seen 
that marine limit over the locality for dates 1 , 2 and 3 is higher than over 
localities 4 to 13; therefore , more u p l ift has taken place pe< unit time at I, 2 
and 3, so the rate of upli fL is g r eater . If uplift curves we<e drawn for local 
ities closer to the centre of downwarp , they would be above or steeper than 
the Moose Rive r curve on Figure 16. For example, the Cape Henri~tta Maria 
curve (Webber et al., 1970) is above the Moose River curve, Conseqiiently, 
dates l, 2 and 3 (Fig. 23) arc abovt! the curve bas ec.1 on dates 4-13 from the 
southe<n part of the basin. 

3 ) Chronology and seguence of events 

Several c 14 dates relate to the Tyrrell Sea in James Bay lowland 
(Fig. 22; Table II) . The oldest datn , I(GSC)-14 (Location 12, Tabl1 II), inter
preted with a zcr error, falls b etween a bout 8, 300 and 7 , 500 year s. More 
recent dates (Craig, 1969; this report) from equivalent and higher elevations 
in the area fall within the lower half of this range suggesting that the sea inun 
dated James Bay lowland sometinie between 7 , 900 and 7, 700 year s ago. 

The location of the initial waterway south of Hudson St rait is uncer
tain. Prest (1969, 1970) showod it trending f.rom Hudson Strait to the vicinity 
of Hayes River during or prior to the Cochrane readvance . Lee (1968, p. 521) 
sui:rnes tcd a break along a north-south "demarcation linEJ " 64 km (40 miles) 
east of Fort George. Andrews and Falconer (1969, p. 1274) envisaged the ice 
ah!'!ut breaking along a bathymetric deep between Mansel and Coats islands 
and west of the Ottawa lslands, then south to James Ray, Radiocarbon dates 
on marine samples are oldest in the Jan1es Bay l owland and bc(;ome prognis 
sively younger to the northwest (Craig, 1969), indicating that the southeastern 
Hudson 13ay Lowland probably was inundated before the northwestern lowland , 
This requ ires a waterway somewhere in the eastern half of Hudson Bay. The 
precise location, configuration, and dimensions of the waterway, and the pro
cess of brcaki.ng are unknown; howevor, the ice she e t probably b<oke where it 
was thinnest, possibly over a topographic high. Such an area of high submar
ine-: ter rain trends from Cape Honrictta .tvlaria north to Mansel Jsland in the 
fo.rm of a cuesta of resistant Palco:r,oic rocks, much like the Niagara escarp
ment (B. V. Sanford, oral comm,, 1971). Although an castorn waterway is 
presently preferred based on available c1 4 dates , a western one cannot be 
ruled out. 

1 
I(GSC) - 14 was an Isotopes determination for the Geological Survey. Only I cr 
errors were published, All Geological Survey dates have a 20 erro r when 
reported. 
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Summary of late-glacial and postglacial events 

l) As the Cochrane lobe retreated northward, a lake was impounded 
in front of the ice. 

2.) This lake lasted until about 7, 900 to 7, 700 years ago when the ice 
sheet in Hudson Flay was breached, probably along a zonc trending south to 
Cape Henrietta Maria, allowing the Tyrrell Sca suddenly to replace the lake 
in James Bay lowland. A synchronous marine limit formed over a <li.c;tance 
of some 800 km. 

3) During marine incursion, relatively dense sea water fl.owed under 
lake water and reworked lake sediments into a clay-pebble gravel. 

4) As the land emerged due to isostatic uplift, the margin of the 
Tyrrell Sea receded northward. Uplift was differential resulting in Lilting of 
the marine limit so that it currently rises northeasl with a gradient of 
approximately 30 cm/Ian. 

5) The emerged terrain has been modified by river incision, eolian 
deposition, and development of. peat bogs and spruce forest. 

CORRELATION WITH SEQUENCES IN SOUTHEASTERN CANADA 

Location of the James Bay region near the centre of former ice 
sheets makes it of special importance to Quatenlary history becattse major 
non glacial events here should be related to significant nonglac ial events far
ther south, Four nonglac.:ial intervals are recorded in the Moose River basin 
that date prior to 8,000 cl 4 years R.P.; the lower three are at least older 

14 than 54, 000 C years. 
Correlation with sequences in southeastern Canada is hampered by a 

lack of critical. c 14 dates; however, if one accepts the Missinaibi Formation 
as Sangamon, then some time-stratigraphic 'control' is obtained. The three
till sequence (Lower Tills I, 11 and Ill) below the Missinaibi, !'nay be lllinoian 
in age. The two tills (Adam and Kipling) above the Missinaibi are Wisconsin, 
and the Friday CreCJk sediments, between the tills, represent an interval of 
retreat of the Laurcntide Ice Sheet. \'\Then this retreat took place is unknown, 
Three possible intervals arc: 1) St. Pi1)rre (Early Wisconsin?), 2) Port 
Talbot (Middle Wisconsin), and 3) immediately pre-Cochrane (Late Wisconsin). 

The first possibility is not preferred owing to the uncertainty of the 
age of the St. Pierre beds in the St. Lawrence Lowlands, The •finite' dates 
associated with the St. Pic~rre beds should be conside1·ed with caution until 
confirmed or rejected by additional radiocarbon dates from different labora
tories. The St. Pierre beds could be late Sangamon in age or even correla
tive with the Port Talbot. The author prefers correlation of the St. Pierre 
beds with the erosional break at tho top of the Scarbo1:ough Formation at 
Toronto (Karrow, 1967, p. 47). If the St. Pien·e beds are early Wisconsin, 
perhaps the lacustrine member of the Missinaibi Formation is in part corre
lative with them; on the othc:r hand, the Moose River basin could have been 
ice covered during the St. Pierre interval. 

Possibilities 2 a11d 3 arc shown in Figure 24. Are the Friday Creek 
sediments equivalent to Glacial Lake Barlow-Ojibway sndimen.ts (i.e., 
deposited immediately prior to the Cochrane readvance) or are they Middle 
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Figure 24 . Possible correlations of Wisconsin s ediments in Moose River 
basin. 

Wisconsin (deposited during th e Port Talbot int erval)? The latter interpreta
tion implies that j ust prior to the Cochr ane readv(ncc tho ice sheet did not 
r etr eat north of the Pinard moraine . Without c 1 dates , there is little rea
son fo r preferring one intcrpretation to the other, In making a judgment, 
several facto rs should be conside r ed: 

a ) Pos sibility A (Fig . 24) would require considerable retreat of the 
Coch rane lobe prior to r eadvance . If this alternative is accepted, the rates 
of r c trcat and readvance shown in Fi~ure 25 are requirod . An avorago rate 
of r etreat of 300 m per year is not exceptional, based on the spacing of 
DeGeor moraines cast of Hudson Bay (Lee, 1968, p. 516} and on tho rate of 
i·etreat calculated for the Cochrane region by Hughes (1965, p. 561). Acc ord
ing to Prcst (1 970 , p . 720) the ice sheet r etreated from North Bay a bout 
l 0 , 500 years ago and Montreal River about 1 0 , 000 years ago. The base o f 
Antevs ' (1925, 1928) varve record is at Montre al River. Antev s and later 
H11ghes (1959, I 965) counted approximately 2 , 050 varves encompassing the 
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Figure 25. Topographic profile and time-distance graph illustrating inferred 
retreat of ice margin across northern Ontario. 

time from deposition of the first varve at Montreal River to the last post
Cochrane varve, deposited in t_he Timmins region, Based on radiocarbon 
dates on shells of the Tyrrell Sea, the ice sheet had disintegrated in James 
Bay by about 7, 800 years B.P.; this allows approximately 2, 2.00 c 14 years to 
account for 2, 050 varves. Meanwhile,. the ice margin had to retreat 410 km, 
then rca.dvance 250 km, and then retreat mo1·e than 300 Ian. 

Hughes, who defined Coch1·ane Till, did not propose a northern limit 
for it, Boissonneau (1966, p. 576) discovered Cochrane-like till capping the 
Pinard •moraine', a broad, sand-cored ridge, situated parallel to and just 
south of the fall-lin(i, Prest (1970, p. 734) interpreted as Cochrane Till a 
"clayey till overlying varved sediments" north of the mo1·aine, near Coral 
Rapids. Although Kipling Till is similar in appearance to Cochrane Till, and 
they are probably at least partly correlative, they were not necessarily 
deposited during the same rapid readvance, as implied by Figure 24. Prest 
(I 970) has suggested that the Cochrane readvance represents a surge of a lobe 
of the continental ice sheet. 

b) A three-till sequence is exposed along Kcnogami River in the upper 
Albany River basin (McDonald, 1969, p. 93). The tills are in direct contact 
and the upper till exactly fits H11ghes 1 description of Cochrane Till. Possibly 
all thrGe tills are Wisconsin in age; however, without the Missinaibi Formation 
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for control, the lowermost till could be older. This also is the region of the 
Cochrane I and II readvances (Boissonneau, 1968; Prest, 1970) which the 
upper two tills may represent. 

c) There are two tills above the Missinaibi Formation throughout the 
Hud!lon Bay Lowland. McDonald speculated that the hiatus between them was 
Middle Wisconsin. The upper till in the northwestern part of the Hudson Bay 
Lowland may be late-glacial, similar to, but not necessarily synchronous with 
the Cochrane readvance. Available c.1 4 dates suggest that between l 0, 000 and 
6, 000 years ago, the ice sheet disintegrated very rapidly. A series of rapid 
lobate readvances into glacial lakes Agassiz and Barlow-Ojibway, and per
haps later into Tyrrell Sea, would certainly hasten thinning and break-up of 
the ice sheet and, at the same time, account for a Wisconsin two-till sequence 
throughout most of northern Ontario. 

d) Sea level during Middle Wisconsin time was supposedly nearly as high 
as present (Curray, 1961; Shepard, 1963; Milliman and Emery, 1968). 
Marner (1971}, however, contests this on glaciologic-climatic grounds and 
the possibility of contamination of c 14 samples, The outer fraction of 
Missinaibi shells was dated at 38, 000 ± 2, 000 cl 4 years; the inner fraction 
was >3 7 ,000 cl 4 years (GSC-147 5); yet subaerial peat and wood, stratigraphi
cally above the shells, produced a >54, 000 years date suggesting that shell 
dates more than 25, 000 years may be unreliable. Olson (1968, p. 251) cau
tioned against accepting such old shell dates. 

In summary, until critical radiocarbon dates are available from the 
Friday Creek sediments, their age will remain unknown. To assume they are 
Late Wisconsin in age requires rapid rates of retreat and advance; alterna
tively, a Middle Wisconsin age requi1·es considerable diminution of the 
Laurentide lee Sheet which, in turn, implies high Middle Wisconsin sea levels, 
a subject of current controvc;irsy. 

Although there is firm evidence of a Late Wisconsin readvance south 
ol the region (the Cochrane), no evidence has been found to suggest that the 
Kipling Till bifurcates in the vicinity of Pinard morain-e. The presence of 
thin distal varves beneath sand and gravel, capped by Cochrane Till on the 
north flank of the Pinard moraine (Station SS~ 70 ·88) suggests that the glacier 
retreated north of the moraine before the Cochrane readva.ncc. Therefore, 
possibly the Kipling Till was wholly deposited during the Cochrane rcadvance 
and the pre-Cochrane limit of retreat was north of Kwa taboahegan River. 
However, this does not necessarily imply that the upper till(s?) in the Hudson 
Bay Lowland to the northwest is (are?) also Late Wisconsin. 

CONG LUSIONS 

The principal conclusions drawn from this study a.re: 

a.} Three pre-Wisconsin tills in the southweste1·n portion of the study 
area were deposited when the margin of a southwestward flowing ice sheet 
fluctuated into a proglacial lake. 

b) The Missinaibi Formation was deposited during an interglacia.tion, 
probably the Sangamon. The formation includes an ubiquitous buried soil 
developed on glacial, marine, and fluvial sediments; a forest growing on the 
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soil was killed and buried beneath thick deposits of a proglacial lake. The 
bulk of interglacial time is recorded benoath the lake sediments, not in them 
as previously thought. 

c) Two Wisconsin tills, both deposited by southwestward flowing ice, out
crop in the area, A nonglacial unit between the tills is either Middle or Late 
Wisconsin in age. A Middle Wisconsin age implies a significant decrease in 
volume of the world's ice sheets and relatively high sea levels. A Late 
Wisconsin age requires rapid rates of glacial advance and retreat during a 
time of rapid deterioration of the Laurentide Ice Sheet. 

d) A lake preceded the Tyrrell Sea in a large area south of James Bay. 
About 7, 800 years ago when the Tyrrell Sea entered the region, sea water 
wedged under fresh water, apparently creating a current strong enough to 
rework lake clays into a clay-pebble gravel. 

e) A synchronous marine limit was established over a vast area. The 
inferred former water plane defined by marine limit is now warped up to the 
northeast having a gradient of about 30 cm/km in the direction of the supposed 
former ice centre. 
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APPENDIX A 

Till Sample Dat a 

SAMPLE AND STATION ID ENTIF ICATION KEY (sec table of data on follow
ing pages). 

SAMPLE NUMBER 

SJA-69- Samples taken in 1969 
SJA-70- Samples taken in 1970 

STATION NUMBER 

AC Adam Creek 
AR Abitibi River 
cc Coal Creek 
FC F riday Creek 
HR Har ricanaw River 
KR Kwataboahegan Rive r 
LA Little Abitibi R iver 
MA Mattagami River 
MO Moose River 
MS Miss inaibi River 
NF North French Rive r 
OR Opasatika River 
PR Pivabiska River 
SR Soweska River 
SS Smoky Falls-Smooth Rock Falls 

-69- 1969 Station 
- 70- 1970 Station 

Road 

-2 Station numbe r (sec index map and fence d iagrams) 

STATISTICAL PARAMETERS (Graphic measu res after Folk and Ward , 1957) . 

M7. Mean Grain Size 
a Standard Deviation 
Sk Skewness 
Kr Kurtosi s 

SAND, SILT , CLAY - given in per cent 

% Calcite, % Dolomite, % Total ca rbonate (Chittick Method on 63 to 44 µ 
fraction) 

% Side rite - grain count of h eavy m ineral separate from <250 - >125 µ.fraction; 
- .01 means l ess than 1%; 0 means sampl e not c ounted. 
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---------------~!~ -~~'1~- - ---- - - -------- --- ----
Saooplo Station Mc.in Standard Skew- Kurto- Cal- Dolo- Carbon- Sand Silt Clay Sider-
Number Nu.abel' Deviation ne.ss sis cite mite ate ite 

~!~!!~8-!!!! 

SJA-69- MS-69· 4 6. 77 

SJA-69- 5 MS-69- 12 6.90 

SJA-69- 8 MS-69- 14 7 .10 

SJA-69- 23 PR-69- 34 6. 73 

SJA-69- 37 SR-69- 56 7. 93 

SJA-69- SB SR-69- 70 6.47 

SJA-69- 63 MA-69- 83 6. 10 

SJA-69- 68 AC-69- 85 6. 10 

SJA-69- 36 AR-69-104 6. 00 

SJA-69- 106 CC-69-114 6. S 7 

SJA-69-110 PC-69-116 6. 87 

SJA-69- 118 KR-6~-122 S . 20 

SJA-69-123 NF-69-124 5 . 67 

SJA-69- 131 LA-69-128 5 .50 

SJA-70- 6 M0-69- 96 6. 27 

SJA- 70- 7 MS · 70 - 5 . 73 

SJA-70- 9 ~IS · 70· 5. 77 

SJA-70- ll OR·70- 6. 13 

SJA-70- 13 OR· 70 - 9 6. 37 

SJA-70 - 16 OR- 70 - 10 6. 93 

SJA-70· 25 OR-70 · 28 6. 67 

SJA-70 · 27 OR-70 - 30 7.10 

SJA-70 · 28 OR-70· ll 6.60 

SJA-70· 31 OR-70· 27 6. 70 

SJA-70· 34 MS -70· 32 6. 57 

SJA-70· 45 MS-70- 39 5.80 

SJA-70-361 - 70- 52 5 . 07 

SJA-70-63T KR-70· 58 S . 63 

SJA-70- 66 XR- 70- 60 S. 53 

SJA-70- 68 tiR-70- 62 5. 7l 

SJA-70- 70 HR-70- 64 6. 40 

SJA-70· 76 AR-70· 66 S. 27 

SJA-70- 82 AR-70- 71 4. 60 

SJA-70- 83 AR-70· 72 4.60 

SJA-70- 87 AR-70- 75 6. 63 

SJA-70- 90 AR- 70- 79 4. 97 

SJA-70- 92 AR.-70- 60 S. 53 

SJA-70- 96 AR-70- 83 S.53 

SJA-70- 97 AA-70- 85 S. 73 

SJA-70- 114 NA-70- 86 6.33 

SJA-70- llS MA- 70- 86 7.73 

SJA-70-117 ~IA-70- 36 7.70 

SJA· 70-118 SS-70- as 7. 30 

SJA-70-119 MA·70 - 90 6.97 

SJA- 70-120 MA- 70- 91 7. 50 

SJA-70- 122 SS-70- 96 6.50 

SJA-70 - 12~ SS· 70- 99 7. 80 

SJA-70-124 SS-7Cl- 100 4. 70 

SJA-70-125 SS-70-101 S. 77 

SJA-70 · 126 SS· 70- 102 5. 00 

3.68 

3.84 

3.82 

3.M 

3 .04 

3.81 

3.62 

3,64 

3.63 

.\,72 

3.26 

3.13 

3.S6 

3.60 

4 ,21 

3.35 

3.34 

3.52 

3.66 

3.76 

3.71 

3.69 

3. 76 

3.80 

3, 7l 

3.sa 
3.16 

3.17 

3.23 

3.51 

3.67 

3.61 

3. 20 

3. 42 

3 .Sl 

3. 45 

3.60 

3. 39 

3.60 

3.86 

3. 76 

3.67 

3.66 

3. 79 

3.92 

3.83 

3. 26 

3.14 

3.20 

3.20 

.06 

.02 

.02 

.02 

0 

-0.02 

0 

.Ol 

.os 

.07 

.17 

. 08 

-0. 01 

. 07 

.07 

.03 

.01 

.02 

.OJ 

.01 

.Q.01 

.06 

. 01 

.01 

.01 

.01 

.07 

0 

·°" 
.08 

,03 

.09 

.09 

. 10 

.32 

, 11 

.04 

.OS 

.03 

.OS 

-0.03 

-0.04 

.02 

·0.01 

-0.05 

.15 

.14 

. 33 

.18 

.32 

1.13 10. 75 

1.12 14. 42 

1.06 12.21 

I. JO 21.10 

.89 5.20 

1.10 11.98 

1.14 18.93 

1. 17 26.53 

I. 06 19.SO 

1.16 22.S.O 

I. 20 11.60 

1.17 10.00 

1.03 21.SO 

1.06 20.60 

,8.S. , 7.04 

1.32 ll.50 

1.21 13.40 

1.B 13. LO 

l.15 12.76 

l, 13 11. 80 

1.18 16.04 

1.07 15.44 

1.15 12, 70 

1.16 12.10 

1.15 14.94 

.99 7.SO 

1.11 12.0() 

J.39 6.40 

1. 26 8. 30 

I.OJ 9.30 

l.09 12.98 

LOS J7.62 

1.15 20.80 

1.00 16. 70 

.97 19.60 

1.08 16.60 

l. 04 19. 75 

1.10 19.20 

1.06 19.36 

1.15 17.00 

.99 17.SO 

I. 07 17. so 
1.03 13.54 

1.07 16,40 

.93 14, 70 

.94 7.30 

1. 01 11. so 
1.13 9.44 

I.IS 10.96 

.97 10. 90 

11. 7l 

15. 23 

12. 75 

17 .92 

7 . 90 

13.JO 

16. 77 

23.38 

13.60 

17.70 

18.60 

11. 20 

11.60 

13.50 

11.so 
18.60 

15. 20 

16 .so 
15. 20 

18.10 

16.10 

15.40 

18.SO 

22 .54 

20.90 

13.10 

13. 70 

14. 42 

14. 22 

11.30 

9.96 

11.62 

26.90 

13.44 

18.80 

!).20 

J4.7S 

12. 70 

14.60 

14.90 

16.40 

15. 20 

ll.20 

12.96 

12. 64 

9.40 

8. 20 

7. 24 

11.16 

9.82 

22.46 20. 75 46. 14 32. 51 

29.65 22.11 42.88 35.01 

24.96 20.04 47.66 37.30 

39.02 22. 20 43.64 34. 16 

13. 10 14.68 37.89 47.43 

25.08 24.98 43.72 31.30 

35.70 25.77 47.53 26.70 

49.91 25.39 48. 08 26.53 

33.10 27.92 45.60 26 .48 

40.20 22. 46 46.90 30.64 

30. 20 17. 29 52. 28 30.43 

21. 20 32.63 50.63 16. 74 

33.10 29.68 45.54 24. 78 

34. JO 32 .41 44.53 23. 06 

18.84 31.91 33.82 34.27 

30.10 25.08 53 . 02 21.90 

28.60 26.ll 51.72 22.17 

31.60 U.71 S0.21 26.08 

27.96 24 .07 45.9S 29.98 

29.90 21.30 43.05 JS.65 

l2.14 20.19 44.36 35.45 

30.84 18.64 44.49 36.87 

31.20 23.03 45. 40 31.57 

34.64 22.00 44.62 33.38 

35.84 22.82 46.23 30.95 

20.60 30.98 42.99 26.03 

25. 70 33. 74 49. 94 16. 32 

20.87 24.33 57.06 18.61 

22.52 27.06 53.66 19.28 

20.60 30.00 45.92 24.08 

22.94 24.79 45.34 29.87 

29.24 33.27 4S.31 21. 47 

47.70 41.Jl 45.70 13.69 

32.14 43.77 40.89 15.34 

38.40 21.10 47.97 30.93 

26.80 39.26 42.94 17.78 

34.SO 3Z.24 44 ,22 23.54 

31. 90 29. 74 49.Q6 21. 20 

33. 96 29. 57 45 ,42 25. 01 

31.90 26.11 47 .23 26.66 

33. 90 16. 48 37. 43 46. 09 

32.70 15.73 38.92 4S.35 

24.74 17.65 42.Sl 39.54 

29.36 40.99 37.10 

27.34 19 .42 35.49 45.09 

16.70 27.59 40.27 32.14 

19.70 10.93 47.64 41.43 

16.64 46.47 37.85 lS.68 

22.12 26.85 50.76 22.89 

20.72 44.06 3?.61 18.33 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



- 63 -

• ··-------__ •• ~~!. Cen~--------· ____ -------

Sarq>le Station Ncan Standard Skow- Kurto - Cal - Ool o- Carbon- Sand Silt Cley Sider· 
llunlber Humber 

!i~P!~'JU'! 11 

SJA· 70-127 SS· 70-103 6 , 17 

SJA-70-128 SS-70- l04 6 . 77 

SJA-70-129 MA-69· 84 6. 37 

SJA-70-135 AC-69 - as 5.87 

SJA- 70- 137 AC-69- 85 6.13 

S.IA· 70- 142 AC-70-113 6 . 10 

SJA· 70-l45 SS· 70-117 7. 00 

SJA-70-146 SS-70- 118 7. 20 

SJA-70-147 SS-70- l19 7.10 

SJA-70-148 SS-70- 1211 7, 70 

SJA-70-149 ss-10- 121 s.so 
SJA-70-152 MA-70-123 6. 90 

SJ A· 70-161 LA- 7()..125 5, 83 

SJA-70 · 163 LA-70-126 6. 4l 

SJA- 70·!64 ~A- 70-127 6.97 

SJA-70-166 AC-70-128 6.17 

S.JA-70-170 CC-69- 114 7.00 

SJA- 70· 17 l CC-69-114 7. 27 

Adam Tilt 

SJA-69- M MS-69- 16 8. lSO 

SJA- 69- 18 PR-69- 19 6. 97 

S.JA-69- 19 PR-69- 23 6. 37 

SJA-69- 24 PR-69· 34 6. 97 

SJA-1>9- W PR-69 · 44 6.63 

SJA-69- 31 Pl\-69- 45 7 .47 

SJA-69· 38 SR-69 - 56 8. ~3 

SJA-69- 48 SR-69- 64 6.27 

SJ A· 69- 52 SR·69· 65 6. 80 

SJA- 69- 62 ~IA-69- 83 7. 20 

SJA-69- 64 MA-69· 84 S,67 

SJA-69- 67 AC-69- 85 $. 20 

SJA-69- 70 AC-69 · 85 6.10 

S.TA-69· 7J MA-69· 91 4. 40 

SJA-69- 76 MA.-69 - g2 6. 33 

SJA-69- 80 MA-G9 • 94 S. 40 

SJA-69- 81 HA- &9· 95 6. JO 

SJ A- 69- 83 AR-69- 98 7. 50 

SJA-69- 90 MO-GY-107 7. 73 

SJA-69- 93 M0-69-108 5. 40 
SJA-69-103 PR-69· 29 6. 8] 

SJA-6~-119 Kll-69-122 S. f)O 

SJA-69-124 NF-69 -124 7 .13 

SJA-69- 125 AR-69 -125 7. 07 

SJA-70- 14 OR- 70- 9 7. 67 

SJA-70- 17 OR- 70- ll 8.4J 

SJA- 70· 22 FC-70- 21 7. 4 7 

SJA-70- 29 OR-70- 31 6.80 

SJA-70- 30 OR· 70- 27 4. 9:1 

SJA-70· 32 OR-70 - 8 6.47 

SJA-70- 36 MS-70 - 34 6.23 

Deviat i on ne1 s sis cite 11ito a.te 

3. ~4 

3.68 

3. 75 

3.68 

3.65 

3.67 

3.50 

3. 19 

3.27 

3.ll 

3.51 

3.83 

3.52 

3.71 

3.59 

3.69 

4 .11 

3.42 

3.60 

3.93 

3. 72 

3.80 

4.07 

:1.67 

3.5S 

4. 01 

4 .13 

3.83 

3. RO 

3.39 

4.06 

3.63 

3.93 

3.64 

3 . 27 

3.03 

3. 93 

3 .51 
3.84 

2. 58 

4.04 

3 .59 

4. 12 

2.79 

3.81 

3. 09 

2. 711 

4.0G 

4.00 

.03 1.14 17.60 

. 03 I. 18 16. 56 

. 01 1.13 16.96 

0 1. 10 16.68 

.02 1.19 18.20 

0 1.11 16.78 

.10 1.2., 13,60 

.12 l. 29 II. SO 

.12 l.24 11.70 

.16 I. II 11.40 

-0 .09 

-0.01 

. 04 

. 04 

.03 

. 02 

- 0. OS 

.ll 

-0.B 

. 01 

.ll 

. 01 

. 04 

.OS 

-0 . 08 

-0 . 06 

-0 .04 

- 0.03 

.17 

. 13 

. 09 

.13 

.06 

. 03 

-0 . 14 

.25 

-0. 08 

.12 
.01 

.02 

0 

- 0. O'l 

-0.10 

. 22 

- 0. 04 

l.03 7.20 

1. 31 14. 92 

1.12 18. 78 

I. I S 20. 78 

l.18 16.26 

l,l2 18.72 

.97 12.32 

1.18 10.78 

I , 04 21.65 

1.02 12. 70 

1.00 7.89 

l. 09 21. 92 

.91 6.20 

1.02 13.39 

.94 3.50 

.95 9, 28 

.94 8.80 

1. 00 9.34 

I. 02 7. 51 

1.17 ll.85 

.91 16.22 

.90 S.80 

.96 8.30 

1.01 17.20 

1.15 20 .80 

1,18 6.40 

. 81 8. 20 

l. OS 5. 98 

1.07 12. 70 

l.23 10.50 

.87 10. 20 

1. 26 8. 60 

. 83 8.SA 

I.OS 6 . 08 

. 99 4. 00 

1.23 4.90 

l.13 6.90 

11. 30 

12.10 

16.84 

16. 74 

14.06 

14 . 110 

ll. 60 

10.30 

28.90 25.59 46. 94 27.47 

28.66 20.37 46.94 32.69 

33 .80 24.56 46. 23 2!).?l 

33. 42 28. 0" 46.32 25 .63 

32.26 25.19 47.44 27.37 

31.58 2S.S6 46 . 29 27 . 15 

25.20 17.31 49.18 33.S l 

21.80 13. 74 52.89 33. 37 

12.80 24.50 15.03 52 .47 32.50 

7. W 18. 60 8.91 Sl.60 39. 49 

6,110 

14. 58 

J 4.42 

12.22 

10.42 

13.18 

13. 70 

10 .62 

6.51 

13.50 

9. 78 

17.26 

7 .10 

12.49 

5. So 

8.SS 

10 .90 

9,86 

9 . 58 

4. 61 

!0. 95 

9.60 

12'. 00 

15 . 60 

17 .80 

8.40 

12.90 

7 . 20 
1$. 60 

12 .60 

12.60 

12 . so 
12.10 

8 .20 

14. 10 

8. 04 

12. 34 

14. 00 10.57 28.08 6L35 

29.50 19.88 44,SS JS.57 

33. 20 2 7. 72 4 7. 38 24 . 90 

33 .00 23.73 %.61 29.61> 

26.68 18,34 47.23 34. 43 

31. 90 25.39 46.33 28.28 

26 .02 22.% 37. 57 3g,4g 

2 1.40 15.8$ S0.1 2 34.03 

28 . 16 11. 88 25 . 30 62. 82 

26. 20 21. gs 4o. J9 .n .61> 

17 .67 27. BS 43. 03 28. 99 

39.18 20.41 44.01 35.58 

13.]0 27.08 37.77 35 .JS 

25 .88 16.67 42 .97 40.36 

9.00 11.07 31.75 57.18 

17.83 '9.38 37.1\S 32 . 79 

19.70 25.38 36.81 37.81 

19.20 20 . 72 39.17 40 .11 

17.09 34.85 40 .75 24. 40 

16 .46 27.92 50.58 21.50 

27 , 17 31.88 37.98 30 .14 

15.40 47.35 35. 96 16.69 

20. 30 29.00 ~0. 75 30.25 

32.80 34 .59 42.74 22 . 67 

38.60 23.39 44, 79 l l. 82 

\4 .80 9.05 57 . 19 33.76 

21.10 19.19 31.63 49.18 

13.08 33.28 45 .72 21.00 
28.30 22.21 42.28 35.51 

23.10 30.75 59. 37 9.88 

22.80 23.36 35.90 40.74 

21. 10 18.30 45.61 36.09 

20.64 20 . 67 29.90 49. 43 

14 .28 S. 04 46 . % 48.00 

18. 10 17. 94 .18. 34 4:1. 72 

12 .94 16.50 53. 31 30.19 

19.24 35 .. ~4 52.13 12.03 

• 04 

.09 

. 09 

.03 

.91 8.36 ·I0. 34 18.70 29.47 37.77 32.76 

.!>3 8.8•1 13.56 22.40 30.94 37.56 31.SO 

i te 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15. 00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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P•r Cont ----·----·-·--·· .. __... -----·------.................... _ ... ____ _ 
Sampl• Station Mean Stondard Sk•w- Kurto- Cal- Oolo- Carbon- Sand Silt Clay Si<lcr-
Number Nti1rat,er Oeviation nes$: sis cite mite e.t~ ite 

Adam Till 

SJA-70- SI> MS-69- 16 8.00 

SJA-70-860 KK-70- 52 5.2.1 

SJA-70- GI MS-7U- 43 6.6:1 

SJA-70- 64 KR- 70- S9 6, 57 

SJ/\-70- 65 KR- 70- 60 G. 83 

SJ/\-70- 69 llR-70- 62 6. 77 

S.JA- 7U- 77 AR· 70- 66 6. 20 

SJA-70- 79 i\Il-70- 68 S. 93 

SJA· 70- 80 AR-70- 69 6. 07 

SJA- 70- 84 AR-70- 72 7. 90 

SJA-70- 86 AR-70- 74 8.17 

SJA- 70- 88 A.R- 70- 76 6. 93 

SJA- 70- 89 AR-70- 77 6. 0:1. 

SJA-70- 91 AR-70- 79 6. 70 

SJA-70- 93 All-70- 8U 7.80 

SJA-70- 95 AR-70- 83 6. 77 

SJA-70-105 M0-69- L08 S. 77 

S.JA-70-116 M/\-70- 86 5.87 

SJA-70-130 MA-69- 84 S.87 

SJ/\-70- 132 AC-69- 85 s. 6 7 

SJA-70- L3.l AC-69- RS 7. 00 

SJ/\- 70-136 AC-69- 85 6. 33 

SJ/\-70-138 AC-69- 8S 6. 2.l 

SJA- 70-14 L AC-1>9- 8S 5. 70 

SJA-70-14:1 AC-69- 85 5.73 

SJA-70-IS3 MA-70-IB S.80 

SJA-70-IS7 SR-69- 56 8.20 

SJ/\-70-162 LA- 70-126 5. :13 

SJA-70-165 M/\-69- 91 G.13 

SJA-70-167 AC-70·128 6.:17 

SJA-69- MS-69- 1 5. 23 

S.TA-G9- G MS-G9- 12 6. 87 

S.JA-G9- MS-69- 14 G.S7 

SJA-69- 10 ~IS-69- 16 6. 70 

SJ/\-69- 11 MS-69- 16 1. 80 

SJ/\-69- 15 MS-69- 16 4.83 

S.JA.-69- J 6 MS-69- 16 1. SO 

SJA-69- 17 MS-69- 18 1.77 

SJA-69- 20 PR-69- 24 7 .13 

SJA-69- 22 !!K-69- ll S. 27 

SJA-69- 2~ PR-69- 34 5. 40 

SJ/\-69- :12 PR-69- 45 7. 63 

S.TA-69- 45 SR-69- 62 '.•. 23 

SJA-69- 17 SR-69- 63 4. 43 

SJA-69- 53 SR-69- 67 4.6:1 

SJA-69- SS SR-69- 67 8.00 

SJA-69- 56 SK-69- 67 7 .13 

SJA-69- 59 SR-69- 70 S. 67 

3.90 
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:I. 73 
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4.10 
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.I. 76 

3. RS 

.l. 74 
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3.66 

2.63 
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1- 10 9.16 

L IS 14.20 

• 9.l 13 .10 

.91 7.28 

I. JS 1.00 

) . 00 6. 72 

I. OS 22.90 

14.43 

10. 02 

14. 12 

L0.20 
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6.38 
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l.l. 20 
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4.04 

6. 62 
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S.42 
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B.'..R 

l.07 R.82 

I.II IS.09 

• 96 LL. 76 

2.72 28.5S 

. 88 24. SS 

. 89 12. 28 

.81 17. 78 

.89 9.LO 

.93 9,49 

• 91> JO .. lO 

1.07 IG.16 

. 9S 9. so 
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8.40 

!1.60 

5.56 

5.98 
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s.ss 
11.40 

10.86 

J J. .lO 
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IS.16 

11.46 

10. 23 
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2S.81 16.80 30.14 S3.06 

19.18 3:1.IO 47.0.l 19.1\7 

28. :12 22. 32 15. 93 31. 7 5 

23.30 25.97 39.SS 34.48 

17.72 24.92 37.86 37.22 

7.:IB IR.22 Sl.62 30.16 

14.06 29.95 39.03 31.02 

.16.10 28.66 H.r,6 26.?R 

I 7. 28 :10. 7 7 39. 98 29. 2S 

22.80 l6.08 35.42 48.SO 

l&.?i6 l-1.7? ~2.66 52.55 

20.14 20.09 44.73 35.18 

17.80 29.3S 42.86 27. 79 

17.90 20.94 46.72 32.31 

17.80 4.SJ 59.69 35. 78 

9.60 2l.35 46. 71 31. 94 

12.60 32.29 43.02 21.69 

II.SU 34.92 40.17 24.91 

18.56 32.6R 41.45 2S.B7 

IS.80 34.99 40.U9 24.92 

12.80 17.74 19.71 :12.SS 

19.32 27.88 41.45 30.67 

1:1.80 30.42 40.21 29.37 

12.54 31.23 10.79 24.9R 

15.84 34.&4 .19.82 2S.S4 

14.B2 :l.~.18 11.2S 2S.S7 

12.32 12.94 33.GS 53.41 

L4. 40 38.13 41. 77 20.10 

16.86 29.94 41.19 28.87 

IS.48 28.75 :111.76 .~2.49 

17.30 :1:1.8.l '17.:11 18.8& 

:10.42 20.96 14.2S :14.79 

24.24 27.46 :IR.47 :14.07 

41.SS 6.92 74.32 18.76 

33.0.l 43.91 34.39 21.70 

19.96 46.SO :13.6r, 19.85 

26.54 47.09 34.76 18.IS 

17 .90 43.36 35.85 20. 79 

IS.04 22.88 :15.110 11,:12 

2L.70 .19.:15 37.08 2:1.r,7 

27.02 .l0.S5 49.44 20.01 

20.80 18.23 34.68 47.09 

IS.OU 37.74 

11.60 48.31 

38.62 23.64 

33.65 19.04 

36.60 43.25 39.37 17.38 

27.87 17.41 29.04 53.SS 

37.48 22.47 35.66 41.87 

IS.G2 39.SO 30.6.l 29.117 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

2.00 

0 

8.00 

4.00 

7.00 

59.00 

18.00 

34.00 

37.00 

19.00 

7. ()() 

12.00 

17.00 

0 

23. 00 

12.00 

G.00 

L3.00 
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Per Cent ............... -------..... -- .......... --........ -........ -· ........ ·-·-------·--
Sa1np Le Stat ion Mean Standard Skew- Kurto- Ca I -
N11mber Number Deviation ness sis cite 

Lo1<cr T.i 11 -·------
S.JA-69- M A<:-69 9.27 

S.JA-69· 91 f.10-69-107 7 .60 

SJA·69· 92 f.10°69-L 08 5. 83 

SJA-1>9- 96 SR-69-110 8.90 

SJA-69- 97 SR-69- LI 0 4. 97 

S.lA-69-108 CC-69-114 S.60 

S.JA-69· L09 CC-69-114 6. 4~ 

SJA-69-113 KR·69-LL8 S.77 

SJA-69-l30 AR-69-.l25 4.90 

SJA-70· 12 OR·70- 7 7.03 

SJA-70- 20 FC- 70- 21 7. ZO 

SJA· 70- 2l OR-70· 24 S. SO 

SJA-70- 35 MS·70- Ji 5.63 

SJA-70- 37 MS-70- 34 6.70 

SJA-70- •12 MS-69- 18 5.07 

SJA-70- 46 MS-70- 39 4,87 

SJA-70- 47 MS-70- 40 7.60 

SJA-70- •111 MS- 70- 40 3. 93 

SJA-70- •19 MS-70- 40 5.80 

S.JA."iO- So MS-70- 41 S.00 

SJA-70- SI MS-70- 11 4.73 

SJA-70- 52 MS-69- !6 5.03 

SJA-70- S.1 M.$-6!1- 16 4. 7.1 

SJA- 70- 54 MS-69- 16 4. 80 

SJA-10- 57 MS-69- 16 4.40 

SJA-70- SH ~IS-69- 16 S. 00 

S.JA0 70° 60 MS-70- 4J S.80 

SJA-70- 81 AR-70- 70 5.37 

SJl<-70· 94 AR-70- 8L S.40 

SJA-70-139 AC-70-112 6.13 

SJA-70-172 CC-69-114 5.57 

SJA-70-173 CC-69-114 7.07 

SJA- 70-176 fC-70-130 7. 20 

S.JA-70-177 rc-70-131 5.83 
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I.OS 15. 30 

.94 9.n 

.78 6.00 

. 90 7 .60 

,RR 10,2Z 

.86 4.20 

.87 11.78 

1.06 l\.40 

I.OS l.1.62 

1.54 7.04 

.93 9.50 

\.II 12,91 

1.18 10.82 

.88 13.02 

.84 7.02 

oolo- Carbon- S•nd Silt Chy Sider-
mi te ~te ite 

7. 71 

a. so 
14.10 

9.S4 

9. 75 

20.13 

2l. 73 

11. IO 

9.10 

U.44 

14. 20 

9.20 

11>.09 4.86 31. ll 61.03 

13.00 21.9$ W.117 111.18 

31.70 26.93 49.11 23.96 

18. 52 10 .. IS 27, 87 61. 78 

20.76 40.46 38.73 20,81 

45.88 29.16 48.57 22.27 

41.98 24.61 44.09 31.30 

28.10 2n.32 45.22 25.46 

17.80 12.36 38,47 19.17 

25.74 20.71 42.37 31>.9l 

26.20 21.78 35.21 43.01 

15.SG 36.90 38.19 24.91 

13.~.o 22.30 36.81 34.94 28.2s 

14.20 21.26 27.93 35.37 36. 70 

L4. 40 

9.42 

12.44 
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7. 70 
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10.16 46.33 27.12 26.55 

14.00 43.11 37.65 19.24 

IS.82 '14,56 34,46 20.98 

12.00 50.09 31.09 18.82 

16.76 41.13 35.30 23.57 

22 .40 29. 20 H. 77 26. 03 

24.24 .~2.03 46.51 21.46 

lS.14 18.78 72.55 8.67 

20.10 28.36 40.0o 31.64 
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21.44 17.37 49.97 32.66 
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APPENDIX B 

Stratigraphic Sections 

The following three sections are described: l) 24M on Missinaibi 
River, 2) the lower 4 km of Adam Creek, and 3) the Moose River Crossing 
section. 24M is an excellent exposure of pre-Missinaibi units. Along Adam 
Creek, Missinaibi Formation and post-Missinaibi units are clearly exposed, 
Moose River Crossing section exposes Missinaibi Formation, is a potential 
source of fossils, and should be studied in detail by Quaternary paleontolo
gists. This section is the most accessible of the three. 

1) STATION 24M, MS-69-16, right bank o[ Missinaibi River, Amery Town
ship, so•191N Lat., s2•42•w Long. 

This section was described by Terasmae and Hughes (I 960a, p. 3} 
and is the site of one of their pollen profiles in the Missinaibi Formation. The 
section is several hundred metres long and thicknesses of units vary along the 
section; therefore, thicknesses reported by Terasmae and Hughes do not nec
essarily correspond to thicknesses reported here. Station 24M is shown in 
Figures 3 and 4. 

Sediments 

j:ovcred at top 
Silt and clay: brownish grey, calcareous, 

horizontal bedding, probably 
marine, not well-exposed. 

tt' ill: (Kipling Till) (Adam Till): brownish, 
silty till at top; bluish grey 
to dark olive-grey (Munsell 
notation, 5 Y -4/l to 5Y -4/2), 
very clayey, calcareous, 
massive jointing, contains 
very few pebbles or boulders. 
See samples SJA-69-14, 3 m 
above lower contact, SJ A-70-
56, 4 m above lower contact; 
no contact observed between 
brownish, silty till at top and 
grey, clayey till below. 

Clay and silt (lacustrine member, Missinaibi 
Formation): greenish grey 
clay with augens of buff cal
careous silt, badly sheared, 

Bed 
thickness 
(metres} 

l. 5 

6.0 

very little plant material. l. 0 

Unit 
thickness 
(metres) 

I. 5 

6.0 
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Sediments 

-greenish grey clay and tan silt 
rhythmites, not disturbed, con
tains plant mate rial in silt com
ponent of rhythmites towards 
bottom half of unit, gradational 
with beds below, jointed, reddish 
iron oxide on joint surfaces. 
-fissile, brownish grey peaty 
silt. 
-very compact, platey, peaty 
silt, nonealcareous except in a 
few non-peaty, silt lenses; 
cliff-former. 
-blackish brown, peat laminated 
sand and silt, noncalcareous, 
contains flattened sticks, and 
moss at base (forest-peat bed 
member}. 

!Sand, gravel, and diamicton: (fluvial member?): 
variable thickness (up to 2 m at 
24M). 
-greenish brown to grey diamicton, 
noncalcareous, contains plant 
fragments, a few coarse sand 
lenses with reddish iron oxide:, 
rotten carbonate pebbles in lower 
few cm where diamicton contains 
lenses of partially leached gravel, 
contact vague to sharp, and irregu
lar. (This is interpreted as •buried 
soil' and is described as a "till-like 
dcpos it" in Terasmae and Hughes' 
(1960a) pollen profile; note pollen 

Bed Unit 
thickness 
(metres) 

2.2 

0.28 

0.33 

0.19 

thickness 
(metres) 

4.0 

content.) 0.31 
-gravel and sand, vague stratifica-
tion, in places accentuated by 
brown, organic, silty sand lenses, 
slightly calcareous (variable thick
ness}. 

Till {Till lli}: olive-grey (5Y-5/2 to 2.5Y-3/2, 
grey) with red ferric oxide sand 
lenses, oxidized, crumbly, varia
ble thickness, contains a few 
boulders (samples SJA-69-11 and 
SJA-70-54). 

o.69 1. 0 

2.0 2.0 
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Sediments 

Cravel, sand, and silt (intertill sediments II-Ill): 
yellowish grey Cine sand and silt, 
horizontally laminated to ripple
lamina t ed, current southward, 
overlying gravel and sand ( 25 cm) 
over yellow sand (75 cm) with 
brownish grey till-like lenses up 
to 15 cm thick, unit erodes to form 
bench along s ection, also aquifer . 

Till (Till 11) : olive-grey (5Y - 4/2), gritty, com 
pact, appears r eddish brown from 
distance, breaks into I 0 x 2 x 4 cm 
prisms, calcareous, contains a few 
cobbles, a prominent cliff-former 
along section (samples SJA-69- 16, 
SJ A-70-52 + 58). 

!Sand, gravel, silt, clay (intertill sediments I-11): 
-coarse sand, slightly calcareous, 
oxidized. 

Till (Till I): 

-till-like lenses similar to till 
above and lenses in intertill unit 
II-III. 
-compact, medium, yellow sand. 
-coarse, rusty, comente d sand and 
gravel. 
-till - like lens, pebbly (35 cm). 
-coarse yellow (oxidized) sand, 
vague cross-strata indicate current 
toward south. 
-grey silt-green clay rhythmites, 
iron stain on joillt surfaces, 12 
rhythmites counted, unit thickens 
300 m downst ream, 40 some rhy
thmites, l m total thickness . 

sandy, extreme ly compact, calcar
eous, oxidizes to a mauve colour, 
contains contorted grey sand and 
silt lenses (samples SJA-69-10, 15, 
SJA-70 -53, 57). Note : sample 10, 
66% clay may h ave been in an inclu 
sion of clayey sediment . Lower 
contact below low river mark. 

Total Thicknes s 

Bed 
thickness 
(metres) 

l. 0 

5. 0 

0.50 

0.30 
I. 90 

2.00 

l. 50 

0.30 

Unit 
thickness 
(metres) 

2. 0 

5 .0 

6,5 

4 . 0 

32 m 
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2.} ADAM CRF:EK, Station AC-69-85, along the lower 4.5 km of Adam Creek, 
Sanborn and Kipling Townships, 50°13'-14.S•N Lat., 82°061WLong. 

Adam Creek is used as a diversion channel for high spring discharge 
around Little Long, Smoky Falls, Harmon and Kipling dams on Mattagami 
River. There is almost continuous exposure for some 30 km. It is access
ible by canoe for the lower 3 km, then it can be traversed on foot (with diffi
culty} or by helicopter. The units are described in general. Figure 26 is a 
fence dia.gram showing the relative location of san1ples; the 'posts' represent 
measured sections. Fence diagram legend, Figure 2.A, applies in Figure 26. 

Sediments 

Top uf Section 

Terrestrial unit 

P eat: nut shown on fence diagram 

$and and gravel (alluvium = a): in must cases was 
deposited when creek first used as a diver
sion channel. 

Marine unit 

Clay and silt: brownish grey to buff, calcareous, in 
places contains many marine shells. 

Clay-pebble gravel: red to reddish brown, pink on dry
ing, clay-pebble gravel on lop, overlying bluish 
grey gravel, calcareous, contains marine 
foraminifera. 

Glaciolacustrine unit 

:::l a y and silt rhythmites, greyish brown to bluish grey. 

Diami cton : brownish grey pebbly silt and clay, in places 
with inclusions of coarse to mc~dium sand, up to 
l . 5 m long, 40 cm thick. 
- a 15 cm -thick bed of clean, pea-gravel was 
observed locally, directly beneath marine clay
pcbblc gravel and above Kipling Till. 

KIPLING TILL 

!rill: silty, brownish grey where fresh, Light brown to 
pinkish brown where oxidized, calcareous, 
breaks off in flakes, striated boulder pavement 
at base, vc1·y few boulders. 

llange of 

thickness (m) 

0.25-J.5 

0.50-2.0 

1.0 -2.5 

0.20-0.50 

0-0.50 

0-1. 5 

2.0-5.0 
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Sediments 

Friday Creek sedimen ts 

Grave l , sand, silt and clay: buff gravel and sand, over 
lain by ripple laminated silt and blu ish grey 
clay and tan s ilt rhythmites (about 12. counted} ; 
otherwise a very compact, non- stratified bluish 

R ange of 
thickness (m) 

grey sand and silt with boulders; an aquifer . 2. . 0 

ADAM TILL 

Till: silty to clayey, grey to olive -grey, or greyish 
g r een , moderately calcareous , compact, very 
few boulders, contains marine shells. 

MISSINAIBl FORMATION 

Silt and day rhythmitcs (lacustrinc member): grey , 
silt and clay, some plant material in silt 
component, becoming very organic, massive, 
almost peaty at base where sticks and moss 
occur, a few calca rcuus , cross - laminated, 
light tan silt lenses in lower 30 cm, bottom 
contact dips gently (2. to 5° ) upstream and 
passes below water level . 
- sharp contact. 

lsilty clay : olive -grey {oxidized} to bluish grey (fresh) 
upper few crn stained blackish brown and non 
calcareous; contains wood fragments ~icea or 
Larix, ident . R. Mott, G. S. C., Wood !dent , 
Rept. , No . 71-6, SJA-70-140, unpubl. intern , 
re pt.), fragments of unidentified gastropod 
shells , Hiatella arctica she lls and fragments, 
marine foramin ifera and ostracoda. 

Gravel: oxidi.zed, comp act, matrix o f sand and silt, a 
few carbonate boulders are cracked apart along 
bcdd ing, fragments still parallel and voids fille d 
with rnatrix, boulders, some vel'y angular, up 
to 40 c m diameter. 

lsilt and clay: bluish grey, very compact, calcareous, 
h int of silt-clay rhythmites, but very contor 
ted, sheared and bedding very faint. 

10.0-15.0+ 

4. O~· 

• 
0,05-0.60 

0.20-1.2 

0.30 
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Sediments 
Range of 

thickness (m) 

Lower till (undifferentiated) 

fill: variable texture and colour due to incorporation of 
sand, kaolin and lignite of Mattagarni Formation 
(Cretaceous?), black, sandy till near mouth of 
creek along bottom of section, dark g\·een clayey 
near falls (sample SJA-69-66). 

BEDROCK 

Cretaceous (?} silica sand, gravel, l<:aolin, and lignite. 
Gravel (chert and quartz clasts) up to 3. 5 cm 
diameter; all non-silica minerals have been 
completely weathered out leaving 'vuggy' 
pebbles. 2m+ 

Devonian (?), Sextant Formation, feldspathic sandstone 
pink to reddish brown, contains lignitized wood 
fragments. l. O+ 

Total Thicl<:ncss about 30 cm 

2) MOOSE RIVER CROSSING SECTION, Station M0-69-107, on the north
west side of Moose River I km(. 6 mi.) downstream from bridge 
at Moose River Crossin,g, Canfield Township, 50° l 9 1N Lat., 
81°181 W Long. 

Section about 5 m high but extends for more than 450 m along bank. 
Gypsum of the Middle Devonian Moose River Formation crops out along this 
stretch of the river. The present irregularity of the interglacial surface may 
be due to solution of the gypsum; the modern surface here is pitted with sink 
holes. 

Figure 27 illustrates most of the section. The peat bed is slightly 
exaggerated horizontally; it is exposed for about 25 m. The columns in the 
fence diagram represent points where the section was trenched and measured, 
Samples located on Figure 27 are discussed below after general description of 
units. The reader should refer to Figure 12 in text for pollen diagram of peat 
bed. 

~: This section was revisited in 1972, and was sampled and mea
sured in detail. 

Sediments 

Top of Section 

pand and gravel (alluvium): noncalcareous in upper 
20 cm, contains a few marine shell fragments, 
oxidized. 

General 
thickness (m) 
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Sediments 

Silt and clay (marine): brownish grey, calcareous, con
tains a few marine fossils, mostly eroded away. 

Till (Adam Ol' Kipling Till or both; interpreted tentatively 
as Adam Till): clayey, silty, olive-grey, (SY-
5/2) with red iron oxide mottles; contains frag
ments of Missinaibi Formation. 

Missinaibi Formation 

Silt-clay rhythmites: lacustrine member, green clay, 
tan silt with plant debris, more organic toward 
base where it rests on either forest bed (upriver 
end of section) or on peat (downriver). Beaver
chewed wood fragments near base of peat. 
Forest-peat bed rests on weathered silt, sapro
pclic mud (> Zm), or till (see descriptions of 
samples l 06, I 07, l 08 below). 

Sand, silt and clay: bluish grey, diamicton; contains 
marine shell fragments (Hiatella arctica); 
extreme upriver end of section. 

Till 

,, 

(lower till): clayey, slightly calcareous (sample 
SJA-69-91, I .5 m below peat-till contact); non
calcareous in upper 40 to 60 cm, very dark 
grey (5Y-3/l) bluish grey colour when dry is 
very distinctive foature for local identification; 
unknown thickness. 

Bedrock: sucrosic gypsum and brecciated dolostone, 
limestone and gypsum. 

Sample No. Comment 

General 
thickness (m) 

<i .o 

1.0-1.Sm 

0.2-1.5 

<. 5 

>z.o 

:SJA-70-106 greenish grey massive silty clay with fine organic detritus; 
leached of carbonate. See pollen assemblage in Figure 13. 
Has forest bed on top (SJA-70-107); interpreted as buried soil. 

ISJA-70-107 Wood of Picea or~ sp. (Spruce or Tamarack} slightly 
compressed and humified (!dent. R. Mott, G. S. C., Wood 
!dent. Rept. No. 71-5, unpubl. intern. rept.}. 

SJA-70-108 Fossiliferous sandy, silty muck, compact, 



Sample No, 

SJA-70-108 
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Comment 

a) Arthropoda: Coleoptera (Beetles); 2 genera, Donacia and 
Hydrobius, indicate aquatic environment, semi-pe1·manent pond 
(ldent. J. Mathews, Univ. of Alberta). 

b) Mollusca: Gastropoda and Pelecypoda, at least 4 species, 
unidentified. 

c) Porifera: sponge spicules. 

d) Diatoms, Epithemia sp. most abundant (Ident. S. Lichti
Federovich, G. S. C., Diatom Report SLF 70-2., unpubl. intern. 
rept.). 

e) Many seeds including: Najas flexilis, Scirpus cf. fluviatilis, 
Scirpus validus; Potamog~ton sect. Eupotamogcton and P. sect. 
Coleogeton, Ranunculus? Hyµericum sp., Elcocharis cf. 
palustris, Polygonum cf. sagitta.tum, Chenopodiaceae seeds 
and Chara oogonium, seeds of~ sp. and female catkin of 
~ cf. pumila or ~· cf. glandulosa. 

f) Mosses; Drepanocladus cxannulatus most frequent. 

g) Pollen assemblages: ~ = ~ = Bctula = approx. 
21%; abundant Graminae, Chenopodiaccac, and Cypcraceae. 
(.Seeds ident. J. McAndrews, Royal Ontario Museum; mosses 
examined by M. Kuc, G.S.C.; pollen counted by S. Lichti
Federovich, G. S. C.). 

Comments of the various specialists can be·summarized as 
such: The fossil assemblage indicates an oligotrophic, semi
permanent pond or small lake. 

Beaver-chewed wood and a species of fish (family Cyprinidae) 
were discovered in 1 972 (National Museums of Canada speci
men no. 2.1333). Paleoenvironmental studies on this section 
are presently underway. 



- 74 -

APPENDIX C 

Fossil list of the Bell Soa (compiled from unpublished reports). 

Species Locality 
(Fi!{urc 6) 

(X = if present) 
I 2 3 4 5 

Proto?:oa 
Foraminife rida 

Elphidium inccrturn (Wil 1 iarnson) x 
F.lphidium incct·tum cla.vatllrn 

Cushrn.an x x x x 
1:-' rotoelphidium orbict.1lare (Brady) x x x x x 
Elph\diurn hartl.,tti Cushmari x x 
Dentalina (robishcrcnsis Lo"hlich 

and Tappan x 
Dentalina ittai Locblich and Tappan x 
Eso,,yrinx ~(Cushman and 

O?:awa) x 
? Sigmo,.phina undulosa (T.,rquem) x 
Glamlo1lina laevigata d'Orbigny x x 
Islandiella tereti• (Tappan) x 
? Fissurina sp. x 
Lagena parri Lo .. blic.h and Tappan x 
~ hcxagona (William•on) x 
Buccella frigida (Cu,,hman) x 
Q11inqueluc11lina norvangi BoHovskoy? x 

Mollusca 
Gastropoda (llndetormined) x 

Pelccypoda 
Clinocardium sp. x 
Hia.tclla a retie a (Linne) x x x x 
Ma(;on1a ~p. x x 
Mya sp. x 

Arthropoda 
Cirrip.,dia 

Fiala.nus sp. x 
Ostracoda 

Hctcrocypridcis sorby an a (Jones) x 
Palmanclla limicola (No rma n) x x 
Acanthocythereis? cuspitlat" 

(Brady and Cl'osskcy) x 
Eucythc 1·idca mac:rolaminata 

Elofson x 
Nor1nanicythe re leiod" rma 

(Norman) or t:!,. concinella Swain x 
C::t:thcro~leron E::t:ramidale Brady x x 
Elofsonella concinna (Jones) x 
Sernkythcru ra d . .§.. c:oncentrica 

CBradv Crossk cv and Robert.son\ x x 
KR-61 KR-54 AC: - 85 AR-125 AR-83 

Luc"lity I is GSC-1.oc no. 86500 
J.oca lity 2 is GSC-Loc no. 86502 Station Number 

Locality 3 is GSC-Loc no, 86503 (f'igur" I) 

Locality 4 i~ \.SC-Loe 110. 86501 
Locality 5 is GSC-Loc no. 86504 
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APPENDIX D 

Location and site descriptions of modern pollen s amples (see Figure IS). 

1. From King and Kapp, 1963 . Their compos ite assemblage for Lake 
Timaga:mi region, collected from stumps, lak e s and open b ogs , 

2 . 13 km east of Otter Rapids, 50°12'N, 81°28°W. Open Sphagnum bog (no 
trees w ithin l 00 metres of sample) . Sampled water and Sphagnum about 
20 cm below su rfac e. Collected by R. G . Skinne r, August 26, 1969 . 

3. 12 km no1·th of Algocen Mines , between Pivabiska and Soweska rivers, 
50°16°N, 8 2°55 1 W. In open Sphagnum and sedge (Eriophorum) bog; a few 
black spruce {~ mariana) present less than 2 m high. Sampled water 
and Sphagnum 20 cm below surface. Collecte d by R. G. Skinner, August 
24, 1969. 

4. Be tween Kwataboahegan River and Onakawahegan River, 51°l 2 1N , 81° 52' 
W. In open Sphagnum bog. Sampled water and Sphagnum 20 cm below 
surface. Collected by R. G . Skinner, August 25, 1969. 

5. 21. 5 km southeast of Forks of Albany, 51°02•N, 84"23 1W; lake bottom. 
Collected by J. Terasmac, I 967 . 

6. 65 km cast of Forks of Albany , 51°07 1N, 84° 03'W; l a k e bottom. Collected 
by J . Terasmae , 1967. 

7. 64 km south-southeast of Ghost River, 51° l3 1N, 83°35°W. a) lake bottom, 
b) bog surface . Collected by J. Terasmae, 1967. 

8. 73 km northwest of Forks of Albany, 51 °23 °N, 83°43 1W , bog surface. 
Collected by J. Terasmae , 1967. 

9 . 12 km northeast of Fishing Creek Island, Albany River, 51°57 1N , 82°42 1 

W. a) lake bottom, b) b og surface . Collected by J. Tcrasmae , 1 967. 

Sample 1 counted by King and Kapp, 2 to 4 by R. G. Skinner, and 5 to 9 by 
S. Lichti-Federovich. 
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APPENDIX E 

M aps s h owing %[C03 J and Mz for Kipling 

and Cochrane tills (Figures 28 and 29). 

<Cfoo' 

efoo' 

Figure 28. Percenr total Corbonat" 
KIPLING Tll l and 
COCHRANE Till 
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Figure 29. Mean Grain Size (Mzl 
KIPLING Till and 
COCHRANE Till 
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