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ABSTRACT

The northern and central metasedimentary belts  (NMR,
CHME) are esast—-trending. regional {(formation— to group—-scale)
lithostratigraphic units within the Beardmore—Geraldton
Archean terrane of northern Ontario’s Superior Frovince.

Gravelly braided rivers deposited the lithofacies
assemblage of clast—supported polymict conglomerate and inter-—
bedded sandstone that comprises most of the NME. Felsic
volcanic pebbles and cobbles are the most abundant cliast

lithology.

The CMEB contains several east-trending lithotacies
assemblages that together form a generallyvy northward-
coarsening seguence. The southern CMB 1s composed of

mudstone, iron formation and sandstone with common graded

beds. This fine—grained assemblage is paralleled to the

narth bv a horizon of rhythmically bedded and cross—beasdded
sandstone units, and a heterogenecus, conglomerate—rich
assemblage. The northern CMB strata are mostly a conglo-—

meratic assemblage similar in form {(lithofacies? and composi-
tion {(provenance} to the NMB. Some +fine—grained units
{mudstone. iron formation, graded sandstone) of relativelwv
minor regional extent are present near the north margin of

the CHMB.



The CHMB's southern {lower) fine—arained subagueous
facies are apparently capped at different sites bvy: 1)
rhythmic deita <front couplets; 2) sandyvy braided river
deposits with very rare associated intertidal stratas; and 3)
a conglomeratic submarine fan or fan—delta front resedimented
assemblage. The narthern (upper) CMB 1is a gravelly braided
river deposit, with minor aguabasinal facies.

The CMB is probably a 1 — 2 km thick structurally modi-
fied homoclinal sequence. Relative positions of its deposi-
tional paleocenvironments, as deduced from lithofacies
assemblages, suggest that the epiclastic portion of the CME
is the record of a dominantly coarsening—upward, subaqueous
to subaerial trend that was produced by a prograding clastic
system{s), likely a number of fan—-deltas.

The extreme eastern part of the CMB is composed of
generally oligomict, coarse {(conglomeratic) felisic pvro-—-
clastic and/or reworked wvolcaniclastic facies which are
probably subaerial deposits.

Similar clast compositions and several sedimentological
criteria, including average maximum deformed clast size.
strongly suggest that highly proximal fluvial facies 1n the
NMEB and more distal fluvial and aguabasinal facies in the CMB
were originally part of a continuous coarse clastic wedge or

sheet.
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CHAPTER 1: INTRODUCTION

1.1 Purpase and Background

The purpose of this study 1z to examine two belts of
metasediments and, through the use o+ sedimentary facies
models, interpret their depositional palecenvironments. The
relative positions of the palecenvironments may provige
regional stratigrsphic clues to the history of the Beardmore—
GCeraldton area {Fig. 1.1}, A secondary and related aim is
the investigsation of conglomerate provenance by way of point
counts of clast lithologies done on outcrops.

Studies of Archean (Early Frecambrian} metavoicanic—
metasaedimentary terranes, or "greenstone beits” {Congie,
i¥81: Ayres et al, 1985 have provided manv challenges to
geologists. Some workers have focused their interssts on the

metasediments invalved. Rgaders not Familiar with Archean

metasediments are urged to read Oiakangas’ (1985) excellent

Within the metavolcanic—metasedimentary terranes, the
most Common metassdimants are the FHResedimented Facies
fsspociation, turbidites and slates of submarine fsn origin,
and an Alluvial Fan—-Fliluvial Facies Association., conglomerates

and sandstones of braided river origin {Ojakancas, 1785).

L

elsic volcanic sources are thought to have supplied the
detritus For proximal braided rivers and distal subagueous

jakangas, 19383: Avrezs and Thurston. i785:. Strata

-

pasins

U
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Fia. 1.1:

Simplified ageological map of the
Beardmore—Geraldton area, modified from
Stott (1984a, b) and Mason et al (1983).
Upper right inset shows the study area,
Dorothea to Colter Townships.

MMB: northern metasedimentary belt:

CMB: central metasedimentary belts;

SMB: southern metasedimentary belt.



nterpreted as shallow marine, deltaic, and coastal are

ok

extremely rare. However, recent research on fan—deltas
{Wescott and Ethridge, 1980:; papers in Koster and Steel,
1984) emphasizes that braided +fluvial and turbiditic sub-
agusous fan deposits can be part of a single depositional
systam, a fan—delta: this point was neglected by Giakangas
(1985 .

The presence or absence in the studyvy area of any ressdi-
mented {submarine fan) conglomerates is of interest in light
of some controversial discussion in the literature (Goodwin,
1977: Walker, 197Bal} regarding Archean basin margin criteria.
In some cases it can be guite difficult to differerciats
resaedimented from braided river conglomerates {(Winn 2.0 Dott,
19772 Hein, 1984), especially in deformed metaconglomerats in
which primary clast fabri_.s (Walker, 1984s, Fig. il nave
besn destroved.

Some previous studies of Archean coarse clasuic meta-
sadiments wer= both wemplary angd inspiratiocnai, those of

Eriksson (19783, 19840, 1781, Te=al (1979, Hyde (1%80) and

kimod {19805, the iatter three concarning areas within
Superior Frovimaos of the Canadian Shiesid.
Dince
"There is a deplorabie lack of detalled
stratnigraphic angd paieogecorsphic analvses
on the basis of phyvsical volcanology andg
segimentology in most Archean greenstones
belts ..." {¥roner, in Miall, 184, <.48E17
parnans  this  ithesis can help ramedy w-s situstian. Gyres

(LI9E%, p.312y ., in his classigc disssrtation on Archean geo—



ioov. wraotes wnat the “"Heardmore—Geraldton beit...i1is probaibly
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]
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o attempt a sedimentological study” of the

transitions at the =2dges ot subprovinces in northern Ontario.

1.2 Nomenclature

g

The term "belt! has becoms= vagus due to its application
to geclogical units of widely varving scales. from kilaometres
to hundreds of kilometres. The foliowing terminology will be
appiied:

1) individual regional to subregional lithostrati-
graphic units are “belts":

2) "greenstone belts” are wmetavoicanic—metasedimen—
tary (supracrustall}) terranes or seguences, COompris-—
ing portions or =&11 of certain subprovincss
{Anhauvesser et a1, 17469: Condie, 198l; Avres et alil,
1785); and

R subprovince, a term which is oreterred over

"superbelt®.

i

ormations or group

"

He=lts are analogous to stratigraphic '
and greenstone belts to groups or supergroups.  Stratigraphic
nomenclature has not beer applisd to many greenstone belits
because ot their structural complexity and a generail  lack of
sedimentoclogical study.

The author bBelieves that avoiding the common  ters

% can help avold restrictive connotations

fant

"gresnstone be

r
1]

t

iat could hinder analvsis of the Bsardmore-Geraldion ars

[
1
]

lise of the alternative term "terrarne® empnhssizes the atvo: i



nature {(Devaney and Fralick, 1985: BWilliams, 1985 of the
Heardmore—Geraldton region. The Onaman—Tashota aresa is not

named as= a terrane because of a lack of detailesd studv.

The study area’s northern metasedimentary belt (NMB) and

central metasedimentary belt (CHME?} {Fig. i.1) comprise the
informally defined “MNamewaminikan Group” {Devanev and
Fralick, 13835). The abbreviations NMEB, CMB and SMB {(southern

metasedimentary belt) will be used throughout the rest of

this thesis. The use of these terms conforms with the

Al

existing terminology +for the study aresa (Mackasey. 1975,
127462 .

Hereafter the prefix "metsa—" will be omitted (except
where necessary) as these greenschist facies rocks will be
treated as sedimsntary rocks

"Madstone" refers to slate, argillite and siltstone.
Coarse silitstone will be referred to as such.

The +term "aguabasin" {(Devaney and Fralick (1985, p.127)
refers to a 1lake, sea or ocean, and implies a distinction
from a purely Fluvial basin. This term 1s useful for
Frecambrian sediments for which the distinction between
lacustrine and marine deposits can be wvery difficult or
impassibie to make. "Aguabasinal® is an adiective for such

deposits.

1.3 Geology of the Beardmore—Geraldton Area

The Bearcmorwe—Geraldton area (Fig. 1.19 is an Archean

metavolcanic—~metassdimentary terrarne within the Wabigoon



Subprovince of Guperior Frovince. Recent reports and
summaries of the regiocnal geoliocgy ars given by Mackassy

(1975, 1976}, Mason and MicConnell (1983, and Mason et a

P

(1985). The area is known for its gold deposits.

The Faint Lake Fault {(Mackasey, 1975, 197461, a malior
structural and lithologic boundary in sastern Wabigoon Sub-
GFOvVINCE, saparates the felsic vaolcanic—rich Onaman—Tashota
area from the Eeardmaore—-Geraldton terrane’s iong. linear esast-

striking belts of alternating cediments and mafic wvolcanics

f
™
3
.
-t
E]
vy
au

+tott, 1984a, bl.
Matic wvolcanic belts in the study area contain massive.
piliowed and amygdaloidal flows. Felsic volcanics are

uncommon. The three sedimentary belts are:

i3 the MMB, & conglomerate—rich assemblage;

=23 the CMB, =2 conglomerate—sandstone assemblage wiih
minor mudstons and iron formation; and

33 the 5ME, a sandstone—mudstone assemblage with minor

iron formation and conglomerate.
The relative positions of these belts ars thought to be the
result of & regiconal fault or folid svstem (Mackasey. 19763

75, Lavi

-
~

Wwilliams, 198352. Mackassy e (1783), Macdonaid

T}

{12343, Buck and William (19841, Wiiliams (1985 and aAngiin

0

ang Franklin (1983) have discussed the importance of dextral
motions in the Beardmorz—Gsraldicon terrane (Fig. 1.1). HMasor

devtral faulis are Common +hrpughout Superior Frovince (2.

1u]
¥

Schwerdtner et al, 197%).
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a¥sS & more complex arrvrangement of
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of this thesi anrd di
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43, b}

i

litholooic belts {(Fig. 1.1 Heakhouss., 1724; Stott, 17

than near Heardmor=. detassdimentary belts similar to those

in the Bsardmore-GCeraldion area are wposed west of  Lake
Miplgon. along regional strike, and mavy be lithostrati-

graphically correlative units {Tanton. 1935; Fye, 17468;:
Mackasey et al, 1974; Mackasevy. 177353, 1976).
The NMEB and CMB are the subisct of this thesis. The SHMEB

wazs not examined but because of its lithofacies, particular—

~

-~

s its many graded beds, the2 S8MEB is likely of largely

=

turbiditic origin (Machkasevy, i%75, i%7&68; Carter, 17835
Yehlenbeck, 19833 Barrstt and Fralick, 1985).

o

FRarity of granitic intrusives, the absence of laras-—

scale diapiric structures and fe2lsic volcanic centres, and
the opresence of regionsl-—scale., strongiv linear supracrustal

units in the Ezardmore—-Geraldton terrane (Fig. 1.1} make it
an abrnormal greenstone beit, although it mavy be erronscus Lo
analvze it separately from the Onaman—Tashota area.

The remaining discussion pertains to Fig. 1.1,

Minor dioritic {(Archean?) intrusions, Froterozoic intrua-

sions, and most of the faults shown on published geologic
maps have been omitted From Fig. 1.1 Ffor clarity and
simplicity.

The oosition of the  kabigoon-Gustico Subprovince

&

boundary 1s conbroversial ard e¥ al, 19803 kKehlenbeck,

19875 Wiliiams, 185 but the +traditional ang arbitrary



~J

this thesis.
The NMB is drawn as separate from the metasedimsniary
belt that passes through Geraldton (Fig. 1.1). This corresia-—

tion is based on the uniform lithofacies and composition

[

aiong the propossed strike ength of the NMB, and a lack of
evidence for ioining ths eastern extension of the CME to the

MME, &as Stott {1984, B} and cthers have dane. Extensive

giacial overburdsn limits argument over thsse points.

1.4 Previous Work on the NMB and CMB

The early work on the study area’s metassdiments
concerned the "iron ranges” anrnd "Huronian”, "Windigokan” and
"Timiskaming” conglomersates (Bell, 184%; Parks, 1701; Coleman
and Moore, 1907, 1708; Wilson, 1710; Burrpws, 17173 Tanton,
1F19). Langford {122%9) noted the conglomerate units’
regional thinning to the south, and postulated a scurce to
the north. As part of an Ontario Department of Mines {(ODM)
mapping project, Laird (1937) described the southward fining
and thinning of the conglomerate strata, and Bruce (15F37]
aoffered interpretations of the MNMB and CHB: "streams weEre
hringing down gravel and sand to be spread out as coalescing
river fansY (Bruces, 1737, p.29).

Furthar mapping by the 0DM resulted in +field guiges

(Mackasey, 1970, 1972%, geological reports (1975, 1976) and

it}

maps (Mackasevy et al, 1F7&a, bi. One ot Packasey' s +field

zssistants did a minor provenance study {(Callancer, 1770).

¥
2
]
o
et
ot

Most oaf ths above asuthors have commented on the



3

vmict composition of the conglomesrate clasts. and  have

]
[

B
listed clast lithologies.

Mackasey (197&, p.13) has described the metasediments in

the study area (Fiag. 1.1} as "three broad east-west striking
beits separated by metavolcanic rocks?, believing them

"to have been related to the same deposi-—
tional basin and to have formed a lateraliv
continuous succession betore +oliding”

"The interfingering relationship exhibited
by the= conolomerate, feldspathic sandstone
and greywacke in the central belt i1is inter—
pret=sd to be the result of depositionail
tacies changes. That is, the boundariss
shown on the map represent primary sedimen—
tary units rathsr than that forming by
subseguent faulting and foliding.”
{Mackasey, 1776, p.Z20;

Avres {1246%) and Mackasev et al (1974) inciuded the

Beardmore—Geraldton area’ s metasediments in their discussions

>

of the nature and evoiution of Superior FProvince s sub-—
orovinces and their boundaries.

Metasediments in the Bzmardmore-—-Geraldton area ocutsides

r

this thesis study ar=2a have recentiy been of interest.

o

Conglomerates and sandstones &t the eastern 1imit of the NMB,

neEar  GBeraldton, have been studisd by Devaney (1982 and

Esakhouse {(1784). Barrett and Fralick {1985} have described
the ssdimentology of the fine—grained clastic and chemical
facies presant. Macdenasld (1784), kKehlenbeck (1983, anclin
ard Franklin {1385) and Williams {1985} nave studisd ths

metasecgiments.
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1.5 Scope of the Study

YIn Archean studies, the dice are loaded
against the sedimentologist because of
structural deformation, lack of avail-
ability of paleocurrent data, and gensral
absence of long, unbroken, and continu—
ously—exposed stratigraphic sections.”
(Turner and Walker, 1973, p.B35)

Th=2 most sophisticated contemporary stratigraphic and
sedimentological research 1s based on well-exwposed, continu-
ous sections, often in mountainous terrain. Compared to

these detailed studiss, this thesis is a reconnaissance scale

+

study. with minor detailed sedimentology. This is because o
the poor exposuwre offered by the Canadian Shield: small,

arraticaily spaced outcrops of deformed metassdiments.

Howeaver , the work outlined herein is detailed compared to the

usual reconnalssance to semli—detailed mapping that is done in

ir]

archean greenstone belis.
It was not the purpose of this study to pesrform a sedi-
meEntary hasin analvsis. A basin analvysics reguires:

13 knowledge of the three—dimensional gsometry of

formation—scale units;:

ot
i
1]

22 the use of context, the relative position of un
in more or less conformabls seguences; and
3 a reliable chronology.
Such geeometry and context are usually unknown  for Archean

formation and the obviocus lack of

fm

supracrustal secuencss.
fossils preclude the usual chronologic assumptions and tech—

nigues. Only recently have U-Fb zircon dates become popular.



1.4 Difficulties in Mapping and Analyzing Archean Terranes

"Biratigraphic reconstruction of greensione
belts is a difficult arnd time-consuming joD.
Feconstruction i=s hamperad by isocliinal
folding, numerous faults, scarcitvy of marker
units, paucity of time contrels, discontinuous
nature of volcanic units, rapid facies changes
related to volcanic centres, and uncertainties
about Archean processes.”

{byres et al, 1785, p.3)

In deformed terranes swuch as Archean greenstone belts
cne cannot taks the normally most basic assumptions (2.G. way
up of & bed; stratigraphic comtinuity within a seguence) for
granted:; such criteria must be suggessted or shown in detail.

Contacts between lithostratigraphic units, particularly
formation—scale ones, arg rarely ®posed. Because of the
gensrally low density of sxposure in the Canadian Shield, one
doss not me2asure proper stratigraphic ssctions, precise unit
; i

nicknesses are unavailiable, and many intsre

a8
i

ting paleo-—
suthenvironments are no  doubt covered by overburden between

Secticn

(L
-
3

individual rock  knobhs. The limitations discussed
1.5 preclude  these execution of a& highly sophisticatsd basin

¥

analvsis in Supeserior Frovince.

b=y

t is important to carefully sxamine as many oulbcroos as
s .

possi1bie, ideally a11 of thsm. The importance of a given

facies nsed not be proportional to its asrial or volumeiric

j ]

autent: one can step over a gpotentially critical palso-

™

subenvironment.
Iin the Archean, isccliinal folidimg and  transposition of

baedding ars common. Discontinulities in laversd Ssguences may
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o

ba v nothing mare

rEasons,

i
1}
r

o e u

Careful mapping over

in the

very, 1srogs number

cators, a conssguence of

than a
each set of cross-strata,
tis wav—up criteria count as one
a large area
coservation/interpretation that the CHMEBE
of north—+acing shratigraphic top

the assumption that

1i.

cisavage plane. For these

sach graded bed, and other

top indicator =ach.
{(Figs. resul ted
contains  a

indi-—

stratigraphic

continuity cannot be assumed in outcrop sections.

Even when enocugh

outcrops ar=2 examined,

deformation and

smail outcrop size lead to a lack of data regarding:
i3 primary ciast or agrain imbricationg
2 primary shape sorting;
= maximum particie size to bed thickness ratios:
4y maximum Clast size Lo mean clast size (C/M) ratiosg
5 lateral facies relationsnhips (inciuding tha
presence  or absence of sheest—-like units, at almost
any scalel; and
& iack of complete confidence 1inn any sesmingly
iogical and orderly vertical trends, at almost anv
scale.
The Frecambrian’'s general lack of body and trace fassils is
alsn a hindrance.
Cutcrops of Archean strata typically weather along
foliation or Joint planes, with the result that few bsdding

suposed, making good

rare {(Ojakangas. 1985).

Tr

i

mne

et

gdata o=

s

palieccurrent
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1.7 Field Methaods

The author attempted to visit =211 of the cutcrops 10 the
MMBE and CMB. Excepting Irwin and esast Sandra Townships (Fig.
1.1}, this was nearlyv accomplished. The resulting coverage
of the study area is sufficient that anvy regional trends that
are present should have been encounteresd.

Field work consisted of pace—and-compass traverses and
cangeing lakes and rivers. Roads provided good access.  Cut
iines were rare. Fublished geological maps, not airphotos,
were used for determining location.

Except Ffor clean shorelings exposures, oulcrops usualiv

¥

required extensive moss—pe=2ling, cleaning and swesping (Droom

Tn]

and wisk)!. This was necessary for observing subtle features

il
i
Ll
Q
r
insd
hl

ining uncluttered photographs. bkeathered surtacses
were vastly superior to fresh ones. Rarelv, walter and bisach
we=re used for scrubbing the surfaces.

The scale of mapping varied, depending on the cuality o7
the exposures and the wvariety of lithofzaces pressnt. The
Tour scaless used were:

i bed—-by—bed (mm to mstrel:

ithologies/slithofacies i1n ane smail

[y

=. characteristics o+f

ocutcrop (mm, cm to tens of metresi:

F. characteristics of lithologies/iithofacies in a szt of
utcrops {(tens to hundreds of metressi: and
4. recsonnaissance (briefd examination of iithoiocovy, clast



Systematic dascription of the outcrops was peErformed by

using a checkiist (Table 1.1) specially designed +or Archean

gl
12
Wi
5
1]
1]
]
Jaond
f

ztics. Hods and clasts were msasured with a tape
measure. The sxposed, apparent length in mm of the long
{along strike of schistosity) and short  {(perpendicular to
echistosity) axes of the largest clasts were recorded: the
fiat to rounded, two—dimensiocnal exposwres of the eiongate
clasts provided only rare three-dimensional views of oblate
clasts. Apparent {horizontal) bed thicknesses and short axis
clast dimensions were later converted to true thicknesses bov
multiolying the measurements by the sine of the dip of

bedding and foliation respectivelvy. Besides measuring the

L

L
T
T
W

rent long and short dimensions of an outcrop arsa’s ta2n

pocd
iy
>

i}

gst clasts (giving a DIi¢G average) and noting their 1itho-

logiss, ths dimensions of the largsst three guartz, chert anag

o

jasper clasts were recorded. Clasts of unusual composition
wara2 aiso noted. Average deformed clast size was a visual
sstimate, checked by meEasurements. Sandstone grain size was

always carefully measured with a mm scale, and sorting

istandard deviation of grain siz=) estimates were alwavs

M
poy
s
1}
rt
i
2
M
“

:2d against a standard reference diagram o0 cons

e

hec
Sadimentary shiructurss were described in terms of both their

acteal {omy and re2lative {thicker th

fh

n ...} dimensicns, and
wers usually photographed. Mesopscopic structural features,

such as kinks, tension gashes, folds, faulits., ancg the

orientation of the schistosity were noted.
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TABLE 1.1
i} LITHOLOGY
i clast-supported polvmict conglomerats
2 matrix—supported polvmict conglomerate
3 pebbly sandstone
4 pebble—-+fres sandstone
5 pebble bands in sandstone
4 massive sandstone (Sm)
7 planar, horizontal and parallel iaminated
sandstone (Shi
8§ cross—stratified sandstone (5t, S5p, 52
7 siltstons=
199 argillite
11 slate
2 banded iron formation (BIF), magnetite
i3 BIF, hematite
14 brecrcia
13 oligomict conglomerate

I Ny I ¢ SN ¢ o ] T O 0

bl ok ok

et
Fu ]

ot

massive

crude

well—-developed

cobble bands

finer bands

alternating coarse and fine lavers

bed scle(=s)

parallel, horizontal, planar }

tapering !} ogutcrop scale

channeling, scouring }

sandy horizons

sandy horizons as a lateral extension of
sandstone

sandstone more pebbly as bed tapers

sandstonz bed ends abruptly

conglaomerate aonlivy

R N

STRIKE AND DIF OF BEDDING AMD SCHISTOSITY

3} STRAINED BED THICENESS

BN

apparent thickness

true maximum bed thickness, in om

tapers to other thicknesses., in om

bed length {and length : thickness ratio), in

i} NORTH AND  35) S0UTH BED MARGINS

=

w0 U e O

sharp vs 2 irregular {(nots scalies, lateral
variabilitw)

gradational via L of clasts

gradational wvia grain size

gl anar

concave north

concave sauth



Table 1.1

&}

83

i

[y
-
hd
st

{Cont "d}

STRAINED D10

in mm
list long and short diameters and

AFFROXIMATE AVERABE DEFORMED CLAST SIZE

R A R N R R I N

10
i1

SORTIN
1

[y
]
T
Ll
-t
= SO0 w00 s L )

[N I W = Y O g

G

o

cobbles (64-254 mm)

very large pebbles (3Z2-64 mm)
large pebbles {(14-32 mm?
medium pebbles (8—-15 mm?
small pebbles (4-8 mm)
granuies (Z2-4 mm)

very coarse sand {(1-2 mm)
coarse sand (0.5—1 mm)

medium sand (0.25-0.35 mm’
fine sand (0.125-0.25 mm)
very fine sand {(0.06-0.125 mm)

conglomerate framework
conglomerate matrix
sandstone

lithology

non—sarted to extremely poorly sorited

vary poorly sorted
poorly socirted
moderately sorted
well sorted

very well sorted

ungraded

coarse—tail

distribution

fines north

fines south

developed at base of bed
develop=d at top of bed
developed thiroughout bed

SEDIMEMTARY STRUCTURES

guantitative (in cm’'s?

and qualitative (relative to what!}

paleccurrents

LAMINATIOH

+
i

AT

laminated wvs 2 thiinly bedded
(1 cm thick boundarvy)

maximam laminae thickness, inn mm

other laminae thicknesses, in mm

olanar vs & undulatoryv/wsvy

horizaontal vs 3 inclined



Table 1.1 (Cont "d2

11} LAMINATION {Cont ‘d)
7 parallesl vs 10 convergent, non—parallesl
11 lateral conmtinuity > i m
12 poor lateral continuity
17 concave north
14 concave south
153 coarser laminae thicker than finer ones
14 Finmer laminase thicker than coarser onss
17 coarser and finer laminae same thickness
18 +ines norih
i? +Fines south
20 rippled

12} FEEBRELE B&NDS (relative position in sandstone bed)
parallel to bed margins

obligue to bed margins (give anglie}
laterally continuous

laterally discontinuous

tapering {(where to?)

typical number of pebbles thick

bed thickness, in mm

~EO Bl ) e

1%} STRATIGRAFHIC TOFRS
north
south
sharp congilomerate sole
conglomerate fines upward
sandstone fines upward
cross—bedding
channel
SCour

0N OO L B e e

14 MISCELLANEDUS

gneilissic clasti(s)
multi—-lithology cliastis)
piilowed mafic clastis)
epiciastic sediment clastis)
largesst clasts are granitoids
wein guartz cliasts present

TRl W R P I O B

15y  STRUCTURAL GEOLOGY

Table 1.1 Checklist for field mapping of Archean coarss
clastic metasedimenis.



Diagrams and stratigraphic sections of the boest outcrops
were drawn or recorded.

D10 measurements. There are some limitaticons involved

in measwing the average size of the ten largest congiomerate

ax

clasts (D10 in an outcrop ar=a. (Althoug the apparent

ined clast is

in]

thickness {measwed horizontally) of a str

o

ly convertec to 1its +true thickness {measurad perpan—

eas
dicular +to schistosity) when the dip of the schistosity is
known, oane never knows how clos=sly the t©rue  thickness
measurad in cutcrop approximaies the maximum dimension of the
sirainec ciast’'s axis perpendicular to the clast schistosity.
The maximum dimension may be hidden in the rock or 1t may

nave been erocded away, a cons=squence of the ‘cut effsct®

{=.g. Pettiichn, 1975, Fig. 3-38).

fh

Accurate estimation of cilast shape 1s  also probiem.

Clasts in the typically horizontal to low-angie outcroo

-~

suwrfaces ar=  eiongate  along the schistosity excapting

tectonicalily rotatsed cliastsi. Similar wviews 1inn wertical

nes passing theough the line of dip, planes generally

iy
M

ol
perpendicular o the outcrop surfaces, suggest  that ot
cilasts in thes NMB and CMB are characteristicsily oblats. The
+=2w clasts that could be removed rom the outcrops were
ohiat=s {pius verv rare2 sgherical granitoid classts). Hecause
of the cut effect mentioned above sntirs clasts are usually

ot sesn,  bBut assuming that the clasts are tvpicaliy abiate

ight of +the threse-dimensional outcrop

i

ot

IEEms FEasonables in
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i

ws  s22n throughout the study area. Nevertheless, the

0
m

presence of some prolate clasts could confuse the data.

There ares probably over 10,000 clasts exposed by erosion
surfaces in almost any given 40 sguare metre area of conglo—
merate expossd in the study area. 6t Dio—measured sites it
was thus sasy +to quickly scan many tens of thousands of
clasts and measure the apparent dimensions nf the largest
fifteen or twenty clasts. Hecause =so many clasts were
scanned and measured, it is thought that: 1} the DI0 measure—
ments of bouldery and cobble-rich coarss, strainsd conglo-
merate should be larger than the D10 measursments of tine

pabible, similarly strained congliomerate; and 2) the DIG

s obvious

b

measuraments should guantitatively refiect what
from  outcrop observations {i1.e. bouidery vs. very small
pebibles conglomerates).

Different cecrees of detformational flattening of clasts
according to the different clilast lithologies fand thus
competencies? is not a problem in the study area bescauss the
largest clasts (3, 7 or 10 of the DLIO set) are wuwsuallwy
granitoids. Thus, comparing the D10 measurements of outcrop
areas involwves mostly comparing the apparent dimensions of

the coarssst, oblate {(i1deally) gramnitoid clasts.

e

Hiffarent degrees o¥f ciast deformation owing to
diffgrent amounts o¥ strain could confuse any  agoarent
regional ssdimentological trends. I+ the apparent deformed

clast sizs {sub—-)regional trends or pattsrns corresoond

it

it
B
m
2l
ju
]

iracitiy with oatbher obiective s=sdimsntoiogical



wilil pEcome  reasonabiese to assume that clast detormation has

not sericusly pbfuscated anv appar=ant clast size Lrendis?.

Mzasurements of DIO are ofiten performed onn undeformed

I

ocnglomerates and have prodoced meaningful  resualis (=.0.
Fettijohn, 1973, p.S15:. It seems worthwhile trving the same

for deformed conglomeratess in order to ses whethesr or not ths

resuits will be consistent with other sedimentary criteria.

1.8 Provenance Point Counting Field Methods

At 31 selected sites inm the HNMB and CMEB (Fig. 10.1),
point counting of conglomerates was performed. This reqguired

clean surftaces and often containers and bags of water had to

.,

i

r

2 carried overiand hundreds of metres from the nearest lake,
stream or road. A Ffew sguare metres were then rinsed and
scrubbed frese of dirt.

A movablie grid of two perpendicular tape mEasuirss was
zet up &t each site. One tape acted as a fixeqa base line.

the other as a mobile traverse line. The grids were approxi-—

r

matesly

metres bDv 1| metre. & 5 ocm spacing of gric points

was most oftten us=d, as this allowsd most of the cliasts to b=

counted only once; the largest clasts spanned several  grid
ooints,  dsing code numbers for the clast’'=s lithologies, SGG
non—matrix points at each point count location wers
categorized. An assistant recorded the data on a grid shest

af SO0 sguares. The number of grid points 1ving on inter—
ciast matrix was also recorded, giving clast @ matrix ratiocs.

Usually &00 — 7850 points nesded to be countsed to resch 500

i
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carly in the Ffield season the point

points. :
cournts took two to three hours each. but in the latter halyd
n 45 -

a+ the season 45 &0 minutes was normal; these times do not

include traversing and site preparation. Fhotos were taken

ot most of the sites.



CHAPTER 2: THE NMB

2.1 Extent and Character of the NMB

The northern metasedimentary belt {NME; Figs. 1.1. 2.1
#wtends +rom Corrigan Creek in Sandra Township to the VYolcan
iLake area nesar Geraldton, a distance of approximately &0 km.
Because the strata are usually very steeply dipping. the 150
v m north to south sxtent shown on published geological
maps approximates the stratigraphic thickness of the
tectonized NMB.

Dutcrops referred to in the text are shown in Fig. 2.1.

A= Tarnton (19353, Pve (1F46Bi, Mackasey et ai (i1974), and
Mackasey (19735, 197453 nave noted. a seguence of litholooic
belts similar toe that in the Beardmore—-Geraldton ares is
2posed west of Lake Nipigon. =2iong regional strike. Strata
in LThese western belts include congiomerate very similar
to the MMB s, enhancing the possible long—rangs
tithostratigraphic correlation.
he lithofaciess asssmblange comprising the NME 1S

gomirnratecd by massive +to crudely bedded. clast—-supporisd

]

ciymict conglomerate, interbedded with a relativelv minor

amount of massive, plane laminated and cross—bedded pebilvy

sandstone {(Fios. 2.2 to 2.5:. in e2ach exposwuwrs, laroe or
smxll, sandstone beds usually constitute O 10% ot the

section, rarsly up to 334,

The polymict conglomerate is rich in feslsic and volcanii



Locations of numbered cutcrops of the MNMB
mapped and referred to in the text
{(Chapters 2, 10). Modified from Mackasey
(1975, 197463 and Mackasey et al (1976a,

by.

Refer to Fig. 1.1 for locations of

the Townships.

al
b)

c)

dj

2)

mastern Sandra and Irwin Townships;
Walters Township:; the Paint Lake
Fauilt {(Fig. .13 Mackasey, 1776}
forms most of the RNME's north
boundary here;

Leduc Township; the Jellicoe Fault
(Mackasevy, 1974) offsets the NMB on
the northeast corner of the Townships
Legault Township: note that the NMB
is here not correlated with the
volcaniclastic sediments {(Chapter 9}
ta the south of and parallel to the
NMEB, asz Mackasey et al {(1F7&a) did;
and

Colter Township.
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Fig. 2.

l

Fig. 2.3:

Clast—-supported poivmict conglomerate
interbedded with sandstone. [Middie sand-
stone "bed" is actually two beds, with
the finer and darker one to the right and
separated bv an abrupt, unduiose bed
contact. Flanar cross-bedded sandstone
is poorly visible at lower right centre.
Note the large cobble at the lower right.
Davpack for scale. Outcrap #7.

Tvpical schistose, clast-supported polv-—
mict conglomerate. Outcrop #35. site of
point count #1i4.






Fig. 2.4: Crudely bedded, clast-supported polymict
conglomerate. The lens of finer pebbles
is parallel to nearbyv conglomerate—
sandstone bed contacts. Outcrop #1.

Fig. 2.5: Bouldery, clast—-supported polymict con-
glomerate. The largest clasts are mostly
granitoids. Lichen obscures some of the
smaller clasts. Outcrop #50.
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clasts, as discussed in Chapter 10.

Strata are generally east-striking ((Mackasey, 1575,

)

763 Mackaszey et al, 197&=, bl. Easily recognizable, well

deveiopad stratification is defined by sharp bed-to-bed

P
a

trancsitions from conglomerate to sandstone (Fig. ¥, and

rarelyv by sandstons to sandstone tranmsitions. More subtle
stratification is described below under Ycrude bedding®. The
well develonsad and crude "horizontal® stratification outline
the palschorizontal.

Structural Features. The strike of schistosity and

hedding are usually very similar. Schistosity dips are often
steeper than bedding dips.
Small outcrop-scale foids. excepting kink folids, ares

very rare and are present mostly in the NME's eastern

exposures (outcrops #7, 8 and S%). Fig. 2.6 shows folded

conrglomerate and sand=tone beds. In the study area,.
transposition of bedding along  the schistosity rarsly
oroduces pebbly  "bands®, but such folding and transposition

car usually be recognized in outcrop. thus avoiding confusion

with primary pebble bands isee Secticn 2.35%. in chbviousliy
folded arsas, +old hinge regions and schistositv-transcossed
slices have been avoided in favour of the ilimbs.

oeg in Bections

[

The Ffabric of the conglomerate is descr
.2 oand 2.4. The deformed clasts have consistently high L/73
ratios (ses Taolie 2.1 in Walters and west Leduc Townships.

immediately along ths Faint Lake Fault {(Fig. 1.11.
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Fig. 2.6% Fian view of part of Outcrop #8, showing
folded beds. The schistosity strikes at
&4° .
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2.2 Conglomerate Lithofacies

Textures. The conoclomerate is alwavs a tightly packed

clast—supported Framework of gravel clasts, moditi=sd by

'-J N

1

]
|

defaormation (Fig. 2.3, 2.4). Primary fabrics such as imbr
tion have been tectonically obliterated.

Fehbliss composed of softer, less mechanically competent
lithologiss are wrapped or bent around harder, more competent
clasts. The softer clasts have greater long @ short  axis
ratios. A few granitoid clasts appear to be perfect spheres.

The conglomsrate 1is considered a bimodal assemblage of
gravel clasts and sand grains: sand grains ars not considered
when =sstimating clast—supported conglomerate sorting.

Clast Frameworks are poorly to moderatelv sorted. Less

usualiv where cobble—-besaring. the conglomerate is

L

aoften., an

very poorly sorted to unsorted. Changes in sorting can
detine subtle crude bedding.

The beds are nearly always ungraded. & previous study

{Devansy, 1982) found some subtly fining—north beds within a

il

125 m section of the NME east of the study are

T

rix to the framework pebbles i1s poorly ta moder-—

j
it

2 ma

i
i
"

lv sorted, coarse or medium to fine—grained sandstons.

[11]

-t

always identical in texture and composition to nearby

L]

ot
1]

zandstone beds.

Stratification. HBed margins are sharp. There ar

M

no

gradual transitions from conglomerate to sandstone by wav of

@ither clast/grain size or percentage of ogravel clasts.



Uccasionallyv the north margins of these

bede are sharpsr- than the south margins,

sandstones =

=

to conglomerate transitions that ar

'

abrupt in the percentage of gravel clasis per

e
ol -

{Fig.

7).

Very few conglomerate bed

This is a function of the small size of the

beds often being Aas large or larger than

asrially continuous outcrop {usuaily metres).

more difficult to identify subtle crude bedding

poorly sorted, coarse polymict

undetaormed strata.

Crude This is defined by clasts

bedding can be waguely to wel

th2 magnitude and abruphtness

maximum clast size. Large and

as opposed t.o

very subtlis lavering. These chances ooCur
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Fig. 2.7:

Sand/sandstone bed with a shairp inferred
top and a less sharp inferread base:
a) a non—erosively based bed of peboly

sand buried underiving graveli,
foliowed by

by a sharp, erosively based bed of
gravel. The study area’s (NMB, CMZ

in Fig. 1.1y east—-striking fluviail
sandstone beds interstratified with
conglomerate usually have sharpesr
north margins where a sharp vs. less
sharp asymmetry 1is apparent: such
beds sugaest stratigraphic tops tao
the north.
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average ang/or MAW I MuUm riast size. 1S LYDE 1S

transiticnal to well—devaliopeo D8 . .0C.

BN

iavers of type 1 {(above! ars m.~z abundant. They consEist o
Cakbkle cands wiv on a finer background of clast-supparted
f T

congiomeErat=s. finps pebbhls {(2—-16  mm) bands within coarssr

13}

ciast—supported conglomerate (Fig. 2.4), and sand “"pnods®.
Sand pods ars2 the most minor of sand lenses. only cms
thick and wide. In =section they are abnormal concentrations

of sandy conglomsratic matrix that act as sandstone micro—

beds. They are usually paraliel to nearby well-detinesd

]

bedding. Sometimes two orF more pods occur along strik

detining a sandy horizon separating conglomerate beds.

2.3 Anomalous Conglomerate Lithofacies

Fine Ffelsic rudite. Outcrop #30. two small sites 100 m

apart. contains anomalous, clast-supported ‘“conglomsrate”

composed of felsic wvolcanic and guartz pebbles. ™

O Jasper
oebbles were seen, which are a minor but highlivy recognizabls

and characteristic constituent of the NME's uwususl polvmict

conglomerate. The abnormally fine—grained (averags Z-8 mm,
short awisi, poorlv  sorted framework ciasts have a DIO ot

only 2051 mm (Table 2.13.

This outcrop may be part of a f=2lsic voloanic, not ssgi-—

Yery cparse, matic clast—-rich conglomerats.

ing is taken partly from Devaney and Fralick (1985, o.iZ27:.



Township

Sandra

Irwin

Walters

Leduc

Legault

Coiter

Table 2.1:

Z6.
TABLE 2.1
Outcrop # Dig {in mm) LS5
=} L

54 id4sa /7 257 i.76
55 209 / 35 1.71
= 161 / 263 1.863

i 109 7/ - -
143 105 7 274 2.61
142 201 /F 3Z&60 1.79
141 249 /7 495 1.99
139 201 / 4Z 2.13
13 i86 / 444 2.39
137 133 7 301 .26
135 80 / 192 2.40
136 183 7 208 i.&8
133 100 / 148 i.48
124 187 /7 23 1.81
35 114 /7 21 1.92
35 112 7 208 i.86
ag 3/ 23 Z.48
S0 20 75 51 2.5
27 i1s /7 174 1.51
2 162 7 271 1.67
22 S8 / 1564 2.82
6= g1 7 157 1.73
&34 Z4Z / 842 2.33
8 180 / 300 1.67
8 114 7 203 i.78
7 i01 /7 1348 1.52
58 87 /7 147 i.89
=9 109 /7 258 2.E7
129 g2 7/ 124 i.51
1320 112 7 179 i.60

Measuwrements of average maximum ceformed cil

ast

size (D1G) in conglomeratic cutcrops of the NMB.

Locations of Townships and outcrops ars shown
Fig. 1.1 and 2.1. D10 measurements, the aver
sire of an outcrop’'s ten largest clasts,

given in short (5 and long (L)} axes, each in
with the short axis uasually perpendiczulsr to
schistosity and the long axis usuallv paralliel
the schistosity (see Section 1.7). HEL/ABY 3
measurs of thes sllipticity of the exposed cro

=]
section of the coarsest clasts.

in
aos
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27.

In Legault Township {(Fig. 1.1}, the contact betwesn the

NME  and the matic volcanic beslt to the sguth is exposed in
one small ocutcrop (Mackasevy et =i, 1974a), outcrop #4&83A. The
contact is a razor-sharp line on a flat suwrface. North of of
the contact mafic boulders, cobbles and pebbles are abundant

o greater than S04 of the clasts by area} within thes

r

{up

= -

last—supported, polvmict congliomerate. The smaller c

M

asts

ol

m

are mostly felsic {felsic wvolcanics, and few  guarts
pebiziesl. In this outcrop the ten largest clasts are all of

fic composition. It is the orly putcrop in the antirese MNME

3
o

irn which the ten largest clasts are not granitoids or f2lsic

valoanics, and it is by far the coarsest conglomerate sxposed
in the [NiMB (Table 2.1}'. Because of the extreme coarseness.,

sorting 1is wvery poor to almost nonexistent. In places,
conglomerate of more normal felsic-rich composition forms a
matrix to the maftic mega-clasts.

Immediately south of the contact the mafic wvolcanics

appear highly strained and wveinsd. as might be expected at

such & lithologic contrast in a deformed terrane. The con-
tact iz dsfined by contrasts in colow . composition. texturs.
fabric, and weatherinoc. Ths conglomerate is siightiy more
resistant to weathering than the mafic volcanics just as the

Bl
O
4.] "
P«I
[n]
Il
-
W
1]
s
b
o
i
T
m
1]

more tvpical conglomeraise ocutcrops are

Gbout 25 m south of the contact matic

§
mn
il
i1
i
in
)-J
m
Joart
o
E
n
)
&l
o
i
5
1]
0.

ilinw lavas are well sxposed.

R
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2.4 Clast Size

Az discussed in Section 1.7, the conglomerate’ s gravel-

ok
ot
)
m
]
]
bt
ju
U]

irzed clasts are considered to be oblate {(idea

n

¥ sSp

“+

iattened in  the plane of the schistgsity. Averags size of
the deformed clasts, measursd perpendicular to the schistos-—
ity {(trus thickness of apparent short clast dimensions; see

Section 1.7) is in the 1& — 464 mm range. The average size of

ol

th=z ten largest clasts at a site (DI0) is guite variables
cobble—-poor, cobble-rich, and bBouldery conglomerate ara
grasent in the NME.

& Dio-measured "site” is an ocutcrop sre2a, a set of small

individual outcrops which have their data grouped toozther.

Some outcrop aresas are much smaller than others; ths suthor

sacrificed having a standard small sampling area in order to

a

bit=sin regional coverags. Theres may be a siight bias towards
larger D10 valuss from larger cutcrops areas.

The largest sight., nine or ten clasts at a site are
nearly alwavs granitoids. Felsic volcanic ciasts usualivy com—
crize the rest of the DI0 set. Hscausse of the nearly uniform

D10 clast lithologies the results are comsistent and oulcrops

n

onal variation in DLIO messurs-—

put

Tabie 2.1 shows the reg

.

[y

m2nts. The NMBE's conglamerate clasts are very cparss  in
Wzlters Township (Fig. Z.8), and coarssst at outcrop #5348 i0

Legault Township. Fig. 2.5 shows & boulder—bhesaring uvultcrop.
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Fig. 2.8z

Measurements of DLC {average maximwn de-—
formed clast size of an cutocrop arsa; see
Section 1.7} in the conglomeratic out-
crops of the NMB and CMB in Walters and
Leduc Townships (Fig. 1.13 for outcrop
iocations see Figs. 2.1 and 3.1%. Tatoles
2.1, 6.2 and &.3 give the numerical data
this diagram is derived from.



2.9 Sandstone Lithofacies

Lithology. Coarse to medium—grained, poorly to moder-—

ately sorted pebbly sandstone beds form a2 relatively minor

(=

part of the conglomerate—-rich outcrop sections, usually less
than 10% sandstone.

Very coarse to fine—grained. more poorly sortsed beds ars
less common. Moderately zarted beds are surprisingly
abundant. Some bheds are pebble free.

The zand grains are angular to subround. Eguant guartz

grains have probably re2tained their orimary shapes. Feldspar

grains are eguant to elongate, the latter along the folia-—

tion. Rock fragments are elongate along the foliation.
These beds appesar to be Tarkosic”, +eldspathic arenites
{classification s Okada, 1271y, The arsnite—wacke

gigstinction (13% matrix?! is not critical here, and in Archeaan

-

sandstones metamorphism makes the distinction difficult,

impossible o unreliablie. Mackasey (1973, 19743 has givan

Jin]
pot

representative thin section descriptions and photomicrographs

of thi=s sandstone.

11

tratification. Small exposures show beds witnh paraliiel

L

margins {(north and south contacts!. while larger exposurss
often show a gradual lateral tapering. The actusal lensing

s frequentiy s=2en.

[N

out oFf sandstone beds

Strained sd thicknpocsse

n

\

range +From 10-4&0 cm =t the

tnickast parts. Outcrops were usualiv  too small to measure

hed langths/widths. Hed contacts tesnd to bs  sharp {za=



Section 2.2).

Smaller sand lenses gualify as well-developed bedding

becausa they are more lateraliy consisten {tens of Cm r

]
0

more along strike) and well defined (conglomerate to sand-
stone lithofacies changes! than sand pode {(see Section Z2.2).
Febble bands within sandstone beds are ususlly parallel
to bed margins, less than S com thick, and 1-5 pebhles thick.
Laterally continuous pebble bands appear "well-developsd”,
and discontinuous ones “poorly developed®. The continuity

has two scaless:

small scale: bands with pebbles in contact with

et
—~—

sach other are well-deveioped; and

23 large =scale: bands wtending +or metres along
strike are well-developed, versus poorly-—developed.
laterally disceontinuous pebblvy horizons.

Thesz pebble bands are nearly alwavs composed of

relatively small clasts, and their appearance is identical to

zuch bands in similar undeformed strata, arguing against anvy

o

ossible structural origin (see Secticn Z.1).

Sedimentarv structures. The beds are, in order of

decr=zasing abundance, massive (structureless), plane lami-
nated, and cross—bedded.

Flane laminated beds display planar, horizontal and
parailel lavers less than orF egual to 1 cm thick, varving

from faintly to well detined. Coarser {coarse—, medium—

ne—-grained? laminas are

e

grainsd! and finer {medium—, +

revealed by careful examination. recessive weathesring, and



rareiy by rusty weatherinc of pvrite.

Cross—hedding is very rare in the RWNME. Mo trough cross-—
b=2cas were found. (Ditfferentiating trough and pianar cCcross-—
beds can be difficult in these largely itwo—dimensional
exposures, a problem discussed in Section 5.4.3 Outcrop #7
contains a 20 com thick coset of two sets of planar oross-—
strata. Excepting the inciination, foreset laminas have ths
same characteristics as the plane laminae describsd above.
Concavity of the foreset-togeset laminae give tops toc the
north.

Some pebble bands may be low—angle (iess than 107}

fareset depasits.

2.6 Anomalous Lithofacies Associations

Irwin Township's anomalous mudstongs and graded sandsione

Finer grained sandstone and mudstone are present in outcrop

2 and north of the interbedded conclomerate and sandstone in
the southern part of outcrop #1. Mackasey ' s (1F735) mapping
of these sites is partly srronsous.

This finer, pebble—free sandstone is as coarss as magium
to fine—grained. Lamination in the sandstone and mudstone 1s
glanar, horizontal and parallsl. Some beds approximately 1
cm thick show grading via coarse taill concenitrations aiong
sharp bed basss, and show tonal darkening towards finer

narts. Some o©of the grading 1is accompanied by paraiisil



f
ﬂ
]

isociinal fold hinges.
It should be noted that this thinly—-bedded to laminated

nmudstone, sandstone and agraded sandstone assemblagese has not

to the

m

been found/seen interbedded with the conglomerat

m

ast, west and south in the NMB. Uniess purely structural
displacement is solely responsible, these unusual strata are
z result of primary facies changes, changses that are
considered regionally minor because of their limited extent.
Z-5 km along strike in east Irwin Township, compared to the
rest of the &0 km long NMB.

Very +few exposures of the MMB in Irwin Townshio were
axamined because af access, logistical and +inancial
problems. Mackasey's (19759) descriptions of the conglomerate-—

sandstone lithofacies assemblage in this area show 1t to be

i

the same as the rest of ths MNME.

k1

Intercalated sedimenis and volcanics. Mackasey {19783

shows a conglomerate lens over 400 m long within ths mafic
volcanics immediately south of ocutcrop #3505 in Leduc Township.
A dicscontinuously exposed section was measured across  these

units, from north to south:

i} {northi 9-18.5 m: typical NMB conglomerate anc sand-
stone;
23 18.53-57.5 m: matic volcanics, tuffaceous in places;

i

ahy

57.2-81.0 m: a Z3.5 m thick lens {7} of tvoical NMB

conglomerate and sandstone: and

Jou
—

{izouthl: matic volcznics.

weathersed surfaces. It is

Lr
fom
o
e
]
g

he matic Ltuff has a



coarss  to medium—grained, with faint laminae of cCoarser
grains, and laterally discontinuous pebtle bands one psbble
thick. These clasts are S-10 mm thick (short axis? and are
felsic to mafic (valcanic?).

In order to search for evidence of local derivation of

clasts, such as abnormal enrichment in the percentage of a

mafic component, point counts of conglomerate at the ¢ m and

ol

5.5 m levels {(PC—-14 and FC-24, respectively, in Table 10.2)
wers performed, showing the latter +to have approximately
twice as many mafic clasts by area, but not the highest

s=rcentage in the MNMB. This result and a lack of structural

o

contral make the case for local derivation inconclusive.
Mackasey (1974) shows ancther conglomerate lens  about
falfway between outcraops #3Z and 31, north of Leduc Lake.
The s=astern part of this lens could not be found, and a
poszible western part was brieflv erxamined. It doe= not, as
Mackasey's (19746) map legend implies, resemble the local

conglomeratic units at all, and is likely a volcanic breccia.



CHAPTER 3: INTRODUCTION TO THE CMB

3.1 Extent and Character of the CMB

The 1lithostratigraphy of the central metasedimentary
belt (CMB; Figs. 1.1, 3.1, 3.2) was mapped by Mackasey (1975,
19748) and his assistants. Mackasey (1975, 1976) recordsd few
sedimentological details and offered no envirenmental inter—
pretations.

The CHMEB extends 43 km along strike, from Lake Nipigon to
Legault Township. It may extend further east but there is
little field evidence for this. Using Mackasey'’'s maps (1975,
19746, it is estimated that the CMB is 1-2 km thick. BSince a
proper stratigraphic section cannot be measured across these
discontinuously exposed, deformed rocks, a thickness estimate
must suffice.

The generally east—striking strata dip moderately (40°-
50°%) to moderately steeply (60°-70°) northward. with some
sites at or near vertical.

Mackasey (19735, 1974) mapped and commented on the CME s

a2} a Overall it is well-—

A

coarsening-narth trend (Figs. 3.1,
defined for about 34 km along strike, containing:
1} a soauthern portion composed of mudstone (argillite/
slate), sandstone, and minor iron formations
2) a central sandstone-rich part, with conglomerate
beds, pebble bands, and very rare mudstone; and

3} a northern conglomerate—rich part, very similar in
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Locations of cutcrops stugied anc iitho-
facies assembl ages ot the OME 10
Dorothea and Sandra Townships. Modgifi=d
from Mackasey (1975).
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Fig. 3.1tb): Locations of outcrops stugied and
litnho Ffaciss assemblaces of the CHB
in Irwin Townshio. Mogdified +rom

A

Mackasey (19750 .
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Locations of outcrops studied and
lithofacies assemblages of the CHE in
Walters Township. Modified fiom
Mackasey (15748).
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Fig.

S.1¢d):

lLocations of outcrops stucied and
litho facies assemblages of the CME
in Leduc Township. Modified +rom
Mackasevy (1774&). The volcanicisastic
part of the CHMB east of Leduc Lake
{outcroos #37, 38, 46 and 47 in this
Figure) is the subject of Chapter 9.



¢

—&

09

U 33071

= QG«N”)

9729

wy |

w

8t

VA4

ot e



Fig.

7]
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Inr

Locations of outcrops studied in
Leduc and Legauit Townships., the
"Caral Lake volcaniclastic sediments”
of the CHMB. pModified +From fFackasey
{19746) and Mackasevy et al (1%7&al.
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Fig. 3.2: fithostratigrapny of the CMB {Fig. 1.1i7}.
Modified from Mackasey (1975, 1376} and
Mackasey et al (177&x). Composite strati-~—
graphic sections are given in Fig. 1Z2.1.



its lithofacies to the RhME.
This trend 1is outlined below in the form of segments of the
CMB from west to east. No stratigraphic continuity has been

assumed because of possible structural complications.

3.2 The CMB's Coarsening-—-North Trend

Dorothea and Sandra Townships. Decspite a low density of

-

exposure, the coarsening—-north trend is well defined. The
southern half is sandstone-rich, with mudstone preferentially
located along the southern margin of the CHMB. A critical
exposure contains a smaller scale (100 m), subtly-defined
coarsening—north trend within the sandstone horizon as well.
The northern hal+ of the sequence is conglomerate with an
iron faormation horizon in Dorothea Township. The CHE is
covered bv Froterozoic diabase in the eastern 2.5-3.5 km of
Sandra Township, but obviously continues along <strike intao
Irwin Township {(Mackasey, 1975).

Irwin Township. The coarsening—north sequence 1is very

poorly displaved, but 1is suggested by the presence of
conglomerate immadiately along the CMBE’'s north margin.

Walters Township. A well-defined coarsening—-north trand

spans the southern hal+t of the CMB. Mudstone, fine—grained
sandstone and minor iron formation are present aiong the
southern margin, separated from the usual conglomerate by a
horizon of coarse to medium—grained sandstone. Glacial over-—
burden covers nearly all of the CME's northern half, sxcept

tor a2 few lakeshore exposures of anomalous graded sandstones



3b.
and associated lithofacies.

Hestern Leduc Township. Beatty Lake covers most of the

CMB, but provides excellent shoreline exposures. The
southern third is rich in mudstone and sandstone., the central
third in conglomerate and sandstone, and the northern third
in conglomerate. Sedimentological details such as maximum
average deformed clast size (Di0), mean grain sizs, and
percentage of conglomerate in outcrop outline the CMB’'s best-
developed coarsening—north trend.

East—central Leduc Township. In the Leduc Lake

vicinity, mudstone is exposed near the CMB's southern margin,
sandstone and conglomerate occupy the middle, and the
northern CMB is conglomerate-rich, with a mudstone horizon
that extends westward to Beatty Lake.

Leduc and Legault Township. East of Leduc Lake for

about 7 km along strike, the seguence is "conglomeratic"” and
the provenance of the gravel-size clasts changes to nearly
1004 +elsic (to intermediate) wvolcanic. These strata are
either pyroclastics (tuff-breccia, lapillistone, tuf+) or
raworked, coarse volcaniclastics. Because of their morpho-—
logical similarity to the CHMB’'s conglomerate-rich parts,
Mackasey (12&6%a, 19746y at +first failed to differesntiate
betwesn tihese volcaniclastics and the CME's more tvpical
polymict conglomerates, but did later map the strata in
Legault Township as volcaniclastic {(Mackasey et al, 177&al.

Mo coarsening-north trend i1is present in this unit.
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CHAPTER 4: THE CMB's FINE-GRAINED ASSEMBLAGE

4.1 Introduction

The geographic extent of the CMB's fine—grained litho—
facies assemblage is shown in Figs. 3.1 and 3.2. Fig. 3.1
gives the locations of specific outcrops referred to in the
text. For 1local details such as bedding and cleavage
measurements the reader should examine Mackasey’'s (1975,
19746} maps.

The mudstone unit in east-central Sandra Township and
most of the fine—grained assemblage in Irwin Tawnship’(Figs.
3.1, 3.2) were not examined owing to access, logistical and
financial problems. Both Laird (1937) and Mackasey (1975
have recorded the presence of Sandra Township’'s mudstone
unit. Mackasey's (1973) map of Irwin Township shows for this
part of the fine-grained assemblage a suite of "sandstone,
wacke, siltstone, argillite, slate and iron formation", and

three outcrops with north—topping beds based on grading and

cross—stratification.

4.2 Lithofacies Descriptions

The fine—grained assemblage is composed of mudstone,
dominantly fine to very fine—grained non—-pebbly sandstone, an
anomalous conglomerate facies, and iron formation. Some
interesting and unusual features of this assemblage are

described below.
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Outcrop #5Z3. A traverse perpendicular to strike across

outcrop #3533 encountered mostly mudstone and medium to fine—
grained sandstone, and revealed an interesting interval 30 to
70 m south of the local conglomeratic assemblage (Fig. 3.1).
This interval has laminated siltstone, with two thick
sandstone interbeds, in the south part, and graded sandstone
and mudstone tn the north.

The siltstone 1is thinly bedded to laminated, with
laminae 1-10 mm thick. Red, non—magnetic lavers are prabably
hematitic, and therefore possibly gradational to an iron
formatian. Mote that Mackasey (1973) recorded iron formation
1.2 km to the east along strike, on the shore of Windigokan
Lake. One tiny ripple is present in the laminated siltstone,
i1ts palesocurrent to the east. Thickening of the coarser
laminae may represent starved ripples.

Two ancmalously thick and coarse sandstone beds are
interstratified with the siltstone. 0One is 25 cm thick and
ungraded, and the other 15 cm thick and fining north +from
vary coarse to medium—grained sand. The two beds are very
coarse to medium—grained and poorly sorted. At the base of
one of these beds, based on tops north +from graded beds
metres away (described below), there is a +ragment of red
mudstone, most likely a locally—-derived rip—up clast.

The northern part of this site contains interbedded
medium to fine—grained sandstone and silty mudstone. Laminas
within these 2-20 mm thick beds are 0.1-2.0 mm thick. Some

thin beds are graded, fining north from fine to very fine-—



9.
grained sand to silty mud. Cleavage improves upward in these
graded beds because of the increasing mud content. The beds
have sharp soles (south contacts).

The next 15 m to the north contain an interbedded
mixture of mudstone, very fine—grained and medium tao +ine-
grained sandstone. One medium—fine sandstone bed has a sharp
south contact with mudstone having faint sand laminae, the
contact likely being a sharp (erosive?) base (tops northl.

Outcrop  #72. The sandstone in the southern part of

putcrop #72 is fine—grained and moderately to well sorted. A
minaor amount of very fine—grained beds are present. Most of
the strata are laminated.

Laminae are planar, horizontal to slightly inclined,
parallel and defined by coarser and finer sandy lavers.
¥Yellow and recessive weathering mudstone laminae (and very
thin beds) are interlaminated with the fine—grainesd
sandstone.

Some horizons display alternating fine-grained sandstone
laminas about 10 mm thick and mudstone laminae up to 5 mm
thick. There 1s also a suggestion of faintly developed
fining and thinning—northward {upward) sequences tens of cms
thick, 1n which sandy laminae thin and muddy laminae increase
in amount to the north (upward). Stratigraphic tops are via
concave troughs, only metres away, as described below.

Une sharp based, 18 cm thick bed +Fines northward
(upward) from fine to very fine sand in its upper 4 cm.

f Ffew metres of section contain broad, shallow trough
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cross—peds. The troughs are 10 cm thick, over 1.0 m wide and
are concave north. They are erosively based, truncating at
low angles the adjacent laminaes. Laminae within the troughs
are inclined up to 13° +rom the palechorizontal. The troughs
are a variation from the locally dominant horizontally to low-
angle laminated sandstone, and resemble swaley cross—stirata
{Walker, 1284bi. One small (1 m sg.) spot contains "arches",
concave south low—angle laminae similar to hummocky cross—
strata {(Walker, 1984b).

The northern part of outcrop #72 contains silty
mudstone, very fine—grained sandstone, and interlaminated
siltstone and iron formation with thicker (10 mm) silty and
thinner (1-2 mm}) magnetite laminae. Mackasevy (1776} did not
record any iron formation in cutcrop #72, but did in outcrop

#74 1.0 km to the west along strike.

Leduc Township ocutcrops. Mudstone (argillite/slate) and

coarse siltstone are the assemblage’'s dominant lithologies in
this area (Fig. 3.1). The siltstone has planar, horizontal
and parallel laminae up to 4 mm thick. The coarsest laminae
caontain fine to very fine sand. Outcrop #39 shows lamination
defined by recessive and resistant weathered lavers and also
calour wvariation, with some faolded laminaes at angles to the
cleavage. The minor amount of Ffine to very fine—grained.
pebble—+free sandstone present is in beds, mostliy graded ones,
up to S cm thick {Fig. 4.13. These beds grade from fine
{cnly rarely medium) to very fine sand or mud, and indicate

stratigraphic tops to both the north and south, a result of



Fiog. 4.1z Thinlv bedded sandstone and siltstone.
Some beds and laminae are araded. the
lighter toned parts beina coarser.
Isoclinal foldinag and structural trunca-—
tion of beds are evident. Outcroop #21.

Fig. 4.2: Middle: 1low—anale scour—+fill laminae of
coarser sandstone truncate underlvinag
horizontal finer, siltv sandstone. Scour
is broadly concave up and resembles
swalev cross—stratification in form.
Top: horizontal laminae cross—cut under-—
lving low—angle laminae. QOutcroop #8%.
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isocliinal +folding. Fig. 4.2 shows a relatively larage
sandstone—~filled scour structure, similar in form to swaley
cross—stratification.

The bedding present, particularly in the mudstone, is
aften laterally discontinuous at a scale of tens of cms,
revealing many of the tapering laminae and thin beds to be
tectonized shreds of strata.

Outcrop #102 contains a lithofacies not seen elsewhere
in this assemblage. Oligomict fine—grained conglomerate is
massive and ungraded, with a clast-supported, moderatelvy
sorted framework. The mean deformed clast size is about 5-10
mm, with a D10 of 30/61, by far the +inest in the CME (Table
4.2). All of the clasts are +Felsic wvolcanic pebbles. The
interbedded sandstone varies +from pebbly, coarse to medium—
grained and wvery poorly sorted {(ranges from granules to fine
sand) to Ffine to very Ffine—grained and moderately to well
sorted. Some of the very pebbly sandstone is texturally

gradational to matrix-supported conglomerate.
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CHAPTER S: THE CMB's SANDSTONE ASSEMBLAGE

9.1 Introduction

The geographic extent of the CMB’'s sandstone lithofaciss
assemblage is shown in Fig. 3.1 and 3.2. Fig. 3.1 gives the
locations of specific ocutcrops referred to in the text. For
local details such as bedding and schistosity measurements
the reader should examine Mackassy's (1975, 197&) maps.

As the assemblage varies considerably along strike, four

separate descriptions {(Sections 5.2, 5.3, 5.4, 53.5) will be

givern.

S.2 Sandra Township Area

The sandstone—dominant part of the CMB exposed in
saguthwest Sandra Township (Fig. 3.1} is rich in rippled, fine-—
grained sandstons. Most distinctive are rhythmic couplets
(Fig. S.1), which dominate the outcrops. Fig. 5.2 shows the
best exposure of these units, a continuously exposed stream
section along a waterfall {(Fhoto 1 in Mackasevy, 1973).

This stream section contains about 30 m of superbly
exposed strata. Rippies abound, there 1is no significant
tectonic deformation, and no macroscopically visible
foliatiaon; Mackasey (1973, p.4) also noted these "non—
foliated metasediments”. Because of the 100% exposure of the
section, its internally undisturbed aspect, abundant well-
preserved sedimentary structures and bedding and many top

indicators ail +facing north., including thousands of ripples,
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Fig. S.1% Idealized couplet {or rhvinmite). Yerti-
cal scale wvaries From about €. m to
Several meires.
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oputcrop #Z148. Twvpe A and 3 units are
described in Fig. 9.1 and 1n the ©
Top toc north.
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the section is considered a continuous one, with conformablie
strata reflecting their hvdrodvnamic evolution. Further
north {(up), the section continues for about ancther 70 m,
continuously exposed in places, and containing a cross-—
cutting mafic dike.

Outcrops #21 and 19 {(Figs. 5.3, 5.4) alsoc contain
couplets. Sandstone-rich outcrops in east central Sandra
Township (east of the road in Fig. 3.1) were not examined in
detail because of their paor exposure and limited time.

Rhvthmicallv—-bedded couplets and associated lithofacies.

Type B — Type A couplets or rhythmites (Fig. S.1) range from
42 cm to several metres thick (Figs. 5.2, 5.3). Figs. S.1 to
5.4 show the rhythmic nature of the couplet-dominated
sequences. Cross-bedded and associated plane laminated sand-—
stone forms a minor part of the sections (Fig. 5.2, 5.3,
S.3) .

Type B facies/units. These are described in Fig. 5.1.

Listed below are additional details.

Where ripples are not outlined by mud drapes {(flasers,
mud laminae) the sandstone 1is massive—looking to faintly
rippled. Some rippled bedding planes are visible (Fig. S.6).
The exposures tend to weather along muddy, rippled bedding
planes, producing a staircase-like section in ocutcrop #2Z1A°'s
north-dipping strata.

Fig. 5.7 shows the typical stratification within a Tvpe
B unit. The wavy flasers (Reineck and Singh, 1980, Fig. 183}

arg 0.1-2.0 mm thick, 5—10 cm long and up to S mm desp. They
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Fig. 5.3z Ssction of outcroo #1% and Fig. 3.4 Ty
&4 and B units are described in Fig. 3.
and in the text. Top to north. Legend
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scala card. PMiddle and +ar right:
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Fig. 5.4 Ripoled bedding oiane within a Tvbe H
unit. Outcrop #218.

5.7 Twvpe B stratification. Darker, Tine
{muddv}) laminae ares present as fiasers
(rippie drapes) and wavy ftlassrs arada-
tionai to glarme laminae. Bottom: note
the dark, fineiv laminated Ganc (VY

baddingl. Cutcocroc #2Z1A.
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are dark because af their mud content. Lateral continuity of
muddy laminae of 0.3 m is commoni poor lateral continuity is
cf 10 cm {(dm) scale. The laminae are laterally undulating on
a 10 cm scale where ripples are not well defined, a tvpe of
wavy flaser bedding (Reineck and Singh, 1980, Fig. 183). The
laminae occur singly or in clusters of up to 10 laminae in 2
cm of section, the clusters being a type of wavy bedding
{Reineck and S5ingh, 1980, Fig. 183).

One Type B unit has a sharp, erosive base (Fig. 5.8).
High—energy inflow brought in very coarse sand and granules,
scoured down into underlying muddy laminae and locally
deposited muddy rip—up clasts.

Rare cm—scale sand dikes, 1-2 mm mud chips, ball-and-
pillow structures up to 20 cm thick, and laterally
discontinuous pebbles bands are also present.

Outcrop #21 contains an abnormally coarse Type B unit of
coarse to fine—grained sandstone with granules. The granules
are rock fragments and mud chips, subround and =slongate.

Granule laminae are S—10 mm (2-5 granules) thick. They
form a very minar part of this Type B unit. 0One granule lens
is 3 cm thick and & cm long. Laterally discontinuous laminas
have a 4-8 cm caontinuity and are regularly spaced along
strike.

Some of the granules appear to be imbiricated, with both
contact and isolate imbrication. There is no visible
foliation present; Mackasey (1975, p.4) described these Type

B-& units as “resistant non—foliated metasediments'. The



Bottom: Tvoe A laminated sandstone.
Middle: sharo. erosive base of a Tvpe B:
note the verv coarse sand, granules and
dark. muddy rip—up clasts. A aqood
example of wavy bedding is present below
the scale card. Outcrop #21A.

Tvoe A stratification. Cross—laminated.
fine to very +Ffine—grained sandstone.
Ripples are the slightly coarser, darker
lenticles. Middle (above scale card):
ripple train of eight or nine individual
ripples. Outcrop #:2Z21A.
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apparent imbrication gives a paleocurrent approximately to
the =sast, agreeing with ripples S cm above, and most other

cross—stratification in the area (outcrops #19, 214a).

Tvpe A facies/units. These are described in Fig. 5.1.

Listed below are additional details.

lLaminae are planar, horizontal and parallel, less than
0.1 mm to 1.0 mm thick (rarely cms thick), and undulatory
gvar about 8 cm laterally. Laminae 1-2 mm thick swell to
ripples up to S mm thick. Microlaminae are also rippled,
with ripples less than 1 mm thick.

Laminae and ripples constantly grade into one another on
cn—scales (Fig. 5.9). The ripples stand out as slightly
coarser lenticles up to 1 cm thick. Groups of ripples have
goaod lateral continuity, with individual ripples spaced 3I-&
cm apart in trains. One Type A& unit shows, in these riople
trains, ripples:

1) 4 cm thick are spaced 20 cm apart;

23 10—-15% mm thick are 10-15 cm apart- and

2]
et

5 mm thick are & cm ap~rt.

Obviously the smalle {(lower energy) ripples are mors closely
spaced in sSequrnce. These ripples stand out well in outcrops

bacause of preferential lichen growth on them.
Faleocurrents measured from ripples are all approximate-—

iy tn the esast to southeast, a broadly unimodal pattern.

Two Tvpe & units contain unusuwal interbeds within them.

7

wa beds 8 cm and 14 cm thick (in Fig. 3.2) ares sharp—based,

U

massive, very fine to fine—grainsd sandstone.



46.

The lateral corntinuity of Tyoe A units across outcrop

Py
o)
3

#2148 is at least in places. Th= topns of these units can
be excelisnt iocal marker horizons.

Transition zones bstween the Type B and A units are thin
ralative to the B-& couplets (Fig. 5.1). The transition is
marksed by the appearance of Type & stvle lavers cms thick

over 10-100 cm mid-couplet intervals.

Other units. In the upper 9 m of the section in Fig.

5.2, well-defined Type B and A units are not common. Units
of similar thickness, grain size and sedimentary structures
are present, which may represent very poorly developed Tvpe B
and A units, the results of similar but slightly different
processes  and preservation. Here B-style i1interwvals are
medium to fine-grained, with some coarse sand and very littls
to no mud content. Faint lamination is occasionally present.
A-stvle intervals are +ine to verv fine—grained, with often
vague plane laminae and ripples. One fine to very Ffine—
grained bed contains symmetrical {oscillation?) ripples 1 cm
deep and 3-7 cm wide (Fig. 5.10).

Same Type B and A units are present above these "poorly
or wundeveloped couplets", in the upper, northern part of
autcrop #21A above the section in Fig. 5.2 (east of an old

dam, and below strata described below’.

Upper outcrop #2154 sesaguence. Morth and =ast of the

section in Fig. 5.2 there is sandstone similar +to Tvpe B
units, coarse to fine—-grained and moderately sorted. Farther

north {at an upper waterfalll, medium—grained pebbly



Fig. 5.10: Rippled +ine to very fine-grained sand-—
stone. Middle: two—dimensional visw oOf
svmmetrical ripples. dutcrop #Z21A.
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sandstone {(low percentage of pebbles; clasts smaller than 15
mm) and coarse to fine—grained sandstone are present. A well-
exposed, straight-crested asymmetrically rippled bBbedding
plane gives a paleccurrent to the southeast, as iz usual.

The northern tip of outcrop #21A is medium to fine-
grained sandstone, with some coarse to fine—grained pebbly
(rare 0.5 mm pebbles) parts. Faint plane laminae and ripples
are present. No mud laminae are present.

In the threes sites listed above, the presence of more
roarse sand than in the couplets to the south (in Fig. 5.2)
and the absence of mud and very fine—grained layers defines a
subtle coparsening northward trend. As all the top indicators
-—-cross—beds, ripples, sharp and erosive bed soles, and
loading features—are to the north, this large outcrop
contains a nearly continuously exposed, subtly coarsening-
upward sequence about 100 m thick.

Qutcrop #18. Outcrop #18 was not recorded by Mackasey

(1975) . Very thinly bedded, 1light to dark, laminated to
rippled sandstone (Fig. 35.11) is directly downstriks from
other rippled units, and has the same moderate dip (40-50°M)
as other 1local outcrops, so it seems an obvious outcrop and
not float.

The lighter, thicker (usually 2-&6 cm) horizons up to 30
cm thick are very fine—grained silty sandstone, with some
faint rippling. The darker and coarser lavers are thin beds
and laminas of rippled and plane laminated fine—grained

sandstone. Ripples are mostly 0.5-1 cm thick. and up to = cm



Fig. S.11: Rippled fine {(gark) to verv fine—grained
{light) sandstone. Ffaresets., bDest ssen
in the upper ripples, indicate calescflow
to the right. Outcrop #13.
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thick. The +thick rippled lavers have a +flat base and
undulatory top, being 3 cm thick at crests and 2 cm at
troughs, at wavelengths of up to 20 cm. One ripple train of
ilaterally 1linked ripples is S-10 mm hick with 7-9 cm
wavelengths. One starved ripple train is thinner, individual
ripples being 1-2 mm thick with 5-8 cm wavelengths and spaced
7-1% cm apart, the gaps along strike between ripples being
about one ripple 1length. The thicker the ripple=s, the more
laterally continuous they are likely to be.

Faleocurrents are all to the east; a few trough cross-—
laminae may be to the southeast.

Flane laminae are planar, horizontal and parallel. Some
laminae pinch and swell laterally on a dm* scale. Farts of
this wvery small secticen have a wavy bedding aspect., thin

alternations of muddy and clean sand.

5.3 MWalters Township Area

A lithostratigraphic horizon of massive, coarse to
medium—grained and medium to fine—grained pebblv sandstone,
with no conglomerate at all, extends across Walters Townshio
between the CMB's +fine-grained and conglomeratic horizons
{(Fig. 3.1). Bome wvaguely defined, laterally discontinuous
pebble bands are present. DOutcrop #72 contains mud chip
clasts (2-2 mm thick, 4 cm long).

Strike—-paralliel zones of intense schistosity and 10 m —

scale recessive weathering are probably faults.

* 10 cm
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fOutcreop #% is anomaious, containing well-defined trough
cross—beds. The troughs are concave north, 10-15 cm desp and
1-2 m wide. Adjacent sandstone beds are massive and plane
laminated. The Fforeset laminae are 2Z-5 mm thick with good
{greater than 1 m) lateral continuity. These laminas are
defined by coarser and Ffiner sand grains, and recessive

weathering. They taper laterally towards the trough margins.

The schistosity cross—-cuts the trough laminae.

5.4 Beatty Lake Area, Leduc Township ("Unit A")

Fig. 3.1 shows the boundaries of this lithaostratigraphic
unit, termed "Unit A" by Devaney and Fralick (19835). Medium
to fine—grained, well sorted sandstone is most common. it is
often Ffiner (fine to wvery fine—grained or silty) where
ripplad and plane laminated, and coarser (up to very coarse-—
grained and moderately to poorly sorted) in the larger cross—
beds, foreset laminae, and scour bases {toesets and bed
soples) (Fig. 5.12). The above applies to both outcrops and
individual beds.

Beds and single cross—-sets are up to 320 cm thick.
Darker fine—grained laminae often outline the stratification.

All of the cross-beds and ripples with concave {(foressst)
laminae are concave north.

A few Jjasper grains were observed.

Exposure problems. Except at one small (metres sguare)}

possible site, no bedding plane visews were seen in outcrops

#99, 100 and 101. Without good three-dimensional exposurs of



Fig. 5.12:

Middle: verv coarse sand grains outline
the Fforesets and sweeping (tangential)

toesets of a bplanar cross—bed. The
largest clasts are intraformational silt
chips. Note the 1low—anagle lamina of

finer sand at the upper left. Outcroo
#100.
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individual beds, differentiating between planar and trough
cross—sets can be problematic. When planar foressts ars
laterally persistent over several metres, especially 1n
tabular planar cross—sets stacked in cosets, such cross-—-sets
are most likely not troughs.

As shown in Reineck and Singh (1980, Figs. 41, 44, 454,
52)y in flow-perpendicular sections (taken along depositional
strike) troughs are easily identifiable, but in flow-parallel
sections (taken along depositional dip) trough cross-—-sets
resemble some views of wedge-shaped planar cross—-sets. The
scale of the preserved units is important: a wedge—shaped
planar cross—set may be a mere erosional remnant of a once
much larger dune {(i.e. small planar—looking part of a large
trough).

Alsog, as palepcurrents wvary vertically in section, a
vertical piane of section will intersect successive cross-—
sets at possibly different/varving angles to sach cross—set’s
paleccurrent, the result being that cross—sets identical in
three dimensions can be exposed in sesctional views having
different appearances.

flanar cross—bedding. Tabular and wedge-—-shaped cross—

sets are up to I0 om thick. Thinner {up to 10 cm) tabular
sets in particular are often stacked in cosesets several sets
thick (Fig. 5.13). Foreset laminae vary from straight to
concave north, with angular and tangential toesets, respec—
tivelv. Febbles are usually preferentially concentrated in

the lower forssets and toesets.



Finer planar. horizontal and parallel
laminated sandstone capped by stacked
sets of coarser planar tabular cross—

strata with tanagential toesets. Outcroo
#101.
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Trough cross—bedding. Trough cross—-sets are up to tens

of c©ms thick, mostly 5-10 cm deep and 0.5-1.0 wide. The
broad, shallow troughs {(Fig. S.14) typically have 1:10 depth
: width ratios.

Ripples. Ripples have both trough (Fig. S5.13) and
planar forms. Flasers outlining ripples reveal troughs 3-20
mm deep and up to & cm wide. Flasers are gradational to
planar, horizontal to slightly undulose mud laminae 1-23 mm
thick (Fig. 5.148). In rare cases fine—grained sand laminae
drape ripples and cross—bed foresets.

The larger trough ripples, up to 3 cm deep and 20-30 cm

wide, are transitional in size to trough cross—-beds.

Flane lamination. Laminae are planar, harizontal and

parallel, in beds up to tens of cms thick. By definition,
the laminas are up to 10 mm thick, the thinnest being 1-2 mm
thick. Both horizontal and foreset {(inclined) laminaes are
defined by consistent grain size changes (coarser, finer
laminae), and rare rusty lavers. The best developed and most
laterally continuous plane lamination tends +to be in the
finer (fine to wvery Ffine—grained) sandstone. The +finer
laminae are often darker.

Some plane lamination wvaries laterally +to slightly
undulose laminae and planar craoss—-lamination (ripples).

Very low—angle laminae may be:

13 primary features {(e.g. Miall ‘s (1978a) 81 facies);

(]

3 part of larger, broad trough cross-bed floorss

I:_.-j

near—tangential toesets of planar cross—beds, in



Fig. S.14:

Fia. S5.15:

Tono left: trouan cross—sets. Outcrop
#101.
Middle: cross—laminated (trouch ripples)

sandstone., overlain bv
toan. Outcroo #100.

plane laminae at
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Fine—grained sandstone with horizontal.
planar to slightly undulose mudstone
(dark) laminae gradational to fiasers.
Outcron #100.
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tlow—paraliel section; or

4) flow-perpendicular sectional views of planar cross—
beds (Reineck and 8ingh, 1980, Fig. 41), in which
laminae can also appear horizontal.

Convoluted stratification. Two convoluted horizons, one

40 cm thick, and very rare contorted laminae were noted.
This soft-sediment deformation is usually in finer (fine to
very fine—grained) sandstone.

Massive beds. These form a very minor part of Unit A.

Mudstone clasts. These arese about 2-12 mm thick and are

associated with coarser (very coarse or coarse to fine-
grained} sandstone.

Herringbone cross—-stratification. Figs. S.17 and 5.18B

show this very small—-scale lithofacies association of cross-—
bedded, rippled and laow—angle to horizontally plane iaminated
sandstone.

The cross—bed sets have an apparent herringbone {(bimodal-
bipolar) pattern in section, with four paleocurrent reversailis
in 55 cm (Figs. 5.17-5.1%9). The +form of the exposure does
not allow a three—dimensional view, only a cross—section,
hence the apparent paleocurvents could not be examined fullvy.

Some beds in Fig. S5.18 have very wvaguely defined
horizontal and low-—-angle laminae, which could be cross—bed
toesets or shallow trough margins. Most of the ripples {up
to 3 cm thick) are wedge—-shaped sets, not the tabular units
shown diagrammatically in Fig. 5.18.

Several metres to the west approximately along strikes, a



Fia. S5.17: Small exposure of sandstone showinag abpa-
rent herringbone cross—stratification.
There are four paleocurrent reversals
within 355 cm of section. Outcrop #100.
Details are shown in Figs. 5.18 to 5.20.






Fia. 5.18:

Section from outcroo #100 and Fia. S.17.
Herrinagbone cross—sets aopear to be well-
defined in the two-dimensional outcroo
view. Three beds are at the cross—-bed/s
ripple size boundarv (S cm thick). Too
to north. Sandstone is medium to fine-—
agrained and moderatelv to well sorted.
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Fig. 5.19:

Fig. S5.20:

Detail of lower parts of Fias. S.17 and
5.18. Herringbone cross—strata (ripples)
show one paleccurrent reversal.

Detail of middle parts of Figs. 3.17 and

5.18. Rippled and plane laminated sand-—

stone. Middle: note the successive down-—
cutting {to the right) of the tossets.

the result of increasing deoth of leeside

backflow scour. A paleocurrent reversal

mav be present above the downcuttina fore-—
sets.
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1.2 m thick interval of Ffine—grained sandstone is dominated
{about BS5X) by planar, horizontal and parali=sl lamination.
Contacts between beds showing variations in the develcpment
of plane lamination and cross—lamination (ripples) are
transitional. Finer background sediment varies +from muddy
flasers and laminae {(Fig. S5.16) to dark, silty very Ffine-—
grained laminae.

Trends within Unit A. Unit A is an assemblage dominated

by cross—bedding, with a subordinate amount of plane
laminated and rippled sandstone. Where cross—-beds and plane
laminas are interbedded in horizons metres thick, cross—beds
are thicker and more abundant. It is estimated that the
section exposed along the shoreline of outcrops #%%, 100 and

131 is approximately:

1 up to 70% planar cross—bedded;

2) 10-20% trough cross-bedded; and

) 10-20% plane laminated, rippied and ot other
facies. |

Because of the exposure problemcs previousliy discussed, the
relative amounts of planar and trough crass—sets are vervy
approximate.

A guick count of well exposed cross—-sets along the
shorelines of outcrops #%9%, 100 and 101, mostly apparent
planar sets, gave 73% (77 of 1046) toc the west or southwest
{aftter a simplistic single rotation to horizontall), a broadly
unimodal pattern.

The southwest part of Unit A {outcrops #99, 100} is rich
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in sandstone that is medium to Fine—grained, well to
mpderately sorted, pebble—free, plane laminated and cross-—
laminated {rippled). The herringbone cross-bedding and most
of the mud laminae, mud chip clasts and Fflasers are in
cutcrap #100. This contrasts with the northern and northwest
parts of Unit A in outcrop #101 where cross—-bedded, coarse to
fine—grained, moderately to poorly sorted, pebbly sandstone
is most characteristic.

Frogressing +rom the southwest {outcrop #9%9) toc the

northeast and north (outcrop #1013}, the sandstone:

13 is pebble-free, with very rare granules and small
(mms thick) mud chip clasts;

2) contains the first pebbles seen, up to 45 mm {(all
clast measurements are of short axes) and preferen—
tially located in foresets and toesetss

37 has 20-6C mm pebbles;

4) has 20-80 mm clasts: and

) has 70-120 mm clasts (not 7-12 m clasts, a typo-
graphic error in Devane; and Fralick, 1985, p.12B).

Febbly cross—hbeds are more abundant to the north and
northeast in Unit A. Febble bands are rare and only vaguely
defined, being laterally discontinuous and one clast thick.
These become increasingly COoOmMon northward. No thin
conglomerate beds are present. The pebbies and cobbles, Unit
A's coarsest fraction, define a subtle coarsening—north
trend. As all of the stratigraphic top indicators are to the

noirth, it seems resasonable to call Unit A a subtly coarssning—
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]

upward sSequence.

5.5 Leduc Lake Area, Leduc Township

The section in ocutcrop #41 (Fig. 5S.21) is dominated by
coarse to medium—grained, moderately to pooriy sorted
pebbly sandstone. The more poorly sorted beds contain some
fine sand. The sandstone is massive, cross—bedded and plane
laminated. Thin conglomerate beds comprise about 14% of the
sectiaon.

Planar cross—beds. The cross—-stratified units in Fig.

S5.21 are mostly planar cross—bed foresets outlined by pebbles
{(Fig. 5.22). Deformed pebbles 2-10 mm thick, mostly less
than &6 mm thick, and very cparse sand grains outline most of
the +foresets. Coarser foresets contain S-25 mm clasts.
These pebbly foresets are usually 3~4 om apart (Fig. 3S5.22).
Some sandy foreset laminae 1-10 mm thick are defined by
lavers alternatingly rich and poor in coarse sand. Foresat
angles are up to 204 from the palechorizontal. Lateral-
diagonal continuity of foresets is up to 30 cm. Some toesets
are tangential and rich in goarser sand. All of the ftoresets

give apparent paleocurrents to the west.

Flane lamination. FPlane laminated sandstone displays

the usual planar, horizontal and parallel laminae mms thick
and defined by coarse to medium—grained lavers versus medium—
fine ones. Very low-angle laminas mav be large cross—bed
toessts.

Fine sandstone. The section also contains a small




Fig. S5.21: Section of outcroo #41i. Too to north.
Legend in Fig. 5.2.
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Fia.

9.222

Top: conalomerate—sandstone bed contact
is parallel to the outcrop’'s bedding (in
Fig.5.21), and outlines the palechorizon-—
tal. Bottom: horizontal pebble band
with the same strike as the schistosity
(elongate clasts). Middle: pebbles and
very coarse sand grains outline foresets
at about 15° from the palechorizontal and
the schistosity. Outcrop #41.
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number of finer, better sorted sandstone beds. Two examples
are beds 3 and 4 cm thick, fine—grained, well sorted and non-—
pebbly, in contrast to the usual beds described above.

Febble bands. The planar and horizontal pebble bands

are both "well developed", with good lateral continuity and
gradational to thin conglomerate beds, and "moorly
develaoped"”, with poor lateral continuity. Febbly foressts
are a distinct type of pebble band discussed above. Like the
pebbly Fforesets there is usually a slight ernrichment in
coarser sand along the pebble bands, much 1like a coarser
matrix without an intact pebble framework to +iil.

Conglomerate beds. The beds in Fig. 5.21 are thinner

and finer—grained versions of the CMB's usual coarse,
polymict conglomerate (see Chapter &).

The massive, clast-supported and ungraded beds are
mostly up to 20 cm thick, with two thicker 40 and 50 cm beds.
They are often +too thin to show crude internal stratifica-
tion, except for one bed with a 4 cm thick, 20 cm wide
granule-rich lens.

The northern parts of some beds are not tightly packed,
being partly matrix—supported. Within a bed this can vary
laterally, over mstres, to clast—-support.

Clasts in the pebbkle bands range from 2-42 mm (short

anis). The thin conglomerate beds have D10 measuwremznts of
i7-42 mm (short axes onlyi. Large cobbles are notably
absent.

One sharp contact between +Ffinsr and coarser "sandstone”
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beds 1is due +to the coarser one being the sandy matriuw
component of a conglomerate bed with a sharp (erosive?) base
{(Fig. 5.23), giving tops north.

Similar facies. Outcrop #7656, 1.1 km to the west along

strike, contains a similar suite of coarse to medium—grained,
moderately sorted pebbly sandstone, with pebble bands (clasts

up to 85 mm) and thin (15 mm) conglomerate beds (clasts up to

50 mm).



Fig. $5.23: Middle: sharp—-based coarser sandstone is
N the matrix component of the overlving
conglomertate bed. Outcroo #41.






CHAPTER &6: THE CMB’'s CONGLOMERATIC ASSEMBLAGE

6.1 Introduction

The geographic extent of +the CMB's conglomerate-rich
lithofacies assemblage is shown 1in Fig. 3.1 and 3.2. Fig.
Z.1 gives the locations of specific outcrops referred to in
the text. For local details such as bedding and schistosity
measurements the reader should consult Mackasey’'s (1975,
197481 maps.

The CMB's conglomeratic assemblage is very similar to
the NMB's, except that there is a greater variety of litho-
facies in the former than in the latter. Therefore, details
regarding characteristics such as the textures and strati-
fication of this assemblage’s conglomerate and sandstone
facies will not be repeated here, and the reader is referred
to Sections 2.1, 2.2, 2.4 and 2.5 for this information. The
descriptions that folilow [in this chapterl will concentrate
on the interesting sedimentological details present in the
CMB's conglomeratic assemblage.

Figs. &.1 to 6.9 show representative stratigraphic
sections +Ffrom selected outcrops. Some measured sections

-
pa

{(Fig. 6.3 to 6.3) are sandstone-rich, but the sesctions given
in these figures are biased towards the most interesting
sandstone—rich horizons. Exposures with F0-100% congliomarate

are common but there is 1little point in illustrating such

monotonous sections. Thinner (less than 20 cm)! conglomsrate



(&1 Section of scuthern oart of ouitcrop
#13.
(b} Section nmear nRilltos summit of out-—
rop #1333 top t2 north.

= o~

tegend in Fig. S.Z.
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Fig. &.2: Section from outcrop #&5. Too to north.
Legend in Fig. 5.2.
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Fig. &.3: Section from outcroo #486. Top to narth.
Legend in Fig. S.2.
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Fig. &.4: Sections from outcroo #&7. Too to north.
Legend in Fig. S.2.
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Fig. 6.S5: Section +fraom outcrop #850. Apparent hori-
zontal thicknesses are agiven. Top to
north. Legend in Fig. S.2.
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beds are notable in sandstone—rich (50% of section) intervals
several metres thick in outcrops #13 and 200

Table &.1 lists the assemblage’'s outcrops, for use with

Table &.2.

TABLE 6.1
Township Qutcrop #
Dorothea 12, 13
Sandra 16, 15, 17, &7, 36, 20, 14
Irwin 53
Walters 123, 122, 117, 9, 110, 109, 148
Leduc &4 to 71, 27, 80O to 8B&, 76, 77, 42,

32, 45, 31

Table 6.1: Outcrop areas in the CMB’'s conglomeratic assem—
blage. Outcrops are listed west to east.

TABLE 4.2
Township Outcrop # Dio {(in mm) L/5S
=] L

Dorathea 2 37 / B2 i.44
13 8B1 /7 116 1.43

Sandra i35 92 /7 125 1.346
i7 24 / 123 1.31

a7 &2 /7 100 i.61

Sb6 93 / 153 1.65

20 118 /7 148 1.42

14 g6 / 151 1.76

Irwin 5= 104 /7 155 1.49
Walters g BS /7 123 1.45
110 west 4 7/ 167 1.78

110 mid 70 / 935 1.346

110 emast g4 / 131 1.52

109 281 7 638 2.27

Leduc 71 13& /7 226 1.6&
7O (R} 141 /7 204 i.45

7OoiA) 130 7 195 1.520

&7 ?4 /7 161 1.71

&4 8 /7 11& i.36

80 74 /f 110 1.49

g1 ig44 / 217 1.51
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TABLE 6.2 (Cont’'d)

Township Outcrop # D10 {in mm) L/S
=] L
Leduc (cont’'d) <97 111 /7 174 1.5%9
8= 141 7/ 222 1.57
86 120 7 172 1.43
88 76 /105 1.38
38 104 7 145 1.37
105 68 F 97 1.43
103 0 / 142 1.58
104 &5 /7 97 1.49
Fb 85 / 157 1.85
24 90 / 145 1.61
102 0 / b1 2.03
79 north 75 7/ 152 2.03
79 south &S / Fé 1.48
76 ?&6 / 146 1.54
=1 131 /7 206 1.57
31 133 7 243 i.84
31 &7 /7 126 1.88
=1 44 / 48 1.55
45 108 / 183 i.&8
472 102 / 151 1.48
32 103 7 152 1.48

(outcrops listed below are part of the Coral Lake volcaniclas-—
tic "sediments")

Leduc 37. 38 74 / 172 2.32
44 &6 7/ 1351 2.29
47 97 / 174 i.81
48 &4 /7 138 2.47
2 i26 /7 256 2.03
3 BZ / 170 2.05
25 74 / 204 2.74
24 72 /7 182 2.53
Legault 52 82 / 244 2.78
131 129 /7 264 2.05
32 137 /7 283 2.80
&2 140 7 309 2.21
&1 79 / 189 2.3539

Table 6.2: PMeasurements of average maximum defaormead clast
size (D10) in conglomeratic ocutcrops of the CMB.
Township locations are given in Fig. 1.1i. Out-
crop locations are shown in Figs. 2.8, 3.1.
D10 measurements, the average size of an out-
crop’s ten largest clasts, are given in short (57
and long (L} axes, each in mm, with short axes
usually perpendicular to the schistosity and the
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long axes wsually parallel to the schistosity

(see Section 1.7). "L/8" is a measure of the
ellipticity of the sectioned area of the coarsest
clasts.

6.2 Conglomerate Lithofacies

As in the NMB (Chapter 2), the CMB’'s conglomeratic
assemblage exposures are composed of massive to crudely
bedded polymict conglomerate with schistose, clast—supported,
poorly to moderately sorted and ungraded frameworks (Figs.
6.4, &.7). The matrix +to the clasts  is coarse to {fine—
grained, poorly to moderately sorted sandstone, and 1is
usually identical in character to the sandstone interbeds.

Table 6.2 lists the D10 measurements (see Section 1.7}
from the CMB; most of the data is from the conglomeratic
assaemblage (refer to Table &.1 and Figs. 3.1 and 2.8).

The composition of the polymict conglomerate clasts is
dizscussed in Chapter 10.

Fine—grained conglomerate. In Dorothea and Sandra

Townships (Fig. 3.1} distinctly fine—grained conglomerate is
Common. Iindividual beds have +ine—grained {4-32 mm?} ,
moderately to well sorted clast-supported frameworks (Figs.
6.8, &.%).

Sorting is freguently related to average clast size.
Coarser beds or horizons of Z2-464 mm pebbles, with or without
copbles, are poorly to moderately sorted, while the finer
grained (4-32 mm) ones are moderately to well sorted and
often cobble—freze. Changes in average grain size and sorting

reveal crude to well-—-developead stratification (beds,



Typical schistose. clast-supported poly-—
mict conglomerate with a sandstone
matrix. Light coloured felsic volcanic
clasts are abundant. Some clasts have
been tectonically rotated. Outcrop #64,.
site of point count #21.






Fig. &.7:

Crudely bedded, clast—supported polymict
conglomerate. A vaguely defined horizon
ot finer pebbles {(middle of photo)
reveals the stratification, which has
approXimately the same strike as the
schistosity here. Outcrop #&4.









Figs.

6. 8’
6.92

Reiatively fine—-grained, clast-supported
polvmict conglomerate. MNote the iack of
schistosity. Compare the ciast sizes
and fabric with Figs. 2.3, 2.8, 6.6,
.7, 7.6 and P.1. Fig. &.9 shaws at its
upper ieft a sandstone lens. Gutcrop
#1333 Fig. 6.8 is the site of point count
#4.
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horizons) within the conglomerate.

in Walters Township (Fig. 3.1) the conglomesrate locally
has abundant finer (5-20 mm) pebbles and +few cobbles. The
D10 measurements (Table 6.2, Fig. 2.B) show the conglomerate
te be +Finer here than in most of the assemblage to the east
{(in Leduc Township), and comparable to measurements from
outcrops in Dorothea and Sandra Townships {Table &.2).
Outcrop #9 has one abnormal, 20 cm thick bed of very fine (2-
6 mm) conglomerate with a moderately sorted, clast-supportad

framework.

Scours and associated features. In outcrop #13 +fine

conglomerate has scourad down into st ltstons. The
conglomerate is a 7 cm thick tapering bed, with & sharp south
margin {(erosive base) and a 1less sharp north margin (Fig.
&.10) ., The sandstone bed north of the conglomerate is
identical to the conglomerate’'s matrix in texture., and
contains siltstone clasts. These siltstone clasts, tiny
granule chips +to angular blocks 3 cm by 1 cm, are identical
in composition to the siltstone south of the adjacent
conglomerate bed.

A small scour (Fig. 6.11) about 10 ©m deep is concave
north and +Filled with fine (pebbles 2-20 mm; 2-10 mm ones
most abundant) conglomerats.

Anomalous matrix. Thas sandy matrix of outcrop #53's con-—

glomerate displays some horizontal bands rich in fine sand,
in contrast to the usual coarse sand. These bands are

probably cms thick, but it is difficult to identifv "bed"



I-Siltstone
2-Fine-grained conglomerate, erosively based

3-Sandstone with siltstone rip-up clasts
4-Load structures




Scour bed {congiomeratel), rip-up clasts

and load structures.
notas and ohotograohs.

Sketch from field
Outcroo