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ABSTRACT

The Northern Granitic Rocks comprise a Eroup of

leucocratÌc to mesocratîc, plutonÌc rocks which occur

irnmediately to the north of the Rice Lake Greenstone Belt.

An area of two hundred square miles has been mapped at a

scale of 1:50r000 and several hundred samples have been

studied to provide data on mineralogy, texture, specific
gravity and. chemical composit.ion.

This appears to be a group of truly igneous rocks

which are intrusive into the rocks of the Rice Lake

Greenstone Belt. Compositional variation exists from an

area of homogeneous trondhjemite, charactérised by a high

silica content and a high soda to potash ratio west of

Wallace Lake, to more mafic, hornblende-bearing quartz

diorites and diorites east of Wallace Lake.

Both fietd relationships and mineralogical character-

istics suggest that the Northern Granitic Rocks are

synkinematic intrusions. This suite of rocks bears a

strong resemblance to the other quartz diorite plutons in

the area and to granitic intrusions bordering greenstone

belts in many shield areas of the world.
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A. Location

This area of dominantly granitic rocks, stretching

from north-west of Bissett eastwards to the Manitoba-Ontario

boundary, forms the northern boundary of the Rice Lake

Greenstone Be1t. The area of study is shown in Figure 26.

The northern part of the "Wedge Granitic Rocks", which lie
south of Wallace Lake and Siderock Lake, is included for

comparative purposes. Total area involved is of the order

of two hundred square miles, mainly within township 24,

ranges 13 to L7 , and township 23, ranges 16 and L7 .

CHAPTER T

INTRODUCTION

B. Present Work

This thesis represents a contribution to "Project
Pioneer", a detaíled investigatÍon of the area around

Bissett, Manitoba, undertaken jointly by the Manitoba

Department of Mines (Geology Division) and the Department

of Eart.h Sciences at the University of Manitoba. Six weeks

of field work was conducted by the author in the summer of

i-968. The areal extent and inaccessibility of much of the

terrain made the use of a helicopter necessary. In general,

map and compass traverses were widely spaced, especially in



the northern part of the area. An attempt was made to obtain

regional coverage. This report is based in large part on the

field notes and specimens of other l,tines Branch geologists

who carried out traverses within the area - namely, Dr" A.

Turek, J. F" Stephenson, and S. A. Amukun.

InformaLÍon was recorded on computer-oriented field data

sheets. Several hundred rock samples were collected during

the course of the work, and over a hundred thin sections

vüere examined to provide petrographíc data. This work was

carried out during the winter of 1968-1969 at the Uníversity

of luianitoba. Chemical analyses, modal determinations , and

specific gravity measurements \,rere used to establish trends

within the body" Petrological and mineralogical data were

complemented by Universal Stage optical examination.

C. Terminology

That part of the granitic massif north of the nice

Lake-Wallace Lake-Siderock Lake Greenstone BeIt has by

coÍrmon usage been referred to as the "Northern Granite" "

This was largely a term of convenience, because no granites,

in the strict sense of the wordr are actually present" The

term "Northern Granitic Rocks" is employed here to describe

this group of silicic plutonic rocks, and to serve as a

geographical name" Similar reasoning has led to the naming

of the "Wedge Granitic Rocks".

. The lensoid "inclusion" of diorite and gabbro south of

Leaf Lake has been described as the "Vüanipigow Diorite" by



Russell LL947\, but th-e

Gabbro't - will be used

th-ere.

D. Conclusions

The Granìtic Rocks are subdivÌded into several rock

units, primarily on the basis of composition. Moda1,

chemical, and specÌfic gravity data suggest homogeneity,

on a large scale aÈ least, in th,e body of Biotite Quartz

Diorite to the west of Wallace Lake. Chemically, the rock

has affinities with trondhjemite, being more silicic than

normal quartz diorite and having a soda to potash ratio in

excess of that'found in either quartz diorite or grano-

diorite. This segménL of the Northern Granitic Rocks

correlates ctlemicaIly, texturally, and mineralogically with

the other bodies of quartz diorite in the region, espec-

ially the Rice Lake Batholith. To the east of Wallace

Lake, the rocks are richer in mafi.c minerals, and hornblende

is present in additíon to þiotite. The bioLite/hoi:nblende

ratio decreases eastwards towards the Mafic Diorite [Unit

zOL. CtremÌ.cal, specific aravity, and plagioclase compo-

sitïon data appear to indicate that a series exists from

east to west across the granitic body.

The rocks become increasingly gneissic towards the

south-ern contact with th-e Rice Lake Greenstone Belt, and

the foliatÌon ìs bent around. to assume as east-west orien-

tatiorr.

name in common usage - th-e "Jeep

lrere sînce tlre Jeep Mine is located



E. Orùqin :of th-e GranitÌc Rocks

TLre North-ern GranitÌc Rocks, f rom tlreir intrusive
contacts, con-tênt of xenolithsr evidence of i1ow, and

ch-emical tromogeneity appear to be truly igneous, ât least

in the western area.

Physicochemical data tentatively indicates emplacement

at depth, ât a water vapour pressure of 5000 bars or less.

ft is suggested. that the variation observed in the granitic

rocks from east to west reflects a differentiation ser.ies,

developed within a rather sma1l temperature. interval. The

more mafic easterly units may have been profoundly modified

by contamination and assimilation.

Hietanen (L947) has described a sj¡nilar series from

the Turku d.istrict of S.Vl. Finland. Here compositionaL

variation exists from gabbros and. diorÍtes, through

charnockites, to hornblende trondhjemit-es and finally to

trondhjemites. The anorthite contents of the plagioclase

in this group are simílar to those of the Northern Granitic

Rocks. The charnockites are probably the result of a lower

vapour pressure of water. A series from a central core of

trondhjemite to a marginal tonalite phase was described by

Compton (1955), from Bídwell Bar, California. He suggests

that this results from contamination of an originally

trondhjemitic magma by stoping of basic blocks.

The Northern Granitic Rocks appear to be synkinematic,

after the descrîption by Marmo (L967). Such rocks have the

following characteristics :



1. They occur early in the intrusive cycIe.

2. They are typically of quartz diorite or granodiorite

composition, and are characLeristically inhomogeneous.

3. They generally form huge batholiths' often grade

without sharp contacts into country rocks, and usually have

contacts concordant with the strike of the country rock.

4" The composition of their plagíoclase is calcic

oligoclase.

5. hlhen present, their microcline porphyroblasts often

replace the plagioclase, releasing calcium, whích forms

epidote.

6. They contain hornblende which is frequently reactive

to bj-otite by addítion of alumina.

Many of these characteristics are typical of the Northern

Granitic Rocks. The sharp intrusive contacts of the group

appear to represent one point of disagreement.

Synkinematic rocks are considered' by students all over

the worId, to be derived from sedimentary rocks, with

homogeneous portions the result of palingenic remelting.

Anþaeusser et aI. (,1969) agiree that the granitic

assern'btrage of the shiel-d. areas is probably largely of

secondary origin¡ from reworked prin'ritive crust, but may be

partly of juvenile origin from the mantle. I'rom a survey

of granitic rocks bordering greenstone belts throughout. the

world, they dívide the granitic bodies into several sequences.

The main period of granitic intrusion, early in the history

of a greenstone belt, has the following features:



1. Tlre.intrusive bodies, mainly of quartz diorite or

granodiorite compositÌon, form circular or diapiric bodies.

2. Their emplacernent appearis to be responsible for much

of th-e structural complication and metamorphism of the

greenstone belt

3. TheÌr foliation is caused by the alígnment of platy

minerals, and is accentuated by xenoliths, becoming less

pronounced towards the centre of the body.

4. They cause low grade,metamorphism and have narrow

contacÈ aureoles.

5. The gold and sulphide mineralÍzation is considered.

a result of the mobilization of chalcophile elements in the

greenstones by strong thermal gradients set up by Ltre

granitic magmas.

rhis period of granitic intrusion appears to foIlow

the early formaÈion of migmatites, which possibly represent

the remnants of an early crust, and to pre-d.ate a later

intrusion of more potassic rocks. The Northern Granitic

Rocks appear to belong to the main period of intrusion.

The authors suggest that theories of origin stemming from

the geosynclinal concept and Alpine tectonics cannot be

realistically applíed

The steynsdorp Goldfield, south Africa, exhibits many

of these feaLures and many para11e1s can be drawn between

this area and the Rice Lake Greenstone Belt' (Viljoen et

â1., Lg6g\.



The structure of
already been described

workers

A'detailed photogeological map of the area (D.T.

Anderson, L970, pers. comm.) indj_cates two prominent trends:
1. An east-west trend, pronounced towards the southern

margin of the granitic body north of the Vüanipigow River
(see Figure 1). This represents the developed cataclastic
foliation paraller to the wanipigow fauLt and the regional

shear direction in the Rice Lake Greenstone Belt.
2. A north-northeasterly trend, better developed in

the north and west and becomíng more northerly east of
Wall-ace Lake. The foliation is roughly para1leI to this
direction and it is believed to have developed early in the

tectonic sequence. Vü.D. McRitchie, (Ig7O, pers. comm.)

reports that this is a prominent regional joint direction
and considers it to be a relatively l_ate feature.

CHAPTER II

STRUCTURE

the Northern Granitic Rocks has

to a certain extent by the previous

A. Foliation

The foliation generally

from almost north-south in the

trends

north

l_n

of

a series of arcs

the area, sweeping



around through a north-westerly intermediate position, to

assume an east-west orientation towards the southern

contact in proximity to the main fault (see Figure 1).

In his area of study north of the Wanipigoi"; River,

Davies (1963) recognizes several gneissic zones. Such a

zone occurs along and subparallel to the southern contact

of the granit,ic rocks and varies from er¡a-euârter of a

mile up to two'miles in width. Such a boundary is by

necessity arbitrary since gneissosity decreases in inten-
sity northwards and the northernmost rocks in the area

approach a massive texture.

Much of the foliation along the southern contact

of the granitic body is the resuft of a penetrative

cataclasis associated with the shear zones paralIel to

the lVanipigow fault. Bands of intensely sheared rock

paraIlel to this east-west direction are common in this
area. The effects of mineral deformation can be observed

well into the granitic rocks and this cataclastic
foliation is believed to be parallel to and superimposed

upon the original, primary gneissosity. This original
fluxion or flow structure, indicated by aligned and

undeformed plagioclase euhedra, is observed in the north-

west and northern port,ions of the area. This is

illustrated in Plate 1.

The foliation is wrapped around boudinaged inclusions

of basic rocks which are invariably drawn out parallel to

i,r_.



Dip of the foliation is rarely less t,han 80o and is
predominantly to the east and north. A steep dip to the

north is typical along the strongly sheared southern contact.

Lineations are best developed in this sheared area and

usually occur as streaked-out clots of mafic minerals. They

may reflect an original stretch lineation in the border

zones of the granitic rocks but are probably the result of

the later cataclasis.

B. Folds

Minor folds are sparsely developed within the granitic
rocks. These are cofirmonly minor anticlinal drag folds with

axial planes parallel to the foliation, and axes vertical.
They appear to be better developed in the migmatitic rocks

in the east of the area and nearer the contacts in general.

They are interpreted to be due to a coupling effect associ-

ated with the regional shearing. They are often sheared

through the axial plane and are frequently smeared out.

Larger scale foldsr.with much associated disturbanceroccur

around and to the east of Crystal Lake

C. Faults

There is one large and prominent fault in the area-

the Wanipigow River Fault - which trends across the centre

of the map area in an east-south-east direction. W.D.

McRitchie (1969) suggests the existence of a ten mile

dextral lateral displacement along the Iíne of this fau1t.

Several smaller faults, paralIel to this fracture, show a



similar direction of movement. This directional sense is
also indicated by the bending of the foliation as a drag

feature in the Wedge Granitic Rocks adjacent to the fault
plane. This fracture is the major fault in a zone of per-

vasive cataclasis due to regional shearing. Zones of

intense shearing are corTtmon in the granitic rocks to the

north and bands of mylonite occur in the "trledge" rocks to

the south. The fault appealîs to have been a late break

within the zone of movement. Earl-ier shearing may have

given rise to cumulatíve slip with a sinistral senser âs

suggested by the arcuate trend of the foliation and the

abrupt change of dírection in the Jeep Gabbro.

Mino:: cross-faults appear to have been a late phase"

They generally lie at an angle to the foliation, often

forming conjugate sets and usually showing good displacement

of the foliation or veins lying paraIIeI to the foliation.
They vary in size considerabJ-y from mínor fractures to

larger transcurrent faul-ts. Epidote is commonly developed

in the fault plane, especially in the more mafic rocks and

also often vein quartz. The granitic country rocks are

often reddened by retrogression of the feldspar.

D. Joints

Stereographic plots of poles to foliatíon and poles to
joints from two structural domains within the Northern

Granitic Rocks are shown in Figure l-. The northern subarea

(u.r.¡¿. northing 5660000 to 5664000, U.T.M. easting 321500

10
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to 328000I is located around Leaf Lake. The fol_iation
witllin this area Ìs domÌnant,ly north-easterly, para1lel to
the trend of tfr-e ,Teep Gabbro in the area. Tî:.e f oliation in
the soutlrern subarea Ìs west-nortl¡--westerly. This subarea

[U.T.M. northing 5654000 to 5658000, easting 328000 to 332000)

is located to the west of lüaIlace Lake.

Despite the different trend of the foliation in the two

areas, the maÌn joÌnt directÍon appears to be oriented north-
south in each case. This may indicate that it was a late
structural feature, superirnposed. upon the already arcuate

foliation.

E. Contacts

Contacts of the granitic rocks with the Rice Lake

Greenstone rocks \dere examined. in a number of localities.
Where cataclasis had not effaced the relationship they \^iere

found to be intrusive and generally of a lit-par-Iit type.

Cross-cutting intrusive dykes are gienerally absent and there

appears to be no decrease in grain size o.f the granitic

rocks towards the contacts. Marginal contamination appears

to have taken place in some localities and several hybrid

zones occur in the eastern part of the area.

The grade of contact metamorphism lies within the

epidote-albite hornfels and epidote-hornblende hornfels

facies (w.o. McRitchie, Lg7O, pers. comm.) with local devel-

opment of cord.ierite and staurolite but more widespread

occurrence of hornblende, garnet, and oligoclase-andesine.

L2



Greenq.tones are frequently recr¡rsÈarlised to dense black
plagioclase-arnphîbole rocks. Garnets at lrÏa1lace Lake are

developed in excess of one mÌle h-orizontally away.from the

contact of the granitic rocks, but the zone of contact
me.tamorphism along the southern contact appears to be

fairly narrow and. ef,fects soon grade off into the counÈry

rock. Later retrogressive overprint associated with the

shear zones may be responsible for much of this. xenoliths
of sedimentary rock within the granitic rocks are arso

characterised by the presencq of garnet.

Davies (1963) observed that the grade of metamorphism

appeared to be higher around Èhe Northern Granitic Rocks

than around the other quartz-diorit,e bodies in the Rice Lake

area

F. Xenoliths

These are extremely coÍrmon in the granitic rocks and

are not confined soIeIy to the border zones, They were

found to be invariably parallel Èo the foliation, and

varied in size from several inches to hundreds of feet.
Mainly d.ark, dense gabbroic rocks, they Ì,vere found to be

sharply bounded and. to occur as lensoid boudins, There is
lit.tl-e sign of chilling in either rock at the contact, which

possibly indicates d.eep-seated intrusion. Ttrey are believed
to represent sh-eared remnants of an early dyke plrase, whÍch

may have been related to the Jeep Gabbro. Tr:ue xenoliths
are also represented and volcanics are common. other less

13



comrnon xenoriths include garnetiferous sed.iment, meta-

conglomerate and ultrabaslc rocks. A pyroxeirite xenolith,
the chemical analysis of whÌctl is listed in Tabl:e 2, appears

to be composed maÌnly of augite. Mafic inclusions of
several dÍstÌnct types occur Ån the t'wedge" rocks and show

more'd.iversity Èhan those in the Northern Granitic Rocks.

Tllese include amphibolites, medium-graÌned dioritic rocks,

and coarse-grained trornblendites. They contribute to an

incl-usion layering Ìn the rocks.

G. Pegmatite and Vein euartz
Pegmatites are corûnon over the granitic body, both in

the north and in the contact. zones. They are usually
variable both in width and orientat,ion, but are generally
narro\^r. They are cross-cutting at' a small angle to the

foliatjon. The pegmatites frequently have an aplitic
margin and are simple in mineralogy, being mainly fel-d-

spathic. They appear in some cases to Lre folded by move-

ment paralleI to thefoliation and are often displaced by

slip in this same dírection.
ApliLes are also common and they may in some cases be

related to the pegmatite intrusions, of which there are

possibly several generations. rn the vrledge rocks, a younger

pegmatite, pink in colour, cross-cuts the foliation which

has a white pegrnati'te phase developed subparallel to it.
Aplite and pegmatite, along wÌth development of augen of
K-feldspar, appear to increase in concentration towards the

L4



fault plane in tt¡_is eastern area., Ttre mÍgmatites are
ch-aracterrzed by this development of syrntectonic pegmati.te

lamellae. The eastern rocks of the wedge appear to have

been partially granitized by pegmatitic solutions.
vein quartz commonly occurs parallel to the foliation

of the granitic rocks but rarely coalesces into large pod.s.

The vein quartz, usually white, is always barren. Since

the Northern GranÍtÌc Rocks are younger than Lhe gold-
bearing quartz veins of the RÌce Lake'group, two phases of
vein quartz appear to have been developed at widely
different times

15



A. Modal Analyses

subdivision of the granites into a series of units was

made partly on the basis of mineral proportions, obtained

by modal analyses, and partly on the basis of textural
characteristics. The location of the map units can be found

in Figure 26, (map in pocket), and a description of each

foll-ows the modal data.

.CHAPTER TTI

PETROLOGY

These are

Unit 24

Unit 23

Unit 22

Unit 2L

Unit 20

Unit 19

r_6

listed as follows:
Biotite Quartz Oiorite (I) (coarse-grained)

Biotite Quartz Diorite (rr¡ (fine-grained)

Unit 18 Pegmatized Migmatite

Unit 17 Wanipigow Diorite (=Jeep Gabbro)

uni-ts 1 to 16 are after Davies (1963) and refer to the rock

units of the. greenstone belt south of the granite contact.
They includ.e both the sedimentary and. volcanic rocks of the

Rice Lake Groupr âs well as the calcic intrusi,ve rocks. The

other quartz diorite bodies of the area occur in unit 13

Intermedíate Hornblende euartz Diorite
Granodiorite and Quartz Monzonite

Mafic Hornblende Diorite
Migmatite



under th-is sy:stem. f'îgure 26 is thus a compilation map for
the northern pa:rt of the greenstone belto with, in addition,

the newly proposed subdfvisions of the Northern Granitic

Complex.

Forty modal analyseso listed in table 1, are plotted

on the compositional diagram of Bateman (Lg6L) in Figure 3.

Figure 2 ilLustrates th-e location of each of the points

plotted.

Volume percent of the minerals present in each specimen

was determined by macro- point counting. Samples \^/ere

selected to provide as good a coverage of the granitic

rocks as possible. This enâbled subdivision to be based

mainly on the composiùional diagramn with support from

examination of the hand specimen.

Tlre rock slab was prepared by etching with hydro-

fluoric acid and selectively staining the potash felspar

with saturated sodium cobaltinitri,te solution¡ âs described

by Bailey and Stevens (1960) " The mode was then determined

by mounting the slab on a macro- point counting stage, and

systematically traversing the surface with a binocu[.ar

microscope. Points \^Iere 2 mm. apart, a total of 1300 being

recorded whenever possible. According to Solomon and

Green (L966), and Van der Plas and Tobi (1965), deviation

would be around t3.percent.

In the quarLz/potashr feldspar/plagioclase triangular

diagram (Figure 3) r the plotted points, recalculated to

100 percent, are seen to fall into compositional zones

L7



TABLE 1

MODAL ANALYSES (Volume Percent)

Northern Granitic Rocks, Southeast Manitoba

Sample No.

o0-B-B (2)

00-B-23

00-8-27

00-B -3 2

00-8-35 (1)

oo-B-46 [11

0o-B-47 Cl)

00-8-77

0 0-8 -13 7

00-8-L42

00-B -1 6 7

00-B-17 6

02-B-69

16-8-48

Q:uarLz

30.19

25.00

35 .62

29.56

31.05

29 .42

28.L4

16.00

23.3

32.7 6

9.03

36.00

Ll-.82

31.07

Plaqioclase

60.15

70.00

48.50

52.95

55.78

60.L4

60.23

51.84

58.2

52.24

58.60

41.00

55.65

53.38

K*Feld Mafic Minerals

8.75

5.00

12.62

L4.69

L2 .66

10.71

11.70

32.30

18.6

7 .L6

32.28

23.00

3t.27

L5.7 6

0.92

0.00

3 "37

0.00

0.6r

0.00

0.00

0.00

0.00

8.36

0.2r

0.00

L.32

0.00



Sampl-e No. Quartz

TABLE I (Continued)

Plagioclase K-Feldspar Mafic Minerals

16-B-62

16-8-6 5

16-B-72

1B-B-2

1B-B-7

1B-B-B

1B-B-17

IB-B_22

1B-B-2 B

1B-8-33

18-B-36

1B.B-3 B

18 -B-4 1

23-8-L

23-8-B

(4)

(1)

(1)

25 .63

33.56

30.10

42.00

37 .87

34.85

27 .54

29.92

t2.50

16.98

23.82

22 .40

22.5r

4.74

6.42

61.33

s3.07

58 .23

50.00

4r.99

39.80

59 .46

43.58

65.s3

5r.85

49 .37

38.87

37 .54

5s.58

50.00

0.00

0.00

4.7I

3 .00

0.00

20.I7

2.38

0.23

9.54

0.00

9.84

25.53

26.90

0.00

0.00

13.48

13.36

7 .3r

5.00

L3.22

5.63

I0.77

26 .60

L2.50

31.15

L7 .26

l-3.82

13.33

40.01

40.93

ts
\9



TABLE I (Continued)

Sample. No.

23-8-2I

23-8-36 (1)

23-B-38 (2)

23-B-51

23-8-57

23-8-66

23-B-120

23-B-139 (1)

23-8-r54

uarLz

24 "88

13.40

24.08

27 .82

28.\9

26.88

34.10

20.36

31.63

íoclasc K-Fel-ds

0.00

19.88

0.00

0.00

0.00

0.00

0.00

0.27

0.00

46 .57

52 .64

69 .48

60.30

55.07

63 .44

62.4L

65.36

55.53

Mafic

2

I

1

I

t_,

1:
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ranging fror4 diorite to quart.z, ]voîzorLr-te. Th-e wide scatter
of points reflects'the overall intromogeneity of the granitic
belt. Th-e rocks are dominantly quartz diorites with a few

percent òt potash feldspar only, and a variable quartz Lo

plagioclase ratio. Granites, in the strict sense of the

term;, are absent. Tt¡-ere is a maximum in the quartz diorites
at around 30 percent quartz, but few recognizable subsidiary
maxima. This suggests that the granitic body is one variable
rock body, and is not composed of a number of discrete
intrusive events.

Figure 4 shows all the modal analyses for the total
area plotted onto a quartz/totaL feldspar/mafics triangular
diagram. The diagrams illustrate a scattering of modal

points witt¡- no apparent groups or trend. l_ines.

In Figure 5, the fields enclosing the mapped rock units
appear to indicate an apparent trend from r,vest to east as

shown by the arro\,\r. The.se f ields are derived as follows:
1. The fields for the Mafic Hornblende Diorites and

for the group of Granodiorites and euartz Monzonites are

derived directly from the compositional diagram (rigure 3).
The location of these two units is shown in Figure 26 t

(map in pocket) .

2. Units 23 and 24 are distinguished only on the basis

of grain size; they are both Biotite euartz Diorites. They

occur to the west of üÍaIlace Lake. For the benefit of
Figure 5, which attempts to show compositional variation
from east to west across the granitic body, they are

23
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co¡nbined, and th-is co¡nbined g,r.oup split into two portions to

form Ca) a western BÌotite Quartz Diorite, to th-e west of

the ,Jeep Gabbro r ênd (b) an eastern Biotite Quartz Diorite,
to the east of the Jeep Gabbro.

3. A further subdivision is made into a group of inter-
mediate Hornblende Quartz Diorites. This group, shown on

Figure 26 (map in the pocket), falls between the Biotite

Quartz Diorites and the Mafic Hornblende Diorites, both in
space and in composition. It contains between 20 percent

and 40 percent Mafic Minerals and is correspondingly

poorer in quartz. It is unit 22.

Figure 5 shows that a variation exists from rather mafic

quartz-poor rocks in the eastern part of the Northern

Granitic Belt to more l-eucocratic varieties west of V'7a11ace

Lake. The relatively potassic group of Granodiorites and

Quartz Monzonites plots off the trend line in Figure 5bo

and reflects feJ-dspar enrichment in the forrn of a variably
developed gfowth of microcline, Figure 5 also indicates

the similarity in composition of the Biotite Quartz Diorite
on either side of the Jeep Gabbro, with a tendency for the

rocks on the eastern side to be more mafic

FÌgure 6 illustrates, by means of contoured maps, the

overall percentage variation in quartz and the mafic

minerals

Rock Units

26.

Following is a description of each rock unit,
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dist.inguished partly byr coupositional variation as explained

in the last section, and partly on tlre basis of field
criterÌa. Tlre mÍcroscopîc and macroscopic features of each

of th-ese units wÌll be d.iscussed.. Their distribution is
shown on tTre main map (nìgure 26L, and ttrey are listed at
the start of the last section.

Unit 24 Biotite euartz Diorite (I) [Coarse-grained)

This rock extends from th-e wesÈern contact of the

granitic rocks eastwards as far as the eastern boundary

of Township 24, Range 15, approximately north of Vüallace

Lake. Modal data for the areas both east and west of the

Jeep Gabbro are shown in Figure 2I.. The body appears

homogeneous on a large scale with, on the average, 30 per-

cent quartz, 10 percent mafic minerals, and 50 percent

feldspar, mainly oligoclase (Anr7), It is medium to¿t
coarse-grained (greater than 3mm.) and sub-porphyritic in
texture. The typical rock is white to grey in colour, often
r.eddened by retrogression due to iron staining, and has poor

folíatíon outlined by irregular, fine quartz stringers and

streak¡r maf,iés, Biotite, the only mafic material, is
frequently .marginal to, and enveloped by, the euhedral

plagÍoclase crystals. The ratter are more euhedral when

spaced apart in the xenomorphic matrix which consists
mainly of mosaic quartz with a little microcline. This

suggests that the last stages of crystallization took place

in a static medium. some interstitiar microcline is common,
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infreque.ntly representing more tlran 5 Bercent of the rock.

Unit 23 BlotÌte euartz DÌorÌte (rII (rine-grained)

In the northern part of the granitic body, there is a

predominance of a finer qrained, light grey quartz diorite.
There appears to be every gradation between this and. unit 24,

and occurrences of one within the other are common. Euhedral

plagioclase crystal-s are less well developed¡ and the texture
tends to be more xenomorphic granular than subporphyritic.
Mineral proportions and overarr composition are identical to
Unit 24¡ sample 00-8-12 [Table Z) is a chemical analysis of
a member of thÌs group. Foliation is usually poorly
devel_oped.

IJniE 22 Intermediate euartz Diorite
This unit is distinguish.ed by its coarse grain size,

its higher proportion of mafic minerals, and. its lower quari-z

content. Hornbrende is present although the content of the

mineral remains low and erratic and biotite is still prê-
dominant. The nature of the boundary with the Biotite
Quartz Diorites north of !üallace Lake is uncertain. The

rocks ere usually dark in colour, and coarse-grained.

Foliation is poorly to well developed, and is frequently
defined by the clumpy segregation of mafic mineral-s

Plagioclase crystals are subtredral, and are commonly found

partly repÌaced by mìcrocline. euartz is in interstitial
mosaics as a late ptlase.

29



'Unùt, 21. Granodiof ite€ and euartz t4onzonites

TIrese rocks are 1ìght weatherÌ.ng, coarse-grained

Granodiorites and Quartz Monzonites' ìn whiclr ttle pink micro-

cline porphyroblasts are readitry visible on the weattrered

surface. They appear to have. been, originally, Quartz

Dìorites of Intermediate type, affected by post-solidifi-

cation growth of microcline. These porphyroblasts are

commonly over I cm. long and 1ie paralIel to the foliation,
(see Plate 2'). This group, like the Intermediate Quartz

Diorites into which they grade, have h-ornblende crystals
frequent'1ysievedwithquartzb1ebs.Thereisareaction
re,lation between the biotïte and hornblende, the latter

mineral usually bei.ng predominant. The mafic minerals are

commonly segregated into clumps and associated with much

epid.ote and a little sphene. Plagioclase occurs in various

stages of replacement by microcline and myrmekitic inter-
growth is found at their mutual borders. This is possibly

a later development. Potash metasomatism is, in all prob-

ability a marginal effect of the mÍgmatite development to the

south of the area of Granodiorites and QuarLz Monzonites, and

seems to have been responsible for the presence of the micro-

cline

Unit 20 Mafic Hornblende ÐiorÍte

In this group, the cont,ent of quartz is less than 1O?.

They are dark, coarse-grained rocks of high specific aravÍty.
Foliation is crudeJ-y outlined by mineral orientation. These

rocks contaìn up to 40? rnafic minerals, mainly hornblende

30



showing a little alteration to biotite. Ttrese mi.nerals are

ide.ntical to th-ose in the other units. The srnall amount of
quartz is late stage and interstÍtial to the early crsÈal-

lizing plagioclase and hornblende. The latter two mineral-s

appear- virtually synchronous in the paragenetic sequence.

Unit 19 Micrmatites

These rocks occur in t,he east of the area on either

side of the lfanipigow River Fault. They owe their migmatitic

nature to the development of syntectonic pegmatiLe lamellae

paralleI to the foliation and rounded, rather reddened augen

of feldspar. The foliation is dominantly cataclastic,

mineral alignment is advanced and light-weathering mylonite

bands paraIlel to the foliation also contribute to the

migmatitic.character. The rocks are light on the weathered

surface but frequently greenish on the fresh face due to the

chlori-te-epidote assemblag:e. All Èhe minerals show evidence

of strain; the plagioclase crystals are bent and broken and

the quartz shows strain shadows. Inclusion layering also

contributes to the mixed and heterogeneous nature of these

banded roc.ks. This is best devefoped in the "Wedge Granitic

Rocks" south of Siderock Lake where widespread boudins and

layers of amphibolite, dioritic rocks, hornblendites and

other possibly intrusive types occur. Hornblende bearing

bands may be due to original sedimentary relics. All are

obscured by the pervasive cataclasis. Aplite and pegmatiLe

bands appear to become more conrmon towards the fault wh"re

general permeation of pegmatitic materials is better
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deyeloped. The structural
access for solutÌòns.

The "Wed.ge" rocks are

magmaÈic like the Northern

in texture and mineralogy

related.

C. AtrteratÌon

Saussuritization of the plagioclase, the common

development of large crystals of epidote, and the reaction
relation between hornblende and biotite are examples of
late magirnatic or deuteric atteration. These effects are

similar to those induced by peneÈrative cataclasis, and

the two processes may be either closely spaced in tj:ne or

concurrent.

disruptîons may hrave provided

belÌeved orÌginally to have been

Granitic Rocks and similarÍties
suggest that they are closely
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CHAPTER IV

PETROCHEMTSTRY

Chemical analyses \,vere carrÌed out on sÌx represent-

ative specimens of the Northern Graniti-c Rocks. Th.e

chemical analyses are listed in Table 2 and the sample

locations are shown Ín Figure 2. Sample 23-8-100(1) comes

from a granitic dyke in the vicinity of the Jeep Mine. For

comparative purposes, three analyses of grani.tic rocks from

other areas of the world are included in Table 2.

The four analyses from the western part of the area

are uniformly trondhjemitic. This is described as a silicic,

usually biotite bearing rock with a high soda to potash

ratio. These four samples have a consistent silica content

much higher than the normal tonalite, which is usually

below 662 | and a much higher soda to potash ratio,

consistently 3:1, than the average granodiorite. Analyses

of trondhjemite from other areas, Hietanen (1947),

confirms this chemical identity.

Figure 7 illustrates variation of the alkalis with

silica. Potash shows a tendency to decrease irregularly

with increasing silica, although specimen 02-8-65 appears
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CHEM]CALLY ANALYSED SAMPIES

Country Rocks:

23'8'46 Coarse-grained, light-weathering, leucocrati-c Biotite Quartz Diorite from
north-east of Little Beaver Lake. (See Figure 21.

00-8-12 Medium-grained, light grey, massive Biotite Quartz Diorite.
23-8-100 Coarse-grained, light-weathering, leucocratic Biotite Quartz Diorite from

a granitic d.yke north-east of the Jeep Mine

23-8'162 Coarse-grained, poorly foliated, dark grey leucocratÍc Biotite euartzDiorite. Typical country rock.

02-8-65 Medium-graÍned dark grey, massive rock, fairly rich in biotite.
fntermediate Quartz Diorite

23-8-1 Coarse-grained, poorly foliated rock with a gabbroíc texture and up to
40? mafic minerals. Mafic Hornbl-ende Diorite.

Others

23-B'I20 Rock resembling 23-8-162 from a boulder in a conglomerate immediately
north of the western tip of Wallace Lake.

02-8-56 Pyroxenite inclusion f rom north-east of lrlallace Lake.

23-8-L7L 
if,Ë'*i':i 3äii;r:'*:;T'åiï3'iå33";:o5:"m 

the wanipisow River area near

Tþe geographical co-ordinates of each sample can be obtained from the data sheet
corresponding to each sample number.
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Oxide

TABLB 2

CHEMÏCAL ANALYSES (ÏN !VT. ?) . NORTHERN GRANÏTÏC ROCKS S" E. MANÏTOBA

Northern "Granitic" Rocks

23-B-46 00-B-12 23-B-100 23-8-L62 02-B-65 23-B-L

sio2

A12O3

Fero,

FeO

Mgo

CaO

Naro

Kzo

Hzo

coz

f i02

P^O-¿5

MnO

72.75

15.40

0.35

0 " B4

0.56

2"42

4.82

2.38

0"62

0.00

0"14

0 .02

0. 03

69"40

14.88

2"49

r "96

0 " 87

3. 58

5.06

I.57

0"78

0.L2

0.33

0. 01

0 " 05

69 "55

L5.27

0 " 63

r.64

1.03

3.68

4.72

1.56

1" 04

0.56

0 "2L

0.00

0 " 04

69.50

16 "2L

I.2I

1. BB

1" 07

2.14

4.7 4

r.77

0.98

0.17

0.34

0.01

0.04

60 "25

15.04

2.TB

3.40

3"20

7.31

4 "32

2 .43

0 "94

0.19

0.56

0.02

0.10

48 .45

19.18

3 "67

6 "28

5.7A

B.58

4 "24

1" 13

L "29

0.00

1" 04

0.03

0"14

Source Anallzst: K" Ramlal, University of Manitoba L969

99 "94 99 "73TotaI 100 " 33 100.12 99.93 L00.26

u)
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Oxide
Conglomerate

Boul-d.er
* 23-B-r2o

TABLE 2 (Contínued)

Pyroxenite Diabase
* 02-B-56 * 23-8-L7r

Tonalite
S.Ca1"

* Batholith

Granodiorite
S.Cal.

* Batholith
Trondhj emite

. Norwav+

sio2

A12O3

FerO,

FeO

Mgo

CaO

Naro

R20

H2o

coz

TiO2

Pzos

MnO

70.70

l-4.28

0.32

r.7 6

1.07

3 .91

s.06

0.88

1. 03

0"52

0.18

0.00

0.03

73.4

14 .1

0.7

r"7

0.4

2.L

3"4

3.5

0"3

0.0

0"2

0.0

0.02

69.30

16. B1

0.28

I.26

1.08

3 "34

6 " 00

1.39

0.50

0.15

0 "23

0"03

Tr

52.85

2.I9

3 .42

6.20

13.60

IB.7 6

0.84

0.14

1.03

0.30

0.11

0.01

0"48

49.35

14.57

2 .68

9 .44

7 " 80

L0.72

I.96

0.20

2.IT

0.00

0.72

0.01

0 "2r

62.2

L6.6

L"4

4.5

2.7

5.7

3.4

1"6

0"6

0.0

o"4

0.0

0.1

* K. Ramlal, University of l4anitoba, L969
+ Turner and Verhoogen (1960)
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anomalously enriched, probahly due to blastic a.rowth- of

microclÌne.' Three o,f tÏre specilnens have a t/ery. silnilar

silica oontent and are represented on the dÎagrarn by one

vertical line. Tt¡-e junction of the trend. lines of calcium

and total alkalis shows an alkalÌ-lime înd.ex of 60.0

(Peacock, 1931) but thÌs may be misl-eading due to the wide

spread of sìlÌca values and uncertaìnty Ín the slope ef the

calcium growth Iine.

Figure I illustrates variation in the magnesÌum, ferrous

and ferric oxidesr âs well as total iron, against silica

content. The plotted points appear to fall on fairly well

defined straight line trends and all bear an inverse rela-

tionship to silica¡

Figure 9 shows a regular build-up in the minor elements

with silica. Alumina, however, is rather irregular, the

low content in 02'8'65 is probabty due to microcline

blastesis.

The horizontal co-ordinate in these diagrams approx-

imates to an east-west traverse across the granit.ic belt.

This is illustrated in Figure 2. The four samples with

high silica demonstrate chemical homogeneity in the rocks

west of Wallace Lake, with a regular decrease in silica and

increase in mafic components east of that point. In

combination, despite expected variation with silica, the

rock types represented forr-n a series and are genetically

related.

Figure 10 to 13 are plots of the major oxide
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evidence that the rocks form a series and are related. The

trends for ferríc and f,errous iron, calcium, magnesium,

alumina and silica coincide with the maxima for each element.
The plots for the alkalís, however, indicate that the rock
suite as a whol-e is relatj-vely row in poLash and enriched
in soda. This reflects the trondhjemitic nature of the rocks.

rn Figurer0 u the differentiation index is plotted on

an east-west traverse across the granitic body. rt is high
from the western contact of the granitic rocks eastwards as

far as wallace Lake, then decreases rapidly and apparently
regularly 

"

Figure 15 shows the six ana]yses recalculated to 100?

and plott.ed on to a F"Otot ./trtgO/Na2o + R2o triangular
diagram. This shows a well-defined trend with rocks from
west to east plotting Ín the orider one to sj-x. rt provides
additional evidence that the series constitutes a genetically
related suite"

Table 3 lists the Niggli weight norms for the six
chemically analysed rocks. sample 23-B-l is normatively
undersaturat,ed .

Figure 16 shows the six normative anarysed points for
the Northern Granitic Rocks, recalculated to 100?, plot.ted
as projections to the four faces of the tetrahedron which



Normative
Mineral 23-B-46

TABLE 3

NIGGLI NORMATIVE DATA

NORTHERN GRANITIC ROCKS SOUTHEAST MANTTOBA

00-8-12 23-8-100 23-8-L62 02-B-65 23-B-1

Quartz
Orthoclase
Albite
Anorthite
Nepheline
Hypersthene
Diopside
Olivíne
Magnet,ite
Calciüe
!üo11asùonite
Corundum
Sphene
Apatite

An Content
Of Feldspar

Differentiation
Index

Crystallisation
Index

84.3 78.4

L2.56 l-4.98

77 .4 80.2

t_6.89 L0.79

27 .I
14 .0
43.2
11.5

2.6

0.3

:
0.7
0.2

2L.02

23.8
9;2

45 "4
13 .3

3.7

:
2.6

r.2

0.5

22.6s

25.3
9.3

42.8t!.,
5.0

0.6

0.4
0.2

25.82

26.8
10. s
42.9
8.7

5.1

:
I.2
0"3

3.6
0.4

16-86

7,6
L4.4
38.9
14.4

12.7

:
2.2
0.3
8.2

0.7

27 .0t

60.9

20-58

ã.t
32.2
30.2
3.6

7 .2I
14.75

lr'u
7.46

48.38

42.55
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sho\nzs liquidus relations in the system Or/Xb/An/92/urO at

5000 bars pressure of water vapour (Bateman et al", f963) .

These are compared to the dashed fields representing the

thirty-seven analyses of Paulus (1968) from the Rice Lake

Batholith. This is the oval quartz diorite pluton to the

south of Wallace Lake (l'igure 2) , remarkable for its

composítional homogeneity. The four analyses from the

western part of the Northern Granitic Rocks (pigure 2)

representing Units 23 and 24, plot within these fields and

indicate a possible relation between this part of the

Northern Granitic Rocks and the Rice Lake Batholíth. The

tetrahedron is shown in three dimensions in Figure I7b,

while Figure I 6c shows the internal plane to which the

points require the least projection, based on a quartz to

orthoclase ratio of 3:1. However, this is deceptive, in

that the potassium, which is normatively calculated into

the orthoclase, is actually present in the biotite. The

gz/}.n/eb face of the tetrahedron shows the projected points

most accurately in relation to the plagioclase-quartz

cotectic. The assumption of a wat.er vapour pressure of 5000

bars is based only on the proximity of the points to the

cotectic and the fact that it is a maximum for fairly dry

magmas intruded into the upper crust" Yoder (1968) has

shown that this cotectic boundary pivots around the central

part of the diagram with increasing pressure of water,

rather than shifting a\^/ay from the quartz vertex as the

quartz-feldspar boundary does in the Qz/eb/Or system. Since
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the project,ed points cluster around the central part of the

quartz-plagioclase cotectic, estímates of water vapour

pressure are hazardous. It is assumed that the intrusive

magma $/as at least 503 liquid. This is necessary to account

for the igneous texture (e.g. Plate 1).

The two points lying furthest from the quartz-

plagioclase cotectic, a mafic hornblende diorite and an

intermediate quartz diorite respectÍvelyr may be unmelted

refractory material or early crystallizing residues from

which later liquids r^rere separated. In the latter case,

if they are early members of the crystallization series,

then Figure 16 would indicate, with qualifications, that

crystallization began from a totally liquid magma at around

1100 degrees. The removal of hornblende and plagioclase

caused tlre liquid to become enriched in albite and quartz.

This continued towards the field of the Rice Lake Batholith

rocks where separation of the solid and. liquid phases

ceasedr Ers indicated by the cluster of rock composition

points. The liquid would.,then. move, towards the eutectic in

the system Qz/Ab/Or where a little microcline would

crystallize aÈ around 725 degrees centigrade.

At the time of crystallization of the Northern Granitic

Rocks, the magma appears to have been saturated in HrO.

This is suggested by the presence of up to 4OZ hornblende

as a primary mafic mineral and by the amount of water avail-

able for deuteric alteration of the rock. The present water

content of the rocks suggests thaL this aqueous phase may
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have been lost during the last stages of crystallization,
possibly associated with pegmatite intrusion.

Figure 17 shows Èhe sequence of crystallization in

certain acid plutonic rocks of the Needle Point Batholith
(vüyllie and Piwinskiin 1968) " From experimental data on

rock samples at 2000 bars pressure of HrOr a series of

curves was drawn up, showing the onset of crystallization

for each mineral species, against the Differentíation Index

of the rock. Figure I7c shows the sequence in a typical

volcanic rock. A temperature of around 1000 degrees is

indicated for rocks of the same Differentiation Index as

the Northern Granitic Rocks, when hornblende is the first

mineral to crystallize. At 5000 bars, temperatures are

likely to have been lower thani this.
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CHAPTER V

SPECTFTC GRÄVTTY

A. Analytical Techniques

Specific Aravity determinations \¡/ere carried out on

fifty-six samples of granitic rock, chosen to provide a

systematic coverage of the area. Samples \^rere tri¡nmed with

a wire brush to remove lichen, weathered :material and

loose part,icles. Samples ranged 1n wsight from 200 to 9'00

grams, averaging 450 grams. The balance was standardised

before each determination and read to 0.01 gm. Flrror in
the results is estimated to be 2.70!0.OI gm/cm3.

B. Results

The specific Aravity data are listed in Table 4.

Locations of samples determined are shown in Figure 18.

Specific gravity measurement is quite sensitive to

compositional changes in granitic bodies and it. is found that
a range from 2.68 to 2.93 exists. The range in the western

part of the area is from 2.68 to 2.72, equivalent to values

obtained by Paulus for the quartz diorite of the Rice Lake

Batholith. East of Wallace Lake the specific aravity is
consistently above 2.72, rising to a high in the extreme

north-east of the area. Figure 19 shows cross-sections
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SampIe

00-8-8 (2)
0 0-8 -12
00-B-23
00-B-27
00-B-30
00-8-46 (1)
00-8-47 (1)
00-B -57
00-8-65
00-8-7 0
0 0-8-74
00-e-77
00-B-722
00-B-129
00-8 -13 7
0 0-8-1 4 2
00-8-167
00-8-17 6
00-8-1I0
00-8-187
0 0- 8-2 04
02-8-6s
02-B-69
02-B-7 L
16-B-6
16-8-37 (1)
16-8-44
L6-8-47

THE NORTHERN

Sample

16-8-7 2
16-8-87
18 -8 -2
18-8-19
I8-8-24
1B-S-33 (1)
1B-B-36
1B-8-70
23-8-L
23 -8 -8
23-8-L7
23-B-2I
23-B-47
23-8-57
23-g-65
23-8-7 5
23-8-96
23-8-10o (1)
23-B-101
23-B-103 (1)
23 -8-118
23-8-I27
23-8-I29
23-8 -1 3 9
23-8-14s (1)
23-B-754
23-8-L62

TABLE 4

SP,ECÏFTC GRAVÏTY OF 55 SAMPLES FROM GRANTTIC ROCKS

Specific Gravity (10. (

2 .67
2.7 0
2.66
2.73
2 .67
2.77
2.7 5
2.7 3
2.93
2.80
2.7 4
2.7 8
2.69
2.7 4
2 .68
2.7A
2 .67
2 .69
2.7 2
2.7L
2 .68
2.78
2 .68
2.73
2 .69
2.72
2.7L

specific cravity (10.01)

2 .68
2.7 2
2.72
2.7r
2.7 6
2 .68
2.70
2.68
2.7 2
2 .69
2.7 6
2.77
2.7 6
2.7 4
2.70
2 .67
2.87
2 .69
2 .67
2 .66
2.66
2.77
2.7 4
2.83
2.7r
2 .71
2.69
2 .66



=
é
(9

(,

.;
A)
CL

(n

2.95

2.85

2.75

a

2 Miles

WE ST

2.85

2.75

95.:
é
rJ
(,

.;
û
o-
ln

, 2 Miles

l-9. Cross-sections from A to B
shown in Figure 20. Points
section line are includ.ed.

through Specific Gravity Valuesr âs
lying within one-ha1f mile of the

EAST

EAST

(¡
\o



from east to west. The marked rise in specific gravity east

of Wal1ace Lake is distinct. On these sections specimens

are plotted J"ying within a half-miIe of the section line.
Figure 20a shows the overall regíonal variation in terms of
contours. This increase is due to the increase in mafic

minerals, coincident with the decrease in quartz. The

anorthite content of the plagioclase increases only srightly
and is unlikely to have been an important factor.

South of the Wanipigow River, in the V,Iedge Granit.ic

Rocks, specif ic gravities are loraz, partly due to the degree

of alteration and intrusion of pegmatitic materials.
overall, there is a close correlation between the mapped

rock units and the specific gravity determinations.

Figure 20b shows the regional gravity variation over

the area (l,ü.c. Brisbin, pers, comm., 1970) . This correl-ates

well with the other evidence for a homogeneous area west of
Wallace Lake. The northward extension of the gravity
high north-east of VÍa1lace Lake correl-ates with the area

of more mafic rocks. rt can be shown from the difference
in specffic aravities and in absplute varues of gravity that
the anomary is located at a d.epth of around two miles bel-ow

the maximum north of !üallace Lake"

60



>-^2,70¡4^4 {¡,;
'f
¡ \

J eep
Gobbro

\---.-

Figure 20a.

SPECIFIC GRAVITY

^(-'1,''

õl{
\\
c\l ô¡
,rIt
\r

v

61

Variation in Specific Gravity in
Granitic Rocks. See Fig. 18 and
Contours as ind.icated.

.\
s

ro
\
ñt

I
I

I

I
I

@
N
t-¡'
I
I
I
I

\-

W<i llq c e
Lo ke

Figure 20b. Regional
Granitic

2.70

the Northern
Table '4.

Gravity Variation in
Rocks (W.C. Brisbin,

Wo llac e
Lok e

the Northern
pers. comm. ,I970) .



CHAPTER VI

AGE RELATIONS

This chapter is concerned with the age rerations of
the various granitic bodies in the Rice Lake area and the
position which the }rorthern Granitic Rocks appears to occupy
in the series.

A.

The time sequence of events in the area is stirl
imperfectly understood and the relation between the Jeep

Gabbro and the Northern Granitic Rocks remains uncerÈain.
This body of gabbroic and dioritic rocks strikes almost
northrsouth around Leaf Lake but swings around to assume

a position paraIlel to the regional foliation in the south,
before pinching out eastwards west of rrlal-race Lake.

Russell (Ig47) reported inclusions of granitic rock
within the Jeep Gabbro, which would suggest that the latter
is a later intrusion. However, Eakins (Lglg) could decide
from a detailed study in the vicinity of the Jeep mine that
"no evidence favourÍng either position in the geologic
column was revealed". He notes that contacts are poorly
defined and 952 of those observed in the fierd show no

chilling effect of either rock type against the other. He
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tentatively correlaÈes small intrusive bodies of quartz

diorite in the Jeep Gabbro near the mine with the surrounding

granitic rocks.

Little new evidence \,vas added durÍng the reconnaissance

work described here. A possible chilled contact of the

Jeep Gabbro was observed at one locality. Lensoid boudins

of gabbro lying in the foliation of the Northern Granitic

Rocks are thought to represent an early, deformed dyke

phase, possibly related to the Jeep Gabbro. Tn places, these

gabbroic inclusions are cuÈ by stringers of granitic material.
The fact that the Jeep Gabbro contains gold-bearing

quartz veins, similar to those occuring in the Rice Lake

Greenstone Be1t, would suggest that t.he enclosing Northern

Granitic Rocks are younger. This depends on the assumption

that there was only one period of mineralization and that
the age difference determined by Turek and Peterman (1968),

between the Northern Granitic Rocks and the age of mineral-

ization in the greenstone belt, is real.
The conflicting evidence for the relatÍonship may be

reconciled by a process described by Sederholm as

"palingenetic eruptivity". AfÈer early intrusion of the

gabbro into the granitÌc rocks, the latter \,vere remobilized

to the fluid or semi-fluid state. This pa1íngenetic magma

was free to intrude only when suitable fractures opened up,

presumably due to its high viscosity. Metabasite dykes,

which have both intrusive and xenolithic characteristics,
are thought to be the result of such a process in Scandinavia.
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B.

Davies (1963I contrasts the sodic nature of the other

quartz diorite intrusions in the Rice Lake area with the

Northern Granitic Rocks, which he considered to be more

potassic. He suggests Lhat the latter group also differs
in a number of other features:

.f . Tlr-ey contain biotÌte rather th^an hornblende

2. They are characterized by sericitic alteration
rather than saussuritization.

3. They have associated pegmatites rather than

porphyritic dyke rocks.

4. They lie mainly outside the area of volcanic,
sedimentary and calcic rocks,

The analyses presented frorn tlre Northern Granitic Rocks

(ra¡te z) indicate thêt the latter are not potassic relative
to the other quartz diorite bodies in the area. The main

part of the complex, excluding the group of granodiorites

and quarLz monzonites (unit 2Il, is trondhjemitic with an

Na/X ratio of 3:1. This ratio, furthermore, is typical
of the other quartz diorite bodiesr ês is the tendency for
the silica percentage to be between 662 and 7OZ. The rocks

west of lVallace Lake contain no biotite but this mineral

occurs in the more mafi.c rocks to th,e north-êast of Wallace

Lake. Ttre saussuritic alteration of plagioclase Ì^/as

commonly observed in the Northern Granitic Rocks. There is
littLe information on pegmat.ite occurrence in the other

bodies of quartz diorite. Quartz-feldspar porphyries do

Relation of the Granitic fntrusions
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outcrop in proximity to the Northern Granitic Rocks; other
relations may be obscured b1n the zone of shearing and

movement on the vüanÌpigow River fault. rt is doubtful if
th-e Nortlrern Granitic Rocks can be described as lying out-
side the area of volcanic, sedimentary and carcic rocks.

T:.gure 22 shows th-e six anaryses from the Northern
Granitic Rocks plotted on the oxide variation diagram of
Davies C19631 for aII his calcic rock types from the Rice

Lake area. The horizontar co-ordinate is the Larsen ïndex.
The points from the Northern Granitic Rocks plot very close
to the trend lines established by Davies.

Figure 21 compares the modal data for the Biotíte
Quartz Diorite boÈh east and west of the ,Jeep Gabbro with
the field of the 37 samples of paul_us (1969) from the Rice

Lake Batholith. compositíonally, rocks from the Ríce Lake

Batholith and the western part of the Northern Granitic
Rocks are similar. This is also true of texture and of the
composition of the plagioclase.

Davies (1963) suggests that the Northern Granitic
complex is considerably younger than the cal-cic intrusions,
and that part of ít was emplaced 1700 m. y. ago during the
Hudsonian orogeny. This would make part of it at least
considerably younger Èhan the Rice Lake Batholith, which has

yielded a x/Ar age of 2SO0 m.y. [Lowden, 196l). He considers
it to be a complex type of intrusion with intermingled
calcic and potassic components; Recent work by Turek and

Peterman (1968) has produced an Rb/sr age of 2550 t g0 m.y.
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for th-e Nortlrern Granitic Rocks. This indicates that Lhe

Rice Lake Batholîth and':the Northern Grantic Rocks are

probably con.temporary.

Davies (op. cít. ) believes that. the San Antonio Form-

ation is: order than th-e Northern Granitj.c Rocks. This group

of conglomerates, feldspathic arkoses, and quartzites
uncomformably overLies the Ríce Lake Group. It al-so over-
li.es the quartz diorite wÌ.th a basar conglomerate (w. lveber,

pers. cofirm., 1970). The san Antonio Formation contains much

microcline in addition and also zircons found by stanton
(]94r) to be characterístic of the Northern Granitic Rocks.

The San Antonio Formation shows no contact metamorphic

effects although the two units are in cLose proximity north

of Bissett. Turek and Peterman (1968) obtain a minimum age

of 2720 t 185 m.y. for the San Antonio Formation. The

folding observed in the san Antonio Formation is thought

by all previous workers to have been due to the intrusj-on

of the Northern Granitic Rocks.

In conclusion, the isotope ag:es obtained on the

granitic rocks of the area are possibly metamorphic events,

representing a remobilization. The Northern Granitic Rocks

appear to be related to the other quartz diorite plutons in
the area which are early intrusions, chemically related to

the vol-canics and dyke rocks of the Rice Lake Group. The

quartz diorites pre-date the San Antonio Formation. The

rel-ation between the san Antonio Formation and the Northern

Granitic Rocks is less clear.
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C. Ahçolute, ^Ag,äs

TùreR and Peterman C19681 have dÌscussed. th-e Rb/Sr

geochronology of tlre Rice Lake--Beresf ord Lake area. Th-e

age of 2720 ! 185 m.y. obtained for the gold-quartz veins,

provides a minimum for both the Rice Lake Group and the

San Antonio Formatioh. Th-e Nortirern Granitic Rocks are

d.ated at 2550 t 80 m.y. ( À*Uaz = 1.39 x 10-tlyt=.1 ). The

authors suggest that ttrese ages are consist.ent wr'th- the

hypothesis that ttle emplacement of the Northern Granitic

Rocks resulted in the low grade metamorphism of the Rice

Lake Group and was accompanied by structural disruption in

the form of folding and faultingr ërs indicated most clearly

in the San Antonio Formation.

This determination for the Northern Granitic Rocks is

not entirely satisfactory. Only two of the points on the

isochron come from the Northern Granitic Rocks, the others

come from the lrledge rocks to the south of Siderock Lake.

The two points also represent samples from close to the

sheared southern contact. The authors also point out that

the most radiogenic sample comes from a small micropegmatite

dyke. Exclusion of this point from the regression isochron

results in a slight increase i-n apparent age and a large

increase in uncertainty -2620 ! 220 m.y. .

Furth-er work therefore is required before the geo-

chronology of the area can be finally determined. Each

pluton in the area should be dated and also the granitic

boulders in the sediments of the Rice Lake Group and the
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A. Felsic .It{inerals

1. Plagioclase

Plagioclase is quantÌtatÌvely th-e most important

feldspar and the most prominent mineral fsee Table I,

Figure 3l; alkalÌ feldspars are restricted in development.

The plagÌoclase cr¡rstals occur most commonly as large

tabular phenocr¡rsts, especially in the more quartz-rich

rocks in the western part of the area. They frequently lend

a subporphyritic texture to the rock and this is illustrated

in Plate 1. In such rocks, the plagioclase crystals are

frequently eufiedral, widely spaced and oriented with few

signs of cataclasÌs. This might indicate tlr,e crystals were

intruded in a cryÊtal mush in an essentially fluid medium.

Protoclastic effects are commonly observed. However, in

many rocks they have interfered with each others I growth

and this texture indicates that the l-ast phase of

crystallisation at least took place in an essentially static

medium. The plagioclase everywhere appears to have been

early in the paragenetic sequence; hornblende, in the more

mafic rocks Ìn the east, Ìs frequently interstitial to it.

RegÌonal variation in the composition of the þlagioclase

APPENDTX T

MINERÄ,LOGY
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is ilrustr.ated in Figure 24. These d.etermùnations v¡ere

done mainly on tTie UnÌversal Stage, using whene possible

a method based upon measurement of ttr-e angle in th-e

symmetrical zone in sectÌons normal to X. The metLrod of

Slemmons LI962I by measurement of the angles between poles

to twÌn compositîon planes and optic directÌons was also

employed.

Measuremeñt of refractive index against balsam and

determinations of refractive îndices of cleavage fragments

\ifere used as checks. The normative composition of the

feld.spar is also a good check in rocks of simple mineralogy.

Determiñations are È 2% An¡ those done on the polarizing

microscope by the method of Michel Levy are less accurate

than this. Zoning effects and the effects of interstit.ial
recrysÈallisation are complicating factors. The rocks

contain mainly calcic oligoclase or sodic andesine, with a

range in anorthite content from An 222 to An 35%. Optic

axial angles indicate that the plagioclase is in the low

temperature structural state, The lower anorthite content

plagioclase occurs in the western part of the area studied,

in the more felsic biotite quart,z dioriùe. There is a

gradual increase to around An 27eo in the central part of

the region north of ÌrIallace Lake and this rises to over

An 30? in the ext,reme east of the area.

Zoning is rattrer poorly developed and frequently
gradational when present. ft is best, developed in the

aentral part of the area where tl¡-e nearest approach to
I
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oscillatory, zoning occurs. One such crystal is illustrated

in Figure 27 as an inset. It contaÌns several not too

sharply defined zones where regular fluctuation in composition

between An 272 and An 35eo occurs. An- 27% is the average

composÌtion of plagioclase in the area. After several such

fluctuattonsrBossÌbly in a convective overturn, the

composition decreases evenly in anorthite contenL to the

margÌn of the crystal. Twinning is developed in such

crystals and appears to have accompanied crystal growth.

Twinning is not, holvever, well developed as a rule.

The large, d.uIl plagioclase phenocrysts' cofllmon in this

rock association, are in the main poorly and írregularly

twinned. Albite and pericline twÌns appear most abundant,

sirnpler twin laws are Ìnfrequent. Twin lamellae are often

bent and displ-aced by cataclasÌs whìle irregular, curving,

margÌna1 twÌns whlch wedge into the crystal core often

appear to be secondary.

Granulatfon of grain boundarîes, Ìnternal disruption

leading to patch-y exti-nctÌon and breakage of the grains are

the result of deformatibn, rotati-on, cataclasis and augen

formatÌon.

Ttr-e, plagioclase crystals are usually saussuritized,

containing smal1, tabular, variably developed clinozoisite

crysta.ls para11el chiefly to ttre [001) and [0]-0) cleavage

directions.

TÍr-ey are often concentrated. in the more'calcic zones

of zoned plagioclase cr)¡stals. !ühere zoning is poor, the
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core of ttre cryrstal is frequently ttre most heavily altered.

This suggests that tTr-e core. zones are more calcic but it

mÌght also represent a diffusÌon outwards of alteration
products from the border zones of tFr-e crystal. The

plagÌoclase is also frequentl¡r altered, intensely in some

cases, to f ine-grai-ned serlcitÌc material.

2. Mtc,roclÌne

Mtcrocline i's a colrunon but not abundant consÉ.ituent

(see TabLe 1, Figure 3[. Tn tlre bÌotite quartz diorites

west of lVallace Lake, it occurs a-Long with the quartz as a

groundmass mineral but it rarely developed in proportions

e.xceeding five percent. The maÌn development occurs in the

area Ìmmediately nortFr- and east of lrlallace Lake where late

or post rnagrmatic Arowth of blastic microcline gives rise

to the group of potassic rocks. This group of granodiorites

and quarLz monzonites represents tlre metasomatic Lransfor-

matùon of the intermediate quartz diorites of the area.

Th-e plagioclase can be seen in every stage of replacement

by the microcline. Patchy mîcrocline develops central1y in

the large plagioclase phenocrysts, this is illustrated in

Flates I and II

is aligned parallel to the twin directions of the original
plagioclaser each patch being in optical continuity with

every ottrer. These planes within the mineral- appear to

have favoured potash metasomatism. The process continues

by isolation of relÌct grains of plagioclase before

76



deve-lopment of a large, clear microcline porphyroblast..

Other minerals are also replaced and incorporated. The .

large porptryroclasts can be up to 1.5 cm long and they are

generally oriented parallel to the general and original

f,oliation of the rock. A myrmekitic intergrowth is common

at the boundary of the microcline, with worm-like quartz

growttr,s extending into the adjacent plagioclase, This is

frequently accompanied by disappearance of the twinning in

the plagÌoc1ase. This may represent an effect of the

replacement process but may be a later modification of the

grain boundaries.

The triclinÌcÌty of the microcline, measured by x-ray

diffraction, was determined to be 0.91, a value typical of

such acid plutonic rocks. The content of unexsolved anor-

thÌ:te plus albÌte was found to be 7% (Orvil1e, L967), a

fai'rly higfr fÌgure for thÌs rock association. The micro-

clüne, hov,rever, is perthitíc so that original plagioclase

content is Iikely to have been higher. This also obviates

temperature estimates of formation of the microcline.

The origin of Èhe potash is problematical; its soulîce

is like1y to be deep in the crust, possibly as a result of

high grade igneous or metamorphic processes. Since these

rocks occur in close proximity to the belt of migmatites

which are parallel to the Wanipigow fault, the potassic

focks may be a marginal effect of their development. Local

structural conditions such as faul-t intersect.ions may have

provided channel-\,vays for the potash-bearing solutions.
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3. eggrÈz_

FÌgure 6 illustrates ttre variatìon in modal quartz

content from a level of approxitnatelln 30å west of Wallace

Lake to 5? or less CTable 1) in the most mafÌc of the

diorites in th,e eastern part of tlrc area. It is always l-ate

magmatic and interstitial, forming equigranular xenomorphic

mosaics around the other minerals. These mosaics appear to

have been recrystallised but still show the effects of

strain in the form of straÌn shadows and occasionally

deformation lamellae. They become drawn out and elongated

in the. more cataclastic rocks. C-axis orientation plots
of the mosaics showed 1Ìttle tendency for preferred orien-
tation of the C-axes of the constituent grains, although

they do tend to J.Ìe in the plane of the foliation in some

cases. Th-e, quartz appears to embay other cr¡rstals and may

be partly post-magmatic.

B. MafÍc Minerals

7B

1. AmphÌboLe

The amphibole occurrÌng in the dioritic rocks to the

east of Wallace Lake varîes greatly Ìn habit and abundance.

The exact point of entry of thÍs mineral Ìs obscure; the

hornblen.de-to-bÌotite ratÍo increases greatly to the east

of V{aJ.l-ace Lake. Cry:stals are usualJ-y large (up to 0.5 cm.

in lengthl; in some cases enclosing plagioclase crystals
but mainly interstÌtlal to the Èabular plagioclase grains.

The amph-ibole Ìs of constant appearance, being a



strongJ.¡r colourecl conmon hornblende with- maxi¡num extinction
angle of 19o and 2Y of. 72o. The latter Ìndicates an I4g/Ee

ratio of around 1:1 in ttr-e mineral [¡eer, Ilowi.e and Zussman,

Lg66) , which the analysis (23-8-1) of a hornblende-plagio-

clase rock tends to confirm. Pleochroism is as follows:

X yellow-green

Y dark green

Z bluish-:gf een

Twinning is fairly coiltmon; crystals are irregular,

¡>oorly terminated and often sieved in texture, The grains

are often oriented within the rock and appear to be prjmary

magmatic consLituents. Subhedra'l apatite crystals are

ubiquitous inclusions. The amphibole is distinctly in the

process of alteration to biotite, the latter forming

margrlnally and along cleavage planes in the hornblende.

Sphene and epidote are frequent associates, the latter often

occurring at grai-n boundaries. Chlorite also tends to form

along cleavage planes, interleaved with the biotite and

accompanied by stringers of iron ore. These alteration

effects are believed to be dominantly late magmatic and

deuteric.

The amphibole in the Jeep Gabbro is distinctly different,

beíng actinolitic in nature and occurring as sheaf-like

orienl-ed laths with weak birefringence. Its extinction

angle is 10-150, and its 2V is 860. The'cross-cutting habit

suggests a rletamorphjtc origÌn and it appears to have been the

retrograde product, along wÌth the epidote, of a higher grade
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assemblage.. This may have been a diopside-plagioclase

association but indications are that an interstitial-
amphibole \^/as the original maf ic mineral.

2. Pyroxene

Pyroxene occurs only in an inclusion of coarse-

grained ultrabasÌc rock north of Wallace Lake. The pyroxene

is buff-coloured augite, indÌcated both by its optical
characteristÍcs and tfre chemical composition of the almost

monominerallic rock 02-8-56 (Table 2).

3. Biotite

This occurs in virtually all of the rock studied,

trüest of lrlallace Lakê it occurs alone, and is sparsely and

evenly dÌstributed. The biotite flakes, frequently at the

margins of or enveloped by, the plagioclase phenocrysts,

are usually aligned within the rock. Good biotite crystals
of large size occur in some cases. Much of the biotite is
probably the result of late magmatic alteration of hornblend.e.

East of !üal-lace Lake, it is secondary after hornblende and

frequently occurs with the latter mineral in mafic clumps.

The biotite from both these areas is id.entical. The biotite
is commonly dark reddish brown with pronounced pleochroism.

The pleochroism is as follows:

X straw-yellow

Y dark reddish-brown
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The bùotite is greenish in places, possibly due to a

content of ferrÌc iron- The secondary bÌotite in the

Jeep Gabbro is more foxy red Ìn colour. Epidote is a common

associate, occurring as dark granular or shapeless masses

in close associ-atÌon wÌth- tÏr-e biot,Ìte. Ocasionally it forms

e.uhedra against the latter mineral " Very characteristic
is tt¡-e assocÌation in tlrese rocks of sphene and,b.íotiûe.

Small- sphene diamonds frequently border the biotite or líe

in the cleavage, accentuat,ing thÌs as dark lines. It appears

to be a reaction product of some type. Conversion of horn-

blend.e to bÌotite is a possÌble reactionr. causing exsolution

of calcium and tÌtanÌum, buL biotites in this association

normally contain two to three times as much tiLanium as

hornblende. Prograde transformatÌon from biotiLe to horn-

blende seems precluded by the fact that the sphene is
t1pÌca1ly associated with the biotite rather than the

anphibole" Thts is possiblyr tlre result of deuteric

alteratÌon or abnormal mineral compositions.

Apatite and zi-rcon are frequent inclusions in the

bioti.te.

4. Chlorite

Chlorite i's by no means uncornmon but tends only to

occur in small quantûtÌes, generally Ìn the more rnafic rocks.

As' wfttr- the. biotÌte, it appeatrs bo be a retrograde product

in ,Uhe rnaf i-c serÌes. lt f requently occurs as l-aths and

f,ine streàks paralletr to [001i- Ìn the bÌotite and in places
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comple.te.ly replacing it. !Íhere hornbrende encloses both
biotite and chlorite a non-equilibrium assemblage in response

to decreasing temperature i,s i,ndicated. The chlorite in
this assemblage is commonly accompanied by fine brebs and

granules of iron ore.

The chlorite is light apple green in colour with
yellowish pleochroism and anomolous blue polarization
colours - rn the more catacl.astic rocks, it occurs in
ragged veins or in small, rather dirty, flakes associated
with abundant epidoter

C. Accessory Minerals

The epidote group of
ubiquitous constituents.
as small- oriented tablets

1. Epidote

epidote is a constaht companion of the biotite, forming

irregular grains, sometimes of rarge size. ït is generally
non-preochroic; a lemon body colour only rarely is obvíous.
The crystals occasionally form euhedral outlines against
the'biotite. The epidote in such cases is probably a l-ate

stage or deuteric product of the mafic miherals. Epidote

is also widely developed in veins where movement has

taken place and here it entirely replaces the plagiocrase

and mafic minerals as a coarse granular mass. Tt is
extremely coilìmon in the late minor f auIts. Epidote is al_so

a prominent constituent of trre cataclastic rocks as small

82

minerals are characterístic and

Clinozoisite is commonly developed

in the plagioclase- UsuaìLly : .



granules

2. Spfiene.

The typical occurrence of sptr-ene is as srnall crystals

in close association with the bÌotÌte and this h-as already

been described.. Apart from this widespread devel-opment,

large euhedral sphene crystals were commonly observed in
rocks close to the contact. These are frequently bordered

by a dark rim which- is possibly ilmenite. It is a strong

possibility that they rêpresent the effects of marginal

contamination of the granitic rocks

3. Apatitê

Apatite is a very characÈeristic accessory in these

rocks. It occurs in rounded to subhedral grains and appears

to favour the mafic minerals, especially biotite. In this

mineral, it is often surrounded. by d.ark haloes. These are

believed due to substitution of héavy elements of similar
aìionic radius, such as Uraníum [r = 0.97Ãl for the divalent

calcium (r = 0.998), causing radioactive bombardment of the

hosÈ material.

4. Zircon

Zircons are also common, chiefly as rounded to sub-

hedral inclusions in biotite.

5. Ore Minerals

B3
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conìmon in the more altered rock. Some specks of pyrite
\¡/ere visible in certain rocks close to the contact. This

is possibly suggestive of some assimilation in that area"

Vein quartz lenses are usually entirely barren of sulphides"
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APPENDTX TT

RBGIONAL GEOLOGY

The location of the area of study is ilfustrated in
Figure 1. The Northern,'Granitic Rocks form the northern

boundary to the Rice Lake,Greenstone Belt, the southern

gneissic belt being the effective southern boundary. The

greenstone belt narro\^is both eastwards and westwards from

the lrfallace Lake area and is axially intruded in this
region b1r the Rice Lake Batholith.

The Rice take'group comprises a succession of

volcanic rocks, tuffs and vol-canic breccias of great

va::iety, intèrbed.ded with sedimentary rocks and intruded

by basic dykes and sills.
The San Antonio Formation. a feldspathic arkose,

unconformably overlies the Rice Lake Group but is not

found in contact with the Northern Granitic Rocks.
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Several abandoned mines and prospects occur in close

proximj-ty to the Northern Granitic Rocks-. These include

the Jeep Miner, the Vanson l,line and the Poundmaker MÍne,

all in the western part of the area.
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APPENDTX III

PREVÏOUS WORK

A survey of the work done up to and includ.ing 1932 may

be f ound in "Geology and Mineral Deposits of a Pa.rt of S. E.

Manitoba" by J. E. Vl:iight, Geol. Sury. Canada, memoir L69-

A four mÌles to the inch map covering the area was produced

by Johnston in 1935. Much of the granitic body studied here

is represented on the one inch to one mile maps B09A and

8104 of Stockwell. These \^/ere published by the Geological

Survey in 1944, and inch.rde the area souttr of the seventh

base line. A short description of the Northern Granitic

Rocks is included in the margina'l notes. More detailed

discussion of the western part in particular, af the

granitic body, can be found in the Department of Mines

and Natural Resources, Manitoba, report 49'3 by J. F.

Davies on the Wanipigow River Area. Here he discusses in

general terms the rocks of granitic character north of the

lVanipigow River. These remarks are amplified by the same

author in his Ph. D. thesis, submitted to the University

of Toronto in 1963. Here he compares the group of granitic

intrusions in the Rice Lake region, drawing a sharp

distinction beLween the Northern Granitic Rocks and the

ad.jacent quartz diorite bodies. He distinguishes the
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former group as being particularly: potassic, in comparison

to the sodic nature of the latter intrusions.

All th-e detailed information, prior to the Project

Pioneer effort, available on the granitic rocks to the

east of Leaf Lake stems from the work of Russell (Manitoba

Department of l4ines and Naturaf Resources, publication

47-I\. Th,e are.a mapped in this report includes ground well

to the north of the area covered in this thesis.

Little of the tnformation obtained during the Project

Pioneer investigation has yet been published. A preliminary

paper dealing with the Rb/Sr geochronology o,f the area was

published by Turek and Peterman in 1968. A report by

McRitchie (pers. colnm., 7970) on the Siderock Lake Green=

stone Belt is in the course of preparat.ion.
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APPENDTX V

Chemically analysed samples not listed in Table 2.

23-8-'20

ThÍs specimen is an intermediate hornblende quartz ,

Diorite, Cunit 22r. chemÌca1ly, it is similar to specimen

02-8-65. It comes from close to the contact of the granitic

rocks in ttre area north-east of Siderock Lake. It is a

poorly foliated, rather mafÌc rock with feldspars reddened

by iron-staining- Much of the hornblende has been converted

to epidote. The cllemÌcal analysis of this rock is as follows:
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sio2

A12O3

FerO,

FêO

6r.7 0

L6.I4

2.38

3 .60

Mgo 2.20

CaO 5.89

NarO 3.96

K2O I.49

HzO I.7I

coz 0.00

TiO2 0.97

PzOs 0.02

MnO 0.09mm
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