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ABSTRACT

Many Archean vo-l-cano-tectonic models that have been

proposed for the evolution of greenstone belts util_ized

incomplete and i-nconclusive sedimentological data. In many

areas, sedimentary basins are the only preserved record of

changes in tectonism and composition of the provenance

terrain. Quantitative rather than qualitative sedimentology

applied to Archean sedimentary basins is essentiar in
clarifying existing ambiguities in ttrese models.

ouantítative and semi-quanLitalive sedirnentorogy was applied
to Formation K, a conglornerate-greywacke unit, in the

Favourabre Lake metavolcanic-metasedirnentary bel_t of

northwestern Ontario.

The Favourabl-e Lake bert is composed of 5 cycres of
volcanism and sedimentation that are progressivery displaced
to the northwest. Forrnation K forms the upper part of cycre

3 and was deposited, apparently conformabry, upon the franks
of a subaqueous basartic shietd vol-cano ( Formation .l ) "

Formation K is superceded by subaerial basart frows of cycre

4 volcanism (Formation I'1). The contacL between Formation K

and Formation M is a bedding plane thrust fault.

At its maximum extent and thickness Formati_on K is 15

km rong and 2 km thick ancl comprises two members, a lower
congJ-omerate Member (0.3 km thick) and an upper sandstone

Member (I.7 km thick). The Conglomerate Member is a

wedge-shaped unit of interbedded conglomerate and lithic



greywacke and was deposited subaerially as two or rnore

coalescJ-ng aIluviaI fans. Detritus for the member was

derived from the east and west of the member " The Sandstone

Member is a wedge-shaped unit of interbedded felds¡rathic

greywacke, conglomerate, felsic tuff, siltstone and shale and

was cleposited as a submarine fan with its apex to the east.

Sandstones of the Sandstone Member have unusually high

contents of sand-size quartz forming up to 90 percent of the

frarnework grains and averaging 68 percent " The remainder of

the framework grains is composed of pragiocrase and lithic

fragments. The high content o f quartz sand in the sandstone

Member coincides with tJre increase in importance of felsic

vorcanic crasts rerative to the congromerate Member and the

presence of interbedded fersic tuffs " The high quartz sand

content was derived by the erosion and transportation of
tuffs rerated to a pre-existing fersic vorcanic sequence in
the source terrain to the east. The presence of a possibre

orthoquartzite pebble in the me¡nber suggests that some of the
quartz may have been derived from erosion of a pre-existing

sedimentary terrain. In addition, associated felsic
prutonic, subvolcanic and quartz vein clasts in the member

suggests that some of the quartz was derivecl frorn the erosion

of felsic plutons and felsic subvolcanic prutons with quartz
veins.

The sandstone Member is a se<iimentary record of
concomitant fel-sic volcanj-sm that i-s presently not exposed in
the Favourable Lake bel-t and thus is an íntegral part of the



volcanic record In addition, Formation K documents the
possible existence of a pre-existing orthoquartzite
sedimentary terrain possiÌ:ry related to a rerativery stabre
cratonic terrain represented to<lay by crustal encraves such
as that exposed 3 km north of Formation K. The simirarities
between Formation K and sedirnentary rocks at North spirit
Lake ' 65 km to the southeasr, suggests a simirar mocle of
occurrence. The existence of orthoquarLztte pebbres at North
spirit Lake indicates that the area of tectonic stabirity,
where such sediments can occur, may be more extensive than
previously consiclererl. Tlie area of tectonic stabirity may be

an original earry Archea. siaric crust of regionar
proportions represented today by crustal enclaves.
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INTRODUCTION

General StaLement

Archean sedimentary basins are poorry documented. rn
part this refrects a rack of detaired study, in conjunc,tion
with the fact that many vorcano-tectonic moders proposed for
the evorution of the greenstone ber-ts ("g. Goodwin and
shlanka, 1967," Goodwi-n ancl Ricller, rg70) utirized incomplete
and inconcrusive sed.irnentorogic information ( eg. Turner and
Wa1ker, I973¡ lria1ker, ]978a).

rn many regions sedimentary basins are the onry
preserved record of changes in tectonism ancl composition of
the provenance terrain. The nature of the tectonic regime
can be deduced from the deveropmental history of the
sedimentary basin as recorded by the nature a.d. frequency of
the transition from one sedimentary environment to another.
Ttre presence or absence of a siaric hinterrand and changes in
composj-tion and type of vorcanism in the provenance area will_
be recorded. by the clastic input into the basin.

ouantitative rather than quaritative sedimentorogy
appli-ed to Archean sedimentary basins is essentiar in
cl-arifying existing ambiguities in Archean volcano-tectonic
models " until recently, modern sedimentologicar methods !úere
largely negrected in the Archean because of structurar and
metamorphic comprications that hindered their apprication.
rn s^oite of these comprications modified sedimentorogical
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techniques have been applied successfurly to severar Archean

basins (walker and pettijohn, L97r¡ Turner and walker , r973¡
Henderson, L972; Ojakangas, IgTZ (a,b); Donaldson and

Jackson, 1965; Bouttcher et äI, L966).

Compositionally and texturally mature Archean
sandstones have vorcano-tectonic imprications for the
evolut.ion of greenstone belts " There are three main

hypotheses for the evorution of greenstone berts (Grikson,

le7B ) , rn the first rnoder, greensto.e berts evolved as

intrasial-íc basins. In this rnodel sediments would be derivecl
from both the sialic margins of the basins and vorcanic rocks
within the basins. rn the second model- greenstone berts
evol-ved above oceanic crust in ensiaric rift zones. rn this
model sediments would be derived from the rift margins and
volcanic rocks within the rift zone" In the thirrl model
greenstone belts evorved by rifting or downbuckling of a

simatic crust. partiar merting of the crustar_ root zones
resurt in granite diapirism and ultimatety cratonization. rn
this model the sediments would be derivecl from the erosion of
the vol-canic pile and ad jacent cratons.

Archean sandstones that are unusuarry rich in crastic
quartz have been reporte<ì from severar locarities in
northwestern ontario by DonaLdson and Jackson (1965). At the
North Spirit Lake locality (nigure t) the high quartz content
v'/as attributed by Donaldson and Jackson ( l_965 ) to intense
mechanical weathering of a combined granitic and sedimentary
source terrain. This has since been corroborated by the
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discovery of orthoquartzite pebbles in the sandstone
(Donaldson and Ojakangas, Lg77). fn the North Spirit Lake

area the presence of orthoquartzite pebbres in sedimentary
rocks derived from a combined sedimentary and granitoid
terrain implies rerative tectonic stabitity for tong periods
of time with intense chemical and mechanicar weathering
followed by redeposition in ftanking, relativery unstabre
vol-canic terrains . This wou rcl be consis tent wi_th the f irst
two moders of greenstone evofution but not necessariry the
third. rsotopic age dates from the North spirit Lake area
(Nunes ancl wood, LgTg) indicate a 3oo Ma hiatus between the
extrusion of the vor-canics ancl <Jeposition of the sediments.
rt is possibre that the high clastic quartz content of the
sandstones is the resurt of upgracling by cycric erosion and
recleposition, during trris period of sediment derived from
fersic vorcani-cs in addition to sediment derived from a

granitoid and sedimentary terrain.

controversy exists in the riterature as to the rerative
importance of fersic vorca'ics in the provenance terrain.
some workers have discounted the importance of felsic
volcanics as a source of crastic quartz (Donardson and
Jackson, 1965) whire other workers have stressed the
importance of crastic quartz derived from fersic vorcanic
terrains (Ayres r rnâûuscr ipt ) . The relative importance of
fersic volcanics as a source terrain courd be significant and
would be consistent with all three nodel_s of greenstone belt
evolution 

"
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A new and less deformed quartz-rich sandstone unit
(Formation K) has been examined in this study to determj_ne

the environment of deposition of the unit and its possibLe

rerationship to vorcanism" The quartz-rich sandstone unit is
wíthin the Favourabre Lake greenstone belt 65 km northwest of
the North Spirit Lake metasediments (nigure f.). In additj_on
to determining the envj-ronment of deposition of the unit an

attempt i-s made to exprain the high quartz content of these
sandstones.

Location, Access and previous Work

The study is in the Favourable Lake greenstone bert at
latitude 93"44' west and longitude 52o50, North about 2oo km

north of Red Lake, ontario (rígure l). The onry access to
the area is by f loat-equi¡rped airplane. The quartz-rich
metasediments form a renticurar unit l0 km rong and 2 km

thick between North and south Trout Lakes. rt was termed
Formation K by Ayres (1974) and was subdivided into a basal-

congl0merate member and an upper sandstone member. The

congl0merate member was later descri_bed (Ayres , rg77) as

havi-ng been deposited "in a shalrow water to arluviar basin
on the flank of the vorcano", with the sandstone member being
deposited in somewhat cieeper water indicating progressive
subsi-dence of the basin.
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Methods of Study

T,he eastern half of Forlnation K \rras mapped on a scale
of l: r5 'B4o using air photographs with acetate overrays
(l'igure 2) "

T'Ìre western hatf was not mapped

restrictions and difficutty of access. Al1

eastern half were visited ancl stripped of
overburden to facilitate examination.

A general examination of the eastern
formation was forrowed by detaired stratigraphic

due to time

outcrops in the

moss and light

half of the

measurements

Member theat selected localiti_es, In the CongJ_omerate

followj-ng parameters were noted in outcrop:
a) range and average bedding thickness of congromerate

and sandstone beds;

b) bedding character (horizontar, lenticurar, etc. )

and presence or absence of channeling, scour and

filr, cross-bedding and any other sedimentary
structures,.

c) presence or absence of gra<ling in the sandstone and

conglomerate beds;

d) intrabed distribution of crasts in the conglomerate
and pebbly sandstone beds ( i. e. pebbles only at
base of bed, irregularly distributed, etc. );

e) the nature of tJre contact between sandstone and

conglomerate beds.
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rn addition, 17 outcrops were serected f.or detailed
analysis of crast popurations. The method used consisted of
two tape measures placed on a conglomerate bed pararler to
bedding with a string marked. in I cm segments placed
perpendicular to the ta.oe measures. The clast lithorogy
under the string v/as noted at I cm intervars and the string
was then moved j-n r0 cm intervals arong the tape measure.

Between 2oo and 500 counts were made over r linear metre

of conglomerate at each rocality. The size range, average

size and angularity of each clast type was noted 
"

rn the sandstone Member the forrowing parameters \dere

noted:

a ) types of beds, ancf the

thickness range of each bed

b) presence or absence of g

nature of the gracling;

average thickness and

tYPe,'

raded bedding, and the

d)

presence or absence of pebbles, and their
distribution and tithotogy;

sedimentary structures in addition to grading and

their size and distributj_on;

e) presence or absence of shale, congromerate,

tuffaceous horizons, frows and brecciated units.
rn addition, detaired stratigraphic measurements were

made at 20 outcrops over tìricknesses of 5-B m. rn these
sections each bed was lneasurerf to the nearest centi-metre and

its grain size distribution, sedimentary structures and the
presence or absence of lamination r/,/as noted. Grain size

c)
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distribution v/as determined

gra j-n s ize card produced

Company.

by comparison on outcrops with a

by the Geological Speciality

About 2so sarnpres were examined in thin section and
modal analyses were made on 40 of these from Formation K"
fhe boundary between framework grains and matrix v/as pracecl
at 0.06 mm and v/as determined using a rnicrometer eyepiece.
chemical- anaryses of 32 samples \,üere made using a combination
of atomic absorption, x-ray fruorecence and. Leko i-nduction
furnace by the chemicar raboratory of the Department of Earth
Sciences, University of Manitoba.

Rock Nomenclature

The classif ication of the sandstones for-rows that
proposed by petrijohn (IgS4) and modified by Dorr (Lg64).
fhis crassification uses r5å matrix as the boundary between
arenites and wackes with further subclivi_sions based on the
relative percentages of quartz, feldspar and rock fragments.
Ttre scare of stratification thickness described by rngram
( 1954 ) is used where beclding thickness is describeci
sernì- -quanti tat i,¿e Iy 

" The grain size limits are those
proposed by trnientworth (1922) anrl modif ied by Lane (Lg47 ) .
Terms defining roundness and sorting foll-ows that described
by Pettijohn (L972) " Granitic rock nomencrature for-lows that
of Ayres (tgtZ).
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without exception all sedimentary rocks in the study
area are metamorphosed and should carry the prefix meta.
However, for convenience and cJ-arity, the prefix is omiÈted

and terms such as greywacke are used. when the proper
reference should be metagreywacke 

"
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GEOLOGICAL SETT]NG

Formation K is in the east part of the 7 "5 km thick
Favourabre Lake metavorcanic metasedimentary sequence in
northwestern ontario (nigure 3)" The sequence comprises 5

cycres (Ayres, r977) that represenL a subaerial, andesitic to
dacitic stratovorcano (cycre r- ) with three successive,
predominantly subaqueous, basaltic shietds (cycles 2o 3, and

4) developed on its northwestern ffank (rigure 4) " Ttre upper
pari: of cycle 2 ís a subaerial, dacitic cardera compì-ex. The

shierds represent continued growth of the volcanic comprex

nortlrwest and upward (Ayres , Ig77) " Cycle 5 unconformably
overlies cycres 2, 3, and 4 ancl represents subaeriar to
shal-row water, andesitic to cracitic vorcanism.

Formation K forms the upper part of cycì-e 3 and
over'l-ies pillowed tholeitic basal-t fl-ows of Formati.on J which
represents a subaqueous shier<r volcano ( ni_gure 2) ( Ayres ,

1977)" The contact between Formation K and overlying basalt
flows of Formation rI, the basar part of cycre 4, is a faurt.
Ttre overrying flows rack pillows and may be subaeriar (Ayres,
1977 ) "

Formation K is on the north rimb of an east trending,
upright, isocrinal syncline and the sequence faces south"
fhe exposure is thus a near-verticar cross-section through
the formation. The metarnorphic arade in the eastern part of
the Favourabre Lake bert ranges from mid-greenschist facies
in the centre of the bert to amphibolite and hornbr-ende
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hornfels facies at the margins (Ayres , rg77). The higher
grade of metamorphism at the margins may be due to the
proximity of granitj-c batholiths. The metamorphic arade of
Formation K varies from mid-greenschist facies in the
sandstone Member to rower arnphiborite facies in the
conglomerate Member" The change in metamorphic arade
reflects the proximity of Formation K to the North Trout Lake

bathol-ith.

Ttre North Trout Lake bathol_ith separates Formation K

from a 2927 Ma ( corf u e L ä1, lgBl ) troncìh jemitic basement

enclave described by Hirlary and Ayres (r9BO)" The basement

enclave is 3 km north of Formation K and v/as suggested by
Hirlary and Ayres (l9BO) to be a provenance terrain for the
sediments of Formati-on K" Tuff interbetls in Formation K are
2718 Ma (Corfu et al, IgBl).

The quartz-rich sedirnentary rocks described by
Donaldson and Jackson (r965) in the North spirit Lake area
are 65 km to the southeast ( r'igure I ) . The stratigraphic
rerationship between this unit and Formation K is unknown.

Ttre hì-gh quartz content makes these two units unique and

implies a somewhat similar genesis.
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STATIGRAPHY OF IIORMATION K

Introduction

At its maximum extent and thickness, Formation K is 2"o
km thick and 15 km long (Ayres et al, rg73) and comprises two

members, a lower congl0merate Member and an upper sandstone
Member" The eastern 7 "4 km of Formation K was examined in
this study and the maximum thickness of 2.o km is in the
western part of the examined area (Figure 2) " The

conglomerate Member is a wedge-shaped unit of interbeddecl
conglomerate and greywacke approxirnatery 0.3 km thick and 7.4
km long (nigure 2) " The member wedges out to the east and is
intruded and truncatecl to the west by the North Trout Lake
bathol-ith" The sandstone Member is arso a wedge-shaped unit
composed predominantry of sanclstone with minor interbedded
conglomerate, tuff, share and sir-tstone. rt is approximately
r.7 km thick and 7"4 km long in the study area. The contact
between the two members is covered by a rarge swamp (Fi-gure
5), and the contact has been pracecr arbitrarity at the top of
the rast exposecì congromerate bed in the congromerate Member.

T?re contact between the congromerate lrrember and the
underrying basalt flows of Fornation J is also not exposed,
but in praces it can be confi¡red to a 1-5 m covered intervar-
between basart and congromerate outcro.os. The contact is
arbitrarily pJ-aced at the base of the l-owest conglomerate bed
of the conglomerate Member. The top of the sandstone Member
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is a bedding plane thrust fault.
cataclastic zone up to 20 m wide

l0 m high ( r'igure 2) "

This faul_t is marked by a

and a prornì_nent cliff up to

The foliation is moderatery wer_-r_ deveroped and is
paraller to bedding except in Lhe northwest where Formation K

is truncated by the North Trout Lake batholith.
Bedding attitudes i'clicaLe gentì_e frexurar fordÍng of

t'his northern rimb with axiar pranes trending northeast and
ford axes prunging stee¡:1y to trre northeast 

" Near the
northeast trending fault at the east encr of the formation,
however, foJ-ding is more inLense with the deveropment of a

steeply plunging tight fol-d at l-ocarity 67 (nigures 2 and 5)
with the axial plane trending northeast. Folding and
deformation appear to be more intense in the conglomerate
Member, particularly in the northwest part¡ ârrd this may
refl-ect the proximity of the North Trout Lake bathorÍth. rn
the west part of the congromerate Member numerous granite and
pegmatite dikes are present. The intrusion of the North
Trout Lake bathol ith may exprai-n the warping of the
Conglomerate Member to the northwest.

Conglomerate Memt¡er

fntroduction

A detailed

Conglomerate Member

sedimento Logical description of the
j-s harnperecl by medj-um-gracle metamorphism,



QUARTZ

GRAYWACKE

o ¡29
!16 0^a58

FELDSPATHIC
G RAYWACK E

FELDSPAR

NOTE . MÂTRIX CO$dTAINS QUARTZ + FELDSPAR + BIOTITE + MUSCoVITE

. LEGEND

96 O - SAMPLE LOCALITY FROM THE
SA¡dDSTONE MEMBER

II9 
^ - SAMPLE LOCALITY FROM THE

CONGLOMERATE MEMBER

Figure 6

ó7. ouARTz GRAYwAcK E

i,o 
"6

63

/ øtzoo
'r24 ss.il9t 

,root St

-Class'ification of Sandstones with Matrjx ) 1SZ
(After Dott 1964).

ROC K
FRAGMEruTS



- 13-

extensive calc-siricate al-teration and deformation" The

sandstones and conglomerates of this member are well fol_iated
with foliation defined by arignecl biotite and hornblende, and

by clast elongation"

The conglomerate Menber is predominantry moderatery

sortedr gêr1€rarry horizontally bedded pebble and cobbl-e

paracongl-omerate" rn addition to horizontal bedding, poorly
sorted, large scare cross-becls with cobble congromerate lag
deposits are also present "

Pebbry, coarse-grainecl lithic and feldspathic greywacke

(nigure 6) forms 20-50 percent of the member" The sandstone

is horizontally bedded with rocal smarl- scare scour and firl
structures, and amalgamation of beds " No internal
sedimentary structures are recognizabre because of the
metamorphj-c grade and pervasive carc-siricate alteration"
nhe sandstone is compositionarry simirar to the congromerate
matri-x 

"

Lithoj-ogy and petrography

Conglomerate

Clast Typesr_)

Ttre conglomerate is polyrnictic

cobbles, and sparse boulders in a

sandstone matrix. pebble conglo¡nerate

and contains pebbles,

coarse, mafic, Iithic

is the most common and



a)

.r:: r: .:.iis...{.

äþ,1 r':¡¡., 1.¡1¡r.'i::. : :l

....'è* ¡

Ì.'¡railiir :

$:'

N)
b)

Figure 7 z Clast Types in the Conglomerale Member.

a) Felsic subvolcanic (targe clast left and above
pen) and felsic plutonic clasts (large cl-ast right
of pen) in com¡rletely altered matrix from tocality
29" Pen top points to stratigraphic tops. pen is
12 cm long.

b) Clasts of an unknown type (weathering with
negative reÌief) fel_sic subvoÌcanic ( right ofbottom of the pen) and intermediate võlcanic(1i9ht gray) ctaèts from locality 35" pen toppoints to stratigraphic tops. pen is L2 cm long.



-L4-

forms B0 percent of the exposed congJ-omerate. cobble and

bourder congromerates are confined to the western end of the
member and occur as lag deposits at the base of local scour
channels "

clast types, in order of clecreasing rerative abundance

are intermediat.e vol_canic, f elsic subvolcanic, f elsic
plutonic, and vein quartz which occur in most beds, and more

restri-cted mafic vol-canic, chert, and iron formation (tanle
Lo Figures 7 and B), crast types are clescribed in Table 2.

unknown crasts are those in which primary rithotogy could not
be identified because of weathering characteristics, small
size or rack of a sampre for thin section study. The average
size of most crasts is 5 cm and trre largest observed crasts,
which are fel-sic plutonic, are 40 cm in diameter (tabte 2).
The fersic prutonic, felsic subvorcanic, fersic vorcanic and

vei-n quartz are rounded to subround.ed ancl the mafic volcanic
and intermediate vol-canic clasts are angular to subanguÌar in
shape. Iron formation clasts are tabular, subangular to
subrounded in shape. The cr¿rsts classified as unknown are
welr rounded. original clast shapes have been distorted by
deformation with intermediate and mafic vorcanic clasts being
af fected most by deforrnational f rattening. Arr crasts lvere
measured al-ong their long axes in the prane of the outcrop
exposure. PetrographicalJ-y and compostionally the felsic
prutonic and felsi-c subvolcanic clasts are very simirar but
can be distinguished by the finer grain size and lower
abundance of phenocrysts

(taule 2, Fj-gure 9) 
"

in the fel_sic subvol_cani-c cl_asts
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a)

Scale
.l rrun

b)

Figure B; Photomicrograph of an internrediate volcanic clast
hornblende

and uncrossed
showing the development of
porphyroblasts" Nicols crossed (a)
(b) . Section f rom locaJ-ity I19 "
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TABLE 2 Deacrlptfon of CIÂsr Types ln Conglo@rêÈe M@ber

ME SEÀPE sfzE COrcR E ENURE PMffiNfr

Felalc Subvolc6Âlc I rouded to
(quarcz dtorfte I Bubrounded
to qurtz Emzonlte )

FeIsfc Plut@1c
(quar!z dlorLte)

rouDded

rruded

egul.sr to
aub6nBulgr

Veln Qurtz

InteI@d1åre
Volcânlc

I'f4 f fc
VoIcanlc

felslc
VoLcanlc

Cherc

lron Fo@¡ion

Unk¡@

angular Èo
sub6nRulsr

rmded

roúded

subar8ulEE
to sub-
roúded

rdnded

rùgo 1-60 @. ¡

awrågê 5 @

rugô I-15 @t
èv6!Ãgo 5 @.

rù96 l-10 @r
âvqÀ96 4 @.

s¡ga I:8 @¡
6V6rAqE 5 @.

r&96 1-10 @,
åwrage 5 @.

rùgs 1-é @¡
6V6rAgO 3 ø.

r$ge 4-10 @,,
åvorôge 5 @.

rÐgs l-5 @.
awragê 3 E

chlre, Eedf@ to
coarse-gr3lned sfÈh
20-30U quårÈz pheno-
crysta 9eaÊherLng ln
posiÈlve rellef

wh1te, flne to @d
Sralned ufrh 0-52
quarrz Pheûocrygts

chlle to opaque greJ'
coarac-gralned

1l9ht 9r6y, vert'
flno gralnod a¡d
math6rr r6cêBslk

dùk gey, fLn6
gral¡êd ùd wÃt}¡ers
rocosalvô.

whlte E flne
gTsined rlt¡ I-5t
blotlte.

uhitc, vqry fl¡ê
grÀlned úd rcathq¡s
wlt]. lÞEltlvê rêlfef.

c1Àata bedded Ðd
n6ty wêÀth6rlngt
Þgnetlc

llght 8rey, very fi.ne
gralned sDd seÂEhera
recesgfve.

- porphyrlclc vtth 5 @ quarÈz phenocrysta
tn I 0.5-l @ qusrtz + plågloclsse +
potasaiu feldspar qroundmasg.
- plagtoclase 1n alte¡ed to aerlclte ard
teplaced ln parr by å patchy Detwork of
a1blte, quartz snd hlcrocllne buÈ s@e
ort81ûa1 andcsfn( Ànâ, ,^ lø pEeaewed,
- bfoÈlte fomg 5-1öI.öf ræk âûd occura fn
clocs ûlÈh lnter8ranular EI*Ei6 çhlch cÂuseo
a dÂrkeûed hÁlo Ln the suEroudtn8 bfotlte.

- Eoat cIÂsts sEe equfgránul¿r sl!h aversge
8reln slze 0.1-2 @; s@ clsstê åre porphy-
rftlc alth quartz phenocryats up co 4 @.
- plagfoclåee fs stronSly 6ê.fcfrfzed and
replaced by a patchy network of q@rtz,
alblte snd olcrocllne.
- bfotfÈe lB hoægqæ$l:' dfstrfbuted qlth
Lntergranular 6phsnê cauafog derkeûed halos
1n aurroundlng bf otf re.
- sfoflsr to felsic plutøfc but ffner Brafne
ônd f@er phenocrys¡s,

- fndlvldual quarr¿ cryalalg ghæ udulatory
extlnc!fon.
- crys!ål boudaries are autured.

- equlgranular elth graroblæÈfc terturea;
ave¡age Brain e1¿e 0.05-0.1 cu
- blotlte fs homg€nously dlstrlbuted qlth
olnor serlcl!e ålteratior
- euhedr¿l pollfdltlc honbleûde porphyro-
blascs aurroqded by blotite deffclent halos.
(Fig. 8) .
-out.side edge of ÇIaSt ls coMonLyenrlcheal ln-hornblendø.
-Ephene_çccurE ag anhedral aggregategaufrounlllng FÊ-Tt oxfdea.
- clÁaÈ 1s equtgran"tar q@po€e.t af 1¡Èg-
locllng euhedral homblende ùd FIàglæIaa€
crysÈal.a (0. 05 - 1_ t mì
- plagfocra8e b"^_.. r" gtrdgry Àttùe¿t to
Bôriclte; albtto"ËvIño.

- equf8ranúler quartz and stelnned plagfr
clssei averaSe Brafn alze O.O5-0,1 @,
-_ bfotlÈe fÊ horcBeneoualy df6trlbuted
lomrng l-52 of rocL
- pIågloclsse ts partt6tly alteted to Éerlclt{
- euhedrâI hombleDde ls found ln trsce eout

- equfBraoular quartz; averåge gralD slze
O.06 @-

- Âo seple for thln sectfoD

no eæple for thln Bectf@

1te
qt
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Matrix

The matrix varies in abundance from 15 73 percent
(raute r). rt is a mafic, coarse-grained, lithic greywacke

composed of, in decreasing order of abundance, hornbrenrie
and/or diopsidea euärtz, Iithic fragments, and plagioclase
(r'j-gure f o, Tabre 3 ) . The rnatrix is arways partly al_tered

and this alteratÍon combined with the morJs¡¿¡s metamorphic
grade make the identification of rnost original textures
dif f icutt " The rithic f ragrnents iclentif ied are invariabry
intermediate vorcanic and are highly deformed and frattened
parallel to the foliation. Subherlral rnetamorphic hornbl-ende
locally forms aggregates that may represent recrystarfized
mafic volcanj_c fragments. The original subangular to
subrounded quartz and pragiocrase grains are strongry
recrystarrized and some of the rounrìing may be the resurt of
deformation" The ar-teration which can be recognized by the
presence of diopside will be cliscussed in a subsequent
section (see Calc-Silicate Alteration).

Sandstone

ExcepÈ for relict bedding (f.igure tÌ ), prirnary textures
and structures in the interbedded sandstones have been
partially to completely destroyecì by cal-c-sificate alteration
and metamorphism. vr/here primary textures are preserved the
sandstones are simir-ar to the congì-omerate matrix and are

2)



a)

Photomicrograph of
Iocality 5, showing
subhedral hornblende
nicols uncrossed.

conglomerate matrix from
high content of eutredral to

a) nicols crossed and b)

Scale
I nun

b)

Figure 10:
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Figure 1.1-: Laminations in completery arterecl sandstone at
locarity 25 " 'rhe Ìaminat ion nay ref lect bedding
features of the sanclsLone. Hammer handl-e is 30 cm
long and points Lo stratigraphic tops.
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coarse-grained lithic greywacke to ferdspathic areywacke
(nigures 6, L2 and l3). pebbles similar to those found in
the conglomerate are ubiquitous and form 5 - 15 percent of
the sandstone" fhe pebbres range in size frorn 3 - 15 cm and

have an average size of 5 cm. The pebbles are distributed
irregularly thoughout the sanclstone. Textural variations and

differences in degree of alteration define pararlel layers in
the sandstone that may refrect an originar, primary bedding.
Bedding defined in this v/ay varies from I to r5 cm thick
(Fi-gures l-1 and t5).

CaIc-Sil icate AItera Li_on

carc-siricate arteration is widespread but patchily
developed in the congromerate Memberr particurarry in the
lower part, but was not observed in underlying mafic frows or:

overlying sandstones of the sandstone Member. rt occurs botir
irr the sandy matrix of the congromerate and the interbedded
sandstones, but i-s most noticeabre in the sandstones.
Nowhere has totarry unartered congromerate matrix orî

interbedded sanstone been observed. The artered sandstone is
pale green rather than the normal dark green in colour. The

arteration forms crudery spherical patches that range in
diameter from 0.5 5 cm, and locally have a quartz rim up to
4 mm thick (nigures 14 and 15). In some sandstone units the
alteration spheres are confined to certain beds and, where
numerous, spheres have coalesced to give an appearance of
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Figure 12e Photomicrograph of tithic greywacke from rocatity
r19 showing tabular fersic vofcanic crast (center
pÌroto) and mafic vol-canic crasts (biotite clots
that v/rap around other framework grains ) "a) nicols crossed; b) nicols uncrossed
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Figure l3: Feldspathic graywacke or possibly recrystallized
lithic grayv/acke from locality 1I9. Strong

reflect
a) nicols

development of hornbl-ende may
recrystallized mafic volcanic fragrnents.
crossed; b ) nicols ì-rncrossed .





-20_

totar arteration. upon crose i-nspection, however, individuar
arteration spheres can stilr r¡e clef ined by the quartz rims.
rn the congromerate matrix the arterati-on does not appear to
be confi-ned to specific becls but rather forms irregular
masses ' The crudely spherical ìrabit of the alteration in the
sandstones was not observe<l in the congromerate matrix.
cl-asts in the congromerate cro not appear to be af fected by
the al_teration.

The artered patches are composed of 3 to 75 percent
diopside which forms granurar aggregates and large crystars
up to r cm in diameter that poikiriticarry enc.r_ose
plagioclase, quartz, hornblen<1e a.cl minor sphene in grains up
to 0"5 rnm (table 3, Figures l6 and 17)" Modal analyses
(Locarity 3, Tabre 3) of altered and partr_y artered portions
of the same bed show a marke<l increase in diopsi_de and a
decrease in quartz and hornblencle in the altered part. There
is no change in the other constituents except for a sright
reduction in the An content of l-he pragiocrase in Lhe artered
part" chemicarry (taute 4) there is a significant reduction
in sio2, AL2o3, and H2o, and slight reduction in
Na20r ârd a significant j-ncrease in M9O, CaO, and MnO in
the altered part compared to the partty artered portion.

Ttre minerarogical and chemicar differences between the
altered and partty ar-tered sarnpres is consistent with the
introduction of doromite into the sandstones and congromerate
matrix. During metamorphism the doromite reacted with quartz
and plagiocrase to procluce criopside. The presence of quartz
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Figure 1Á.

Scale

lmm

Pholomicrograph of granular aggregates of cliopsid
in strongly altered sandstone at locality
(nicols uncrossed) "
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Photomicrograph of single
diopside that poikiliticatlY
quartz and plagioclase at
crossed).

Iarge crystal of
encloses grains of

locality 2 (nicols
Figure L7z
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TABLE 4 l4ajor 0xide (percent) Chemical Analyses of sampìes from the
Conglomerate Member

L I thol ogy

Fel sic Sub-
Vol can i c

Cl ast Altered Sandstones Part'ly Al tered Sandstones

Sandstone

l4ean 5

Locaì i ty 2 2 3* 3* 5 5

si02
At 

203
Fer0,

Fe0

Mso

Ca0

Nar0

Kzo

Hzo

coz

Tûz
Pzos

Mn0

Ni (ppm)

s

75.85
.l3.44

.24

.48

.55

3.35

4.0

1 .77

.26

.07

.'tl

.04

.04

2l

ND

55"75

7 .26

.84

5.82

8.8

17.9

t .64

.86

.30

.12

.18

.06

.54

ì03

ND

58.55

7. sl

I .48

6.3

7 .55

ì 5.0
1 .52

.98

.69

.24

.15

.05

.53

ì04

.008

65.95

10.0s

1 .37

5. 86

4.95

7.0
2.16

.62

I .07

.22

.26

.06

.24

ì40

.003

69. 55

8.03

l 9

6.04

4.5

6.3
1.26

.68

I .06

.01

.21

.05

.JJ

129

ND

50.00

ls.62
1.21

8.0

7 .50

8.70

2.6
1.88

1.85

.02

.59

.12

.21

190

low

6l .5

11 .23

I .50

6.63

5.65

7.33

2.01

I .06

1 .32

.08

.35

.07

.26

133

.002

Total: .l00.2
I 00.07 I 00.55 99.8ì 99.92 98.3 99.29

N0TE: l) Sandstone localities numbered in relative lateral position from westto east.
?! Duplìcate analyses from locaìity 3 represent sampìes from the sarne bed.
9) Dupìicate anaìyses from locality 5 reþresent samþles rrom ¿iireiãñt ue¿s.
t) Localities denòted by * have moäal anàìyses in läUte ¡.5) Average of 3 partìy áltered sandstones.
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rims at the contact between al_tered and

material impties locaI movement of Si

elements.

relatively unaltered

and possibly other

The calc-silicate alteration in the Conglomerate Member

could be earry diagenetic in origin or <fue to fumarolic or
hot spring activity rel-ated to volcanism. The restrict.ion of
the alteration to the conglomerate Member and its shape and

distribution suggests an early diagenetic origin. The

alteration is more intense at the base of the member and this
courd impì-y that alteration moved upward from the base of the
member and was possibry due to fumarolic or hot spring
activity related to volcanism. Alternativety Bull (L972)

indicated that arruviar fan c1e¡>osits cornmonry contain sarts
such as gypsum and carcite. The sarts form as a resurt of
weathering of the surficial layers of the fan and form
cariche layers. The extent of cariche deveropment wourd
dependr predominantryr on the length of exposure before
burial- of the fan surface by younger fan deposits an<l in part
by post burial diagenesis of caliche formation. Ttris type is
the more likery origin of the alteration and courd explain
why some parts of the member are more altered than others "

caliche formation woul-d arso expì-ain the apparent
rerationship between arteration and bedding in the member.

Fumarolic or hot spring activity from trre base of the member

would not. exprain the apparent rerationship to bedding of the
alteration. Àlso, ðrteration as a resurt of fumarolic or hot
spring activity wour-d probabry be restricted to specific
Iocalities and would not affect the entire ¡nember.
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Lat.erar Distribution of congromerate clast rypes and

fnterbedded Sandstones

rn order to examine rateral variations in matrix
content, clast size and clast population in the conglomerate
and the relative proportion of interbedcled sandstone, the
member v/as divided into three arbitrariry defined
stratigraphic interval-s, each about lo0 m thick. outcrop
modes of the clast ty¡-.res r percent matrix and the
congromerate/sandstone ratio in each interval \^/ere plotted in
correct lateral position (nigure lB, L9, 20) , but the
stratigraphic position within each intervar was not
considered. The outcrop mocles presentecr ( Figure 18, L9, 20)
represent modal analyses of single beds at the l0carity and

may not be representative of the entire interval. sampre
rocations in these i ¡rtervars was l imited by outcrop
distribution and because of this, the raterar crast
distributions were sometirnes rimited, particularly in the
fower part of the member, to onry a few rocarities. with
these rimitations, the for Lowing discussion of trends in
these intervars shourd be considered interpretative onry.

rn the iower part of trre rnernber there is no raterar
change in cl-ast size of the prominent crast types (Figure
IB) " The rerati-ve abundances of vein quartz and fersic
plutonic crasts decrease eastward. whereas intermediate
vo'l-canic clasts increase eastward. Felsic subvolcanic clasts
show r¡o consistent lateral_ change. Felsic volcanic, mafic
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volcanic and unknown clasts were founcl only
where the matrix content also increases.
proportion of interbedded sandstone within
remains relatively constant"

at the east end

The relative

the conglomerate

the member, clast sj_zes are
the west end where there is a

The relative abundance of

fn the middle part of the member, cì_ast sizes decrease
gradually westward, but there is a sudden increase at the
west end (Figure f9) 

" There are no consistent Iateral
changes in the crast abundances except for a slight decrease
easLward of fersic plutonic crasts and a coincident sudden
increase at the west encl of felsic subvoÌcanic crasts and a
sudden decrease of intermediate vo_l_canic clasts 

" Mafic
vorcanic, fersic vorcanic and unknown crasts are restricted
to the east and the matr-ix content shows no consistent change
across the member but does show a suclden increase at both the
east and west ends. The rerative proportion of interbedded
sandstone increases eastward.

In the upper part of
relatj-veIy constant except at
sudden decrease (figure 2O).

fersic prutonic and vein quartz crasts decreases slightry
eastward. Fersic subvolcanic crasts show no consi_stent
l-ateral change. rnternecriate vorcanic crasts were not
observed in the west encr but are the dominent clast type
ersewhere " As in other stratigraphic intervals fer_sic
volcanic, mafic vorcani-c and crasts of unknown origin are
restricted to the east end "
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fron formation and chert clasts v/ere founcl

end of this stratigraphic interval_. The

relatively constant but the relative
interbedcled sandstone increases eastward 

"

only at the east

matrix content is

proportion of

cobble

average

This

bedding

Bedding Types

Ttrree basic bedding types can be cref inecl f rom large
scale bedding morphology and associatecl sedimentary
structures (faUle 5):

a ) Horizontal Becìdi ng This is clefined by even,
horizontal becrs of congr-omerate arr-ernati_ng with greywacke
beds, both of which are continuous on outcrop scare. There
are two types of horizontal bedding within the member;

t) Moderately well sorted pebble conglomerate beds
aì-ternating with greywacke beds " Individual beds of
conglomerate and greywacke average 40 cm in thickness and
show rocal- cut-and-fiìr structures, amalgamation of beds and,
in the congromerate beds, cobbre congromerate renses. No

internal- grading \¡/as foun<f i-n the congromerate or greywacke
(tr'igure 2I) .

2) Very poorJ_y sortecl, chaotic pebble to
conglomerate interbedded with greywacke in beds that
l- ' 5 m thick and show rocar cut-ancr-f ir r structures 

"

type is interbedded with the type one hori-zontar
(rigure 22).
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b) Trough-shaped cross-bedciing This is defined by
pebbre trains in poorly sorted greywacke. The cross-bed sets
are about 2 m thick with rocal- cobbre conglomerate l_enses at
the base of cross-bed sets. coarse normar grading occurs
10ca11y within individuar cross-bed sets ( nigure 23) .

c) channel-firl cross-bedding This is defined by
very poorry sorted, pebble to cobbÌe conglomerale beds and

massive greywacke in cross-bed sets lo to 15 m wide and 3 to
4 m thick (nigure 24) 

"

Four facies have been ciefined on the basis of bedding
type and thickness, and. rarge scal-e sedimentary structures
(rigure 2o Table 5). Facies r i-ncrudes type one horizontarry
bedded congromerate and greywacke, and vorumetricalry is the
most important facies" rt is founcr throughout the member.
Facies 2 incrudes trough-shaped cross-beddingr â,'d is
restricted to the west encl of the rnember "

channel-filf cross-beclding. It is locally
the center of the member. Facies 4 incrudes thick
horizontalry bedded chaotic congJ-omerate and greywacke and is
restricted to the \,\¡est end of tlie member.

Depositional Environ¡nent

sedimentary environments in which coarse crastic
sediments such as those in the conglomerate Member normarry
accumulate are restricted to st-ream channels, shorelines,
submarine fans and alluvial fans.

Facies 3 includes

developed only in
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Figure 23r Trough-shaped
hammer handle
cross_bedding.
head of hammer

cross-beclding at locality 4 " End ofrests on pebble train tlefining
Hammer handle is 30 cm long -^ãpoinLs Lo stratigraphic tops"
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channel-firr cross-bedding with massive sandstonescouring horizontalty bedded sandstone andconglomerate and in turn scoured by chaoticcongromerate (botto¡n of photo). Hammer handLe is30. cm long (top of pnolo) and head of hammerpoints to stratigraphic tops. photo taken atlocality 37.

Figure 24e
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rn stream channel and associaled frood prain
environmentsr poin't bars ancì channel-fiII constitute the bulk
of the deposits and in braicled stream environrnents deposits
formed by rateral accretion are common. Facies 2 of the
conglomerate Member could be typicar of a braided strea¡n

environment (Reineck ancl singh rg75) but is onJ-y a smarl part
of the member. The even, horizontal bedding, lacking
internal cross stratification, of Facies 1 and the thick
bedded, chaotic conglomerates of Facies 4 are uncommon in
stream environments "

shorerine congrornerates are characterized by wetl
rounded, werl sorted accu¡nulations of graver si-ze detritus
(pettijohn o 1-975, p. 155) " congromerates of the Conglomerate
Member are neither wer l sorted nor r-rnifornly welr rounded.
shorel-ine conglomerates are generalry of smarl_ volume and are
confined to narro\r, Iinear belts. In a transgressive sea
these conglomerates can forrn thin sheet-rike deposits
superimposed unconformabry on order rocks (pettijohn r975, p.
156)" Although the even horizontal bedding of Facies l_ is
sheet-rike, the generarry poorry sorted nature of the
conglomerate beds and the evidence of current activity in
l-ocar cut-and-firr structures, amalgamation of beds and

cobbre conglomerate renses in bhe conglomerate beds is not
consistent with the shoreline environment.

"Resedimented" conglomerates of a t.urbidite association
(warker, Lg75) can deverop in submarine fans. These deposits
are characterized by the presence of graded bedding in the
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conglomerate" Three basic types of conglomerate bedding 1¡/ere

recognized by Walker (I975);

1) rnverse to Norrnarly Graded congromerate - The

conglomerate beds have inverse grading at the base and normal
grading or massive congromerates at the top. This styre of
grading has not been recognized in the congromerate Member.

2) Graded stratifiecr congromerates This type is
characte rízed by normal grarìing at trre base of the bed
followed by crude obtique stratification, followed in turn,
by alternati_ng sand ancl pebble layers. The oblique
stratification is not present in arr beds. Normar grading
has not been recognized in trre congromerate Member arthough
arternating thin sand and pebbre layers are present. warker
(r975) arso indicated a compositionar similarity between the
conglomerate matrix and assocj_ated sand layers.
characteristic of the Conglomerate lrlember.

3) Di sorgani zecl Cong Iomerate s This type is
characterized by poorly sorLed, massive beds that l_ack
grading. rt is similar to Facies 4 in the conglomerate
Member 

" Although there are similarities between the
congJ-omerate Member and resedinented congromerates, the
absence of normal or inverse grading in the congromerate beds
suggests that the conglomerate Member vi/as not deposited on a

submarine fan"

rn arluvial fan environments, indivicluar fans consist
of water-raid sediments and/or debris-f row deposi_ts ( Bur_r,

This is

Le72) 
" water-laid deposits include sheet-f r.ood deposi_ts,
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stream-channel_ depos íts and s i_eve depos its
deposits are continuous on outcrop scale with mo<ferate to
well sorted gravels and sandstsone. The beds may be

cross-bedded, laminated or massive. Bedding of this nature
is similar to Facies r of the congromerate Member 

"

stream-channel deposits are found incised into the
sheet-flood deposits and consist of more poorly sorted
conglomerates and sandstones with channer-fil_l cross-bedding.
Ttris type of deposit is simirar to Facies 3 of the
congromerate Member" sieve cleposits consist of subangurar
bourders that rack significant natrix and contain void spaces
(Reineck and Singh,I975). tre<1iìing ctefinition is poor. This
type of deposit was not founcl in the congromerate Member.

Debris-f1ow deposits consist of massive, poorly_sortec1,
chaotic conglomerate or massive, structrrreless sandstone.
Ttris type of deposit is sirnirar to Facies 4 of the
Conglomerate Member,

of the possible environrnents, the congì-omerate Member

thus corresponds most cJ-osery to arruviar fan deposits.
Facies r, 3 and 4 of the congromerate Member are similar to
sediments typicar of an arruviar- fan. Facies 2, arthough
similar to sedi-ments founcr i' braided stream environments, -is
not i.consisLent with an alruvi-ar- fan environment.

Alluviar fans form at the base of highland pediments
where streams descending from the highrand areas encounter
l0wrand areas of reduced gra<ìient. The surface of an
alÌuvial fan deposit is a segrnent of a cone that widens

Sheet-f Ioocl
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downslope from the point where the stream leaves the highland
area (Fi-gure 25¡ Burl,L972). contours on the fan are bowed

downslope from the fan apex. rn radiar cross-section an

arruviar fan is general J-y weclge-shaped, thickening towards
the apex" Because of the d.ecreasing energy regime going from
the apex to the toe of the fan, the rer-ative proportion of
interbedded sand increases ancl the clast size in the
conglomerate decreases towards the toe of the fan (McGowen

and Groat, r97r). MorphoJ-ogicatly and stratigraphicalry an

arluvial fan can be divirled into three ma jor gradationar
facies and can be disti'guished by criffere.ces in rithorogy"
bedding types, and sedirnentary structures. These three
facies are the proximar fan, rnicr-fan, anci distar fan (rigure
25) .

The westward tìrickening weclge-shape of the congromerate
Member suggests that the rerative apex or the base of the
highland terrain rnay be to the wes,L. The weclge shape is welr
defined at the east end by overrying sandstone but in the
center and west, rack of outcrop hampers precise location of
the upper boundary (nigure 5)" Consequently the Conglomerate
Member as shown on Figure 2 is the minimum thickness.
shifting of the upper boundary southward wourd greatry
emphasize the wedge shape of the member. Facies r, which is
the dominant facies and represents a sheet flood mode of
deposition, is characterist-ic of the outer mid-fan area of an
alluvial- fan. The association of Facies 3 with Facies r-, and

the restriction of Facies 3 to the center of the member

indicates incisi'g of the mid-fan area by larger than average
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Hori¿ontot beddgd cof,glom€rote A I Fores€f
sq nd slone

PROXIMAL

Fign:re 25: pran and radiar cross section of a sirqle canyon a'd
fan; carnbrian age, van Horn sandstone. rfidth of
atrows' in plan view, i¡dicates relative intensity of
flu¡ial processes, cross section shows do\^nfarÌ decrease
5_n slope and grain size and ilre follcrwing gene:al nortlr_
south succession of stratification t14æs: (l) proximal:
massive gravel, 2) ¡n:id_fan: alternating gravel a'd
trough-and foreset-cross-Hded sand., and 3) distal:
trough-and. foreset soss-bedded sand (after McGowen and
Groat, L97r). sections c-c' and D-D', represent the possible
¡losition, in an idealized fan, of the exposed portion of
the Conglonerate Lkmber.
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distributary channel-s and their eventual abandonment. Facies

2 and 4 are restricted to the west end of the member, and are

typical of the inner mj-d-fan area of an arluvial fan (Mccowen

and Groat, r97r) " A thick sequence of massive conglomerate

with poorry defined beclding typicar of the proximar fan and

trough and foreset cross-beddecl sandstone characteristic of
the distal fan rvere not found Ln the exposed section of the
Conglomerate Member.

As it is presentry exposed, the conglornerate Member

represents an oblique section, although dominantly
longitudinal, through the lnicr-fan area of an atluviar fan
(nigure 25) with deposits of Lhe inner mid-fan in the west

represented by Facies 2 ancl 4 and depos it-s of the outer
mid-fan in the east representecì by Facies l- and 3. rn this
interpretation the dorninant s t-rearn f row wourd be f rom the
northwest or southwest "

Laterar distribution of cl-ast sizes do not have the
expected trends for a simpre arluvial fan with its relative
apex to the west. Average clast size should decrease

progressively eastward. rnstead, the average clast size is
constant in the lower and upper parts of the member and in
the middle part there is a gradual eastward increase rather
than decrease in crast siz.e. Furtherrnore, in both the middle
and upper parts there is a decrease in average crast size at
the west end" rn the middle part there is sudden Íncrease at
the west end " There is a sudclen decrease at the west end of
the upper part.

For a single fan the rerative proportion of interbedcied
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sandstone should increase eastward. This v/as observed in the
middle and upper parts of the member but in the lower part of
the member the proportion of sandstone is constant"

rn a simple fan the matrix content should increase
eastward. The matrix content of the conglomerates is erratic
in the lower and midclre parts of the member but is constant
in the upper part.

rn a simple arluviar fan model, clasts of the principal
rock types wourd be expecter-l to occur bhroughout the fan at
aII stratigraphic Ievel_s. Flowever, in the Conglornerate

Member crasts of fersic vorcanic, mafic volcanic, iron
formation and clasts of an unknown type were found only at
the east end. The proportion of intermediate volcanic clasts
increased. to the east in the }ower part but showed a su<lden

decrease to the west in the micldle part with none found in
the upper part at the west end. The fersic subvolcanic
cl-asts show no change in the rower and upper parts and an

increase to the west in the middle part. Fersic plutonic and

vein quartz clasts show a generar decrease to the east at alr
stratigraphic leveIs.

The conglomerate Member does not represent a singJ_e,

simple alluviar fan but at r-easL two coalescing fans. The

distribution of crast types suggests the infrux of another
arluvial- fan with its rela t_ j-ve apex to the east durlng the
deposition of an arruvial fan with its rerative apex to the
west. This is supporte.l by the distribution of average clast
sizes, matrix contents and the proportion of interbeddecl
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sandstone which do not show the expected trencls for a simpre

alluviar fan with its relative apex to the west but, instead,
show the ef f ects of the inf l_ux of detritus f rom another
alluviar fan to the east. Detritus from the second arruvial
fan with its relative apex to the east is found at arr
stratigraphic levels in the menber.

Provenance

The source area of the congrornerate Member was

characterized by a variety of rock types " Reconstruction of
the depositional environrnent suggests stream flow directions
from the northwest or southwest, rerative to the present
geography, for the alruviaÌ fa¡r at the west end of the
member.

The competent nature anci high degree of rouncling of the
ubiquitous fersic prutonic ancl vein quartz clasts indicates a

relativery distar source com¡:,arec1 to the more angurar
vorcani-c crasts " There is a generar easterry decrease in
abundance of the prutonic and quartz crasts at arr
stratigraphic levers and this suggests a source terrain
related to the western fan, oF, more precisery, a source to
the northwest or southwest of the congromerate Member. A

possibre source in the preserved stratigraphy of the
Favourable Lake belt is a trondjhernite crustar remnant north
of North Trout Lake and presentry exposed 2 km from Formation
K (Hillary and Ayres, lgBO; Figure 3)" Rock units described
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from this remnanL are texturarly simirar to plutonic clasts

i-n the conglomerate Member but most of the crasts have a

higher potash feJ-dspar content. Hillary and Ayres (l9BO)

suggest that the crustal rernnant represents a cleeper level

2927 Ma granitoid pruton, he.rted and elevated to its present

lever by the empracement of successive phases of the

27ro-273o Ma North Trout Lake batholith (corfu et al, tg8l).

The plutonic clasts could have been derived from a more

potassic phase of the granitoid crustar remnant that is not

exposed at the present erosional- l-evel. plutonic clasts from

Formation K have been dated a't 29aL Ma (corfu et â1, lgsr)
and supports this conclusion.

Felsic subvorcani-c crasts show no consistent lateral
changes and possibty indicates tl're source terrain v/as from

the west and east. The competent nature of these crasts and

their high degree of rounding suggests a relatively distal
source. There are no ecluival_ent lithologies in the

Favourabl-e Lake belt.

rntermediate vorcanic clasts are subangurar to angurar

and their distribution suggests a source related to the
eastern fan and possibJ-y the western fan in the middre part
of the member" These clasts are ress competent than the
felsic prutonic or vein quartz clasts, but are poorry
rounded, and were probably derived from a more proximaJ_

source. Intermediate volcanic rocks occur east of Formation
K in the Favourable Lake belt but there are no known

preserved intermediate volcanics west of the conglomerate
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Member 
"

Mafj-c volcanic clasts are angular to subangular and

their distributj-on suggests an easterly source. The poor

degree of rounding and the relatively incornpetent nature of

the crasts compared to the feLsic prutonic and vein quartz

clasts suggests a more proximal source. The conglomerate

Member conformably overlies mafic volcanics of Formation J in
the Favourable Lake Belt and this is a possible source of
these clasts.

Fersic volcanic, iron forrnation, chert and crasts of an

unknown type are al-l rounded anc'l their distribution suggests

an easterry and relativery distar source for these cl_asts.

Ferruginous cherts and j-ron f orrnation are f ound in the
Favourable Lake belt east of the congJ-omerate Member.

rn summary, the congl.omerates and sandstones of the
conglomerate Member were <leposited âs, at reast, two

coarescing alruvial fans " The relative apices of the fans
and the source of the sed.iment is to the west, and, to the
east of the present outcrop area. Reconstruction of the
stratigraphy suggests stream frow di rections from the
northwest or southwest for the western fan.
directions for the eastern fan are unknown.

Stream flow

The source

terrain for the fan witli its rerative apex to the west was

composed dominantry of distal felsic plutons, and possibly
felsic subvorcanj-c plutons with quartz veins, with a possibre
intermedi-ate volcanic terrain more proximarry. Detritus
derived from the east v¿as frorn a mixecl terrain composed of
felsic volcanic units anrJ sul¡v,;l<:anic plutons, iron formation
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lmm

b)

Figure 26¿ Tectonic microbreccia in outcrop (photo a) and in
thin section (pÌroto b)" Lens cap in photo a) is 5
cm in diameter " stratigra¡>hic tops are to the topof the photo" photo a) is frc-¡rn locality r24 andphoto b) is fro¡n rocality 87 " Note tectonicst-retching of grains berow the microbreccia inphoto b) and the deveropment of ultramylonite(black ) "

,..*J'JÌ
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and intermediate and mafic volcani_c rocks

Sandstone Member

Introducti_on

As exposed, the sanclstone member is a dominantry
tabular body 10 km r-ong and 0.6 km wide, wedging out to the
east ¡ êrld is composed of sa¡rc-lstones with minor interbedded
siltstone, shale and cor:gloinerate, and rare f elsic tuf f s and
mafic flows or dikes (nigure 2). Cataclasis extends up to 30

m berow the bedding prane thrust faurt at the iop of the
member and hinders petrograprric examination in the area
(Figure 26) 

"

sandsLones form BO percent of the member and are
feldspathic to rocatry rithic areywackes (nigure 6) that are
unusually rich in sancr-size quartz cornpared to the average
Archean grelrwacke" They contain 30 to 63 percent modar
sand-si-ze quartz grains (rabte 6) and have silica contents
ranging from 62 to 82 percent (fable 7). Felsic tuffs are
interbedded with sirtsto¡re a.d srrale and these rithorogies
form B percent of the member. pebbr-e congromerate beds form
B percent of the member but are restricted to the east end.
I4af ic f rows or dikes are founcl i_nterbedded with other
Iithologies and forms 4 percent of the member.

rndividuar beds in the sandstone Member are horizontal
and continuous on outcr-op scale, but eiqìrt berlrJing types can
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TÂBLE 7: HåJor oxide (Percent) Chffilcat Analyses of the Såndstone ¡Ísnb€r
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be recognized from variations in the type and distribution of
internal sedimentary structures such as gra<led bedding,

scour-and-firl structures, rip-up structures and. bedding

morphorogy. These include non-graded., chaoticr granule to
cobble conglomerate; normally graded granule to pebbre

congromerate; massive pebbJ-y sandstones; massive sandstone

graded only in the upper t0 percent of the bed¡ massive

sandstone with grading and raminations in the upper r0
percent of the bed; graded becls that can be clescribed using
the Bouma (1962 ) model; inter:berjded sil_ty share and felsic
tuf f ; and thinry laminated sil-tstone and. very f ine
sandstone "

Lithology and Petrography

CongJ-omerate

ConglorneraLe in the Sanclstone Melnber is predorninantly
pebbry conglomerate with a matrix content of 30-40 percent.
rt differs from that of the conglomerate Member in the
unusualry high quartz content of the mal_rix (rabre 6), and

the higher percentage of felsic volcanic clasts.
1 ) CIast Types

clasts in the congromerate, in or<fer of importance are
intermediate vorcanic (20 percent), fer_sic vorcanic (2o
percent), fel-sic plutonic (r5 percent), vein quartz (]0
percent) and felsic subvolcanic (5 percent). The clast types
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are similar to those found in the congromerate Member and

differ only in their relative proportions (table 2).

2) Matrix

T'he conglomerate matrix is
greywacke with a higher abundance

coarse-grained lithic

lithic fragments than

a

of

the sandstones. The framework grains in the greywacke

consist of quartz (approximately l-o percent), pragioclase
( approxirnately I5 percent ) and lithic fragments
(approximatery r5 percent). potassium ferdspar occurs only
as an exsolved patchwork of poikiliticarly enclosed grains in
pragioclase. The matrix forms approximately 30 percent of
the greywacke.

Ttre dominant framework constituent j-s subrounded quartz
that ranges in diameter from o"06-2.5 mm. The quartz grai-ns

have undurating extinction and consist of both
monocrystarrine grains and polycrystal-line grains. Because

the porycrystarrine grains are associated with moderately
undeformed monocrystarline gr.rins, the polycrystalline grains
presumably formed prior to incor¡:oration in the greywacke and

are not the resurt of in situ recrystar-rization. The

porycrystarrine grains are conposed of quartz crystars from
0.5-r.0 rnm in diameter. The effêcts of recrystallization on

the conglomerate matrix are rnost noticeable in frarnework
quartz grains. original monocrystalline grai_ns have been
partly to compretely recrystallized to a mosaic of simirar
gral-ns. Simil-ar framework grains have been completely
recrystalrized whereas the larger grains have marginal
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recrystallization (nigure 27). Recrystallization of
monocrystarline grains can be distinguished from

polycrystarline graì-ns by the smarrer grain size and

equigranurar texture of Lhe recrystatlized grains " The

result of recrystalrization of the framework quartz grains is
an equigranul-ar mosaic of quartz grains approximately 0.06 mm

in diameter, which, uncler uncrossecf porars, stirl retain the
original grain shapes (nigure 27) " plagiocrase grains are
simirar in size and shape to tÌ're quartz grains. The

pragj-oclase is untwinned and ranges in composition from

AntZ to An2B " Lithic fragments are subangular to
subrounded inLermediate vorcanic and subordinate fersic
volcanic (labre 6, Figure 28). The intermediate vorcanic
fragments are deformed and recrystal-lized (nigure 28). The

matrix is an equigranurar mosaic of quartz and pJ-agioclase

with about 15 percent biotit.e crnd hornblende.



a)

Scale
I rrun

b)

Figure 27 ¿ Partly recrystaltized conglomerate matrix in
sandstone member frorn locality 66" Some of the
biotite clots that wrap around framework quartz
and feldspar grains could be intermediate volcanic
clasts. Nicols crossed in photo a) and uncrossed
in photo b).
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Figure 28z Photomicrograp.h of sandstone from locaLity L44
showing poss ibÌe errrbayed margins of some quart z
grains in bottom Lhird of photograph ì_ndicating a
possible volcanic origin for these grains (nicols
crossecl ) .
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Sandstone

sandstones are light grey to buff coroured in outcrop
and are feldspathic greywacke and minor lithic areywacl<e
(tanre 6, Figure 6 ) . The sanclstones are moderatery werl_

sorted and have a bimodaf texture with subangular to
subrounded, o.L2-2"o ilfi1 , frarnev¡ork grains of quartz (40

percent), pragioclase (r3 percent) and ri_thic fragments (5

percent ) in a matrix conlpr is inç¡ 42 percent of the rock "

About 3o percent of Lhe sanils tone is pebbty with rouncleci

pebbles and granules either at the base of inrlividual beds or
irregularly distributecl tìrroughout the bed. Pebbl-es ancl

granules incrude fersic volcanic (7o percent), vein quartz
(20 percent) and fersic plutonic (10 percent) rock types.

The sandstone is characterized by a high quartz
conten t " subangurar to rounclecl sand.-s ize quartz f orms up to
90 percenL of the f rarnework ancr averages 6B percent, The

quartz grains include both porycrystar_rine aggregates (60

percent) of possibre metamorphic origin and monocrystalline
grains (+o percent) anct 75 percent of both types have
undulatory extinction. In areas of more intense
recrysLallization snl¿rl, I er gra ì ns h¿rve rlevelope¿ arc¡uncl the
margins of primary grains arthough the originar grain shape
remains. some monocrystarrine grains (2-5 percent) ract wavy
extinction and have emybayecì outr-ines suggestive of a

possible volcanic origin (nigure 28) 
"

Framework pl-agioclase occurs as subangular to
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subrounded grains that lack twinning and are not zoned. The

grains are invariabry partly alterecl to fine-grained
sericite, but primary conìIrositions are preserved in the less
recrystallized samples; tl're range in primary composition is
An2o to 4r35. In äreas of tnore intens ive
recrystarlization, the plagioclase is recrystalrized to a

mosaic of unaltered albite u/ith albite twinni_ng and rare
exsolved potassium feldspar that pseudomorph the originar
grains 

"

Rock fragments are fersic vorcanic (ao percent), vein
quartz (f5 percent), possible intermediate to mafic vol-canic
fragments (5 percerrt) ancl one r)ossible orthoquartzite pebbre.
Ttre f els ic volcanic f ragments are rouncled and consist of a

very fine-grained, recrystarLizecl , equígranular mosaic of
quartz and untwinned plagiocrase, lvith about 2 percent
bi-otite. The vein quartz fragments are roundecl and consist
of polycrystalline quartz with grains up to 3 mm in diameter
with sutured grain boundaries and uncluratory exti_nction
(nigure 29) 

" Interrnecliate volcanic f ragments are an

equigranurar nosaic of fine-grained quartz, pragiocrase and
biotite ( fS percent) (nigure 3 ) " Possil:le rnafic voLcanic
fragments are represented by concentrations of biotite
(nigure 30)" one possible fragment of orthoquartzi_te was

found at Iocality L27 (t-igure 5 and 29) and consists of
0.1-0.2 mm quartz grains that have straight grain boundaries
with an equigranular texture (nigure 29).
could also be recrystal_lized chert.

This fragment



Figure 29 z

Sca le
l- mm

Photomicrograph of fine-grainecl sandstone with a
deformed vein quartz granule (left) and a clast
composed of 1003 polycrystall-ine quartz that may
be an orthoquartzite fragment or recrystallizerl
chert fragment" LocaIiEy L27 (nicols crossed).
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Figure 30: Photomicrograph of deformed sandstone from
tocality I2ob showing biotite aggregate that might
be a volcanic fragment (right center of photo) and
intermediate volcanic fragrnent (center of photo) "

Nicols crossed in photo a) and uncrossed in photo
b)"
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The matrix is an equigranular mosaic of 0.01-0"06 mm

quartz and plagioclase with about 24 percent biotite. The

biotite might be the metamor¡>hic equivarent of an original

cì-ay constituent in the matrix. At the east end of the

member chlorite and epidote locally reprace biotite.
Detrital zircon, apatite, s.ohene and Fe-Ti oxides are found

in trace amounts. calcite is founcl in trace amounts but at
locality r24 (rigure 5), the sandstone contains 5 percent

calcite as coarse anhedral- grains in the matrix adjacent to
sand-size rock fragments. Trace amounts of hornblende occurs

locarry as subhedrar grains but at locarity L2o (l'igure 5),
rl percent hornbrende is present and possibry represents
recrystallized mafic fragments. Muscovite was identified
onry at rocality 67 (r'igure 5, 3r) at the base of the member

where 32 percent subheclral muscovite, defining a foliation,
is present. The sandstone at this rocalit-y is pare green in
coror, and approximately r.5 m thick and is cl_assified as

quartz greywacke.

rn some sandstone beds there is a gradation upwards to
si.l-tstone " The siltstone is compositionarry simirar to the
sandstones" rnvariabry the sirtstone is recrystarlized with
an equigranular texture.

Siltstone and Shale

fn addition

sandstone beds,

to forming the upper parts of some graded

silts Lone and shale form discrete beds
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int.erbedded with sandstone" Discrete siltstone beds are up

to 2 cm thick and are interberlded with very fine sandstone

and occasionalty thinly laminated shale.

share is commonly associated with felsic tuff within
the sandstone Member where it forrns r0 cm to I m thick units
interbedded with the tuff. shale forms a distinct unit near

the base of the member at l-ocarity 69 ancl rocarity 60 at the

far east end of the member (nigure 32) " share aL these

rocalities forms a unit up to ro m thick. rn this section
the share is recrystallized and is composed. armost entirery
of biotite with 5 percent quartz pragioclase. Ar rocality 69

the share contains 2o percent euhed.ral staurolite crystals up

to I cm in diameter"

Felsic Tuff

L-ersic tuffs and interbedded shafe form r-3 m thick
unit.s in the sandstone t4ember (L-igure 33). Tuff beds are
2-2o cm thick, weather white, ancl are distinguished from the
sandstones by their rerative Lack of quartz and high content
of plagioclase. Although no modal analyses were compreted on

the tuff, qualitatively, ttre tuff is cornposed of sand-size
plagioclase (45 percent) , quartz ( rs percent) and felsic
vorcanic fragments ( r0 percent) in a matrix composed. of
quartz and pragioclase, which together occupy 2o percent, and

muscovite ( ro percent) " The framework quartz grains are
subangurar and are monocrystalline grains. The framework
plagioclase grains are subarrgular and partly altered to
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sericite. The

fragments are

plagioc lase

f ine-graine<f

is not zoned. The feÌsic volcanic

and subroundecl "

Mafic Volcanics anrl Dikes

A medium to coarse-grained gabbro sirl at least 4 km

rong and up to r75 m thick is found in the central part of
the member (nigure 2). stratigra¡>hicatty above this sirr in
the sandstone are several thin concorclant mafic units of
uncertain origin that may be related to the larger gabbroj-c

silI.

Description and Distribution of Bedcting Types

Eight generar bedcling types could be recognized fronr

the measured stratigraphic sections in the member.

r ) Non-gradecl , chaotic, granule to cobÌ-:le congromerate

beds that range in thickness from to cm to r m with an

average thickness of 60 cm. Tìrey are restricted to the east

end and form 4 percent of the melnber.

2) Normally gradeci granule to pebbly conglomerate ktecls

that have laminations in the upper portion are 40-60 cm

thick, and average 50 cm. These becls are arso restricted to
the east end and form 4 percent of the memlter.

3) Massive, pebbry sandstone beds that have pebbles

distributed irregularly throuc¡hout, or restricted to the base

of the bed (Figure 34), range in thickness from 70 cm to 2 m

and average L.5 m. The uppe.r lo percent of the bed is graded
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from coarse to fine sand, arthough rocally, grading in this

interval is absent. This bedding type forms 5 percent of the

member but is mainJ-y in the l-ower two thirds of the member "

4) Massive sandstone beds that l-ack grading and range

in thj-ckness from L0 cm to 2 m and average 50 cm (rigure 35)"

Bedding is indistinct and is clefined by shary laminae ress

than l- mm thick. These becls are found mainry in the rower

two thirds of the member and for¡n 15 percent of the member"

5 ) Massive sandstone berls that. are simil-ar to type 4

beds, except. for the presence of laminations and grading in
the upper 10 percent of t-he be<l (rigure 36), are founcl rnainty

in the lower two thirds of tlie member. They form 4 percent

of the member and range in Lhickness from 40 cm to 3 m ancl

average I m" sedimentary structures such as shallow scouring
and soft sediment deformation are weIl defined.

6) Beds that can be descri-bed using the Bouma (1962)

model for turbidite deposition forrn 20 percent of the member

and are found mainly in the upper part. onì_y Bouma A s( AB

sequences were observed; Bouma c, D and E intervars are
apparently absent" Beds in the A intervar are continuously
graded from very coarse to fine sand, range in thickness frorn

2-60 cltì, and average 20 cm" LocaIly, the A interval
comprises a succession of gracled beds that both thin, and

become f iner-grained upwarcls. Such successions have an

average thickness of 40 cm (Figure 37). Bouma B intervars
range f rorn I-10 cm thick and average 7 crn; they comprise
l-aminated very fine sand to fine sand and silt.



a)

Figure 36; t"lassive sandstone with grading and laminations inthe upper l-03 of the bed at rocarity rzo" photo
a) shows sharlow scouring by tr,. overrying
sandstone " photo l) ) s'hows sof t sediment
deformation 
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7) rnterbeddecl sirty shale and tuff in beds 5 cm to 50

cm thick form sequences that range in thickness from 20 cm to
4 m and average I m. These becls are found mainly in the

upper third of the mernber ancl form 6? (nigure 38).

B) Thinly laminated siltstone and very fine sandstsone

that form sequences 1o to 60 cm thick and have an average

thickness of 40 cm are found niainry in the upper third of the

member and form 63 (Figure 39).

rn generar, there appears to be a systematic fining
upwards sequence in the member with relativery coarse, thick
bedded sandstones of types 3 to 5 mostly in the lower two

thirds of the member and the relativery finer-grained and

thinner bedded sand.stones of types 6 to B mostJ-y in the upper

third of the member. In addition, the conglomerate of
bedding types r and 2 are founcl only at ilre east end of the
member and could impry a lateral fining of the member from

east to west "

The most irnportant characteristic of the bedding is the
presence of grading. Gra<lecl beclding is recognized in f ruviar
environments, lacustrine environnents (betow storm v/ave

base), and in submarine fa¡rs (Reineck ¿rncl singh, 1975).
Graded bed<ling in fruviar environments is unusual and is
restricted to areas of relatively quiet water ( Reineck and

singh ' r975) " rn lacustrine environments graded beds are
found in the delta front area of prograding deltas, but the
graded beds rack raminations and other structures at the top
of the bed and form onry a small- percentage of the totar
sediment ( Reineck ancl S ingh , Lg7 5) Suk-¡niarine fan deposits
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Figure 39: Tl'rinnly to thickly laminate<1 very f ine sandstoneand siltstone fron r-ocarity r24" Hammer handre is3 cm wide and points to stiatigraphic tops "
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are characterized by graded bedding and are formed by

deposition from sediment-raclen turbidity currents. To be

preserved in the georogic record, trubirlites must be

deposited berow storm-wave base an<l away from the infruence
of currents (Walker and I',jutti , l_973) .

Ttre common occurrence of graded bedding in the
sandstones and congromerates, and the recognition of Bouma

sequences in the sandstone Member support turbidity currents
as the main mechanism of sediment deposition. such currents
flow by gravity down a srope to a basin prain where a

submarine f an is developed ( V,ra tker anrf Mutt.i , L97 3) . The

morphology of an i<lealized slope-fan-basin floor system is
shown in Figure 40 " The fan is zoned and the zoning is
characterized by various facies associ-ations of bedding types
reflecting changes in current flow velocity and confinement.

Bedding Types Coniparecì to Submarine Fan Facj_es

The eight bedding types recognized

Member correspond to Facies A, B, C ancl

lValker and Mutti ( I973 ) anct related
formati-on and morphology by Walker ancl

walr<er (r97Bb) (ra¡re B)"

These facies are as fol_lows:

in the Sandstone

c as defined by

to submarine fan

Mutti (I973) anA

thick beds, rang j_ng in

of coarse-grained, pebbly

I) Facies A

Ttris f acies

thickness from 1

cons i s ts

to 10

of

m,
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TABLE 8 Comparison of bedding types in Sandstone M:ember
with the turbidit,e facies classificatlon

proposed by lValker and Mutti (1973)

THIS WAIKER AND MUTTI (1973)
STUDY

Bedding
types

Facies
classifícation

Name Mode of deposition

2

3 (in part,)

(in part)

and 5

6

TandB

A1

A2

A3

A4

B2

disorganized
conglornerate

organized
conglomerate

disorganized pebbly
sandstone

organized pebbly
sandstone

nassive
sandstone

classical
turbidites

interturbidite
deposits

debris flow

turbulent, coarse
sediment-laden flow

poorly defined transport.
nechanism int.ermediate
between slumps and
turbidity current.s

fluidized sediment
or grain flow

turbidity current,s

pelagic and
hemipelagic deposition
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sandstone and congl-omerate" For pLrrposes of description this
facies can be divided into four sul¡facies.

A1 Disorganized congl-onerates are dominantry pebbly,

cobbÌe and boulder deposits that normally have a sandy

matrix" Beds tend to be very irregurar and rack internar
stratificationr graded bedding, preferrecl crast erongation
and i¡nbricati-on" Disorganized conglomerates are founcl in the

main feeder channer to the submarine fan and the more

proximal portion of the upper fan (nigure 40) " This
subf acies is s imi rar to becld ing type I i n the sandstone

Member of Formati_on K"

A2 organized congromerates are those conglomerates

which have distinct sedimentary structures and./or fabrics
such as graded be<1ding and crude internar stratification"
There is an apparent lateral gra<ìationar sequence from
disorganized congromerates ( nr ¡ proxirnatly to organizecl
congÌomerates more distatly on the fan (walker, rgTBb). The

organized conglomerates gra<1e rateraJ-ry from .inverse to
normally graded conglomerates proximally to normarly graded

congromerates and graded stratified congromerates more

distarly (warker, r978b). organized congromerates are found
in the distar portion of the upper fan (nigure 40) but can

extend to the braided channel- portion of the mid-fan (walker
ancl Mutti, 1973). This subfaci-es is simirar to type 2

normally graded congromerates in the sandstone Member.

are thick,
irregularry bedded sandstones ranging in thickness from 5o cm
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to t0 m" These sandstones contain granules and pebbres

irregurarly distributed throughout the bed " Graded bedding

is rarery deveropecl. This subfacies is found in the proximal

braided channer portion of the mid-fan and the distal portion

of the upper fan (Vrlalker ancl Mutti , 1973, l-igure 40) " The

subfacies is similar to part of be<ìrling type 3 of the

Sandstone Member.

A4 organized Pebbly sandstones are characterized by

graded bedding in becls 20 cm to 2 m thick. rnternarry, the
graded beds may be straLifie<l with the l.ryering being shown

by small changes in grain size in adjacent layers. pebbres

are distributed throug'Ì'rout the lower part of the bed. This

subfacies is found in the proximal braidecl channel portion of
the mj-d-fan and is Ìocally devetoped in the de¡:ositionar lobe
portion of the distar mid-fan (walker and Mutti, r973¡
lValker , L9 7Bb; Figure 4O ) . Bedding ty¡re 3 of the Sandstone

Member, in which pebbres are concentrated at the base of the
bed and a crude stratification clefined by grading occurs in
the upper l0 percent of the be<ì, is si-rni l..rr in part to this
subfacies.

2) Facies B

This facies consists of thick, lenl-.icuIar¡ 11ässive berls

of lnedium-fine to coarse sancfstones and has been divided into
two subfacies.

Bl Massive Sandstones with "Dish,,Structures
of massive sandstones from 50 c.ì to 2 m thick with a

of faint dark rines that are arc-shaped and concave

and are termed "dish" structures. This subfacies is

consists

pattern

upwards

found in



the distal portion of the

(Walker and Mutti, I973;

structures \,vere not found
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braided channel part of the mj_d-fan

Wall<er, L97Bb, Figure 40), "Dish"

in the Sandstone Member.

82 Massive sandstone lrlithor-lt "Di-sh" structures includes
massive sandstones si-mil-ar to subfacies Br but racking ',dish,'

structures and ranging in thickness from a few tens of
centimeters to 2 m" Beds are poorly definecl and amalgamated

v/ith scouring at the base comrnon. This subfacies is found in
the distal portion of the braicled channel part of the mid-fan
(WaU<er and Mutti, L973; Wa1,ker, I97Bb; Figure 40). This
subfacies is similar to beclrìing types 4 and 5 of the
Sandstone Member"

3) Facies C

This facies contains classical t,urbictites whi-ch can be

described by the Bourna sequence and in particular those
turbidites which begin with Bou¡na,s division A. These beds

wourd be termed "classical" proximal turbidites by warker
(L967 ) and are sharply definecl and fLat-based. The

sancLstones range from lo cm to I rn in thickness. This facies
is found in the depositional lobe porti_on of the mid-fan
(Walker and Mutti , Lg7 j , !!all<er t97Bb,. Figure 40 ) . This
facies is similar to beclding type 6 in the sanclstone Member.

4) Facies D

This Facies arso contains cl-assical turbidites which
can be described using the Bouma sequence but in contrast to
Facies C, the A division, and in rnany places the B division
are missing. This facies is characterLzed, by base cut-out
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sequences of the types BCDE, BDE or cDE" This facies is
found in the distaÌ portion of the depositionar lobe part of

the mid-fan and is the dominant facies type in the outer fan

(Walker and Mutti, L973; Walker 1978b; Figure 40), This

facies was not found in the Sandstone Member.

5) Facies E

This facies is si-rnirar to Facies D but has r ) higher
sand/shale ratios¡ 2) thinner, more irregurar beds and 3)

more discontinuous becls. This facies is interpreted to be

related to overbank deposition arong more or ress confined
channels (lvalker and Mutti, 1973 ) " This fac j_es is founcl as

revee deposits in the upper fa¡r (warker and Mutti, r973¡

Figure 40).

Member.

This facies was not found in the Sandstone

6) Facies F

Facies F contains all beds that have undergone

downslope mass move¡nent afler rìeposition and is characterízed.
by chaotic bedding and ruptured and folded bedding. This
facies is found in the feecler channer onto the fan and the
proxirnar portion of the upper fan, ancl occurs as srump

deposits and debris f lows ( wa lker and tvlutti , l_97 3 ; Figure
40) " This facies was not founcl in the sandstone Member.

7) Facies c

Ttris facies consists of
part silty, shales and marJ_s,

poorly developed taminations,

bedding " This facies is founcl

pelagic and hemipelagic, in

with either indistinct and

or distinct, even parallel

I ) in the upper part of the
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feeder channel onto the fan, 2) Ì:etween channels in the upper

fan, 3) between depositional- Iol¡es of the iriid-fan that have

been temporarily removecl frorn active turbidite deposition and

4) outer fan deposi-ts interbe<lclec1 with Facies D (wal-ker and

Mutti, r973¡ Figure 40). This facies is similar to bedrJing

types 7 and B in the Sandstone Member.

Relation of Facies to Submarine Fan Morphotogy

As pointed out by Walker and Mutti ( f973 ) and Walker

( r97Bb ) , Facies A i:Ìrrough G clo not occur randomly in the

straLigraphic record. some facies are spatiaJ-ry related to
form facies associations rvhich correspond to specific
depositional environrnents on a submarine fan" Figure 40

shows the rerationship of f an rnilr¡-rhology and depositional-

facies. The following facies associations have been

described by wal-ker and Murl-i (r973) and walker (r97Bb).

1" Feeder Channel þ-aci_es Association

Morphologically, this association included deposits of
the slope into the basin and the deposits of major channers

or canyons incised into the slope (nigure 40). The submarine

channers and canyons may be prugged by either coarse

materials (srumps, debris flows, congrornerates) or by very
fine material ( clays, mudstones ) . The upper part of tÌ-ie

slope is characterized by facies c (peragic and hemipelagic

muds), whereas the lower slope commonry contaj-ns ehannels

filled by the various Facies A lithologies (pebbly sandstones
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and conglomerates ) . The instability of the slope is
reflected by the common occurrence of slumped or chaotic beds

of Facies F' rn a progracling fan, this facies association
may show a verticar- facies sequence of thi'ning and

fining-upward beds (Walker ancl Mutri, I973).
2. Upper Inner Fan Facies Association
The upper fan is characterizeð, by a singre channer that

may be aggrading, with leveesr or entrenched with erosive
walls ( r'igure 40 ) " The faci-es association of the channel
deposits includes the various J_ithologies of Facies A, with
B2 and perhaps Br, together with levee cleposits of Facies E.

The enti-re channelized complex is enclosed by muds of Facies
G" rn a prograding submarine fan a vertical facies sequence
of thinning and fining-upwarcls beds is proposed for this
facies association (Watfer and Mutti , Ig73) "

3. Middle Fan Channelerl Association
This facies associat,ion is founcl i_n the proxirnaJ_

portion of the mid-fan (nigure 40) and is characterize<l by
abundant braided channels " The facies in this association
are mainly coarse to braidecl channers (¡'acies c, with some A

and B), and finer in the interchanner areas (Facies D and E).
rn a prograding fan (warker and. Mutti , rg73) deposits of
channers in this associ-ation can be recognized by a thinning
and fining-upwards sequence of beds.

4" Middre Fan Depositionar Lobe Association
This facies association is found distaì_ry in the

sparsely channeled distal portion of the mid-fan (r'igure 40).
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The dominant facies present are D and c, with possibre

development of Facies B2 and 44. channeling is not important

and individual beds tend to be more continuous l-ateratly. fn

a prograding fan this association would be characterized by a

thickening and coarsening-upwarcl sequence of beds (watker and

Mutti, I973).

5. Outer Lower Fan Association

Ttre rower f an is the 1>ortion of the f an transi-t j-onal_

from the convex upward middle fan to the frat basin froor
(nigure 40)" The lower fan is not channeled and receives the

deposits of thin, broacl flows " The dominant facies is D in
the active portion of the rower fan ancl Facies G in the
inactive portion" rn a progracìing fan the facies association
would be characterized by a thickening upwards verticar
sequence of beds ( Walker and tlutti , I9 7 3 ) "

6 " Basin Pl-ain Associa Lion

Deposits of the flat basin floor ( l'igure 40 ) are

typified by srow hernipelagic deposition of Facies c

interrupted periodicarry by tubidity currents of Facies D.

No facies sequence have been ¡rroposed for this associ_ation.

Facies Associations of Bedding Types

Of the relevent facies and subfacies defined by Vüalker

and Mutti (1973) only F'acies Al, A2,43, A4,82, C and G were

recognized in the sandstone lilember ( ta¡te B ) . The seven

facies and subfacies occur tìrroughout the ¡nember but their
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distribution is not random. Accordingl-y fr¡ur distinct facies
associations can be def inecl ( r'igure 2) , each of which is
characterized by one or two of walker and Mutti,s facies and

subfacies (tabIe 9) 
"

Association I (Fiqure 4L) This is the clominant association
in the rnember, Facies B and c are interbed<1ecl and together
comprise 90 percent of the beds and 85 percent of the total
thickness (fabte 9). The interbedding of proximat turbidites
of Faci-es c with channer-firl deposits of Facies B represent
a middre fan channeled association as clefined by wal-ker and

Mutti (1973). The coarser channeÌ-fiII de¡rosits of Facies A

which are a relat.ively mi-nor cornponent of the association are
consistent with this interpretation. The finer deposits of
Facies G may represent periocìic abandonment of channels and

filfing by pelagic ancl hemipetagic units.
Association 2 ( Figure 42 ) T'his association forms the upper
part of the member and is dominatecl by tracies c which for:rns

7oz of the totar thickness a'd 752 of trre beds (rabte g).
fhe interbedding of even, horizontar beds of Facies c with
Facies A and B, which togetìrer occupy only r5å of the
association, is consistent with the depositionar lobe part of
the rnid-fan (Watker anC Mutti, Lg73). I¡acies c is also
present in small amounts and represents periodic abandonment

of channers and of depositionar robes on trre fan.
Association 3 (l.igure 43) This association forms local
lenses characterized by channer- deposits of Facies B with
moderate proportions of both Facies c and c (table g).



F-VF CRÂDEO A€05

fH NLY LAMINÂI€D VF 5AÑO ANO SILf

fHTNLY ro rH CXLY LAüttÂr€O vF SAtO
aro Flx€ 9ÂNo f !tLf FrNE 3Áf,o B€0!
!P lO ?.õ ANo ÍORU - 2OY. 6 AfÕ3

rHlñ GRAOEO BEDS < l.ñ. GRaolñc
FROM !EDIIM IO F E SANO

ÊEpOSlOlÀr 5URFÀCE wrrH SEcrrOtFO' GÊævE CÂSÍS
lHrñLY LAMIrÁfE0 vF sAho ¡*o

PESgLE HOÂrZOX 6cn FROg AASEr
FELSTC VOLCA¡rC C!ÀSl5

rHrH!Y 8EoOEO. r-2cñ 6RÀDEÕ
BE05 WtYH LO^O !lñUlu¡f!

4

Iõ^Tã
l"' ô ôl

Fì "J

1....:l

l.]r¡

vc-

M-
F-

S.
IEE

L EG END

GRAIN GRADATION

VERY COÂRSE SANDSTONE

COARSE MASSIVE SANOSTONE

MEDIUM MASSIVÊ SANDSTONE

FINE SANDSTONE

LAÑIINATIONS

VERY COARSE SAND

COARSE SAND

MEDIUM SAND

FINE SAND

VERY FINE SANO

SILT

SOFT SEDIMENT DEFORMATION

SCAL É

O .2 ¡ .6 € r.o ¿.oMgTREg?77V---777jt---Y777:- _ 

--_1

Pf gure 41: Associat j.on 1 Facl-es Associatíon f rom

LocalÍËy L20 ín the Sandstone Menber.



å'
) 

Itr
e 

pr
op

or
tio

ne
ca

lc
ul

at
ed

 f
ro

m
ee

ct
io

ns
 w

ith
inT

A
B

LE
 9

 
F

ac
ie

s 
ae

so
ci

at
io

ne
sp

at
ia

lly
 

on
 F

ig
ur

e
as

so
ci

at
io

n 
of

 't
)æ

es
an

d 
ot

he
r 

ou
tc

ro
ps

"

F
ac

ie
s

ss
oc

ia
tio

n

sa
oc

ia

T
ur

bi
di

te
F

an
in

te
rp

re
t-

at
io

n

of
 b

ed
s 

w
er

e
th

e 
st

ra
tig

ra
ph

ic
ea

ch
 g

ro
up

so
ci

at
io

n 
2

so
ci

at
io

n 
3

de
po

si
ts

 o
f

m
id

dt
e 

fa
n

de
po

si
tio

na
l

lo
be

s 
on

¡n
id

dl
e 

fa
n

in
te

rm
itt

en
t

ch
an

ne
l 

on
m

id
dl

e 
fa

n
de

po
si

tio
na

l
lo

be

ch
an

ne
l

de
po

si
ts

 o
f

up
pe

r 
fa

n

in
 S

an
ds

to
ne

 M
em

be
r.

 T
he

 g
ro

up
s 

w
er

e 
de

fin
ed

2_
by

 c
on

ce
nt

ra
tio

ns
 o

f 
a 

U
ãa

ai
ng

 t
)æ

e 
or

 a
n

in
 b

ot
h 

th
e 

m
ea

su
re

d 
st

ra
tig

ra
f,h

iô
-s

ec
riã

;s

P
ro

po
rt

io
n 

of
 b

ed
s

(T
ab

le
 8

) 
in

Lr
2t

3

so
ci

at
io

n 
4

B
)

T
he

 p
er

ce
nt

 t
hi

ck
ne

ss
 o

f 
be

ds
 w

as
ca

lc
ul

at
ed

 f
ro

m
 t

he
 s

tr
at

ig
ra

ph
ic

ee
ct

io
ns

 w
ith

in
 

ea
ch

 g
ro

up

(W
al

ke
r 

an
d 

M
ut

t.í
 o

 ]
.g

?3
1

ac
le

a 
C

la
ee

ifí
ca

tfo
n

1,

P
er

ce
nt

 t
hi

ck
ne

se
 o

f 
be

dd
in

g
t¡

pe
s 

(T
ab

te
 B

) 
in

st
la

tig
ra

ph
ic

 
S

ec
tio

ns
2u

3
40

5

5

20

bU 10 50

6

¿
5

l'8

70 10

55

L¿ t5 20

.F
'a

cI
ea

A

20

!'a
ct

-e
8

B F
ac

ie
s 

ct
af

fi
(W

al
ke

r 
an

d 
M

ut
ti,

 
Ig

7g
].

15

.F
'a

cI
ea

c

lo

F
ac

j-e
s

G

I O
r o I



f xr5
sr z€ kofES

-J r¿.s,c voLc^¡rc P¡aaus 
^r 

ßa
-,-J o¡ s¡o!

+larNLY LÂHrñÁrÊD

-sUCCE55rO¡ 
OF 6RÀôED S€OS

irnar aor* rHrN a'o FrñÊ

=J:ili':^iffiä"^
PO5SIBLI ÊEPRESENïS ELÁBORÀYF

fse",es or F¡ñiNG aro rHrNNrN6

1 
UPWAR0S SEOUENCES COUrcSEO OF

c 6 c-F

c

6 c-F

6 c-F

6

c

Aôô

6 c-F
a-

c

6

6

6 c-F
I

l

-. 

MEIAE 6ÁP OUE TO !AC(
oÉ ExÞ05uR€

-TniNLY 

LAMllÂlE0

-fHIÈLI 

!AÍIXAÍEO

6 c-F

B 4 c

c
6

///,/,/,/,/ ,/,/,/,/
"/,/,/

./ ./t

c 6

G I VF+S

c 6

G I VF+S

c

6 c-M

6 c-M

6 c-M

6

6 c-M

6 c-vF

LEGEND

I GRATN GRADAI|ON

FllTl coanse NlasstvE saNDsroNE

l:j LAMTNATtoNS

HTI rEcro¡'llc MtcRoBREccrA

C - COARSE SAND

M - MEDIUM SAND

F . FINE SAND

VF - VERY F¡NE SAND

s - stLT

SCALE

a 2 4 .6 A O 2OMEYRE5r777r--7777----Vmr--------

AssoclaLíon
LocallËy 96

2 Facies AssoctaÈíon from
in fhe Sandstone Member"

F{.gure 42:



PO55IBLE FITIR6 ÂNO fH'!NING
UryAROS SEOIE¡CE CORPOSED
æ lxrrts t¡¡tHô 

^¡DTHINNIIG UPWÀRD SE@ElCES,

1
F--*-l

6T¡Ì
Iô A

M-
F-

LEG END

GRAIN GRADAIION

COARSE GRAIN S¡ZE

LAM IN AT IONS

TECTONIC MICROBRECCIA

COARSE SAND

MEDIUM SAND

FINE SAND

VERY FINE SAND

S ILT

SCAL E

o .¿ . 6 6 rO 2.oMEÍRESW

Figure 43: Association 3

Facries Association
from Locality
112 i¡ the
Sandstone l.{snber"



6r-

Facies c forms l0 percent of the association and 13 percent

of the beds present whereas Fac-ies G forms 20 percent of the

association and 15 percent of the beds " This association
contains a higher proportion of Facies G than the other
facies associations, and this suggests ronger and more

frequent abandonment arlowing deposition of shale and minor

tuff beds" The distribution ancl thickness of Facies G units
in the section suggests more frequent abandonment as the rnost

rikely reason for the Ìrigher ¡:roportion of Facies G in this
association 

" Although Facies A forms 2OZ of the total
thickness it represents only B9o of the beds present. This
may indicate thicker than average Facies A beds or thinner
than average Facj-es B beds in the association. comparison of
bed thicknesses of Faci-es B in this association with those in
other associations suggests that the rower proportion of
Faci-es A beds represent thicker than average beris.

Association 3 does not fit any of the facies
associations defined by walker and Mutri (t973)" warker
(r97Bb), however, indicated that rocal incise<l channers courd
deverop in the mid-fan area fron rarger or coarser than
average turbidity currents. These channels, which would

resurt in deposition of l,'acies B sancls t one distally ancl

pebbry sandstones of F'aci-es A proximally. fed nìore distal
depositionar lobes in the outer fan area. The lenticular
nature of this Association 3 and the high proportion of
Facies B suggests that this association could represent
incised channels in the mid-fan area of a subrnarine fan.
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Facies A wourd represent larger than average flows in the

channel and crassicar turbidites of Facies c could represent

a break in sedimentation within the channel and resumption of
deposition of the mid-fan deposition lobe. Facies G

deposition would arso represent a break in sedimentation and

deposition of peragic and hemipelagic sediments. The incised
channers v¿ere eventuarry covered by reactivation and

deposition of the mid-fan in this area.

Association 4 (Figure 44) This association is restricted to
the east end of the member ancl is characterized. by a high
proportÍon of Facies A ',vhich forms 5 5 percent of the

association and 50 percenL. of the beds (rante g). Facies B

and c form 35 percent of Lhe association and 47 percent of
the beds, but Facies G is rerativery minor, forming to
percent of the association ancl only 3 percent of the beds.

This association compares with the upper fan association of
warker and Mutti (r973) " !'acies c courd reloresent deposition
in the channel-s from a waning current ancl Facies G coul<l

represent deposition in the channe-ls of peragic and

hemipeì-agic sediment forlowing periodic channer aband.onment.

Depos itional- Envi-ron¡nent

The sandstone Member is a vertical section through a

turbidite fan. The distribution of the facies associations,
and the environments of deposition they represent, is not
random but defines the development, with time, of a turbidite
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fan that was initialty prograrìing but was retrograding in its

later stages "

A turbidite fan can be either prograding or
retrograding depending of Lhe relative r¿¡.tes of sedimentation

into the basin and basin subsidence. rn a prograding fan the

rate of sedimentation is faster than the rate of basin
subsidence" A verticar section through such a fan would show

an upward transition from lower fan through middle to upper

fan deposits " fn a retrograding fan the rate of basin
subsidence is faster than Lhe rate of seclimentation into the

basj-n' A verticar section through a retrograciing fan wourd

show an upward transition frorn the upper fan through the
middle fan to lower fan deposiLs.

rn the sandstone Member the rower 3oo to 5oo m is
poorly exposed, except at rocarity 66-67, west of the
northeast-trending fault. hhere the lower part is exposed,

channel-ed middle fan deposits of Association r are in cl-ose

proxi-mity (wittrin 2oo m) of the i:nderlying congromerates of
the congrornerate Member and basarts of Formation J lvit.h no

apparent upper fan deposits of Association 4. The prograding

or retrograding nature of the fan in the rower part is
impossible to cetermine clue to the lack of exposure. At the
top of the lower section at locality 67 quartz greywacke is
overlain by shale" This courcl represent a locar break in
sedimentary suppry to the basin during which mechanicar and

chemi-cal weathering of the sediment may have resurted in the
upgrading of the sediment, with respect to sand-size quartz,
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prior to deposition. The share would represent a period of

rel-ative quiescence in the basin with deposition of peragic

and hemiperagic mud. rn the well exposecl upper two thirds of

the member there is an upward transition from more proximal

channel-ed middle fan deposits of Association I to more distal

depositionar robes of the micklte fan (Association 2) which

are rocally channeled by Association 3. This distribution of
facj-es is consistent with that of a retrograding fan.

At the east end of the member a wedge-shaped unit of

the upper fan channeled association (Association 4) is
bounded to the east by the norlheast-trencling fault. This

upper fan association is overlain and underrain by middre fan

channel-ed deposits of Association l. This stratigraphic

relationship may represent Lhe initiar development of a

prograding fan which was succee<lecl upward by a retrograding

fan; the relative apex of the fan would be to the east. The

transition between a progracling and a retrogracling fan at
this rocarity would be about two thirds up the sequence in
the middle fan channeled associ_ation.

Although there is very littre offset of formation
boundaries arong the northeast-trending faurt there is an

apparent break in stratigraphy in the Sanrfstone Member across

the fault " East of the faurt there is an upward transition
from ¡niddre fan channeled deposits of Association I to upper

fan channe-led deposits of Association 4 representing a

prograding fan, The eastward wedging out of t\ssociation l
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and the apparent dominance of Association 4 further east

indicates that the relatj-ve a¡:ex of tJre fan is to the east.

Predominantly verLical rnotion, rerative to the present

erosionar surface, al-ong the fau]-t could have praced

different portions of a submarine fan in apparent formationar
stratigraphic continuity. vertical- movement does not appear

to have been excessive, because stratigraphically simirar
sedj-ments are traceable across the fault at the top of the
member 

" lateral grain-size variations in the sandstone

Member are not apparent exce¡>t for the presence of
conglomerate at the east end of Lhe member onì_y.

rn summary, the sandstone Member represents a

subaqueous turbidite fan with its rerative apex to the east.
The distribution of facies associations indicat.es a

prograding fan in the miclclle of t-he member gracling upwards t-o

a retrograding fan at the top of the member. There is an

apparent break in sedimentation towards the base of the
member at locarity 66-67 with an intervening period of
quiescence marked by the deposition of quartz greywacke and

shale. Assuming the basi¡r wâs continuousry subsiding this
would indicate a f aster rate of clepos ition in the mirldle of
the member, than at the top of the rnember.

Ctremistry

Although sandstones of the Sandstone

have chemically anomal.ousÌy high SiO2 an<l

Member generally

sand-size quartz
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contents there is a wide range in compositions Chemical Iy
(rabre 7) sio2 contents range from 63 to 84 percent and

averages 74 percent whereas rnodaJ-ry (talte 6) the sand-size

guartz content ranges from 29 to 64 percent and averages 40

percent" This compositionar variance shows up both between

individuat beds at the sarne rocality, as shown by sarnpres at
locality 67 ( Table 6 and 7 ) .rnd within inrlividuar becls, âs

shown by sampres from the same bed at locality r2o (taute 6

and 7 ) " Three separate sandstone bed samples at locatity 67

have modal sand-size quartz contents that range from 43 to
64 percent and sio2 contenLs that range from 73 to 84

percent" At rocality L2o tlrree sampÌes taken from the base,

middle and top of a gracled becl , o .7 m thick , have moclal

sand-siee quartz contents that range frorn 36 to 5l percent
and chemicarly have sio2 conLents that range from 70 to 78

percent. At this rocarity there is an upward increase in
both sand-size quartz ancl sio2 contents with the highest
sand-s i ze quartz anrf s i 02 contents be ing j-n the
fine-grained upper portion of the gradecl bed. This implies
that detrital- quartz grair-rs in the source area v/ere

dominantly fine sand.

Sandstones of the Conglomerate Member differ chemically
from those of the sandstone Member (Table ro) in rower

contents of sio2r Na2o ancl Rzo but higher contents of
FeO, Fe203, MgO ancl CaO " ModaI Iy these chemical_

differences are refrected by higher contents of biotite and

sand-size quartz and plagioclase in sandstones of the
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TABLE t0: Chemical Compcsìtions of Fornlation K

Sandstones Compared to other Sandstones

OX I DES A B c D

si02

Ti02

Al 
203

Fe0

Fer0,

Mn0

Mgo

Ca0

Nar0

Kzo

Hzo

Pzos

coz

73.96

0. 28

11.15

2.55

0. 93

0. 0B

2.91

1 .67

3.17

1 .77

1 .07

0. 06

0. 28

6l .50

0.35

11 .23

6. 63

I .50

0.26

5.65

7 .33

2.01

L06
1.32

0.07

0. 0B

83.90

0.30

B.t0
3 .00

0"10

I .30

l.B0
0. 50

0. 90

69. 83

0. 54

14.20

3.99

0 "44

2 "41

I .Bl

2.80

1.70

I "69
0.11

0. l0

TOTAL 99.92 99.29 99.9 99.69

A Feldspathic greywacke from the sandstone Memb., ., Formation K

(mean of 21 samples)

B Lithic greywacke from the conglomerate Member of Formation K

(mean of 3 part'ly altered sampìes)

c Archean quartz-rich greywacke, North spirit Lake, northwestern
0ntario (rnean of samples 1 and 2, Table III Donaldson and

Jackson, I 965)

D Archean metagreywacke, Gamitagama Lake greenstone bert, Lake

Superior Park,0ntario (mean of sampies 2,7 and 8, Table 7,
Ayres, fls).
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sandstone Member, and the high hornbrencle and. diopside
contents of the sandstone of the conglomerate Member.

Quartz-rich sandstones in the North spirit Lake area
(Donaldson and Jackson, l-965) clescriìred as being derived from

a mixed granitoid-sedimentary source terrain, differ frorn

those of the sandstone Member by having higher sio2
contents and l_ower 41203, total Fe, MgO, Na2O and K2O

contents (tante f0) "

The lower sio2 conten t ancl higher Kzo and Ar 2o3
contents of Formation K sandstone Me¡nber sandstones is
refrected modally by lower sa.d-size quartz ancl higher
sand-size plagioclase contents relative to the North spirit
Lake sandstones (tabte Il)"

More typical greenstone-bert sandstones have lower
quartz contents " This is shown by comparison with sandstones

from the Gamitagama Lake area of northern ontario (Ayres,

manuscript ) which are rlescribecl cr.s being derivecl f rom a

predominantty fe-l_sic volcanic source terrain. Gamitagama

Lake sandstones differ from l-hose of the sandstone Member by

having lower SiO2, M9O and. Na20 ancl higher Al2O3,

cao, and totar Fe (Table 1o). The higher sio2 content of
the sandstone Member is refrccte<l by its rnarkeclry higher
sand-size quartz contents (ta¡le II). The higher 4I203,
cao and Fe and lower Na2o contents of the Gamitagama Lake

sandstones is refl-ected by their higher content of matrix ancl

more cal-cic plagiocì-ase.
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T.ABLE II Modal Analyses of Formation K Compared

to Other Sandstones

A Feldspathic greywacke from the sandstone Member of
Formation K (mean of t9 samples).

B Lit'hic greywacke from the Conglomerate Member of Formation
K" (mean of 3 partly altered samples),

c Quartz-rich greywacke, North spirit. Lake, northwestern
ontario (mean of samples I and z, Tabre rr, Donaldson and
.lackson, 1965 ) .

D Mean of Archean grelrwacke samples 2o 7, and g, Table 3

from Ayres (ms)..

Component, A B c D

Sand-size
Sand-Size
Sand-Síze

Quartz
PlagÍoclase
Potassium Feldspar
Matríx
Rock Fragments
Biot.it.e
Hornblende
Diopside
Chlorit.e
Sphene

Fe-Ti Oxides
Apatit.e
Zircon
Carbonate
Epidot.e
Muscovit.e

40"1
13.5
trace
L2.2
4"7

12.5
trace

trace
trace
trace
trace
trace
trace
trace
trace

35,4
L2 "6

2"7

7.9
6"5

24 .3
5.4

"6
"4

54"3

"86

44 "85

19"1
L7 "2
trace
37 "7

2"3
15.0

4.6
1.13

trace
ërace
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Provenance

rf the sandstone Member is a turbiclite fan with its
rerative apex to the east the provenance shourd arso be to
the east. crasts in the congrornerate at the east end of the
member are, in order of irnl:ortance, intermerliate vorcanic,
felsic vol-canic, fel-sic plutonic, vein clilartz and felsic
subvolcanic " This re.oresents a mixed f elsic-intermecliate
vorcanic terrain with some subvorcanic and deeper seatecl

plutons" This requires erosion of older volcanoes, not just
transport of unconsoridatecl vol-canic products that are
continually being replenishecl. Intermediate volcanic clasts
are subrounded whereas the other clasts are rounded, and this
suggests a relativery more .oroxirnar source for the
intermediate volcanic crasts and a more <iistar- source for the
felsic pJ-utonic, vein quartz arrrl f elsic subvolcanic crasts .

A variety of source terrains have been postuì_aterl for
Archean sedimentary sequences 

" The source of the high
contents of quartz sand in Archean greywackes and arenites in
the North Spirit Lake area has been ascribecl by Donaldson and

Jackson (1965) to a coml>ined granitoid and sedimentary source
area. This was corroborated by the discovery of
orthoquartzite pebbì-es in the congromerates ( Donardson and

ojakangas, r977). warker and pertijohn (rgzr) and pettijohn
(L972) concl-uded that a siaric prutonic source was necessary
for pebbly arenites near sioux Lookout, ontario. Some

Archean greywackes of other volcanic-sedimentary sequences of
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the shield have had volcanogenic sources (Ayres, I 969;

ojakangas, r972 a, b) or mixecl granitoid-volcanic sources

(l{enderson r972). rn the vorcanogenic Knife Lake Group of
Minnesota ojakanagas (L972 a, b) showed that the source of
mj-nor felsic plutonic detritus v/as a coeval pluton rather
than a cratonic source.

Ayres (rnanuscript ) suggested that erosion of ash f low

tuffs produced in Plinian eruptions of silicic rhyoclacite and

rhyorite composition could exprain the rnoderate quartz sand

enrichment in greywackes of the Gamitagama Lake area,
ontario " A prutonic-metamorphic c r-atonic provenance v¿as a

subsidiary source.

fn the sandstone Mernber of F.ormation K, clasts found in
the conglomerate and sanclstones indicate that the forrowing
possibte source rocks must ]:e consi_derecl:

a) Intermediate volca¡roes

]r) Felsic sul¡volcanic plutons

c) Fel_sic plutonic

d) Quartz veins

e) Felsic volcanoes

f) Ol-der sedimentary rocks

rntermediate volcanic clasts are abundant i_n the
congromerates at the east end of the member but are a

relativery unimportant coiiìIronent of the pebbly sandstones.
T'Ìre clasts are fine-grained and aphyric and thus intermediate
volcanoes courd not have supplied the sand-size quartz
grains 

"
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FeIsic subvolcanic clasts

contain up to 5 percent, 0.5-4

Erosion of subvolcanic plutons could

grains.

are medium-grained and

mm quartz phenocrysts 
"

produce sand-size quartz

FeIsic plutonic clasts are porphyritic with up to 25

percent ' 2-5 mm quartz pheoncrysts " A crustal remnant of a

sirnilar composition has been clescribed northeast of Formation

K (Hittary and Ayres, tgBO) and could be a source for these

clasts. Intense mechanical and chemical- weathering of Lhese

rocks whÍch are about 200 Ma older than the sandstone (corfu

et â1, rg8r) could produce sand-size quartz ancr must be

consj-dered as a possibl_e source.

Quartz veins could provide sand-size quartz to the

sediments under condiLions of prolongecl transport and

mechanical weathering but crFÊ not likely to be a major source

because of low volumes in most source terrains.

Felsic vorcanic clasts in tire sandstone Member arè

fine-grained and aphyric. Ilecause of this, felsic volcanoes

of comparable composition are not consirfererl to be a suitable
source of sand-size quartz.

older sedimentary rocks t}- at have been eroded and

subjected to abrasion during prolongecl transport courd supply
a rarge abundance of sand-size quartz to the sediments. A

pre-existing sedimentary terrain is supported by the
discovery of a possibl-e orthoquartzite pebble at rocality
r27 ' and by a 200 Ma age hiatus between the deposition of the
sandstone Member and the underrying vol_canic rocks (corfu et
al, 198l ) .
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Based on the crast lithologies found in the sandstone

Member, the high sand-size quartz com¡:onent of the sandstones

could be derived from a terrain of felsic prutons and/or

fersic subvorcanic prutons with quartz veins, combined with a

pre-existing sedimentary terrain containing possibre

orthoquartzites. When the clast Iithologies in the

congromerate Member are considerecl, however, the relative

irnportance of a terrain composecl largely of fersic plutons

ancl fersic subvolcanic prutons with quartz veins in the

provenance of the Sandstone Member is decreased. WeIl

rounded fersic plutonic, felsic subvolcanic ancl vein quartz

clasts are found throughout the congromerate Member and form

a larger proportion of the clast population than in the

Sandstone Member. However, the interberldeil sandstones in the
conglomerate Member are not unusualry enriched in sancl-size
quartz "

lvhat must be considerecf in the provenance of sand-size
quartz in the Sandstone llember is the relative importance of
fersic volcanic crasts in the member and the interbedded

fersic tuffs. Felsic vorcanic clasts form 20 percent of the
conglomerates and are equaJ- in importance to intermediaLe
vorcanic clasts . rn aclclition, f r:ls ic volcanic cÌasts form

70 percent of the pebbles in the sandstone and over BO

percent of sand-size Iithic fragrnents. This shows the
rerative importance of felsic volcanic rocks in the source

terrain compared to other rock types. In addition, 40

percent of the sand-size quartz grains are monocrystalrine
with some stilt retaining evidence of rnagmatic corrosion in
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the form of embayments and hence could be volcanic quartz "

Thus, although the felsic clasts rack quartz phenocrysts, a

fel-sic volcanic source must be reconsiderecl .

A plinean eruption of felsic composition in the source

terrain could suppry large volumes of tuffaceous material.

Quartz crystals could be readily transporte<ì and concentrated
from such unconsoridated tuffaceous deposits. pumice and

volcanic grass constituents of i-he tuff are readily eroded

and the volcanic al-ass portions altere<l to clay. The clay
would be deposited in Lhe d.eeper portions of the basin as mucl

or in the matrix of the sanclstone. The plagiocJ_ase,

potassium feldspar and quar1-z crystars released from the
pumice as well as in the tuff would be abraded and in the
case of the feldspars, al-terecl during transport. This wourd

arso be the case if the secliment was deposited in a beach

environrnent prior to redeposition as a turbidite fan. The

ferdspar content of the tuff is more susceptible to erosion
and arteration than the quartz crystals and would be

preferentially removed over the quartz crystals "

Phenocryst-poor felsic volcanic clasts ancl sand-size lithic
fragments courd have l¡een derived from pre-existing fersic
volcanic sequences or from phenocryst-poor felsic frows
related to the plinean eruption. If the quartz-poor
interbedded tuffs in the s.rndstone Member are related to the
prinean eruption they could be rlerivecl from a secondary venL

source of different composition located at some distance from
the plinean eruption.
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Arthough a plinian eruption in the source terrain is a

possible source of the sancl-size quartz in the sand.stone

Member, erosion of a pre-existing felsic vol_canic sequence is
also possible, rf the interbed<led quartz-poor tuffs in the
member are rerated to a plinian eruption in the source

terrain as air-fal-l- tuf f s, then an unusual_ amount of
compositional sorting of the sediment during transport wourd

be requi-red over a relativery short period of time, The

erosion of a pre-existing quartz-rich felsic tuff and

subsequent upgrading during transport of the sand-s ize quarLz
content of the sediment coulrl suppty large vol_umes of quartz.
A process of this nature wourcl require a more extended period
of time than that avail-abIe <luring rleposition with coinci6ent
volcanism" A 2OO Ma hiatus is indicated prior to the
deposition of the sandstone i"remh:er ( corf u et â1, 19Bl ) and

wourd be suf f icient to upgra<ìe tl-ie sancl-s ize quartz- content
of the sediment. Aphyric fersic vorcanic clasts and lithic
fragments in the sandstone lVember coulcl be derived from the
erosion of phenocryst-poor frows i. the pre-existing felsic
volcanic sequence

Although erosion of tuf fs related to a pl-ini_an eruption
in the source terrain or erosion of pre-existing fersic
vorcanic sequence could suppry large vorumes of quartz, the
Iatter is preferred. Erosion of a pre-existing felsic
volcanic sequence is a more adequate source of the
phenocryst-poor felsic volcanic fragments in the member than
erosion of phenocryst-poor flows related to a crystar-rich
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plinian eruption. Also felsic volcanism unrelated to
quartz-rich plinian volcanisrn is considerecl a more likeJ_y

source for the interbedded guartz-poor tuffs in the member.

Erosion of a pre-existing felsic volcanic sequence and the
time required to upgrade the se,liment in sand-size quartz is
supported by the 2oo Ma hiatus pri_or to the deposition of the
Sandstone Member.

In summary, detrì_t,:s for tÌre Sanclstone Member \¡¡as

derived from a source terrain containing felsic volcanoes,

and subvolcanic plutons and an olrCer felsic plutonic terrain
with quartz veins distally ancl intermecliate volcanoes rnore

proxi-maJ- ly . The h igh sancl- s i ze quartz content of the
sandstones was derived mainly from the weathering of fersic
tuffs from a pre-existing felsic vorcanic sequence with some

of the quartz derived by the we.rthering of felsic prutons,
fersic subvorcanic prutons and quartz veins" The relative
irnportance of a pre-existi'g seclimenta ry terrain possibty
containing orthoquartzite is unknown but could have been

significant.
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DEPOSITIONAL IIISTORY OI' FORI"IATION K

AND ITS RELA'IIONSHIP TO VOLCANISM

As it is presentJ-y exposed, F'ormation K represents a

two-dimensional verticar section through a relativery smarl

intervorcanic depositionat basin about lo km rong with a

sedimentary thickness of about 2 km. The basin was

periodicarry exposed and subrnerge<l poss ibly due mostly to

isostatic roading of the vorcano and partly due to tectonic

uplift or uplift proclucecl by magma emplacement. The detritus

infilling the basj-n lvas derived frorn the retative west and

east in the congromeraLe Mernber and rerative east in the

sandstone Member. The extent of uprift and subsidence is

unknown but subsidence below storm v/ave base is requirecl for

the deposition and preservation of the sandstone Member.

storm wave base varies accor<ìj-ng to the size of the body of
water and can be more than 2oo m in the open ocean (neineck

and Singh, I975) " This woul<l impty at least 2"2 km of
subsidence. The depositiona.r history of Formation K can be

considered in four stages (nigures 45, 46, 47, 48)"

Stage l-: The Setting Prior to Deposition of the
Conglomerate Member

Ttre unit underrying the congromerate Member is a

sequence of subaqueous, pillowe<i, mafic flows that were

probabry part of a shietd volcano (Ayres , Lg77). rn the
study area Formation K weclges out to the east but the
sandstone Member does continue to the west and may wedge out
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to the west as well. with the serliment being deri-ved frorn

the relative west and east in the Conglomerate Member the

original depositional basin may have been a topographic

depression formed by the merging of the franks of several

mafic shield volcanoes (nigure 45) "

Stage 2z Intermediate Volcanism and Deposition of the

Conglomerate Member

A period of uplift urust have occurrecl prior to

deposition of the Conglomeraie i'iernber as a subaerial alluvial
fan (nigure 46). This u.otift may have been related, in part,

to intermediate vorcanism in Lhe provenance area which

followed the shield-producing mafic volcanism or
alternatively it may be related to a hiatus with uplift
related to the emplacement of early plutons. The

interrnediate volcanic event is supportecl by the high
proportion of intermediate volc¿rnic c l.r s ts and the sma I l_

proportion of mafj-c vorcanic clasts in the congromerate.

Ttre alluvial- f an \^/as deposited âs , at least, tvro

coarescing fans with their rerative apices to the west and

east. fn the west the source terrain was rargery fersic
plutons, and subvolcanic plutons r,vith quartz veins distally
and intermediate vorcanoes more loroximarly. rn the east the

source terrain was felsic volcanic units and subvolcanic

prutons, iron formation and chert clistarty and intermediate
and mafic vol-canic rocks more ¡rroximally.
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stage 3 c subsidence anr"l Deposition of the sandstone

Member

Subsidence of the volcano

the alluvial fan below sea levef

subsequent subaqueous deposition

Member (figure 47) 
"

resulted in the sinking of

. Evidence for this is the

of the overlying Sandstone

The subaqueous submarine fan had its rel_ative apex to
the east. The relative rate of sedj-mentation was ínitially
faster than the rate of subsi<fence proclucing a progradational
fan. rn the upper part of L,Ììe fan the relative rate of
sedimentation was slower than the rate of subsirience and the

fan became retrogradational " The apparent retrograde nature
of the upper fan could also represent ceasation of subsidence

in the basin prior to a period of uplift.

Detritus for the Sanclstone Member was derivecl froln a

source terrain containÍng f el-sic vol-canoes and subvolcanic
plutons and an order fersic,olutonic terrain with quartz
vej-ns distarty and intermecli-ate vorcanoes more proximalry.
Ttre high sand-size quartz content of the sandstones \^/as

derived mainry from the weathering of felsic tuffs from a

pre-existing felsic vol-canic sequence with sorne of the quartz
derived by the weathering of fersic plutons, felsic
subvolcanic prutons and quartz veins. The discovery of a

possibre orthoquartzite pebbre suggests that an unknown

proportion of sand-size quartz coul-d have been derived from a

pre-existing sedimentary source terrain.





Stage 4z

Volcanic Flows

_80_

Period r¡f IJptift and Iìruption of Maf ic

If the mafic flows of Forr,ration M south of the bedding

plane thrust fault represent the next cycle of volcanism,

tJren there must have been renewed uplift prior to their

eruption. These f lows are tf escril¡ed by Ayres (L977 ) as

possibly subaerial (Figure 4E) " The mafic sil-Is in the

Sandstone Member could be related to this period of. mafic

volcanism 
"
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REGIONAL SIGNII¡ICANCE OF FORMA'IION K

Semi-quantitative sedimento.logy applied to Formation K

has documented volcanism in the provenance area that is not

presently found in the Favourable Lake metavolcanic-

metasedimentary bel-t. Intermediate volcanic clasts in the

Conglomerate Member are in'Lerpreted as being derived from a

relative westerly source although there are no intermediate

volcanic rocks exposed west of Formation K. Concomitant

felsic volcanism documented in Lhe Sandstone Member may be

related to Cycle 3 volcanis¡n Ll-rat is not exposed in the

present section through the beIt.

Formation K stratigraphy has docurnented two periods of

uplift v/ith an intervening period of subsidence of possibly

2.2 km over a stratigraphic thickness of only 2 krn and is a

record of the relative i¡rstability of the area during

deposition.

Although the stratigraphy docurnents the relative

instabili-ty of the area during deposition of Formation K, the

possible discovery of an orthoquartzite pebble in the

Sandstone Member suggests arÌ area of relative tectonic

stability in the provenance area. The proximity of a

basement enclave 3 km north of the formatj_on furttrer supports

an area of potential tectonic stability where texturally and

compositionally mature sedi¡nents could have cleveloped"

The similarity between Formation K and the sedimentary

rocks in the North spirit Lake area described by Donal-dson
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and Jackson (I965) is notabl-e and may reflect a similar

history. If the orthoquartzite pebbles found in the North

Spirit Lake area represent a de.oositional regime similar to

that represented by the pebbJ-e found in Formation K then the

area of tectonic stability may be more extensive than

previ-ously considered, The area of tectonic stability nay

have been an original Archean sial-ic crust of regional

proporti-ons represented toclay by crusta I enclaves such as

that described by Hillary and Ayres ( I9B0 ) "
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CONCLUS IONS

Format.ion K in the Favourable Lake metavolcanic-

metasedimentary beIt, represents deposition as a basal

subaerial alruvial fan succee<lecl by a submarine turbidite

fan. The alluvj-aI fan was cìeposited, not as a single fann

but at l-east two coalescing alluvial fans with sediment

derived from the relative west ancl east of the member" The

upper submarine fan was deposited as a single fan with

sediment derived from the rel-ative east.

fhe sandstones in the Conglomerte l{ember (aIIuviaI fan)

are lithic Areywacke and not unusually enriched in sand-size

quartz whereas the ferdspathic greywackes in the sandstone

Member ( submarine fan ) are enri-checl in sand-size quartz.

Derivation from a granitoid terrain, represented by fersic
plutonic crasts, is not an adecluate source for the sand-size

quartz because crasts of this type are found in both members

and are more important in the conglomerate lvlember. The

increase in sand-size quartz is rerated to an increase in

importance of felsic volcanic clasts in the Sandstone Member.

The enrichment of sand-size quartz in t.he Sanclstone Member is

the result of weathering and transportation of felsic tuff
frorn a pre-existing fetsic volcanic sequence. rn addition to

this source¡ âo unknown quantj-ty of sand-size quartz could

have been der j-ved f rom a pre-existing seclimentary source

terrain. Evidence for this is the discovery of a possibre

orthoquarLzíLe pebble in the sandstone Member. some of the
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quartz coul-d have been derived from the weatheri-ng of felsic

plutonic and subvolcanic rocks with quartz veins,

Formation K is a seclimentary record of concomitant

felsic volcanism, in the Sandstone Member, that is presently

not exposed in the Favourable Lake belt and thus is an

integral part of the v<¡Icanic record. In addition, Formation

K documents the possible existence of a pre-existing

orthoquartzite sedimentary terrain possibfy related to a

relatively stable cratonic terrain represented to<lay by

crustal enclaves such as that exposecl 3 km north of Formation

K. Sedimentary basins, sucl-i as Formati-on K, are important

sources of information that should be considered in the

formulation of volcano-tectonic models in the Archean.
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