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Greenstone Belt, southeast of Drvden, Ontario, was studied and mapped.

ABSTRACT

>

The Washeibamaga - Thundercloud Lakes area in the Wabigoon

Rv

Petrographic examination of the various rock types was carried out and

geochexical whole rock and trace element data was obtained using X.R.F.

nethods. ?

The area can be subdivided into three tmits:
The lower volcanic sequence of metabasalts (lower greenschist
facies) is preserved as a steeply-dipping, north-facing homoclinal

]

volcanic pile six kilometres thick. The basalts show trace element

(Y, Nb, Ir, Ni, Ba, Rb, Sr), geochemical similarities to modern
ocean-floor tholeiitic basalts.
The Thundercloud Quartz-Porphyry intrudes the lower sequence and

is believed to represent a vent-plug filling a late-

Df)

elsic

sl

tage
volcano. Accompanying explesive volcanism produced a three-kilemetre

thick sequence of cearse pyroclastic and epiclastic rocks and tuffs,

-

hereafwer called the middle sequence. Associated dacitic and auto-

brecciated rhyolitic flows have calc-alkaline affinities and aTe

~ ’

b
chemically distingt) from both volcanic sequences. They appear not

to be a differentiated product but to have originated as a separate

magma.
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3) The upper volcanic sequence of metabasalts is composed of tightly

folded, massive fo pillowed flows. The contact with the underlying
epiclastic and pyroclastic Tocks is at an angle of thirty degrees,
implying either profound angular unconformity or a fault contact.

The upper sequence is chémicélly distinct from the lower sequence.
Trace element abundances (F, Rb, Sr, Ba), suggest similarities with -
modern island-arc tholeiites or back-arc-basin basalts.

The data will be used to cbﬁpare the thesis area with other Archean
settings and with modern analogues. In doeing this a tectonic interpre£ﬁ-

tion of the Washeibamaga - Thundercloud Lakes areca will be presented.

iiia
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CHAPTER 1 - INTRODUCTION

i} Location and Accessibility

The Washeibamaga - Thundercloud Lakes Area is bounded by
latitudes 49°20'N and 49°27'N and 'long‘xtudes 92°32'W and 92°3? W,
in the district of Kengra. The ar‘ea covers over 100 square
kﬂonetres being 8 km wide by 13 km Tong.

The study arez is located on Dryden Sheet (No. .5;2#) of the - -
National Topographic Series and is included in the geclogic map
con;piTed by the Ontario Division of. Mines (Thomson, 1933). The
area can also be located on Map 2115, Keno‘r-a-Fort Frances Sheet,
Geological Compilation Series (Davies and Pryslak), 1965.

Access by aircraft Orl‘ water transport to trae study area is
possible "From Dryden, 52 km to -the r)or;hwest, or from Fort Frances,
110 km 'to the southwest, see Fic_;ure 1. A lumber recad extending
south from Highway 17 at Jackfish Lake %o Snake Bay.is usable in
the summer months. Access south of this point, on Snake Bay Road,
is possible with permission ‘and key from the Reed Pulp and Paper
Company. It extends nearly to the base of the present map area.and
is mainly a corduroy road.

Within t.he nla'p area, short portages connect all the lakes

and -are passible with small canoes.
e S
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i) Previous Work .ol

ii1)

‘Thié area has previnusiy'been mapped on a reconnaisance
scale (1 mile to 1 inéh), as part of a 1arget1mapping ﬁroject Of,
the Manitou-Stormy Lake Area (Thomson, 1933). 1In 1936-38,
Pettijohn (1937) and Bertholf Jr. (1946), in the course of studies
on Archean sedimentation, chrried out geological mapping in the
Mosher Bay area,of Upper Manitou‘Lake and the Washeibamaga Lake
vicinity.

A-more detailed mepping project (1/4 mile to 1 inch} began )
in 1972, by the Qntario Division of Mines, under.the direction of
C. E. Blackhurn, and in 1974 and 1975 included the area of this
thesis. Preliminary results of this work have been published
(Blackburn, 1975).

Other projeéts that have been carried out in the area
include Pichette (1976), Casey (1976) and McMaster (1975). 1In
addition R. Teal has completed a Sedimentological study of Manitou

Lake and Sabag is working within the Meggisi Lake Batholith.
Statement of the Problem
Previous mapping of the area by Thomson (1933) defined the

boundaries of the Manitou Series and the Thundercloud Lake

Porphyry. HKe described the porphyry as "irregular stocks and dikes

"of the same general age as the Algoman granite". Bertholf (1946)

recognised that the delineation of the relative ages of the quartz

-

—



porphyry and Mam:tou‘ sediments was important, but was not prepar:ed
tb_undert§ké an extensive program of chemical an;Tyéés, andAreTfed
on Thomson's map.ahd field relationships to explain its
assocfation. ‘1

Thus, -2 detailed examination {petrographic and geochemicé])
of the volcanic, pyroclastic, epiclasfic, and porbhyry rocks in the
vicinity of washeibamaga.and Thuhderc]oud Lakes was un&ertakén,

with the following objectives in mind:

1., To map the a(ea, elucidate the detailed stratigraphy,
and descr}%sé;he vari?us Tithologies and structures.

2. To determine the inter—re1ati0nshibs between the three
majar sequences,-and the relative time sequence
involved. ?

3. To investigate the spatial ;nd chemic;] relationships
between the porphyry and the’vo1canics.

4. To outline the processes involved in the formation of
the diverse Middle Felsic Sequence.

5. To draw conclusions regarding the nature and tectonic
settiing of the study area.

-

iv) Present Study

The present study was carried out over three summers. In
1974, as a geological assistant with the Ontario Division of Mines,

the author traversed the mafic vglcanics north of Kenny Lake, and



became familiar w{ph the Manitpu~§grjés on.Upper Qaniiou Lake. In
1975, as a senior assistant with the Ontario Di\(i:.';ion of Mines, the °
~'-"a;ti'10r‘ 'ihqependently mapped the area south of ;J‘as:hkibamaga Lake. . -
Mapping in the sﬁring of 1976, east .of Washeibamaga Lake to ‘the’
Snake Bay Road, tied in the remaining part of the map area.

Maps were drawn at a scale of 1" to 1/4 mile, based on
shore-line outcrops and pace-and-compass- traverses run at 0.4 km
intervals’ roughly perpe.ndi_cul'ar to the strike 6f formations. A

detailed geological mep of the area, Figure 2, can be found in the

back pocket of the thesis.



CHAPTER II - GENERAL GEOLOGY

Part 1 - Introductior

i) Regional Geology

The Manitou - Stormy Lake Area.is charadterizeé by an
arcuate metavolcanic —_hetasedimentary belt 19 km wide and 80 km
long. The belt'coksists of thick volcanic and sedimentary
sequences intruded by porphyry stocks, dikes, gabbroic bodies, and
granitic stocks (Blackburn, 1976).

The general stratigraphié sequence of the central portion
of the belt {present study area) begins with a lower sequence,
8,208 m in thickness, of pillowed, porphyritic and mafic
metavglcanics. The base has been deformed by the intrusion of the
Meggis{ batholith. The middle sequence, formerly assigned to the
Manitou Series (Thomson, 1933), consists_.of intercalated
metavolcanics and petasedimentsl Amygdaloidal flows,
volcaniclastic coarse pyroclastic, epiclastic, and auﬁoclastic
units in the Washeibamaga Lake Area are 3,000 m thick. The
clastic-metavolcanic sequence is structurally oveflain by east-west
striking metavolcanic flows and gabbroic intrusions. At beth
Mosher Bay and Washeibamaga Lake, the strike of the bedding in the
clastic sequence is at an angle of 30° to 40° to the contact Qith

6
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the c;ver'ly.iﬁg mafic metavalcantcs, implying either an angular
unconformity, orl.a fault contact. . ‘

Granite rdck; at Meggisi Lake are part of the Irene -
_Eltrut Lakes Batholithic Complex (Sage et al. 1975). It co'nsists-
of an early, céntr‘allx located, medium grained, equigranu'lér
granodiorite to ciuartz monzo_nitic phase, containing abundant mafic
metavolcanic xenoliths. It is.succeeded outwards and intruded b_y’a
seriate to porphyritic granodiorite to quartz-monzonithic phase
(Sabag and Blackburn, 1977).

Two granite stocks intrude the supracrustal- sequence in the
- area. The Scattergood Stock, south of Sunshine Lake iln the wesi,
and the Taylor Lake Stock between Sunshine Lake and Washeibamaga
.Lake, to the east. The Taylor Lake Stock forms the western
boundary of the study area. Pichette (1576) described it as a
granitoid complex composed of nine distinct phases, ranging\frorn
quartz monzonite to granodiorite in nature. It intrudes the apical
area of an antiformal structure produced by intrusion of the
batholith, .and thus, post dates the batholith. An Rb-Sr date of
2640 + 31 my has been reported by Birk and McNutt (1977).

Qhartz—fe]dsp'ar porphyry plugs and dikes also intrude the
lower séquence. Thamson (1933) delineated a large porphyry body,
between Ha;sheibamaga and Thundercloud Lakes, (here named the
Thundercloud Porphyry) and Blackburn (1975) mapped one south of
Sunshine Lake.|[ The stocks are thought to be subvolcanic

equiv_a1ents of dacitic to rhyclitic flows that occur within the

pyroclastic sequence and represent localized felsic vent plugs.
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A composite stratigraphic celumn shoWing general

-thicknesses and relative positions of the units has been erected

(Figure 3). The Upper Sequence is included for completeness,
although time relationships are imp]iéﬁ-from-itg positign at the-

top.
Meiamorphiém

Metamorphic grade is lower greenschist facies or Tow-grade
metamorphism (Winkler, 1974). A tyﬁicdl mineral assemblage for the
mafic metavolcanics is; a]bite-ch1orite;aqtino1ite—epidote (Figure
4). 'Ihe stable epidote mineral at Toé-gnade metamorphism is iron-
poor clinozoisite, and occurs as polygons replacing feldspar laths.
Pyroxenes_and'p1§gioc]ases are altered to uralite and saussurite
respectively.

The porpﬁyry‘contains abundant sericite aﬁd mipor biotite,
resulting in a mine}al paragenesis of albite-bigtite-sericite-K
spar + chlorite. Tuffaceous (sandstones) rocks of the middle
sequence cantain abundant biotite and minor amounts of chlorite and

chioritoid.
Structure

Structurally, the map area is divisible into three units:
the lower metavolcanic unit, the middle felsic unit, and the upper

metavoicanic unit.
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A Sericite

(a) +Huartz
: . +Albite
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. Biotite

C Actinolite F -
1 mafic volcanics
. 2 quartz-porphyry
Fnd .

i | 3 tuffaceous-sandy units
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Figure 4 ACF-K and AFM metamorphic-~facies diagkams, showing composition
of average rocks in the thesis:area. Diagrams after Winkler (1974).
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The lower metavolcanit unit forms the east limb of 2 broad
anticlinal structure. The.anticlinal structure may be the result
of the intrusion of the Meggisi Batholith. Foliations within 300 m
of the contact, in thé east have an attitude of 310°/ 30°N, and in
the west, south of Secret Lake, 220°135ﬁ°. The sur}ounding
volcanics plunge to the north (354°) at abprozimafely 20° (Fiﬁure
5). The nose is in the vicinity of Dorpthy Lake (Sabag and
Blackburn, 1977), at the southwestern ma}gin'of the map sheet.

Correlation of p]agioclaée-porphyfitic units and a coarse
gabbroic unit indicates tops to the NNE in the lower sequence..
This has been confirmed by top determinations in the pillowed
lavas, both to th;e SE and SW of Thundercloud Lake. ~ In three
locations, pillows were horiizontal and may have been reori‘ented by
porphyry intrusion and doming. The rocks have shallow dips of 25
to 30° in the vicinity of the batholith, increasing horthwards to
vertical, the common mode fof most of the Wabigoon Bel{. N-NW
trending faults cut the lower seguence, produc.ing a left lateral
displacement o% about 270 m in the coerse, massive, and Pillowed.
flows, as well as the Meggisi Batholith.

In the myddle felsic unit, the dip is generain near
vertical. The strike of the bedding in Facies 8 and C (see Part
3), based on the long direction of the Debbles,.was 120°. (300°),
similar to that of an amygdaloidal flow unit found within Facies 8.
In only two places, (1} on the roaé north of Katisha Lake, and (2)
the central joint blocks of Dark Horse Lake, could the orientation

of the pebbles be checked against the plane of the outcrop surface.
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pole to foliation -

-

Figure 5 Stereographic determination of plunge and orientation
of foliations within the mafic volcanics north of
the Meggisi Batheolith. .

~
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Bertholf (1946), states that "“the Tong-directien apﬁroximatés the B
(intermediate) axis,'and the A {long) axiﬁ dips‘into the outcraﬁ
with the bedding p]ane“; which is in agreement with observations
made by the author. Top determinafjons were based on scour and
£11 structures in the thinly bedded tuffs (sands), cross-bedding
and normal and reverse gréding in the coarse clastic sequences.
Af] indicated tops face r?ughly 030°NNE. ‘ _
Bedding ;i%hin.the banded igen formation and argillaceous\
metasediments north of “the Kenneweppeko Biver also has a strike 6f
120°. . ' . - , |
| " The northern contact of the Mf?die and Upper Sequences is
thought to de é fault. 'Qfasﬁs in the underﬁying cgargé pyrqclastic
. facies. are severely d%storted; (FigdreVS), up ﬁo 2 mefgr ié Tengtﬁ,
and are severely contqrted with kioR bandfng;or 'St d}ag folds
(Figure 7). The exact céntact is not éeen since a2 large moraine
cuts across the area (Zoltai, 1961). S]ickgnsTides on the north,
shore of wagheibamaga Lake Qere repbrted by_Berthon, and he
'interpreted the northefn‘bIock as the downthrown side. The pillows
north of the contact are distorted, with lengths up to 4 meters and
widths Tess than 1 meter, the vesicles contained within the
selvages are elliptical {Figure 8). Quartz-filled tension gashes,
and intensely sheared mafic volcanics were aTSo'présent (Figure
9). |
The upper unit consists of a s;eep]y dipping isoc]inal‘
sequence of metavolcanics. Top determinations on pillows indiéate

tops to the north:. Between Washeibamaga Lake and Boyer Léke, two,



Figure 6 Intense shearing of upper sequence basalts north
of Snake Bav, near the contact between the
widdle and upper sequences. .

i

onterted clasts, displaving kKink banding

Figure 7 Severely ¢
or 'S’ drag folds, on an island in Washeibamaga
Lake just south of the middle/upper sequence contact.
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possibly three fold axes aré discernible, based on reversals in
pillow top direction (Blackpurn, 1975). Minor N-NW trending faults
are also ;vidént. ' :

Jointing is prominent throughout the area, and controls the

major outline of the topography. The brientation of three hundred

. joints were recorded from 211 three sequences, and plotted on

. Schmidt nets. An attempt was made to obtain a uniform distribution

of joint .data. This is‘depéndent on odtcrOp control, and there is
undoubtedly some-bias to lakeshore défa. Inspection of the
contoured stereograms (Figure 10) showed that a number of trends
were present; and repeated in all three groups. Therefore, there
is no éhangé of orientation due to lithological variations. Thus,
it was passible to ;educe thg data {Appendix B) to one stereogram
(Figure 11), which was contoured using the Schmidt method
(Stauffer, 1966). It shows a strong maximum at 290°, with poorly
&eveToped maxima in the; .045°m 070°, 320°, 0i0° directions.’ The
resulting joint sets are: 20°/90°, 315°/85°, 340°/30°, 60°/80°,
and 100°/80°. (Standard E?ght hand attitude was used.) The joint
trends can be related to a stress system with a N-S compression.
Joints S1, Sp, are interpreted as éhéar directions with a conjugate-
shear angle of 70°. Joints Ty, T, are extension joints foughly
parallel to, and, at right angles to the stress. The weakest Joint
set, at 100°/80%, is believed to be related to E-W faulting (Figure
12}). .

The E-W homoclinal sequence in the south, and isocl%nal

sequence in the north, can be related to a N-S maximum stress.



® 6 jeints per 1% area
@ 4-6 joints
O 1-3 joiats

T~‘ig1.1rsse 10a Contoured stereogram of poles to measured joints
in lower sequence, using Schmidt method. .
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) 6 joints per 1% area
@ 4-6 joints
O 1-3 joints

FigurelQb Contoured stereogram of poles to measured joints
in porphyry, using Schmidt method.
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6 joints per lX area

e
@ 46 joints
O

1-3 jeints

Figure]Qe Contoured stereogram of poles to measured joints
in upper sequence, using Schmidt method.
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Figure 11

6 joines per 1% area

4-6 joints

1-3 joints

Contoured stereogram of poles to all measured joints
in the thesis area, using Schmidt method.
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‘Regional Stress Field = 100-{100-70) = 85
- 2

Joint Sets

Poles Major Jeint
A) 45 315/85 -8
B) 70 ' 340/90 - Tl
c) 290 - 20/90 - S,
D) 320 ‘ 60/80 - T,
E) 10 . 100/80 - E:\v‘ faulting and folding

Figure 12 Orientation of joint sets and regional stress field.
Sl and S, are shear joints, 'I‘1 and Ty are tensional joints.
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Faults with a general orientation of 025° to 030° have left lateral
displaceméht and are associated with Sy - Sy jointing. .

Part 2 - Lower Sequence

The lower sequence consists of over 6 km of massive, pillowed,
and porphyritic flows. The lavas are ordinarily fine-grained, dark
green to"pale yellowish-green to almost grey-green in hand specimen.
Pillowed units are the most common, with flow units achieving
thickness' of 1.6 km. Massive metavolcanics of the lower sequence look :

very fresh in hand specimen, and are devoid of internal structure. No
amygdaloidal or vesicular flows were found in the lower sequence. Two
porphyritic lava flows can be traced across the entire map area and‘
westward for 16 km. Phenocrysts of feldspar, often euhédral, and up to
25 mm in diameter, occur in flows up to 300 m in thickness (Figure 13).
Note that each flow unit may be made of many individual flows.

The rocks of the lower sequence in thin section are generally
hypocrystalline, and vary from porphyritic to diabasic in texture. By
far, the largest constituent is the fine-grained black matrix, which
contains chlorite, calcite, plagioclase, leucoxene, and ilmenite (Figure
14). '

Sericitized plagioclase microlites, 0.2 mm to 0.4 mm in size,
are found embedded in the matrix. Certain coarse-grained “gabbroic”

phases grade into pillowed flows and may represent the central, sTowly



Figure 13 Porphyvritic basalt, with cuhedral phenocrvsts
of feldspar, tvpical of lower sequence. Sample B=22

Figure 14 Photomicrograph of tvpical massive basalt B3x

of lower sequence. Sample 6157-1.
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cooled zone of 2 Tava flow. 1In thin sectibn the gabbroi¢ phase is an
idiomorphic granular rock with altered plagioclase and pyroxene in a
subophitic texture (Figure 15). The plagioclase érystaTs are
poiki]itié, riddled by-inclusions of clinozoisite, carbonate and
chlorite. These saussuritized grains are 0.5 mm to 2 mm in size.and are
intimately intéfgrown wifh-gach other. As saussuritization increasesx
the twin lamellae becgme obliterated. The interstitial pyroxene -is
irreqularly fractured and replaced by fibrous-amphibole. These crystals
are 1 mm to 2 mm in size and some display relict twinning, typicai of
augite. The uralitization of c1inopyr$xene yields platey pleochroic
fibers of actinolite. Both leucoxene and sideéite are present in this
phase and occur as irrgaafg} echedral grains.

In areas of d;ke injection or shearing, carbonate occurs as
hypidiomorphic crystals disseminated thr6ughout the slide. It appears
to have formed at the expense of both plagioclase and pyroxene.
Carbonate also is present as cross-cutting veins. The vein material
consists of coarse quartz, up to 3 mm in size, actinolite needles 2 mm
{n length, euhedral 1 mm carbonate crysta]é and pyroxene grains, in an

interlocking fabric.

Part 3 - Middle Sequence

Stratigraphically above the lower sequence is a 3 km thick

section of coarse pyroclastics,.laharic breccias, conglomerates,



Figure

15

Photemicropraph of coarse-grained gabbroic rock
of lower sequence. Sample G=-32.
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) epéclasfic rocks, dacite flows and porphyry intrusions: . This sequence .

: _ C A )
has been subdivided into six facies. Facies is used here to denote the

aspect of a rock body or-unit.” The facies are discriminated on the

basis of the following 5 elements: - .

. . .

1} clast {(grain) type; 2) clast (grain) size; 3) degree of
L8 .

angu]a'm‘ty of clasts; 4) .structural relationships (regional

.

and local); 5) textural relationships.

The six facies are listed here: ) -

b

F Argillaceous Rocks "o 2
E _Autoclastic Breccia
0 Quartz - Porphyry
- C Coarse Pyroﬁ]astics -
B Laharic Breccias and Relat&d Sediments -

A Dacitic and Rhyolitic Flows

The section described here refers to a detailed st:‘ud_y along the
Snake Bay Road. ddtcrop percentage elsewhere was less than ten percent
and irregular. Shoreline outcrops on Washeibamaga Lake are' poorly
exposed, severely weathered and eroded b:y water and winte;' ice. The
identification of c¢last types in many cases was impossible because of
thick lichen cover. If clasts contained distinctive quartz-eyes it was
classified as a quartz-porphyry fragment. Individual units could not be

traced laterally. They probably represent discontinuous lenses and

-~

.
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. interbedded pyroclastic and epiclastic rocks associated with the
voTcan1c and sed1mento1og1c events. |
For the purpose of this thesis pyroc1ast1c rocks are defined as
the ent1re spectrum of fragmenta1 volcanic rocks formed by and emp1aced
in any phySIOgraph1c environment by any volcanic process or mechanisnm,
and consisting of solely synvoleanic, volcaniclastic-rocks, i.e.,
contains no allocthonous material, like.granite, (Annells, 1974).
Epiclastic rocks are those that are formed by erosion or reworking of
r.original igneous and pyroclastic rocks.and have been transportea from
' their origiﬁaT site of empTatemént (Parsons, 1969}. The size boundaries
for ash, lapiili, bfocks, and bombs, etc. follows that of Fisher (1961},

and Parsons (1969). ' - -

. 1) Facies A

Facies A corresponds to aAO.B ém thigk felsic flow unit(s)
.that outcrops in two locations in the map area. In the northwest
it is associated with the northwest limb of the Thundercloud
Porphyry. The flow unit is truncated to the west by the ‘Taylor
Lake Stock and is superceded by both Facies B and €. In the east
it conformably overlies massive basalts at Katisha Lake and is
associated with an area of intense quartz-vefning. Bedding within
the unit, {as observed on'thé north-céntra1 shore of Katisha Lake),
is 30°/90°, but weak. T |

In hand specimen the rock varies from a fiﬁe-grained

tuffaceous dacite to 2 "green-blebbed” rhyolite. The latter was



"

[
, O—

28

the field description given to a whitish weathering rock with

green, elliptical blebs, (Figure 16).- The blebs are in two forms:

a. as irregular, stretched, dumbef] shapes, filled with
caltfte polygons, and therefore ﬁay have been vesicles
‘originaily {(Figure 17).

b.( as irregular patches, 5 to &§ mm in-length, of very
-minute laths éf hornb]endé and pyroxené (?)}, in a dark

black matrix, and may represent basic inclusions

(Figure 18).

In thin section the flows are generally crypto;crysta1iine
rocks with a Qery fine-grained quartzo-feldspathic matrix.
Phenocrysts of quartz are deeply embayed, bipyramidal crystals up
to 2 mm in size. Feldspar occurs in two forms; (1)} as angular
crysta1§, less than 1 mm in size, replaced by clinozoisite and (2)
as porphyritic laths, 3 to 4 mm in length. The latter are commonly
zoned and riddled by inclusions. .Some of the plagiociase laths are
rimmed by a fine-grained mosaicg of-;quigranular quartz, feldspar
and sericitg. Clumps of chlorite.and biotite flakes are common
arogund the periphery of the feldspars.

Flow banding is defined by thin seams,.rich in chlorite
{variety }Eﬁﬂﬁ?ﬁée) énd tabular chloritoid crystals (Figure 19).
Near the contact with the po;ghyry is a planar schistosity,
developed by the elongation of biotite flakes and the presence of

curmingtonite wisps. Some of the feldspar phenocrysts and included
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Figure 16 Hand sample of the fine-grained tuffaceous
dacite or "green-blebbed’ rhyolite.

)
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Figure f? Photomicrograph of irregular, stretched,
dumbell shape of biebs of the 'green-blebbed'
thyolite. Sample 8064.

Figure 18 Photomicrograph of minute laths of hormblende
and pyroxene(?) in blebs of 'green-blebbed'
rhyolite. ' Sample 8053-3.

&
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Photomicrograph of flow banding in felsic flow
unit defined by thin seams of chlorite and
chloritoid. Sample 8053-2. .

31




32

sericite needles are bent and deformed. Black opaques.are

-

disseminated throughout the sample. 4

Facies B

Gradationally above the felsic flow unit is a 400 m to
1200 m sequence of interbedded pyroclastics and sediments. The
facies thins westward, where it is superceded by Facies' C and E
and truncated by the Taylor Lake Stock. Eastward this facies 1s

equivalent to Bertholf's (1946) Sagenak Congloﬁerate. Lineation

-direction (strike?) of the bedding, as defined by the long

dimension of clasts, is roughly 300° (120°). It is difficult to
decide whether the rocks are pyroclastic or epiclastic. The author
agrees with Thomson (1933) who said "that it is almost impossible
to differentiate the pyroclastic rocks from the clasti¢ rocks in
the vicinity of Washeibamaga Lake."

Qutcrop is such that only two-dimensional examination of
the clasts is possible. Varia;ions in the size of the clasts was
estimated in the field by calcu]atiné the mean of the largest axis
of the ten largest clasts, at individual outcrops. This
measurement is hereafter referred to as D/10. By measuring the
apparent width (W) gnd‘Iength (L) of the clasts (mutually
perpendiCUla} axis), and dividing one by the other D(L/W)/10, the
two-dimensional elongation can be determined. Most determinations
were carried out on outcrops with areas of 10 to 20 square metres.

The measurement data is found in Appendix C.
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The basal two metres cdﬁsists of a tuffaceous rock,
containing sparse clasts randomly oriented (Figure 20). The D/10
was 7.2 cm with over 80% of the clasts basaltic in coméosition.
The matrix is a fine-grained felsic mat of quartz and feldspar,
showing no signs of sorting or the bresence of clastic
ferrom;gnesian minerals. This may represent the basal breccia, of
vent material. As the porphyry intruded thé voicanic pile the
resulting dome (cone?) fragmented, throwing basaltic dome material
into the felsic flows and tuffs that were being produced. ’

The basal section grades upwards through 170 m of
pyroclastic material, with a greater percentage of clasts. The
D/10 is only slightly higher at 8.8 cm. Basaltic clasts account
for abodt 50% of the clast types, the rest being pofbhyry and
felsic flow material {Figure 21). The average size of basaltic
fragmental material decreases and the slight increase in 0/10.15
the result of the dominance of larger felsic material. o

Above the lower 175 m of pyroclastic rocks is 100 to 130 m
of interbedded tuff and felsic flow material. Lineation direction

(strike}, as defined by the long axis of the clasts was 138°. The

D/10 was 3.8 cm with D(L/W)/10 of 3.4, significantly different from

- the unit(s) below. The clasts were lapilli in size and all are

felsic. Individual units are up to 15 m in thickness. Associated
with this unit is a 0.2 m thick shear zone, over a horizontal dis-
tance of 23 m. A minor gabbroic intrusion occurs about 0.8 km

north of Katisha Lake.



Figure 20 Tuffaccous vock of basal two metres of middle
sequence contains random basaltic clasts.

Figure 21 Basaltic clasts{frapgments) account for abuout
50% of the clast types, outcrop just north
of Katisha Lake.
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The next 450 m consists of interbedded pyroclastic and epi-
clastic rocks. Mahy of the clasts ‘are subangular and intersect
each other gFigure 22). Other c]asté Qrap around larger clasts and
are pointed or tabered (Figure-23). In one or two instances, elon-
gated chert fragments are found within conglomeratic lenses. é@ﬁe
of the clasts exhibit internal bedding (Figure 24), indicating
erosion of consolidated material. 0/10 values in the first 200 m
are in the range of 26-36 cm thh constant D(L/W)/10 ratios of 1.7.
Beddfng directions determined from long axis orientation, is in the
‘300-200° range. There is less than 20% matrix material, 90 to 95%
of the clasts are felsic, apportioned between quartz-porphyry and
dacitic (felsic) flow material in a 3:1 ratio.

Poor exposures made reconstruction of stratigraphic
sections difficult and somefimes questionable. One general section
(Figure 25), although of limited (traceable) lateral extent, »is
schematically depicted here and is described below. ' |

The basal 1 to 2 metres of bedded to non-bedded tuff is
overlain by 5 m of unsorted fragmental material. Felsic clasts are
completely random within the minor tuffaceous matrix. This is
capped by 7 to 8 m of inverse-graded volcaniclastic rocks. Clasts
5 to 6 cm in length, increase upwards to 35 to 40 cm. These large
clasts project well abdve the upper parts of the beds. In
addition, tuffaceous material drapes over them (Fiqure 26).
Similar relationships are common of debris flows in Oregon and
Washington {Schmincke, 1967). Overlying the 1 to 2 m of tuffaceous

to ‘sandy material is 5 m of normally graded material. The large
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Figureg Intersection of clasts and the subangular

clast shape is typical of Facies B. -

Figure 23 Photograph shows the pointed and tapered habit
of some of the felsic clasts.



Photopraph shows internal bedding of some .
of the clasts, indicating evosion of consolidated
material. :
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SCHFEMATIC SECTION MIDDLE SEGUENCE

Figure 25 Schematic scction of part of the middie sequence,
similar to debris flows described by Schminke (1967).
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1.2

. T s
clasts (boulders?) in the base, create load cast features in the

underlying tuff (Figuré 27).- This fininggupward sequence is

repedted three to five times, the upper contact generally not seen.

The uﬁper 5 m is typified by well-bedded sands_wiﬁh.croés—bedding.

Cross-stratification, represented by a single pebble row, is

“inclined td_regiona1 bedding and top is roughly to the NNE (Figure

28). Similar forms of cross-stratification were found by R. S.
Hyde (personal communication) in the Temiskaming area.. Thus, the

section represents .a two-fold sequence:

1) ~a lower, unsorted to inverse graded fragmental pyro-
clastic unit, followed. by -
2) a normal graded epiclastic sequence capped by bedded

and cross-bedded sands and tuffé.

Near the-top of Facies B is a 15 to 18 m thiq;_amygdaloidal'

flow, (Fiqure 29). 1t contains vesicles, 25 mm to 50 mm in
diameter, filled with carbonate. This flow occurs in two Tocztions
both at the same stratigraphic level, but separated by about 3 km
(see map for location). The flow contacts are‘paralngﬁfﬁ the
regicnal strike of 120°, and cut through clasts (Figure 30). Con-

tained within the flow is a small bed (lens) of clastic fragmenfai

material which has been stretched and boudinaged. The top 10 em of

the entire flow, contains angular mafic fragments of flow material

and is thought to represent a flow-top breccia (Figure 31}.

]
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Figpure 26 Large clasts projec
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Figure 27
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28 Cross=-stratification represented by a single
pebble ,row 1s inclined to regional bedding.
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Figure 29

Amvgdaleidal flow unit just east of
scutheast arm of Dark Horse Lake.

-
~
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Figure 30 Contact of the amvgdaloidal flow unit and
the clasts of the middle sequence.

Figure 31 Close-up of contact shows flow top brecciation
in the amygdaloidal fl\u unit.
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iii) Facies C v,

Stratigraphically above (?) Facies B and extzndfng from
Washeibamaga Lakg eastward, is a unit of‘ massive fragmental rocks
0.4 to 1.6 km in thickness. This unit is noted for the almost
total lack of suitable bédding on which to take strike and dip
measurements and the lack of tuffaceous and sandy .interbeds. The
upper contact is nowhere exposed.

‘Bertholf (1946) subdivided this sequence,' his Dark Horse
Conglomerate, into Tower and upper sections. The base of each con-

. tained andesitic pebbles. No such bebb]es were positively identi-
fied in this study and thus weré probably included -as felsic frag-
mental rockég Over 90% of these felsic clasts were guartz-porphyry
in nature.

T-he bottom 800 m of Facies C contains massive, unsorted
pyroclastic material. The D/10 increases upwards from 20 cm to
39 cm with a constant D(L/W)/10 of 1.8. Matrix material accouhted,
for as much as 35%. The porphyry fragments are elliptical to sub-
rounded, many are tapered. In one location a boulder-size c1\ast
contained fragments of basalt and quartz-porphyry, but in general
little evidence for reworking.was present.

The top 900 .m is a{sa‘a massive unsorted pyroclastic
sequence. It also has upward increasing clast si.zes, with D/10
valves from 24 cm to 78 ¢m. The fragments are very tightly packed

~and matrix accounts for less than 10% of the rock (Figure 32).

Again two clast types, felsic flow material and qdartz-porphyr_y,

44



Figure 32

Tight packing of clasts with 1
matrix material is characteris
upper part of Facies C.
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predominate. . The D/10 measurement Of¢78 cm may be a tectonic
fabric, however, no evidence to suggest this was observed in the
field. The D(L/W)/10, although not entirely constant (a value of
5.3 for the D/iO, 78 value} averages about 2.2.

The‘le-\st 1200 m of this section was very poorly exposed.
The D/10 varies from 18 cm to 35 cm. High water-Tevels on Washei-
bamaga Lake and extensirve sand and gravel deposits- of the Eagle-
Finlayson moraine {(Figure 33) oEscured he rocks and prohibited any

/
detail work. ’ /

4

Facies D and £

Facies D, the Thunderctoud Porpﬁyry aﬁd Facies E, the auto-
clastic breccia, are very similar in appearance. The fragmental
rhyolite, previously mapped by Thomson (19'33) as porphyry and by
Bertholf (1946) as a recomposed porphyry or basal conglomerate is
in fact a brecciated form of. the porphyfy itself. Facies £ is thus
interpreted to be the autoclastic or flow-top~brecciation of the
extrusive porphyry and Because of similar characteristics, they
will be discussed togéther‘. -

The Thunc{lﬂg‘rcloud Porphyry outcrops in the center of the map
area around Thundercloud Lake. The southern contact with the lower
metavolcanics is concave northwards. Several small, 30 m by 3 m,

apotheses project southward and can be traced directly into the

porphyry. The contact between the porphyry and lower volcanics in

‘the vicinity of Thundelsloud and Seggemak Lakes is unique, in that

- LY
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lavson meraine in a gravel pit

Figure 33 Eagle-Fi
on Snake Bay.



the volcanics outcrop as large cliffs, 40 to 60 m in height (Figure
34). Generally the area is noted for its lack of relief, eﬁcept
near the porphyry. It is_here that the pillows are horizontal, as
mentioned previously. ’

In outcrop the quartz-porphyry consists‘of a felted gray,
or pale yellow matrix containing round, 0.5 to 3.0 mm, glassy
ﬁuartz-eyes. The rock varies from foliated to massive and is
relatively homogeneous throughout. In places it is severely
weathered, with the top 20 to 25 mm iron stained and crumbly.

In thin-section the rock averages 60% matrix and 40% phenc-
crysts. The matrijyvaries from sericite to quartz-albite rich and

is very fine-grained. The phenocrysts are mainly feldspar and

quartz. Both plagioclase and potassium feldspar phenocrysts are -

found (Figure 35). The potassium feldspar is orthoclase. It
occurs as anhedral to subhed#al phenocrysts, 0.1 mm to 3 mm in
diameter, riddled by sericite. In many instances accurate identi-
- fication between it and similarly altered plégioclase was diffi-
cult. Some phenocrysts are fragmental and small microcline
crystals have-recrystailized in the sutures between the larger
fragments of orthoclase. The plagioclase is also altered by
sericite and twins were not always preserved. Smail, 0.1 mm
euhedral, tabular plagioclase crystals have low extinction angles,
10 to 20° {Michel-Levy Test) making them albitic in composition.
Other large, 3 mm, subhedral to euhedral phenocrysts had smaller
extinction angles and may have been oligoclase. In most cases the

determination of An content was approximate.
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'Ey far the most important (for identification) and most .
variaSje constituents within the rock were the quartz-eyes. They

are found in approximately six different habits (Figures 36a-f):

a2} in subrounded to bipyramidal shapes {strained and
unétrained) -

b) as heavily embayed quartz-eyes

c) with internally sutured grain boundaries

d) as formér quartz-phenocrysts now recrystallized as a
coarse mosaic of granular .quartz

e) as quartz-eyes with a recrystallized rim of optically

continuous groundmass quartz ////"7_

) . L/
f) as flattened elliptical phenocrysts 1nc1ud1ng/y?regu1ar

blebs filled with carbonate and matrix materifl. °

The quartz phenoi;ysts rénge from unstrained bipyram
rounded graims to those dispTayiné u%du]ose extiﬁction, to th
formation of elliptical or elongate grain aggregates. In many
instances highly strained grains can be found side-by-side with
recrystallized grains. Hopwood (1976) has interpretgd similar
textures in quartz-porphyries of northwest Ontario to represent '
both primary crystailization and secondary porphyrob]astic‘growth
of quartz within a matrix which was actively deforming during the
development of regional schistosity.‘

In some'areas, notably the southern end ef Washeibamaga

Lake, the quartz-porphyry appears to grade into a quartz-porphyry

rd

——
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Figure 36¢ Photomicrograph displays the internal suturea l
~ habit of the quartz-eve grain boundaries.
Sample P-33. l

Figure 36d Photomicrograph of quartz phenocrysts now
recrystallized to a coarse mosaic of granular
guartz. Sample PF. ”
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Figure 36e Photomicrograph of a quartz-eve with a l
recrystallized. rim of optica&ly continucus ©Ix
groundmass quartz. Sample P-l. i

Figure 36f Photomicregraph of poikilitic quartz porphyrdblast. )
Sample P-1.
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breccia. .This fragmental rhyolite is the rock type referred to as
a mill-rock-by Sangster (1972), porkose by Reid {1945} and _recom-

R S

posed porphyry by Bertholf (1946). Macroscopically the rock

consists of fragménts of quartz-porphyry up to a metre in length,

in 2 quartz-porphyry matrix: It ‘grades imperceptibly into the

porphyry, and frequently fragments would not have been discerned

save for the weatheﬂng of the r'ock which made the angu‘lar frag-
ments display ?hght relief (Frgure‘g'i) i
In thin—gection it is similar to the porphyry, with large

pheﬁocrysts of feldspar and quartz. Sqﬁe angular clasts were

“rimmed by biotite making them stand ox_ft. Euhedral feldspars were

as cormon as in the porphyry and twins were parallel to th® crystal

outTines. o : . . : .

Just southeast of the southern tip of Washeibamaga: Lake a

] small outcrop of the brecciated porphyry o_c'curs w%thin the

porphyry. | ) ; ) o ’

Facies F ' | ‘ - . ’

The uppermost portion of the Middie Sequence is composed of
fine-to-medium grained epiclastic metasediments, i.e., sandstone,
siltstone and argillite. It constitutes a very small part of the

. Q LT
preserved sequence, less than 0.3 km, and its true lateral and

vertical extent cannot be traced. The type outcrdp occurs at thg

NW end of washeib%ﬁaga Lake, where Keﬁnewapekko Riv'er_f'l.ows into

ot
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the lake. This knoll consists of 2 to 5 cm beds of siltstone and
argitlite. | | '
To the west, 2 small cutcrop, just ngrth of thelfirst
waferfall'on the Kennewapekko River, and on a small island west of
the headland in Hasheibamag§ Lake, sandstone (greywacke) is the
dominant rock type. In thin-section it consists of 0.; to 0;6 mm
sand size clasts of quartz and feldspar. Magnefite occurs as
disseminated matrix material. Larée clasts, up to 6 mm iﬁ‘

diameter, of basalt an¢_guartz-porphyry are common. The basaltic

“fragments display 1nterserta1 textures; the plagicclase laths are

distinct pUt the material fi]]ing the interstices could not-be
disgerned (Figure 38). Fe1dspar‘fraéments were subangular to sub-
rounded, twin Tamallae wer; not parallel to crystal outlines as the
outlines had been worn off during transport. Quartz OCCUrréd both
as subrounded to rounded clasts and in the matrix. The greywacke
also containéd a large proportion of secondary Earbonate mateéia]
and would be termed a lithicwacke based on thin section descr{p-
tion.” -

Banded iron formation was found in one ocutcrop. Magﬁéi::;
Bands, 25 mm to 75 mm thick are:found interbedded with fine-grained
argillite beds, 25 mm to-0.3 m in thickness. Bedding was at
296/80°NE and parallels regional strike. In thiﬁ-section the rock
is bedded on.a very fine scale, 0.5 mm. The bedding.in some
sections is dgfined by biotite, but in most cases is defined by.

magnetite layers. Soft sediment deformation is prevalent, along

* with microfaulting and microsedimentary structures. The magnetite

e,
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Figure 38 Photomicrograph of
varietv of clast ¢
grained gabbroic clasts.

he urevwacke shows
s including coarse-
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displays both normal and inverse grading and defines small. scale
croés-stratificafion, Slump features are aiso present. Granular

'quartz occurs as mosaic matrix material {(Figure 39).

N

Part 4 - Upper Seguence

The upper sequence consists of over 3 km of massive, pillowed
and coarse-grainéd flows. Only .a small portion occurs within the
present study area and will only be briefly discussed. Further detail
cén be found in Blackburn's {1975) report on the Boyer Lake area.

1t s isoclinally folded around east-west trending fold axes,
with vertical dips. The confact with the middle sequence is not
observed but is be]ievéd‘to be fault-bounded (as discussed in the
structure section}. Therefore, the upper section is part of Pettijohn's

(1943) "Keewatin Problem", as to the relative age of the overlying meta-

volcanics.

Pi11lowed sequences are by far the most common, up ta\égg\j‘;n
thickness. The_pilTows,'just north of the fault (?) are stretched,™ap
to 4 m in length, and have vesicular margins. This feature was not

found in the lower sequence, but is common in the upper sequence. Some

pillowed flows north of this study area, are variolitic and have thick
1

selvages.” No porphyritic units wé?e found as far north as Boyer Lakek~3

{McMaster, 1975). C_.
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Photomicrograph of the banded-ivon formation
on the west end of Washeibamaga Lake. Note the
variecy of soft sediment deformation stvles.
Sample 6190-1. :

> -
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On the north shpre of Hasheibarisaga Lake, a 200 m thick coarse-
. grained flow or §ﬂ1'outcrops across the entire map area. It comsists
of coarse-graimed gabbroic rocks with large pyroxene phenocrysts. In
thin-section, large prismatic pyroxene crystals, 3 to 5 mm in length are
-warped and bent around interstitial laths of pla.gioc‘iase. The cores of
the plagigclase laths are severely altered and repllaced b_{( clinozoisite.
Both ophitic and subgphitic textures ogccur. At lease three phases could
be defined: a fine-grained chilled margin, a leucocratic equigranular
phase and a pegrﬁatitic phase. The latter was very coarse-graiﬁid and
contained abundant myrmekite (Figure 40). Né detailed work has beérg
undertaken but it maybe analogous to the Gabbro Lake Sill (I‘-‘chaster,‘
1975). - ; '

The basaltic rocks in thin-section are generally hypocrystalline
and vary from vesicular to intergranular in texture. By far the largest
constituent is the devitrified matrix of fine-grained chlorite, albite,
calcite and ilmenite. The plagioclase laths are subangular to sub-
rounded and completely saussuritized, no relict twins are visible.
Pyroxene, uralitized to actinolite, has no relict cleavages visible. In

most cases the petrography of the upper sequence is similar to that of

7
the 1}»&' sequence.
/
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Figure 40

Abundant myvrmekite in photomicrograph of
coarsce-grained intrusive north of
Washeibamaga Lake. Sample 5268.
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7~ CHAPTER IIT - CHEMICAL NATURE OF THE ROCKS

’

i) Introduction

A total -of S0 sémp]es have been analyzed by X-ray fluor-
escence for major and trace eleménts. The chemical analyses were
cérried out using a Philips Model Q450 AHP automatic sequéntia!
spectrometer. The parameters, machine settings and data are all
found in Appendix D. A detailed summary of the analytical errors;.
precision? accuracy and sensitivity (Appendix D), shows that the
results were satisfactory, (i.e., falling within the acceptable
range as outlined by Shaw (1969) in his paper on the evaluation of

data).

The purpose of doing the descriptive geochemistry is as
e

follows:

1. to chemically classify the rocks.
2. to hopefully use the chemical trends as an aid in the

interpretation of the genetic history of the area.

ii) General Chemical Features

In dealing with Archean rocks we are faced with the

possibility that chemical changes have opccurred due to metamor-

Fiarmeme et et



.phism. For example, Anderson (1969)_in his studies of metamor-
phosed PreCambrian volcanic rocks in Ceptral Arizona, recognized at
Jeast three forms of metamorphism; i.e. albitization, sericiti-
zation and'éhloritization wit@ the migration of Na, K and Fe‘and

Mg, respectively.

Cann (1970) and Pearce {1976) also Fecognized that afbiti—.

zation and sericitization were serious problems affecting Ba, Rb

and Sr abundances. Sericitization also results in the formation of

amphiboles and epidote. Greénschist facies metamorphism often

leads to ardepletion of Ca sites, especially when Oy pressure and
C02 pressure are low thereby decreasing the abundance of Sr
(Franklin, 1976). However,h Nicholls and lIslam (1971) point out
that no real systematic change can be defined. They also con-
chded; that for oceancfjgg> basalts along the Mid-ntlanticrﬁgidge,
geographic and petrographic character are more important in the
variation of elemental abundance, than post solidification pro-
cesses. Therefore not all original variations are lost during
Greenschist Facies metamorphism.

Chayes {1966) suggested that.basalts, with Fep03/Fel raties
greater than 0.6, and Ho0 contents greater than 3% by, weight be re-

jected as severely aTtered. Volatile content, as determined by

loss on ignition {see Appendix D), for most of the rocks in the

3y

study area was less than 3% and those above 3% were rejette
Condie (1976} and Pearce and Cann (1973) found that Ti, Zr,
Y and Ni were unaffected by diagenesis or low-grade metamorphiém-

Pearce (1976), used discriminant analyses and was successful (at

R

At stobmas A ok ko B At - g e =

ke i



ii1)

© 65

<

— s

the '95% level) in cTass1fy1ng netamorphoféd Archean rocks w1th1n
compos1t1ona1 fields consistent with current usage, suggesting that

‘basalts remain closed. systems for certain elements.

-y

Care was taken, in this study, to aveid rocks containing.

secondary carbonate or sevérely weathered surfacé;. The lack of
veining and bleaching énd the internal consistericy of th; geo-
ch%mistry {rock samples of Eqﬁiva1ent stratigraphic height but
sepératé geographic iocétions had similarkiziy&ses, e.g. 8035 and
B~7, G=32 and 8013-2) argue in favor of isochemical metamorphism.
Halliberg et al. (1976a) and Furnés et al. (1977) used similar
criteria in their work on metamorghosed Archean ;ocks; *

~

Graphical Representation

Chemical variatgn within the rocks of one magma series, or
among the rocks of difg:tent petrogenetic provinces can be con-
veniently illustrated by means of variation diagrams. However, the
Titerature §hows little agreement among petrologists as to the bes£

variation diagram for graphically portraying chemical data for

igneous rocks.
The Harker diagram, a plot of weight percent oxide against
$i0p, has been utilized since 1909. MacDonald and Ka;sura (1964)
vy £
subdivided one of hese diagrams (Nag0 + Kpp) vs. Si0 (modified by
Irvine and Baragar, 1971) into the fields of alkaline and subalka-

Tine rocks based on Rnalyses from Hawaiian rocks.. Harker diagrams

assume that in the evolution of a consanguineous magma series,

R e

——

)

v
S

R P



‘there is a continuous increase in Si0z, but this is not always . ? :

L

true. The tholeiitic_trend, for example, does not have Si0p éﬁbx\\\;’///,// ?

Eichment and thus Harker diagrams may not be too useful. In spite o
of this they have been used with success in the descriﬁtion of
Archean rocks, Clifford and McNutt (1971), Cafmichael et
al. (1974), Blackburn (1976), Irvine and Baragar (1971).

Irvine and Baragar (1971) use AFM diagrams, the alkali-
silica plot, Alp03 vs. normative An content and ﬁ@rmétive colour
index vs. normative An content to'discfiminafe Between calc-
alkaline gnd tholeiitic basalts and‘tﬁ chemically classify
volcanics. . '

The plets, Kp0 - Naz0 - Ca0, and the normat?ve Arn :- Ab - Or
are used here. A widely used plot is the AFM triangle. It is . 135:
based on Wager and Deer's (1939) work on the Sl.caergaard Intrusig‘[l, )
which shows the change in liquid composition with differentiation.

~

It is useful because it shows the relationship between;

i) Mg0 which fracticnates early into olivine and pyroxene,
which results in, |
ii) an increase in Fe0 in the liquid, followed by
iii) pyroxene and plagioclase crystallization, followed by

iv).Nag + K20 enrichment in the feldspars.

It is beyond the scope of this thesis to undertake a -

detailed discussion of the pros and cons of each method. Suffice

it to say that all of the aforementioned phgts were examined and
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utilized to some extent. -For the purposes:of plotting the

fol1owing,units have been given separate 3ymbols:

~ - ‘1. Lower Sequence
2. Felsic flows and Tuffs (Midd]e Sequence)
3. Quartz - Porphyry
4. Brecciated Porphyry
5. Upper Sequence . .
b &

iv) Major-Element Characteristics.

The results are presenfed in Appentix A and Figures 41-48.
The fo]lowiné trends are observe&: ]

— 1. Table 1 shows the average major element chemical
compositions of some typical Archean basalts, repre-
sentative of different shield areas, compared with the
lower and upper sequence of this thesis. Generally the

(_  Si0p, M0, Al;03, Nag0 and Py05 are very similar in all

areas.
» The Ti0z content shows a bimodal distribution. The
. Tower seq&ence of the thesis area and lower mafic unit
é ' of ngg's (1975) Esviu)ow Ti0p values, compared to the
"'\X higher (1.0%) for the upper sequence. The CaQ contents
/-'  of Begg's (1975) units and the lower and upper

~
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i
Table 1 %
3 3
. 3
Major Element 4
v Comparison Chart - Mafic Rocks @
Si0p Ti0p Al03 Fer Mn0 Mg0  Cad Nap0 Kp0 Pals
. . .
1 48.9 1.06 14.5 11.17 .21 6.27 8.74 2.51 .45 .07
2 50.0 1.09 14.7 11.05 .21 6.11 8.93 2.21 .39 -
3 52,36 1l.42 13.52 11.03. .26 6.13 7.35 3.05 .24 .22
- - L]
4 49.86 .70 14.25 10.32 .17 7.32 10.69 2.54 .16 .05
5 51.4 .85 15.4 11.2 .22 5.8 11.9 2.19° .11 -
6 B82.2 1.25 13.3 14.8 .24 6.3 9.2 2.65 .02 -
7 50.51 .86 14.28 13.0 .21 7.65 11.24 2.23 .19 .07
8 51.90 1.18 14.77 11.91 .20 5.50 9.94 2.73 .44 .11
5 /-

- average basalt Superior Province, Goodwin (1968%

/

- average Lake of Woods - Wabigoon Belt basalt, Goodwin (1969)
average basalt Meekatharra Australia, Hallberg et al. (1976)
average basalt Onverwacht Group, Viljoen & Viljoen (1970)

-

fower mafic unit, Sturgeon Lake Area, Beggs (1975)
upper mafic unit, Sturgeon Lake Area, Beggs (1975)

average basalt of lower sequence, Thundercloud Lake Area-
average basalt of upper sequence, W

|3

asheibamaga Lake Area

crebet b il e s
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Ca0 values'foé the uﬁper units of the Sturgeon LaEe

area and Hashe1bamaga Lake are similar and 'smaller than

the accompanylng lTower units. The potass1um content of
the u§per sequence, like'the average basalts of Goodwwn
(1968), are higher.than the other examples. The lower

sequence has 16w‘K20, significantly less than the upper

sequence. The lower mafic and upper mafic units of

Begg's (1975)'are_analogous to the lower and upber

sequences of the thesis.

Table 2 shows the average major element chemical

Eonposition of some typical felsic Archean rocks com-

pared w1th the fels1c flows, porphyry and brecciated

" porphyry of this thesis. The $i0p, Ti0», Alp03, 2

Nap0 contents of the middle sequence are similar to

_those of the Thyodacite of thejtake of the Woods and

the felsic flows of Sturgeon Like. In contrast the

“middle sequence is enriched in potassium compared to

the other two examples. In most elements it:is
analogous io the felsic flows of the Sturgeon Laké
area. The.Thundercloud Quartz_Pbrphyry and brecciatéd
porphyry are very. simi?ar with no notab]e dif%érences.
Unlike the average rhxol1te of the Lake of-thé Noods,

the Nag0/K20 ratio for the gther areas is in the 2 to 3

range:

,Sequences are higher than the other basalts. ‘Also the -

b a5k Eahathid nia
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Table 2 o

*Major Element : i 1
Comparison Chart -.Felsic Rocks - ' ’

TN

Si0p Ti0p Al03 Fet Mn0 Mg0' Ca0 .Nap0 Kp0 Pp05 -

s
3
¥

)

k1
T

1 68.1 . .39 15;27 3.11 .05 -1;55 3.19 2,39 1.76 ;n,d.
2 74.g' -25 148 110 .03. .7é .89 185 3.20 *nd. -
3 .78.2_ .10 1i,3- .80 .03 ‘.l30 1,10 3.7 2.6 .01
& 7.3 751-'15,02 .1:96- 02 111 .26 6.48 2.37 .08
‘s 67 . .55 15.7. 6.3 .10 2.6 37 2.56 1.54 “*n.d.

6 ‘70 .40»:15.0 3.2 .08 14 2.3 5.3 .98 *n.d.
7 67.26 .56 15.75 4.91 .08 25 2.4  2.89 2.55 .12
8 73.18 | 22 15.3%  1.79 .03 .90 (175 432 2.15 ' 08 -

9 73.79 .19 15.15 1.25 .04 .69 1.56 5.09 2,38 .06 =

average rhyodacite Lake of the Woods, Geodwin (1968)
average rhyolite Lake of the Woods, Goodwin {1968)
Marda Rhyclite Porphyry, Australia, Hallberg et al. {1976)

- Theespruit Komati Porphyry, Barbeton Area, Glikson (1976)
Felsic Flows of Sturgeon Lake Area, Beggs (1975)

- Quartz Feldspar Porphyry of Sturgeon Lake Area, Beggs (1975)
- Middle Sequence Felsic Flows, ‘Washeibamaga Lakq Area
- Brecciated Porphyry average, Washeibamaga Lake Area
§ - Quartz Porphyry average, Thundercloud Lake Area
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o The quartz-feIdspar porphyry of Begg S (1975) is unique

. in that 1t has a very low KZO content with a Nag0/K0

" ratio greater than.5.

3 Classification of the rock samples in this area

following Irvine and Baragar (1971)Lshows that both the

upper and lower sequeﬁces:c1a551¥y as basalts, while

the porﬁhy%y and brecciated porphyry classify as

rhyodacites to ;hyolites (Figure 41). The middle

sequence shows a ]arée'scatte%_from basaltic-andesites

"to dacite. Some of this scatter may be’ the result of

¢

including tuffaceous material, which may in fact be a
fine-grained sandstone or water Taid tuff which are
affected by rework1ng and aTterat1on. They are
included for completeness and a statement concerning
their parentage based on chemical similarities ané

differences will be discussed at length Tater.

»

The Ca0 vs. Si0p plot (Figure 42) and the Al03 plot

(Figure 43) show that there'are no Qistinctldiffer-
ences between the lower and ubper sequences -and betweqn
the porphyry and brécciated porphyry Jin the .contents of

CaD and AloQ3.

The'alkalies-silica plot (Figure 44) indicates that all

the rocks of the thesis area are subal¥aline. The
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trendAshcwnlis one of steady alkali e&richment with
increasing silica in the basalt range, followed by two
trends. The dominant one is to a smalier increase in
total alkalies with silica as you go towards the
porphyry. A weaker}trend, show§ no alkali enric@ment
as represented by the middle unit. A similar two stage
trend'wa;Jfound by Clifford and McNutt (1971) in the
Mt. St. Joseph area. The pattern is also similar to
the Canadian Shield Archean trend of Baragar and
Goodwin (1968). Based on the tfends, the upper and

lower sequences-may be related while the porphyry and

brecciated porphyry indicate a separate magma source.

The mafic index vs. Si0p plot {Figure 45), shows two

~broad trends. The lower and upper sequences, if

considered as one group display the normal tholeijitic
trend of Osborn (1959), of sharply increasing mafic
index with a slight SiOé increase. The felsic group

shows the normal caTc-a]kaii trend of essentially
constant or §Towiy increasing mafic index. A similar
double trend was found by Clifford and McNutt (1971).
Both the Archean trend and the normal igneous trend
have higher mafic indices for the felsic rocks and
Tower mafic indfces for the mafic rocks theﬁ is shown

for the thesis area.
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On all Harker diagrams Ca0, Alz03, A]ka]iés,-ﬁafic
Index, there is a gap between 53% and 60% Si0», which
corrgsponds to the. andesite gap of Barker aqd Peterman
(1974). In studies of the early PreCambrian‘crustf%hey
found that a bimodal suite of tholeiitic-dacitic
magmatism is common in all Archean rocks. Glikson and
Lambert (1975) sgggested that the scarcity of andesiﬁgs
in the Yilgarn and other greenstone belts, rendé}s
progressive fractional c?ysta]lizatibn of ésceﬁding
magmaﬁ unlikely, as this should generate a contin&éys
spectrum of composition, including jntermédiate rocks.
Theoretical work by Green and Ringwood (1968). showed
that dehydration of the Tlower parts of 2 downgoing slab
of hydrous crust and upper maﬁ£1e would re]easé
sufficient Hp0 to prohibit the formation of andesitic
Tiquid in the upper part of the slab. Based on this
and other experimental work Barker and Peterman (1974)
believed that the "gap" was characteristic of Archean
rocks. However, recent work by Page (persoﬁal
communication) inlthe Minnitaki Area ghows that this is
not always the case. In this thesis-area a “"gap" does
exist and is believed to be real as all rock types were
sampled and thgxiéalyses rep#esent a complete sequence
of rock typés within the area. The absence of rocks of
intermediate coﬁposition in the Coo]gOEﬁie - Norseman

-
Area led Hallberg (1970) to the ‘conclusion that the

1
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w0/

acid porphyries were derived from a separate magma

.source rather than by differentiation or contamination

of tholeiitic magma. Based on these observations it is

syggested that the Thundercloud Porphyry and the mafic .
- i

ocks in the .area formed from separate sodrces.

Using the differentiation index as ordinate, the FepQ3+
plot (Figure 46) shows two trends. The first is con-
stant Feo03+ content with increasingdDI for by the
lower and uUpper sequences.’ The felsic group shows a

negative correlation with increasing BI. The middle

unit definitely‘shows affinities for the felsic group

of rocks.

On the AFM plot (Figure 47), the lower and upper
sequences lie in the tholeiitic field of Irvine and
Baragar {1971). The middle sequence shows.a distinc-

tive calc-alkali trend with a relatively constant F/M

ratio” The lower sequente shows a distinct Fe enrich-’

-

ment trend but not so for the upper sequence. -There is
significant Mg0 enrichment in any of the basalts,
therefore no olivine-rich, picritic or komatiitic-

basalts have been identified in the area. -
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The normative feldspar-plot (Figure 48) illustrates the’

- very Jow and constant‘ content. of -Or 1}1 the. mafic

sequences, which is to be expected as only pIag1ocTase
is crysta]hzmg.- The Or content vartes’ cons1de'rab1y
in the mddle seque.nce:as two feIdSpars are cr_ys-

a]hzmg, as. well as‘b1ot1te and hornb¥pde. The

porphyry an&, brecciated -porphyry rocks lie in the Na-

"enr_iched field of average rocks, which is ch.ara-c'-

tefist_ic of ‘many Archean”porphyries. Note that a

distinct separation exists between the two mafic

A L.

sequences in that the upper sequgnce.hés consistently

higher Or contents. This may suggest that the sources

were different for the two mafic sequerices.

v) Trace Element Characteristics _

The results are presented in Appendix A and Figures 49;54.

Tﬁe following trends are observed:

11,

-
.

Table 3 shows the average trace elément-compoéitions

for® the thesns area, compared mth averages of Baragar

and Goodwm (1969) and the Austrahan Meekat‘norra'

basalt of Archean age. .Rb and Nb, where determined,

" . are.less than.10 ppm. Note t.hat‘tﬁe Rb. v'aiﬁ'es‘_ for Bhe

lTower sequence are quoted al being less than 1 ppm. . -

. . 1§
PR ST ERS, LY

A

30 el



'oAn-Or-’A‘.b R ;i

‘w Porphyry "~ . |

* | v Brecciated Porphyry |.
SR s Upper Sequence . [
. | o,Middle Sequence
o l_ower Sequence

lh V

'FIGURE 48
~ ,
' L]
-\
Potassic
L l
N,
_ N
rhyolite v 3
} .
Or



» Table 3

Rb

. Trace Element -
Comparison Chart - Mafic Rocks

K

3240

1992
1300
4040

2

K/Rb

249
{(1300)

448

Rb/Sr

.098 -

(.001)

058

(S RN C TS AN B
L )

average
average
average
average
average

mafic rock Superior Province, Baragar & Goodwin (1969)
Lake of the Woods basalt, Baragar & Soodwin (1969)
basalt Meekatharra Australia, Hallberg et al. -(1976)
basalt of lower sequence, Thundercloud Lake Area ‘
basalt of upper sequence, Washeibamaga Lake Area
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Comparison Chart - Felsic Rocks

.
- %
Rb  Sr Ba NI Y ZIr b K K/Rb  Rb/Sr
: S
1 - 317 450 19 - 210
2 71 ]11 1104 12 31 1n g 21000 296 .6
3 46 346 ‘ 673 2 14 126 g 14000 31? .13
V) ‘
4 7% 267 561 50 12 135 10 22300 314 .265
8 494 713 12 6 102.- 6 17200 358 .097
& 73 435 686 7 5 -89 3 19100‘ 261 167
1 - average Lake of Woods rhyolite, Baragar & Goodwin (1969}
2 - Marda Rhyolite Porphyry, Australia, Hallberg et al. (1976)
3 - feldspar porphyry Sturgeon‘Lake Area, Franklin (1977)
4 - Middle Sequence Felsi¢c Flows, Washeibamaga Lake Area
5 - Brecciated Porphyry average, Washeibamaga Lake Area
6 -

Quartz-Porﬁhyry average, Thundercloud Lake Area
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Although this value approaches the sensitivity limit
{see Appendix,D)_it'is significant that most Rb values

for the lower sequencé had values of 1 ppm or less

compared to 9 ppm {range of 6-14 ppm) for the upper
+ - .

sequence. This distinction between the upper and Tower

- sequences in Rb contents may. suggest separate sources.

The upper sequence is also enriched in Ba, Sr and Zr
and depleted in Ni. The 8a, Zr and Sr values for the
thesis area are depleted in comparison to the averages
of Baragar and Goodwin (1969). The upper sequence

shows close similarities with the Meekatharra basalt

except for Sr and Ba.

Erlank and Kable (1976) from their study ¢f the incom-
patible elements of the Mid-At]antic-Ridge-Basa]ts.
demonstrate that the abundances of Ir and Nb are
apparenf]y unaffected by sea-water alteration. There-
fore the Zr/Nb ratio is considered to be_ representative
of the source and a mgasure of the degree'of depletion.
It is interesting that typical Mid—oceaﬁr?idge—basalts
have 7r /Nb ratios ranging from 30 to 110, s%mi]ar to
the 5 to 100 fange_fo{ the Tower seguence. In contrast
the upper sequence has a.range of 7 to 40, similar to
high alumina hasalts, {Erlank and Kable, 1976, Zr/Nb.

within the range of 20 to 50). The variation may be
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_“the result of differences in the differentiation pro-

cesses and/or the related tectonics.

On a Tog plot of K vs. Ba {Figure 49}, the bé}phyry and
brecciated gorphyry overlap indiéating'a possible’
genetic re]ationsﬁip. The middle sequence falls iﬁ the -
region of the porphyry again suggesting similarities
between_;he two sources. The upper'ﬁafib seduence is
enriched in both X and Ba cbmﬁared‘to the lower

sequence. The K/Ba ratios of approximately 60 is con-

’jfstent for all the units.

14,

15.

The Sr vs. Ba log p{ot (Figure 50) shows that the lower
sequence overlaps the oceanic tholeiites as defined by +
Kay et al. (19%0). The upper sequence seems to follow
the island-arc trend of Jakes and White (1972). How-
ever, there is a large scatter for the upper sequence:
some samples fall within the mid-ocean ridge trend,
while others don’t. The average Archean examples shog

close similarities with the upper mafic sequence.

The porphyry and brecciated porphyry plot near the
upper limit of the island-arc trend.
The porphyry, brecciated porphyry and middle sequence

show & close cluster on the K vs. Sr diagrah (Figure

Y
L
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51) argues in favor 3f-them having one source. The"
felsic flows and tuffs of the middle sequence shdw no
affinities for either mafic sequence.. Unlike the
constant K/Ba ratio, the K/Sr ratio varies from a low
of 10 for the lower sequence to a high of 100 for the

e ' upper sequence.

16. A plot of K vs. Rb (Figure 52) separates the rocks of
the thesis area iﬁto 3 main groups; the Tower’séquence,
the upher sequence and a felsic sequence madé up of the

\ ’ . porphyry, brecc%ated porphyry and middle sequence. The

lower sequence is characterised®y low X and very low

4:‘ ~ : Rb Qa1ues, wifh corresponding high (1000 tec 3000) K/Rb

. ratios. The upper sequence has intermediate values for

' K and Rb and a consistent K/Rb ratios of 400 to S00.

. The felsic rocks have higher Rb (100 ppm) concen-

; ‘ trations but still have a consistent K/Rb ratio similar

to the upper sequence.

] ‘ ] Work by Shaw (1968} on 21 suites of igneous rocks,
-using covariance analyses, delineated three principal

patterns:

a) main trend - shows a slight decrease in the K/Rb

L ) ratio with increasing K and Rb.

=
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3

b)-joc8anfloor trenﬁ - distinct trgnd of K/Rb de-
cfeasing from 3500 and merging
Qith the main trend, e;ists for
ocean ridge basalts and achon-
dritic meteorites.

c) pegmatite - hydrothermalﬁtrend of extreme Rb.

~'

.Comparison with Shaw's (1968j trends ipows that the

Tower seqdehce falls along the trend for 6cean-riﬁge

basalts. The upper sequence follows the .main trend,

K/Rb ratios being similar to those found by Jakes and

white (1970) for island arc rocks. The felsic rocks
are an extension of the main trend.
~

On«a Rb vs, Sr diagram (Figure 53) the rocks of the
middle sequenée all plot tightiy together with a
noticeable separation between it and the’upper
sequence. iheré is also a separation between the lower
énd upper sequences. The Rb/Sr r;tio increases by &
factor of 100 going from the lower sequence to the
felsic group. .0'Bierne (1968) and Hallberg (1972) have
shown that cshsiderable differences in Sr levels exist
between the low K-tholeiites (100 ppm) and the acid
porphyries of the Kalgoorlie regibn (600 ppm). lThey

point out that this separation argues against

93
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‘fractional crystallization as a sole mode for the

‘origin of the parphyry from tholeiitic magma.
In the thesis ‘area the distinct separation of the

sequences on the Rb vs..Sr diagram suggests varying
tectonic styles for all 3 sequences (lower, upper ‘and

-

fefsic).

Yttrium follows ‘calcium in igneous, metamorphic and

sedimentary rocks due to its incorporation in. Ca-

~

minerals. Figure 54 shows the relati#e_ locations of.

the various umits compared to the calc-alkaline trend

-

and specific examples of Lambert and Holland (1974).
The calc-alka-]‘ine trend represents a cémpi‘la;ion of

averages of rocks from different settings (e.g;:'Tonga.,

YeovafCom;ﬂex, West Indies). The resM’fing shape is

caused by c¢linopyroxene-plagioclase fractionation.

. -
L
.

" -The upper sequence 'Y vaiues are génera-Uy higher

{however low values, 8 ppm, db exist) and fall to the

A

.r_ilght or ¥-rich side of the trend. The porphyry and

. brecciated 'porph__yry have low Ca0 and Y value and plot

in the vicinity of the Archean rhyolites. In

Sedimentary processes the Ca/{'ratio becomes lower inj

(

The lower sequence falls at the upper end of the curve. .

—
—_
N
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_sha‘i‘e’é_'and-éand':stoneS‘ as reflected by_the_mid_dle"

. ’ L
R \ sequence. . o ’
- ' ) . \f .

tn

Summary

The stratigraphi_c separation of the three sequences is seén_

_in their chemical trends. The middle felsic sequence can also be

separated into three units (felsic flows and tuffs, brecciated

p‘Orphyry and porphyry)“based oh.chemicﬂ simi"larit'ie's and differ-
ences. Most plots show that the porphyry and brecciated porphyry
are chemically 1'.dentic'a1 and can be considered the same rocl-a type.
The middle sequencep shows cl-ose affinities for the potrphyry and
brecciated porphyry and is thought to have originated f;‘om the same
source. Some of the tuffs/sandstones compare.doser to the upper
sequence basalts and thus may be actually sedimentary der‘iv§t1‘ves.
from the upper sequence. ._

The lower and upper sequences, although similar in many

major element concentrations (Figures 41, 42, 43), show marked

.separation ‘based on trace element analyses (Fijgures 50, 51, 52);'

This is interpreted to reflect differences in the magma-sources

and/or the differentiation history for the two;mafic se»quences.

Comparison with modern examples show that the lower sequence had

Mid—océanaridge or Mid-ocean-floor basalt affinities, while the

upper s‘équenc_e &cmpares favourably with Island-Arc Tholeiites.

! . : ) S
- ‘ ‘
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CHAPTER.IV - PETROGENESIS. -

L

-

The petrogenesis of the rocks.of the Washeibamaga - Thunder-

cloud Lakes Area will be discussed in three parts:

_Part 1 - The .Volcanics
ﬁart 2 - The Porphyry and Brecciated Porphyry

Part 3 - The Volcaniclastic Rocks

Part 1 - The Volcanics

1) Introduction <

Archean volcanic rocks of the Canadian Shield and ofher

shield areas compare closely in ndture and composition with present

“day volcanic rocks of known tectonic settings. The geochemical
patterns exhibited.by recent and ancient volcanics are remarkably

similar and many authors (Goodwin and West 1975, Glikson 1971, Hart

et ai. 1979, White et al. 1971) interpret this in terms of

similarities in the tectdnic enyironments. 1¥ these patterns are

interpreted w{th respect to plate tectonic theory, it appéars

possible to use the geochemistry of ancient voleanics to study the

early tectonics of the earth.

98



Volééhic“activity‘oh'the-Earth is concentrafed in four geo-
graphic-tecténic-settings; 1) ocean }ﬁdge systems, 2) ié]ana arcs,
.3) dcgéniﬁ islands and'4)rcontinenta1.basalt;. The first‘two ‘,;
groups comprise, voTumetrfah11y,_the most’§ignificant vo1canisﬁ;{
‘active today and\arg therefore,of pfimé importancé_tO'the
.integrated‘tﬁebrjes of petrogenesis (McMaster, 1976). Althotgh
fholeiitic basalts are dominantly generated at oceanié_ridges or'in ‘
.association with island arcé; contineﬁta1 basalts of‘tho1eiitic
affiﬁiti;s cbVé; large areas. ;earce et al._(1975) compiled a
large QUmber of analytical data on both.oceanic and continental
tholeiites and by means of a Ti0p - Pp0g ~ K20 diagram were able to
discriminate between the twd\types. Figure 55 shows such a plot"_/ )
usirg the thesis data. From this it is concluded that noh
continmental type basalts occur in the thesis area. ROCRL;//'
associatiqns in Archean greenstone successions suggest the
existence of two tectonic settings; the equivelenti to (1),mode}n Z
ridge basalts and (2) calc-alkaline association witﬁ island ar¢s.
The basic tenent;of ocean-ridge (floor)/basalts are now
reasonably well understood due to intensified oceanographic studies
(DSDP, Project Famous, etc.)}. Basalts predominate, although
differentiated rocks in the sertes, basalt-andesite-rhyolite do
occur, they are rare. Recent geochemical and petrological studies
of ocean-floor basalts have shown that the rocks.are the result of
partial melting of uppe} mantie rocks along linear zones. The

ascending peridotitic mantle material undergoes 10-20% partial

fusion in the depth range, 15-30 km, yielding predominantly silica-
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‘satuiated Iow-K‘basaIt%c J%q&?ds (G]ikson 1§71 Condie 1976).4q f
Spec1f1cs of the me1t1ng and subsequent fract1onat1on of ocean-
_ r1dge basa1t parental melts need not be cons1dered here - the
important p01nt is that the products of this process appear to
maintain a f1rst order chemical homogenelty on a world wide basis.
Bryan et al. (1972) found that over the whole earth, ocean-floor
basalts show only s1igh£4y gréater diversity ihan Fhat shown at a
single well-sampled Mid-AtIantic-Ri&ge site.-

| There presently exists no model of arc volcanic petro-
genesis thch can suitéb]y explain all the constraints (petro-
graphical or geochemical) sdnherent in the data (Tarney et al.:-
1975). Latéra1 variations in the composition of the volcanic rocks
across island arcs and their correlation with depth to the Benijoff
Zone has been established (Jakes and White §E\¥§ MTyashwro 1874,
Green and Ringwood, 1968). Tholeiites occur on the oceanic side of
island afcs, followed landward by low, medium and high potassium
calc=alkaline rocks and finally by shoshonites or alkaline rocks.
Shoshonites are rare in the Archean {Smith and Longstaffe, 1974),
and will be omitted from further discussion. The two main suites
of rocks are island arc tholeiites and calc-alkaline rocks. Petro-
genetically the two series can be explained by underthrusting of a
stab of hydrated oceanic crust enriched in alkalines. Ho0 released
from amphibolite "in the subducted oceanic crust causes partial
melting to occur in the pyrolite wedge above the Benioff Zone and
subsequent differentiation under high PHy0 of such a‘1fquid'wou1d

produce .a tholeiitic magma (Ringwood, 1974). As deeper levels are
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fapped'(debendeht'onAangle and Fate'of-pnderthrusting) cale-

alkaline .magmas are generated. The range of rock types and charac-

teristic plagioc1a§e phenbcrysts-of‘bbth suites_éuggest that they

ave undergone extrusive and probably near-surface fractionation

- -~

(Jakes and Gill, 1970). e o
Compérfsons of ancient and recent volcanics from most of
the shield areas héve béen.attempted. Viljoen and-Viljoen (1971)
show that the 1ow;r Onverwacht series of basic rocks correlates
with oceanfc tholeiites, while the upper Onverﬁacht dacites and
rhyclites shog affinities fo; island ar¢ domains. The Norseman -
greenstones of Western Australia are so similar chemically to
island arc‘thoieiites that they,may-be considered to be metamor-
phosed arc equivalents (White et al., 1971). K, Rb, Sr, Ba and REE
data of volcanic rocks from the Yermilion greenstone belt of
north-east Minnesota, suggests that these rocks were formed in an
ancient island-arc system (Jahn qe al., 1874}, For the Knee Lake -
Oxford Lake greenstone belt of Manitoba, Hubregtse (1975) concluded
from his data that correlation with ocean-floor basalts seemed more
plausible. Franklin (1977) and Beggs (1975) fou&% that the
volcanic rocks of the Sturgeon Lake area showed close affinities

for island-arc tholeiites and caic-alkaline rocks.
Comparisons with the Study Area

A similar comparison is made for the thésis area. Most of

the data was presented in Chepter III. Tables 5 and 6 compare the

i
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Table 5 :
Major ETemeni Comharison Chart.
(wt%) - LS us MS f ~0rB IAT-  IAF
$i07 §0.51 51.90 67.26 49.94 51.57 66.80
- Ti0p 0.8 1.18 0.5¢  1.51  0.80 . 0.23
A1503 14.28 1877 15.75  16.69 15.91 18.24
Fe+ 13.00 11.91  4.91 1.4 9.78  2.27
MnO 0.21  0.20  0.08 o8 0.17  0.06
Mg0d ' 7.65 5.50 2.50 7.28  6.73 1.50
Ca0 11.24  9.94  2.40 11.86 11.74  3.17
Na20 2.23 2.713  2.89 2.76 _ 2.41  4.97
K50 0.19  0.44  2.55 0.16  0.44  1.92
P20s " 0.07  0.11  0.12 0.16  0.11  0.09

BAB

49.25
1.66

17.74

9.15
0.11
5,92
11.23
3.26
.45

.14

LS, US, MS of thesis area.

0FB ocean-floor basalt (Engel et al., 1965)

IAT island-arc-tholeiite (Jakes & White, 1972)
IAF island-arc felsic rock (Jakes & White, 1972)
BAB back-arc basalt (Page, 1977)



104

Table 6 | oF -

Trace E{ement Comparison Chart _

(ppm) LS US NS OFB IAT  IAF  BAB
RD 1 9 no 1 7 50 5
/Sr 120 154 267 15 207 305 186
‘8 a3 1 se1 15 100 50 38
Y 25 n o1z 36 197 220 -~ -
Zr 57 95 135 95 52 100 -

Ni 125 69 ° 50 125 20 5 69
K © 1300 4080 22300 - 1400 2500 17100 4100

LS, US, MS of thesis area.

OF8 ocean- floor .basalt (Engel et al., 1965)

IAT island-arc-tholeiite (Jakes & White, 1972)
IAF island-arc felsic rock {Jakes & Nh1te, 1972)
BAB back-arc basalt (Page, "1977) :
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major and trace elements of the thesis aréﬁ.[lowefhéquence (LS); 7

‘upper sequence’ {US), and middle sequence {MS)] to averages fof

ocean-floor basajts (OFB}, island-arc tholeiiteé-(IAT), cale-
aikaline felsic rocks ﬁIAF) and back-arc basal;s_(éABi. _The latter
represent ancther mechanism of produc{ng tholeiitic magmaﬁ-related
to is1and-ar€,deve1opment,ii.e.\active gpreading and volcanicity
behind the arc. Such phenomena have been documented for-the
Mariana trough basalts ‘(Hart et al., 1970) and the Lau Basin
basalts (Hawkins dr., 1976). They show no fundamental differences -
from mid-ocean ridge basalts and seem .to be generated from similar
sources and by similar petrogenetic processes. Karig (1970) thus
concluded that spreading plqte margins, in both large and sma]l
basins produces rocks of the same compositional range. .éubsequenf
work by Page (personal communication, 1977) points out that most
back-arc basalts are enriched in Al, K, Ba, Rb and Sr,. and dépleted
in Ni and Ti, compared to ocean-floor basatts.

' From the major element comparison table it.is evident that -
both the ‘lower and upper sequences are low in Ti0p, Al703 and high
in Fe compared to modern basalts. The Tower sequence has Tow K30
and normal MgQ values analogous to ocean—fioor basalts, while the
upper sequence is low in Mg0 an& high in Ko0.

The significance of potash with respect to the origin of
tholéiitic basalts has been discussed by Jamieson and Clark (1970);
The average value for oceanic tholeiites is 0.16% and for IAT is
0.44%. These are extremely ciose to the values reported for the

Tower sequence (0.19%) and upper sequence (0.44%) respectively. .
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The réIationShip between Fe and Mg in the thesis is (the'1ower
_éequence has higher ba]ueg for.both) comparable to.thaF‘of'0cean-
floor basalts and island-arc thoieiites. This relatiohship, that
of lower sequence baSa1£s and oéean-f]oor basalts, uppér sequencer™
basalts and island-arc tholeiites is also borne out by $i0p and MnO
contents. The low aluminum levels of the Iowéf-sequénte (14 to
15%) are typical for Archean rocks. A.ccor—ding to Glikson (1971)
this indicates that the mélts did mot originate or equ%1ibrate at,
depths greater than 15 km, from which high-alumina ]iqdids are
derived due to the instability of plagioclase. ;

The elemental abundances of K, Rb, Sr.andrBa, in Table 6,
have been normaliied against those of dcgan-f]oor‘basa]ts and
depicted in 2 plot similar to that of Jahn et al. (1974). It is
clear from Fiqure 56 that the lower sequence hasalts have patterns
similar to .ocean-floor basalts, with low K, Sr and Rb but the Ba
contents of the thesis rocks are higher than that of ocean-floor
basalts. The tholeiites of isyand-arcs and the upper sequence are
similar as the curves are parallel, however, there also seems to be
some'analogies with back-arc basalts for everything but Ba.

In terms of Sr vs. Ba (Figure 50) the lower sequence is
comparable to the mid-ocean ridge values df"Kay et al. (1970) the
upper and middle sequences fall 2long Jakes and Whites (1972)
istand-arc trend. . Other Archean data gathered by Hart et al.
{1970) show association with the upper sequence data. On the X
vs. Pb diagram (Figure 52), as previously discussed, the high K/Rb

ratio for the lower sequence is similar to the ocean-floor -basalts
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Upper Sequence

Island krc Tholeiite

Lower Sequence

‘Back-Arc-Basin Basalt

Rock
Ocean Floor Basalt

Ccean Floor Basalt

Sr K Rb Ba . .
// . FIGURE 56
Sr-K-Rb-Ba variation diagram for various types of volcanic rock.

" All rock values are normalized against the value for oceanic
floor basalt, after Jahn et al. (1974). =~
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';'of Engel;et al. (1965),.the uppér sequence and miqg1e‘sequénte‘fa11
“on the main trehdgof Shaw (1968).- However caution rust bé.used in

any interpretation based on K, Rb, Sr and Ba because ‘they are

~ -mobile elements. _ : J : Y
- ~ . .‘ . -~ :

" Reported Ni values of oceanfc-tholeiité§ fa]i w?thjn the
range 70 to 200 ppm, the average for Mid-A;}aétié Ridge tholeiites
bein§.123 ppm which is very clase to 125 ppm for thé']o;eﬁ
seduence; Tﬁe Ni values for the upper sequence seem clo%ééfio
those of back-arc basalts than island-arc tholeiites. The.Ni
'values for both the upper and middle sequences are cons{de}ﬁpjy
higher than those for correspoﬁding island-arc environments, a
cormon feature of Archean basalts. : s .‘ -

Pearce and Cann (1971} found that Y., ZEL~Ti and Nb
apbarently preserve their-origfna] abundances through complex post- )
volcanic processes. Using discriminahf éna]yses they weré ﬁble t6 .
c]ass{?y recent volcanic environments schematically on three basic:
diagrams: Ti-Zr-Y, Ti-Z, and Ti-Zr-Sr. Their gasic composition
requirement was that 20% > Ca0 + Mg0 > 12%. On'the Ti-Zr-Y plot
(?igure 57) the loweé sequence falls within fﬁéTd B; i.e.l
ocean—ffoor basalts and low-K tholeiites. The upper sequénce
values essentially fall in field B a]sg but a feh are,int'fhe

‘within—p1§te-basa1t classification. On the Ti vs. Ir plot (Figure:
58) the lower sequence shows definite affinities for ocean—flqor
basalts. The upper sequenée falls in fields C and D, caic-alkaline

basalts and oceah-floor basalts respectively. The Ti-Ir-Sr plot
, --

(Figure 59) shows that the lower sequehcé,c1usters ﬁn the ocean-
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floor basalt f1e1d wh11e the upper sequence is dlspersed in a11 ,

L e mart gt o=

three fields. This may be the result of metamorphic processes
‘Effecting the-amount of Sr, as.prev1ous]y-d1scussed.

. Ca—Y data (F1gure 54} suggests that {<he upper and 'l_gwer
sequences are separate ent1t1es. ' y S ‘ &

i11) Magma Sources
One of the potentially most valuable applications of trace
element distributions in Archean greenstone belts is the study of °
the processes of magma generation, that is it may be p0551b'le to
evaTuate the role of fractional crystailization and progresswve .

melting in the formation of greenstone magmas. it is interesting

to note that the Sr contents in the basalts of very different ages ™
are quite simiypr (115 ppm for ocean-floor basalts, 120 ppm for the _{r

Tower sequence). According to‘Jahnﬁ":eij“.'-a'l. (1974) the distribution
coefficients for X, Rb, Sr and Ba are greater than one (dicoeff =
xmelt/xsource) . ynless the upper mantTe is an infinite reserveir

for the trace e‘iements (which is unlikely) continuous extractian
would result in depletion in modern rocks. However, observations
from trace element abundances in tpe thesis area show that recent
and ancient rocks are almost identical. Jahn et al. (1974) have
suggested two possible solutions: a) trace elements have.been
repeatedly and fully recycled in a closed system during the last 3
billion years, thus ligwids derived from the same degree of partial

melting would have the same trace element concentrations and b) the



-

loss of trace elements by partial meTting and segrega;won of the

melts tﬁbthe crustal regime, is replenished by addition from the

lower part of the mantYe, by as yet undefined processes.

In comparison with Condie's (1976) DAT (depleted Archean

tholeiites) and tAT {enriched lrcheaﬁ tholeiites), (Table 7), it
can be seen that the lower sequense is similar to the dep}eted
Archean tholeiite. The major elements are comparaé1e but
differences exist ‘in trace element concentrations. -The lTower
sequence is lower in Ni and Ba and higher in Y. The uppér sequence
is compa}ab1e to the enriched Archean tholeiites. Agaiﬁ major
e1gments are similar but the upper sequence is higher in Ba and Y
and lower in MNi. According tc Condie‘(1976) EAT becomes
progressively more abundant at higher stratiqraphic levels in most
, greenstone belts. An overall similarity is apparent between DAT
and modern rise and arc tholeiites and between EAT and mddern cale-
a1kalise and oceanic island tholeiites. If these similarities are
carried into the modelling, it appears that the lower seguence,
1ike DAT, requires 25-35% mé]ting of lherzolite or 10-20% melting

¢t plagioclase - peridotite to achieve the ra[gsgarth and trace
element distributidns. EAT and the upper seque;;e requires 45-55%
qe]ting of eclogite (Condie, 1976). The lack of REE analyses
‘;egates any quantitative discussicn .at this time. A detailed

discussion of magma‘generation in Archean times is beyond the scope

by other workers in the area so that definite conclusions can be

drawn. Existing trace element data indicates that Archean volcanic

of this thesis. It is hoped that REE analyses will be carried out
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PP pepeRERE e T RIS

.
e e i ad

4 e tmtad



Table 7

.,

Chemistry of Washeibamaga - Thundercloud Area
Compared to Condie's (1976} Archean Averages

Si0p Ti0p Alp03 Fet MnO Mg0 CaD Ha0 Kp0 Pp05 Cr Co Ni Rb Sr Zr Ba Y Ce
LS 50.51 .96 14.28 13.00 .21 7.65 11.24 2.23 .19 .07 - - 125 1120 57 43 25 8.1
P 73,79 .19 15,15 1.25 0.04 .69 1.56 5.09 2.38 .06 16 50 7 73 435 89 686 5 12
BP 73,18 .22 15,34 1.79 .03 .90 1.7% 4.32 2.15 .08 15 35 12 48 494 102 713 6 26
DAT ~ 51.4 1.92 14.8 10.4 - 6.7 10,7 2.7 0.18 - 350 60 225 4 100 55 80 10 10
EAT 49,7 1.0 14,9 11.4 - 6.3 9.4 2.1 0.32 175 50 100 10 165 100 90 15 25
DSv 71.7 .19 16.4 1.6 - .5 1.7 50 2.0 - 12 3 10 41 110. 30 480 2 35
usy 73, .14 12,7 2.1 - 0.8 1.1 3.3 30 - 12 3 10 43 100,350 750 3095
LS - lower sequence, thesis area’
US - upper sequence, thesis area
P - porphyry, thesis area
BP - brecciated porphyry, thesis area
DAT - depleted Archean tholeiite (Condie, 1976)
EAT - enriched Archedn tholeiite (Condie, 1976) -
DSY - depleted siliceous volcanics (Condie, 1976)
USV - undepleted siliceous volcanics (Condie, 1976)

yir
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assemblages, as suggested by Condie (1976), aﬁg'produced by cbmplex'_
milti-stage progesses involving both progressive melting and

- .

fractional crystallization of the magma.

iv) Conc]usijﬂn
In concluding the comparison between Archean and recent.

volcanic rocks, the following observations are pertinent:

a) the basalts of the lower sequence cgnform to the
principal criteria laid down by Engel et al. (1965) for
the classification of ocean tholeiites, but are
noteably lower in Ti, Al,-.and Zr, and higher in Fe and
Ba. It is concluded that the lower sequence basalts
represent the equivalents of thos.e being generated
today at actively spreading oceanic ridges.

- b) the basalts of the upper sequence show affinities foar
L island-arc tholeiites in terms of most of the major
é]emenfs.(excluding Ca0 and TiOg) and large ionic lith-
ophile elements (Rb, Sr, Ba). ‘Concentrations for Y,
Ir, and Ni are definitely higher in the upper sequence
than in island-arc tholeiites and may be analogous to
back-arc basalts in these terms. The different field
character m; the two sequences argues against similar
sou{”ces and it is suggested here that the uppér

sequence basalts may have inherited some ocean-floor
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basalt characteristics from the subducted ocean crust -
% -  and may have been generated in back-aré¢ basins.
Although it cannot be definitely conc]uded; the upper
sequence basalts are-taken to be either island-arc or

back-arc basin basalt equivalents.

Part 2 - The Porphyry and Brecciated Por;Eyny

-

i) In;roduction

Facies D and E {Chapter II) are very similar in appearance
and petrographic criteria. . The problem of distinguishing between a
graded unconformable contact and an intrusion gained prominence at
the turn of the century. The difficulty arises chiefly where such
acid igneous rocks as quartz porphyries are the source of the
sediments. Bertholf Jr. {1946) realized a similar problem existed
in the Washeibamaga Lake - Thundercloud Lake Area. He reached the
conclusion that some of the mass was truly a porphyry, but much of
it proved to be a sediment of "recomposed igneous rock".
Comparisons with other porphyry occurrences in the Superior
Province found varying conclusions. In the Vermilion Lake area of
northwest Ontario, Kurst (1933) argued that the quartz-porphyry was
intrusive into the overlying Abram series of conglomerate. However
Pettijohn (1935) believed that the Abram series rests unconformally

on the quartz-porphyry. He based this on the total absence of
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dikes or other intrusive phenomena in the adjacent sediments.: In
s - .

the Stuntz Bay, Vermilion Lake area of northern Minnesota, Smythe
and Findlay (1895) did not recognize the brecciated porphyr_y as a.

sediment, but included it in pseudoconglomerates formed by

brecciation of the q‘b{tz - porphyry. However subsequent work by

" Winchell (1899) and Clements (1903} disputed his conclusion,

ii)

stating that the conglomerate of the brecciated prophyry is of
sedimentary origin. Similar arguments exist for the relationship
of the porphyry and brecciated porphyry in the Porcupine, Little
Long Lac, and Rouyn district of northern Ontario (Langford, 1938;
Reid, 1945; Cooke, James and Mawdsbey, 1931). |

Microscopically no significant difference exists. Nuo
gradation in grain size was seen and plégiocla'se twids were
observed to be parallel to grain boundaries. Subsequent rounding

and evidence of transport is lacking, as all grain boundaries

approximate the crystal boundaries. Chemically, for both major and ‘

trace elements, the two are identical. On all plots the fields of
porphyry and brecciated p.rOphyry overlap and exhibit the same gross

patterns (se@thapter I1I).
Comparison with the Study Area

In describing the Keweenawan Rhyolite on Davieaux Island,
Minnesota, Green (1971} found that brecciation.occurred near the
top of the sheet, where small sub-angular blocks of rhyolite were

set in a matrix of continuou$ rhyolite of identical composition.
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These blocks aré thought to represent tﬁe.rapid]y congealed top of
the rhyolite which was broken and engulfed or injected by the still

plastic material moving beneath. This is a possible explanation

" for the brecciated.porphyry, i.e. the result of the breakup of a

thick carapace during movement and emplacement of the still plastic
Iqwer part of the flow.

“According to Condie (1976) the siliceous rocks in Archean
greenstone belts fall into two groups based on trace-element
distribution {see Table 7). The depleted siliceous volcanics (DSV)
have heavy REE and Y depletion compared to modern examples. The
undepleted siliceous volcanics (USV), recognized in only a few
greenstone belts (Barberton, Yellowknife and Kenya) show no
depletion. Both groups have higher Cr, Ni, and Ni/Co ratios than
modern arc rhyolites. The Thundercloud Porphyry and brecciated
porphyry are analogous in their mafic element values to the DSV
rhyo1ite; however, large discrepanciés do exist for Co, Rb, Sr, Ir,
and Ba, in that they are higher in the thesis rocks. As noted
earlier, some of Ehe early formed feldspar have normal zoning
probably formed as a result of local disequjlibrium near the
margins of the porphyry. The albite rich rims formed on feldspars

would trap an excess amount of Sr, due to increase uptake of Sr by

"An poor feldspars (Phillpotts and Schnetzler, 1970). This may

- account for the abnormally high Sr content. It appears that the

Thundercloud Porphyry doesn‘t fit into Condie's (1976) classifi-

cation.



iii)

1197

Magma Sources
.
The fact that transition trace elements are.enriched in
Archean siliceous volcanics strongly suggesﬁs that they‘héve not
been produced by fr ttio al crystallization, since the large
distribution coefficients-of transition elements in fractionating
magmas would result in their rapid removal. Based on thése and
other REE data, Condie (1976) suggests that DSV volcanics result
from 10-20% mel;ing of eclogite. .. |

The comparison with the Theespruit Komati Porphyéy of the

‘Barberton area, as discussed in the previous chapter suggests that

simi]ar sources may havé produced the Thundercloud Porphyry.
Glikson (1976c), using REE models found that it corrésponds to
about 25% melting of quartz eclogite of dolerite composition or to
1% melting of quartz eclogite of ocean-floor tholeiite chemistry.
Comparison of all analyses from the Coclgardie - Norseman area of
West Australia (Hallberg, 1970} shows that no relationship exists
between the basalt associations and the acid porphyries. He argues
that they were derived from separate magma sources rather than by
differentiation of contamination of tholeiitic magmas. Glikson
(1976%) suggested that the albite praphyries of the Barberton
regiog\qay‘represent shallow-level hypabyssal equivalents of
ancien{ %}na]ites. This is in keeping with Tauson's (1967} work on
crystallochemical dispersion and residual.concentrations in abyssal
to hypaﬁyssal_intrusives in Russia. At this point it is

interesting to note that Elbers (1974) has reached similar qualita-

L U L T T T ——— i o maeml e ———
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tive conclusions for calc-alkaline plutonism and volcanism in

" northern Manitoba. He believes that the porphyrtic cupolas, stocks
. -

and dikes which occur as maématic protrusions into the greenstong
belts are connected to tHé major batholiths in the area. In the
thesis area this would mean connection of the porphyry and the
Megissi Lake batholith. At this time it is impossible to make any
definite conclusions. Work is ﬁ?esent]y being done by Sabag at the
University of Toronto to determine the chemical characteristics of
the batholith. . /

Glikson (1976¢) argues that experimental data “renders
Tikely concomitant fusion of mantle and mafic crust”. The melting

of mafic crust in the vicinity of rising mantle diapirs would give

rise to the observed ultramaficthafic-acid cycles in the Onverwacht

Group and Kirkland Lake areag<

‘ Normative data r the porphyry have been plotted on a
ternary projection, Ahe Q-Ab-0Or face of the Q-Ab-Or-An system
(Figure 60). The position of the cotectic line at 5Kb Hp0 pressure
(Winkler et al., 1975) fs shown for reference. The average quartz

porphyry value is designated by a solid circle in Figure 59. In

the Q-Ab-0r part, this rock has 8% An, i.e. it lies only 1 to 2% An.

above the cotectic surface Q+P1+L+V {Winkler et al., 1975, figure
10}. 1In the An-Ab-Or diagram (Figure 48) the composition of the
pérphyry has only 1% 1ess_qu;rtz than it would have had, had it
béen situated on the Q+P1+L+V cotectic surface. Froh this
information it is clear that the éomposition of the porphyry is

close to the cotectic surface P1+Q+L+V. Therefore, after a short



.
)

Ab

(1

Q-Ab-0Or diagram using

rphyry data and paramecters

r?P

y 0=5kb, after Winkler et al.

976) %2

Q-Ab-Or

» Porp

A

7 ZAn

hyry *




1220

I

temperature interval where .o'n'ly-pl_agidc]'é;s"‘_e 'crysfaﬂ'izes, quartz:

will also begin to crystallize. As estimated from Figure 60, the

\ ’ - - . N J‘- .
Q+P1+L+V cotectic surface will have been reached at 670-68

L d

with a 15° drop in temperature, the cotegfic Tine will be reached
along.which alkali feldspar, quartz and plagioclase 'crystalh'ze
togéther within a narrow range of temberatufe until all is sold.

The deduced sequence of crystallization is:

plagioclase
- _ ‘ plagiociase + quartz
plagioclase + quartz + alkali feldspar

When this magme reaches very shallow levels -‘or'_zones of
weakness in the crﬁst it may ;tave erupted onto the surface,
producing cale-alkaline volcgpism. Spatially quartz.porphyry
intrusions are cémmdm_y associated with felsic volcanics and are
chemi‘caﬂ-y similar. Th the thesis area the quartz porphyry, the
felsic flows (Facies A) and the brecciated porp.hyr-y., show obvious

similarities as previously discussed (in the field and chemical

descriptions). - It is suggested then that these are coeval igneous

differentiates and that the porphyry represents the "ancient

vo]cam’c neck and feeder column to felsic volcanism. .This

conclusion has already been tentatively put for;va'i-d by Beard (1975)

and Blackburn (1976) during reconnaissance work in the area in

conjunction with the author.

0°C and .
& .
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- _ 'Ji _jf'; . Beard.(1975) in hi$j§c0n¢m{c report of the Wabigoon Belt
“;fsﬁégestedrihat fthg,ﬁo}phyfies (Esox Lake, Dash-Lake,;High fake,;
ThuﬁdgchohdiLake)-may repfesent'in part, rhyolite domeé_made uénpf‘
-?hyofi;éf¥1dwsf;:fﬂe goes on to suggest that as such,. they Sffer 
‘.;eXceIIgnt exploration targets, both for stratabound, exhalative |
?'_ | fjpe base metal deposits and for porphyry copper and go1é depqsité.
l_ To this date, the only known economic work in the area-héégﬁeen
carried’out by Osisko Lake Mines Ltd., on the old Pelham Gold Mines
Ltd. prgperty between Washeibamaga and kennewapekkolagkes in 1973f£

- Considerable trenching, assaying and diamond drilling produced 5.0
ounces/ton of gold.' This pnbper%y, in the lower volcanics, lies
withgn 100 feet of the cbnﬂact with the porphyry and is associated
with two or more coarse-grained mafic dikes. The porphyry of the
thesis area is-unlike the small, lenticular, structurally
conformable bodies of the Abitibi area that haVe‘h{;¥

“concentrations of various metals. Detailed economic evaluation and

-

i _ comparison with other areas 1is beyond the scope of this thesis.

-

Preliminary work is being done by Blackburn for the Ontario .

Division of Mines (personal communication).

iv) Conclusion
. \ - . ‘
In concluding the discussion of the felsic volcanics the

following observations are pertinent:

. . e
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a) '.the porphyry and brecmated porphyry are s1m11ar petro—
. graph*:qany_ and chenncaﬂy. “The Iatter is. thought to

represent the autof:]ast_,ic brecci atwn_ of -t_:he_ roof of
 the porphyry.’ | | -

b) cr‘ystaﬂization:fhthe pérphyry is preceded by‘ highly
explosive subaerial, acid volcam‘sm prqduci'ﬁg pyr;)é'las-'
tic deposits and dacitic to rh_yoht‘rc dep051ts and
ﬂows.

¢} source, as indicated, may be from partial melting and
diffef‘entiation of ;related batholiths.

'd) the-porphyry crysta]hzes over a short temperature
interval begmmng at approx1mate1y '675°C and 5Kb Ho0

.- pressure to give the characteristic quartz-eye texture

& the- ﬁorphyry represents the final stage of felsic

volcanism.

Part 3 - Middle Sequence

i) Depositional Environment

5 General descriptivn of tl';e Middle Sequence permits deduc-
tions to be made regar'ding thé vo]canic-sedimentary processes; and
the deposwtwna] env1ronments of the. volcamclastw rocks. For
this purpose Facxes B and C, which mcu'ldes all the coarse clastic

rocks of the thes1_s area, are discussed togetheur-t_)ec-ause' their

- P 1

e At i ol b atd P el akd ! ot

124

B s ade



* N Y
J e 15 Lot ot Lt

ST . 125
5 . :
. "' ) - %

field relationshin indicates deposition in the same general envi-

- . ’ >
- ronment but by somewhat different processes. For the purposes of

this discussion the coarse volcaniclastic rocks will be referred to

-

as either conglomerates or breccias. ©No genetic implications

;hoqu'be asscciated with these terms. The problem of distin-
guishing between the two was dis;ussed-previously. Facies F, the
greywacke-argillite (slate) rocks will be discussed separately.
The basic characteristic{\bn which'the interpretation of
Facigs é and C is based, are as shoﬁn in Taﬁ]es 8 & 9.
- -

Turner and Valker {1973} note that there are few modern

environments in which conglomeratic material is presently

accumulating in large quantities. They list; 1) braided rivers, 2}

beaches, 3) turbidite and deep-sea submarine vans, 1) g]écig] tif!,
and 5) alluvial Tans. Based on both positive and negative e;idence
it is argued that Facies B and C best fit deposition in an-alluvial
fan environment. The other environments.are rejected as
possibilities for deposition of Facies B and C fo]iowing the
detailed arguments of Turner and Walker (1973) frem their work on
the Archean Ament Bay Formation. A brief synopsis of the criteria
used are referred to here, additioﬁal,detail can be obtained from
Turner's (1972) thesis. The following environments were ;ejected

for the reasons listed:

(1) Braided Rivers
a) the lack of cross-stratification in the tuffaceous

~rocks and coarser rocks.

o
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Table 8

Characteristics of Facies B

Sub-facies

Thickness

D/10

Description

(1y"

(2)

170 m

7.2 - 8.8

100 - 150 m 3.4 - 3.8

450 m

26 - 36

basal 2 m tuffaceous with random
clasts of basaltic material (80%)
and a quartz - feldspar matrix
grades upwards.into 160 - 170 m
of conglomerate, with a maximum
of 50% basaltic material,
decreasing upwards.

. }
interbedded tuff and felsic flow
material, clasts ére lapilli size
and felsic in composition,
individual units up to 15 m 1in
thickness.

interbedded volcaniclastic and
epiclastic rocks, subangular to
subrounded clasts, some clasts
intersect each other, small
clasts wrap qround large clasts,
tapered and pointed clasts

common, less than 20% matrix.
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Table &
Facies C ‘
£
Sub-facies  Thickness D/10 Description
(1) 800 m . 20-39 massive unsorted pyroclastic rocks, .up
*to 35% matrix méteria1, elliptical to ¢
\ 3
' subrounded fragments, normally graded
on a large scale.
(2) 900 m- 24-78 massive unsorted, tightly packed with
Tess than 10% matrix material.
(3) 1200 m 18-35 poorly exposed, “kink banding" of some

clasts, clasts somewhat deformed.

o w. amn s e by
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_Béaches N

a) thick accumulation {up to 50 m in the thesis area)
of conglomeratic material is unlike the generally
thin units ‘in traﬁégreﬂﬂﬁbe or regressive
sedimehtary sequences. o -

b) the angularity and immature natare of m&gt c1asts.
is inconsistent with this high ehergy shoreline
environment. . |

c) clast shapes are elongate to elliptical in the
thesis area, unlike the common disc-1like shapes of
beach énvironments. *

d)' lack of abundant cross-stratification in the

tuffaceous interbeds. \\

Turbidite & Deep Sea Fan Environment
a) absence of repeated sequences of sedimentary
structures (Bouma Sequence).

b} rgenera] lack of grading (Bouma Sequence}

¢} lack of /interbedded argillaceous horizon suggests

that deposition was in an environment distinctly
unfavourable for the slow accumulation and
preser?ation ofI%uds.

d) large scale cross-stratification in the upper part

of Facies B is not consistent with a deep basinal

environment, more likely it suggesf? some form of

ISR S
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- shallow water currents (however it is not incon-
kt ./ sistent either, Johnson personal communication).

-

‘) lack of associated greywackes.
(4) Glacial Till
a) lack of glaciél textures (grooves, striated and
faceted stones).
b) no evidence of dropstones.

¢) monomictic character of clasts in the thesis area.

‘The volcaniclastic rocks of the Washeibamaga Lake area show
similarities to younger alluvial fan deposits and it is with an
alluvial fan origin that the two facies are discussed. Acéording
to Bull (1972), physiéa] characteristics provide the surest means
of identifying aliuvial fan deposits in the stratigraphic record.

In general alluvial fan deposits are characterised by;

(5) Alluvial Fan
&) a tendency to occur as sheets
b) to be made up of greatly differing lithologies,
however this is not the case in the thesis area
where porphyry fragments account for up to 90% of
the clast types. »
c) more than one mode of depdetion occurs on most

fans and the properties of different types of
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deposits may vary both Qertipal]y and in the

downslope directions from the fan apex.

Each bedrof a fan represehts a single deéosifional event
Ehat has.resu1fed from one of a wide spectrum of precipitation and
erpsion events in the area, due éo changes in runoff, source,
amount:gf sediment and mode of transport. Two main modes of
* transport are recognized; water-laid deposits and debris flow

deposits.

a) Water-laid Deposits
Water-laid sediments occur as sheetflood, channel or
sieve deposits. Sheetfloods are deposited by surges of
sediment-Taden water that spreads out from channels on a
fan. Deposition is-a result of widening of the channel
floor which leads to a decrease in depth and velocity of
the flow, and thus is not necessarily due to a change in
slope. The conglomeratic material is relatively well
sorted, large-scale planar cross-stratification is
_common in the conglomerates. The coarse/fine
(cong]ome?ate/sandstone) units are usually impersistent
lateraily, evidence of erosion is commonly on a scale of
0.5 m and .occasionally up té 2 m at conglomerate bases.

The most important characteristic is the lack of fines
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in most of the deposits; This type of deposit is

similar to some of the beds of Facies B.

Stream channel deposits are coarser grained and p§0r1y
sorted comﬁared to sheetflood depogits. Bedding fs poor
to crude and is generally less than one ﬁetre in
thickhess. Cut and fill strdctures are common.
Evidence of this type of deposit was observed in the
upper part of.Facies 8, but geqera]]y is rare in.the

thesis area.

Sieve deposits have unique soyrce area conditions that
provide little sand, silt or clay so that the material
is extremely permeable which allows thé flood discharge
water to infiltrate the fan entirely befo;e reaching the
toe of the fan, résu]ting in lobes of gravel. Hooke
(1967) states that because water passes through rather
than over such deposits, they act as strainers or sieves
by permitting the water to pass, while holding back the
coarse material }n transport. Jointed quartzites are

typical source rocks, the clastsasupplied are

predominantly subangular instead of wellrounded gravels.

The excellent sorting of sieve deposits results in

massive beds and poorly defined contacts between them.
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b) Debris Flows

Debris flows by definition (Johnson, 1970) is a process
by means of which granular solids, sometimes mixed with

relatively minor amounts of water and air move readily

“on low slopes. Debris flows have high density and
A _ _

viscosity compared to stream flows. The fiow is
generallyilaminar, as observed by Sharp and Nobles
(1953) on the Wrightwood debris flow of California. The
debris is handled gently so that the large boulders and
fragile clasts retain their respective identities during
flow. The ab;ih't_y of debris flows to carry coarse
clasts is due to the high densi?y of the flow, poor
sorting and the cohesive strength of the clay-water
fluid phase (Rodine and Johnson, 1976). Debris flows
typically do not abrade the underlying bed. -Since
Blackwelder's {1928). classic paper on the subject, Hooke
(1967) and Johnson (1970) have conducted numerous
experiments on the mechanics of the flow. According to
them, debris flow; should have a positive-skewed size
distribution. Assuming a soJrge material~with an
approximate normal distribution of particle sizes, aill
those grains too large to be supported by the fluid
should be left near the source while the rest of the
material is carried to the site of final deposition.

However, Middleton and Hampton (1973) point out that
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this skewness may be obscured by é st}engt; sqfficient'
to carfy almost all material avai]éb]e.orlby
participation ;f other support mechén{SMS orrby a-
1ate-sta§e pe}iod of bed load transport. Many debris
flows are irreqularly interspersed with fine grain
material indicative of quiescence, as evident from
Beaty's (1963) work in the White Mountains of
California.

- | o .
One unique type of debris flow is a lahar. Lahar is an
Indonesian word that describes mudflows and debris flows
originating on the flanks of volcanoces, and was first
used by Van Bemmelen (1949). It fncludes all of the
broad textural range of debris and mudflows of volcanic
origin, in being; poorly sorted, unstratified, contains
subangular components, may be interstratified with
fluvial gravel and is generally homolithologic ig clast
composition. The most detailed work to date has been
carried out in Haéhington State, by Mullineaux and
Crandell {1962) in the Mt. St. Helens area and by
Schmincke (1967} on the Ellensburg Formation. The
latter defined thre; prominent zones in a typical lahar:
a basal, vaguely stratified, fine to coarse sand (tuff)
overlain abruptly by a central massive to normally
graded zone, consisting of subangular to subrounded

blocks in a pebble supported framework grading upwards
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. into an upper bedded sand Ltuff), veworked and

cross-stratified. . The bases of lahars are'genefaIWy
sharp and load features are common. The top of a bed
may- have clasts brotﬁyding above the top of tﬁe bed with

drapé over top.

ii) Petrogenesis - Facies B

Subfacies 1

The basal breccia of the Washeibamaga - Thundercloud Lake
Area has a 1088 ized dist}ihuinn and a different composition énd
texture from the other volcaniclastic rocks higher in the sequence.
The fact that the boundary of the basal breccia with the felsic
flows is gradational and is not in contact with the prophyry
suggests that it is not due to the erosion of the quartz - porphyry
body. The abundance of random basaltic fragments (up to 80% in the
lower 2 métres) suggests that theé may be the result of intrusion
into the volcanic pile by the porphyry and the explosive nature of
the fe]sic flows and tuffs being produced. It is ynlike the basal
conglomerate of the Ament Bay Formation whiéh_has a straight and
sharp contact with the quartz-porphyry, is massive and contains
coarse clasts. This requires that the porphyry in the Ament Bay
area be eroded to a plane surface prior to the deposit%on of the
basal conglomerate. Turner (1972) used a flood, surge process to

produce this deposit. No similar deposits are evident in the

thesis area.

T P
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Subfacies 2
The origin of the felsic tuffs -is questionabIé. .Theﬁr'

massive nature, abundant euhedral feldspars, Tow quartz content,

and restricted composition (essentially that of- the quartz-

LY

porphyry}, suggests that these are not reworked tuffs: According
to Ross and Smith (1961) a principal characteristic qf ash-flow
tuffsfis their common occurrence in thick'units of typically
non-sorted/non-bedded materiéT containing lithic fragments. This
is typical of'the Tithic tuffs on the east shqre of Nésheibamaga
Lake and is here interpreted to be ash-flow material. The
tuffaceous deposits on the north shoré of the Katish Lake are well
bedded and contain no lithic fragments and resemble more closely
ash-fall meterial with interbeds of agh-flow material. The matrix
of the felsic tuffs has been recrystallized s¢ that original welded

textures have been destroyed.

Subfacies 3

(a) The massive conglomerates and breccias, with sandy to
tuffaceoﬂs interbeds (qpper part of Facies B} are interpreted
to be the result of a comb%nation of processes. The lower
part consists of chaotically bedded, rounded clasts that
contain 1itt1e(6F}gina] med and thus are probably not debris
flows. The fine grained matrix material can account for‘up to

20% of the rock and therefore may have been too impgfmeab1e to
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é]fow sieve'deﬁdsifé to form. As po1nted out by Turnerr7”ji‘

¥ o W

(1972) McGowﬁn and Groat 5 prox1maT fac1es of their a11uv1a1"ff’

fan depos1t in the Van Horn Sandstphe of Hest Texas is
predominantly 1ntgrbeds of.sandstone;between'mass1ve
cor_igiomerate' um‘t'sf, simﬁar t.o 'the.Auppé"t" part of Facies Be
The most probable process fofﬂthe‘depqsition_bf the Van Horn
Sands and the upper part of Faéies B is sheetfloods. Thé
gisorgghized state and lack of preferred orientation of the
beds {n;the thésis area fs similar to that described by Walker
(1975) which is deposited in‘feeder channels and canyons near
to the.source. This.is in keeping with McGowan and Groat's
(1971}_interpretation_that their facies was deposited in
canyons near the head of'the fan where flow was confined.
Thus similar restricted channels cut into the volcano's flank
may have been the site{(s) of deposition of the thick
conglomeratic-sandstone interbeds. The lack of crossbeddinﬁ
and paucity of c]asts.in the arkosic interbeds. suggests
deposition from less “powerful currents or surges, but still
sheetflood in origin. .

Stratigraphically above ‘this section is a distipct unit,
described in detail in Chapter II, which is thought to be a
lahar. Like lahars, the basal one.to two metres consists of
bedded to non-bedded tuffaceous material. Schmincke (1967)

suggests two possible hypothesis for the origin of such basal

portions: N
\
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i.l) a watery slurry-that advanced and greased the way for the
) rema1nder of the lahar, or.
2) in jnertia flows grains move.above ;Eg bdttom and shearing
".'iakes place between thé grains, independent of tﬁe'mﬁve-._
o ment of the flow. Thus, the large ‘grains should ter to
. drift towards the zone of least shear strain (free
surface) while fﬁe smaller arains drift towards the zone
of greatesi shear strain. g \ -
The fact that the basal unit‘coarsens upward into the
AN
5 unsorted random section(ﬁﬂggests that hypothesis two may be
applicable here. The central zone of most lahars consists of a
massive deposit of subangular to subrounded blocks which may or may
.not be graded. In the unit descrlbed the unsorted fragmental zone
h grades Tmperceptably 1n£o an inverse-graded zone. Large clasts
withifn this zone protrude above the upper bed surface which is
* typical of debyis flows. Draped over these protruding fragments is
a thin sandy unit which is similar to Schmincke's (1967) upper
bedded, “reworked sand gnd tops off his tripartite subdivision.
'Cross-Peds may be 1ackin§ dug to e}osiOn of this unit by subsequent
depositional processes. ’
-
(c} The depositional process changed, as the next unit consists of
) three to five cycles of arkosic material overlain by normally
- graded conglomerates, which are impersistent laterally, and
) . ) -
o

X
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topped by large scale planar cross-stratification. This is

<

- very is’imi:lar to ‘stream flood deposits.

4

—

N .

Thus Facies B consists of a variety of strata representing a

. S

) parti.cula'r set of -hydraulic condi:tions, that determined. the .
thjcknes's, particle size, distribution and orientation, and the

type of contact with the undeﬂyihg bed.
iii) Petrogenesis - Facies C

Subfacies 1 ‘ (

The initial 800 m of Facies C is massive and unsorted with
a high (up to 35%) matrix component. 0On a ‘I'arge scale, baséd on
D/10 analyses, the unit is normaﬂy graded. 0/10 grade; from 2} cm
to 39 cm upwards in the section. lflany of the clasts are tapered or
elliptical and some intersect each other without any resuilting
fragmentation. This type of deposit is not characteristic of
either water-laid or deliriﬁrowg. _They closely resemble Parsons
(1969) volcanic agglomerate whith is part of the cone structure and
generaﬂy.mono]ithohgic in composit—i‘cm.’ This coarser material
tenas to accumu‘latle around the vent, 1s not stratified, and has a

. high groundmass (matrix} percent, made up of individual angular

crystals or lithic fragments.
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Sgbfacies 2. T

T -

The next subfacies is also massive and unsorted but- .

-

“contains less than 10% gtodhdmd§swmatefia1 as the clasts are

tight1y.paéked.: The unit is normal]y'graded'on a large scale, with
D/10 va]ués of 24Acm to 78 cm. ‘The clasts are‘subéngula}. Thé

absence of fine material negaies debris f}dws, s;reamf1owstand ;
sheetfloods as the process (depoSit) involved. The good sorting,
Massive-natuie and lack of defined ccntécts beiween'beds suggests
thét'this section probably represents a sieve deposit type

)

mechanism, as it meets most of the criteria previously discussed.

®

Subfacies 3

The upper subfacies of Facies C is poorly exposed and
thérefore difficult to interpret.

Thus facies C consists of ‘massive, normally graded deposits
whichlmaybe the result of both primary pyroclastic accumulation and
sieve mechanisms. ~ ' )

It should be ‘noted here that on the shorelines of Thunder-
cloud Lake & unique type of fock association was found which is not
evident anywhere else in the thesis.area. The rocks, which may in-
fact have been outcrgp, were initially considered to be float, that
is they could not be accurately identified as bedrock. As shown in
Figure 61, the rocks are highly vesicular, subangu1a§ to subrounded

and pumiceous in appearance. Grading, stratification and cross-
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Figure €61 Photograph of outcrops on the shores of
Thundercloud Lake, pumice fragments predominate.
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stratification are common with some fragments welded toge(?gr.

D

This type of deposit is typical in the vicinity of volcanic vents,

and may be airfall material or pyroclastic flow debris.

Petrogenesis - Facies F

-

/

Facies F consists of two subfacies, a greywacke unit and an

argillite-iron formation unit. The greywacke subfacies consists of .

sandsize clasts of quartz, feldspar and basalt. Three types of
quartz were recognized; (1) polycrystalline grains, (2) monocrys-
talline grains with undulatory extinction, and (3) monccrystalline

grains with sharp extinction. These and other textural phenomena

" of quartz led Reimer (1971) to suggest that quartz can be used as e

provenance indicater. (jakangas (1972) in his work on the grey-
wacke of the Vermilion District of northern Minnesota established
five criteria used for the identification of volcanic quartz; (1)
embayments in the crystal outlines filled with felsitic groundmass,
(2) almos+ complete absence of monomineralic inclusions, {3) exclu-
sively sharp extinction, (4) idiomerphic cutlines and (5) bulbous
to fine resorption structures. In the thesis areaz the low percen-
tage of guartz with non-undulatory extinction {volcanic quartz) in
the greywackes and the similarity of the guartz in the érkoses to
the porpﬁyry suggests that much of the sandstone-greywacke was
dérived from the disintegration of porphyry bodies a&d that very

1ittle came from volcanic extrusive rocks. Many of the basaltic

T B A R Y |
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- similar to the surrounding volcanic pile (middle felsic

dxsp]axed 1nterserta1 textures qu1te s1m11ar to those of the gabbro

5111 on the north shore of washe1bamaga Lake. Poor exposure Timits

-

ény detailed work on the greywacke. However the presence of’

normal and reverse grading their massive nature, and the inter-.

bedded'relationship with argillite (s1ate9 beds indicates a

turbidite sequence.

The argillaceous rocks overlying theﬁgreywacke sequence are”

associated with oxide facies iron forma;ion.k\Simi1ar relationships

studied by Shegelski (1976), Franklin (1976), D;mroth (1975) and
. 22

Hyde (1978) indicate a turbidite environment “in all cases. The
debris comprising the turbidite beds is texturally and chemically

i _ S upper

mafic) and theses are tonsidered to be the source for the

turbidites.

The parentage of these sediments can be detérmined-

chemically (Nagvi, 1975). A chemical analysis of the argillaceous
material shows it to have a coﬁposition unlike that of the average
Precambrian slate (Table 10). It differs in having higher Si0;,
MgD, Nap0, Cal and a paucity of Kp0. The high Nas0 and Ca0 content
of soﬁe pelitic rocks of the Carolina slate belt has been
attributed to significant quantities of relatively unweathered
pyroclastic material, probably rhyodacitic ash (Sundelius, 1970).
Thus, the hggh Naz0 and Ca0 content jn the thesis area is thought

to be the result of large amounts of porphyry material from the

underlying middle sequence being eroded and incorporated in the

turbidite deposition.

~
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Table 10 N
Composition of Argillite - Slate Rocks
1 2 3
Si02 62.36 56.3 : 61.25
Ti0p .64 . .77 .43 S
AloQ3 15.82 17.24 12.63
Fe+ 8.01 - 8.92 15.90
MnO .13 .10 .15 »
MgO0 3.70 2.54 2.33
a0 4.31 - L0 .58
Nas0 3.20 1.23 _ 2.56
K20 1.62 3.79. 2.43
Po0g .13 ’ ’
1

1 - Argillite of thesis area.
2 - PE slate average (Nanz, 1953) <
3 - Savant Lake slage (Shegelski, 1976)
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"The“association of turbidites witﬁ iron formation suggests
that they were depbsited in relatively deep water below wave base.
The iron formation has also un&ergone the same soft sediment‘defor-
mation as it's host rock. The stratigraphy 6f the turbidites
suggests that contiﬁuous sedimentation occurred with fluctuating
infensity from volcanic landmasses surrounding.the basin. The
presence of both felsic and basic debris suggests that it was
deposited in an area which was removed from the influence of a’

<

- stope which would supply materia1.from only one direction. .
| ‘The iron formation facies are not of the Algoman type. It
is very similar to those of the Sturgeon-Savant Lake Area, which
Shegelski (1976) identifies to turbidite associated deposits. As
for most Archean banded iron formation, it is generally conceded
that an exhalative source for the iron is favourea by its common
association with volcanic sequences. The delicate laminations
within the iron formation may have developed due to a pulsating
influx of ferrugenous and non-ferrugenous silice gels. Such gels
during consolidation would be subject to slumping, scouring and
brecciation due to turbidite traction and soft sediment

deformation.

Summary

The volcaniclastic rocks of Facies B and C were deposited
on an alluvial fan. The massive nature of most of the breccia beds

is attributed to violent ephemeral surges or sheet flood processes
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similar to those of the Ament Bay Formation described by Tufﬁer
(1672). Facies B and C are considered to be -proximal ard déposited_
on the flanks of an erupting volcano in the  vicinity of"fhé
porphyry at Thunderclouq Lake. Facies F represehts a more distal
position away from the volcano in a deep basin where material was
deposited by turbidity currents from both the felsic terrain tg the

south and the mafic platform to the north.
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CHAPTER V - GEOLOGIC HISTORY & SUGGESTED MODELS _

Part 1 - Introduction

A

A great variety of volcanic and sedimentary rock types charac-
terize the stratigraphic succession developed in Archean greéﬁstone

belts. Although these volcand—sédimentary,pi]es have- atmost invariably

been supjected to complex geclogical histories, theré.neverthe1ess emer-

considered sufficient for 2 local reconstruction of the sequence of
events and subsequent interpretation in light of present day knowledge
of global tectonics and magma generation.

The local geologic history will be outlined without tectonic
implications followed by a short discussion of tectonic models proposed
for the Archean. Fiqa11y, a tectonic model envisaged for this area will

be presented.
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- Part 2 - Geologic History.
) -
The sequence ¢f events that led to the pnesent.configu}ation of
the?ﬂasheigamaga - Thundercloud Lakes area is depicted in Figure 62 and

outlined below:

1} - the extrusion of a mafic platform

N

The oidest rocks in the area, in accordance with the oldest
rocks found in other greenstone_be1ts, are the volcanics of
~ the lower sequence (Glikson, 1976b). Volcanism was
extensive and prolonged, resulting in a platform that
covered a large broad area (as the porphyritic units can be
<:%raced 16 km to the west). The common occurrence of pillow
/ lavas within this belt suggests that basic subaqueous lava
flows were providing much of the-volcanic material. The
cooling rates of individual flow units varied as both

coarse and porphyritic varieties of basalt are common.
2) - explosive felsic «volcanism

Following the extrusion of the subaqueous volcanics a
period of emergence above sea level resulted in subaerial
volcanics (andesites to tuffs) and subaerial sedimenta-

tion.
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The rather dfastic'chahge frOm conditions‘of'%ubaqueeué_

-volcan1sm to subaer1a1 sedimentation cou]d be expialned if

considerable upl1ft occurred between the deposition of the
vo1canfcs and sediments, which.may have been related to A.
emplacement of granodiorite bodies. It therefore becohes
necessary to visua]%ze the quartz-porphyry stock and
volcano as a mountain of cénsiderable relief projecting
through the dOminentTy mafic lowland. The volcaniclastic
rocks of.Facies B and C were deposited on an alluvial fan.
The simultaneous interaction of volcanic and alluvial
processes has resulted in the clastic gequence having a
high degree of internal comp]ex*it!’F A1l units are’
considered to be proximal and deposited on the flanks of an
erupting volcano, as illustrated in Figure 63. As
explosive activity waned the fe]s}c material rapidly
congealed, which was subsequently broken and engulfed or
injected by the still plastic material moving beneath,
producing the brecciated porphyry.

%

. r. -

continued uplift as a result of the Meggisi batholith
intrusion :
subsidence below sea level

eruption of mafic volcanics (upper sequence) unconformably
an the felsic pile accompanied by marine turbidite sedi-

mentation
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At the cessafion_of VOJcaniSm, constant -dif

dowqwarp'and-up1ﬁft between basin and hfﬁteﬁ]and-kept the -

coastal areas stéep and allowed only " temporary acqumu]atibn

’ of;nwtab]e piles of sediment destined to slump aﬁd

generate turbidity currents. Coarse grained'gabbroic
clasts and.porphxry clasts within thé.greywackes suggest
that the volcanics to the north were being deposited and

erosion from hoth felsic and mafic piles was occurring. No

"exact time can be affixed to the beginning of mafic’.

volcanism to the north,.howeveE a thin amygdé]oidal basic
unit found between Facies B and C, may imply that prior to
the last stages of felsic volcanism, basic lavas were béing
produced. Within the basin ferrugenous silica gels were

deposited as part of the turbidite sequeﬁce and produced

the oxide iron formation. Exiensive calc-alkaline

volcanism of the upper sequence brought to a\x:nd the
sedimentary alluvial fan conditions which existed during

the accumulation of the middle sequence.

unroofing of the batholith
emplacement of the Taylor Lake Stock and other granites
faulting, folding and metamorphism of the sediments and

upper volcanics

Continued uplift of the Meggisi BathoTifh to the south

resulted in its unroofing. Folding and faulting dominated
A ‘

’

3 ' N\



fheauéper seéqéncé,'resu]tinﬁ'in-the fau]tléqntaét of. the -
turbidites and the upper sequence and théitight isoclinai
folding 'of the uppéf sequence. Ihé.}§1ati6n5hip pétween
7. N the upper sequénce.and the middle and 1ower-séquencé is Ey

’ﬂ\\f\ no means certain, but observations discussed .earlier
nsuggeét that the upper sequence is younger than the lower
sequence and syn- or post debosition of the middlé

v AN . ] - N
sequence. '

G 5) - erosion

Glacial denudation of the area accompanied by the
deposition of giacial moraines and eskers produced the

present topography.

NN

Pért 3 - Greenstone Belt Evolution

Examination of numerous vélcanic sections in Australia, Sputh
Africa and Canada (Anhaeusser, }969; Glikson, 1975; Viljoes_and
Viljoen, 1971; Goodwin and West, 1975) has led to the observatioﬁ that a
generalized volcanic sequence is characteristic of Archean volcanism in
all shields. In the Barberton Mountain Land of South Africa énd the
Kalgoorlie-Norseman area of Western Australia, three main groups exist '

(@nhaeusser, 1969; Glikson, 1976a,b,c). Table 11 lists the major
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Figure 62 (cont.)
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Figure 63 Schematic reconstruction of area during felslc volcanism. ‘ >
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.Greenstone Belt Subdivisions (Anhaeusser, 1970}

Sedimentary Group

Greenstone Group

Ultramafic Group

minor voTc::ism B '

basin developﬁént

increased grapitic uplift’

some alkalic volecanism

volcanogenic sediments deposited o ‘_,’

greywackes, conglomerates, agglomerates _

turbidity flows triggered by minor volcanic eruption
deposit blackshales ' )

cessation of major volcanism

basin subsidence cyclic volcanism
extrusion of mafic-to-felsic lavas
pyroclastic rocks and chert deve]opmenf
extrusion of minor sills

intrusion of Na- and K- rich porphyries

extrusion of ultramafic and mafic lavas and tuffs

development of layered differentiated Ultramafic
igneous bodies '

cyclic magma-type trend from primitive u1tramaf?i
and mafic volcanics to tholeiitic volcanics

Tow alkali, high Ca/ﬁl ratio, high Mg komatiitic and
peridotitic ‘
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characteristics of eacﬁ group. The Ultramafic Ggoup éorrespbnds to
Glikson's {1976a) lower greghstone, éﬁd the Gregﬁétoné Grﬁub corre-
spoﬁds to his ubpa: greenstone sequence. The geoiogy;is comﬁ]icated by-
a2 number of cycles: super-major-minor-mini (Anhaeusser, 1971a).

A prominent feature of the Canadian_Archean is the striped
patternlof'alternating volcanic-plutonic (greenstone) belts and
metasedimentary-migmatite Sgneissj belts. In the western part of
Superior Province, six m?jor east-trending belts, including three
volcanic belts (Abitibi-Wawa, Wabigoon, Uchi) and three gneiss belts
(Quetico, English River, Berens) constitute the basis for the
subdivision of the province into its component subprovinces. Within
gach volcanic bélt, but specifically in the Wabigoon Belt, the
stratigraphy has been subdivided into four main series {Wilson, lij?ﬁth\\

The subdivisions are characterized by variations in: //
a} the nature and composition of the flows
b} amount and nature of fragmental vo]can{cs

c) nature and composition of subvolcanic intrusions

d) nature and composition of ore deposits

as outlined in Table 12. A similar c¢yclic pattern has been proposed by
Goodwin (1968) to give a platform stage, edifice stage and erosional

stage resulting in the observed mafic-felsic cycles (Goodwin, 1968).

H
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Table 12

e

Greenstone Belt Subdivisions (Wilson, 1974)

Upper Diverse - abpearance of first thick, rhyolite members
(cyclic) - fragmental flows interbedded with rhyolite and tuff
- variolitic pillows common .
- volcanism alternates rapidly from one composition to
another
- eaéh Cyc]e‘foTTONed by sediments

Middle Felsic - thick, monotonous group of felsic fragmentals
- unaltered, layered gabbro-pyroxenite-peridotite
intrusion
- general characteristics of lahars for volcaniclastic
rocks

- increase in Si; K; decrease in Ti, Fe,

Middle Basic - pillowed and massive flows
- - pil¥%ws are.vesicular, with well ceveloped rims and
concentric structure . i
- large gabbro sills with only moderate flow
differentiation ‘
- rare fragmental rocks
- not too different chemically from lower basic
Lower Basic - monotonous flows of massive and pillowed
- non vesicular lavas, no flow brecciation or
brecciated flow tops
- thin non4extensive, high Ni, Cu, Al,03, Mg0, Fe+
- considered to represent basalt erupted in the
abyssal part of ocean after Wilson (1973)
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i} Archean Models ..

Two besic models have been suggested to account for the_-<5:“
&

' noted patterns and stratigraphy of greenstone belts; (a) The;Rift
Model and (b) The Plate Tectonic Model.

-

{a) The Rift Model

Anhaeusser et al. (196%) and McGlynn & Henderson (1970)
suggested that early Pre-Cambrian greenstone belts
evolved as discrete depositories on 2 re]atively thin
graniti; crust, and were sited along fundamental
crustal fractures, the grain of which can often be
recognized in many shieIH areas and along which deep
troughs appear to have developed at the initiation of
the greenstone belts. Subsequently their shape was
modified by various episodes of upwelling of granike
and concomitant downwarping ¢f the heavy pile of
.volcanics and sediments. These structural belts were
surrounded by mobile gneiss belts. This model accounts
for the rather rapid thinning of stratigraphy away from
a thick pile or along a central axis, which clearly
suggests deposition in elongate troughs or down-buckles
in the earth's crust. The exact mode of formation of
the greenstone depositories are open to speculation.

Anhaeusser et al. (1969) suggests that the development

‘ .
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of roughly evenly spacea, strongly oriented, paraf]eii

_downwarps of fault-bounded troughs on an unstable thin

- primitive sialic crust is the most Tikely process. In

these éreas_vast amounts of lava aécrued to form the
basal volcanic_sequences:of the greenstone belts. This.
model is further supported by numerous obsérvations of
tectonic stiding within belts. It is not uncommon to
find two synformal structures occurring together
wfthout a complimentary antiform, which is probably a
response to vertical movements in the crust. The
predoﬁ}nance of penetrative schistosity and °
non-penetrative crenulation cleavage have also been
cited as evidence for the rift system (Viljoen &
Viljoen, 1971). Figure 64 is an attempt to illustrate
diagramatically the evolutign of a greenstone belt,
using the rift model, as well as some of the conditions
that may prevail in a section across the Eastern

Goldfields (Anhaeusser, 1971b).

. However the rift model raises some questions:

(1) the common occurrence of tonalitic plutons which
invade the greenstone belts is more consistent
with a continental subduction environment than a

continental rift system (Tarney et al., 1973).



-

(ii) .the occurrence of lavas with oceanic geo-

(111)

chemistry in a tectonic environment which,‘in
the Proterozoic and Phanerozéic produceﬁ
alkaline volcanics (Tarney et al., 1973).

the long linear troughs would provide suitable
locations for the accumilation of the broad
mafic vo1;anic platform, however the middle
felsic Units'develop over smaller areas and in

L4
more arcuate patterns.

{iv) the steep inclination of cleavagé, cited as

" evidence of verticai'rifting, and the overall

steep étructrure of greenstone belts }s quite
compatible with collision tectonics, observed in
Phanerozoic orogenic belts where incomplete
collision has occurred (Burke et al., 1975).

the silica éiap?;s do not necessarily control
the deformation in the Barberton greenstone belt
as first thought by Anhaeusser {1969). In fact
the majority of rocks in this belt are strongly

and complexly deformed in a manner no different

from parts of Phanerozoic orogenic belts

-

(Ramsay, 1963).
this model implies & random pattern of Archean
magmatism which is not what is observed in most

greenstone, belts {Burke et al., 1975).
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. (viti) hoeroﬁfal-shdrtening_during collision of args
and microcontipents Ts‘mdfeaimportant then
vertical fault tectonics_(Burke.ét al., 1975).

{viii) as yet no exp]anatidn.has'béen put forwarﬂ.to.
account for the noted compositional differences

of the lower and upper mafic volcanics.
The Plate Tectonic Model

Plate tectonic models for the évoTution of the Archean
crust have been proposed by several authors, including:
Engel {1968); Folinsbee et al., (1968); Jakes and Gill
(1970); Burke and Dewey (1972); Talbot (1973); RutTand
(1973); Tarney et al., {1975); Burke et aT.,‘(1975);

Goodwin and West (1975); Glikson (1976a,b,c).

The main reason for suggesting that some kind of
primitive plate activity was responsible fcr the
generation of Archean igneous rocks is the increasing
evidence that the vast majority of the rocks are little
djfferent in majo: and trace element chemistry fo
equivalent Mesozoic and Tertiary rocks which did form
as a direct result of'plafé teqﬁon%ﬁs (White et.al.;
1971; Engel et , 1974, Jahn et al., 1974; bTNions
and PankﬁggéZT;t;YS), According to. this view, fhe

primitive Archean crust consisted of an ultramafic-

4
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4

mafic volcanic assembiage, rep?eéentéd_by'the Tower

greenstone (or Ultramafic Group) made'up'of tholeiites

analtogous in most respects td modern ocean-floor

tholeiites. The development of subduction within
simaiic region;? controlled Py early linear trends
(which may be a rifting phase) gives rise to sodic
granites and to the tholeiites and calc-alkaline upper
greenstones. According to Clifford (1968, 1970},

Elsasser (1967) and Ramberg (1967), the spatial

juxtapositon within greenstone belts of mantle®-derived

Tower greenstones and the calc-alkaline volcanics of .

the upper sequence, in terms of the superposition of
the different processes is due to small plate size.‘
—

Although showing tholeiite affinities, and plotting on
some discriminant diagrams in the fields of ocean-floor
basalts, it would seem difficult to regard the upper
@reenstones as true ocean-flodr basalts éenerated at a

spreading ridge. Furnes et al. (1977), Tarney et

al. (1975) and Burke et al. (1975), point out that:

‘similar rocks to the upper sequence can be produced by

active spreading and related volcanicity in ‘the
back~-arc region. Therefore the basaltic material has
come from depleted mantie similar to that feeding the
oceanic spreading ridge. This would account for the

noted association of most upper sequences with meta-

’
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greywackes'and'volcapiclastic rocks. The back-arc
(marginal basin of Burke et al., 1975) would also

-

~account for the observed_High'concentrations of Ti, Zr,

Y and Nb. They cg —be visualized as the
unfractionated partiai melt of eclogite where accessory
minerals such as rutile, sphene and zircon entered the.’
melt rather than behaving as refracfory phases .

Figure 65 is an exgmp1e'6f the type of model suggested

for the Canadian Archean, and is one of a series of

. , . ¢
«possible schemes suggested by Goodwin and West (1975}).
’ = -

. »
However the plate tectonic mode} does not satisfy all

questfons as to an appropriate Archean model.

. -

-

(+¥ island arc volcanic¢ rocks have higher Al and lower

) Ni, Cr, Co, Fe/Fer + Mg coﬁgents than their

suggested Archean c0unterpaf{s (Iesg depleted
mantle in the Archean).

“ ~ - (i1) similarity of trace element abundances in volcanic

‘rocks associated with Archean greenstone belts and

modern island arcs is itself not sufficient proof

of iden;ica1 tectonic environments (G‘Nions and

Pankhurst, 1978), however the many similarities

are striking and merit furth® evaluation.
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Y
(111) the predommant stmped pattern of greenstone and','.
p]utomc be1ts is highly suggestive. of some sort'

!
of vertu:al_ t.ectom ¢ control.

» ) * LN,

(iv) the complete-TaEk '('in‘tanéda at least) of oceanic
crust and mant1e s1m11ar to fully deve]oped
0ph1ohte comp]exes a]though Langford and Morm
. : (1976) po1 nt out that the pr-esent level of
| exposure may be too high stratigraphically to
contain cbducted crust.

'(v) the noted absence of.b'[ueschist.s i'n_PreCambrian
?;qrocks_%s unlike typi-cal orogenic belts, however
Ernst (1972) showed that this may be due tc‘a the
limited metastability of blueschist minerals over

geologic time. | .
{vi) 'subduction of crustal plates may not have been_
possible because of steep thermal gradients and

high heaﬁ flow rates (B;er, 1977).

Further criteria ‘are "needed to e'luc1date the ori g1n of vhe
greenstone%elts from the p'Iate tectonic system or the ri?t

system.
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Part 4 - Summary

-
3
5 "3, LLRY

f) Speculation on a moég1
Direct comparison of the Hashéibamaga - Thundercloud Lakes
arba with modern_environments. can be tentative at best. Bécause
S the broad regional rogk relationships in the thesis area cannot be
unequivbcaily detériined due to.discontinuous outcrop, and,beEause
_:hetai{ed mineragraphic studies hqve not been conducted, the
geochemical data presented and interﬁ}eted {n Chapters ITl] and IV,
offers the best point for cphba;ison. Thus any model proposed must

be considered speculative. _ _

Goodwin and West {1975} presented six modeIsAof Archean

-

crustai evolution:
(i) layer-cake crust, fau1£ed and/or folded
(i1) Tateral accretion
- (1i1) simple g¢rustal spreading
(iv} convergent piates, simple or complex
{v) full convection system with double arcs

-{vi) inter-arc and back-arc basin

No model preference has been suggested to date. However
_ 211 but the first model 1n&o]ves _some’ form of 1s]and arc

T

development, the last three ;pec1f1ca1ly involve pTate tectonics.

PRI P Y Iy T SrYreT ' LR

PR T



]
- .- . - —

Subsequent Qork by‘Langfbrd and Morin (1976), although of a

reconnaissance nature, suggested-that the major features of the

Archean of northwest Ontario are similar to.those of younger rocks

~in the Co}dillggg;pf western Canada. Thus fhe_wébigoon, Uchi and-

Wawa belts,

like the Cordillera, originated in island arc

environments. -t

In light of the suggested models, if we consider the data

prefious1y

important:

2)

, e ' :
described in Chapter IV, tge following points are

the basalts of the lower sequence conform to the

principal criteria laid down by Engel et al. (1965) for

the classification of oceanic-tholejites, but are

notably Tower in Ti, Al and Zr and higher in Fe and Ba. -

It may be concluded that the lower sequence basalts
represent the equivalents of the those being generated
today at actively spreading ocean ridges.

the:basa1ts of Ehe upper sequence show affinities for
island-arc tholeiites in terms of most of the major
elements (excluding Ca0 and Ti0p) and large ionic lith-
ophile elements (Rb; Sr, Ba). Concentrations for Y,
Zr, and Ni are-definitely higher in the upper sequence
thangin island-arc tholeiites and may be analogous to
back-arc basalts inthese terms. The different field
character of the two sequences argues aéainst similar

sources [ d it is suggested here that the upper

-
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sequence basalts are the equivéIents of those being
generated today in back-arc basins. | ’

c) the middle sequence felsic.flows and tuffs show
definite chemical‘affinities for island-arc felsic
rock; in Raving similar concentration of Rb,-Ba,-Sr and
K. The middle sequence rocks are §1igh;1¥ higher in
'Ti,_Fe and'Ni and lower in Al and Na. It is con€1uded-

- here that the middle sequence is part of an is1and-afc'
calc-alkaline suite of rocks.

. d)} the Thundercloud Porphyry and brecciated porphyry
represent the final stages of felsic volcanism and hay
represent the vent of an extinct.vo1cano that was part
of an island arc volcanic chain. |

e) the volcaniclastic rocks of Facies B and C were
deﬁosited on an alluvial fan on the flanks of an
erupting volcano in the vicinity of the porphyry, by
violent ephemeral surges or sheet flood processes.
Facies F represents more disté] turbidite sediment
accumulation in a SQbSid?ng basin away from the

LY

volcano.

Langford and Morin (1976), with similar data carry the

~

. Eomparison a'sﬁep further.x‘They suggest that the island-arc system
_in the Wabigoon Belt and thus in the thesis area, faced southward

away from_ﬁhe craton, therefore the plate was being.subducted

towardsstﬁg,nqrfh,_.Ihus.the volcanics south of Wabigoon Lake

o= -

e
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the Kakagi,

generated in an ocean-ridge environment. Their model has .

1

(upper sequence equivalents) are backaarc’basa]is; the volcanics in ]

Manitou Lakes area (lower sequence equivalenté) are

interesting implications:

1.

if the ieve] of eroéion\were deep enough, obducted
material would'bg expected in the vicinity of the north
shore of Washeibamaga take. Burke et al.- (1975) point
to the fact that many Phanerozoic ophiolite comp]éxes
were originally identified as {ntrusive sills. Thus

they suggest that some of the differentiated sills in

the Archean may represent obducted ultra-mafic crustal .

material. Could the sill, the ultramafic-gabbroic

rocks on the north shore of Washeibamaga Lake be part
of an ophioiite complex? Preliminary geochemistry is
being:gone by C. E. Blackburn of the Ontario Geological
Survey.

The-arcugte -island-arc chain would indicate that other
felsic volcanic centefs should exist. Im fa@ct mapping
by BlaEkburn and McMaster (1975) has pinpointed a
number of vent areas. To date three have been
tentatively identified as diséussed by Blackburn
(1877). The IOEations are:

1) south of Sunsﬁine Lake (10 km west of Thundercloud

Lake) . . ) '
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R R TR T ey W |
A ey -——



171

P

2) southwest of Cane Lake (9 km southwest of Sunshine
~ Lake)
3} centrg!'darf of Stormy Lake {14 km east of

-

Thundercloud Lake)

ii) Further Research
Within the field area five avenues of research, present

themselves:

1. Detailed mapping and chemical analyses of the gabbroic’
sill between Washeibamaga and Kenny Lakes: to discern
its stratigraphic divisions and emplacement history, to
compare it to other differentiated sills at Gabbro Lake
(McMaster, 1975) and Kakagi Lake (Ridler, 1966), and to
check the possibility éf it being original obducted
crust.

2. Elbers (1974) suggests that the porphyritic cupolas,
stocks and dikes which occur as magmatic protrusions
into the greenstone belts, are connected to the major
batholiths in the area. In the thesis area this would
mean connectiqn of the Thundercloud Porphyry and the

" Meggisi Lake Batholith.

3. Blackburn (1977) Has tentatively identified three other

centers of calc-alkaline volcanism. Detailed chemical

analyses of the porphyries should be carried ocut and
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compared with the Thun&ercloud Porphyry, to derive a
detailed history of volcanism and elucidate the
_,‘tpctom'c patt;arns in the area.

4. "S-edimentohgica'i studies of the volcaniclastic rocks
surrounding these "vents” shouid.be considered. Tael
(1977) has studied the Sunshine Lake clastic rocks ]
{Manitou sediments) and integration of all four areas
-is warranted. -

5. A complete regional correlation of field data and
thesis material studied by members of the 'ACE' Group
of McMaster University, in the Manitou Lakes -
Washeibamaga Lake area [i.e. work by Wallace (1975),
Mcaster (1975), Pichette (1876), Birk (1978), Tael

(1978}] and the present study.

Re&na] studies and careful field mapping are still the
"basis of geology - combined with data from various disciplines they

provide a powerful tool for decipherir}g the early history of the

earth. (' | \__
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Jable A-1

Lower
Volcanics

8002-2
8004-2
8-33
8007-2
8008-2
8010-2
8011-2
8012-2
8013-2
G-32
-8014-2
8018-2
- 8019-2
8021-2
8023-2

$i02

49.55
50.61
50,39
51.80
49,84
49,85
49,06
51.42
50.58
49.75
49,76
48.86
51.41
50.68
50.92

Ti0y

.91
.94
.95
1.01
A7
1. 10
1.08
.62
.75
.89
.62
.75
.89
.86
.69

Al o037

- 14.89

15.68
19.10
16.63
11.39
15.24
15.29
14,28
14.16
15.08
10,04
12.74
11.80
13.58
11.67

Whole Rock Analyses

n

Weight Percent Oxides

Fep03

2.4]
2.44
2.45
2.51
2.217
2.60
2.60
2.12
2.25
2,39
2.12
2.25
2.39
2.36
2.19

-el)

.45
74
20
.34
.54
.05
.57
W73
)
.36
.56
.86
.26
.0?

i1.00

Mn0

.20
.22
.21
.26
.20
22
21
.18
.20
.18
.20
22
.19
.24
.21

Mg0

[ S = T & . I~ S & o B & SN Y

.13
.65
.61
.99
.60
.57
.13
.75
.13
.09
13.
.09

50

8.15
7.25

10.

'

28

Cal

12.40
9.37
6.84
9,57

12.55

12,59

11.38

12,40

11.57

12.86

10,91

12.14

12,39

10,91

10.23

Nagd  Kp0
1.81 .19
.11 .18
400 .23
3.58" -~ 23
1.65 RTI
1.49 .22
2.3 .27
2.31 .14
2,35 .34
1.66 .33
.12 .1
1.86 .17
1.35 .09
2.83 .21
2.64 .12

P20sg

.06

.10

.47
.080

981




e
Lower
~Yolcanics

8025-2
8028-2
8030-2
8031-2
B~22
80342
8035-2
B-7
8-10
8037-2
8039-2
8041-2
8044-2
8103-2
8106-2
8047-2
8110-2
8048-2
8050-2
8051-2
8054-2

50.32

i%jog
“51/. 58

49,90

50,87
48.42
50, 72
61.24
50,18
a1.64
49.86
63.63

1.09
1.01
.96
1.03
.74

.99,

1.28

.55
1.58
1.61
1.21

Al703

14

13.
15.
15.
14.
13.
14.
5.
14.
16.
15.
14,
14,
14,
16.
14.
15.
13.
18.
13.
16.

.83

41
00
62
95

33

40
25
76
27
50
40
46
07
24
36
57

15
23

99
35

Fegq?

2.36

2.37

2.49
2.40
2.37
2,22
2.18
1.95
2.18
2.59
2.57
2.46
2.53
2.24
2.49
2.78
2.05
3.08
3.11
2.71

1.93 .

FeO

10.35
11.24
14.07
12.35

7.14
11.41
10.12

8.38
10.75

9.64
10.68
10.89
12.20
10.57
11.19
11.54

5,24

- 13.07

16.11
12.98
3.81

Mn0

.19
.20

24,

.22

Jd6

21
.22
17
.19
.24
.20
.20
.22
.20

Al

.21

.21

12
.21
225
.21

16

Mg0 Ca0

8.55 11.89
8.50 12.50
6.40 11.02
5.69  11.56
2.88  9.38
8.69, 12.27

6.67 14.48
4.64  15.50
8.90 11.60
4.49  12.99
7.20 . 9.40
5.58 12,92
7.41  9.96
7. 11.47

6.21 11.90
4.50 12,14

4.61  5.68
6.61 * 9.44

6.33  8.52
6.36  10.63
31 .47

Nap0

1.95%
1.36
.94

S2.21 -

2.89
1.49
1.86
1.06
1.84
2,12
2,19

1.80 -

2.16

2.15
2.06

2.29

.2.97

2,36
3.29
1.86
2,99

g

K20

.13
.15
11
.16
.23
13
116
.16

"1.26

2.62




-

Lower
Volcanics

8055-2
Hiddle

5310-1
5295-1

Osisko ’

0-1
0-7
0425
0-11
0-19
0-24 °

Upper
Volcanics

5222-1
6193-1

5107

66.55

67.35

69.48

63.53 °

50.40
53.09
50.05
50. 36
43.48

53.96
50.38

TiOa-

.50

+ 56
.46

.53
1.50

2,15

1.15
1.59
3.12

1.61
.97

Al,03

17.70

17.03
16.15

15.39

14.29
12.84
14,58
13,34
13.80

16.60
16.86

Fep03

2.

e N W W ™Y

00

.06
.96

.03
.00
.65
.65
.09
.62

.11
.47

Fe}

3.02

2.49
1.60

4.67
13,62
13.17
11.28
12.13

15.88

7.60

7.96

)

Mn0

.10

.05
07

12
.20
22
.19
.23
\\?5

.21

7

Hg0

3.18

1.53

1.62

4.03
6.50
4.97
6.66
6.03
5.03

3.16
5.78

¢al

1.38

1.65

2.87

4.65
6,60
6.94
10.10
9,51

11,24

10.46
12,25

L4

Nas0

3,20

3.44
4,45

*3.15
3.50
1.38
'2.81
3.38
1.89

2.90
2.40

Ko0

, 031

P20

.10
.08




Upper
Volcanics

5261-2
52562
8113
8115
8118
5268-1
5265-1
5302-1
5300-1

Misc,
G.FI

8053-2

8053-3

8065-2

1A

 8060-2
8093 °

<3

Si0y / Ti0p
53,27  2.20
55,85  1.62
53.43  1.66
49.12  1.19
48.89 .72
54,10 1.49
52.45 .18
50.85 1,39
50.13  1.17
70.60 .38
70.46 .37
68.27 .52
¥3,32 .39
65.49 .78

Al203

1368
15.13
15.09
14,38
14,96
12.22
14,82
14,27
14.80

16.01
16.00
16.24

13.48
16.18

Fea04

3.70
3.12
3.16
2.69
2.22
2,99

.2.28

2.89
2.67

1.88
1,87
2,02

2.89
2.28

Fe0  MnO
7.06 .22
8.75 .20
9.44 22
9.69 .18
1.26 .20
14.82 .24
10.76 .21
12.44 21
11.40 .20
_.71 .04
1.74 .04
2.20 .06
.63 .07
5.34 .11

g0

3.86
2.70
3.04
8.92

9 15 .

3.68
6.21

© 5,34

6.26

AR

1.64
2.06

1.90
1.70

Ca0 Nao0
10.75 4.35
7.90 - 4.11
9.11  4.67
11.06 1.60
10.25 1.82
8.25 1.75
‘8.84  3.35
. 9,50 2.54
10,12 2.51
4.71 .53
3.26 .82
1.31 4
]
3,20 2.22

4,48 2.79

4.23

3.66
- 2.36

1.79
W73

5205

‘20
J1

' 012

.11
.06
.10
.08
.14
10

.14
.13
.13

.08

12

681"




T&s. $i0
8137 60.78
8140 73:52

8064-2 61.49
f

Arg.
8143 62.52
8145 61.53
Amyg '69

8096-3  59.42

Brecciated

Porphyry
5230 73.99
5232 . 13.32
5233 74,21 - .
5240 74,22

. 8131 70,10

8134 72,85

Ti07

.5l
‘54
.55

.67
.71

1.28

.19
.35
BE
19
.40
.21

Al203

14,57
14,27

14,73

16.76
17.17

14.21

15,32
16.09
15.38
14.58
15.63
15,57

Fep03

2.01
2,04
2.05

2.17
2.21

2.78

1.37
1.85
1.30
1.54
1.90
1,52

Fed
4.11

2.66
6.67

6.58
6.68

6.88

Mn0

.12

.05
18

l12

.12

.14

Mgl

5.69
1,02

4.61

3.14
3.37

Ca0

o .
7.04

1.55
5.09

2.54

2.49
s

.49

1.06
2.65
1.83

. 1.48

2.35
2.87

Nas0  Ko0 Palg

2.69  2.32 .17
.37 1.90 .06
3,21 1.31 .10

3.68 1.68 .13

3.61 2,06 .14

-

3.32 ‘<4ij{’JS;;:

4.30 2.43 .06 -

5.82 1.44 .16

3.26 2,60 .06

3.90 \2- 14 ) 106
5,30 1.52 .13
4.16  2.17 . .04




Bréccigted o '
Porphyry 5109 Ti0p Alp03 'Fep03 Fe0 Mno Mg0 Cad  Nag0  Kp0 P20g

\ | L .
8136 75.05 .20 14.57- 120 -0 05 4,40 170 459 2,21 .04
“ 8142 6;.41 .__.34‘ 13.90 1.84 1.71 k;}ﬂ . 3.42 6,48 4,52 2,09 .14
Porphyry N . "
- : | |
Pl 73,97 .22 1553 1,28 0O .03 44 1,16 4.79 2,53 .06
PS 73,18 . .18 15.10 1.3~ - 0 .04 ° .84 1,45 577 1.77 .05
P12 L 70,42 .27 14.57 1,77 55 .06 3.26 . 3.2 4.36 2.03 .1
P13 71.93 .19 14.84 1.5 0 .05 1.32 2,08 5.28 2,26 .07 -
P23 74.68 .17 15,05 1,15 0 .03 37 1,58 4.70 2.79 .06
p24 73.26 .21 15.42 1.23 O .02 41" 2,09 5,44 1,86 . ,06
p27 . 7494 _ .20 15.34 1,08 0 .03 35 1.5 5.05 2.17 .06
P28 74.19 .18 15.64 1,07 0 1,02 .35 .76 4.76 2.42/,_¢05__H%\_ﬁ//
P34 74.22. .16 15.92 1.30 0 .03 A4 1,63 4,10 2,96 .06
P35 75.3¢ .17 15.66 .66 0 .03 .38 34 6,12 2.42 .03 '
o .04 40 1;42 5,85 2,10 ,05. -

P 74.38 .19 13.61 .95

161
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f.A. ! € 4y .
B SR ) o0 N . . '
. A . -t . - e , ) . - . ~ . .
.Y T Tabid A-2 A s f\' ) ' _—
. \ . . ) . . _ . . . . . : ' ..
o ‘; . ' . K ' ! . . Do, ' I . 4
_"_ ' ; o . Trace £lement Ana)yses - ' ' ' :
_ S in ppm e i -
'.,‘ - Lower - - . o0, ] = .
' Volcanics.  Sr- Rb K/ﬂe Bg Y b { . 'Th Pb

A "8002-2  129.5 Jid T 9y 300, 23 _,_.'12‘L ‘2,28 . 3.496°
L 8004-2 1019 - N6 12.7. 0.1 25 J)aa” Cn
S sbor-2 5.9 o6 s\, s9.2 26, Lo
N . 8008-2 M43 22,2 103.7° 2204 - 17
Lo s0l0-2 1147 27 6.7 469 29
| 8011-2 1365 2.1 5 - \S5.3 2
: 8012-2 76,2 1. 1.7 301 17

. 8013-2 . 163,2° 12,0 . 15.3 -G9.2 20 1/ 55
\7 . .ocsol-z 93 0 7 L6 3.8 19 -2 4l
T 8018-2,. 1251 1.2 46 01520, bo i

LT 801942 145.1 2 5 .~9.4 39,2 .- 95 SR AT c' '." wo.6 oot v
7 A . . .

) so21-2 1191 _ 07 \ie.a 22 - ¢
8023-2  77.3 0 1.7 0.4 22 esRY 'i’ 24{}

\ - e B02s-2 mas 1.9 o 0 54921 2 46, ?_;, f'Lm1672 \ - 2

)

v 8028-2 ,20.1 1.0 7.4, 463 18 2 -5 - .69 ,.°1,92 J161.3 . _
. 8030- 2 105.5 .2 7 5.5 - 30, .30 10 62 2.05° 3 51 j'zr v e
. b 80312 129.8 - DL . 3.5 a;s4 6. 2 12 78. ; o

L 2P803452  109.4 . ol 401 L3051 2% 2 0 41 "1\ /
- 3 - Er g /:. . . . . AV X
. ! :‘f . " . x - b ,‘ . v ot -
- B | - 7 L) v VI
- ;’.7- . ‘3" " ~ J' . "‘ . M
L - N ‘ --' * "1- .l‘ . * .
v - . 4 f ,
- \d\ S - s




- .
n'. + !
l._ -
1
-
'f:\:. P Y
! '
,\\
A
L]

-Lower
Volcanics -

st
-’

. 18035-2 ¢7-94,4
©.B037-2 1091
8039-2 ." 99.3
804112 < 141.6
8044-2  109.2
8106-2,.. /1887

. sbaR-kr 13007

208.3
+ 8048-2 - 163,1
8050-2 76.9
805132

‘109, 2"
) .
. 8054-2°  2}92.9

S

Sr. -

N T ’R

MR - Ve

2. -

. LA A

CRb:Y cert B Y
e

.7

- *

AN

7

.4 .

.0 .

. . I/
3,2
0

47.9

7.

2,

0.
50.0

. 8055-2 . »206e2 6.8
c ; -"{-:- y -\

TN 4948 12
L R

\_-‘.'4

35(3 © 22

‘6.9 .
IR

fo.3
5.3 30,1 23
D 34,9 i;\\
98 301 25>
1.6 5Ll 20
1o 3001 33 .
.15 419.3 16
‘&2 63.8 .01 .
'ﬁ439]?; 37.1 41,
0 Y- 30.1.- 127,
19-'1_}615;4 7

. - . R | .\,' . L i

: cet - A
84+9 -,78.9-1-B95.8 13 L - 169. ¢
"w56?°ﬁr\§a58?¥,'1l§§'2; 693.9 7 '

O\

R 117 1 IR A
© T BTIgeL - R15.8
eaL 0 52p5-1




. - L / - ) .
T / ( . = ‘1" o M " ' "
N,
o : g 2 L
Co ' - Osisko Sr Rb Ce Ba Y Nb 7 Th Pb, Hi
! : .
N v 0-1 ' 3042 79.5 19 A\ 362.6 9 1 102 6.6
K ”)' S 07 199.4 5.6 oA 77.8) ,
! | 0-25 427.9  58.9 . \ZY‘.# N
0-11 232.2  15.6 83
0-19 279.9 .9 ‘ 52,8
¢ . 0-24 205.8  31.5 41.2
Upper "/
o Volcanics
' : Yo \
6222-1  198,8 6.0 7.5 124 32 1 100 2.35  2.57 138.7 /
Y 6193-1  156.3 17.0 0  143.9 7 1 81 AT 75 N . .
NG 5261-2  150.5 9.8  24.7 178.4- 43 8 103 C T 18.6 «
R 5256-2  62.8 10 13.7 153 - 36 12 107 1.07 2,18  88.6 ,
\ 8113 44,1 0 12.6  30.1 33 ‘12! 100 : 92.3. '
8115 108.9 0 . 14 30,1 25 9 93 © 145.9 ‘
8118 124.9 9.9 2.6 112.4 12 2 72 188.6 -
5268-1  138.0 5.8 18.2 -30.1 40._ .9 13 . RS TR } '
5265-1 121 1.9 17.8  67.4 32 1 94 1.50 s 3.15° 664 A
5302-1  129.0 5.1 119 h21 3% 1 108 1’;'70 2.81 %,1 :_'»«2
5300-1  261.3 13.8 8.5 213.6 25 10 7% 65.0 .
o 3
~
, A\ “
) ' ';j - e e ,_‘m.._('.:_,_,_'_..;_,.,,,.,.‘.-.p‘7,-..~--.~~-.—.“.w...‘.__..,.mkm

. PP I TR, . - PR .
PRPYATS. ¥ T S L M g



L R o
A

Misc, 7 |}

G.F. - 'e/ Sr

8053-2  110.3

8053-3 102.0

'8065-2  242.9
Tas,

8060-2  243.6

8093 356.7

8137 1146

8140 ~,300.8

8064-2  270.9
Arg,

8143 321.3

8145 271.6
Amyqg

8095-3  262.4

/o

Rb

94,
86.
53%

16.
/1.
51,
29.

1.
89,

58.

3
5
7

.
o= O W

18.
22,

11.
28.

o
(8 B -

[Sa]
—
.

(=}

10.5

Ba

526.8
469.8
449.4

415.6
127.8
714.4

494

418,

416,
309.

10

10

14

14
20
9,
12
13

22
21

20

— A e AD

12

13

11

151

39
136
113
102
108

124
134

108

142+ 5,05
145 !
3.86

2.52
3.15
3.19

.91

8.25
9.06

2.66

4.54
10.09

‘15,92

4,67

20.43

17.40 .

'310
63.
210.

2
4
6




>

Brecciated
Porphyry ., 5Sr
L]

< 5230 .412.1
Aﬁk 5232 463. 1
5233 "510.7
5240 410.7
8131 462.3
- 8134 604.2
8136 529.9
™~ 8142 559,6
Porphyry »
i i
.o Pl 248.8
- pg 542,5
P12 * v 417.1
PY3 4858
\ - P23 574.4
N P24 205.8
p27 442.5
p28 317.1
‘. . P34 425
| P; ) Ef'
[ ] -

b
60.
40.
66.
53.
a2,
56

55,
49,

™ AD

-~ un o o O
§L

* 3

76.
63.
86.
74.
85.1
31.5 .
59.5
72.5
77;9

N~ N

Ce

16.
53.

17.
48,

<o
.
W e s Wm = o N

h

(%)
]

16.
28.
22.

16.

10.
10.

N O = = B W Y

]

~

i

» -
' ‘/’D :\--.'fl..-
Ba Y Nb..Zr Th "ﬁi Ni .
77.5 5 1 99 .03 1182 14.8
982.5, 12 12 133 496 °7.16  32.8
686 510 790 .09 12.37, 9.7
545.2 ° 5 1 87 .16 10.35 8.4
10058, 7 1 130 411 6.54  32.2
694.8° 2 27 91 .84 14.00 9.8
624.6 6 1 90 J5 4,737 849
75.7 9 10 108 4.74  8.07  7.84
698.7 1 1 83" “ .0 10,10 .
67,1 - 5 14 .91 .81  6.12 8.3
593 3. 17 Y 3.04% B.82 7
483.7 4 1 y V.44 13,68 ¢ 28.4
785.3 1 1i ) L5 v 956 1.9
747,67 L 4f - 2,27 15,18 7.3°
671.€/j2‘ ) SR RN T 5.40 0.3
654.6 4 0 93 .3 . 3.7 7.0
950.3 1 1 91 1.5 1116 8.8
4 ‘ p . i )‘

.LEJJ;“‘?J' | f

Sertedas

'l8.9 W .. °

N

o

&
i. :
e S T

961 ~

ek i s ek raeaged
' .
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/

T ,‘ r -~ \ ) . ¢
( VAR A ’ P 2
! o ’ ! u )
;7 Table A-3 ’ A\ 4. -
\\ ‘ S '. '
T Trace Elements
¢ (external lab)! ‘-' )
v - | j o
~ P1 P5 P12 P13 P23 P24 P28 P34 P35 PF,8131 5230 5732 5233 5240 0-1 0-7 0411 0-19 0-24jp-25
N . /h - ’ ' ) . ] ' '
Co {ppm)* 50 50 40 70 65 _'s},‘_:;o 65 7085 35 40 30 40 30 45 654 60 -85 70 60
Cre | 10 5125 55 5 5 10 20 5 5 50 15 45 10 10 180 115 ﬁs fao:. s 40.
Cu* 15 25 20 30 15 50\. 5 15 1565 10 10 5 ,25 10 40 175 65 30 360, 95
: Y i e Y
Gat 2525 30 25 30 30 25 30. 3020 2 -20 20 20 20 2 20 -20 20 35 254 -
Li* 1010 10 10 10 15 10,10 2010 10 15 100 10 5 40 35 30 20 Mo-010 5
Mo+ (<1) 1, 1 1 2 45 1 1254 1 1 1 1 1 1 4 1" 1 7o '
Pb* (<10) 1010 10 10 10 20 10 10 1010 10 40 10 20 10«10 16 10 10 10 °10
sct 5§ 56 5 5 & 5 5 § 5§ 6 5 6 & 5 20 40 40 35 45 45
vt 2525 10 10 10 f0 10 10 1025 50 25 45 - 25 20 150 400, 250 300 1300 700
— Zn* ., 4520 50 45 20 15 15 35 50 35 45. 75:70° 40 ' 85 13 120 :
\\'_. N / < \.’.’ . ', .
L1 R )
* atomic absorption analyses ye .
+ spectographic analyses R . e .
1 a11 work carried -out by Mineral Research Branch Ministry of Natural Resources (1977) : rr . .
4 .
)
o,
r] ! \$ ’ - ‘ .

LS
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, APPENDIX B

7.0 ‘/éRUCTURAL.(JOIN'T) DATA
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s R
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a1
“ o - ’
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- a4 - .
RIS - L
- '
o/
- N
. »
r A
.- i -\é&v -] <
- .\, ‘\:}
* = r—;,..,_; .~

oy
e



, | 2
o ;;%igggo"f

/J

LI

.h‘/f

Table B-1
20/80 . 264/90
286/57 52/60
340/90 6/90
350/66™~.  240/90
32/62 50/90
48/54 310/48
242/28 . .-324/84
356/90 26/70
299/25
18772
34/84 44/74
14/82 148/74
150784 46/70
42/88 N\ 156/89
42/49- 68/54
24/82 150/84
'140/80 ~58790
806/70 "\ 136/54
274/89" . 30/84
i30/84 50/86
194/82 16790
248/74 50/72
260/48 140/90 -
4/90 209/67

—

* all readings made using_

N~

/,.-‘—

L4

. APPENDIX B -JOINT D;;;-T§:?<::\\\

Lower Sequence Joints*

194/89
270/86
-26/70

79/52

0/58 °

270/54
60/80
210/84
164/82
140/86
330/66
308/90
300770

58/76

350/90
300,80
30/66.

" 320/90,
,210/40
30/90
128/80

" 224790
166/64
276/60

350/80 180/60
24/82 340/50
8/80 60/80
130/72 344/80
96/62 -  47/80
© 50/80 12/90
100/90  337/90
-~ 350/80 270/60
166/80. 0/80
50/80 328
166/80 ~ \ lzo}eo-
90/80 . 304728
- 20/9F" 20/70
76/80 135/55
58/74 52/90
340/90 135/70
10/90 161 /60
270760 280/60
0/80 348/80
80/80 34/80
120/90  55/74
160/90 '62/65
150/70 1292/90
342/90 °

»

30/50

standard right-hand orientation

199

70/90

105/70
15/90
165/80
177/80
50/80

106/90

337/90
150/80

"160/60

67/90
32/90
167/80
{ .

N
AN

'



: | - I_ 200

-

Table B-2,- T .

Por'phyr‘-_’y Joints.

244 /68 334/76 N . T 336764

284 /66 76/86 302/76 . 310/90
30/50 136/66 ~170/82 50/72
130/90 . '206/32 110/90 '24/80

71/34 : 244/90 74/54 7 110/90.
286/60 154770 160/90 14/72
290/64 260/54 190/90 44/50 ¢
300/90 240/72 , - 246/70 300/40
344 /50 . 172/74 150/48 170/80
320/90 . 130/68 208/90 100/70
266/72 ‘L 14q;59, ~330/60. ,,//

50/78 - 8bse0. . 206790 o
344/82 - 306/5%6 158/74 -

32/66 " 260/58 7 .310/60
300/84 194 /90 T 230/90

82/70 - T 134/52 204/90

12/76 210/90 236/54
290746 254/86 _ - 110/889

28/T0 06/78 18/58

10/82 50/66 232/80
310/76 258/84 ' 310/90
260/28 40480 220/88

80/74 304/90 0/90 )

40/84 ' - 246/74 320/90

230/80 16& /64 240/90

L S S NP
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Table B-3 .. &
Upper Sequence Joints . ™ -
350/75 " 10/74 ' 60/90 200/60 -
345/90 _ 10759 : 10/74 ~ 15/80
340/76 15/50 : " 75/85 © -+ 60/90
285/90 330/90 360/75 © =10/90
350790 - 10775 . 50/90 .. 10/80
*15/90 ! 15/718 50/68 S 210715
315,90 -> 30/90 ' 320/72 " 270758
345/82 350/90 0/77 260/30
95/51 30/90 300/90 © 90/67
10/59 5/60 40/54 280/90
105/85 350/48 235/60 . 280/86
28/85 10/50 300/70 350/90
20/80 315/80 20/75 20/85
- -350/90 - ¥5/70 - 70/20 330/85
305/90 110/80 10/72 45/70
20/80 X 10/50 v 0/10 350/90
315/48 55/90 345/90 '340/90
305/90 315/90 15790 100/78
150/48 20/52 340/70 «  330/90
15 /48 105/90 _10/80 0/90
105/70 25/52 o+ 0720 90/90 .
20/80 95/76 L 350767 340/80
285 /60 285/90 340/80 20/90
0/90 20/85 90/70 - 346/90

10/76 . 40/90 100/90

-~
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- APPENDIX C - HIDDLE SEQUENCE CLAST SIZE DATA ﬁl' S

N

Table C-1_ R R - _,~\} -

S D |
o . Facies B Da}a : k—(

| | S E

.--‘-

[}
-

* . . o e
Station No. Values - Length/Midth inem_ °  Dio ~ Dw (L/w}

8060 18.5/10.5, 4.5/2.2, 7:0/4.2, Y 5/3.2: o B \\\

6.6/4.2,-10/1.55 5.0/1.5, 4.042 o S T
3.5/1.5, 4.5/2.2, 8.0/2.7, 4/1.7, _ . N
372, 2.8z, 4l T2 1.2/3se2.0
- - - \

- \.8062 873, 3/1, 3:2/1.2, 8/4~3.5/245, . &

| . 3.5/2.5, 5/3.5, 7/4.5, 4/2.5, 9/6, - N T
Voo 15(8, 13/5, 10/7, 1.5/4.5, 5.5/2.] 8.8 8.8/4.8<1.8 - . -
,\. 8"
. 3}§. B

8053 31.5/1, 3/1.2, 21, 3/ 5, 4/1.5, * '
o 5/2.5, 3/1:2, 3/ 1.2/1.2, 1477, - S
5/.7,'371,%/1.2, 1.3/.3, 112/.3 - 3.8.1L.8/1.1=3.8 [T
" 8068 °  14/9.5,°12.5/11, 18/17, 21/18, | o
: 18/12.5, 2345, ,30/20,’30/9, 22/11; . g -

28/14.5, 33720/ 22/8 29%}3 19/16,
. 22.5/12° .

Y

[es]

1z

P

26 -~ 26/15.2=1.7
8069-1 .. 40/36, 30725, 34/22 e, 3820, S
" 60/50, 40/20,30/18, 22/14 29/23;r N
- - Y_25/2%, 20/14, 42/18, 3619, 29/14 38 8. 3. 8/24 2516 —-
8069-2  T12/8, 18747 12/7,-17/2, 22/5, 9/9, . ‘ .
- 9.5/5, 9/5. 20/12,\13/4~ 17/9, 12.5/6, s
17/10, 10/6, 11/15 15.6 15.6/6.7=2.3,.
s 8070°. . 19/9, 14/9, 23/15, 16/13, 17/16, , - L
_14/10, 15/10, .12/8, 13/10, 11/5.5, . : N
\ 13/8,.18/11, 22/15 18/12, 22/17° 18 N8/13.813

8072 . 118, 2%6/12.5, 2114, 21/15, 2128, - o
_ 16/14, 1311, 10/10," 96, 17/11, 14/9, S
10710, 20/8,9/5.5, 8/6.5 - T lee 186/ 3e16 . L -

8073 .- 22/17, 18716, 37/28, 30/17, 28/22, / B
| 18/14, 18/18, 30/24, 30/22, 23715, : ) .
o KQ 1677, uﬂzauw wﬁ04wa 369 3gplasls
NG < . - Lo
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| 4p”{2/2# - TableyC-2 D R T (R ] -

A | T /‘ <\ A :_ . ‘Faciés C Data N

~ S0 R T .- . | o _

: . Station No. Values ~ Length/Width in cm D10 Do {L/W). '_

a§74-
oo | ~*1;;75

' 50/241‘38/26

22/9, 13/6 10/4 22/14, (36/29 17/
“~15/7, 18/6, 19/8, 16/10, 20/13
—16/4 17/8 11/3

16/

- ‘25/15, 30/6 16. 5/8. 30/8, 38/26,
26/9,.23/11,- 28/14, 23/13, 37/29,
33/24, 27/15, 29115 19.5/718. 19/7

34/14, 23/13,&42/25,
29720, 33/19.
18/10, 24/15,

* . 49/32, 41723,
23/15,-2)./18,
26/12, 30A11, 18/9

23/14, 65740,'24/22;
27/14, 28/18, 20716,
. 38/13, 26/10N32/20

15710, 21/15, 33/8,

1777, %0712, 49/14,
20/9, 14/11,

30/14, 48/20,
31720, 30/14,

19/10, 21/16,

15710, 25/12
_ 25/11, 28/32, 15/11.5,
-

19/8, 23/10, 17/8, 12/,
133/16, 23/9, '14/4, 23/8.5,]
28/r2 23/10 24/9, 64/16,

14/7,, 20/10,

/8, .
9/20

42/18 28/17 29/13, 26/17
27715, 53/22 38/18, 48/30* 37 1
59/20,-48/20, 35415, 39/23, 27‘/11

_"0'2/13' 60/15, 88/13 120/30 54]15\
50/14, 100/15 54/13 "65/8, 40/15,

-.63[15 9?/8/45'/10 40/9 62[14 //

_4’ 8, 26/19,,19/14, 14/10 TS
C 15y, 12/9, 16711, 1978, 56/33,-
10 2.5, 11/3\5 10/8 10/5 17710

’\—wx

- 20.6 20.6/11.5<1.8 .
. 30.4, 30.4/16.2=1.9 -

5, 30/17,

-

-

' 24.8 .24.8/14.721%7 A4 -

20/8, 1619, 13/9 lA/? 2079, 16/8,
<. 14/6, 18/8,-23/12, 12/5 ) /6 21/13
~-1 12/7, 16/?- f9 _ i :
. 4\ = .
Do = -T2

 33.8 33.8/18.8=1.8 ‘»

-

,
LA - /

. // ' '.' ';.-i'
39 39/20.9=1.9 - o
N :
\\:‘ : .
LY
24.1 28.1/11.9=2.
3@?'/)32/1i.¢=g.a
N ’ 7 - : "_.. n
1 l *

42.8 42.8/2052-1

. « e
78.1.778.1/14.6=5.3 .. . -
8_1-\ 8.1/1 65,5 s

LY

-
P,

18.5718.5/9=2.0 .
) . S (“ S . '
RN L
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i) Analytical Procedures *

:Appendix D - Analytical Procedures and EF;;rs

e
(s
T - ’

. A .

7 . - .
A-totadl aof 80 samples_have been analysed by X-ray

p———r

fluorescence for major and trace elements. These were crushed to

-200 mesh using a Spex InduStries shatter box with tungsten carbide,

r1ngs. Care, was taken to remove all weathered surfaces Before

,crushmgw\ Majar e]ements were determmed usmg ‘a fused 2 1 mixture

Y

gf Tithium tebraborate and rock powder. Carbon cru$1b]es
conta1n1ﬁ§ the powder m1x§ure were heated at 1150%C for 30 m1nutes‘»
Loss on 19n1t1on or volatile loss was ca1CU1ated aqﬁ#ﬁécounted for

Ieéf than 3 uﬁy;’

Trace elements were determined using pure rock

. powder.. Pregsed discs gé;each sample .were made following the

procedure outlined by MEPshand (1973).

The!'chemical analyses were carried out using a Philips,

\

Model 1450 AHP automatic sequentjal spectrpmeter hcused in the

Geology Department at McMaster Uni;;ésity.a Raw data were corrected

for absorption and enhancement effect {(Marchand, 1973) &nd the

‘?Wna1 values determined against USGS standards..

The major elements analysed were:x/éif Al, total Fe, Mg,
t -

L)

Ca, Na, K,'Ti, Mn, and P. A“Cr X-ray tube was used throughout.

" One sample remained in the spectrometer at all times serving as a

drift monitor. Machine settings are given in Table D-1.

205
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The trace elements -ai_nalysed were: Sr, Rb, Ba, Ce, Th and
Pb on a Mo X-ray tube and YTer:.Zr;.and Ni-on a Cr X-ray tube.
Machine settings are given in Tabdes D-1 and D-2. ' R

ATl rav; data were first converted from tape to cards.using
the-Jape-Card Conversion Program of Mudroch (1977}. Individual
computer prq?rams, developed and.prove; valid by’éraduate students,
for certain elemental groups were then used to pr?duce the f%naT
values. Alllprograms can be found-in the computer geology library
at McMaster University. o .

-

Analytical Errors

There are three sources of error in ana2lytical techniques:
statistical error or prgcision, systematic error or accuracy and
sensitivity (Shaw, 1969). These errors were examined in the X-ray
Fluorescence analyses of majof and trace elements and the results
are presented here. o,

Precision: Variance, standard deviation and coefficient of
variation were used to check the precision of the analyses.

Table D-3 shows the results for two whole rock samp1és rum

in triplicate. Most oxides fall within the 0.5 to 5.0% acceptable

limit. for the coefficient of variation suggested by Shaw (1969).

A}
The exceﬁﬁ{ons are Nap0, K0, and Pp0g. The oxidgs with high con-

-

Elements with low concentrations and couht rates are less precise.

. a
centrations and count rates show precision within 1 to 4%.

206
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The value for K20 is sat1sfactpry in more felsic rocks :(e.qg.,
samp}/j% -23 of the porphyry, compared to the basalt B-7).

Accuracy: To judge.thé\EEEuracy'bf an analysis, it is

]

compared tc a reference or standard sample whose composition is

known from preparation. Compar1s1on with W-1 and BCR-1, using the

standard values from Abbey (1975) is* shown in Tables D-5 and D-6.

N

The bias- in a1;_pases was low and within the acceptable range. In

calculating the % bias, elements with low concentrations resulted
in higﬁé? values. |

Sensitivity: The lower limit to an aﬁalytica] method is
determinQR by the point where a weak signal cannot be readily

distinquished from background or noise {Shaw, 1969). Following the

worked gxamp]es of Jenkins and DeVries {1972). the lower limit of

detection (1.1L,0.) was calulated using the formala: SN
N
P
LLD = 2 Tb _Rb
m Tt
where Tp = peak time
Tb = background time .
Tt = total analysis time.

p-$. peak -
s background

Table D=7 lists the lower ldmit of detection for ten trace

elements and the comparison standard.

. - H

-r‘
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i1i) Summary _
The-results of XRF'ana]yseslare listed i AppendixA. Nb*

and Th have bias levels in excess of 10% an&qﬁny interpretation
‘invo1ving these must be guardegt : I{‘r

Appendix A also 115&5 values for; Ag, Au, Be, Co, Cr; tu,
Ga, Li, Pb, Mg, Sc, V and Zn for the porphyry samples and a few ef -
the lower basalts. These analyses have been produced by %hi}

)
Ministry of Natural Resources. No attempt has been made to analyse fi

the values or errors in detail. N

C.1.P.W. norms were calculated using a computer program by
Mathison (1973}. The total Fe content was separated into Fepl3 and
FeD components based on Irvine and Baragar's (1971) correction:

% Fep03 = % Tilp + 1.5

The results are tabulated in Appendix E.

. v\'.af\t,‘_g“_-‘?_d
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Table D-1

v
- XRF Settings )
Prolgr‘am 2 Whole Rock 1 Rb-Sr 4 Ba-Ce 5 Y-Hb-Zr 8U-Th o 6 Ni
Tube Cr Mo W e o - cr
Crystal = TLAP LIF 200 LIF 200 LIF 200 LIF 200LIF 206 - .
| KV-MA - 50- 50, 90- 30 - 50- 50 50~ '50 85+ 25 50- 50
Counter Flow Scint. Flow Flow & Scint. Scint, Flm;:;‘& Scint o
Col]imato: Fine Coarse Fine - , Fine Fine
Vacuum Yes Ho Yes \; l’es No Yes,
Window LL-UL 250-750 250-750 350-7%0 250-750-. 250-750 250-750
High Yoltage 380-564 380-564 380-564 382-56‘_4 \ 382-564 382-564
No. Samples 1 Drift, 3 4 4 4 | 4 ] 4
Standards large range  NBS 70A, G-2, NIM-N, W-1, GSP-1 + 3 more A-GV, BCR ’NIM-P, JB-1, ,
GSP-1, AGV-1, BCR, AGV-1, . W-1, G-2, NIM-N, Br
W-1, BCR-1 NIt-L, G-2 GSP, NIM-G GSP-1, AGV-1
) '
~ -
A ) ‘ -

T T T O L N Y ST vy - L.
AR LT N C R R L SR S S L
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Table. D-2 '(:‘Id_
Parameter Values ' \\
AL o
1 Rb-Sr 4 Ba-Ce 5Y-Nb-Zr 8°u-Th

1121391 6600305 - 4180501 1000303 5125801 7000303 8021391 6600305
1124381 6600305 4179301 1000306 5126581 7000304 8025901 6600305
1125801 6600305 4178241 1000303 - 5124381 7000303 8026151 6600305
1125801 6600305 4174531 , 1000303 5125101 7000304 8026601 6600305
1126511 6600305 4171641% " 1000306 5123311 7000303 8027481 6600305
4170741 -1000303 5123721 7000304 8028251 6600305
' 5124551  7000303. 8028751 6600305
.. 5122411  70Q0304 8039791 6600305
5121001 7000303 8041781 6600305
6 Ni 5121351 7000304 8045011 6600305
5120331 7000303 8048651 6600305
6048201 . 7600305 5120071 7000304 8049501 6600305

6048651 7600305 . '

6049751 7600305 |
‘ .
.,
n " .

’
* :
B Dy
. 7/
~,
-{'
- ) \ T
Q.
‘ .
..o
) K
LN
IS ’
™~
N
—
o
/ ’ r

e gk
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Pre«iision (Major E]erﬁ'entg), ¢
' ean \ ar. Sd. cvy
LA _ J,
. Y
_—Sanple bi23 ‘. '
Si0p 74:68 74580‘ 74,96 ° 74.8i .019 0.14 .19
A1503 15.05 15,16 15,22 15,14 007 0.09 .57
Ti0p 0.17 0.16 0.17 0.17 - + 0.006 3.40
. Fely L. 15 1.13 1.14 1.14 . 0001 0.01 0.88
MnQ 0.03 Qf03 0.03 0.03 - - -
Mq0 0.37 0.3% 0.37 (.36 L0001 0.01 3.21
Cal 1.58 1.55% 1.55 1.56 0003 0.017 1.11
Nay0 4.70 4,76 5.25 4.90 .091 0.30 6.16
K20 2.79 2.81 2.83 2.81 . 0004 0.20 0.71
P20g 0.06 0.06 0.05 0.06 - 0.006 9.62
*Yar = Variance, SD = Standard Deviation, CV = Coefficient of Variation

Vot ek e Al b o

'.IIZ

.
R R R SRR PO LN



Table D-3

—_—

- )

Precision (Major Elements) yd

Sample B-7 Hean Yar, Sd. CV%
Si0p 51.72 51.70 51.91 51.78 .01 0.12 0.23
Al1,03 15.25 15.73 15.70 1h.56 .07 0.27 1.22
Ti0 0.4% (.43 0.44 0.44 - 0.01 2.27
FeOt 10.33 10.09 10.28 10.33 02 0,13 1.24
HMn0 0.17 0.17 0.17 0.17 - - -
Mgl 4,64 4,58 4.56 4,59 .002 0.04 0.91
Ca0 15.50 15.61 15.85 15,65 .032 0.18 1.14
Nao0 1.06 1.30 0.99 .12 .026 0.16 1}.5
K20 0.16 0.15 0.14 2,15 - 0.01 6.67
P20g 0.08 0,09 0.08 J.08 - 0.006

[A ¥




Table D-4

Precision {Trace Elements)

Sample 8030

Sr (}04.4

Ba 30.14
Ce 5.55
Y 33

ir 70

Nb 10

Hi 79.4

Sample P-23
Rb 86.9

Sr 58.4

Sample P-34
Ba 950.35

104.3  105.5
30.14  30.14
5.04

29 30

73 62

12 10
79 82.8
86.8  86.1
58.0  58.3

951.67 948,45

Hean

104.7
30.14
5.29
' 31
68
10.7
80

85.1 86.2
57.4 58.00

950.1

Var.

.44

0.13
4.33
32.3
1.3
2,65

.69
.20

1.45

'So[)o

. 66,

.36
2.08
5.68
1.15
1.63

.83
.45

1.21

CVY

0.64

6.82
6.72
8.36
10.74
2.04

0.96
0.77

£1Z



Table D-5
Accuracy (Major Elements)

oy %
W-T x - Bias Bias BCR-1  x° Bias Bias
Si0;  52.72 52.10 0.62 1.0 54.85 54.53 .32 .58
Al203  14.87 14.45 .42 2.8 13.68 13.54 .14 1.02
Ti07 1.07 1.14 .07 6.5 2.22  2.30 .08 3.6
FeOr  11.11 11.65 .54 4.9 13.52 13.77 .25 1.8
MnO 17 .18 .0l 5.8 19 N9 - -
Mg0 6.63 6.14 .49 7.4 3.49  3.40 .09 2.6
a0 10.98 10.70 .28 2.5 6.98 7.04 .06 .8
Nap0 - 2.15 2.83 .68 31.6 3.29 3.08 .21 6.4
K20 64 .67 .03 4.6 1.68 1.8 .12 7.1
P405 .6 .13 .0l 33 .3 .03 9.1

7.1
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Table D-6 T R -

Accuracy (Trace Elements) S o

: ‘ : — T S
W-I  x° Bias Bias BCR«l  x Bias, ~Bias

Rb 22 2.6 .4 1.8 48 @8 - -. -

Tse. 190 191 1 5332 338 - 6™ 1.8”
Ba 210 203 7 . 33 680 697 ‘17 2.5..
Ce 23 2 1. 4.3 ";-54 56 ff. R 3.7

Yy s %1 4.0 46 44 2. 43
T o ST E
- - 105 105 - - - 185 174 ~ 11 5.9
Ni )8t g7 - 9. 15 16 15 .1 6.2
Th 2.4 33 .09 3RS 6 6.2 - .2 3.3
Pb 8 o -1 125 15  -14.4 .6 4.0

N

- v -

*yx = Mean of four determinations:

O. -
ot ~ .
- _‘1'
. .
. X
L - . ~ \
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. - = atd
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,gf,i) N o’ Ry R o -
e to T e \ R
Tablg E-1 =~ -, | } .. -
Lower : . ‘\ AN . Wt onl, A
Volcanics “q- or ~ ab an “di by , ol mt 11 _ap _sp co_ " he Iotal .
' o " S ‘ B . . . o . L
__8002-2- 26 .12 15 32-' 31,94 24, 01“21 97 . -\ 3,48 1.73 .16 e 100. 0L « '
© 800427 " 1.06 - 26:32 28.29 _14:73 19.41 4,72 3.58 1.18 .14 LT 100 00
8-33 " 1,36 83,85 33, 2f‘° S 1R31 “7.62% 3.55 1,80 23 01 ¢ o, 08
- 8007-2 : -(]". 1.36- 30.29 2%.63 15,27 18.69 .0} 3.64 1.92. '.16 e T . 99,49+
.. 800g-2,". . ' 1.20 13.96 21,58 ,30.36 16.00 °8.05 3.29 1.46, 1.09 - t) 99.99 A
3.640 1,30 12.61 ©34.35 '23.06 19.1) 377209 A 100,01 N pa
V1,59 19.80. 3042 21,22 16.90 .4.06 3.77 205 .18 /100,01,
39 .82 19,55 28,18 27.05 19.65.+ .- 307 1.18 09 = 99,99 o
© 2.00°°19.88. 21, 097 2 24.76 '19.15 2.2/3.26_ 1.42 .12 99.99 g
1,807 1.95. 14.04. 32,72 25.65 18.65. \* - 3.46. 1.63. .30 Coe2 bt
. .65 9.48 22‘,04 25.74 31.76 5)94 ©3.07 1.18 .14 J . "100.00" |
1,00 15.74 25,91 27.96° 1545. 9/32 3.26 [.4f .12 g 99.99. . -+ )
4.31\" .63 11.42 25.87 28.88 23.64 3.46 1.6 A8 v 100.00 Q‘/;\
N (L0264 23,95 2'3..73 24.79 -15.51 5.5 3.42 1.63 .14 100.00. I
< .71 22,34 19.64 25,17 18.40 9.15 3.17 :1.31 .12, 100,00 T« |
, 37 16.50 31.33,.22.46 16.97 6 3.@"@"1 63 .09 ¢ \ 99,97,
' 236 .89 11,51 30:04 25,92 26,03 3.44 3165 16 B 99,98,
3.39 .65 7.95 36.3% 14,87 31.07 3.61 +1,88" 8 ; £ 100.00 - N
) s LA oo, B N S A
s ~ ’ - ‘i, I
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Lower - t~ * N
Volcanics {) or ab an di \,ly. ol mt il ap - co. __he Total
! ) ! oy o o 3
8031-2 .95 ,18.70 32.23 20,69 18.32 3,79 3.48 1{71’- Jd4 0. 100,00
B-22 16.14. 1.36 24.45 27.14 15.74 9,30 3.44  1.65 .21 4 99.43 *
8034-2 r _;Z) 12.61 29.30 ,25.66 25.89 1.05 3.22 1.37 _.1&7 v 100.00
, 8035-2 L. % 15.74 30.47 33.97, 10.07  4.26 3.16 1.30 .0 : \\4ﬂ00.01
B-7 . 7.59 .95 8,97 36.38 33.25 8.35 2.83 .85 %.18 y 99436
B-10" 7.45 13.37 28.29 23.57 20.32 3,16 1,29 .18 98,83
: '*(;\8637-2 3.08 .83 17.94°34.47 24.41 13,20 3.75 2.07 - .25 100,00
. » '8039-2 2.76 - .89 18.53 32.02 11.67 28.41 3.64 1,92 .16 100.00
8041-2 3.23 .83 15.23 30.80 27.34 M7.01 3.57 1.82 .16 100.00
8044-2 37 . .47 18,28 29.52 16.09 29.49 3.67 1.96 .16 ¥ 100.02
8103-2 1.9 18.19 27.77 23.77 23.15 3,25 -1.40 .12 a 99.99 -
' 8106-2 1.36 17.43 34,38 20.14 16.40 4.65 3.61 1.88 .14 1Q0.00
8047-2 3.46 1 .53 °19.38 28.64 26.02 15.29 4.03 ;2.43 .21 100,00
8116-2  15.56 11.11 25,13 23.60 3.20 17.16, 12,97 1.04 .28« 100,01
80482 2.06 .83 19.97 24.88 17.34 27.06 4,47 3.00 .39 - " 99,99
8050-2 .77 43,58 31,58 8.37 27.08 4.51 3.6 .25 ' 100,00 - -
8051-2 : '2:54 .41 15.74 29.62 18.73 2.47 -3.93 (&30 .23 ;99,98
8054-2 19.16 15.48 25.30 23.45 .04 12.7 2.80 .82 .23 , ' 100.00
8055-2 . 30.31 13.47 27.08 6.19 2.90 ,.95 " .23 7.69 '100.01
A . _ !
- - ‘ - \‘_"1 .
» ¢ "(\ . ” ! -
/ ’ R
M y

a,;

e
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o . . v )
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/_ \ '
v’ ’ - . . ;’b . v . _ !
Middle f or ab an di hy ol mt it ap’ ‘sp co he Total -
) PR ‘ I
I . . ’ .
5310-1  27.19 21.57 29.11' 6.88 . 5.8% 2.9§ 1.06 .46 4.90 100.01 ; :
5295-1  26.49" 13.18 37.65 13,52 " 4,72 2.84 .87 .25 - . 4p T e s
: ! L - . ' L
- ~~ 1 ' . [
Misc. Yo ‘. : ~ S
Hisc. , B N
Greem-. ¢ - : \
Felsics g . T A )
8053-2  40.48 24.99 4.48 22.45 1.92 yeaz .12 32 2,33 © .91 100.00 - ‘
8053-3  42.11 21.63 6.94 15.32° 5.9 2,70 -.70 .30 - 5.07. 99,99 . T
8065-2 24,83 13¢95 40.95  5.65 6.75 2.93 .99 .30 3,65 . 100,01, ;
- O .' ) . .
Tuff, Sand ‘ ' ) ' RO
8060-2  44.05 "10.58 18.78 15.45 . 4.73 13 .74 .18 2.23 2,11 .99.99" LT
8093 31.56 - 4.31 23.61 21.44° 11.07 3.31 1,48 .28 2.94 100.00 ‘
8137 13.57 13.71 22.76 20.83 10.43 14.43 2.81 97 .39 100.01
" 8140 46.69 11.23 20,05 7.30 4,94 2.96 1.03% .14 . 5.64 . 99,98 |
| 8064-2  16.34  7.74 27.16 21.92 2.21 20.37 2.97 1.04. .23 99,99 i’
. Y
Argillite "
8143 . 20.64 9,93 31.14 11.75 . 17.23 3.15 1.27 .30 “.58 99.99 P
8145 18,55 12.17 30.54 10.99 17.88  __  3.20 “J35 .32 4,97 100.00 o
. « " .
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v . ’_l‘\j \\ .
) /\‘ " o , L
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Amyq Q or ab an di \hy ol mt il 3p  sp €O he Total

8096-3 12.51 10.69 28,09 18.53 4.15 19.33 4.03 2.43 .23 < 100,00
AN '
' T

Upper ¢

Yolcanics -
h222-1 9.19 1,83 24,54 31.36 16.58 8.73 ' 4.51 5:06 .21 ( 100.01
6193-1 3.96 20.31 33.25 22.05 14.59 .19 3,658 1.84 .23 100.01 .
5261-2 1.80 4.31 36.81 15.65 29.75 1.66 5.36 4.18 .46 99.99 . .
5256-2 - 8,02 , 2.90 34.78 21.39 14.38 10.66 4.52 3.08, .25 9.98
8113 1.88 A7 39,52 19.98 20.5 9.61 4,58 3.15 .28 - 100.02
8115 1.29 .47 13.54 31.82 18.20 27.28 ™3,90 2.26 25 \ 99.02"
8118 2.89 15.40 31.20 21.62 15.81 8.36 3.é2 1.377 .14 100.02
5268 12.73  2.13 14.81 24,43 13.51 25.00 4,33 2.83 .23 100.00
5265 .36 1,42 28.35 24.69 15.47 24,75 3.31 1.48 .18 100,00
5302 2,37 2.54 21.41 26.27 16.69 23.49 4,19 2.64 .32 100;00
5300 A 3.78 21.24 27.23 18.53 21.06 1.84 3:87 2.22 .23 106.00

Porphyry ~
Pl 33.61 14.95 40.53 4.66 1.09 06 14 ,46 3,20 1.28 100.00
Ph 29.17 10.46 48.82 6.40 1.34 ) 09 ~.12 .33 1.36 1.37 99.45
P12 26,08 11.99 36.89 14,19 80 7.75 1.19 .51 .23 .95 100,59 %-
P13 26.44 13.36 44.68 9.40 3.29 A1 .16 .33 .26 1.9 99.61
P23 32.99 16.49 39,77 6.97 .92 06 .14 .33 100.58

1.74 1.15
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P PPN

Porphyry Q or ab an di hy ol mt il ap __sp co_ he Total
P24 29.72 10.99 46.03 9.32 1.02 04 .14 ,+%6 1.04 1.23 100.00
p27 32.69 12.82 42.73 6.77 .87 06 .14 .41 2,20 1.08 99,78
p28 35.19 14.53 40.28 2.89 .87 04 012 .39 4,09 1,07 99.48
P34 35.16 17.49 34.69 7.26 1.09 06 .14 .31 3,13 1.30 100.82

. P35 29.37 14,30 51.78 1.02 .95 .06 .07 .33 2.60 .66 101.15
PF 29.26 12.41 49.50 4.68 .44 09 12 .34 .95 98,99

Brecciated

Porphyry
5230 36.92 14.36 36.39 4.28 1.29 04 .14 .41 4,04 - 99.26
5232 22.92 *8.5 49,25 12.10 4.70 2.68 ._37 .66 .52 101.72 "
5233 40,70 15.36 27.59 8.28 1.54 06 .14 .28 4.16 1.3 99,44
5240 | 39.57 12,63 33.0 6.41 1.49 .06 .14 .38 3.5 1.5 98,74
8131 26.48 8.98 44.85 10.81 3.83 2,51 .76 .30 1.30 " .16 100,01
8134 33.63 12.82 35.11 13.44 1.42 10 .09 .38 1.46 1.52 100.01
8136 35.87 13.08 38.84 7.67 .99 A1 .09 .35 1.82 1.20 100,01
8142 16,20 12.35 38.25 11.47 15.62 2.47 2.67 .65 .32 99.99

N
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. e ; o C e
* €
B} w
\ .+ Dsisko - Q or ab an di hy ol mt il ap. _sp __co _ he ‘Total

0-1 19.78 10.64 26.65 22.42 16,28 2.99 1,00 .23 .04 100:00
0-7 1.71 29.62 ?22.43 8,06 25.52 5,24 4,35 2,85 .23 100,00
0-2% 11.12 8.86 11.68 24.41 7.90 26.44- 5.29 4.08 129 100.00 .
0-11 2.78 23.78 25.78 19.76 15.99 5.73 3.84 2.18 .16 100.01'.
0-19 1.42 28.60 20.%2 21.63 15.37 4,73 4.48 3.02 .23 100,00
0-24 . 3.60 15.99 27.37 23.45 3,32 13.45 6.70 5,93 .18 100.60
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