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THE ENVTRONI'IENT OF DEPOSTTÏON OF THE

BOOSTER LAKE CONGLOMERATE AND GREYIi,IACI{E

ABSTRACT

The Booster Lake area forms part of a g,reenstone belt of

deformed and metamorphosed volcanic and sedimentary rocks in the

Superior Province of the Precambrian shield, ât Bird Lake,

southeastern Manitoba, Canada. A seguence of volcanogenic

epiclastic sedimentary rocks, consisting of a cobble to coarse

pebble, polymictic, extraformational orthocong,lomerate, inter-

bedded with massive f eld.spathÌi:è and pebbly greywacke rocks,

forms the eastern part of this belt.
This conglomerate and greywacke mark the inít,iation of

major uplift and tectonic activity in the Bird River greenstone

belt. The provenance for the clasts in the conglomerate is a

volcanic-subvolcanic complex within the greenstone belt. Minor

clastíc material may have been derived from other volcanic and

sedj-mentary rocks in the belt, but the plutons which border the

belt do not appear to have contributed detrital fragments.

Primarily on the basis of geome try, stratigraphy and

sedimentary structures, t.he environment of deposition is proposed

to be that of a near-shore subaqueous fan of resédimented

conglomerate and greywacke. Clastic material, apparently deri-

ved from the volcanic-subvolcanic complex of Bernic Lake and

transported by f luvial systems, \alä.s initially accumulated on

a narro\Àr shelf in a littoral to neritic zone. Af ter further

rounding and sorting, orogenic activity or rapid influxes of sed-

iment remobilized. thj-s sediment. The gravel and sand (lithified

equivalents being the conglomerate and greywacke) were transported
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by subaqueous sedimentary gravity flow mechanisms into a near

shore-marine transitional environment of a submarine fan by

way of feeder channels and upper fan channels.
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INTRODUCTÏON

1) IntroducLory Comment on the Scope and Results of the Study

The Booster Lake conglomerate lies in the eastern portion of

the Bird River greenstone beltr âs shown in Figure 1. It is

int,erbedded with greywacke and pebbly greywacke and. these sed-

imentary rocks are important in the interpretation of the

orogenic development of the belt. Study of the structures and

sedimentary petrography of this conglomerate has demonstrated the

provenance of the clasts to be the volcanic-subvolcanic complex

of the Bernic Lake area. Minor contributions of detritus may

have come from the mafic and. felsic volcanic rocks and volcanogenic

sed.imentary rocks of the Bird River greenstone belt' but not

from the adjacent granitic plutons.

The d.epositional environment that is proposed.r âs evidenced

by the diversity of clast concentrations, sedimentary textures

and internal organizations, is that of near-shore subaqueous fan

of a resedimented conglomerate. From the sequence of uplift,

successive unroofing and exposure of different source materials

of the Bernic Lake volcanic-subvolcanic complex' a provenance

can be inferred. on the basis of concentrations of petrographic

types in the conglomerate. After reworking of the gravel,

final deposition of the conglomera.te occurred ín the feeder and

upper channels of a submarine fan" Transportation ínto this

near shore-marine transitional environment was by processes of

subaqueous sedimentary gravity flow mechanisms such as debris

and grain flows.

"Greywacke" is used in the text as a purely petrographic

term for a biotite schist,, that can be int,erpreted in the field
.2



General Geological Map of the

B lrd River Greenstone Belt

+++++++++

BONNET
AC DU

l-
+

+
+

-L

"ì:

GRANITIC PLUTONSÛi¡askwa and Marljane
Lakoe Bodlos)

LOWER BASALT SEOUENCE

FELSIC VOLCANIC ROCKS

BERNIC LAKE VOLCANIC AND SUBVOLCANIC
C0/v\PLEX

+++
+++

+
+++
++.+++

+++

+
i-

Ma

1L
+

+
-t-

+

+
+

+
{-

+

+
+

+
-¡.

+
+

+
+

+
+

+
+

+
+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

T

+
+

+
+

+
+

+
+

+
+

+
+

+

+

J.

+

+

+

FIGURE 1 - GENERAL DISTRTBUTTON OF LITHOLOGTCAL UNTTS
OF THE BIRD RTVER GREENSTONE BELT (AFTER
TRUEMAN, 1976).

+

+

+

+

+

-t-

+

+

+

GREYWAC K E-MUDSTONE -TU RBIDITE S EOU ENCE

+

+

+

+

Kilometers0r234
@

Miles
01234
t-l4bFilg-*mu+

-{-
+

+

+ BIRDÈ- LAKE

H PoLY^^rcrac BREccrA ES
Lg.\¿J
f:r-Tf BoOSTER LAKE coNGLOMERATE ñõrTl
l-t- .r- -r I ANO GREYWACKE l?ro:"ç¡l

EI
o
E

rç

o
Ê.

t-
o

t+
+r-+
+

l-+
+r-+
+

r-+
+



2-

as a metasediment that was derived from a high-matrix volcan-

ogenic sandstone. lfinor original clastic material uras recog-

nizable, but recrystallizat,ion was extensive and thus concise

classification was impossible. The presence of metamorphic

biotite or hornblende was used to distinguísh two types of grey-

wacke ( based on the dominant mafic mineral), presumabllz of

differing original bulk rock chemical compositions.

2) Present Geologícal Investigations

Detailed geological field. mapping was carried out in an

area east of Bird Lake, between Booster, Starr and Davidson

Lakes, approximately 130 miles (210 ,'km) northeast of Ti{innipeg,

Manitoba as shown in Map 1.

To establish a suitable provenance the following methods

vrere used: megascopic modal point counts of clast typest

determination of the clast to matrix ratio; lateral and vertical

variations in clasL concentrations; and regional plots of the

dimensions in outcrop of the maximum Y axes (ellipsoidal strain

axes: X <Y<Z). I[icroscopic modal point counts and distinctive

mineralogies \^/ere also used for making correlations of petro-

graphic types.

Sedimentary structures, internal sedimentary organizations

and variations in clast concentraÈ,ions were used to propose a

depositional environment and transportational mechanism for the

conglomerate and greywacke.

To examine the polydeformational events, structural data

were collected in the field, i.e. foliations, top directions

(cross and graded bedding), surface axial planar traces, lin-

.3
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eations and the plunge and trend of fold axes. To gu.alitatively

determíne the type of straj-n that affected the conglomerate,

ellipsoidal strain axes ratios viere measured. Few outcrops \^zere

amenable to measurement of all three el.lipsoidal strain axes

and thus the range of the minimum to intermediate (X:Y) axes

ratios \üere determined by using the "down plunge" method.

3) Previous Geological Investigations

The Bird River area has been the target of geological rnapping

and. mineral exploration since L9L2, when E. S. Moore carried out

a reconnaissance survey along the main water routes in the Cat

Lake-Winnipeg River areas for the Geological Survey of Canada.

In L920, H. C. Cooke mapped. the Rice Lake and Bird River areas

specifically examining the base metal sulphide occurrences.

During I922-L929, J. F. Vfright mapped the area for the Geological

Survey of Canada, and found occurrences of base metals and

rare-earth pegmatites. G. M" Brownell and J. D. Bateman investiga-

ted chromite d.eposits northwest of Bird Lake in 1943. G. D.

Springer mapped the area from Cat Lake to the Winnipeg River f.or

the Manitoba Mines Branch in 1948 and L949. J. F. Davies mapped

the Bird Lake and Booster Lake arees for the Manitoba Mines

Branch d.uring the field seasons of 1951, L954 and 1955.

K. Dwibedi (1965) described specimens from the Bird River

greenstone belt for his Ph. D. thesis on the petrography of

the English River gneissic belt. The character of metamorphism

that affected the greenstone belt was the topic of a M. Sc.

thesis by S. B. Butrenchuk (197Cì). W. D-:. McRitchie (1971)

¿.
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reported on the granitic rocks of southeastern Manitoba. D.

L. Trueman (1976) has examined in detail the geology of the

Bird River greenstone belt for a Ph. D. thesis"

An incomplete list of literature that ha.s dealt with

investigations of Archean conglomerates in the Canadian Shield

are as fol-lows: Campbel1, (1971); Donaldson a.nd Ja.ckson, (100S¡;

Mclimans, (1972) ì Mukherjee, (L97L); ojakangas, (L972) ì Petti-

fohn, (1943, L957, 1975); Pettijohn and Vùalker , (L97L) ¡

Stauffer, (l-974) ¡ and- Turner and Vlalker (1973).

tr
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REGIOI'{AL GEOLOGY OF THE BTRD R]VER

GREENSTONE BELT

A detaíIed discussion of the geology of the Bird River

greenstone belt is the topic of a Ph. D. thesis by Trueman

(I976). A bríef lithological description of the rock units and

geological history of the Bird River greenstone belt follows.

Archean metamorphosed volcanic and sedimentary rocks

occupy a greenstone belt that trends east-west in southeastern

Manit.oba, near the Manitoba-Ontario Interprovincial boundary

as shown in Figure 1. Granitic plutons fl-ank the belt, and

several mafic to felsic stocks and plutons intrude the volcanic

and sedimentary pile. Vüith increasing metamorphic arade to

the east, the volcanic and sedimentary rocks change gradually into
gneisses and schists of the English River gneissic belt, in
Northwestern Ontario.

The Maskwa Lake and Marijane Lake plutons (pigure 1) are

ad.jacent to the Bird River greenstone be1t. The Maskwa Lake

pluton is composed of several compositional phases that range

from quartz monzonite to quartz diorite. The Marijane Lake

pluton is quartz monzonite in composition. There are clasts

in the conglomerate of tonalitic composition, but none of the

clasts fall t^¡ithin the range from quartz monzonite to quartz

diorite, which would match these plutons. Therefore, these

plutons vzere not exposed as a source region, for the Booster

Lake conglomerate.

The Lower Basalt sequence (figure 1) consists of pillor.ved

basalts, porphyritic flovr basalts, hyaloclastic breccias,

tuff s, and amlrgdaloidal flow basalts, (Trueman, 1976). This

.6
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sequence is cut by several stocks and sills of gabbro. At

the top of the sequence is the Bird River SilI, a differentiated

chromite-bearing layered. sil1 of ultramafics, gabbros, anor-

thosites and giranophyres" No Bird River SiIl detriLus has been

recognized as clasts in the Booster Lake conglomerate' though

the Lower Basalts may have been the Source for mafic schist

clasts

The overlying 'rhyolitic' felsic volcanic rocks (see

Fig. 1) occur as breccias, tuff, flow-banded rhyolites and quartz

porphyry. Interbedded in this unit is minor oxide facies iron

formation. This unit does not appear to be a major contributor

of fragments as the felsic volcanogenic clasts in the Booster

Lake conglomerate are either volcanic sandstone or shallow

intrusive porphyritic quartz-feldspar clasts. The source

volcanic center for the Lower Basalt and rhyolitic volcanism

is situated somewhere northwest of Bird Lake (O. L. Trueman,

pers. comm. , I976).

The volcanic-subvolcanic complex near Bernic Lake is a

volcanic pile consisting of several elongate mafic-to-felsic

intrusive bodies. These rangie in composition from gabbro,

meladiorite, leucodiorite , quarLz-diorite, tonalite to quartz-

feldspar porphyry. The mafic intrusions are characterized by

moderate quartz content and slate-grey to blue pleochroic,

poikiloblastic tourmaline. The felsic intrusions grade from

quartz diorite and tonatite, to shallow intrusive porphyritic

quartz-feldspar rocks.

A polymictic breccia occurs in the volcanic pile of the

greenstone belt west of the Booster Lake conglomerater âs shown

.7
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in Figure 1. It lies above the Lower Basalt and felsic volcanic

rocks, and the Bernic Lake volcanic-subvolcanic complex, and it

contains detritus from these rocks plus detrital chromite of

the Bird River Sill (o. L. Trueman, pers. coÍtm. ' L976). It

is associated with andesitic flows.

The Booster Lake conglomerate and greywacke are exposed only

in the eastern part of the Bird River greenstone beltr aP-

proximately 15 miles (24' km) northeast of the source volcanic-

subvolcaníc complex at Bernic Lake. The congilomerate and grey-

wacke occupy an area of over L20 square miles (310 sq. km); the

d.istribution of these two epiclastic units are illustrated in

Figure I and Map 2.

Uplift and faulting of the volcanic pile produced clastic

material for the Booster Lake conglomerate and greywacke from

the Bernic Lake volcanic-subvolcanic complex and the Bird River

greenstone belt. The cobble to coarse pebble conglomerate and

feldspathic areywacke were deposfÈéd disconfórrnably on the

underlying felsic volcanic and volcanogenic sedimentary rocks.

The youngest lithological unit of the Bird River green-

stone belt (Figure 1) is a grey\¡racke-mudsLone turbidite sequence

which was deposited unconformably over the underlying rocks.

This unit displays both normal and inverse graded beddingr âs

well as load casts and flame structures. Tt also contains

abundant cordierite and garnet, and sulphide facies iron for-

mation has been locally recognized.

The conglomerate and greywacke have been affected by

superimposed deformations (see: Structural Geology). Inter-

pretation of the type of folding that has affected these clastic

.8
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rocks has been based on the distribution of the units, clast

elongations and orientations. A north-trend.íng D, synformal

axis passes through the upper greyÌvacke bed, -":r. (see: Geometry

of the Sedimentary Units and Generalized Section) as shown in

Map 3. Several east-west trend.j-ng D2 axes can be delineâted since

this second deformational episode has refolded the earlier D,

synformal fold axis (Map 3). The result of the refolding is

a tight similar fold that is overturned to the north, moderately

plunging to the southeast with steeply inclined axial planes.

From structural data and top indicators (graded bedding

and cross bedding) it is possible to determine stratigraphic

tops" Proximal and transitional facies of environment could be

interpreted from the information based on: maximum clast

sizes, lateral variation in clast concentrations, clast to

matrix ratios, sedimentary structures, and internal organiza-

tions. The proximal facies is characÈerized by high clast

to matrix ratios (BB 952 clasts), poor sorting, massive to

poor bed.ding, normal and reverse grading, internal disorganiza-

tion of bedding, large clast sizes, and thus it is thought to

have been deposited nearest Lhe source area in the higher parts,

or feeder channels, of a submarine fan. The transitional facies

has relatively lower clast to matrix ratios (44 682 clasts),

moderate sorting, normal graded beds, conglomerate interbedded

with cross-stratified. greywacke and smaller clast sizes. The

transitional facies represents the sediments deposited in the

ùBper: parts of the submarine fan, but further downslope than the

proximal facies. A distal facies, presumably represented by

fine grained, well bedded sedimentary rocks of a 'turbidite'
o
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association that was deposited further into the sedimentary

basin, \^Ias not identified. The above descriptive terms are

illustrated in Figure 2.

From the detailed. mapping of exposures outlined in Figure 2 |

it was possible to produce a generalized section of the con-

glomerate and greywacke succession at Booster Lake. This

section is illustrated in Figure 3, and is described in detail
later in the text (see: Geometry of the Sedimentary Units and

Generalized. Section) .

. 10
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PETROGRAPHTC DESCRTPTÏON OF THE BOOSTER LAKE

CONGLOMERATE AND GREYWACKE

1) Clast Types in the Conglomerate

The Booster Lake conglomerate is polymictic and d.ivisible

into six major lithological groups ( and. 16 types and 2 variants)

as shown in Tabl-e 1. Figures 4 to 11 illustrate typical ex-

amples of the clast types. A detailed petrographic description

of the clast, types in the conglomerate is given in Appendix Ï.

2) Conglomerate Matrix

The matrix of the conglomerate is a fine grained recrystal-

Lized biotite-rich grelnivacke which is similar petrographically

to the associated and interbedded greywacke.

3) Greywacke and Pebbly Greywacke

These rocks are characterized by fine grain size, light

to dark grey weathered surface and moderate to well developed

foliation. Bed.ding, developed on a fine scale of 1 5 mm,

is expressed by differences in grain size and mineral content.

No large scale bed.ding, nor graded bedding, was observed, and

the rock appears massive in outcrop. Rare low angle cross-

stratif ications \üere found. Disc,ontiltÍr¡clrl,s laminations are

common. Near the Manitoba-Ontario Interprovincial boundary

(see Figure l), the grain síze increases to medium girain,

bedding becomes obscure, higher grade metamorphic indicators

develop, blastesis and local partial anatexis occurs.

11
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TABLE ONE

LTST OF CLAST GROUPS TYPES AND SÜBTYPES ÏN

THE BOOSTER LAKE CONGLOMERATE

FELSTC VOLCANIC CLASTS

Volcanic Sandstone Clasts

Porphyritic Felsic Volcanic Clasts

TNTERMEDTATE VOLCANTC CLASTS

Dacit,ic Volcanic Clasts

Andesite Porphyry Clasts

T4AFIC I}flTRUSTVE CLASTS

Fine Grained Granoblastic Leucodiorite Clasts

Medium Grained Blastic Leucodiorite Clasts

Meladiorite Clasts

Zoned Meladiorite Clasts

Melagabbro Clasts

FELSIC ÏNTRUSIVE CLASTS

Fine Grained Tonalite C1ast,s

Medium Grained Tonalite Clasts

Coarse Grained Tonalite Clast,s

Hornblende Tonalite Clasts

CLASTS OF SEDIME}ilIARY ROCKS

Biotite Schist Clasts

Blastic Hornblende Biotite Schist Clasts

Greywacke Clasts

MISCELLANEOUS CLASTS

fron Formation Clasts

Tourmaline Sandstone Clasts

GROUP F

Tvpe F-t
Type F,

GROUP T

Type Tt

Type T,

GROUP M

Tvpe M-I
Type M^

¿

Tvoe M.
J

Subtype M¡-t

Type Mn

GROUP G

Tvoe G.I

Tvpe G
2

Tvpe G
Ĵ

Type Gn

GROUP S

Tvpe S-I
Subtype St-t

Type 32

GROUP X

Tvpe X,I

Tvoe X¿̂

.L2
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FTGURE 6 - AN ANDESTTE

CLAST TYPES

PORPHYRY CLAST AND

(LENS CAP D]AMETER

OTI-TER ASSOCTATED

54 mm, STATION 21C)

A MEDTUM GRATNED

OTHER ASSOCTATBD

BLASTTC LEUCODIORTTE CLAST AND

CLAST TYPES (STATTON 21G).

FTGURE 7 -



FIGURE B - ZONED MELADTOR]TE, MELADIORITE AND OTHER ASSOCTATED
CLAST TYPES (STATTON 21G).

F]GURE 9 - A MELAGABBRO CLAST (STATTON 61).



FTGURE 10 - AN TRON FORMATION CLAST BETWEEN TWO MEDTUM GRA.TNED
TONALTTE CLASTS (SrarrOU 2IF).

i

:

FIGURE ].1 - A TOURMALTNE SANDSTONE CLAST (STATTON 214).
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Calc-silicate nodules and layers consisting of hornblende,

diopside, plagioclase, biotite and quartz exist interlayered

within the grey biotite-rich greywacke. These calc-silícate
accuftulations range in size up to several meters v¡ide to several

tens of meters long. They commonly show thin felsic reaction

rims, compositional layering and probably represent original
calcareous sandstone accumulations.

The biotite-rich greywacke generally contains less than

2 per cent scattered clasts. There also are scattered layers

and. l-enses of pebbly grey\.vacke, with up to 15 per cent clasts

of well rounded to subrounded, pebble to granule sized clasts

of volcanic sandstone, porphyritic felsic volcanic, tonalite

and minor mafic schists. Complete gradations are observed between

the greywacke and. pebbly greywacke. The pebbly greywacke

layers average 1 3 cm, in thickness (maximum 0.6 m), and

occur as continuous layers, or as lenses at. least I meter

long.

The metagreywackes ín thin section are highly recrystallized,

exhibiting granoblastic to granoblastic-polygonal quartz-

plagioclase-K-feldspar matrix with lepidoblastic biotite and

minor nemat,oblastic hornblende. Lithic fragirnents are rare and

are internally recrystallized. The lithic fragments are commonly

volcanic sandstone and porphyritic felsic volcanic clasts,

coarse sand to granule in size. Plagioclase clasts are subidi-

oblastic to xenoblastíc, poikiloblastic, compositionally zoned,

fragmented and sericitizeð,. Quartz clasts are rounded to

subrounded, xenomorphic polygonal aggregates. Xenoblastic to

subidioblastic epidote and sphene are common in biotite-rich

.14
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beds" Detrital slate-grey to blue pleochroic, poikiloblas-

tic tourmaline is found in the greywacke matrix. Medium grained,

rolled, poikiloblastic, xenoblastic, inclusion-rich, pinitized

cordierite is present. Garnet occurs in the greywacke as two

types of crystals, vLz: inclusion-free, post D2, idioblastic,
unaltered and. nonrotated crystals; or as inclusion-rích cored

crystals that are oblique to the external foliation with a

moderately altered outer inclusion-free zone.

4) Shapes and Textures of the Clasts

a, General Description

Observed predepositional features include the fotlowing:
(1) guartz veins that are not found outside of the cl-asts

(in types Frand G, clasts); (2) curved fracture systems that
are found only in melagabbro clasts; (3) sharp angular straight
bound.aries on a clast that also has subrounded. edges ì (4) rec-

tangular to triangular tonalite clasts, the shape of which may

be due to joint patterns; (5) felsic segregation peg.matites in
mafic schist clasts that are not traceable outside the clast;
(6) and fracture systems in the tonalite clasts. The fracture
systems may have also resulted from the low overall ductility
of the tonalite clasts relative to the rest of the rock, and the

higher ductility contrasts of the differing clasts in the

conglomerate. Thus the result is extensional fracturing of the

lower ductile clasts on deformation (especially Dr).

Differing degrees of ductility of several clast types can

be seen in Figures 4 and 5. Tonalite clasts are strongly

nonductile, remaini-ng subrounded while other clasts are deformed.

.14
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Tonalite clasts, under stress, deform by brittle extensional

fracturing" In areas of strong deformatíon, tonalite clasts

are slightly elongated, rotated, generally possessing quartz-

pressure shad.ows, but lie with their intermediate axes at a

small angle to the foliatÍon. Mafic intrusive clasts are also

relatively nonductile; except where they 1ie against tonalite

clasts, where they are deformed.. Large subangular porphyritic

felsic volcanic clasts are moderately nonductile, being control*

led (wrapped around, see Figure 4) by the above clast types,

but warp and. deflect the more ductile felsic and intermedìate

volcanic and. mafic schist clasts. Int,ermediate volcanic clasts

are poorly ductile, controlling the shapes of the volcanic

sandstone, mafic schist and greywacke clasts" Mafic schist

clasts are the most ductile of all clast types and subsequently

occur as elongated, layer-1ike clasts.

Tn the inner arc of a fold closure, the very ductile mafic

schist clasts are not highly stretched, but exhibit subrounded,

tabular to elongate shapes. In t,he fold closure's outer arc,

clasts are moderately deformed. fn the fold limbs, and in areas

of strong deformation, stretchíng of clasts has produced highly

elongate layer-like clasts. C1asts have been folded into minor

D2 folds of Z and S shapes on the fold limbs. In one locality

(Station B), a volcanic sandstone clast expresses superimposed

deformation by a closed dovetail pattern in outcrop (see Figure

54) .

Gneissic Conglomerate

At Starr Lake (see Map 1), D, deformation has imposed

.ls
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inhomogeneous strain on the conglomerate and interbedded greywacke.

This deformation is accompanied. by upper almandíne-amphibolite

facies metamorphism and local partial anatexis" The resul-t

is the development of a gneissic structure in the conglomerate.

The clasts appear as thin, ribbon-like layers that are highly
stretched and traceable for several centimeters,

South along Davidson Creek (Station 93 ) , that drains

Davidson Lake into Starr Lake, varying degrees of gneissosity

can be observed. Distinguishable clasts in a well foliated
conglomerate are shown in Figure 12. Other layers at the same

locality exhibit moderately to extensively stretched clasts
(Figure 13). An extremely stretched conglomerate, with some

almost indistinguishable clasts, and very highly stretched

greywacke is illustrated in Figure 14. Figure 15 shows an

advanced stage of gneissosity where clasts are indistinguishable"

These variations in strain are found across strike (10 m), but

lateral variation in-the degree of sLretching is also observed.

A high degree of partial anatexis and migmatization is also

noted in the same outcrop"

. 16



FIGURE 12 - A WELL FOLIATED CONGLOMERATE (STATION g¡).

MODERATELY STRETCHED CLASTS
CONGLOMERATE (STATION 93) .

FTGURE 13 TN THE BOOSTER LAKE



FTGURE L4 HTGHLY STRETCHED
STRETCHED LAYERS
(srATroN 93).

CONGLOMERATE AND
OF GREYWACKE AND

VERY HIGH],Y
PEBBLY GREYVüACKE

FIGURE 15 - A GNEISSTC CONGLOMERATE (STATTON 93).
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LATERAL AND VERTTCAL VARÏATTONS TN CLAST CONCE}flTRATTONS

1) Data Collection

To determine lateral and vertical variations in clast

concentrations, macroscopic modal point counts of clast types

\^Iere mad.e on 48 outcrops, with station localities shown on

l{ap I, and the results tabulated in Appendix TI. The problems

involved. in Lhe determination of the relative amounts of differing
clast types, that vary in size, shape, and ductility, have

been discussed by Donaldson and Jackson (1965). only a grid
count will give clast type volume proportions. The megascopíc

mod.al point counts \^zere taken using a f ish net, as a grid sys-

tem, with a spacing interval of 50 mm. At each intersection
point, the clast type present was tallied. Any rare clast
types that h/ere seen but not tallied. \^rere also noted and listed
as tttrace" amount.

On an exposure, the grid. system was positioned so that the

traverse lines \^iere set at 45 degree angles to the clast elonga-

t,ions. On the average, 500 modal point counts were made at

each outcrop (requiring I.4 t.B square m of outcrop). Eight

outcrops had 1000 modal point counts (requiring 1.8 2.3

square m of outcrop).

In order to analyse the data obtained, several methods of
presentation vüere utilized. Histograms were abandoned as it
was difficult to envisage variations from the large amount of

data accutîulated. Variations in clast concentrations can be

perceived. by the examination of Map 4 and the contoured maps of

Figures 16 to 24. From these maps, not only are lateral and

.17
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vertical variations in clast concentrations apparent, but the
existence of areas possessing differing variations in the

stratigraphic section can be seen.

Because stratigraphic tops have been regionally established,
clast concentration variations in a vertical extent from the

base to the top of the section can be discussed.. The lateral
variatíon of clast concentrations, i"e. proximal to transitional
facies, is taken to represent the downslope change in clast
volume proportions.

2) Basic Lateral and Vertical Variations in Clast Concentrations
From Map 4, where the relative proportions of the major

clast types have been plotted on a section, and. from Figures 16

to 24, the following lateral and vertical variatj-ons of clast
concentrations can be recognized.

Grelrwacke content (Map 4) , as both clast and matrix, attains
a maximum concentration around starr Lake, ranging from a
value of 10 per cent in the proximal facies to 40 per cent in
the transitional facies. A decrease in content is seen in a

vertical section on approaching the conglomerate through the
pebbly greywacke and greywacke. Greywacke clasts are in larger
quantities near the mid.dle of the vertical section.

Medium grain tonalite clasts, Lype G2r reach a slight
maximum concentration in the upper parts of the section. A

minimum content for this clast type is in the transitional
facies to the northeast.

Maf ic intrusive clasts, excluding t,ype [îr, possess a max-

imum concentration in the higher parts of the section. They

. 18
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are concentrated. in the proximal facies (area ff in Figure

2b) but there are none in the transitional facies" The fine
grained granoblastic leucodiorite clasts, type Mrr exhibit a

minimum concentration upwards in the section and remaín

approximately constant in amount in a lateral extent.

Vo1canic sandstone clasts, type Frr tend to reach a max-

ímum concentraLion in the lower to middle portions of the

section and. remaín constant to slightly increased in quantity

in the transitional facies.

The maximum content of porphyritic fetsic volcanic clast,s

is in the higher parts of the section and is slightly lower,

to similar in concentrations, in the transitional facies.

The mafic schist clasts possess a strong minimum concen-

tration in the upper portíons of the section and remain essen-

tially constant in quantity in the transitional facies.

Andesite porphyry clasts show a maximum content in the

upper portions of the section and possess a strong minimum

content in the transitional facies.

Both iron formation clasts and grelrulacke lenses (figure

24) reach a maximum concentration in the upper parts of the

section and are absent in the transitional facies.

Type G, clasts tend to possess a weak minimum concentration

in the upper parts of the section and a strong minimum con-

centration towards the transitional facies. Proportions of

type G, clasts are variable throughout the entire section.

Dacitic volcanic clasts show no recognizable trends.

The clast to matrix ratio can be interpreted to possess

a maximum concentration in the higher stratigraphic sections and

10
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a minimum concentration in the transitional facies"

3) Specific Clast Concentration Variations in Defined Areas

Figures 16 to 24 illustrate that several clast types

possess different lateral and vertical variations in the stra-
tigraphic section. To facilitate the interpretation of these

variations, the Booster Lake conglomerate was subdivided. into
seven areas as shown in Figure 2b.

Area Ï: This area exhibits a maximum concentration for the

felsic volcanic aroup of clasts in the middle and lower por-

tions of the conglomerate section. specificä11y, these attaj-n

a maximum content at the base and decrease in amount to a min-

imum concentration near the top of the stratigraphic section.

The and.esite porphyry clast content has a maximum towards the

middle and a minimum content near the top of the section (Area

II is similar). The mafic intrusive clasts are most abundant

in the upper stratigraphic section of Area T and remains in
moderate content at this position along the fold limb. In

contrast, type M, clasts display an elongate minimum concentration

near the middle of the section. Area I shows a maximum concen-

tration of type G, clasts towards the middle and top of the

section, only to decrease in content at the very top. This

va:liaÈi.éni-lofiÍthe type G, clasts differs markedly from Areas ïT,
ñl and 17. Area i also dif f ers for type St ctasts, in that
there is a gradual increase in maximum concentration upwards

in the section before a strong minimum content is found at
the top of the section. This is in marked contrast to Areas 11,

.20
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Ifi and Ñ. Iron formation clasts occur only in the rniddle

and upper parts of the sect,ion (as in Area II). The total
concentration of all clasts shows a maximum near the upper

part of the section.

Area rr: This area (rigure 2b) is situated. in a fold closure

where variations are more irregular than the trends found in
areas on fold. limbs. Local variable concentrations are super-

imposed. upon major trends.

The volcanic sandstone clasts (figures 2b and 17) exhibit
maxj-mum concentrations near the middle of the section, being

in largest amounts to the south near Area T, u¡ith loler con-

centrations to the northeast. The porphyritic felsic volcanic

clasts exhibit maximum concentrations towards the upper middle

portion of the section and minimum concentration near the top.

Also type F, clasts differ from type F1 clasts in that the

maximum concentration is shifted "downslope" to the northeast.

Near Area i, type F2 clasts are in 1ow proportion with max-

imum content at the base of the section. Andesite porphyry clasts
possess maximum concentrations near the southern limits of this
area and near the middle of the fold closure. Also type T2

clasts show a maximum concentration near the upper midd.le por-

tion of the section, with lower contents near the top. The

mafic intrusive clasts exhibit maximum concentration in the

upper portions of the section, with a marked decrease in quan-

tity near the top. These clasts (types M2rM3,M3_1 and M4)

have a similar d.istribution to type F1 clasts, with greater

concentrations near the southern extremities of the area with
relative minimum concentrations to the northeast. Type l[1

.2r
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clasts possess minimal concentrations towards the top of the

section, with:minor local variations. Type G2 clasts exhibit
minor variations throughout the vertical section, though a

slight maximum concentration can be discerned. in the middle

and upper parts of the section. Mafic schist clasts possess

minimum concentrations ín the lower midd.le portion of the

section, and maximum concentrations near t,he upper middle section

and another stronger minimum at the very top of the section. The

total clasts exhibit moderate maximums of concenLration towards

the middle upper portion of the section, with minor local
variations, and minimal concentrations at the top.

Areas EÏ and lV: These two areas are similar in regard

to the relative variation in clast concentrations. Area IV

has more greywacke and less type G" clast concentrations than¿

- :Area l-1I"

The volcanic sandstone clasts exhibit the trend of maximum

concentrations near the middle or top of the section. Tn Area 17,

type F1 clasts have concentrations similar to those of Areas

l, 1T and IIT. Andesite porphyry, mafic intrusive and iron

formation clasts v/ere not found in Area IV. Leucodiorite

clasts (t.ype M1) have maximum concentration in the upper portion

of the section. Their total concentration is greater than that

of Areas Ï, ff and III. Type G, clasts have maximum concentra-

tions in the middle of the section in Area ITI, while minimum

contents occur in the same position in Area Ñ. Much lower con-

centrations of type G2 clasts were found in Area Ñ, as com-

pared to Areas Ï, ft and ffi. Mafic schist clasts possess

.22
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minimum concentrations towards the t.op of the section in Area

m, while the reverse occurs in Area TV.._ Area F possesses

greater or equal concentration of mafic schist clasts as com-

pared to Areas l, E and IIt. Concentration of clasts show a

maximum value towards the middle or top of the section for
Areas El and. lV, respectively. The concentration of clasts
in Area Ñ is lower than in Area III"

Area V: This area is situated in the same structural po-

sition as Area ffi (north limb of an overturned similar fold)
and possesses clast concentrations similar to Areas fr and I1I.
ff the conglomerate is unfold.ed, the two areas (lII and V)

would. occupy different positions along the original lateral
extent of a submarine fan. It is distinct from Areas ff and Tñ
in the relatively higher concentration of hornblende porphyritic
felsic volcanic clasts and low to neglible tonalite clast
content. The lower greywacke, higher porphyritic felsic volcanic,
higher mafic schist clasts and. higher clast to matrix ratios
makes this area distinct from Area F"

Area i i= similar to Areas ñ and. Iñ in relation to

type Fr, Ml, Mrand Sl clast concentrations.

Area VI: This area is interpret,ed to be part of a "more

distal" facies of sedimentation of Area i or the basis of a

lower ratio of clast to matrix, and smaller sizes of clasts.
It is structurally related to Area fV in occupyj-ng the equivalent

D2 fold closure. It is characterized by the absence of the

following clast types¡ 12, Ml, MZ, M3 and Mn. This area is
similar to Areas Îf and V in type F., concentration. Type G,

.23
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clast concentrations are similar to that found in Area ñ,
but are in greater concentrations than that found in Area V.

It also differs from Areas tV and y in tfre lower type Fy type

51 and total clast concentrations.

Area Vff: This area comprises part of the lower conglomerate

bed (see: Figure 3 and Geometry of the Sedímentary Units and

Generalized Section) and has a different assemblage of clasts
as compared to the middle conglomerate bed"

Area f¡ff is distinct from the other areas in the greater

concentration of type 51, M2, M3 and. Mn clasts and the lower

cont,ent of type G2 clasts. This area is also distinct with the

absence of andesite porphyry clasts and lower cl-ast to matrix

ratios.

a. Three Component Clast Concentration Variations

Another approach used to visualize variations between

clast types was to plot concentrations on a triangular diagram.

Figure 25 illustrates the variations between the clast
types G2, Fl and F2. Squares on this figure are for consideration

of vertical variations of clast concentrations in the stratigraphic
section at stations which may be located on Map 1. From Figure

25, it is seen that the relative vertical variation between

GZ and F1 clasts is effectively constant, though F1 is in higher

concentrations at the top of the section. E2 clasts possess a

maximum concentration in the middle portion of the section thaL

produces a hairpin loop in the trend lines. Laterally, the

proportion of G2 clasts d.iminishes from the proximal facies

to the transitional facíes. Tvpe F., clasts occur in constant

.24



FTGURE 25 TRTANGULAR DTAGRAM TO ]LLUSTRATE LATERAI, AND VERTTCAL
VARIATIONS BETI^TEEN VOLCANIC SANDSTONE (FT) 

' PORPHYRTTTC

FELSTC VOLCANIC (Fz) AND TONALITE (øZ) CLASTS. SQUARED

STATTONS ARE USED FOR INTERPRETATTON OF VERTTCAL
VARTAT]ONS AND ALL STATTONS 'I^TERE CONS]DERED FOR LATERAL
VARTATTONS.
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amounts, relative to the other clast types, into the transitional
facies. Type F, clasts exhibit a strong relative maximum con-

centration "transitionally" .

Figure 26 illustrates the variations between clast types

G2, Ft and mafic -jintrusive clasts. Mafic intrusive clasts
possess a maximum concentration in the middle portion of the

section, with minimum concentratj-ons rel-ative to the other two

clasts, at the base and. top of the section. The vertical
variation betweer G2 and F, clasts is constant, though there is
a much larger increase of F1 clasts relative to G, clasts to

the top of the section as compared with that found in Figure

25. Laterally, type G2 clasts do not show as much of a d.ecrease

in concentration as in Figure 25, while volcanic sandstone

clasts show perhaps a relative maximum concentration into the

transitional facies. Mafic intrusive clasts possess a relative
minimum concentration relative to the other clast types in the

transitional facies.

4) Significance of the Clast Concentration Variations

Variation in clast concentrations and clast to matrix

ratios permitted the distincLion of proximal and. transitional
facies of environment.

The lateral- and vertical variations can be related. to
the successive unroofing, exposure and weathering of calc-

alkaline subvolcanic gabbroic to t,onalitic intrusive rocks.

Pyroclastic (polymictic breccias) and epiclastic sedimentation

were consanguineous wit,h uplift of this volcanic pi1e.

.25



FTGURE 26 TRTANGULAR DIAGRAM TO TLLUSTRÄTE LATERAL AND VERTTCAL
VARTATToNS BETIIEEN voLCANrc SANDSToNE (F., ) , MAFrc
INTRUSIVE CLASTS (M1, M2, M3, M¿ ) eNo rOÑeLrTE (cZ)
CLASTS. SQUARED STATTONS ARE USED FOR TNTERPRETATTON OF
VERTTCAL VARTATTONS AND ALL STATTONS I^7ERE CONSTDERED
FOR LATERAL VARTATTONS.
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The volcanic sandstone clasts (type Fr) are interpreted. to
índicate two cycles of erosion and deposition" Early weathering

of rhyolitic volcanic flows produced quartz and. feldspar-rich
volcanogenic sandstone. This rock type was formed near the top

and outer margins of the volcanic pile, and on further uplift
\,ras first to shed clasts into the sedimentary basin, thus beíng

in greater concentrat,ion near the basal portions of the proximal

facies. Later tectonic activity exposed more volcanic sandstone

so that this clast type increases in concentration higher in
the section of the transitional facies (see Figure 27). per-

haps earlier type F, clasts were suspended by clast to clast
dispersion because of the clasts' lighter relative specific
gravity, and thus moved further downslope to be deposited last
when the flow subsided.

Clast type F, i-s concentrated at the base of the section

of the proximal f acíes. Therefore, the source rock \,vas unroof ed

and eroded during the early stages of orogeny. Because tonalite
clasts are concentrated in the upper portions of the proximal

facies, erosion of this source rock occurred later in the orogeny

than for type F2. Tonalite clasts possess a minimum concentra-

tion in the transitional facies with relative higher content

in the basal parts of the section as shown in Figure 27 " The

mafic intrusive cl-asts hypothetically had an intrusive source

near the base of the volcanic pile that supplied clasts later
into the sequence. Figure 27 shows a maximum concentration for
the mafic intrusive clasts near the top of the sequence in the

proximal facies and. in the transitional facies relative maximum

concentrations are found in the lower part of the section and.

in lesser amounts than in tlie proximal facies. Andesite porphyry

.26
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clasts vüould have source bod.ies located near the middle or

upper parts of the volcanic-subvolcanic complex. Thus type IZ
clasts would be supplied early to the basal parts of the proximal

facies.

A maximum in the clast to matríx ratios occurs in the

higher parts of the section in the proximal facies.thus this
j-ndicates better sorting l-ate in the history of the subaqueous

sedimentary gravity fl-ow. This ratio d.iminíshes lateralIy from

the proximal to transitional facies, which ind.icates that the

flow had decreased in strength and this is interpreted as

indicating the downslope direction.
Other cl-ast types (I1, Sl, 52, *1 and Xr) do not exhibit

any lateral or vertical variations that can be related to the

exposure and supply of clastic material from a source into the

basin. These latter apparent unrelated lateral and vertícal
variations may be rel-ated to: multiple independent uplifts of
source areas that varied in time and exposure of source material;
long,shore drift i or remobilj-zation of deposíted sediments by

submarine gravity flows that resulted in poor sorting and mixing

of clast types.

.27
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SEDTMENTOLOG]CAL ASPECTS OF THE BOOSTER LAKE

CONGLOMERATE AND GREYWACKE

1) Geometry of the Sedimentary Units and Generalized Section

The conglomerate and greywacke have been affected by three
phases of superimposed deformation. This style of folding
affected the hypothetical original clastic wedge of conglomerate

and thus precludes exact delineation of the original shape and

síze "

As a result of the complex folding, the thickest bed of
the Booster Lake conglomerate (the middle conglomerate bed) is
approximately 90 m (300 ft) thick on the limbs of the fold
and up to 700 m (2300 ft) at the fold. closures" The orig'inal
thickness is between these limitso and a working estimate of
600 m was taken on the basis that thickening at the closure may

have been 10 202" Total thickness of the entire clastic se-

quence is approximated at 2459 m. A generalized section of the

Booster Lake succession is shown in Figure 3. The sediments

l-ie unconformably on an erosional surface d.eveloped over the

felsic volcanic and polymictic breccia units (Figure 1. ).
At the base of the section is approximately 152 m of massive,

moderately laminated biotite-rich greywacke with sparse clasts.
The upper contact of this lower greywacke bed is not exposed.

The overlying lower conglomeratic bed is approximately l-22 m

thick being composed of moderately sorted, well rounded, massive,

pebble to cobble conglomerate. This conglomerate (Area vrr) is
characterized by low concentrations of G2, t, and high concen-

trations of E, and mafic intrusive clasts.
Above this coarse clasti-c unit is a 365 m thick middle
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greywacke unit \^ríth interbedded pebbly greywacke layers. The

lower contact is not exposed. This bed differs from the lower
greywacke bed by the presence of well sorted, lentícular to
layer-like pebbly greywacke. The number of interbedded pebbly

greywacke layers, the number of clasts, the amount of tonarite
clasts and the maximum size of cl-asts increase grad.ually into
the overlying conglomerate.

The planar basal contact of the middl_e conglomerate bed

is gradational- with the underlying pebbly greywacke, and is
illustrated in Figures 28 to 30. This major bed is approxi-
mately 600 m thick and the contacts are well exposed. This bed

has been tentatively divided into three zones. The basal zone

is poorly sorted, subangular to subrounded, boulder to coarse

pebble conglomerate. The basal portions of this zone are typi-
f ied by poor inverse grad.ed bedd.íng, poor sorting, hígh con-

tents of clast types 
", 

and sl, low contents of Fy F2 and. M.

The basal zone of the middle conglomeratic bed passes

gradationally into a middle zone where the clasts are relatively
better rounded, mod.erately sorted and of cobble to pebble

size. In this zone, mafic i-ntrusive, porphyritic felsic volcanic,
volcanic sand.stone, j-ntermedj-ate volcanic and iron formation
clasts are dominant. The mid.dle zone is also typified by

minor large and small-scale bed.d.ing, greywacke lenses and diffuse
hornblend.e-rích greywacke matrices .

A narrow upper zone of pebble to cobble-sized clasts that
are well rounded, moderately to poorly sorted. and nonbedded

occurs at the top of the middle conglomerate bed.

The upper boundary of the middle congilomerate bed is sharp

.29



FTGURE 2B GREYWACKE AND PEBBLY GREYVüACKE FROM THE MTDDLE
GREYWACKE BED " NOTE THE DTSCORDANCE OF THE LTTH-
oLoGrESt', CoNTACTS (StatroN 664) .

29 PEBBLY GREYWACKE AT THE
VüACKE BED (STATION 668)

FÏGURE TOP OF THE MIDDLE GREY-



FTGURE 30 pOORLy SORTEDTPEBBLE TO COBBLE CONGLOMERATE FROM
THE BASAL zoNE oF THE MTDDLE CONGLOMERATE BED (STATTON
668).

CONCORDANT CONTACT BETVüEEN THE UPPER ZONE OF THE
MIDDLE conFr,ounRATE BED AND THE UPPER GREYvüACKE BED

(STRATIGRAPHÏC TOP TO THE LEFT). A NON-LAI\4TNATED gUARTZ-
RICH GREYWACI(E LIES ON TOP OF THE CONGLOMER.A'TE ( 3OM
SOUTH OF STATION 26).

FIGURE 31
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as shown in FÍgure 31, with an overlying massive quartz-rich
greyv,zacke. Higher up in the section, minor pebbly greywacke

is interbedd.ed with biotite-rich greywacke as shown in Figure 32.

This interbedding is of a minor scale as compared to that
found below the middle conglomerate bed" The middle conglom-

erate ís concordant with the underlying greywacke bedding,

but a slight discordance is found with the overlying greywacke.

The overlying upper greywacke bed is massive, nongrad.ed

and poorly cross-stratified. It contains minor pebbly grey-

wacke layers, conglomeratic lenses and hornblende-rich greywacke

layers. The conglomerate lenses are poorly graded as shown

ín Figure 33. Thís upper unit is approximately 1070 m thick;
because a synformal axis passes through this unit, the above

value is a minimal estimated thickness.

Another minor conglomerate bed is located in the synfor-

ma1 axis between Starr and Davidson Lakes (figure 3 and Map 2).

Although it was not investigated in detail, this rock appeared

to be a well round.ed, well sorted, pebble conglomerate v¡ith a

relatively low content of tonalite clast.s"

2) Sedimentary Textures and Structures

Clasts range in size from granule ( Z 4 mm), pebble

(4 64 mm), cobble (64 264 mm) to boulder (>264 mm) in
size, but the cobble to coarse pebble-sized cl-asts are the most

common. Clast shapes range from subangular to subrounded.

Sorting in general is poorly developed, but occasionally

appears as layers and patches of relatively better sorted clasts,
as shown in Figure 34.

. 30



FTGURE 32 - THE UPPER GREYVTACKE BED 'I¡IITH MINOR PEBBLY GREYI/üACKE
LAYERS. STRATTGRAPHIC TOP TS TO THE TOP OF THE PTCTURE.
NOTE THE CONCORDANCE OF THE LOT^iER COIfiIACT OF THE PEBBLY
GREYVüACKE LAYER OVER THE GRE]N/üACKE AND THE UPPER
DTSCORDANT CONTACT Af, THE TOP OF THE PICTURE (3Om
SOUTH OF STATTON 26).

TN TF]E UPPER GREY-
THE LEFT (STATIOI\T 27)

POORLY GRADED CONGLOMERATTC LET\TS
VüACKE BED. STRATTGRAPHTC TOP TO

FTGURE 33



FTGURE 34 RELATTVELY BETTER
ZONE OF THE MÏDDLE
OTHER ZONES TN THE

SORTTNG AND ROUNDTNG
CONGLOMERATE BED AS
SAME BED" (STATTON

IN THE }4TDDLE
COMPARED TO

zIC).

LARGE-SCALE BEDDTNG TN THE CONGLOMERATE. PEBBLE TO

COBBLE-SIZEDTLOVü I4ATRIX BED ON THE LEFT; COBBLE TO

BOULDER-SIZED, RELATIVELY.i.HTGHER MATRTX CONTENT BED

ïN THE CENTER ( ITAMMER); AND PEBBLE TO COBBLE-SIZED,
LOW MATRIX, GREYWACKE LENS-RTCH BED ON THE RIGHT
(srArroN 69).

FÏGURE 35
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The conglomerate is essentialry massiver âs portrayed in
Figures 4 and 5. A few exampres of very large-scare bedding

were recognized by differing clast sizes, clast types and

concentrations, and the relatíve degree of sorting. These

largie-scaIe beds are in the order of 2 to 5 meters wide as

shown in Figure 35 " Minor small-scare bedding was also observ-

edi,by the presence of well sorted, well rounded granule to
pebble-sized clasts in a massive cobble conglomerate" This

is shown in Figure 36 and occurs on a scale of r0 to 50 cent-
imeters.

Graded bed.ding in the conglomerate on outcrop scale is
not readily detectable. A very thin minor zone of inverse

grading is found at the base. on examination of the average

maximum clast size throughout the entire mid.dle conglomerate

bed, an apparent gradual normal graded bedded to massive sequence

is detected.

rn the proximal facies, the conglomerate can be described

as massive and disorganized. Approaching the transitional
faciesr ârI inverse to normal graded bedded or massive sequence

typifies the internal organization of the conglomerate (see

Figure 2a). In the transitional facies, structures in the

congilomerate and greywacke correspond to the normal graded

stratified. model of Vüatker (L975, 1976), as shown in Figure

37. The normal graded stratified model is evídenced by the
presence of distinct normal graded bed.ding in the conglomerate,

poor oblique stratification, alternating greywacke and pebbly

greywacke layers that possess good laminations and. crossbeds.

The inverse to normal graded, normal grad.ed. stratified and
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FIGURE 36 SMALL.SCALE BEDDING PARÄLLEL TO Dl (COMPOSTTTONAL

LAYERTNG) AND oBLreuE To rHE CLAST ELoNcATToN (oz).

BEDDING EVIDENCED BY DTFFERTNG CLA.ST TYPES, STZES,

CONCENTRATTONS AND DEGREE OF SORTTNG (STATION 69) "
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FTGURE 37 _ A DRAI.TTNG FROM AN EXPOSURE TIV THE TRANSTTTONAL
FACIES OF TÏIE BOOSTER LAKE CONGLOMERATE AND
GREYWACKE ILLUSTRATf}:IG THE TEXTURAL FEATURÐS A}]D
ÏI{TE;ìI.¡AL ORGANIZATION T}TAT CFIÀRACTERIZE THE
NORÌ'jAL GRADED STRATIFTED MODEL OF I^IALKER (l-915,
L976) (SrArrON 193).
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massive disorganized nature of the conglomerate can be com-

pared to the examples of the internal organizatíons of models

proposed by l'Ial]<er (1975 , L976) for resedimented. conglomerate.

Cross-stratification was interpreted from low angle cross-

laminations in the greywacke. The laminations may be the result
of metamorphic segregation and or of tectonic origin. over-
printing of original laminations by a tectonic foliation should

also be considered. No internal examples of cross-stratification
t,rrere found in the conglomerate.

Associated within the middle conglomerate bed rin the

middle zone, are massive discontinuous grey biotite-rich grey-

wacke lenses that possess poor laminat,j-ons, no visible grading

and sharp contacts. The lenses are arigned normal or oblique
to the adjacent clast elongations and presumably represent an

original compositional layering. Also present are discontinuous,

d.iffuse lenses of hornblende-rich greywacke. These hornblende-

rich greywackes occur as very diffuse patches with undefineable

boundaries and enclosing only volcanic sandstone clasts (as

illustrated in Figure 38); also at the base of grey biotÍte-
rich greywacke lenses with sharp flat upper contacts v¡ith the

biotite greywacke.

Rare hornblende-rich greywacke accumulations wit.h relatively
flat tops, curved bottom contacts and possessing lensoid to
layered shapes \,vere noted. The base of these lenses r âs shown

in Figure 39, are highly irregular, with clasts elongated.

paralIeI to D, foliation and cross-cutting the basal contacts.

The basar contacts of these lenses show downward extensions

or n'fingering" of the hornblende-rich greywacke between the
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FÏGURE 3B

FÏGURE 39 - A HORNBLENDE-RTCH GREYVÙACKE LENS
OF THE MTDDLE CONGLOMERATE BED.
SHOWN BY THE RULER (STATTON 21D)
TO THE TOP OF THE PTCTURE.

DIFFUSE DTSCONTTNUOUS HORNBLENDE-RTCH GREYh7ACKE MATRTX
AND VOLCANTC SANDSTONE CLASTS (SrEtrON 21C).
THESE I4ÄFIC PATCHES, AS CONTATNING ONLY ONE LITHOLOGTCAL
CLAST TYPE, MÄ.Y POSSTBLY REPRESENT MATERTAL OF A
PREVTOUS CLASTTC UNTT.

ÏN THE MTDDLE ZONE
BASE OF THE LENS TS

. STRATTGRAPHTC TOP
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clasts (as shown in Figure 39) indicating some sort of selecLive
winnowing or removal of the biotite-rich greywackerpresumably

by erosion. The grey biotite-rich greywacke is present as

the matrix for the conglomerate overlying the lens. The l_ower

and central portions of these hornblende-.greywacke lenses

contain vol-canic sandstone clasts which are graded upwards

and outwards to the outside rateral contacts. This is taken

to suggest that a faster moving traction current was in ex-

istence on the outer and basal portions of the lenses. Currents
slowed during the filling of the central parts of the channel

and all-owed deposition and grad.ing of larger clasts.
The upper central portions of these lenses are massive

with minor, widely distributed clasts. The upper zone has

well developed laminations that are parallel- to the top surface.
The overlying conglomerate has not appreciabry eroded the upper

part of these lenses, but the deposition of the clasts has

produced "load-like" structures as evidenced by the warping

of the laminations, as shown in Figure 39. The average di-
mension of these lenses is 20 50 cm thick by 50 150 cm

wide.

3) Cl-assification of the Conglomerate and Grelrwacke

According to pettijohn's (1975) classification scheme

for conglomerates, the coarse epiclastic rocks from Booster

Lake can be described as clast supported, volcanogenic, cobble

to coarse pebble, extraformational, polymictic orthoconglomerates.

The greywacke, though now highly recrystarlized. to biotite
schistrcould perhaps have been originally volcanogenic felds-

pathic greywacke. 
33



- 33

pRovENANCE, DEPOSTTTONAL EM/IRONMENT AND MECIIANTSI4

1) Provenance of the Conglomerate Clasts

To indicate a general d.irection towards a suitable source

area, the distribution of clast to matrix ratios was examined.

Using this factor, a proximal facies (88 95 per cent volume

proportion of the congJ-omerate as clasts) and a transitional
facies (clast concentration 44 68 per cent) was recognized

as shown in Figure 2a. The distribution of these lithofacies
can be correlated with the dístribution of clast types, clast
sizes and. sedimentary textures and structures.

Another means employed to delineate a provenance was the

examination of the distribution of maximum clast sizes. In

order to attempt this, the measurement in several outcrops of
ellipsoidal strain axial ratios of several clast types were

measured. Then the axial ratios of the ten largest clasts
\^/ere determined (see: Structure chapter for discussion) .

Figure 40 shows a decrease in the average maximum Y (ellipsoid.al

strain axes' ' X<Y< ) axes to the northeast, for the clasts of type

G2. In the Booster Lake area, it was readily apparent that
there is an eastward increase in the degree of stretching of
the clasts and corresponding increases i-n metamorphic grade and

recrystallization. Figure 4I shows elongation of Y relative
to axes X, i.e. low X to Y ratios, on the fold. limbs. Com-

parison of the two fold closures illustrates a neglible increase

in the stretching of the Y axes relative to the X axes to the

northeast. As there ís a marked decrease in elongation of
the Y axes to the northeast (Figure 40), and a poor to non-

34
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existent increase in the stretching of the y axes relative
to x axes to the northeast, it must be concluded that the

maximum size of the tonalite clasts d.ecreases to the northeast.
clasts of type F, also show a d.ecrease in the maximum

Y axes to the northeast, as ill-ustrated. in Figure 42. Max-

imum x to Y ratios in the fold closures of the proximal and.

transitional- facies are roughly equivalent as shown in Figure 43 
"

Figure 44 illustrates armost a constant value of maximum y

axes transitionally for type F, clasts. Figure 4s displays
a constant to poor increase of the rangie of x to y ratios in
the transitional facies.

Figures 46 to 48 show the decrease in maximum y axes to
the northeast for clast types Grr F2 and Fr.

Therefore, in spite of increased deformation to the east,
there is evidence of a d.ecrease in maximum clast size from

proximal to transitional facies (northeast from Booster Lake

to Starr Lake).

Detailed petrographic studies \^zere made on possible
source rocks in the Bird River greenstone belt, particularly in
the areas southwest of Booster Lake.

rnitially a"cratonic" borderland was assumed to be the

source for the tonal-ite clasts. such a "craton', may have been

made up of the granitoid plutons on three sides of the green-

stone beltr ês shown in Figure 1. However, the Maskwa Lake

pluton consists of several composiLional phases ranging from

monzonite to quartz diorite ,(but not tonalite, Ir{cRitchie,

L97L). Modal analyses for the Maskwa Lake pluton is shown in
Tabre 5b. Table 5b also shows the modar anaryses of the

Marijane Lake pluton, outcropping around David.son Lake, to
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be monzonite in compositj-on. There are no monzonite clasts
in the conglomerate" Modal analyses in Tables 5a and 5b depict
mineralogical similarities between tonalite cl-asts and tonalitic
intrusions from the Bernic Lake volcanic-subvolcanic complex.

Figure 49 illustrates the above discussion of a suitable pro-
venance for the fel_sic intrusive clasts.

The medium to coarse grained mafic intrusive crasts
presumably could have had their origin in several medium to
coarse grained mafic rock occurrences, found in the Bird River
greenstone belt and surrounding areas" rn the meládioritic
rocks from the Bernic Lake subvolcanic intrusives, .there is
a slate-grey to blue pleochroic, xenoblastic, poikiloblastic
tourmaline. Mafic rocks of this nature have not been reported

from the su::rounding area. rn meladioritic clasts, xenoblastic
tourmaline of the same habit has been found as shown in Figure

50 (source) and Figure 51 (clast). Similar relict diabasic
textures, very similar modal analyses (as given in Table 4

and shown in Figure 52) and equivalent ranges in the anorthite
component of the plagioclases ', petrographically support the

subvolcanic complex of Bernic Lake as a possible source.

Modal analyses given in Table 3 illustrates how the

volcanic sandstone clasts differ from the felsic volcanic
rocks of the belt. rn outcrop, this clast type appears quite
similar texturally to the volcanic sandstone clasts in the

polymictic breccia of the Bernic Lake area (Figure f), which

have as their source the underlying volcanic pile of the Bernic

Lake volcanic-subvolcanic complex.

l4od.aI analyses of porphtrrritic felsic volcanic clasts,
shown in Table 3, are simitar to the porphyritic volcanic rocks

. 36
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at Berníc Lake. But the original variability in composition

and phenocryst concentrations makes correlation with a source

difficult. Figure 53 illustrates some similaríty in the mineral

compositions diagrammatically. other quartz feldspar porphyry

volcanic t or shallow intrusive, rocks are not known elsewhere

in the 'belt; though very fine grained quaríz porphyries exist.
l.{afic schist clasts presumably represent recrystallized

mafic extrusive or volcanogenic sédiments. These rock types

are common in the Bird River greenstone be1t, but there are

no distinctive properties to pinpoint a source area.

GreywacJce clasts presumably originated from the tearing
up of the underlying lithified greywacke or conglomerate matrix.
The greywacke appears volcanogenic, with embayed qaarLz and

zoned subidiomorphic plagioclase fra$ments. Detrital slat,e-
grey to deep blue pleochroic, poikiloblastic tourmaline and

garnet r,rere found in the greywacke.

Several iron formation units occur t,hroughout the Bird
River gireenstone belt. one layer of this rock type ties below

but close to the unconformity at the base of the congilomerate-

greywacke seguence.

The source of the green tourmaline sandstone clast (Appendix

1, type X2) from the belt is not known.

The major supplier of clasts thus appears to be the

Bernic Lake volcanic-subvolcanic complex on the north side of
Bernic Lake (I'igure 1). Other rock units in the metamorphosed

volcanic-sedimentary Bird River greenstone belt may have con-

tributed detritus, but not the surrounding granitoid plutons

or gneissic rocks.
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2) Environment of Deposition

The history of the Bird River greenstone belt may be

deduced from the above data. starting with a "cratonic" base-

ment, there was volcanism and the structural development of
a trough. Volcanic extrusives and volcanog,enic sediments were

deposited, showing the trend of a gradually emerging volcanic
pile in a tectonically active basin. Polymictic breccias mark

the emergence of the volcanic pile, in containing fragmental

material from the volcanic pile and clasts of genetically
related andesitic f1ows. Further tectonic activity and uplift,
which exposed the sub-volcanic intrusives to erosion, produced

the conglomerate and greywacke which have been described. here.

The environment of deposition of the conglomerate and

greywacke may be interpreted from the sedimentary textures
and structures, internal organízations and clast concentration

variations. Some of the field criteria used for dístinguishing
anci-ent depositional environments for conglomerate are tabulated

in Appendix TE.

Stauf f er (I97 4 ) and l.[ukher j ee (L97I ) studied t.he i,M,isSi '

GÈoupn"cohble cong'lomeraLe and pebbly arkose in the Flin Flon

area. They proposed that the underlying Amisk Group (ande-

sitic lava flows, rhyolites and basalts) and related felsic
intrusives are the¡sources, and that a submarine fan is the

depositional environment.

Campbell (I97I) studied the Edmunds Lake Formation in
the Rice Lake Group of southeastern Manitoba and. proposed

subaqueous movement with initial deposition, mass movement
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and redeposition" campbelr identified. two volcanic piles as

provenances as well as a pre-volcanic cratonic basement and

the Ross River Pluton.

't{ork on the ogishke Tonalite pebbre conglomerate of the

Knife Lake Group in northeastern Minnesota by Mclimans (LgT2)

and ojakangas (Lg72) proposed a submarine fan type d.eposition

of a'turbiditer-type environment flanking felsic-intermed.iate
volcanic centers and coeval plutonic sources.

Walker and Pettijohn (I97I) suggested a depositional
environment of a submarine fan of a turbidite facies association
for the Abram conglomerate near Sioux Lookout, Ontario.

A d.eep marine environment was discounted due to the lack

of the following features in the conglomerate which characterize
this environment: open framework; good bedding; minor cross

beds; moderate to good sorting; good parallel laminationsi re-
latively thín deposits; and a cornmon association of sha1e.

A beach environment was not considered applicabre due to
the absence of the following features in the Booster Lake

conglomerate and. greywacke: very well rounded clasts; prismatic
thin beds; and the lack of abundant cross bedded. interbedded

sandstone.

A lacustrine environment was excluded on the absence of
these features: very good sorting; good bedding, both cross

and graded; high amount of matrix; and good horizontal

laminations.

A fluvial environment was eliminated with the conglomerate

not possessing these features: moderate to good sorting;
good bedding; irregular highly scoured pattern; moderate matrix
content; and good stratified interbedded sandstones.
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A tilloid was discounted d.ue to the absence of the fol-
lowing features in the conglomerate: wide range Ín clast
sizes up to very large, anomalous boul-ders; irregurar dis-
rupted framework; relatively higher and more variable matrix
content; dropped clasts; st,riated clasts; associated. sediments

above the tilloid being arenaceous and forlowed by argillites;
a thiclcening away from the source; and finely laminated. argil-
lites.

The geotectonic environment of an aulacogen \,vas discounted

due to the lack of the required tectonic environment and the

lack of interbedded alkalic basalts and evaporites, interbedded

with the late clastic sedimentation.

A classical turbi-dite environment was eliminated on the

absence of: good regular and rhythmic bedding; grad.ed bedding;

good sorting; moderat,e to high matrix; good lamination; and.

interbedded sands and shales.

A fluxoturbidite environment was not deemed possible with
the lack of the following features that characterrze this
controversial, poorly def ined type of movement grad.atj-onal

between slumping and turbidity currents: very coarse size of
clasts; a thickening of beds downslope; moderate-scale cross

beds; repeated, irregular thick beds; features indicative of
slumping; bases scoured; absence of fine material; and minor

discontinuous argillaceous beds.

Subaerial alluvial fans \¡/ere discounted vzith the following
features absent in the conglomerate: large anomalous angular

to subangular clasts; regular repeated beds of different size,
texture and composition; lack of cross beds; extensive channel-
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1ing, even in a ]ateral section; beds rapidly thicken to the

apex; maximum clast sLze decreases abruptly from the source;

and the coarse clastic deposit lies near the source.

MosL of the above listed sedimentary features may together
be taken to be indicative of a certain type of d.epositional

environment. The absence of some of these features should

not eliminate that type of environment for the Booster Lake

conglomerate and Çreywacke. Evaluation and. consideration of
the relative importance of certain sedimentary textures and

structures should be done before proposing a certain type

of depositional environment, as has been done in this thesis.
To transport coarse, poorly sorted clastic sediment asso-

ciated with fine-grained massive sediment, that is not iden-

tically repeated in the section and. relatively constant in
thickness laterally, requires a nonepisod.ic turbulent current.
These two diverse rock types; obtique stratification, normal

grad.ed beds and cross beds found transitionally; and internal
structurel-ess features proximally are taken to be indicative
of a high-energy turbulent current filling a geosynclinal basin.

Several authors have recently proposed the idea of re-
sedimented conglomerate (Davies and walker, r974; Middleton and

Hampton I L973; Nelson and Kulm, 19737 Rocheleau and Lajoie,
1974; Turner and Walker, 1973; Walker, 1975, L976¡ Walker and

Mutti, L973). In this theory, detritus accumulates on a shelf
ad.jacent to a rugged tectonic upland where emerging fluvial
systems have dropped their load. Multiple point sources and

the coalescence of fan-shaped accumulations have produced

apron-like deposits in a littoral to neritic zone" Shallow
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marine tractional currents, longshore currents and wave erosion

supply additional clasts and. resulted in further rounding and

sorti-ng of the clasts. Rapid influxes of sediment, oversteep-

ening of the slope and seismic or tectonic activitln.rrrrnay re-
activate the sediments as submarine sedimentary gravity frows

into a deeper transitional marine environment. These deposits

are not normal turbid.ite d.eposits but have been referred to
as coarse clastics associated with flysch deposits (Bouma and

Brouwer, 1964¡ Aalto and Dott, 1970; T¡Ialker, Lg76).

The three models of resedimented conglomerate proposed

by warker (1975, L976) have been tentatively interpreted in the

Booster Lake conglomerate. The massive disorganized model can be

applied to most of the conglomerate. On considerat,ion of a large-
scale normal grading to massive textures present above a minor

poor inverse grad.ed zone, the inverse to normal graded model is
found further downslope in the feeder channels of a submarine

fan" AIso found in the downslope areas in adjacent outcrops t ot
in the same outcrops, are conglomerates of massive, disorganLzed,

character. In the transitional facies, examples of the

normal graded stratified model can be found. perhaps the con-

glomerate and greywacke units could be traced into a hypothetical

"normalr' turbidite sequence further out into the sedimentary basin.

The Booster Lake conglomerate may be compared to the cobble

to coarse pebble resedimented conglomerate of Davies and

vüalker (L97 4) , although the Booster Lake conglomerate differs
in the greater thickness of the beds and of a less repetitive
nature. This could be explained by d.ominant nonepisodic sed-

imentary events.
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Resedimented conglomerates are typically massive with

minor large and small-scale bedding. Heteorogeneity of clast
types, vertically and laterally, are also characteristic. The

associated greywacke is fine grained, feldspathic, massive to
poorly laminated with minor cross-stratifications.

Using Vüalker and Mutti's (L973) turbid.ite facies associa-
tion, Lhe conglomerate ís similar to facies Ar. This facies is
typified by a disorganizeð, conglomerate with a low proportion

of matrix, bourder to cobble-sízed clasts, irregular massive

beds and lack of stratification. Facie= A2 (organized

conglomerate) typifies Lhe transitional facies with higher

matrix content, distinct sed.imentary structures and fabrics,
good stratification and good. normal grad.ing. These authors

have termed these two facies the "proximal exotic" facies.
Accord.ing to these workers, the deposits occur high in the

proximal facies of coalesced aprons of submarine fans.

The discontinuous greywacke layers and lenses are Trelieved

to be indicative of marine environments by Hendry (L972) | who

described. similar structural features of these lensoid. accum-

ulations in the conglomerates of Lower ordovician in euébec.

The finely bed.ded greywacke with rare channels, rare
cross-stratifications, minor clast-rich layers and calc-
silicate nodules may be interpreted as indicative of a marine

sedimentary environment. The lack of sedimentary structures
may be due to intense recrystallization or rapid deposition.

Features characteristic of a fluvial environment were not

observed in the greywacke, i.e. large and small-scale troughs,

cross-stratificationsu and basal scoured surfaces.
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3) Transportational and Depositional Mechanisms

sedimentary structures may not sorely be indicative, or
unique , of any type of transportational- or d.epositional mechanism.

Similarities of structures found in the cong,lomerate and grey-
wacke wíth those created by experimentar studies and found. in
Paleozoic to Recent materials, suggest some type of subaqueous

sedimentary gravity flow. A classification scheme proposed.

by MÍddleton and Hampton (1973) depends solely on the dominant

sediment-support mechanism. Two of these types of mechanisms

that may apply here are:

1. Grain flow - sediments supported by grain to grain
interaction.

thick, massive, ungrad.ed beds; sharp contacts;
poor parallel laminations; Iarge clasts;
minor inverse grading"

2. Debrís flow -sediments supported by a matrix consisting
of a very viscous mixture of fluid and

sediment; high d.ensity; Iow matrix.

- highly concentrated laminar flow with minor

turbulence.

- massive, ungraded beds; irregular tops;

no sorting; planar lower contact and large

clasts.

These features of a debris flow are found in the proximal
facies of the conglomerate. Deposition from d.ebris flows is
from suspension and this is seen by the poorly eroded tops of
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the greywacke lenses and the concordance of the overrying
conglomerate on the underlying greywacke. The massive disor-
ganized character of the conglomerate indicates rapid. deposi-
tion on steep slopes in a proximal facies by a subaqueous

sedimentary gravity flow.

The erosive greywacke lenses, discordant overlying grey-
wacke layers and the relative "nonerosive" conglomerate layers
may be related to differing means of transportation and d.epo-

sition. The grad.ed nature, with massj-ve textures and parall_el

laminations near the top of the greywacke lenses may indicate
a slowing d.own of the current over the lower slopes, rapid
deposition and possibly a change from a "laminar" flow to bed

load traction.

Further downslope, grain flow processes are found in
which grain to grain interactíon prod.uces basal inverse grading,
massive to normal graded upper beds and a relatively better
degree of sorting. These relatively moderately sorted beds

may be found interbedded with massive unsorted beds. This is
believed due to the fine dist,inction of sediment support

mechanísms and the abilíty for the current to change i_n mechan-

ism in time and space.

For the transitional facies, a normal grad.ed stratified
model is appropriate. rt can be explained by d.eposition from

suspension d.ominant in the lower portion, while bed load. move-

ment is more important towards the top of the flow.

The associated massive greywacke indicates a "laminar"
grain flow type of transport. This massive character may also
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be due to suppression of traction by rapid burial or the result
of intensive recrystallization and tectonic overprint. The

minor laminations and cross-stratifications found in the grey-
wacke may represent minor tractional deposition.
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STRUCTURAL GEOLOGY

1) Folding

The conglomerate and greywacke have been folded to produce

a close to tight, inclined, gently to moderately plunging

similar fold. rt is overturned to the north and has steeply

inclined axial planes. The spatial distribution of the rock

units alIow the fold to be classified as a Class 2 - 3 fold
(according to Ramsay, 1967). using stratigraphic top indicators,
sLructural foliations and lineations, r ol synformal axis is
found to occupy t.he upper greywacke bed as shown in Map 3.

The conglomerate and greywacke have been subjected to at
least three phases of d.eformation. The first deformation,

Dl' \^/as f lexural in character as eV,idenced by clast elongation
paralIel to the lithological boundaries. D2, the strongest

tectonic event, was passive in nature as evidenced. by the

layers not infl-uencing the folding. D2 elongated the clasts
oblique to Lhe compositional layering indicating shear folding.
D, was also inhomogeneous in strain as seen by differing degrees

of elongation of the clasts (gneissic cong,lomerate immediately

adjacent to slightly elongat,e conglomerate). D3 was weak,

flexural in nature and had little effect on the conglomerate.

D, was initially a gently inclined fold that had a surfaceI
axial planar trace of 345" to 030o. This event was refolded

Ay DZ that possessed a surface axial planar trace of 0B0o to

110" and. resulted in a Type 1 pattern of superimposed folding
(accord^ing to Ramsay, L967) . Due to the inhomogeneous character

of D,r, the fold pat.tern appears somewhat similar to a Type 3z
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pattern. D2 deformation is also revealed by the boudinage

of leucopegmatites, kink banding, pressure shadows and exten-

sional fracturing.

Map 3 ís a structural map for the Booster Lake area and.

Figure 54 illustrates the complex refolding patterns that
occur in the Starr Lake fotd closure.

2) Strain

The shape of the clasts may not be used as true quanti-
tative indicators of strain, although Lhe relative ratios of
clasts' ellipsoidal strain axes (X<y<Z) may reveal the type

of strain íncurred. on measuring clast ratios one must consider:

the original clast shape; ductility contrasts; clast to matrix
ratios; and interference with other clasts.

Using the style of folding, foliations, lineations and

textures, Lamb (I97 4 ) proposed that either of t,he following

mechanisms of strain occurred in the Booster Lake conglomerate:

heteorogeneous pure shear; homogeneous flattening superimposed

on a fl-exural fold; flexural folding followed by heteorogeneous

or homogeneous pure shear and heteorogeneous simple shear; and.

heteorogeneous or homogeneous pure shear followed by heteor-

ogeneous simple shear.

In this study, measurements of at least two ellipsoidal
strain axes \dere made on 105 clasts to determine relative
X:Y ratios. Though a few outcrops did allow the measurement

of all three strain axes. As the outcrop surface is irregular
and cuts randomly through the ellipsoidal clasts, the down

plunge method was used. To employ this method, approximation
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of the middl-e of the clast, the plunge of the clastr äs well
as the foliation must be determined. Looking down plunge,

the minimum (X) and intermediate (Y) axes can be measured.

through the middle of the clast between the maximum extremities
of the clast in that dimension on the outcrop. To measure the

maxj-mum axis (Z) , an outcrop with exposure parallel to the

length of the clast is required.

It is evident from Figure 55 that the clasts in the

fold closures are generally oblate ellipsoids (S tectonites;
pancake shaped.) and are the result of uniaxial flattening.
rn the ford limbsr âs shown in Figure 56, prolate ellipsoids
are found (L tectonites,. cigar shaped) thus ind.icating uniaxial
stretching or extension. obrate ellipsoids are also found

in the fold limbs. The indefinite variable pat,tern of ellip-
soidal shapes within the fold and the differing degrees of elon-
gation, ind.icates that the D2 deformation was inhomogeneous.
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CONCLUSTONS

The Booster Lake conglomerate is a clast supported., voI-
canogenic, cobble to coarse pebble, extraformational,
polymictic orthoconglomerate. The associated greywacke

may have been a volcanogenic feldspathic greywacke inter-
bedded with pebbly greywacke.

Six major groups of clasts can be distinguished. These

clast groups can be subd.ivided into sj-xteen types and

subtypes.

Lateral and vertical variations in clast concentrations

can be detected and related to the progressive exposure

and erosion of a volcanic-subvolcanic complex.

The source for the clasts of the Booster Lake conglomerate

is the Bernic Lake volcanic-subvolcanic complex. The

conglomerate matrix and associated. greywacke are vorcano-

genic and possess detrital poikiloblastic tourmaline which

seems to indicate a Bernic Lake source.

The depositional environment is believed to be that of a

resedimented conglomerate located. in the feeder and upper

fan channels of a submarine fan in a transitional near

shore-marine environment.

The transportational mechanism is proposed to be that of
a subaqueous sedimentaryqgravity flow; either debris or

grain flow.

Ductility contrasts of the clast types are high. D2

deformation is inhomogeneous and intense enough in the

eastern regions to produce gneissic conglomerates.

7.
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The distribution of the conglomerate and greywacke indicates
refolding of r ol flexural, north trending, folding epi_sode

refolded by a D, inhomogeneou.s, passive, east-west trending

deformation.

Uniaxial- flattening was the dominant type of strain in
the fold closures, though uniaxial flattening and stretch-
ing of the clasts occurred in the fold limbs.
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APPENDTX T

Petrographic Description of Cl_ast Types in the

Booster Lal<e Conglomerate

Fel-sic Volcanic Clasts Group F

1) Volcanic Sandstone Clasts Type F,

These fine to very fine grai-ned clasts are typified by

a white to light. grey weathered surface and a d.ark to steel
blue grey broken surface. clasts rang'e in size from granule

to coarse pebble with the smaller clasts being subrounded,

lens-like to subellipsoidal in shape. Larg.er clasts are sub-

rounded to subangular, tabular to elongate in shape with
feathered, angular to jagged edges. Massive granoblastic

textures are dominant with minor repidoblastic textures. The

clasts are highry ductile. Figure 4 ill-ustrates a typical
cl-ast which may contain up to 5 per cent quartz and feldspar
grains. Tn the fierd, approximate minerals concentrations
\,{ere defined as quartz 30 40eo¡ feldspar 40 55eo, biotite 52,

seri-cite and chlorite <5?..

Tabre 2 presents modal analyses and reveals a variable
quartz content (23 492) and a high plagioclase content (31

432). K-feldspar is mainly microcline (O gZ) and mafic

content ranges from B to 262.

In thin section, this clast type is characterized by

fine grain size, giood lepidoblastic textures, giranobrastic

polygonal quartz-feldspar matrix, Iow content of sericite,
altered poikiloblastic plagioclase crystals, low epid.ote and

moderate secondary calcite content.
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Sample Number

Quartz
Plagioclase
K-Feldspar
Biotite
Hornblende
Muscovite
Quartz
Clasts
Feldspar
Clasts
Epidote
Sphene
Magnetite
Hematite
Apatite
Chloriüe
Sericite
Calcite
Garnet

Counts

6-3

45 .',4
42.9

0
7"7

0
0

3.7

0.3

0
0

:

7-6

45.0
42 .5

Ltr'
6.5
1"5

0
0

0

0
0
X

.

T/S 250

CLASTS

B-2

23 .0
39 .4
2.0

L5.4
8.6

0
r"2

7 "6

2"8
0
Y

X

;
I

T/e s00T/s 3s0

2IA-I

(,

?¿, ¿.

3L"2
9.2

23 .6
0
0
0

0

7 6-L

TABLE 2 - l4oda1 änalyses of volcanic sandstone

and felsic volcanic rocks of the Bird.

belt.
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2) Porphyritic Felsic Volcanic Clasts Tvpe F

2

This clast type ranges in size from granule to cobble

and typically is subrounded to subangrul.ar, tabular, blocky to
elongate in shape. some clasts were noted to have irregurar
and jagged edges. The weathered surface is white, grey to
tan in colour with white plagioclase phenocrysts and clear
to very pale blue quartz eyes. The broken surface is grey to
brack in colour with deep blue quartz phenocrysts. Foliation
is poor to moderately developed. with minor lepidoblastic
textures. compositional layering is arso observed. This

clast type is moderate in ductility and is'shown in Figure 4.

ïn the fiel-d, mineral content was estimated as quartz (matrix)

25 30Zt plagioclase (matrix) 30 45Zt quartz phenocrysts

10 20eo, plagioclase phenocrysts 5 - Lozt biotite 10 r5z
and K-feldspar ( 5%. Towards the east, this clast type contains
medium grained subidioblastic hornblende porphyroblasts.

Modal- analyses are given in Tabre 3. Totar quartz content
ranges ftom 24 452 and total plagiocl-ase content varies from

33 to 572. Microcline and perthite are low in abundance (<L.22)

while biotite and hornblende rangie in concentration from 12

262- The amount of tot,al phenocrysts range from 17 242,

with quartz accounting for 6 - 2oz and plagioclase phenocrysts

ranging from 3 to l-0?.

Distinguishíng features are the ro1led subidioblastic,
highry sutured, potygonized quartz phenocrysts and the sub-

idioblastic to xenoblastic, poikiloblastic, highly fragmented

plagioclase crystals set in a fine grained. recrystallized
granoblastic quartz, feld.spar and biotite matríx. Late

d



Sample Number

Quartz
Plagioclase
K-Feldspar
Biotite
lt{uscovite
Quartz
Phenocrysts
Feldspar
Phenocrysts
Epidote
Sphene
Magnetite
Hematite
Apatite
Tourmal-ine
Chlorite
Calcite
Perc!ent
Phenocrysts
Counts

6-3

18.3
47 .3

0"7
11" 0
I.7

11. 0

9.3
,:

20.;
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24
I
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TABLE 3 - Modal analyses of porphyritic felsic
clasts (type Fr) and porphyritic fel
rocks of the Bernic Lake complex.
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5-
xenomorphic calcite fills interstices and also retrogresses

along with epidote and sericite, feldspar crystals. prismatic

subidioblastic poikiloblastic slate-grey to bl-ue pleochroic

tourmaline is present.

Intermediate Volcanic Clasts Group I
This group of clasts is distinguished in the field from

the felsic volcanic clasts by the lower quartz content (15

20e") | higher plagioclase content (50 602), higher mafic

content (15 202), more abundant sericite, poorer developed

foliation and a darker grey weathered surface.

I) Dacitic Volcanic Clasts Type It
These clasts are fine to very fine grained and exist as

granule to pebble-sízed clasts. The clasts are subangular

to subrounded, tabular, ellipsoidal to oblong in shape. The

weathered surface is dull grey to white in colour, while the

broken surface is dark grey to black. This clast type is
moderately ductile and a typical example is shown in Figure 5.

Foliation is absent.

In the f ield, limits for mineral concentrations \¡¡ere

arbitrarily set as follows: quartz (matrix),, 20 - 252, plagio-

clase, 50 60eø¡ quartz (phenocrysts), 2 - 5çà¡ and biotite
15 202.

2) Andesite Porphyry Clasts Type IZ

The matrix, of this rare clast type, is a massive, fine
to very fine grained, mafic-rich component that is light to

dark grey on weathered surface. Subidiomorphic plagioclase

.6
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phenocrysts are \¡rhite to light grey on weathered surf ace,

medium grained in size and constitute about 15 20çè of the

clast. Quartz phenocrysts are subidioblastic to xenoblastic

and constitute less than 22 of the clast. This clast type is
granule to small pebble in size. Subrounded to subangular

and oblong, ellipsoidal, subrectangular to tabular in shape"

The clast type is massive and moderately ductile.
Field. examínation arbitrarily determined the mafic content

to average 7O B0å, while feldspar phenocrysts accounted for
20 30? with minor quariuz phenocrysts. A typical example is
shown in Figure 6.

Mafic Intrusive Clasts Group M

1) Fine Grained Granoblastic Leucodiorite Clasts Type M,

This fine to very fine grained clast type exists as granule

to cobble-sízed clasts, that are typically subangular to sub-

rounded, elongate to ellipsoidal in shape. The clast type is
moderate to poorly foliated and moderately ductile. A light

grey to greyú'sh black is the weathered surface colour. Some

cl-asts possess minor reaction rims in which biotite has re-
placed hornblende around the clast edges. Minor phenocrysts

of quartz, plagioclase and hornblende occur. fn the field,

mineral concentrations were estimat.ed as biotite 15 25eo,

hornblende 20 25eo¡ quartz 10 202 and plagioclase 35 402.

In thin section, the matrix is a fine grained. granoblastic

mixture of quartz, plagioclase and minor microcline. Well

developed lepido-nematoblastic textures are developed as well

as mafic cl-ots with subidioblastic biotite rimming the

.7
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xenoblastíc hornblend.e aggregates. Subidioblastíc sl-ate blue

pleochroic tourmaline is present"

Dístinctive features are the average small pebble size,

granoblastic texture and mineral composition. A typical ex-

ample is shown in Figure 4.

2) Medium Grained Blastic Leucodiorite Clasts Type M,

This rare clast type is distinguished in the field by

the medium to fine grained síze and the granule to pebble-

sized clasts. The clasts are typically subangiular, elongate,

rectangular to tabular in shape. The characteristic feature

is the extreme development of blastesis and segregation.

Large blasts up to 5 x 10 mm are constituted, either of horn-

blende and biotite, or as lenses of quartz and feldspar, âs

shown in Figure 7. The weathered surface has a black and

white knotted appearance, while the fresh surface is alternating

light grey and. black lenses.

In the fíe1d¡ âû estimation of the mineral concentration

was bíotite 252, hornblende 35eo, quarLz 15å and feldspar 252.

3 ) Melad.iorite Clasts Type M,

This clast type is characterized by the granule to cobble-

sized clasts and medium to coarse grained size. ClasLs are

subrounded to rounded, oblong, ellipsoidal to tabul-ar in shape"

Foliatíon is absent and the clasts are moderately ductile.

Weathered surface is a greenish-black to black in colour, while

the broken surface is dark black. In the field., mineral con-

centration \,ras estímated as hornblende 35 402, quarLz 10%



B-

and plagioclase 55 602. Typical examples are shown in

Figures 5.,:and :8"

Table 4 presents modal analyses where quartz content

ranges from 4 - 2LZt plagioclase (MZ+ 35) varies from 13

442 and hornblende content rang:es from 37 66e". K-feldspar

is minor in content, <I.6Zt occurring mainly as microcline.

Biotite rang'es from 1 to 10%. Sphene, magnetite and epidote

are common accessories.

In thin section, the melad.iorite clasts display a relict

diabasic and cumulate textures with subidioblastic to xeno-

blastic plagioclase lat,hs settled between tabular subidioblastic,

poikiloblastic, dark to blue g'reen pleochøoic hornblende.

Minor plagioclase exhibits compositional zoning. Some clasts

dísplay nematoblastic textures. Rare xenoblastic slate-grey

Lo blue pleochroic, poikilobl-astic tourmaline are present in

some clasts. Biotitie and chlorite retrogress hornblende.

Mineral zoned meladiorite clasts, subtyp" M3-l_, were

distinguished in the field" These massive, medíum to coarse

grained., pebble to cobble-sized clasts are characterized by the

extensive, concentric, mineral zonations. Clasts are subangular

to subrounded, blocky, tabular to oblong in shape. Ductitity

is poor. Outcrop weathered surface is dark brown, black, blue-

green to green in colour. These mineral zones appear to be

the result of extensive retrogression.

this zonation is shown in Figure B.

A typical example of

4) Melagabro Clasts

This type of clast

T¡rpe Mn

is characterized by the medium to coarse

o
.J



Sample
Number

Quartz
Plagioclase
I(-Feldspar
Biotite
Hornblende
Epidote
Sphene
Magnetite
Hematite
Tourmaline
Chlorite
Sericíte
Calcite
Añ Component

Count

4.2
L2.7
1.0
B.B

65 .9
3.7
0.1
0.3

2"4

0.;
Aä33-4 0

r/sl000

2TA

CLASTS

21A-1

20
34
I
2

37
3
0

"6
.2
.6
.4
)
L

.6
0
X
X

8.4
43. B

0
4.6

4L.2
0.6
,:

X

^Aä,24-34

r/sl000

2TB

ts
O

61- 5

LB.2
27 .4

0
1.0

47 .8
5"0
0.6

:

X
X
X

Añ30-35

r/sl000

Ad'3 B-3;

r/sI000

114

TABLE 4 - Modal

(type M

Bernic

SOURCE ROCKS

15.3
23.0

0
0.8

55.4
0
0

0.1
X

1148

L4.6
3r. 4

0
13.0
38 " 0
0.8
2.2

0

v

:

Ai.i 40

analyses of meladiorite clasts

) and meladíorite rocks of the
3

Lake volcanic-subvolcanci:ri complex.

4.7
49.r

0
0

4I.5
3.2

0
1.5

v1!

v

i
X

Ah32-45

116

ArÍ 4

T/i 510 0 0 T/5s00 r/s1000

I

LO

I
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grained size and massive texture. The g:ranule to pebble-sized

clasts are rounded to subrounded, tabular to ellipsoidal in

shape. A dark green to black coloured weathered surface and

moderate non-ductility was observed. An arbitrary field

estimation of the mineral concentration is as follows: horn-

blende, 50 652; plagioclase, 35 50å; and biotite less than

52. Many gabbro clasts possess 1 5 mm thick peripheral

reaction rims consisting of biotite, chorite and hematite. A

typical example is shown in Figure 9.

Variants of this clast type consist of approximately 90

952 hornblende plus minor plagioclase, biotite and retrogiressive

chlorite.

Felsic Intrusive Clasts Group G

Visible gradations from clasts classified as porphyritic

felsic volcanic to fine grained tonalitic intrusive clasts

with minor phenocrysts were evident. An arbitrary fíeld limit

was used and backed by later petrographic work. Clasts identi-

fied as porphyritic felsic volcanic clasts contain on the a-

verage greater than 202 quarLz and plagioclase phenocrysts in

a very fine grained matríx. Those clasts classified as felsic

intrusive in origin range from B - 15% phenocrysts, but the

matrix is usually fine to medium grained.. The felsic intrusive

clasts possess larger aggregates of minerals, are more highly

altered and granulated, and possess early poikiloblastic

xenoblastic muscovite. The porphyritic felsic volcanic clasts

exhibit a better d.evelopment of biotite and. mineral foliation.

Tonalite clasts possess poor foliation. The shape and ductility

.11
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of the clasts is also distinctive.

1) Fine Grained Tonalite Clasts Type G,

This clast type is characterized, by the uníform fine
grained size and low phenocryst content. The clasts are typi-
cally granule to pebble in size, round.ed to subround.ed and oval
to oblong in shape" Foliation is absent and the cl-asts are

strongly nonductile. Outcrop weäthered surface is white to light.
tan in colour with a white to grey coloured broken surface.
Field estimation of the mineral concentration is biotite 5 -
r0z, quartz 30 352, plagioclase 45 552 and K-feldspar <sz.

Figure 4 shows a typical fine grained tonalite clast.
fn thin sectionrplagioclase is finely t,winned and highly

altered. Quartz occurs as sutured polygonized monominerallic

aggregates. The clast as a whole is granulated, altered and

fine grain. This clast type is a transitional phase between

the porphyritic felsic vorcanic and medium grained tonalite
clasts.

2 - 3) Medium to Coarse Grained Tonalite Clasts Types GZ_Z

This is the most common type of felsic intrusive clast
that is typically medium to coarse grained and varies from

granule to boulder in size. clasts are typically rounded,

subrounded to subangular and oval, ellipsoidal, blocky, tear
d.rop to tabular in shape. outcrop weathered surface is white,
tan to light grey in colour, while the broken surface is crear

to white in colour. Foliation is absent. These clast types

are strongly nonductile. A coarse grained variant, Type Grr

.L2
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is distinguished in the field by the massive, rough, pitted

weathered surface, high degree of fracturing and coarser grain

size. Typical examples of the above two clast types are shown

in Figures 4 and 5"

In the field, type G, clasts appear to be massive grano-

blastic in texture. However in thin section, and in some

clasts observed in the field, minor phenocrysts are observed.

An estimation of mineral concentration in the field set biotite

as 5 - I5Zt quarLz 25 30%, plagioclase 40 452, K-feldspar

5eo and phenocrysts <54.

Modal analyses given in Table 5a shows quarLz content

to vary from 25 to 43Zt plagioclase ranges from 32 56eo, K-

feldspar (microcline and petthite) ranges from 0.5 2.leo,

and biotite varies from 2 - 20e". Phenocrysts content rangies

from 0 - 18å, averaging I4Z.

In thin section a granoblastic matrix was observed with

phenocrysts. Plagioclase is subidioblastic, poikiloblastic,

fragmented, compositionally zoned, sometimes aggregated and

sericitized,. Suartz is highly undulose and occurs commonly as

xenoblastic sutured monominerallic aggregates. Early poikilo-

blastic xenoblastic muscovíte is observed. Retrograde chlorite

is commonly found in fractures, alongi clast boundaries and

replacing biotite. Important accessories include garnet, sphene,

apatite and calcite.

4) Hornblende Tonalite Cl-asts Type 
" 

q

This distinct clast type occurs in the higher parts of

the stratigraphic section as granule to cobble-sized clasts,

.13



Sample
Number

Quartz
Plagioclase
K-Feldspar
Biotite
Hornblende
Muscovite
Quartz
Phenocrysts
Plagioclase
Phenocrysts
Epidote
Sphene
Magnetite
Hematite
Apatite
ZLrcon
Chlorite
Calcite
Sericite
Percent '.,..

Phenocrysts

Counts

30.2
32.4
6.8

10.4
0

0.5

8.7

B.B
2.2

vZ\

I

:
X

' 
..t ,. ilt ii,

17 .5

r/sl000

31

30.4
44 .6
4.8
8.4

0
3.0

2.8

5.8
0.2

X
X
X
X
vt\
X
x

-r,'j ,

8.6

r/s5 00

7-3 6-5

25.6
37 .2
2.0

19.8
0
0

7.2

7.8
0.4

^,\z
-¿\

X
X

:

15. 0

T,/S5 0 0

28 .2
48.6
0.4
6.2

0
l_. B

9.8

4.6
0.4

\.¡
1\

:

i
X

X

L4.4

r/s5 0 0

6-3

25.8
43"4
1.8

I4.2
L.4

0

4.8

8.6
0

:

X
X
X

X

13.4

r/s]000

F
'S

36 B-2

24 .8
43. 0
1"4
9.8

10.2
0

0.6

8.0
2.2

61- 3

42
4B

1
B

Table 5a- Modal analyses of medium
clasts (type 

"r).

0
0
2

7-5

38.6
55. B

3.4
))

:

6-2

X

43.4
49 .2
4.6
,":

8.6

r/s500 R/ss00

grained tonalite

R/S500 R/S500

I

H
tÐ

I



Sample
Number

Suartz
Plagioclase
K-Feldspar
Biotíte
Hornblénde
Muscovite
QuarLz
Phenocrysts
Plagioclase
Phenocrysts
Epidote
Sphene
Magnetite
Herna¡b.ü.Èee
ApatiÈe
Zitcon
Chlorite
Calcite
Sericite
Percent
Phenocrysts

Counts

Maskwa
Lake
l.34

45"6
8.0,)o o

13"8
0

1.1

0

Maskwa
Lake
9-1

43
30
24

1

Marijane Marijane
Lake Lake
37-L DT I74

4
2
B

6
0
0

0
r.4

x

o ";_

;

33.0
27 .4
38.0
1.6

0
0

0

0
0

:

0
0

-

39
23
34

3

Berni-c Bernic
Lake Lake
1ï9 r2I

0

r/s1000

2
4
0
4
0
0

H
(Jl

33. 0
30.3
2.9

l-3.7
0

4.5

7.6

8.0
0

X

:
X

:

15. 6

r/sl 00 0

0

R/S5 0 0

0
0

:

27 .8
26 .8

?¿-
31" 4

0
0.6

0"6

Bernic
Lake
L25

0

R/s5 0 0

Table 5b - Modal analyses of possible felsic intrusive
source rocks; Maskwa and Marijane Lakes bodies
and the Bernic Lake volcanic-subvolcanic
complex "

27 .2
35"4
2.6

L7 "4
0

5.8

8.6

Bernic
Lake
LL9-2

0

R/Ss 00

9"4
0

;
X
X

:

42
42

9
5

6
B

0
6
0
0

2.6
0"4

X
X

:

10. 0

r/sl000

0

I

:

IL.2

r/ss 00

0

R/ss 00

I

Hè
I
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or at Davidson Lake where it occurs as pebble to boulder-sized

clasts in the "transitional " facies of the conglomerate and

pebbly greywacke.

This clast type is very s'imilar to the medium grained

tonalite clasts except for the presence of medium to large

grained poikiloblastic hornblende and minor biotite.

Clasts of Sedimentary Rocks - Group S

Thís clast group ís characterLzeð, by high mafic content

and extreme ductility.

1) Biotite Schist Clasts Type 51

This clast type is fine to medium grained, occasionally

being very fine grained. Clasts range in size from granule

to pebble, and are typícally subangular to angular, tabular,

elongate to ribbon-like in shape" The mafic content accounts

for the susceptibility to d.eep erosion, surface oxidation and

high ductility. Foliation is well developed, exhibited by

lepido-nematoblastic textures. Outcrop weathered surfaces

are bl-ack in colour. Figures 4 and 5 illustrate typical examples

of thís clast type.

Field estimation of the mineral content is as follows:

biotite, 45 602¡ hornblende, 5%¡ quartz, 10 L5%¡ plagioclase

20 252¡ and giarnet 122. Moda1 analyses are given in Table 6

and reveal that quarLz content ranges from B - 2LZ, plagioclase

varies from 27 34e" and biotite content rangies from 18 632.

Hornblende is variable and occurs locally up to 35% (subtype

s_ _).
_L- t

.16



Sample
Number

Quartz
Plagioclase
K-Feldspar
Biotite
Hornblende
Muscovite
Epidote
Sphene
Garnet
Magnetite
Hematite
Chlorite

Counts

7 -6-3

8.4
28.0

0
62.8

0
0

0.8
0
0

X
X

r/s5 00

2LA

15. B

33 "2
0

50" 6
0
0

0"4
0
0
X
v
l\

r/s5 0 0

CLASTS

21A-1

15.6
33 .2

0
49 "4

0
1.0
0.8

0
0
X

i
r/ss 0 0

2IA

13.5
34 .0

0
46 "5

0
5.0
1" 0

0
0
X

1

r/ss 0 0

H\¡

B-1

2I.2
27.2
r.4

20.4
26.4

0
3.4

0
0
X

X

r/s5 00

TABLE 6 - Modal

(tYPe

B-2

L!"2
29.6
0.4

18.0
34. B

0
6" 0

0
0
X

:

r/s5 0 0

SOURCE ROCKS

26"9
31. 5
3"9

33 "7
0
0

4.0
0
X

:

r/sl 0 0

analyses of biotite schist clasts

Sf) and possible source rocks.

46-2

16. 0
24.0

2"8
55"2

0
0
0
0

2"0
X
X
X

r/sl000
I

ts
Ot

I
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Thín section petrography reveals a granobrastic polygonal

quartz-plagioclase matrix and a coarser grained, higher content,
lepido-nematoblastic biotite and hornblende.

Tn the eastern regions, and in the higher parts of the

strätigraphic section, field identification as a subtype was

given to a fine to medium grained. hornbl-ende blastic biotite
schist clast (subtype tf_f ). It is combined with type:,: 51,

as it only differs in the degree of hornblende and biotite
blastesis.

2) Greywacke C1asts Type SZ

This clast type is difficult to d.etect in the fiel-d from

the greywackelmatrix of the conglomerate. only when definite
clast edges could be discerned, hias the greywacke regarded

as a clast. Grain size is fine to very fine and the crasts
are usually granule to small pebble in size. The clasts are

subangular to angular, tabular, slabby to oblong in shape.

Foliation is poor to well developed with minor lepidoblastic
biotite in a fine grained granoblastic matrix of quartz and

feldspar. Ductility is moderately strong and the clasts typi-
cally have a tight. grey weathered surface.

In the fie1d, mineral content was noted as: biotite,
10 25e"¡ quartz, 35 452¡ plagioclase, 20 402¡ plus minor

hornblende. Modar analyses in Table 7 reveals that quartz

content varies from 20 30?, plagioc¡gse ranges from 23 432

and mafics range from 19 48e..

. 18



Sample
Number

Quari¿z
Plagioclase
K-Feldspar
Biotite
Hornblende
Muscovíte
Quartz
Clasts
Plagioclase
Clasts
Epidote
Sphene
Magnetite
Hematite
Tourmaline
Chlorite
Sericite
Counts

2IA

30.0
38.0

0
3L.2

0
0

0

CLASTS

6-3 2LA-I

28.4 22.0
43.L 26.2
2.0 0

tB.B 36"8
00

1.0 1.0

3.5 7.4

Greywacke

0
0.8

0
X

:

Lens
77

2I.L
22"9
3.1

22.2
16 .2

0

8.0

2.2
1.0

0

I
X
X

Conglomerate
Matrix

7 6 B-2-1

T//S500 T/S500

6.0
0.6

0
v
l\

.

r /s500

2L.B
25 .6
2.2
5.0

42.8
0

0

H
\o

22.0
36"4

0
30.8
2.8

0

0

L.9
4.6

:

-

0
2.6

0

20.r
27 "I
2.7

r/s1000

Associated Greywacke

4 25 5B68_90 5B68-98

37.

r/ss 00

TABLE 7 - Modal analyses of greywacke clasts (type 52),

hornblende-rich greywacke lens, conglomerate

matrix, and associated greywacke.

8.4

0
8.0

0
X

X

36.8
26.0
3"2

32.9
0

1.0

0

34.4
29.8
6.9

25"4
0

I.7

0

4.

r/ss00 r/s1000

0.

0
0.1

0

I
X

16. 0 l-3.4
46"8 49"0
I"2 1.0

34.8 36.0
00

L.2 0. 6

0
1. B

0

X

X
X

T/S1000 T,/S1000

0
0
0

I

^

0
0
0

X

r/s500 r/s500

I

F
00

I



Miscellaneous Clasts

19

Group X

1) Iron Formation Clasts Type X,

This cl-ast type is medium to fine grained. in size and

the clasts range in size from granule to pebble. subangular

to subrounded, ova1, tabular, blocky to subrectangular shapes

are common. outcrop weathered surface is clear to white in
colour, with rusty red oxidation surfaces. Foliation is absent

and the clasts are strongly nonductile; subsequently being

highly fractured upon deformation. Mineralogically, the clasts
are recrystallized chertyqquarLzites with minor pyrite and or

hematite. An examp.le of this cl-ast is shown in Figure l_0.

2) Tourmaline Sandstone Clasts Type X,

This rare clast type is typified. by the fine to very fine
grained size and granule to pebble-sized clasts. crasts range

from subround.ed to rounded, elongate, oval to irregular in
shape. Outcrop weathered surface is very dark black in colour.

clasts are moderately nonductile and Figure 11 shows a typical
example.

Tn thin section, modal analysis documents the míneral

content as tourmaline 77.4? and quarLz 22.62. Typically, the

tourmaline is nonpoikiloblastic, light to dark g:reen in pleo-

chroism, idioblastic to subidiobl-astic, poorly sorted and

randomt'¡i:¡z ori-ented. in the beds. Suartz occurs as interstitial
material. Bedding is defined by the varying contents of the

two minerals and grain size. The bedding is on a scale of 0.5

2.0 mm. Microphotographs of the bedding and tourmaline grains

are seen in Figures 57 and 58 respectively.



FIGURE 57 - MTCROPHOTOGRAPH:{ OF FINE-SCALE BEDDTNG TN A
TOURMALTNE SANDSTONE CLAST (SLTDE 75-2LA, IX,
srATroN 21A.).

MICROPHOTOGRAPH-:':
SANDSTONE CLAST

OF TOURMALINE
(sr,ron 75-2LA,

GRAINS IN A TOURMALÏNE
lOx, STATTON 214).

FIGURE 5B
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0 4.8
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0 0.6

L2.2 10.0
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8.6 5.9 x x

G2

17.9 15

15
11
t5
13
10

6
16

3
4
3
I
9

10
B

13
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11
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16
I2
2L
L7

G1

4.5
0.9 5.0
0.9 1.5
7"2 x 2.8
3.9 1.1 3.3

11.0 3.4 2"9
0.8 x r.7

M4

9
2
6
7
6

M:

2 3"4
6-
2 0"9
5 2.8
9 2.8
5 L.4

: t"¡

3.0
I.6
r"2

X L.2
3"6
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0.2 3.6

4.r
L.7
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.5 2"0 x
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7.L 3
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7.7 4
8.6 5
5"1 3
5.6
9.1 2
7.3
0.8
8.1 2
2.9 5
9.8 7
7.9 4
5.5 4
6.9 3
9.5 5

F2

1
I
1
I
1
I
1

Fl

29 .4
29.r
28.I
32.L
25.5
20 .9
23 "5
14.0
12 .9
33.0
L7 .9
26.7
27.9
23 .9
32.2
25.8
2B " B
26.5

LOCALTTY

I
1
I
I
1
1
I
1

21A
2LB
2IC
2LD
2IF
2IG
2LH
66A
668
3B
36
31
29
26
61
67
6B
69



X1 X2 Matrix

31" 1
9.2
5.4

23 .I
32"3
18. 7
17 "7
11. 5
6.3

11. I
1r. 4
6.r
6"4
7 "2
3"6
8.1
6.9
9.L
7.5
7 "6
4.5
5"5
5.6
9.L
8.9
6.5

;;
1:

;:
i:

s2

5
I
4
2'
I
5
2
6

3
2
2

7
9
5
I
2
5
6
B

3
B

3
2
7
6
I
7

s1

.4 4

.2 4

.2 5

.7 5

.9 4

"6 5
.B 4
.B B

.2 9

.4 B

.0 B

.6 5

.5 B

.4 6

.25

.77

.2 6
!61; 7
.7 8
.3 6
.B 5

"0 4
.0 7
.6 7
.6 B

.6 3

.1 4

¡

t\)
ts

I

9
9

L9
10
1B
2T
L2
15
22
20
19
L2
L7
13
10
10
11

9
I4

7
6
4

T2
13

7
B

6

G4

7.8

Gg

X

2.6
2.6
,:

:

4.2
2.2
2.7
2.L
4.4
4.5
1.9
2.8
3.2
L.6
r.2
1.0
3.0
2.0
r.4
3.9

G2

X
X

X

;

;
X

3.4 13.1
2.4 L4.4
1"6 17.0

I.7
2.3
2.4
2.5

: 4.3

"t
M4

8.8

0.4

0.4

M
3

; t.i
7 16.4
4 L3.9
1 L4.5
5 19"5
5 15.1
l_ 2L"4
4 15.3
7 7.9
3 14.5
9 16.3
3 11.9
6 6.0
6 15. B
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4.3 0.4 2.7
4.5 0.4 2.7

T2

- All values are volume proportions of the

clast types present at the studied outcrops

[= clast present, not in significant amounts.
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APPENDTX TTI

Sedimentary Textures and Structures and Internal
Organizations of Conglomerates and Associated

Greywackes in Ancient Sedimentary Environments

AbbrevÍat,ions used in the following table:

Size; VC (very coarse), C (coarse), M (medium) , F (fine)
VF (very f ine ) .

Shape; R (rounded), SR (subrounded),
A (angular) .

SA (subangular),

Sorting; G (good.), M (moderat,e), P (poor), V (variable)

Textures; X (well developed), / (moderately developed),
O (absent or very poorly developed).

Amount of matrûx; VL (very Iow), L (low), ¡t (moderate),
H (hish) .
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