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Abstract

The Vamp Lake deposit is a stratiform, metamorphosed Cu-Zn

massive sulfide deposit ín the Proterozoic Flin Flon-Snow Lake

greenstone bett of northern Manitoba. The deposit occurs at t'he

contacL between underlying mafic flows and overlying intermediate

to felsic volcaníclastic rocks and flows in a 500 m thick and

overturned supracrustal sequence. The host rocks and the deposit

have been metamorphosed to middle amphibolite grade. Metamorphism

and deformation of the deposit are supported by the elongation of

the ore zone, and ore textures such as: euhedral pyrite crystals

with inclusions and caries type embayments; cracked, shattered, and

brecciated pyrite grains; rounded pyrite grains and gangue

material; exsolutíon of chalcopyrite in sphalerite; and the

interstitial nature of sphalerite, chalcopyrite, and pyrrhotite

which also rim and fíll fractures in pyrite crystals.

The deposit, consists of two separate ore zones that occur at

the same stratigraphic level but' are about 400 m apart, and in

different fault btocks. The sulfide assemblages in each zone are

mineralogically simpler consisting of pyríter PYrrhotitet

sphalerite and chalcopyríte. Combined tonnage and grade of the two

ore zones is 422t4OO tonnes of L.3B Cu, L.9so Zn, and 0. LL6 oz. /X

Au. Meta1 zonation is present in one zone, which contains a gold-

rich Cu-Zn zorre, overlain by a more lateralIy extensive Zn-rich

ore.

Each ore zone is associated with alteration that is both in

direct contact with the mineralization (proximal), and underlies,

but is separated from, the oïe by relatively unaltered rocks



but is separated from, the ore by relatively unaltered rocks

(dístal) " proximal alteration is well developed in a thín zone

below one ore zone, and poorly developed above it; the other zone

has a well developed proximal alteration envelope. Alteration

beneath the ore zones has been superimposed on mafic rocks and

loca1 intercalated intermediate flows or tuff. Proximal alteratÍon

has also locally affected overlying felsic rocks. The alteratíon

zones are characterized by the phyllosilicate minerals chloríte,

biot,ite, and muscovite that display a well developed schistosit'y

parallel to regíonal foliation, and local axíal planar and

crenulation cleavage, demonstrating that the alteration zones have

been deformed and metamorphosed. In the largest distal alteration

zone, the central part of the zone consist,s of chlorite-biotit,e-

quart,z -amphibole and les ser quartz-biotÍte-garnet as semblages ; this

grades upward to quartz-biotite, quattz-muscovit,e+/-biotite, and

chlorite-quartz-biotíte assemblages. Outer margins of the zone

consist of chlorite-quartz-sericite-amphibole and/or sericite-

epidot,e-chlorite-biotit,e assemblages. The assemblages appear to

occur in stratigraphicatly controlled sub-zones possibly indicative

of different precursor rocks. Proximal zones are dominated by

tremolite-quartz-biotite-chlorite, quartz-muscovite, and quartz-

chlorite assemblagesr and rocks containing amphibole-biotite-

sulfíde clusters.

Chemical changes associated with the development of both

distal and proximal alteration zones are gains in K, and for those

assemblages where trace element data are available, Ni, CY, Ba and

t-r



Au. Athough somewhat variable in behavior, Rb, Mg, Mû, P I Fe, and

Si are gained in most assemblages. Ca is consistently depleted ín

the distat alteratíon zones, but ís gained in the tremolitic

proximal alteration assemblage whích is characterized by

anomalously high Mg, Cr, and Ni relative to all other rocks in the

Vamp Lake area. Na, Sr, and Nb are depleted ín most, assemblages.

l-l-t
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CHAPTER ]-

Introductíon

]."]. SULFIDE DEPOSITS OF THE FLTN FLON-SNOVü LAKE GREENSTONE BELT

The FIin Flon-Snow Lake Proterozoic greenstone belt is weII

known for its base metal production from numerous massive sulfide

deposits that range widely in tonnage and grade (Tab1e 1) ' and are

at various stages of productíon. The sulfide deposits are unevenly

distríbuted within the belt; most of the ore bodíes are

concentrated near FIin Flon and Snow Lake (Figure L). The

volcanogenic massive sulfide deposits of the FIin Flon-Snow Lake

belt characteristically consíst of either a concordant sulfide lens

or series of lenses. The deposits appear to be restricted to

certain, relatively thin, stratigraphic intervals that are referred

to as "favorable horizons" (Gale, L9B3).

The massive sulfide deposits in the Flin Flon-Snow Lake

greenstone belt have traditionally been subdÍvided ínto proximal

and dístal types (Syme et al, L982,¡ Bailes et al, L9B7). ProxÍma1

deposits are those that are closely associated with alteration

zones, whereas dístal massive sulfide deposits lack this

association" In proximal massive sulfide deposits, the uPper ore-

wallrock contact is typically sharp, but the lower contact is

usually gradational into a large stringer ore zone. Metal zonation

is commonly present, resulting ín Cu-rich foot walls and Zn'rLcl:

hangíng walls (Syme et al | 1982). Characteristically, there appears

to be a close spatial association between proximal massíve sulfide



TABLE 1: SELECTED MASSIVE
LAKE GREENSTONE
DECREASING SIZE

SULFIDE DEPOSITS WITHIN THE FLIN FLON-SNOW
BELT. THE DEPOSITS ARE LISTED IN ORDER OF

DEPOSIT NAME 4 eu bz/t)

Flin Flon
Trout- Lake 2

Chisel Lake
Stall Lake
Embury Lake
Anderson Lake
Callinan3
Schist Lake
Reed Lake
Pine Bay
Centennial
Dickstone
West Arm
Rod
Cuprus
Joannie
Ghost Lake
Vamp Lake
White Lake
Rail Lake
North Star
Mandy
Copperman
Pot Lake 1

Don Jon

64,000,000
5,707,000
5,500,000
5,000,000
3,600,000
3,000,000
2,377,000
2,000,000
I,350,000
1,350,000
I,200,000
I,000,000

700,000
680,000
500,000
500,000
490,000
422,OOO

400,000
300,000
250,000
150,000
143,000
I 12,000
80,000

0.044

0.048
0.1r6
0.020

0.01r
0.099

0-012
o.o27

2.2
2.O

0.5
4.8
2.6
3.8
1.5

4-2
2.1
1.3

2.6
2.6
4.6
5.4
3.3
1.3

r.8
1.3
2.1

3.0
6.r
8.0
2.8
1.4
3.1

4.4
5.4

11 .7
0.6
4.3
0-l
4.1

7.0

2.6
3.1

0.6
2.5
6.4

r 2.6
1.9
4.5
0.7

r 5.0
4.5
4.5

References: tSy*. et al., lgg2
2Canadian Mines Handbook lg8g-lgg0
3P.ou". g Esposito, lggg
4Franklin & Thorpe, lgB2

Remaining (unspecified) data from
Gale et al., i982

2
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ores and the presence of coarse volcaniclastic rocks (Syme et aI,

1,982; Bailes et aI, L987) " These fragmental units are typically

tuff-breccía or pyroclastic breccia based on the classification

system of Fisher ( l-966 ) . Such coarse fragmental rocks that host and

underlie the massive sulfide bodies are hístorically known as

'millrock' (Sangster, 79721. Another commonly recognized

associatíon is the apparent affinity between massive sulfíde

deposits and felsic volcanic rocks. Distal deposits in the beIt.

occur in basin structures and are typically hosted by fine-grained

graphitíc mudstone and minor chert.

It is generally accepted that volcanogenic massive sulfide

deposíts h/ere formed on the seafloor by the díscharge of submarine

hydrothermal fluids, and they are thought to be ancíent analogues

of the seafloor mound chimney deposit,s presently being formed on

the seafloor in the East Pacific Rise and other mid-ocean ridge

areas (Lydon | 1,984; Franklin et aI, L9B1). The stockwork alteration

and associated stringer ore zones of the Proterozoíc deposits are

thought to represent the near-surface conduits of a hydrothermal

system. As the focussed flow of the hydrothermal fluid raras expelled

from the vent into a coarse fragmental sequence at the seafloor,

the flow became diffusive, enhancing the precipitation of sulfides

from solutíon within the breccia mound and onto the seafloor above

and around the discharge vent (Lydon, LgBB)" The relatively narro\,rl

stratígraphic intervals in which the deposits occur are possibly

índicatíve of the retatívely short periods of time wíthin which

such deposits are formed (GaIe, l9B3). The discharge sites of



hydrothermal fluids may be influenced by tectonic controls such as

faults or fractures that could have provided an avenue for the

d.ischarge of the ore-bearing fluids onto t,he seafloor (Gair &

Vokes, L9B4l. The origin of the metal bearing fluids is more

controversial. Suggestíons include the Ieaching of metal from

footwall rocks by seawaÈer or connate water t ot the generation of

ore-bearing fluids during the crystallization of fractionating

magmas (Franklin et aI, l-981; GaIe, L9B3). The heat produced by a

synvolcanic intrusive body could also have been the mechanism for

generating a hydrothermal system (Campbell et aI, 1982l. "

The Vamp Lake deposit, the focus of this study, has both

proxímal and distal characteristícs. The deposit is outside the two

main areas where most sulfide deposits in the belt occur (Figure

1), making it difficult to ascertain whether the deposit occurs

within a comparable time interval. The metallogeny of the Cu-Zn

deposit is similar to that of other ore bodies in the regíon,

although it is more gold-rich. The deposít is otherwise

unexceptionat in terms of size and ore grades (Table 1). Located

about, 48 km northeast of FIín Flon, Vamp Lake v¡as, until recently,

accessible only by float plane. Today, a branch road off the

Kississing Lake road leads directly to the property.
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T.2 HISTORY OF EXPLORATION

The Vamp Lake sulfide deposit was discovered about L926 by a

prospector named Paton, who staked the origÍna1 claims on the

property and initiated trenching of pyrrhotite-pyrit,e-chalcopyrite-

and sphalerite showings on a large island in t,he northern part of

the lake. In the years subsequent to the ínitial discovery, the

property changed hands several times; an outline of the exploratíon

history of the deposit is given in Table 2. The outline is not

complete, but represents the best compilation that can be

constructed from the sketchy existing company files and government

records. To date I Lg7 drill holes amounting to 341000 m have been

drilled. on the property. These drílI holes are concentrated wíthin

a 1_ km strike distance; most are less than 350 m deep.

]..3 PURPOSE OF TNVESTTGATTON

prior to this research project, work on the Vamp Lake sulfide

deposit had been concentrated on delineatíng the extent of

míneralization; little data were available on the host rocks to the

deposit, and the nature and genesis of the mineralization and

associated alteration r^rere vírtually unknown" In thís project the

unaltered and altered host rocks have been studied in order to:

l_" determine the nature of t,he host rocks to the deposit,

6



TABLE 2: HISTORY OF DISCOVERY AND EXPLORATION OF THE VAMP LAKE
DEPOSIT. OWNERSHIP AND DESCRIPTION OF WORK IS BASED ON
AVAILABLE DATA AND MAY NOT BE COMPLETE

DATE OWNER/OPERATOR DESCRIPTION OF WORK

1926-1 928 Mr. Patton (prospector) Staked original claims; trenched main
showing

1928-1929 Nipissing Mines Ltd. 7 diamond drill holes (total length 488m)

I 929-I 949 Inactive, although cla¡ms changed hands
several times

1949-1 957 Lee Gordan Mines Ltd. 40 diamond drill holes (total length
4,128 m); magnetic survey; 2 electro
magnetic surveys

1957-1958 Mining Corþoration of First major geological mapping program;
Canada magnetic & electromagnetic surveys

1958-1 963 Lee Gordan Mines Ltd. Inactive?

1963-1965 Marcon Mines Ltd 54 diamond drill holes (total length
7,284 m); electromagnetic survey;
geological mapping of entire 915 hectare
propertv

1965-1968 Mr. John Noble Consultant's report (1 966) consisting of a
compi lation of previous work

1968-1 972 Hudson Bay Exploration 32 diamond drill holes (total length
& Development Co. Ltd. 6,663 m)
and Conmar Mines Ltd.

1972-1987 Hudvam Mines Ltd. (formed 64 diamond drill holes drilled between
by previous owners) 1981 and 1985 (total length 11,756 m)

1S87-l 990 Mingold Resources lnc. 13 diamond drill holes (total length
and Golden Range 5.079 m); 244 m of decline completed in
Resources lnc. rggs (¡noefinitery closed in Juty, lgsg)

I 990- 1 992 Rayrock Yellowknif e
Resources

Maxiprobe EM survey; l6 diamond drill
holes (total length 1,837 m)



2" study the petrology and geochemistry of the host rocks,

3. evaluate the waII rock alteration associated wíth the

mineraliza|'Lon,

provide an interpretation of the geologic setting of the

deposit, and

interpret the genesis of the deposit.
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1-.5 METHODOLOGY

1-.5. 1 Field work

Vüork on the project commenced ín the summer of 1-985 with three

months of field work that concentrated on geological mapping and

sampling of the ore zones and host rocks. This included an

investigation of the local geology of a 2.L kn by 3.9 km area of

the northern part of Vamp Lake mapped at a scale of L:5000, and

4"
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detailed geological mapping, at a scale of Lz24O, of a 260 m X 210

m island that hosts the main ore zone. Surface exposures on the

island are not extensive, and in many areasr moss stripping and

cleaning with the use of a Vtajax water pump vrere required to obtaÍn

adequate surface exposure. Diamond drill core from some of the 197

drill holes (and wedges) that had been dríIled by various companies

between L928 and 1989 was also examined to determine the rock types

and extent of alteration in unexposed areas. Host rocks to the

deposit r^rere sampled in outcrop exposures and ín dríll core for

petrologic and geochemical investigations. Several ore specimens

\^rere also collecteil for petrographic examination. Field work was

contínued for three weeks in the l-986 field season when core from

23 additional dríIl holes \^ras examined and sampled.

L.5"2 Laboratory technigues

Due to the lack of outcrop exposures in key areast

particularly the main alteration zone, data collected from drill

core examinatíon r¡rere a critical part of the study; drill holes

provided the only access to the main alteration zone. Thus, the

construction of individual dríIl hole cross-sections and composite

cross-sections incorporating several drill holes \¡rere important

steps in establishing both the stratigraphy of the area, and the

relationship of the alteration zone to the mineralization"

In wall rock units exposed in outcropr meçtascopic primary

structures and textures are not easily recognized on fresh or



weathered surfaces; this severely limited the collection of genet,ic

data from field observations" To minimize this problem,

representative samples of rock units \^Iere cut into slabs and etched

with hydrofluoric acid in order to enhance primary textural and

structural features that otherwise would not be visible.

Petrographic studies rltrere done on 257 normal thin sections to

establish the mineralogy and paragenesis of host rocks and ores. In

addition , 29 polished thin sections \irere examined under both

reflected and transmitted light to establish the relationship

between the ore minerals and gangue.

Geochemical data \¡ilere obtained from 7B rock samples- Major and

trace element analyses, plus metal assays for 63 samples were done

by X-Ray Assay Laboratoríes Ltd. Bondar-Clegg provided major

element analyses for 15 addítional samples, and carried out CO, and

S determinations on at1 78 samples. Examination of the trace

element data revealed a wide scatter of Y, Nb, and Zr values wit'h

many samples reported to contain abundances unusual for the type of

rocks involved. Consequently, 29 random samples were reanalyzed at

the University of Manitoba. Both sets of data are gíven in Appendix

C for comparison. OnIy the UnÍversity of Manitoba analyses have

been used in geochemical plots utilizing the elements in questíon.

Electron microprobe analyses \¡rere carríed out on selected

chloríte and biotite samples to examine the possibÍIity of

correlation between chemical zonation in the alteration zones and

variations in míneral compositions. The analyses are provided in

Appendix B.
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1" 5.3 Analytical Methods

Samples used for geochemical analysis were collected from a

0.5 by 2"2 km area durÍng the L985 fietd season" For host rocks

that T¡/ere not visíbly altered, chip samples \¡rere taken from outcrop

exposures within the map area. In addition, representative altered

and unalt,ered waII rocks \^rere carefully selected from drill core.

The chip samples and core specimens rüere processed through a jaw

crusher. The semí-prepared samples T¡rere then sent to X-Ray Assay

Laboratories Ltd. where they !ùere pulverized into powders with the

use of an agate miII, a process that may have slightly increased

the sílica values obtained. Analysis of major element oxides and

Èhe trace elements Ba, Zr, Y, Nb, Sr and Rb I¡Iere done by X-ray

fluorescence spectroscopy; the reported detectíon limit was 0.0L%

and 2 ppm for the major oxídes and trace elements respectively.

Metal assays were done by plasma emission spectrometry; gold was

determined through a combined fire assay and plasma emission

spectrometry process. The detection limíts r¡rere 0.500 ppm for Ag

and Cu, 2.0 ppb for Au, L.0 ppm for Co, Ni, Mo and Cd, and 2.0 ppm

for Mn, Fe, and Pb. X-ray fluorescence spectroscopy was repeated on

selected samples at the University of Manitoba with an A.R.L. B42O

X-ray fluorescence spectrometer to recheck the initial trace

element values. The precision of the repeat samples was 2 ppm for
y I zr, sr, Rb and Rh, and 5 ppm for Nb. Major element analyses of

¡he L5 additional samples sent to Bondar-Clegg \^Iere done by plasma

emission spectrometry; detection limits \^rere reported to be 0.0L3.

S and CO, analyses r,trere carried out by Bondar-Clegg on B0 of the BL

LL



samples for which whole

S values !ùere determined

biotite were carried out

University of Manitoba.

rock analyses had been completed" CO, and

gravimetrically" Analyses of chlorite and

using an MAC-S electron microprobe at the

1.6 PREVTOUS GEOLOGTCAI, STIJDIE_g

Little published data is available on the local geology of

Vamp Lake t ot on the regional framework of t,he area. Regional

mappíng has been done by J.C. McGlynn at a scale of l-:50000. A very

brief description of the property hTas given in McGlynn's (L959)

report on the Elbow Lake and Hemíng Lake areas, but most

information on the property is in the form of unpublished company

files and reports.

The uncertain genesís of the deposit is evident from

distinctly different mineralization and alteration processes

mentioned. in various unpublíshed summary reports on the property.

Early work quickly established an association between

mineralization and host rocks that had been altered to chlorite

schíst. In many of these reports, it r¡/as concluded that' these

altered rocks hrere the product of faulting and shearing (Walker'

i.982 ) . parliment ( 1966 ) further suggested that faults vrere the

dominant factor responsible for the localization of the sulfide

mineralízation wíth folds and contacts between mafic metavolcanic

and pyroclastic rocks being contributíng factors" In an alternative

t2



interpretation, V[alker (t982) proposed that the altered rocks

represent the location of a hydrothermal alteration pipe related to

the deposition of the massíve sulfide body, a proposal based on the

model outlíned by Sangster (t972).

Prevíous petrographic work T¡Ias restricted to a study of

selected mineralized core samples by the Instítute of Mineral

Research, Michigan Technological University. Twenty-one polished

thin sections hrere prepared, described, and examíned with a

scanning electron mícroscope in an effort to determine the precious

metal phases (Hwang I l-g84) " This study was inconclusive because Au-

and Ag-bearing phases ralere not detected.

1..7 REGIONAT, SETTTNG

Vamp Lake is in a narrow arm of the FIÍn Flon-Snow Lake

greenstone belt about 4.4 km south of the Kisseynew gneissic

complex (Figures 1-t 2). The greenstone belt consists of a sequence

of early Proterozoic, isoclinally folded, mafic to felsic

metavolcanic and metasedimentary rocks intruded by plutons of

various compositions (Bailes I L97 L; GaIe et aI | L982; Bailes et aI,

l-987) " The most coiltmon units in the Flin FIon area are mafic flows

and related breccías that are interpreted to be subaqueous

deposits, forming parts of major shield volcanoes (Syme et 41,

Lg82; Bailes & Syme, L9B9). Intermediate pyroclastic rocks and

heterolithic breccias srere deposit,ed in íntervolcanic basins from

1_3
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subaqueous flows. Fine-grained sedímentary rocks cap some of these

thick pyroclastíc sequences. Rhyolite complexes occur at several

different stratígraphic positions, and may be subaqueous lava

flows. In general, intermediate and felsic units are much less

abundant than mafic units overall, and tend to be more common in

upper stratigraphic levels. In the Snow Lake arear t,he abundance of

felsic volcanic rocks ís equal to that of mafic volcanic rocks,

with the fetsic units concentrated in the lower part of the section

(Syme et al I tg82). In general, all volcanic and sedimentary rocks

of the belt have been metamorphosed with metamorphic grade ranging

from subgreenschíst to amphibolit,e facies, and increasing northward

(McGIynn I Lgsg; Bailes & Syme, l-989). AIl volcanic and sedimentary

rocks in the belt thus have metamorphic overprints, but for

conveníence, the terminology used in the following discussion

ignores this aspect; references to primary rock types imply the

metamorphic equívalents.

The greenstone belt comprises four lithologic groups (Table 3)

described by Bailes (1971-). The Amísk Group, which forms the lower

part of the sequence, is characterized by volcanic rocks ranging in

composition from basalt to rhyotite. In the FIin Flon area, the

lower part of the gïoup is dominated by mafic flows' many of which

are pillowed, and intercalated mafíc to intermediate pyroclastic

rocksi comagmatic mafic intrusions are associated with these rocks.

Upper units of the Amisk Group in the Flin Flon area are dominantly

intermediate to felsic flows, pyroclastic rocks, and subvolcanic

intrusions. Volcaniclastíc sedimentary rocks, many of which are

1_5



TABLE 3: LITHOLOGICAL SUBDIVISION OF THE
FLIN FLON-SNOW LAXT GREENSTONE BELT'
FLIN FLON AREA

POST-MISSI INTRUSIVE GROUP

Intrusive rocks of variable composition:

Quartz monzodiorjte, quartz diorite' diorite, gabbro'
meladiorite and Pyroxenite

INTRUSIVE CONTACT

MISSI GROUP

Metamorphosed sedimentary rocks
Sandstone, pebbly sandstone and conglomerate

UNCONFORMITY

PRE-MISSI INTRUSIVE GROUP

Zoned, differentiated intrusions
Gabbro, ferrogabbro, tonalite

Mafic intrusions with ultramafic components
Peridotite, pyroxenite, gabbro, quartz diorite

Zoned. differentiated tholeiitic intrusions
Gabbro, gabbronorite, ferrogabbro, quartz ferrodiorite
ferrotonalite, leucotonalite

Mafic intrusions that vary widely in size, shape, texture,
composition and age

Gabbro, diorite, quartz díorite, and tonalite
High level felsic intrusions

Tonalite, leocogranite, quartz+/- plagioclase porphyry,
rhyolite intrusions

INTRUSIVE CONTACT

AMISK GROUP

SedimentarY rocks
Felsic volcaniclastic rocks, volcanic conglomerate, oxide
facies iron formation, greywacke-siltstone-mudstone, and
carbonate-rich sedimentary rocks

Felsic volcanic rocks
Rhyolite flows, possibly with aprons of reworked felsic tuff

Mafic to intermediate volcanic rocks
basalt and basattic andesite sheet and pillowed lava flows;
highly variable volcaniclastic rocks, mainly deposited from
subaqueous density currents

(Rfter Bailes & Syme, 1989)

l6



turbidites, are intercalated with the volcanic units" The Amisk

Group is unconformably overlain by sedimentary rocks of the Missi

Group, a sequence of arkose, grelrhiacker quartzíte, and

conglomerate. Intrusive rocks have been divided ínto 2 groups on

the basis of their relationship to the Missi Group. The Post-Missi

Intrusive Group, which includes most of the intrusions within, and

marginal to, the greenstone belt, is composed of gneissic

granodioritic plutons and nonfoliated felsic to mafic plutons. The

four groups comprising the FIin Flon-Snow Lake greenstone belt have

been interpreted as an evolving island arc sequence (Bailes, L97L¡

Bailes & Syme' 1989).

t"7.1 Structural and Deformational Regime

The FIin FIon part of the greenstone belt, is structurally

complex as a result of multiple deformational events during the

Hudsonian Orogeny (Stauffer and Mukherjee, L97L; Bailes & Syme'

L9B9). The pre-Missi period was characterized by tight folding of

t,he Amisk Group, followed by uplift and erosion. In the post-Missi

period, there r^rere four phases of deformation: L) open to tight

east-trending pre-metamorphic folds in the Missi Group that have

steeply dipping axial surfaces but lack axial planar foliation; 2l

tight north and northeast-trending isoclinal folds in the Amisk

Group characterized by a penetrative lineation; 3) north-trending

open folds in the MissÍ Group with a strong associated axial planar

schist,osity and lineatíon; and 4) formation of a large open
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northeast-trending antiform near Flin Fl-on, and the generation of

several northwest-trending, oblique-slip faults" Block-bounding

faults of uncertaín age \^rere originally described by Stauffer &

Mukherjee (t971) in the FIin FIon area. The fault,s are commonly

subparallel to stratigraphy, and possibly represent thrust

surfaces. More recently, Bailes & Symes (L989) have identified

prevíously unknown faults whích divide the stratigraphy int,o

blocks, each of which contains a unique stratigraphic sequence not

duplicated in the other blocks.

Two folding events have been recognized in the Snow Lake area

(Froese & Moore, 19BO). In the earlier phaser tíght to nearly

isoclinal structures with prominent axial planar schist'osity were

generated. The second phase produced northeast-trending open

flexures represented by the Threehouse synform, Southeast Bay

antiform and the Whitefísh Bay synform, and development of axial

planar schistosity and penetrative lineation.

L.7.2 Metamorphic Regime

Rocks in the Ftin FIon area have been subjected to low to

middle greenschist facies metamorphism, with grade increasing to

the north and northeast, reaching almandine-amphibolite facies in

the Kisseynehl complex, and in the Snow Lake area (Syme et al, L982i

Froese & Moore, l-9BO) " In the FIin Flon area, the metamorphic peak

corresponded to the second post-Míssi folding event, whereas in the

1B



Snow Lake area metamorphism began during the first folding event,

and reached a peak after the culmination of the second phase of

deformation (Syme et aI, 1982) " In spite of the metamorphic

overprínt, primary textures of the rocks are well preserved in low

metamorphíc grade areas, and locally preserved in other places.
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Chapter 2

GEOLOGY OF THE VAMP LAKE AREA

2.L LTTIIOLOGY

At Va.mp Lake, the rock units can be broadly subdivided into

three assocíations: a supracrustal sequence consísting of mafic to

felsic flows and pyroclastíc rocks of the Amisk Group; a comagmatic

gabbroic intrusion; and large gneissic granodioritic stocks

(Figures 2 and 3).

In the map area, the supracrustal sequence forms a 500 to 1-000

m wíde, northeasterly-trending belt that crosses the northern part

of the lake; rock uníts dip 75 to 85 degrees to the southeast and

host the Vamp Lake sulfide deposit. Mafic to intermediate volcanic

rocks, dominantly flows, comprise about 702 of the supracrustal

sequence forming 3 separate stratigraphic formatíons; these

alternate with 2 felsíc to intermedíate formations. Although each

of the 5 lithologic formations is dominated by a single lithology'

some unÍts contain ínterlayers of other rock types, and some unit

boundaries are arbítrary.

A large gabbroíc body is exposed on the mainland and on an

island in the northeast part of the lake; it was also intersected

by several drill holes beneath the lake" The gabbro is interpreted

to be an intrusion because (1) the contact between gabbro and fine-

grained mafic volcaníc units, where exposed in outcrop, is

20
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relatively sharp and weII defined, although the gabbro lacks an

obvious chílled zone, (2) in drill corer the gabbro contains

xenoliths of the volcanic host rocks, and 3) compositional layering

is present.

The volcanic-sedimentary belt Ís bounded on the northwest and

southeast by Iarge, semi-concordant, generally gneissic bíotite and

hornblende-biotite granodiorite stocks. Based on work by Bruce

(1-9LS), these intrusions are assigned to the Post-Missi Intrusive

Group.

2.2 YOUNGING DIRECTION

Determination of stratigraphic younging direction is difficult

at Vamp Lake because of poor outcrop exposure, lake coverr high

metamorphic grade and deformation. Most of the evidence is based on

primary structures found on a few outcrops on the }arge island that

was the main focus of the investigatíon. Deformed pillowed flows,

a poorly exposed scour channel ín tuffaceous rocks, and a possible

rip-up feature in a mafic unit all suggest a northwesterly-younging

stratigraphy. Thís youngíng direction ís also supported by (L) the

asymmetríca1 distribution of highly altered rocks, which may

represent, alteratíon feeder pipes, relative to mineralized zonesi

alteratíon is mostly on the southeast sídes of the mÍneralized

zones, and (21 the occurrence of sulfíde-rich clasts in rock units

on t,he northwest side of the mineralized zone. Thusr although
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evidence is limit,ed, the consistent indication is that the

stratigraphic sequence youngs northwest, and because units dip

southward, the sequence is apparently overturned.

2.3 STRATTGRAPHTC CORRELATTON

The generalized stratigraphy of the Va.mp Lake area is provided

in Table 4. There is some uncertainty in correlation of

stratigraphic units across the east-trending fault south of the

Iarge ísland (Figure 3). Therefore, stratigraphy of each fault

block ís indicated separately on a schematic stratigraphic section

(Figure 4). Uníts ín the mainland fault block are designated with

the code 'L', whereas those in the ísland fault block have been

coded 'I' . The correlation between the two blocks is based on Lhe

comparable sequence of formations, and the similarity of formation

lithologies and thicknesses in each fault block. This

interpretation reqires minímal movement along the fault, and both

ore zones occur at the same stratigraphic level, indirectly

supportíng this correlation.

2.4 METAMORPHISM

Hornblende, oligoclase-andesine and quartz are the dominant

míneralogical components of mafíc volcanic rocks in the area' and

varyíng proportions of epídote are present in most specimens" Such

a mineralogical assemblage suggests that regional metamorphic grade
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TABLE 4 : GENERALIZED STRATIGRAPHY oF THE
VAMP LAKE AREA

24



FIGURE 4: SCHEMATIC
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STRATIGRAPHIC SECTIONS OF THE
FAULT BLOCKS IN THE VICINITY OF
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is low to medium amphibolite facies. Thís is substantiated by the

presence of poikiloblastic garnets and gahnite in intermediate to

mafic units, and rare staurolite in a more aluminous unit. The

metamorphic grade is largely a reflection of the narrohTness of the

supracrustal sequence in relation to the surrounding granodioritic

bodíes, although the proximity of the high metamorphic grade

Kisseynew Complex, 4.5 km to the north, may also be a factor.

2 "5 STRUCTURAL GEOLOGY AND DEF'QB¡{AT-IqN

The supracrustal sequence displays evidence of several

dist,ínct types of deformation, apparently the result of multiple

deformation events. The northerly younging, southward dipping units

indicate that the stratigraphy is slightty overturned. Thís, in

conjunction wíth stratiform foliation, índicates that the

supracrustal sequence has been isoclinally folded. Small scale

isoclinal folds and boudinaged units have also been observed in

outcrop. Later deformation includes the development of schistose

zones, a conjugate fracture set, and faults-

No structural studies have been done ín the area, and thus the

number and types of deformation phases and their timing cannot be

established. Therefore, the various deformational features are

described in Chapter 5t but no attempt ís made to subdivide them

into distinct phases.
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Chapter 3

STRATTGRÄPHY NEAR THE VAMP LAKE ORE ZONES

There are two main ore zones in the Vamp Lake area, both of

which are concordant with stratigraPhy. The largest zone ís partly

exposed on the largest ísLand in the lake; the second smaller zone

subcrops beneath the lake, 25O m west of the island (Figure 3). The

two ore zones wiII be referred to as the island zone and lake zone

respectively.

The main ore zones are on opposite sides of the east-trending

fau]t. The lake ore zone ís ín the mainland fault block; the island

ore zone is in the island fault block. Based on the tentative

correlation of formatíons across the fault, a separatíon of 35 m

has occurred. Due to small-scale differences between blocks, the

stratigraphy of each fault block is described separately.

Figure 5A ís a surface map of the area near the ore zones

based on surface mappíng, supplemented by diamond drill hole data

in unexposed and water-covered areas. Figures 58, 5C, and 5D show

leve1 plan sections of the same area at depths of 30, 200t and 300

m respectively. There ís an apparent lack of lithologic correlation

among some drill holes. This is interpreted to reflect rapid facies

changes, although small-scale folds and faults produced by

deformation may have contributed to the rapid vertícal and

horizont,al changes.
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3"]. STRATTGRAPHY OF THE TSLAND FAULT BLOCK

The stratígraphic sequence hostíng the island ore zone ís

outlíned in Tab1e 4 and Figure 4" Mapping has indícated that the

supracrustal sequence has a minimum thickness of 450 m and

comprises 5 formations (Figure 3).

The lowest stratigraphic formatíon (1I) is a series of mafic

flows that outcrop on the the eastern mainland (Figure 3). Although

termínated by granodiorite to the southeast, mapping by McGlynn

(L959) east of the area shown ín Figure 3 suggests a maximum

exposed thickness of 2 km. This is overlain by a L50 m thick felsic

to intermediate formation ,2fl of interlayered tuffs and flows,

followed in turn by a 245 m thick middle formation (3I) of mafic

flows and breccías" The middle mafic formation (3I) is overlain by

a 60 m thick formation (4I) of intermediate and felsic, locally

garnetiferous, tuff and breccia, that, is characterized by rapid

lateral and vertical changes, and contains intercalated mafic

flows. At surface and on the 30 m level, the boundary between these

two formations is a zone of interlayered mafic and intermediate-

felsic lithologies (Figure 5); at depth, however, the interlayering

is absent. In the Island Fau1t Block, granodioríte is in contact

with the upper felsic to intermedíate formation (4I) and the upper

mafic formation is missing.

The island ore zone is exposed on a large island, termed the

ore discovery island. This is the only locality where waII rocks to

the míneralized zone can be observed and descríbed in outcrop. The

island has been a focal point of the research and a detailed map of
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the island ís provided in Figure 6" Because the main zone of

alteratíon can be observed only in drill core, cross-sectíons and

leve1 plans generated from drill hole data ín conjunction with

surface mapping are the best means of showíng the spatial

relatíonship of ore zones, waII rocks and alteration. Fígure 7

shows the approximate positíon of 5 cross-sections through the

island ore zone.

3.1.1 Island Ore Zone

The Island Ore Zone is a 1"5-LB m thick stratíform zone at the

contact between altered mafíc flows (formation 3) and overlying

intermediate to felsic volcaníclastic rocks (formation 41. The

mineralizatíon is exposed on surface and has been traced to a depth

of 350 mi the lower limit has not been determined, although ore

grades and thicknesses decrease below 275 m. Most of the economic

grade mineralization occurs between 2OO and 275 m depth (Figures

lO-1,2) where it has been traced for a strike length of 1-90 m. At

the present erosion surface, a second sulfide zone occurs 20 m

above the main mineralization zone, The upper zone has a maximum

thíckness of 1-3 m, and has been traced for a strike length of 60 m.

The felsic dominated 4T. formation overlíes the upper zone, and a

mafic siIl or flow separates the two ore zones (Fígure B). The

dístance between the upper and lower zones decreases wÍth depth,

and the 2 mineralized zones appear to merge as the mafic unit

pinches out at a depth of 90 m (Figures B & 9)"
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FIGURE 6: GEOLOGY OF THE ORE DISCOVERY ISLAND
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FtcuRE 8: CROSS-SECTION (a-¡') oF Tl-lE ISLAND ORE ZONE
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FIGURE 9: CROSS-SECTION (e-Bt¡ OF THE ISLAND ORE ZONE
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FIGURE 1O: CROSS-SECTION (C-CI) OF THE ISLAND ORE ZONE
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FIGURE ll: CROSS-SECTION (O-Ot) OF THE ISLAND ORE ZONE
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FIGURE 12: CROSS-SECTION (C-P'¡ OF THE ISLAND FAULT BLOCK

@ g Efrg

E ãFã

D
E
P
T
H

I

N

M
E
T
E
R
S

125

r50

175

" " 
oiee@inated aulfide nineralsiì

Cu end/or zn ninerrlirâtion;
..7 hetched portron indicrtcs

V intcrsected lcngth of core rith
/ gradcs of >It Cu tnd/or Zn

,Àu minerrliråtion; 3olid Portion
J indic¡tês intcrsected langth of

/ vith gradcs of >0.15 ozl1 Àu

-- - 
Inferred gcol ogicrl contùct

-'- Boundery of dcf ined rl tcràtion zonc

l{inêrrli!êd i.ntersection of other di¡mond
drill holas ¡re also indicatcd

P¡ttêrns corrcspond to thosc givên in
Figurè3,1 É 5

tlunbcrg corrcspond to formtion numbcrs
givèn in î¡ble {

See Figure 7 for location of cross-section

36



Mineralizatíon also occurs as numerous thin lenses within the

overlying felsíc to intermedíate units, and the underlying mafic

uníts; most of the lenses are close to the mafic (3l)-felsic (4I)

contact (Figures 9-L2l'.

3.1-.2 Alteration Zones

There are two alteratíon zones" The main alteration zor:el

which is Iargely characterized by a chlorite-biotite-quartz-

amphibole mineralogical assemblage, is confined mainly to the

míddle mafic formatíon south of the ore díscovery island" In

surface exposures on the ore discovery island and in t,he vertical

interval tested by diamond dritlitg, the top of the alteratíon zone

is about 1-40 m below the ore zone. The alteration zone has a

maxímum thickness of 73 m, and a maximum length of 244 m. These

dimensÍons decrease with depth (Figures 5A-5D). The altered units

are dominantly mafic with minor altered intermediate flows at the

northeast corner of the alteration zone; several apparently

unaltered felsic units also occur ín the zone (Figure g). A

second, thín alteration zone occurs immediately below the maín

mineralized zone (Figures B-12) and appear to be developed in mafic

volcanic precursor lithologies. No alteration was observed in the

mafic flow or siII that occurs beneath the upper mineralized zone"

3 "2 STRÄ,TIGRAPHY OF THE MATNLAND FAULT BLOCK

The stratigraphic sequence hosting the lake ore zone j-s
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summarized in Tab1e 4 and Figure 4. From surface mapping and

diamond drill hole data, the stratigraphy of the supracrustal

sequence of this fault block has been defined over a 435 m thick

stratígraphic ínterval beginning 365 m below the ore zorle. The

basal formation of the supracrustal seguence of the mainland fault

block comprises mafic flows that are exposed in the western margin

of the map area (Figure 3); these are assigned to the l-L formation.

Tota1 exposed thickness of the formation ís 55 m. This is overlain

by intermediate to felsic tuffs and/or flows of the 2L formation,

which varies in thickness between 100 and L80 m, and then by a 1-80-

2t5 m thick mafic volcanic formatíon (3t) composed of massive to

foliated, Iocally garnetiferous andfor amgydaloidal flows and minor

mafic tuff. Minor discontinuous felsic tuff members are

intercalated with the mafic flows and the mineralized zone occurs

near the top of the formation (Figures 3 & 5) " A series of

íntermed.iate to felsic pyroclastic rocks (4t) overlies the mafic

sequence and ranges in thickness from 1-0 to 1L0 m because of

truncation by granodiorite; the intermediate to felsic formation is

only 10 m thick above the lake ore zone. In the western margín of

the map area, the 4L formation is overlain by a 90 m t'hick

formation of massíve mafic flows (5L) that are bounded to the north

by the granodiorite. Fígure L3 is a cross-section of the lake ore

zone and associated wall rocks"
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FIGURE I3: CROSS-SECTION OF THE LAKE ORE ZONE
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3"2" 1 Lake Ore Zone

The ore body occurs in mafic rocks riear the top of the 3L

formation, but, in places, the ore zone is overlain by a thin

felsic to intermediate intercalation (Figures 58, 13).

Mineralization in the mainland fault btock occurs as a single

concordant, massive sulfide lens that intersects the lake bottom

and extends to a depth of 95 m. The zone has a strike length of L34

m and a maximum thickness of L2 m.

3.2.2 Alteratíon Zones

As in the island fault block, there are two alteration zones

(Figure 5). The }ower zone is a L7 m t.hick, sub-concordant zorLe

that ís mostly wíthin mafic units of formation 3L, but also

intersects an intercalated layered felsic unit. The alteration zone

is 35 m below the ore zone, i= entirely under t'he lake, has a

strike length of 43-5 m, and is apparently truncated by the east-

trending fault. A second alteration zone is a 2'1I m thick

alteration envelope that almost completely surrounds the ore body.

40



Chapter 4

ROCK TYPES

Because similar lithologic uníts occur at several

stratigraphic positions, and because most prímary textures and

structures have been obscured by metamorphism and deformation, rock

units will be described lithologically, in order of decreasing

abundance, rather than stratigraphically. Thís will avoid

considerable repetition in the descriptions. Vthere appropriate,

stratigraphic position will be noted in reference to Figures 3 and

4 and Table 4.

4.L MAFIC VOLCANTC ROCKS AND INTRUSIONS

Mafic volcanic rocks are the dominant supracrustal lithology

in the Vamp Lake area comprísing most of stratigraphic formations

1-t 3 and 5. Mafic rocks are mostly massive, non-amygdaloidal to

slightly amygdaloidal apparently aphyric flows. PíIlowed flows and

associated breccias have a restricted distribution and r¡rere

observed in outcrop at approximately the same stratigraphic level

of formatíon 3 in both the island and mainland fault blocks; this

restrícted distribution howeverr may be more apparent than real,

and could be the result of limited outcrop exposure and the

difficulty of identifying these rocks in drill core.

Mafic dikes (unit. 6) are coilrmon. They are compositionally and

texturally simíIar to the flows, and can only be recognized by

field relatíons. fn drill core, the dikes are more diffícult to
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recognize, although in most places sharp discordant contacts,

relatively narrortr widths, and homogeneous appearance facilit,ate

identification" Local mafic sills are also present"

Geochemical data on the various mafic lithologies are provided

in Chapter 7.

4.1.1

4 "I "t.r
Mafic Flows

Massive Flows

Massive mafic flows are the main lithology. They are

homogeneous and are generally greenish-blue to grey-black on

weathered surfacesi fresh surfaces are dark grey-black. The flows

are generally foliated, and are localIy gneissic.

The flows are composed of 35-55%, (0.1-0.45 illm subhedral

amphibole; 1-0-442, (0.L mm plagioclasei 3'32øo, (0.L mm quart-z¡ l'

5%, <0.1-0.3 ilm opaque oxíde minerals; and trace-3å, (0.1--0.2 mm

biotite. Locally present are 4-L2Z' 0.45-L.35 illm well rounded

quartz-filIed amygdules. In most specímens, the amphibole is

lineated and in some samples, it is concentrat,ed in 0.2-L.0 cm

laminae that contaín up t,o 9OZ amphibole.

Less cornmon are more mafic massive flows that comprise 75-80?o1

<0"1--0.3 mm anhedral to subhedral amphibole; I2'L72, (0.1 mm

anhedral plagioclasei 3-62, (0.L mm anhedral quartz; and Etace'Zà,

<0. i- iltm opaque oxide minerals. These f lows are more texturally

varíable than the less mafíc flows; many contaín hornblende

porphyroblasts. The hornblende porphyroblasts, which form L2'302 of
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many amphibole-rich units are 0.4-2.5 mm rounded anhedral or

subhedral grains that occur as single grains or 2-4 ilrm rounded

clusters" These porphyrobLasts are poikilitic, with straight

inclusíon trains that are díscordant to foliation. In clusters,

inclusion train orientations differs amonçt grains. The

porphyroblasts deflect the foliation of the fíner grained

amphibole, a feature typícaI of metablastic arowth (Barker, L990).

One distinctive porphyroblastíc unit occurs in formation 3 ín both

fault blocks; in the island fault block, the unit has been traced

laterally for L30 m. This uniù is distinguished by the presence of

7-!32, 0.8-3.5 mm round to írregular brownish patches comprising a

plagÍoclase core, surrounded by a central zone of fine-grained

amphibole and epidote, and an outer zor,e of medium-grained quartz;

these pat,ches could be relict phenocrysts or amydules t oE they

could be the result of alteration.

In mafic flows amphibole content and grain síze increase wíth

increasing proximity to the gabbroic body east of the island ore

zone. These rocks are charactetízed by 72-8OZr 0- 4-2-25 mm

anhedral, randomly oriented poikilitic amphibole crystals; 1.4-l5Zl

<0. l- mm plagioclase ¡ 2-6È, (0. L mm quartz; trace-88, <0. 1-0 .22 ttwt

epidote; and Erace-2à, (0.1 mm opaque oxide minerals.

4 . L " 1, "2 Pillowed maf ic f lows

Pill-owed flows have been identified in outcrops of formation
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3 on both the island and mainland fault blocks, where they occur at

approximately the same stratigraphic IeveI" On the mainland,

elongated megapillows rfp to 4 m long (Figure L1-l occur in a flow

unit that ís between 5 and 20 m thick. On the ore discovery island

a single pillowed flow unit about L0 m thick was obserwed. Pillows

here are not as stretched, and are smaller than those on the

mainland; pillow margins are accentuated by epídote (see Figure

i-5). The pillows are mineralogícally similar to the massive mafic

flows.

4"L"2 Mafic Breccias

Mafic breccias are well exposed on the ore díscovery island

where they overlíe the pillowed flow unít. On outcrop surfaces the

breccias are characterLzed by 5-L5 cm angular to lenticular,

generally deformed, commonly amygdaloidal fragments; amygdule

abundance, which range from 5 to 2oz, is variable between and

withín fragments (Figures L6-L7). The fragments, whích form 80å of

the breccia, are composed of: 35-50?' 0.L4-O.45 illm subhedral

amphibole; 33-372, (0. 1 Ílm plagioclasei 17-1"8?o, (0. 1 Ílm quatLz¡

trace-58, (0,L mm epid.ote; and trace-3?, IocaIIy up to 15?' 0"1-4.0

mm sulfíde minerals. The fragments occur in an amphibole-poor

matrix composed of 608' <0.1 mm plagioclase¡ 2O%, (0.1- mm quartz;

and. 20:6, <0.1--0"23 mm amphibole. Rounded Lo oval shaped amygdules
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Figure t1-z Highly stretched and elongated, megaq:1|ows on the
western mainlanã (ãequence 3L), 300 m west along strike from the
Lake ore Zone.-pifiãr'margins áie intensely schistose- Hammer is 1-4

cm long.
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Figure 15: Pillowed mafic flow (unit 3c in Figure 6), 20 m below
the surface expression of the lower Island Ore Zone. pillow margins
are accentuated by epidote. pillow shapes indicate stratigraphic
younging is north (towards the top of the photograph). Hammer is 14
em long.
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Figure 16: Mafic breccia (unit 3b on Figure 6) approximately 12 m
below the surface expression of the lower Island Ore Zone. Note the
mixture of highly amygdaloidal fragments, and weakly amygdaloidal
or non-amygdaloidal fragments. The amygdules are quartz. Diameter
of lens cap is 5.6 cm. I
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are locally concentrated within the fragments" These o"45-I"7 mm

features are composed dominantly of <0.L-0"6 mm quartz crystalst

and less abundant <0.L-0"3 mm plagioclase crystals.

4.1.3 Lavered Mafic Units

Layered mafic units that may be tuffs are intercalated with

mafic flows of formation 3t and with felsic tuffs and flows of

formations 4 and 2L. OveraII, these units, which range in thickness

from ZO cm to 1-3 m are much less coInmon than the adjacent rock

types. Individual layers within the units are defined by

mineralogic and/or grain size differences, range in t,hickness from

0.03-4.00 cm, and may represent relict beds.

Overa1l, the layered mafic units are composed of: 30-55%,

<0. L-0.27 iltm amphibole; L3-52e6, (0.1 mm quartz ¡ 7-42% ' 
(0. 1 flrm

plagíoclase; and trace-6å (and rarely up to tTZl t <0.1-0.L25 illm

bíotite. Minor epidote and sulfide minerals are also present' in

some samples. The amphibole content of individual layers varies

between 1-5 and 808; that of ptagioclase and quartz varies between

7-822, and 3-52l< respectively. In some layers there are up to 1-03t

larger plagioclase grains that range in si-ze from 0.34-2.0 mm;

these grains are inferred to be relict plagioclase pyrogenic

crystals "
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4"t"4 Mafic Intrusions

Mafic dikes and local sills are common in the Vamp Lake area,

but due to the more detailed examination of rocks on the ore

discovery island, all petrographic information on these rocks is

from this area. The intrusions are mineralogically similar to the

massive mafic flows described earlier. Also present are fine-

grained diorite dikes that are virtually indistinguishable from the

mafic flows and dikes, except by petrographic examination; diorite

typicatly contains euhdral, twinned plagioclase crystals, and

quartz is absent" As seen in Figure 6, most dikes are approximately

perpendícuIar to stratigraphy, and L'2 m thick" The exception is a

thicker concordant unit that is interpreted to be a siII. This unit

outcrops on the island, is 40 m thick at its widest point, and

pinches out rapidly downward and to the northeast. This unit is

interpreted to be a siII on the basis of its homogeneous nature,

and occurrence between and apparently dissectíng the ore zone.

However, since it ís mineralogically símilar to the mafic flows of

the area and contact relations are not exposed, it is also possible

t,hat the unit ís a thíck lava flow.

4.2 TNTERMEDTATE AND FELSTC VOLCANIC ROCKS AND INTRUSIONS

Intermediate and felsic rocks occur at two stratigraphic
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levels in the supracrustal sequence and locally elsewhere" Felsic

and intermediate flows dominate in formation 2, whereas

íntermediate and felsic pyroclastíc rocks dominate in formation 4"

Minor intermediate and felsic units are intercalated wíth the mafic

units of formation 3.

Chemícal compositions of the various lithologic types are

provided in Chapter 7.

4.2"L Felsíc and Intermediate Flows

4.2.L.t Felsic Flows

Fe]sic flows are the dominant rock type Ín formation 2t but

they also occur as minor units in the 4L and 3L formatíons. Tn most

places, outcrop surfaces are homogeneous, with randomly distributed

biotite-amphibole flecks and streaks. Vüeathered surfaces are

generally orange-brown to pinkish-orange in color, fresh surfaces

are light grey. The felsic flows are composed of 35-663, (0.1 Inm

anhedral quartzì L5-46e", (0.1- mm anhedral plagioclasei trace-153,

<0.1-0.45 mm shreddy amphibole; Ìurace'1-29ø, <0.1-0.25 mm subhedral

biotite; trace-LOZt <0.1-0.34 mm epidote; trace-lO?' <0.1--0-45 mm

sulfíde minerals; trace-54r 0.5-l-.35 illm poikílitic garnet; and

minor (<3å) calcite, muscovite and retrograde chlorite. No

phenocrysts were recognízed, and, if origínally present, have been

destroyed by recrystallization.
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4"2"1"2 Quartz-P1agioclase-Phyric Felsic Flow

A L2 m thick quartz-plagioclase-phyric unit in formation 4I ís

probably a flow. It is distinguíshed in the field by abundant

plagioclase phenocrysts and oval to ellipsoidal quartz eyes that

stand out in relief on weathered surfaces (Fígure l-8). Vfeathered

surfaces are pale-brown to orange-pink in color; fresh surfaces are

grey. The unit is composed of 32-682t <0.1 mmquartz; LO-372t <0.1-

mm plagioclase; l-rac,e-L2eo, 0.11 mm shreddy amphibole; trace-8åt

<O.l-O.22 iltm muscovíte¡ t-tace-7b, <O.L-0"22 mm sulfÍde minerals;

trace-6?, (0.l--0" L15 mm biotite; trace-S%, IocaIIy up to LlZt <0" 1-

0.3 iltm epidote; and. rarelyr uP to 5Z retrograde chlorite and 2Z

calcite patches" The remainder of the unit is composed of 6-1-7Zl

L.2-5.4 mm, oval to elongate aggregates of <0.L-0"9 mm quartz that

represent recrystallized quartz phenocrysts; and 3-LsZt O.34-L.0 mm

recystallized plagioclase phenocrysts. This rock type is

interpreted as a flow, because of íts homogeneousr massive nature.

4.2.L.g Intermediate Plagioctase-Phyric Flow

Minor íntermediate plagioclase-phyric flows, about l-5 m thick'

occur in the 2L formation. The groundmass of the flows is composed

of 1_5-30%, 0 . 2-o .25 Ítm anhedral amphibole; 33-35% ' 
(0 . 1 fllm

plagioctase; 29-35eø, (0 . 1--0 " 23 ilrm quartz ¡ 4-84, (0 . l--0 " L25 r¡m

biotíte; trace-74, <0.1-0.L2 iltm epidote; and 1-5%r (0 "L-0"2 nm

sulfide minerals" The remainder of the unit consists of 1-88' 0"3-

1-.5 Ítm rounded, augen-líke altered plagioclase phenocrysts
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Figure 18: Slab of quartz-plagioclase-phyric felsic flow that has
been etched with hydrofluoric acid. The abundant creamy, oval to
elongate features are recrystallized quartz crystals. The small
white spots are recrystallized feldspar crystals, composed of
epidote, clinozoisite, carbonate, zoisite, and local remna~ts of
plagioclase.
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overgrovrn by zoisite and epidote"

4.2.2 Frasmental Rocks

4.2.2.J- Felsic Tuf f

Felsic tuff units, 15-30 m thick, were found mostly in

formation 4, but are also intercalated with felsic flows ín

formation 2. Minor units !üere observed in formation 3. In outcropt

these units are extremely fine-grained and dense, with few

megascopic textural features. The uníts are locally layered with

O.25-2.O cm laminae defined by variations in grain size and

amphibole and biotite contents " Vfeathered surf aces are cream t'o

orange-bro\ÀIn, whereas fresh surfaces are variable in color, with

layers varying from purplísh blue-grey, to green, to very pale

purplish grey-white.

The felsic units are composed of: 20-70?ot <0.1 mm anhedral

plagíoclasei l-4-508, (0.1 mm quartz; trace-Ls$, (0.1--0.4 ¡nm

anhedral t.o subhedral epidote¡ txace-1-A?., <0.L-0.45 mm anhedral to

subhedral amphibole; Lrace-l,2à, <O.L-O.22 illm biotite; trace-S%,

<O . 1-0 .23 Ítm sulf ide minerals; trace'Aà , <0 . 1 mm epídote; and

Erace-2?, (0.1 mm calcite and retrograde chloríte.

The felsíc tuff units are mineralogically similar to the

felsic flows described in section 4.2.I.Lt alt,hough t,uff units

contain slightly more plagioclase and less quatLz"
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4.2.2.2 Felsic Crystal-bearing tuff

Felsic crystal-bearíng tuff units | 4-L3 m thick, \^/ere found

mostly in formatíon 4, although minor units vlere observed in the 3I

and 2I formatíons. These units are texturally and mineralogically

similar to the felsic tuff units described above, although they

also contain the following constituentsz 3'I7Zr 0.45-4.5 mm

elongate aggregates of <0.1--0.9 mm polycrystalline quartz grains;

t,race-9å, 0.7-L.9 mm poikilitic garnet; trace-2à, 0.36-1.7 rlm

plagioclase cystals overgro\^/n by fine-grained epidote, calcite, and

clinozoísite; and black, opaque, elongate fragments' up to 7 mm

long, whose míneralogy could not be identified. The elongated

quartz aggregates have wispy, drawn-out ends, and the individual

crystals ín the aggregates have sutured contacts. These aggregates

are interpreted to be recrystallized quartz crystals.

4.2.2.3 Intermediate Tuff

An intermediate crystal tuff unit outcrops on the Ore

Discovery Island in the 4I format,ion. This unit varíes in thickness

from 4-2O m. On fresh surfaces t.his unit is a fine-graíned,

uniformly dark grey rock; weathered exposures are various shades of

blue-grey. Vfell defined bedding was identífied only in one area

where beds are l-0 cm thick, have sharp contacts and are

distinguished by markedly different colours (pale blue-green versus

dark blue-grey) and differences in abundances of quarLz eyes and
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white spots t,hat may be recrystallized plagioclase crystals"

In general the matríx of the intermediate tuff unit contains

25-353, (0 . 1--0 . 1-5 mm anhedral to subhedral amphibole; 22'402 | <0 ' 1

mm plagioclase; 20-329ø, <0"1 mm quartz; trace-4?, (0.L-0.23 Ítm

sulf ide mínerals ¡ Erace-4? , <0 . 1- fltm epidote; trace <0 . 1--0 . l-3 illm

anhedral biotite; and minor garnet associated with epidote and

sulfide minerals. The amphibole Ís not evenly distributed but is

concentrated ín lineated aggregates, or rounded to oval clusters up

Lo 4 mm long. On weathered outcrop surfaces these porphyroblastic

clusters stand out in relief (Figure 19).

The larger, remaining constítuents of the unit consist of 3-

lOZt O.45-4.5 mm lenticular quartz aggregates composed of <0"1-0"5

iltm crystals; and trace-S?, 0.45-L.35 rlm' well rounded patches

consistíng of fine-grained aggregates of chlorite, sericíte,

clinozoisite, and quartz. The shape and mineralogy of the quartz

aggregates suggest that they are recrystallized pyrogeníc quartz

crystals. Locally, there are larger aggregates that are up to 2.5

cm long and contain some amphibole and stringers of pyrrhotite and

pyrite (Figure 2Ol. These larger aggregates are interpreted to be

fragments.

The chlorite-sericite-clinozoisite-quartz patches observed in

thin section are probably recrystallized plagioclase crystals. This

is supported by the remnant large twinned ptagíoclase grains wíthin

some patches.
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Figure 19: Weathered surface of an intermediate tuff (unit 4c in
Figure 6). Dark "clots" are composed dominantly of amphibole. Some
clots are rusty, due to the weathering of enclosed sulfide
minerals. Figure 20 shows these sulfide-bearing aggregates on a
fresh, etched surface. Diameter of lens cap is 5.6 cm.
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Figure 20: Slab of intermediate tuff (unit 4c in Figure 6) which
has been etched by hydrofluoric acid. Large, 0.5-2.0 cm fragments
(upper right and center) are composed of quartz, amphibole, and
pyrite stringers; comparable pyrite stringers are not found in the
matrix. The abundant white spots are aggregates of chlorite,
sericite, clinozoisite and quartz, possibly replacing plagioclase
crystals. A set of conjugate fractures cross-cuts the sample; these
are infilled by an aggregate of ca,lcite, epidote and possibly
prehnite.
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4.2.2.4 Intermediate Tuff-Breccia

Intermediate tuff-breccia units I J-.6 to 16 m thick' commonly

alternate with intermediate tuff uníts on the ore discovery island"

On weathered surface, pale grey-blue fragments occur in a darker

blue-grey matrix. Locally, fragments have a positive relief on

weathered surfaces (Figure 271. On fresh surfaces the matrix is

dark greenish grey-black whereas the fragments are grey-b1ue. The

fragment to matrix ratio varies from 4zL to 2zt. Fragments are

commonly elongate and range in length from 5 to 30 cm, and in width

from 2 to 5 cm; many fragments have irregular, jagged edges

(Figures 2L and 22l'.

The fragments consist of 23'63eø, <0.L-0"45 mm quartz¡ L2-532,

<0. 1 mm plagioclase ? lO-L72, (0 
" l--0. l-5 mm subhedral to anhedral,

non-poíkilitic amphibole; 7-1621 0.45-5.L mm oval to flattened

ellipsoidal "eyes" composed of <O.l--0.7 mm grains of quartz; and L-

72t <O.1-0.L5 mm biotÍte. The quartz eyes are probably phenocrysts'

The matrix contaLns 25-452, and rarely up to 653, (0. L-0.5 mm

and rarely, L.B mm anhedral amphibole; l-6-50%, (0.1- mm plagioclasei

5-442, (0.1- mm quartz ¡ l-7Zt O.23'4.5 mm poikitit'ic garnet; trace-

84, 0.4-5. O mm aggregates of 0. 1--0.45 illm quartz, probably

recystallized pyrogenic crystals; trace-32, 0.36-1.7 illm relict

plagioclase crystals; trace -3* , <0 . 1-0 . 15 illm opaque minerals;

trace, (0.1 mm biotite; and locallyr up to 6% retrograde chlorite"

The petrographíc characteristics of the matrix are relatively

uniform but those of the fragments are more variable.

Mineralogically the matrix and the fragments are not significantly

s9



Figure 21: Highly weathered outcrop surface of intermediate tuff-
Éiá""í" (unit á. in Figure 6) " Fragments are more quartz rich than
the matrix, and thereforer âs shown in the photograph, tend to be
more resísùant to weathering. Diameter of lens cap ís 5'6 cm'
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Figure 22: Intermediate tuff-breccia (center of photograph)
intercalated with intermediate tuff on the Ore Discovery Island.
The breccia unit (4a on Figure 6)) is characterized by elongate
intermediate fragments within a darker, more mafic matrix. Both
units have been cross-cut by a conjugate set of fractures which
have weathered orange-pink in color.
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different, although garnet is restrÍcted to the matrix which is

al-so distínguished by more abundant, coarser-grained amphibole,

less abundant quartz aggregates and biotite, and the presence of

minor plagioclase crystals.

4.2.2.5 Felsic Tuff-Breccia

Poorly exposed felsic tuff-breccia occurs in formatíon 4I at

the top of the stratigraphic section on the ore discovery island.

This unit is l-.5 to 6.5 m thíck. Most weathered surfaces are cream

to buff; fresh surfaces are grey-blue in outcrop exposures. Outcrop

surfaces have a vaguely inhomogeneous appearance produced by uneven

distribution of 0.3-7.0 Inm oval shaped blebs or clots composed

dominantly of amphibole" Dístinct fragment outlines were only

rarely observed on outcrop exposures (Figure 231, but where clasts

can be distinguished, the mafic blebs are mostly withín 7-30 cm

rounded to slightly elongate fragments. The matrix ís

compositionally more felsic, contains only sparse mafic blebs, and

on weathered surfaces is bleached whíte in color. Because fragments

are difficult to define, the fragment to matrix ratio is poorly

constrained but appears to range from 3:l- to Lz2.

The fragments generally consist of 29Zt <0.L mm plagíoclase;

442 | <0. 1 mm quartz ì 259., 0. L-0 "2 rrm, anhedral amphibole which

tends to be concentrated in 0.3-7"0 mm elongate lenses or

aggregates; lOZt 4.5-7.0 mm oval to rounded, quartz eyes composed

of 0.4-0.9 mm grains; and 22, 1O.l- mm biotite shreds' Aside from
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Figure 232 Felsic tuff-breccia exposed at the toP- of- the
ã"óiã"r"sta1 sequence on the ore Diècovery Island. The large
iiäg*"nt= (the dalrker colored areas) are.mineralogically similar to
ità-i"t"r*àdi"t" tuffs that underrie this unit. The matrix is more
felsic in cornfositíon, and weathers to a creamy white color'
Diameter of lens caP is 5.6 cm.
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the slightly larger and more rounded nature of the quartz

aggregates, the fragments are compositionally and texturally

similar to fragments in the intermedíate tuff-breccia unit"

The felsic matrix is composed of 39?o, <0.L mm plagioclase;

3AZt <0.1- mm quartz; lOZt O.L1 nm subhedral to euhedral biotite;

LOZ, 0.9-5.L mm irregular quartz aggregates composed of 0.l-5-0.45

and rarely up to l-.2 mm grainsi arrd 7Zt <0.1- mm epídote in 0.2 mm

patches. The matrix is texturally and mineralogically similar to

the felsic tuff unit described in section 4-2-2-t-

4.2"3 Felsic Intrusions

Felsic dikes intruded both the 3I and 4I formations on the ore

discovery island. The dikes are pale creamy-brotvn on weathered

surfaces; fresh surfaces are dark grey. Abundant plagioclase

phenocrysts are ubiquítous in the díkes (Figure 24l'.

The felsic dikes are composed of 28-392, 10.1 mm quartzì 22-

4OZt <O.1 mm ptagíoclaseì L2-L7Zt 0.4-L.5 mm euhedral, twinned and

zoned plagioclase phenocrystsi 6-L2e", (0.L-0.4 mm bíotite that ís

generally concentrated in lineated aggregates up to 3.0 Ílm long;

and minor epidote, muscovite and retrograde chlorite. Locally

present are 72, 0.36-0.6 mm aggregates of 0.Ll--0"45 mm quartz that

are ínterpreted to represent recrystallized quartz phenocrysts.

The plagioclase phenocrysts are commonly overçfror,trn by fine-

grained sericíte, epidote, clinozoisite or zoisite. Some of the
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Figure 24: Photomicrograph of a typical felsic dike that intruded.
the supracrustal sequence on the Ore Discovery Island. Zoned and
twinned plagioclase phenocrysts are the most characteristic feature
of this rock type. Sample number CON 63-590. Scale bar 0.5 mm.
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phenocïysts have been partly to completely replaced by pseudomorphs

of very fine-grained non-pleochroíc grey-brown to dark brown

matería1 of uncertain míneralogy and intergrown zoisite.

Mineralogically, the felsic dikes are similar to the felsic

quartz-feldspar phyric flow described in section 4.2.L.2 although

the dikes contain slightly more biotite, and they have been

subjected to a lower grade of metamorphism than the flow (Figure

24l..

4.3 POSSTBLE SEDTMENTARY ROCKS

Fine-grained, felsic appearing rocks that are petrographically

and chemically distinct from other felsic units r^lere encountered in

drill core at two different stratigraphic levels in the island

fault btock. Based on chemical characterístics to be discussed in

Chapter '7 | ít in tentatively concluded that these units are

sedimentary, although the homogeneous nature of these units and the

chemical and petrographic similarity among samples from different

stratigraphic leve1s, would be compatible with the units being

f elsic sí11s. This rock type r¡ras not f ound in outcrop although

outcrop occurrences may have been overlooked because of the

megascopic similarity to other felsic units. The units encountered

in dríII core are 0.6 and 2.4 m thick; the concordant contacts are

sharp. The rocks are typically Iíght grey in color, and extremely

massive and homogeneous ín appearance. The lateral extent of these

66



units is not known"

Petrographically, the units contain 32'502, (0"1-0"4 fllm

anhedral to subhedral plagioclase; L3-292, (0.L-0.23 fllm anhedral

quartz ì L4-l-6eo ¡ <0. L-0.2 iltm shreddy biotite i 9'L3Z | <0. 1--0.25 Ítm

epídoteì 3-LL%, <0.1-0.8 mm sulfide minerals¡ L-24, (0.1 mm shreddy

chlorite characterized by green-brown interference colors; and

trace, (0.1- mm zoisite, calcite, and apatite. Locally present are

52, 0.45-L.B mm aggregates composed of 52-57å biotite; 38? epidote;

54, sulfide minerals; and trace-S?, (0.1-0.1-8 mm retrograde

chlorite. The grains within the aggregates are larger than the

average grain size outside the aggregates.
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Chapter 5

STRUCTURE OF THE VAMP LAKE AREA

The supracrustal sequence displays evidence of several

dístinct types of deformation, apparently the result of multiple

deformation events. These structures include a well developed

foliation and lineation, isoclinal folding, faulting, a conjugate

fracture set, and schistose zones. No structural studies have been

done in the area, and thus the number and types of deformational

phases and. their timíng cannot be established. The deformational

structures, either inferred or observed, are described below"

5"L Fo1iation and Lineation

Most rock units are foliated. Foliation has a mean orientation

of 45 degrees/8o degrees southeast, coincident with regional

stratigraphy. Lineations rrtrere locally observed and plunge 75

degrees northeast. Atthough ínformation on the alteration zones is

restricted to díamond drill core, core angle measurements indicate

that t,he alteration zones are also foliated wíth foliation

orientat,ion consistent r^iith the regional foliation.

5.2 Isoclinal Folding

Evidence suggests that the area j-s
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younging limb of an isoclinal fold. This evidence includes the

overturned stratigraphy with stratiform foliation, and small-scale

isoclinal folds observed in various thin sections of the walI rocks

to the deposit (eg. Figure 251, wall rock fragments that had been

incorporated into the ore zones, and in outcrops of various

lithologic units

5.3 Faults

A wide, east-trending fault zone has been inferred from dríll

hole data near the ore zones at Va.mp Lake " The presence of the

fault ís supported by an apparent displacement of magnetic trends

defined. by magnetometer surveys completed in 1'969 and L9B4 by

Hudson Bay Exploration and Hudvam Mines respectively.

The fault was intersected in díamond drill holes 53 and Con

64. It is marked by a highly brecciated and blocky zone with a

minimum true width of 36 rn. The fault is interpreted to have a

strike azimuth of 095 degrees and a dip of 62 d.egrees south. Based

on correlation of lithologic units and mineralization on either

side of the fault, there has been 35 m of right lateral horizontal

offset along the fau1t.

Other 3 to 32 m wide brecciated zones that may be faults \^/ere

encountered in several other drill holes in the area' These breccia

zones are partly cemented by carbonate-
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Figure 25t Photomícrograph dísplaying isoclinal folding ín an
altered mafic flow immediately overlying the Lake Ore Zone. Sample
number CON 24-L58 (altered unit 3L). Scale bar 1.0 mm.
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5.4 Schistose Zones

Three schistose zones have been identífied in the area

examined. These include the Sewap Lake fault (Figure 2\, a

concordant schistose zone in t.he 3L volcanic formation, and two

minor sub-parallel zones on the ore discovery island (Figure 6).

The zones are characterized by highly schistose rocks and thus

differ from the faults described above which are characterízed by

breccía zones. The schistose zones may be the product of one or

more deformational events.

Other loca1ly d.eveloped schistose, chloritic and/or sericitic

zones, which earlier workers referred to as shear zones, have been

identified from drill core. These zones are relatively wide in

relation to limited stríke length, and are spatíaIly associated

with the ore zones. As a result, the author believes that these

zones are primarily a function of alteration rather than

deformation. These areas will be discussed in chapter 6.

5.5 Con-ìuqate fractqre -slZ-ElCm

A conjugate fracture system was observed in the intermediate

t,o felsic pyroclastic units exposed on the ore discovery island.

These <O"L-z mm wide fractures are spaced about 0.05-10 cm apart

and cross-cut Iíthologic contacts; they have been ínfilled by

epidote and.for prehnite (Figures 20 and 221. The orientation of

7t



these fractures indicates that the direction of principal stress

responsíble f or their development r¡Ias perpendicular to the

stratiform foliation. The fractures are not deformed suggestíng

that the fracture-producing phase of deformation was a relatively

late event in the deformation history.
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Chapter 6

PHYSICAI FEATURES OF THE AT,TERATION ZONES

6 " ]- INTRODUCTION

Four types of alteration have been defined in the Vamp Lake

area on the basis of present stratigraphic position relative to the

ore zones: dístat, proximal, peripheral, and late stage (Figure

26¡. Each type is examined independantly to determine possible

relatíonshíps to the ore zones. Each of these alteration types is

dominated by minerals such as chlorite, quartz, biotite, amphibole,

and muscovite, which differ in abundances, textures, form, or

compositions from surrounding unaltered rocks" Mineralogical

assemblages and textural data indicate that in dístaI, proximal and

peripheral alteratíon types, the present alteration mineralogy is

the result of metamorphism of pre-existing but unidentifiable

alteration assemblages .

Atthough metamorphism hampers the recognition of the precursor

lithology of an altered rock, the problem can be mitigated by t'he

use of geochemistry (section 7.31. In the following discussion,

where the term precursor is used in reference to a specific

lithology, this refers to the pre-metamorphic rock; the use of the

term precursor component in the descríptions of partly altered

rocks refers to the metamorphosed minerals of the unaltered portion

of the rock.

Distat alteration zones are large altered areas that are
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separated from the mineralizatíon by relatively unaltered rock

units" They are the largest alteration zones and underlie both the

lake and ís1and ore zones" These ovoid to elongate shaped zones are

concordant with stratigraphy, but are of limited lateral extent,

grading along strike into unaltered rocks.

Proximal alteration is defined as alteratÍon that occurs

adjacent to and in contact with the ore zones. Proximal alteration

is associated with both ore zones, but it is more laterally

extensíve beneath the island ore zot:.e, extending beyond the

mineralization along an apparently st,ratigraphically controlled

boundary. Proxímal alteration zones are much thinner than dístal

alteration zones. The precursors to both distal and proximal

alteration zones appear to have been dominantly mafic volcaníc

rocks, with lesser amounts of intermediate to felsic volcanic

rocks. In additíon to the different spatial positions, proximal and

distal alteratíon zones differ ín alteratíon mineralogy. A

tremolitic assemblage is dominant in proximal alteratíon zonest

whereas chloríte, quarLz, biotite and muscovite are the dominant

alteration minerals in distal zones. In each of these types of

alteratíon, there are textural and míneralogical changes in the

characterístics of the alteration as a function of the degree of

alteration and/or different precursors.

Peripheral alteration comprises localized occurrences of veíns

or patches of alteration minerals in virtually unaltered host

rocks" In most places, this type of alteratíon can only be

ídentified in thin section.
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Late-stage alteration is largely restricted to areas near the

island ore zone and is defined by the occurrence of low temperature

minerals in fractures that cross-cut stratigraphy and regional

foliatíon. The fractures appear to be unrelated to and younger than

the other types of alteration.

6.2 DTSTAL AÏ,TERATTON ZONES

The volumetrically largest,, distal alteration zone in the Vamp

Lake area ís L25 m south of, and below the island ore zoÍLe (Figure

5). The alteration zor,e has been traced for a strike length of

about 244 m, but the eastward extent of the alteration is uncertain

due to the lack of diamond drill hole data in that direction; the

zone narror^rs downward, but the bottom has not been defined. On plan

section the zone is ovoid shaped and approximately 73 m thíck at

the widest point. The second distal alteratíon zone ís a minimum of

25 m south of, and below, the lake ore zone. This alteration zone

has a maximum thickness of L7 m, and extends to a vertical depth of

at least L05 m below present surface. Maximum strike length of the

zone at surface is 415 m; the zone is apparently terminated by the

east-trending fault.

6.2"L Characteristics of Distal Alteration

The main alteration assemblages found in distal alteration
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zones ares chlorite-biotíte-quartz-amphibole, quartz-biotítet

quartz-biotite-garnet, quartz-muscovite+/-biotíte, chlorite-

quartz-biotite, sericite-epidote-chlorite-biotÍte, and chlorite-

quartz-serícíte-amphibole. In the dístal alteration zone underlying

the island ore zone, there is a distinct spatial distribution of

the various alteration assemblages (Figure 261. This spatial

dístribution appears to be consistent at aII depths. One sub-zone

represents the alteratíon of a different precursor lithologyr and

the distríbution of the zone reflects the original stratígraphic

position of this lithology" Minor sections of unaltered rock occur

insíde the boundaries of the defined alteration zone; in the

central part, unaltered rocks appear to be dominantly mafic in

composition. The boundaries between unaltered units and the

completely altered assemblages are gradational. The nature of the

transition is uncertain; however, based on meçtascopic examination

of drill intersections, there appears to be some intercalation of

assemblages near sub-zone contacts, and thus boundaries between

sub-zones l- to 3 are approximate.

The central part of the alteration zoîe is dominated by a

chlorite-biotite-quart z -amphibole as semblage with locaI Iy developed

quartz-biotite-garnet assemblages. Alteration assemblages are more

variable in the outer part of the alteration zorte and sub-zone 2

consísts of a mixture of quartz-muscovite*/-biotite' quartz-

bíotite, and chlorite-quartz-biotite assemblages. Sub-zone 3, which

occurs in both north and south marginal parts of the zone is

dominated by a chlorite-quartz-sericíte-amphibole assemblage, and.
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the locaI presence of a sericite-epidote-chlorite-biotite

assemblage. The most noteworthy míneralogical differences between

the upper and lower parts of the distal alteration zone relative to

the centre are: Iess chlorite and amphibole, and ín many samples,

absence of chlorite or amphibole; and loca1 presence of muscovite,

garnet, staurolite, apatite, and Fe-Ti-oxide. The distal alteration

zone in the mainland fault block contains the assemblages chlorite-

quartz-biotite, quart z -biotite-garnet, quartz -muscovite+/ -biotite
and chlorite-quartz-sericite-amphíbole. Although these are similar

to some assemblages found ín the upper and lower parts of the

island alteratíon zone, the spatial dístributíon of these

assemblages in the mainland distal alteration zone is unknown due

to a limited data base. FuII descriptíons of all assemblages are

given below.

6 .2. I. L Chlorite-Biotite-Quartz-Amphibole Assemblage

The chloríte-biotít,e-quartz-amphÍbo1e assemblage is generally

restrÍcted Lo the central part of the island dístal alteration zone

and represents the largest volume of altered rock. The most

intensely altered rocks characterized by this assemblage are

composed of : L5-65?, (0.1-2.O mm íntergro\^rn chlorite laths forming

an anastomosing network of veins <0"L-9"0 mm thick, that, in

places, merge to form solid monomineralic massesi 5-259., 0.1-1-.35

iltm (most commonly 0.25-0.5 rnn) biotite as euhedral crystals or as

felted masses of subhedral crystals within massive chloriteí L4-
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35%, 0"2-0.4 mm, and rarely up to l-"5 ilrm, interstítia1 quartz ín

O"72-3"00 mm aggregates and 0"45-2.0 mm wíde irregular veinlets; 4-

3L? amphibole that most commonly forms <0.L Inm anhedral crystals

and 0.9-L.B Írm long, needle-like laths; and L'72, (0.L-1.0 mm

pyrite grains that are most coilrmon in quartz veinlets and lenses,

or concentrated in laminae, paralle1 to the foliation defined by

biotite and chloríte. A strong schistose fabric that is para1lel to

regional foliation is ubiquitous to these assemblages. These

characteristics are displayed in Figures 27, 28 and 29.

The chlorite typically has grey interference colors

characteristic of a Mg-rich variety (Kranidiotis & Maclean, L9B7i

?üynne & Strong, L984)" Large crystals are kinked (Figure 30)'

demonstratíng that they pre-date the last tectonic event (Barker,

1-990), and locally the chlorite schistosity ís folded with

subsequent development of axial planar cleavage (Figure 3L).

Biotíte is most coiltmon as patches wíthin chlorite, or as laminae up

to l-.0 lnm thick, parallel to the schistosity defined by the

chlorite veiníng. Occasionally, biotíte crystals within such

laminae are speckled with fine-grained (<0.L mm) ínclusíons of

undetermíned mineralogy. Amphibole ís spatíally associated wíth

bot,h chlorite and biotite, but particularly with biotite. The long,

thin, needle-like amphibole crystals are commonly randomly

oriented, possibly suggesting post-tectoníc growth. In addition,

the rare occurrence of large, skeletal amphibole crystals suggest

metablastíc growt,h during metamorphism (Figure 32l' .

Some rocks of this assemblage are not as intensely altered and
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Figure 27: Sample CON 44-248; Distal alteration zone; Island fault
block; chlorite-biotite-quartz-amphibole assemblage, typical ,of the
central part of the alteration zone.

In Figures 27 to 39, sample numbers correspond to diamond drill
hole number and depth in feet. Abbreviations used are as follows:
St=staurolite; Qu=quartz; Cl=chlorite; Bi=biotite; Am=amphibole;
Gar=garnet; and Gah=gahnite. Scale bar is 0.5 rom in length, unless
otherwise specified.
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Figure 28: Sample CON 63-188.5; Distal alteration zone; Island
fault block; typical example of the chlorite-biotite-quartz
amphibole assemblage most common in the central part of the,
alteration zone.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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Figure 29: Sample CON 62-367.5; Distal alteration zone; Island
fault block; chlorite-biotite-quartz-amphibole assemblage. Chlorite
veins have amphibole selvages. Black grains are pyrite and are
mostly in quartz veins that parallel the chlorite veins.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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Figure 30: Sample CON 63-188.5; Distal alteration zone; Island
fault block; kinked chlorite laths in a chlorite-biotite-quartz
amphibole assemblage. Such a microtexture suggests that these
crystals pre-date the last tectonic event. (X polars).

Refer to Figure 27 for explanation of location, abbreviations, and
scale. Scale bar = 0.1 rom.
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Figure 31: Sample CON 7-165; Distal alteration zone; Island fault
block; chlorite-biotite-quartz-amphibole assemblage. Highly
deformed (folded ) alteration assemblage , with the local development.
of axial planar cleavage.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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Figure 32: Sample CON 44-248; Distal alteration zone; Island fault
block; chlorite-biotite-quartz-amphibole assemblage. Rarely,
amphibole crystals are larger than normal and are skeletal in,
appearance, suggesting metablastic growth during metamorphism.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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precursor components can be identífied" The precursor components

consist of plagioclase, quartz, and amphibole that have simíIar
proportíons, sizes, and habits as unaltered mafic flows described

in Chapter 4. Partial alteration ís shown by the presence of 0"45

mm chlorite shreds which are uniformly distributed throughout the

specimens, 0.33-3.4 mm irregular sulfide grains and elongate blebs,

and minor <0.1-0.2 ilrm biotite laths. Rare1y, 1,.2-4.5 flrm wide,

concordant chlorite-quartz-sulfide veins are present; vein

components have the same characteristics as simíIar assemblages in

intensely altered samples of the distal alteration zone" Both vein

and disseminated forms of chlorite are characterized by the same

qrey and green-grey interference colors observed in the intensely

altered chlorite-bíotite-quartz-amphibole assemblage. üIith

increasing alteration the amphíbo1e acquires the long needle-like

habits of the amphibole in complet,ely altered samples; the

plagioclase becomes sericitized, and biotite content íncreases.

6.2.L.2 Quartz-Biotite-Garnet Assemblage

A quartz-biotite-garnet assemblage occurs in the mainland

distal alteration zone, and in sub-zone L of the distal island

zone. The mainland occurrence ís based on megascopíc

identificatíon; petrographic data on the assemblage ís limited to

one sample from the ís1and fault block. The sample is composed of

55eo¡ 0"1-1-5-0"51 mm euhedral garnet characterized by opaque cores

produced by inclusions of opaque minerals, possibly sulfide
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minerals (Figure 33); 322 0"1-5-0.2 mm quartz crystals, commonly in

0"42-1"26 mm thÍck veins; 103 | 0"L25 mm biotite laths; and 33, 0"6-

L.4 ilrm sulfides, typically associated with quartz veins" This

assemblage represents a complete alteration producti no precursor

components remain.

6.2.L.3 Quartz-Biotite Assemblage

Chloríte-biotite-quartz-amphibole and quartz-biotite-garnet

assemblages of sub-zone 1- grade northward into the quartz-biotíte

assemblage of sub-zone 2. The data are insufficient to determine

the nature of the transition. Quartz-biotite assemblages are

composed of LO-252, 0.15-3.4 mm quartz formíng L.0-5.1 nm wide

veins; l-O- LgZ I O " 3-0 .42 flrm biotite as irregularly distríbuted

anhedral masses or euhedral laths ¡ 3-2OB pyrite' typically

associated with quartz veins; and 52r 1.5 mm long amphibole

crystals that are coilrmonly associated with biotite and are similar

to those in the more intensely altered chlorite-biotite-quartz-

amphibole assemblage. Precursor components whích consist of equal

proportions of fine-grained interstitial plagioclase and quartz,

and the local presence of 0.72'L.34 ilrm relíct plagioclase

phenocrysts. These precursor components are similar to those in

unaltered íntermedíate flow and tuff units"
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Figure 33: Sample CON 62-477¡ Distal. alterat,ion zone; Island fault
blóck; quartz--biotite-garnet assemblage. This assemblage ís found
fãããfíy-i" the central- part of the distal alteration zone, in a
sulfídä-rich area. The dark central parts of the garnet crystals
may consíst of sulfide inclusions.

Refer to Figure 27 for explanation of locatíon, abbreviations, and
scaIe.
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6 "2 "L"4 Quart,z-Muscovite+/-niotite Assemblage

In the distal alteration zone of the island fault block,

quartz-biotite assemblages grade northward into quartz-muscovite-

bíotite assemblages" The transition occurs within a l-0 m distance

but no data are available on the precise nature of the transition.

The quartz-muscovite-biotite assemblages occur in a stratiform

zone, approximately 6 m wide. AII samples from this zone are partly

altered, with the alteration assemblage comprising 35-553 of the

rock. The alteration component of these samples is B-l-sU ' 0.1-1-5-

0.45 mm quartz in 0.6-1.2 mm aggregates and 0"45-l-.8 mm wide veins;

LO-242, (0.1-0.125 mm evenly disseminated muscovite lathsi up to

9%, <0.1--1.35 mm sulfide graíns, most commonly associated wíth

quartz veinsì 8eø, (0"1-0.3 mm biotite shreds and euhedral laths;

and 1--28, (0. 1-0.6 mm garnet. The precursor components are 0. L-0. 1-5

mm grains of quartz and partly sericitized plagioclasei the quartz

content varies from equal to nearly double the amount of

plagioclase. These particular components may indicate an

intermediat,e or felsic precursor. lhe alteration and precursor

components are relatively well ínterspersed and evenly distributed.

In the distal alteration zone that, underlies the lake ore

zone, there is a somewhat similar assemblage, but no precursor

components remain, and the assemblage lacks biotite, has a higher

quartz and sulfide content (up t,o 69?o and 22e" respectively)r and

contains larger (0.2-0.45 mm) muscovíte laths"

89



6.2.L.5 Chlorite-Quart,z-Biotite Assemblage

In the dístal alteration zone of the island fault block, all
samples of the chlorite-quartz-biotite alteration assemblage \Àrere

obt,ained from a síngle 25 m drill intersection in sub-zone 2i as a

result, Iateral continuity of the assemblage ís uncertain and

relationship of this assemblage to the other two assemblages of

thís sub-zone ís unknown. AII specimens examined from this locality

represent complete replacement products that are composed of 58-

67Zt <0.1-1.0 mm chlorite laths forming anastomosing vein networks

or near massive aggregates; L2-252, (0. L-0.45 flrm quartz; 3-J-B?,

<0.L-2"0 mm anhedral to subhedral bíotite; and 6-8Z, (0.L-1.L Inm

sulfide minerals" Additíonal constituents, which are present in

some samples, include: L4, <0"L mm apatite in 0.6-1-"7 mm masses;

142, 0.1-8-0.4 mm plagioclase¡ 12e", 0"23-0.72 fltm staurolite; 1lZ,

0.11-5-0.8 mm garnet; and 13eø, <0.1- mm crystals of Fe-Ti-oxide in

0.2-0.6 mm masses. Occasionally, Iarge euhedral biotite laths

cross-cut the chlorite and the foliation defined by the chlorite.

The chlorite has the green-grey interference colors typical of

chlorite in the chlorÍte-biotite-quartz-amphibole assemblage in the

central part of the alteration zone. The assemblage is similar t,o

the chlorite-biotite-quartz-amphíbole assemblage, but lacks the

amphibole. Figure 34 is a typical example of this type of

alteration "

In the distal zone beneath the lake ore zor)-e this assemblage

also locally contains up to L2Zt 0"72'1.0 mm euhedral, non-

poikílitic Aarnet crystals, as well as 8?, 0.15-0.6 mm subhedral to
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Figure 34: Sample 139-280.5; Distal alteration zone; Island fault
block; chlorite-quartz-biotite assemblage found in upper part of
the zone. This alteration type may also contain staurolite (as.
shown), sphene, and garnet.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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euhedral dark green spinel crystals that may be gahníte (Fígure

35) " The chlorite has green-brown and rarely violet or berlín blue

interference colors rather than grey-green colors. Cores of the

garnet crystals contain abundant opaque inclusions, possibly a

sulfide mineral, giving the crystals a zoned appearance. Garnet

overgrohrths on spinel suggest that the garnet ís a later phase than

spinel.

6.2.1.6 Sericíte-Epidote-Chlorite-Biotite Assemblage

An alteration assemblage consisting of sericite-epídote-

chlorite-bíotite occurs locally at the extreme southeastern tip of

the ore discovery island" Based on subsurface drill hole data, thís

area is the uppermost part of the dístal alteration zar.e of the

ísland fault block. Alt samples of thís mineralogical alteration

type represent partly altered rocks. Alteratíon components comprise

36 to 752 of the samples examined. The alteration component is

composed of 3-0-26z^ fine-grained sericite replacement of

plagioclase; B-I72, (0.L-0.25 mm anhedral to subhedral epidote; 5-

L3Zt <0.L-0.45 mm biotite as anhedral shreds to euhedral laths; 3-

LlZt <0.1-0.45 mm chlorite laths and irregular anhedral masses; and

B-L03, (0.L-0.23 mm pyrite. The chlorite is characterized by green-

brown interference colors, and is commonly associated wíth the

biotite" Many of the larger, more euhedral phyllosilicate laths are

crystals of biotite with lesser amounts of chlorite intergro\^rn into

the lattice structure of the indivídual bíotite crystals. The

result is a crystal composed of alternating bíotite and chlorite
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Figure 35: Sample CON 26-137; Distal alteration zone; Mainland
fault block; chlorite-quartz-biotite assemblage. Subhedral gahnite
crystals and zoned garnet crystals are part of the alte~ation.
assemblage in this particular area.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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layers that can be observed in crystal sections normal to (010);

the overall appearance of these grains is broadly simílar to albite
twins in plagioclase feldspars"

The precursor component consists of highly variable amounts of
<0.L-0.23 mm quartz and <0.1--0.45 mm partly replaced plagíoclase

crystals; trace <0. 1 flrm apatite; and up to 75?", <0. l--2. 0 nm

amphibole crystals. The crystal habit of the amphibole is similar
to that of unaltered mafic and íntermediate units, and as such, is
interpreted to be a precursor component. The variability of the

quartz content may indicate that some of the quartz is also an

alteration product; however, there are no obvious features such as

quartz veins that would differentíate between precursor and

secondary quartz" The high content of precursor amphibole would

suggest a mafic or possibly an intermediate precursor lithology.

6.2.L.7 Chlorite-Quartz-Sericite-Amphibole Assemblage

Chlorite-quartz-sericite-amphibole is a minor part of the

distal alteration zones. In the island fault block, this assemblage

ís restrict,ed to the uppermost and lowermost part of the alteration

zonet ít also occurs in the distal alteration zone of the mainland

fault bIock. AIl samples examined appear to represent partial

alteration. The alteration components that are present are 3l--338,

<0 . l-- 1- . 3 mm quartz grains commonly in L.7 -3 "2 mm wíde veins

parallel to schistosity; 25Zt O"34-L.44 mm laths of chlorite

characterized by greenish-grey to greenish-brown ínterference

colors; 8-1-0å, (0.1--1-.5 Írm pyrite graíns that are commonly in
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quartz veins ¡ 1i.-race-7eo, <0 " f. ilrm sericite ¡ i-race'7ã, <0 " L-0.45 mm

anhedral biotite shreds; and 3Z , 0.23- 1- " 35 Ítm pale green, non-

pleochroic, skeletal amphibole crystals" The precursor component

consists of 24-252, (0.1--0.7 mm anhedral plagioclase. Some of the

quartz may be a precursor component, but this is not texturally

dístínguishable" There is nothing definitíve in the precursor

components to suggest parental lithology.

6.3 PROXI¡,IAL ALTERATION ZONES

Proximal alteration in the island fault block forms a 0.5-2.0

m thick, laterally extensive, stratÍgraphically controlled zone at

the contact between mafic formatíon 3 and felsic formatioî 4, and

generally ímmediately beneath the 1ower mineralization zorre. This

alteration ís dominantly a tremolite-quartz-biotite-chlorite

assemblage. Minor alteration overlíes both the upper míneralization

zoner âs well as the main ore lens at depth where the upper

mineralization is absent. The hangingwall alteration ís generally

characterized by the presence of amphibole-biotite-sulfíde clusters

in felsic volcanic rocks t ot a quartz-muscovite assemblage"

In the mainland fault block, proximal alteration is also a

relatively thin zone adjacent to míneralization, but differs from

the ísland proximal alteratíon zone in 2 aspects: 1) it is well

developed in both hangingwall and footwall to the lake ore zonel
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and 2l it has a limited lateral extent, generally terminating
wíthin meters of the ore zone extremitíes. Quartz-muscovite and

quartz-chloríte assemblages are the dominant alteration assemblages

in the proximal mainland alteration zone; amphibote-bÍotite-sulfide
clusters are locally present, and tremolite-quartz-biotite-chtorite
assemblages are restricted to the southwestern margin of the ore

body, both above and below the mineralization.

6.3.1 Characteristics of Proximal Alteration

6 . 3 . L " 1- Tremolite-Quartz-Biotite-Chlorite Assemblage

The most intensely altered samples are characterized by: 36-

962 (averaging 7OZl, 0.L-0.45 mm (average 0.25 mm) subhedral to
euhedral amphibole laths forming near massive granular aggregaLes;

i--36å (average L2Zl | 0. l-L-0.45 flrm anhedral, interstítíal quartz

grains¡ Ì-rac,e-21Z (average 74), 0.1-2-0.5 mm euhedral biotite laths
that locally form 0.25-0.45 mm thick veins concordant with

folíation; trace-168 (average 38), O.34-2.6 mm chloríte laths ín
clumps up to 0.72 ilrm in size, and IocaIIy forming anastomosing

veíns up to 0.8 mm thick; and trace-L2à (average 52), <0.1--1.8 mm

sulfide disseminations that are generally interstitial to amphibole

or biotite. The amphibole is pale green and non-pleochroic. Based

on optical properties the amphibole is most likely tremolite.
Figure 36 is a typical example of this alteration type. Based on

electron microprobe data presented in Chapter 7 | biotite and
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Figure 36: Sample CON 21-201; Proximal alteration; Mainland fault
Block; tremolite-quartz-biotite-chlorite assemblage; stratigraphic
hangingwall to the ore zone. Chlorite veins define a crude.
foliation.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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chlorite are locally combined on a molecular scale producing

crystals that petrographically resemble green biotite (Figure 37) "

These green intergrowths are 0"2-0"3 mm euhedral laths that form

either 0.46-0.9 Inm thick layers or veinst ot <0.1-0.9 rtm masses

interstitial to amphibole. Biotite-chlorite intergrowbhs are more

abundant in samples with higher sulfide mineral contents.

Mafic rocks underlying the intensely altered tremolite-quartz-

biotite-chlorite assemblage described above, are loca1ly partly

altered for as much as 85 m below the defined proximal alteration

zorLe. Partial alteration is defined by the presence of up to 35Zl

0.7-3.5 mm round patches of pale amphibole opt,ically ident,ical to
that in the completely altered assemblage described above. These

patches occur wíthin a rock that is otherwise similar

petrographically to unaltered mafic flow units of formation 3f.

6.3.L.2 Quartz-Muscovite Assemblage

A less widespread form of proximal alteration is characterized

by a quartz-muscovíte assemblage. This alteration assemblage occurs

beneath the lake ore zone, and is also found overlying the main ore

lens of the island zone. This assemblage is typícaIly characterized

by: 28-33?., (0.L mm muscovite shreds that are intergrown to form a

massíve anastomosing network of veins:, 20-339<r (0.J'-L.L2 mm sulfide

minerals; and Ll--33%, 0.23-1.35 mm quartz in L " 15-1.7 Írm wide

veins" Although most samples are completely altered wiùh no

remaining precursor components, rarely there is highly sericitized
precursor plagíoc1ase. Thís assemblage differs from the quartz-
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Figure 37: Sample CON 24-167.5; Proximal alteration; Mainland fault
block; tremolite-quartz-biotite-chlorite assemblage; stratigFaphic
hangingwall to ore zone. Biotite-chlorite intergrowths (that.
resemble green biotite in thin section) form parallel to regional
foliation. Remainder of rock is pale green, non-pleochroic
amphibole, and minor quartz.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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muscovite assemblage of the distal alteration zones in having

higher sulfide and lower quartz contents. In the island fault block

the muscovite is finer grained than in the mainland fault block and

biot,ite may be present.

6.3.L.3 Amphibole-Biotite-Sulfíde Assemblage

In felsic units above both the island and lake ore zones there

is locally developed alteration in the form of L0-l-52, <0.1--0.45 mm

randomly disseminated, pale green, non-pleochroic amphíbolei 5-lOZ I

0.56-3.0 mm round to írregular amphibote-biotite-sulfide clusters;

and trace to 62, 0.4-0.72 mr¡ dark green amphibote needles similar

t,o those in the distal alteration zone. The disseminated pale green

amphibote is símí1ar to that in the tremolite-quartz-biotÍte-

chlorite assemblage descríbed earlier. In the mainland fault block'

the amphíbole-biotite-sulfide clusters change characteristics as a

function of proximity to the Lake Ore Zorre. Vûith íncreasing

distance from the ore zone, the amphibole changes fr<¡m a pale green

nonpleochroic variety to a dark green pleochroic variety; there ís

a correspondíng increase ín sulfide mineral abundance. The

alteration assemblages comprise 20-259ø of the samples containing

this type of alteration. The unaltered component of the rock is

composed of 2L-552, (0.1-1.2 mm plagioclase; TB-4LZt <0"1-0.31 mm

quartz¡ Erace-9à (tocally up to 25? l', (O.1-'0"72 mm biotite; L'L2Zl

<0.1-l-.36 mm sulfide minerals; 24, <0.1- mm epidote, and L4, <0.1-

O.23 mm chlorite" Based on the precursor components, this form of

alteration appears to be superimposed on a felsic lithology. Figure
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38 is an example of this alteration assemblage.

6.3. 1.4 Quartz-Chlorite Assemblage

Quartz-chlorite assemblages appear to be restricted to the

proxímal alteration of the mainland fault block, where they both

underlie and overlie the ore zone. This apparent spatíal

distribution ís based mainly on megascopic identífication;

petrographíc data is avaílabIe from one sample above the ore zone"

ThÍs sample is composed of 46Zt O.2-L.35 mm chlorite laths¡ 462,

0.1-0.4 mm quartz; and 8å, 0"L2-0"4 mm sulfide grains as inclusions

wíthin chlorite laths" No precursor components remain.

6.4 PERTPHERAL AITERATÏON

Minor alteration vras observed locally in both mafic and felsic

units outside of the distal and proxímal alteratíon zones

delineated in Figure 26. This alteration is in the form of minor

chloritization, silicification, amphíbole-biot,íte clusters,

epídotization, and chlorite-epidote+f-calcLte-quartz veins and

associated mínor sericitization. Figure 26 shows all locations

where this type of alteration T^ras observed in outcrop or drill

core "

6"4.1 Chloritization

Peripheral chlorite alteration is manifest by the presence of
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Figure 38: Sample CON 39-753; Proximal alteration of felsic
volcanic rocks; amphibole-biotite-sulfide clusters; stratigraphic
hangingwall to the Island Ore Zone. Alteration is defi~ed by
irregular clusters of pale, non-pleochroic amphibole, sulfide
minerals and biotite.

Refer to Figure 27 for explanation of location, abbreviations, and
scale.
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2-72, <0.L-0"45 ilrm (and rarely up to 0.6 mm) chlorite laths that

occur as either isolated crystals or as irregular 0"115-0.5 flrm

(less commonly up to 3"4 ilrm in síze) aggregates or patches

parallelling regional foliation" This chlorite typically has brown

to green-brown interference colors indicative of a more Fe-rich

variety than the Mg-rich type that characterizes most distal and

proximal alteration assemblages. A-bundances and textures of the

remaining mineral components are comparable to those of unaltered

equivalents.

6.4.2 Silicification

Silicification within peripheral areas ís characterized by B-

1-32 | 0. l-1-5-1-.35 mm quartz f orming 0.23-3.3 mm irregular patches, or

0.11-5-1-.8 mm wide veins. The veins are generally concordant with

folÍation. Other textures and míneral assemblages are identical to

those in unaltered precursors. The mafic volcanic rocks described

in sections 4.L.L to 4.L.3 contain an abnormally high quartz

content for rocks of this type, and this is possibly indicative of

pervasive silifícation. Therefore the alteration presently

described must represent a more focused form of sílification.

6"4.3 Amphibole-Biotite Clusters

Amphibole-biot,ite clusters mainly occur in areas peripheral t,o

distal alteration, and less commonly, within proximal and distal

alteration zones. These clusters are L.35-L0 Ílm in size, and

rounded to elongated subparallel to foliation; they form up to 37å
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of individual samples (Figure 39). The clusters are composed of 46'

552 | <0. 1-0 " 3 fltm biotite, and 40'542, 0. l-l--0.8 mm euhedral dark

green amphibole that is evenly distributed withín the biotite"

Trace-4%, 12.0 mm garnets are also present. The garnets commonly

contain opaque inclusions that are concentrated in the core, a

feature similar to that noted in the underlyÍng, more íntensely

altered quartz-biotite-garnet assemblage of the island distal

alteration zone. Locally, the garnets are partly replaced by

chlorite. These clusters are simíIar to those found withín proximal

alteration zones, but lack sulfide blebs and the amphibole is not

the tremolitic variety characteristic of proximal alteration. Rocks

containing amphibole-biotite clusters may also contain one or more

of the other types of perípheral alteration such as: a sericitízed

groundmass oï matrix; abnormal abundances of epidote; and chloríte

veins.

6.4.4 Epidotization

EpídotÍzation Ís the most widely dístributed form of

peripheral alteration in the Vamp Lake area. Epidotization occurs

in four forms: (1) epidote-quartz-sulfíde lenses concordant with

regional foliation; (21 irregular aggregates of epidot.e +f'sulfide

mínerals that íncrease in abundance with increasing proximity to

the ore bodies; (3) large, isolated, generally rounded, epidote

patches that are an order of magnitude larger than type 2

aggregates; and (4) Ioca1 epidotÍzation of pillow selvages in flows

underlying the island ore zoîe.
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Figure 39: Sample CON 62-522; Island fault block; amphibole-biotite
clusters. This alteration type is typically found in 'areas
peripheral to the distal alteration zone of the Island fault block•.
This form of alteration emphasizes the affinity between biotite and
amphibole noted in the chlorite-bioti-ce-quartz-amphibole assemblage
of the central part of the distal alteration zone of the island
fault block. Opaque inclusions are concentrated in the core of
garnet crystals, as noted in other localities.

Refer to Figure 27 for explanation of location, abbreviations, and
scale. ~
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Type 1 lenses occur in both mafic and felsic rocks; they

typically pinch and swelI, rangíng in thickness from 0"45 to 5.1

mm" These lenses are composed of 508, (0"1-0"8 mm epidote; 10-50%t

<0"1-0.9 mm quartz¡ tr-202, <0.1-0.3 mm sulfide minerals; and tr-

2OZt <0.1- mm plagioclase. Type 2 aggregates are 0.3-2.26 mm in size

and are composed of <0.L-0.23 mm epidote, with 0 to 25Zt <0.1--0.78

firm sulfÍde grains. The irregularly shaped epidote aggregates are

evenly distributed, forming 7-L2Z of most samples ì aggregate

abundance increases to 20-358 in felsic units adjacent to proximal

alteration zones" Type 3 patches are less widespread than type 2

aggregates" These patches are 7-L5 mm in size, and are composed of

37-982, <0.L-0.6 mm epidote; Lr-522, (0.1-0"I mm quartz; and tr-

LOZ. <0.1--0.36 nrm sulfide minerals; in some samples with type 3

patches, sulfide grains are found only in the epidote patches, and

not elsewhere in the host rock. P1agioc1ase, amphibole and calcite

also occur ín some epidote patches, but abundance of each of these

minerals is less than 62. Type 4 epidotization was megascopically

identified in outcrop (Figure 15), and no data are available on the

petrographic characterist,ics .

6.4.5 Chlorite-Epidote */- Calcite-Ouartz Veins

Another form of peripheral alteration is the local presence of

chlorite-epidote+/-calcite-quartz veins. These veins are 0. 1-0.5 mm

thíck, and are 70-90 degrees discordant to foliation. V{here

multíple veins are present, they are spaced 0.9-2.55 illm aparf .

Adjacent to some veins, the plagioclase in the host rock is
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sericitized in a 0"45-0.67 mm thick boundary zone. Adjacent to

other veins, particularly thicker veins, the host rock is

epidotized and chloritized in a 1"35-3.4 mm wíde boundary zone"

Vüithin this second type of boundary zone, 0.2'0.45 mm aggregates of

<0.1- mm epídote grains are evenly distributed, and comprise 7'LSZ

of these zones. The chloríte is also uniformly distríbuted, wíth

<0.1 mm irregular shreds comprisir'g 20-553 of the altered boundary

zones" The chlorite is characterized by brown to purple-brown and

occasionatly blue interference colors. Cross-cutting relationships

indicate that the veins are younger than the large epídote patches

described in section 6.4"4"

6.5 LATE STAGE AITERATTON

A second type of alteration has been identífied in formation

4I on the ore discovery ísIand. Vüithin this localized area the

alteration is pervasively developed. Due to cross-cutting

relations, it is not considered to be part of the alLeration

described in the previous sections. The alteration is characterized

by <0.1--2.0O mm thick veins that are greenish-white on fresh

surfaces, weather pinkish-white, and are composed of a combination

of epidote, prehnite, and calcite (Figures 20, 22l'. Based on cross-

cutting relatíonships, there were at least 2 periods of late veín

development. The earlier period is an infilling of a conjugate set

of fractures that are 0.05-10,00 cm apart. These veins are composed
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of fine-grained (<0.1 mm) epidote and/or prehnite" These fracture

filling veins are cross-cut by more infrequent, <0.1-0"15 mm thick

epidote or prehnibe +/- calcite veins"
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Chapter 7

GEOCHEMISIRY

7.L COMPOSITIONS OF MAJOR ROCK TYPES

The chemical composition of both primary rock types and

altered equivalents has been determined for selected units in the

Vamp Lake area. Composítíons of the various mafic units described

in chapter 4 are given in Tab1e 5. The mafíc flows have been

subdivided into 3 geochemicaj-Iy distinct groups defined primarily

by dÍfferences in TiOz content (Fígure 40). Slight variatiôns in

the abundances of various other elements (MgO, PzOs, FerOr, Crr Ní)

correspond with variations in TiOz contents (Table 5). Chemical

analyses of representative felsic and intermediate rock types are

listed in Table 6. Chemical analyses for representative samples of

t,he various alteratíon assemblages described in Chapter 6 are gíven

in Table 7. The fault block and formation in which each sample

occurs is also indicated in the Tables. Composít,iona1 comparison of

primary and altered samples provides an evaluation of the chemical

changes that occurred during alteration, thereby províding a means

of identifying alteration in samples less intensely altered. AIl

geochemicat sample sites are plotted on plan sections (Figures 5A-

D); core samples l^Iere projected along dip onto the plan section

that corresponds closest in depth to the sample site. The

mineralogical components of each analyzed sample are listed in

Appendix A.
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Sampls #

sio2
Tio2
4r203
Fe203
MnO
M90
CaO
Na2O
K20
P205
LOI

Felsic Flow

)on 52
;14.5

7r.00
0.36

11.90
5.72
0.10
0.48
4.31

o.74
0.10
o.47

<0_o1
o.l8

)on 84

73.00
0.31

I 1.80

0.11

3.88
0.86
0.07
0.62
0.03
o.t6

QuÍtz - Plaglocla$-
phyrlc lolslc flow

lR 25

ô7.80
0.53

1 3.00

0.10
1.00
3.91
3-66
1 .17
0.16
0.70
0.04
0.1 6

L-4

PPM
Ba
Cr
Ni

3R 3S

72.50
0.31

12.10

0.10
0.60
3.49
2.60
1.80
0.07
o.77
0.0s

t-4

)on 57

PPB

70.60

14.10

o.o7
0.58
4.88
3.54
o.68

l-4

290
10

z
Nb
Hô

Sr

;on oJ
118

lbrmdlate
'lagìoclase -phyr¡c

450
10

€8.90

12.40
4.88
0.09
0.68
4.45
2.81
1.22
o.21
'1.70

0.1s

t-4

Table 6 - Gmhemlstry of lntermed¡ate ed Felslc Voftrlc Ræks

)on 454

530

6

o.14
o.47

<o.0,
0. tI

€8.30
0,37

14.20

0.54

2.96
1.43

1.3S
1.97
ôô7

t-3

)on 52

470
10

5

45.72
1 07.36

12.15
1¿3 53

62.70
0,40

'13.90

8.84
0. 11

2.43
7.O1

1.69
o.74
0.r3
1.16
0.28

39.07
90.s9
10.35
18.43

17À 49

ìB 45

290
10

58.80
0.32

'! 5.10
9.60
0,18
3.37
8,08
1.80
1 .38
0.13
0.85

< 0,01

Felslc I

71 .gO

0.28
11.40
4.92
0.1 1

4.57

1 .15
o.21
0.75
0.06

390
'10

3l

rlt

22.27
47.21

3.10

68.40
0.36

1 1.30
7.35

2.60
3.04
1 .34
1.74
0.49
1.50
0.31
ôM

Jñ ó¿

660
10

70.90
0.40

12.25
5.54
0.12
o.77
4.50
2.56
1.31
o.24
0.82

ôô5

360
10

7

65.50
0.60

12.80

0.18
1.86
5.5'l
3.10
o.70
o.14
o.54

<0.01
o02

L-4

toî ¿0

67,1 0
0,51

10.50
10.60
0.18

5.€4
1.64
1.18
0.20
1.00
0.04
o?a

L-4

320
30

r EEE
Crystal- bodlng

Tuff

21.10
42.10

3.82
1 S.80

a€.10
0.64

13.9O
6.67
o,12
1.33
4.32
2.70
o,60
0,16
't.18
0.3r
ôo2

tB t2

66.30
o.42

13.40

0.1€
1.24
6.r7
2.41
o.65
0.17
o.85
o.52
oæ

t7.95
25.56

5.01

22.71

lB 19

390
10

tBrmootaÞ
Tult

73.00
0.25

1 2.50
4.85
0.12
0.48
3.27
3.63
1.O7

0.0ß
0.39
0.02
oô5

L-4

200
10

220
'f0

72.OO

0.25
1 2.50

5,45
0.10
0.67
3.S3
3.08
'r.09
0.0s
0.54

<0.01
oæ

ro6ç u¡K0s

02.50
o.a2

14.75
8.26
0.18

7.81
2.14
0.34
0.18

<0.01
ôü

t-4

f70
't0

JH ó5

62.30
0.s2

12_SO

11.00
o,?o
1 .13
8.0e

o.73
0.38
0.85
1.17

<o ol

200
10

t-7

71,3

'15.2

2.ø5

0.9

4.46
1 ,27
0.0s
0.0r

)on 63

Possbl€
Sodkn€nts

38.21
80.53
4.24

to.06

380

64.40
0.33

3.1 1

0.o8
1 .11

3,24
4,42
t.40
0.1'l
1.39
0.01
o21

I

80.20
0,30

r 6.10
2,86
0.00
0.96
4.24
4.2A
1.Ol
0.r0
0.85
0.0'|
o02

330
l0

t-4

<2

)on 63
71

34.15
80.45

8.51
14.85

1 14.36

180
't0

90.70
1.09

15.00
6.62
0.09
2.56
5.35

2.11
0.57
t.16

< 0.01
o ta

I-4

<2

350
<10

f3

113

81,30
Ltf

I 5.70
6.73
0.0s
2.go
4.90
3,44
2,O1
o.58
r.o8
0.05
o03

620
l0

390
10

530
'10

11.1 5
'| 23.80

4.40
25.22

353 17

<2

'1150

20

'| 170

10

<2

24.74
243.46

17.63
38.21

24.50
240.55

16.40
41.66



Sample #

Fôrmalion

wt. %
ùIU¿
T¡O2
4t203
Fe2O3
MnO
Mgo
CaO
Na2O
K20
P205

t12

Chlorile - BÌotite -
Ouarz - Amphibole

I

t-3

>oî 44
54

56.90
o.30

12.50
10.oo
o,11

10,50
2.24
0.33

0.04
J.J I

0.46
o.o3

)on 44
,44

60.90
o.32

12.52

0.11
8.93
0.96
0.73

0.14
3.94
0.54
ññ)

l-3

PPM
Bâ
Cr
N¡

Table 7: Geochemistry of Altered Rocks

,on b3
88.5

52.30
0.33

13.80
12.80
0.08
s,85
1,53
0.63
2.62
0.05
5.39
2.O3
o.01

Quartz - Biolile

t-3

PPB
AU

IJY -
t42.5

53.80
0.25

1 1.50
12.90
0.16

12.10
1.84
0.11
o.44
0.05
6,00

0.01

t-3

PPM

Zr
Nb
Fb
Sr

tJg -
rat

210
27

62.44
o.41

12.30
12.80
0.14
1.32
5.28

o.44
0.39
2.æ
4.55
0.ol

t-t

J9-
iñ,

64.12
0,31
s.68

11.30
0.46
5.19
5.46
0.87
0.33
0. 19

2.80
3.51
0.04

440
70
27

t-

Distal Alteration

4U-

7

Juañz - Blolrle
ìarnet

63,60
0.35

15.30
7.09
o.16

4.22

1.71
0.07
1.70
1.24
0.02

TÁA E

490
90

59.1 0
0.36

14.40
10.10
0.07
3.94
5.17
1.06
2.O7
0,06
¿,óc

o.01

t-3

8.98
11,67

46.47
63.62

UON OZ

447

56.00
o.24
7.49

19.80
0,07
O.UJ

0.38
o.11
1.67
o.03
7.77

' 
.JJ

0,02

180
320

33

luanz -
¡uscovite

Chlorlte - QuarE -
B¡otite

t+u
20R

49.1 0
o.38

18.90
16.10
5.14
4.21
3,97
0,95
1.77
0.43
1.35

o05

I-3

'10.93

3.38
1?.37
1 1.04

IJY -
,AN R

850
20

57.50

'12.40
'14.30

0.1 1

1.46
1.3?
0.28
3.42
0.05
7.85
6.66

<o.01

16
¿ô

I
116

84O
70

JV-

13900

13

c¿

370
210

45.20
0,56

14.50
18,80

o.21
1 1.50

0.55
1.72

c.cc
¿,oJ
ô.13

120

JU-

ierlclte - Epldote -
)hlorlte - Blotlte

46.80
o.42

14.40
15.80
o.28

o.74
0.03

o.10
6.S3
0.41
o.04

42.50
0.eo

16.00
1S.æ
o.2a

11.12
lal

0.29
0.67
0.34
€.20
1.05
õe

tt¿

3520
260

w

)hlorlte - QuarE -
ìerlclts - Amphlbole

<2

98

CY
)1L E

50.00
0.57

't8.40
11.90
0.14
3.83
6.81
2.O7
1.98
0.40
3,S5
4.zts

^ñ2

11

<2
?o

?5

1 
't4

<,
?a
3A

En t7
0.35

'f 1.00
æ.o7

0.09

0.55
0.44
1.43
o.17
4.17
5.16

<0.o1

iÃ

æ
<2
13

<2
60

158

500
100
56

AM

13.14
âÃl

33.34
55.18



Table 7 contìnued

Sample #

Proxi,nal Alteration

;ormation

Tremol¡te - CluarÞ -
Biotite - Chlorite

wt, %

rioz
4r203
Fe2O3
MnO
Mso

Na20
K20
P205
t^l

cõ2

)on 24
58

L-J

)on 454
r6n

0.1 1

6.89
12.70
o.17

13.15
5.66
0.40
o.42
0.04
3.12
0.91
onR

t-3

lon 57

48,50
0,36
9,70

1 1.00
0.18

15.70
9.30
0.76
1.27
0.16
2.23
0.07
nn3

t-J

liot¡te -
\mphlbÕle
)lusters

Perioheral Alteration

ion b3
03s

PPM
Ba

Ni

48.90
o.35
8.67

1 1.10
o.24

15.80

o.72
1.40
0.16
1.62
0,38
0,02

t-3

uon öz
c¿¿

47.9O
U.JO
9.95

10.90
0.19

16.00

0.73
1.80
o.17
1.93
0.06
o.02

Per¡pheral Chl-Ep
AlteratlÕn

PPB

t-3

¡af. Flow

120
1 320

PPM

7r
Nb
Fb
Sr

ion b/
r43.5

51.40
o.42

18,20

o.77
6,10
7.e4
0.79
2.51
o.27
1.00
0.s7
0.03

¡at. I un

280
1 160

ion 5/
;51.5

2À

53.70
0.34

14.30
11.80
0.20
5.75
9.03
171

0.49
0.05
1.82
0.08
0.84

4.44
4.65
3.09

16.80
20.80

320
1 190
360

<2

350
1 1gO

260

58.00

14.00
12.70
0.19

s.2s
1.15
g.Ò¿

o.12
o,47
0.05
0.03

<i

12.75
24,65

1,88
47.59
44.01

180
30
17

16
30

51

142

270
æ

5

115

15.06
23.30

'1.3?

6.52
228.68



7.2 DISCRTMINATTON DTAGRAMS

Rocks in the Vamp Lake area have been subjected to both

alteration and medium grade metamorphism. Under such conditions all

major elements become mobile, and geochemical plots using major

element abundances for classifying rock types on the basis of

magmatíc differentiation are of límited use. There are, however,

several trace element discrimination diagrams t,hat, can be used to

rnítigate this problem. These discrimination diagrams are based on

the premise that different magma types are characterized by

specific abundances of partícular relatively immobile trace

elements. Simitar types of discrimination diagrams can be used to

infer the tectonic setting in which the rocks r,rrere emplacedt

because magmas generated in different tectonic settings are also

characterized by particular abundances or ratios of these trace

elements.

To establish the different magmatic rock types in the Va¡nP

Lake area and the tectonic environment of their emplacement,

geochemical plot,s have been chosen that utilize relatively immobile

elements such as Zr, TÍ, Nb, and Y. Of these particular elements,

Zr and Tí are relatively immobile even during intense hydrothermal

alteration whereas Y and Nb may be extremely mobíle (Finlow-Bates

& Stumpfl, L981) " Therefore only Zr and Ti can be used with any

reliability in hydrothermally altered rocks. Despite these

L t_6



problems, various studies have determined the usefulness of all of

these particular elements in díscrimination diagrams (Roberts &

Reardon, L97B; Riverin & Hodgson, L980; Finlow-Bates & Stumpfl,

1-9BL; Gibson et aI , t9B3).

7.2"1 Magma types

The various discrimination diagrams used in this study make

use of different combinations of the immobile elements to identify

the degree of magmatíc differentiation (Figures 4L, 42) ¡ the use of

several different diagrams is useful in verifying results and in

cross-checking the apparent immobility of various elements and the

subsequent reliablity of a partícular plot. For all prímary rock

types, only the trace element analyses determined at the University

of Manitoba \^Iere used because these are believed to be more

accurate. For all diagrams using major element oxídes, the analyses

have been recalculated on a volaLile-free basis.

Using only trace element ratios (Figure ALl, a complete range

of data ís indicated. Mafic and intermediate rocks plot in the same

fíelds, although the two grotlps are characterized by different

zrfTioz ratios; felsic rocks plot in separate fields. The mafic

rocks plot in the sub-alkalíne basalt and andesite/basalt fíelds,

intermedíate rocks fatl in the andesite/basalt fie1d, and felsic

rocks in the andesite and dacite fields" On diagrams where SiO, is

one of the discriminants, mafic and íntermediate rocks plot in the

L17
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Figure 4l: Magmatic Discrimination Diagram

Symbols used are as follows: C = mafic volcanic rocks: x= felsic volcanic
rocks; [f = intermediate volcanic rocks; f- possible sedimentary rocks
Only those samples with University of Manitoba trace element data have
been plotted.

(Atter Winchester & Floyd, 1977)
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andesitic field, whereas the felsic rock types are in the dacite

and rhyolite fields (Figures 42, 43) " The discrepancy in rock types

between those defined from Figure 4l- and those from Figures 42 and

43 suggests that silica has been enriched in most samples. Silica

enríchment is supported by the unusually high quartz content of

mafíc flows descríbed ín Chapter 4t and possibly reflects some

degree of regional silicificat,ion. Because of the possibility of

silicification, Figure 40 provides the best measure of primary

composítion. Rocks classified in the field as intermediate to

felsic are thus andesitic, or possibly basaltic, to dacitic in

composition, mafic rocks are basaltíc to possibly andesitic.

Perusal of mafic rock data in Table 5 shows that there is a

wide variatíon in TiO, contents; high TiO, values correspond with

higher PrOu and possibly Zr contents" The wariation in TiO, is shown

diagramatically in Figure 40 as a function of Alror. Although AI.Ot

does not differ substantially among samples I TLoz shows

consÍderable variatíon, wíth the samples clustering in three

groups. The TiOz differences appear to be primary rather than the

result of Ti mobility because PrOu and Zr show comparable

differences. Because the separat,ion between low TiO, and moderate

Ti02 flows on Figure 43 is not pronounced, the gap between these

two sub-groups may be the result of limited sampling rather than a

true boundary between chemically dist,inct groups. High Ti0, flows,

however, form a dístinct field far removed from the other flows.

High TíO2 mafic flows occur exclusively in the mainland fault

block. The low TiO, and moderate TíOz flows occur in both fault blocks.

1_2 0
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7 "2"2 Possible Sedimentary Rocks

There are several, thin rock units at Vamp Lake that are

chemically dist.inct from aII other units, and are distinguished by

high Ba (L150-LL70 ppm), Zr (240.55-243.46 ppm), and Sr (855.64-

966.25 ppm) contents, when compared to other units (see Tables 5

and 6). These samples plot in distÍnct1y different positions than

other rock types on díscrimination diagrams (Figures 4L, 42, 431,

and are also petrographically dífferent from other unaltered

Iíthologies; the plagioclase is coarser graíned in the possible

sedimentary rocks, and biotite-epidote clusters are present (see

sectíon 4.3). These units are also chemically and petrographically

distínct from the alteration rock types, although they occur within

or near the alteration zones. As such, the unique chemical and

pet,rographic characteristics are ínterpreted to reflect a different

primary rock type.

'l .2.3 Tectonic environment

The mafic Vamp Lake rocks have been plotted on five

discrimination diagrams (Figures 44-48) that have been devised for

mafic rocks exclusively. These plots consístently suggest that Lhe

Vamp Lake mafic volcanísm represents a tholeiitic island arc

setting. This conclusion is in agreement with the tectonic setting

proposed for the FIin Flon greenstone belt (Bailes & Syme, L989¡

t22
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FIGURE 44: AFM DIAGRAM
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FIGURE 45: TECTONIC ENVIRONMENT

DISCRIMINATION DIAGRAM

FOR MAFIC ROCKS

(After Pearce
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Stauffer et aI I L975, Koo & Mossman, L975).

The tholeiitic nature of the volcanic rocks at Vamp Lake is

clearly indicated on an AFM diagram where all samples except felsic

dikes and possible sedimentary rocks plot in the tholeiitic field

(Figure 44l.. The apparent island arc affinities of the mafic

volcaníc rocks at Vamp Lake are demonstrated in Figures 45'4Bl

although there is some overlap with the ocean floor basalt field ín

Figure 46, and the ocean ridge field in Figure 47. In Figure 46,

data from the mafic host rocks of several sulfide deposits

developed in various known or inferred tectonic settings have also

been plotted" Host rocks of the Cyprus deposits are characterized

by low concentrations of small íon lithophile elements and

therefore plot in the tholeiitic island arc fíeld on geochemical

discrimination diagrams such as Figure 46. The main host rocks to

the Cyprus deposits, however, are ophiolites that apparently formed

ín back arc basíns. Although Vamp Lake compares weII with Cyprus

deposits in Figure 46, the presence of extensive pyroclastic rocks

precludes a setting similar to that of Cyprus deposits.

CHEMICAI, CHANGES ASSOCIAIED T'TITH ALTERAIION

7 "3 DETERMINING CHANGES TN VüHOLE ROCK CHEMISTRY

On geochemical plots that use the more mobile major element's

L2B



KrO, CaO, and NarO (Figures 49, 50), some of the visibly altered

samples overlap the field of apparently unaltered precursor

lithologies, but most of the altered samples plot in distinctly

different areas. The altered samples define a trend avray from the

unaltered precursors suggestÍng that, in general, consistent

chemical changes occurred during the alteration process. On the

Hughes diagram (Figure 49l', the primary mafic rocks defíne two

fíe1ds with some of the mainland samples having higher total

alkalies than island fault block samples. The altered samples

define a trend parallel to the X-axis, indicating K enrichment

and/or Na depletion and plot closest t.o the mafic samples of the

island fault block. fn a CaO-NarO binary plot (Figure 50) ' few

felsic samples and none of the mafic samples plot in the unaltered

fields defíned by Stephen et aI. (L984)' and mafíc and felsic

samples overlap; as ín Figure 49, altered samples plot closest to

mafic rocks of the island fault block. Thus all samples have been

affected by a certain amount of Ca and Na mobility. The presence of

pervasíve alteration is not unexpected; pervasive silífication was

indicated by petrographic data (section 6.4.2l'. lühether the

mobility of Ca, Na, and Si is the result of metamorphism or more

widespread hydrothermal alteration is not clear.

More evídence of pervasive alteration in the island fault

block is evident in Figure 51" On this díagram both altered and

apparently unaltered mafic samples show a wide compositional

variation and plot in both tholeiitíc and komatiitic basalt fields'

with altered samples showing greater scatter than unaltered
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samples. This suggests that Mg may have been mobile in a1t samples,

and Fe may have been mobile during alteration, accounting for the

greater vertícaI scatter of altered samples"

fn order to determíne the chemical effects of the alteration
more quantitatively, the whole rock analyses of visibly altered
rocks must be compared to unaltered samples of the same rock type"

Choosing unaltered equivalents with which to compare altered
samples is a problem because of the difficulty of recognízing

primary rock types in highly altered regions, and no totally

unaltered precursor can be found among the Vamp Lake samples

because of the pervasive alteration" The choice of unaltered

equivalents ís based on stratigraphic posit,ion of the alteration

zones, identifiable precursor components in partly altered samples,

apparently unaltered uníts within the defined boundaries and at the

margins of the alteration zones, and chemical evidence.

Alt,eration zones, both distal and proximal are developed

within formation 3, which is composed mostly of mafic uníts with

some intercalated intermedíate and felsic units; thus mafic units

should be the most common precìlrsor, but with the possibility of

some íntermediate and felsÍc precursors. Unaltered parts of partly

altered chlorite-biotite-quartz-amphibole rocks from the central
part of the distal alteration zone in the ís1and fault block are

pet,rographícaIly and mineralogically similar to mafíc flows, and

mafic flows are the most probable precursor of this particular

alteration assemblage. This is consistent with the apparently

unaltered domínantly mafíc units ídentified withín t,he central part
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of the alteratíon zone" No petrographic evidence for original rock

type was found for the quartz-biotite-garnet assemblage although

the spatial assocíation of the assemblage with the chlorite-
biotíte-quartz-amphibole assemblage may indicate a similar mafíc

precursor although minor unaltered felsic unÍts are also present in
this part of the zone. The large precursor amphibole component of
the sericite-epidote-chlorite-biotite assemblage may indicate a

mafic precursor. The tremolite-quartz-biotite-chlorite samples of

Lhe proximal alteration zones are interpreted to be altered mafic

flows based on stratigraphic position, and precursor phases in
partly altered samples.

The quartz-biotite assemblage contains relict plagioclase

phenocrysts and groundmass components comparable to that of

plagioclase-phyric íntermediate flows and/or tuff; thus an

intermediate unít is the most like1y precursor. The quartz-

muscovite+/-biotite assemblage in the distal island zone ís
confined to a thin, lateraIly continuous zone that is conformable

with regional stratígraphy, suggesting a stratigraphíc control for
this particular assemblage. Precursor plagíoclase and quartz

suggest a felsic to intermediate parentage; the spatial
relationship of the quartz-muscovite*/-biotite assemblage wíth the

quartz-biotite assemblage may indicate a símilar precursor,

supporting an intermediat,e parentage" The quartz-muscovite

assemblage and amphibole-biotite clusters ín the proxímal

alteration zone above the ísland ore zone contaín precursor

components which suggests felsic precursors.

1,34



No defínitive evídence \¡ras found for the precursor of the

chlorite-quartz-sericite-amphibole assemblage because plagioclase

was the only precursor mineral distinguishable; because plagioclase

is an integral mineral of all rock types, the solítary presence of

plagioclase cannot help determíne precursor lithologies. The

precursor composítion of the chlorite-quartz-biotite assemblages ís
unknown because these samples rrrere complete alteration products.

The host rocks for the amphibole-biotite clusters may vary

depending upon locality.

Because mafic and felsic rocks are characterízed by different

TiOz and Zr contents, aII unaltered and altered rocks from the Vamp

Lake area have been plotted on a TiOz versus Zr diagram (Figure 52)

where unaltered samples define distinct compositíonal fields"

A1t,ered samples have been divided into three groups based orl

stratigraphic and petrographic evídence of precursor lithology:

mafic precursor, intermediate precursor, and samples for whích a

precursor could not be determined. From thís fígure it would appear

t,hat all alteration assemblages that vrere interpreted to be altered

mafic rocks plot along the Iínear trend defined by unaltered Vamp

Lake mafic volcanic flows and tuffs. Altered samples of possible

intermediate precursors generally straddle the boundary between

unaltered mafic and intermedíate rock types. Altered samples of

uncertain precursors tend to be coincident with altered mafic

samples " No samples of known or inf erred f elsic precursors r^rere

analyzed.

Based on all evidence listed above, mafic rocks are t,he
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probable precursor for most alteratÍon assemblagesr with the

exception of the quartz-muscovite+/-biotite and quartz-biotíte

assemblages from Sub-zone 2 of the distal alteration zone of the

island fault block where petrography and spatíal relations suggest

a possíb1e intermediate precursor.

In order to determine the chemical fluxes involved with the

alteration process responsible for producing altered rocks which

have been subsequently metamorphosed to produce the various

assmeblages described in Chapter 6 | a precursor lithology and

composition must be known" As indicated ín Figure 40, there appears

to be three different types of mafic flows at Vamp Lake, each with

a particular composition. The specific mafic precursor sub-group

rnust be determíned in order to make a valid comparison for mass

balance calculations. Assuming TiO, and AlrO3 r^rere immobile during

alteration, comparíng the ILO,/AL.O, ratios of altered assemblagesr

known or suspected of having mafíc parentage, to the TLoz/ALzo3

ratios characteristic of the various sub-groups will help establish

the appropriate mafic precursor. For aII assemblages of probable

and possible mafic precursors, the TLO./AL?O3 values of altered

samples rr.rere compared to fields defined for low, moderate, and high

TiOz mafic flows to better constrain the probable precursor

composition (Figure 53). The alteration assemblages that fit best

to the low TíO. mafic flows are chlorite-biotite-quartz-amphibole,

quartz-biotite-garnet, sericite-epidote-chlorite-biotite, and the

sample containíng amphibole-biotite clusters. Lithologic parentage

of the chlorite-quartz-biotite assemblage is less definitive;
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samples plot on or close to both low Tio, and moderate Tio, trend

lines t ot between the two. The chlorite-quartz-sericíte-amphíbole
assemblage plots between the low TiOz and moderate TiO, trend lines
and may have been derived from either. Most samples of the

tremolite-quartz-biotite-chlorite assemblage plot between the

moderate and high TiOz trend lines.
Most mass balance tests r^rere made usíng averages for each sub-

group based only on data from formatíon 3 of the mainland fault
block; data from the island fau1L block \^rere generally not used

because of the greater pervasive alteration there" The chemical

data base for primary íntermediate rocks is límited, and only one

intermediate sample, a plagÍoclase-phyríc flow, vras analyzed from

formation 3. This sample is from the island fault block, but was

used as a control sample because no comparable data are available

from the mainland fault block. Because the single moderate TiO2

mafic flow sample analyzed from formation 3L lacks trace element

data, a comparison is also made to moderate Tio, mafic samples from

formation 3I in order to observe possible changes in trace element

values; the behavior of all major elements was determined from the

comparison to the mainland sample, due to the pervasive alteratíon
present in the island rock suite. For comparisons to moderate TíO2

mafic flows from the island fault block, the rocks adjacent to and

possibly altered by the intrusion of the gabbro have been excluded

from the calculatíon of the mean; these ínclude all porphyroblastic

units listed in Table 5.

There are two methods of mass balancing that are widely used
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to determine the chemical effects of alteration: a comput,ational

method outlined by Gresens (1967lr I and a graphical method outlined
by Grant (L986)" Gresens' method uses an equation relatíng
compositional variation to volume changes. Metasomatic effects can

then be determined by calculatíon of gains and losses of specific
chemical components. The method requÍres that one variable be fixed
or known. The usual practice is to assume that eíther the volume of

the rock has remained constant during metasomatism, or that one

major element, generally AlzO3, \iüas immobile during the chemical

transfer.

In Grant's method, Gresens' equation is re-arranged into a

linear relationshíp between the concentration of a component in the

altered rock and that in the original. Simultaneous solution of

such equations for all components that show no relative gain or

loss of mass defines an isocon, which is a reference líne

corresponding to a zero concentratíon change. fhe choice of isocon

fixes the volume and compositional changes. In general, the

reference line is determined by a best fit to the data. The isocon

may also be based on constant mass, volume t ot concentration of

some component. The relative gains and losses of mobÍIe components

are gíven by the displacement of data points for all other

components from the reference isocon (Figure 54). Components

plotting above the isocon have been added; those below the

reference line have been lost. Because the inherent assumption that

certain elements are immobile during alteration is uncertain, these

plots should be used with cautíon; they are only a general
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indicator of alteration patterns.

For the purpose of the present study, Grants' isocon method

t,rlas employed to establish general alteratíon trends; calculations

to determine actual quantitative values of elemental fluxes \^rere

not attempted due to the uncertainties mentioned above. On each

ísocon plot, (Figures 54-63), Ti02, 41203, and Zr should ideally all
Iie along a linear trend from the origin, defíning an isocon,

provided that they are immobile and the correct precursor

composition is being compared. In many plots Zr, TÍ02, and 4110, do

not lie along a linear trend, The Zr data base is smaller than that

of TiO2 and AlzO3 and may not be as accurate a representation of

changes. Therefore, on each diagram, three dífferent isocons are

indicated, each independantly based on Ti02r AIz03, and Zr

immobíIity. The area between the isocons represents the area of

uncertaÍntyi the true Ísocon may lie anlrwhere within the area,

provided that the true precursor has been chosen and at least one

of the fore-mentioned elements is immobile. Components that plot

outside the area of uncertainty are considered to be mobíIe.

Samples of each major alteration assemblage described in

Chapter 6 have been índependently compared to best possible

precursor tithologies using the procedures described above. Due to

the uncertainty in precursor lithologies for several alteration

assemblagesr t,he isocon diagrams themselves \^rere used to further

constrain the choice of most likely precursor. For assemblages in

which precursors r¡vere uncertaín, thís also provides verification

that the most appropriate precursor composition is being compared.
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All- rock lithologies have been tested as a potential precursor for
each alteration assemblage; this data are summarized in Tabte B

which índicates the degree to which each control group fits. The

data provided in Figure 53 support the precursors chosen on the
basis of petrographic and spatial evidence. Comparisons to various
felsic lithologies are also indicated to demonstrate how

inappropriate these are as potentiat precursors. For each

alteration assemblage, the control group in whích the three isocons

are most coincídent was taken to be the most likely precursor rock
type for the assemblage in question and these diagrams are t,he

basis of Figures 54 to 64. fsocon diagrams comparing the chlorite-
biotíte-quartz-amphibole assemblage to the various mafic sub-groups

and the intermediate flow are also provided to illustrate the

compatibíIíty of the best fit precursor, relative to other
lithologic matches" Vùith the exception of Fígures 54b-dt isocon

plots for discarded lithologies are not presented. For assemblages

quartz-muscovite and sericíte-epidote-chlorite-biotite, two

precursor types are equally possible for each, and both

possibilities are shown (Figures 58a-d, 59a-c). AIl analyses used

r^lere re-calculated on a volatile-f ree basis. The result,s have been

tabulated in Table 9.
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Table B: Measure of the colncidence of lsocons Independently ba*ed on constant 7r, TlOz, and AlaO¡ for èach

alteration assemblage using varlous llthologles as a control group. Numbers glven are the angle in degrees

between the widest spaced isocons; the lowest value for each alteration assemblage represents the most llkely
precursor lithology based on Ti, Zr, and Al immobility.
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TABLE 9: SUMMARY OF THE VARIOUS ALTERATION TYPES, AND THE CHEMICAL
CHANGES INVOLVED IN THE FORMATION OF THE ASSEMBLAGES

DISTAL ALTERATION (ISLAND FAULT BLOCK, UNLESS OTHERWISE SPECIFIED)

ALTERATTON |MMOB|LE, POSSTBLEASSEMBLAGE GArNs LossEs ,nT.oItîåI.oR pRecURSoR

Chlorite-biotite- Mg, Fe, Si, K, Mn? Ca, Na, Sr' Nb? Y' P Low TiOz
quartz-amptribole Rb, Ni, Ba, Cr, Au mafic flow

(Figure 54a)

Quartz-biotite-
garnet *

(Figure 55 )

K, Mn, P, Rb Ca, Na, Sí, Mg, Y. Fe Low TiOe
Sr, Nb mafic flow

Na. Y. Nb Plagioclase-phyric
intermediate

flow

' Quartz-biotite Mg, Fe, Si, K, P, Ca? Sr, Rb
(Figure 56) Ni, Ba, cr, Au,Mn?

Quartz -rnuscovite-.-ìl-O¡ól¡iãf K, Rb, Ni. Ba, Ca, Na, P, Sr,
(Figure 58a,b,c) Fe, Si, Cr Nb' Y

Chlorite-quartz- Mg, Fe, K? P Ca' Na, Si, Sr, Mn, Rb Moderate TiO¿
biotite* Nb, Y mafic flow

(Figure 57a,b)
P I ag i oclase-phyri c

Yn, Y.s, å?t"[Tåsåt3 i,'ð;Fe, òr mafic flow

Sericite-epidote- K, P, Rb Ca, Na, Si, Mg, ¡¿ er Low or moderate
chlorite-biotite* Fe, Nb, Mn? TiOz mafic flow

(Figure 59a,b,c)

Chlorite-quartz- Mg, Fe, K, P, Rb, Ca, Na, Sr,
sericite-amphibole Ni, Ba, Cr, Au Nb, y, Mn?

. - .(Figure d0) S¡?Mainland fault block

Low TiOz
mafic flow

PROXIMAL ALTERATION

Tremolíte-quartz- Ca, Mg, Fe, Si, K, Na, Sr, p Low TiOzbiotite-chlorite Vnf ñù, lVi, 
-e","' mafic flow

Mainland fault btock Nb, Cr, Au, y?
(Figure 6t)

Tremolite-quartz- Ca, Mg, Fe, Si, K, Na, Sr, Nb, y Mn Moderate TiOebiotite-chlorite p, Rb; Ni, âa, Cr, mafic ftow

lsland fault block Au'
(Figure 62a,b)

PERIPHERAL TYPE (ISLAND FAULT BLOCK)

Biotite-amphibote K, P, Mn, Rb Ca, Na, Si, Fe, Sr, Mg Low TiOz
clusters*

(Figure 63) Nb' Y mafic flow

a Y, Zr, Nb, Sr, Rb, &/or Ba, Cr, Ni, Au data not available
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7 "4 CHANGES IN WHOLE ROCK CHEMISTRY - RESULTS

7 "4" 1 Distal Alteration Zones

The central part of the distal alteration zone in the island
fault block, sub-zone L in Figure 26, is dominated by the

alteration assemblage chlorite-biotite-quartz-amphibole; a single

sample of the quartz-biotite-garnet assemblage r^ras also obtaíned

from this sub-zone. Fígures 54ar 55, and Table I, verify the

conclusion drawn from Figure 53 that both assemblages appear to

have been derived from low TiOz mafic flows. In the chlorite-
biotite-quartz-amphibole assemblage, the dominant component of sub-

zone Lt the central part of the distal zor:.e, is characterized by

the following trends: (1) addit.ion of Mg, Fe, Si, Rb, Ni, Ba, Cr,

K, andAu (Table 9); (21 loss of Sr, Na, Nb, and Ca (Tab1e 9); (3)

and no change in P and Y. In the less coflrmon quartz-biotite-garnet

assemblage, Mg and Si show losses, P shows a gain, and Fe is
immobile.

Sub-zone 2 of the dístal alteratíon zone in the ísland fault

block Ís characterized by assemblages quartz-biotite, quartz-

muscovite+/-biotite, and chlorite-quartz-biotíte. Based on

petrographic data, the quartz-biotite assemblage is interpreted to
be derived from plagioclase-phyric intermediate flows; petrographic

and spatía1 relations also indicate that the quartz-muscovite+/-

biotite assemblage may have been derived from an intermediate or

felsic precursor. The parental lithology of the chlorite-quartz-
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bíotite assemblage could not be determíned from petrographic data,
but based on stratigraphic position both mafic and intermediate
precursors would be possible" A comparison of TiO. and Zr contents
to potential precursor Iithologies indicates that assemblages

proposed to have mafic precursors predominantly lie close to the
mafic trend line; the assemblages proposed to have intermedÍate
precursor straddle the boundary between intermediate and mafíc

fields (Figure 52l' . Consequently, assem.blages proposed to have been

derived from intermediate precursors vrere compared to the
intermediate plagioctase-phyric flow as well as the various mafic

lithologies. The isocon diagrams índícate that the quartz-
muscovite+/-biotite assemblage could have been derived equally well
from moderate TiO, mafic flows or plagioclase-phyric intermediate

fLows; both possibílities are provided (Figures 5Barbrc). The

isocon plots indicate that the chlorite-quartz-biotite assemblage

ís most rikely derived from moderate Tíoz mafic flows (Tabre B).

Although trace element data are not available for all assemblages,

the isocon plots indicate that similar chemical changes took place

in all alteration assemblages of sub-zone 2t regardless of
precursor types (Figures 56, 57, 58; Table 9). These changes

íncrude (r.) addition of K, Fe, and for assembrages with trace
element data, addition also of Au, Ni, Ba, and Cr (Table gl ¡ (2)

loss of ca and sr (Table 9); (3) no change or loss of y, Na, andNb

(Table 9); (4) movement of si, Mg, P, and Rb is varíable and varies
from gains to losses to no change depending on the assemblagei and

5) no change or addítion of Mn.
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Sub-zone 3r whÍch forms the northwest and southeast margins of
the distal alteratÍon zone of the island fault block, is
characteri z ed by the as semblage s chloríte-quart z - s erícite-amphibole

and sericite-epidote-chlorite-biotite. Based on the best fít
isocons, the chlorite-quartz-sericite-amphibole assemblages appear

to have been derived from low TiOz mafic flows; the sericite-
epidote-chlorite-biotite assemblage may have had a low TiO2 or

moderate TiOz mafic precursor. Trace element data are not available
for all assemblagesr but the isocon diagrams indicate that similar
chemical changes took place in both alteration assemblagesr

regardless of precursor types (Figures 59, 60¡ Table 9). The

alt,eration in sub-zone 3 ís characterized by the following chemical

trendss (1) addition of K, Pt and Rb, and for assemblages with

trace element data, addition also of Cr, Au, Ní, and Ba (Tabte 9);
(21 loss of Ca, Na, and Nb (Tab1e 9l¡ (3) variable change of Fe,

Si, and Mg with either gaÍns or losses, dependíng on the assemblage

(Table 9l ¡ (41 no change or loss of Sr and Y I depending on the

assemblage (Table 9l¡ and 50 slight loss of Mn, but Mn lies close

to an isocon making this conclusion tenuous.

7.4"2 Proximal Alteration Zones

Geochemical data are only available for a single assemblage of
the proximal alteration zone, the Èremolite-quartz-biotite-chlorite
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assemblage. This assemblage in the island fautt block appears to
have been derived from moderate Tioz mafic flows, whereas t,he

síngle sample from the mainland fautt block for which chemistry ís
available seems to have been deríved from a low TiOz mafic flow
(Figure 53: Tab1e B). Isocon diagrams indícate the following
chemíca1 trends in proximal alt,eration zones of both island and.

mainland fault blocks: Ni, Rb, Mg, K, Ca, Ba, Si, Au and Fe are

gained; Na and sr are lost; and depending on faurt block, y and Nb

may show gains or losses, and P and Mn may be immobile or gained.

Visual examination of the chemicat analyses shows that the

tremolite-quartz-biotite-chrorite assemblage is notable for
extremely high elemental abundances of Mg , cr, and Ni, much greater

than any other altered or unaltered rock types (Tab1es 5t 6t 7lr"

SimíIar high Mg-Cr-Ní rocks are assocíated with other sutfide
deposits, and opínion on the genesis of these rocks varies. High

Mg-Cr-Ni wallrocks in the Pyríton district of Alabama (Stow and

TuII I L9B2) are interpret,ed to represent a primary tithology rather
than the product of metasomatíc addition of Mg, Cr and Ni. Another

occurrence of high Mg-Cr-Ni rocks ís found at the MacI,ellan Mine in
the Lynn Lake greenstone belt of Manitoba. Fedikow (i.986) has

proposed a primary origin for the unit, although others have

proposed that the rock type is an alteratíon product. At Vamp Lake,

the high Mg-Cr-Ni rocks that. are represented by the tremolíte-
quartz-biotite-chlorite assemblage have similar chemical trends as

other alteration types" This feature, plus the association of the

assemblage with mineralization and the thinness of the unit
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suggests that it ís the result of alteration"

7.4.3 Peripheral Alteration

The only forms of peripheral alteration for which chemical

data are avaílable are samples containing biotite-amphibole

clusters and chlorite-epidote veining (Tab1e 71. The chlorite-
epidote veining has not been tested for element mobility because

the alt,eration forms a very minor amount of the rock in which it is
contained" The sample containing biotite-amphibole alteration \¡ras

compared to the most probable precursor for this particular sample,

low TiO, mafic flows (Figure 621. The diagram indicat,es that the

alteration resulted in the following chemical changes: (1) an

increase ín Rb, K, P, and Mn; and (21 a decrease in Ca, Y, Fe, Sí,

Nb, and Na. Sr and Mg appear to be virtually immobile.

7.5 Summarv of the chemical features of alteration

It would appear that elemental fluxes during alteration vrere

generally similar in all assemblages examined from both distal and

peripheral alteration zones. The result \¡ras a consistent gain ín K,

Ní, Cr, Ba, and Au; and a gain in Rb, Fe, Mg, P I and Si ín most

assemblages. Ca is inevitably losti Na, Sr, and Nb are usually
lost" The movement of Y and Mn is variable, depending on alteration
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assemblage: Y is either immobile t oE lost; and Mn may show gains or

losses" In the case of uncertain precursors, similar elemental

trends are evident regardless of which primary sub-group vras used

as control.

The tremolite-quartz-biotite-chIoríte assemblage of the

proximal alteration zones show similar trends as distal and

peripheral alteration zones for most elements, wíth one major

exception; Ca is gained rather than lost. Wíthout additional

chemical data on other assemblages of the proximal alteration

zones, it cannot be established whether this difference is

ubiquitous to all alteratíon assemblages proximal to the

míneralizatíon"

7.6 MINERAL CHEMTSTRY

7.6.1 Chemical variations of chlorit,e

Changes in the chemical composition of chloríte, with its

extensive solid-solution series, can be a useful indicator of

metasomatic alteration. Variation in A1/AI+Si and/or Fe/Fe+l4g

values reflect the extent of alteration (Zhong et 41, 1-985) " A

total of 35 chlorite crystals from various locations in each

alteratíon zone virere chemically analyzed by electron mícroprobe to
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determine chlorite composition changes as a functíon of alteration

assemblage, type of alteration zone t oE posi-tion in alteration

zone. The complete analyses for all samples are listed in Appendix

c.

The results have been plotted on a chlorite discrimination

diagram (Figure 64l', which indicates that three types of chlorite

are present. According to this classification, most of the

chlorites are ripidolites, although there is some overlap into the

pynochlorite and sheridanite fields.

On an ne/re+ug vs A1/41+Si diagram (Figure 65) it can be seen

that, at Vamp Lake, the observed interference colors of chlorites

are related to chemical composition, and can be used as a general

compositionat indicator. The general correlation between

interference color and chlorite composition has been noted in

prevíous studies (Frater, 1983). This figure also shows that there

is a wide range of chlorite compositions in the altered rocks, and

a large variation in chlorite composition in some samples-

In Fígures 66 and 67, t,he analyses are differentiated by tyPe

of alteration zone, hosting fault block, alteration assemblage, and

amount of chloríte present in the sample as a general indicator of

degree of chlorite alt,eration. Several trends are evident from

these diagrams. Generally, chlorites from the marginal and

peripheral regions of the distal alteratíon zone Ín the island

fault block are chemically more variable in character, both among

and wíthin samples, than central regions. This may be indicative of

the presence of chloríte unrelated to the alteration in peripheral
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and marginal samples" Chlorite from the chlorite-biotite-quartz-
amphibole alteration assemblage from the central part of the island.

distal alteration zone are concentrated in one area of the plot and

show the least varíation in compositíon. In two of three samples,

chlorite from proximal alteration zones are slightly more Mg-rich

than chlorite from the central part of the distal alteration zone

(Figures 66, 67ll. In general, chlorite from similar alteration
assemblages from each fault block are characterized by similar
composÍtions.

7.6.2 Biotite-Chlorite Intergrowt,hs

As discussed in section 6.3, proximal alteratíon assemblages

contain crystals that optically resemble green biotite. Several of

these crystals \^Iere analyzed with the electron microprobe to
determíne their composítion. The results indicate a wide range in
composition between samples and even within indívidual crystals.
The resultant analyses (see Appendix C) indicate that these

crystals are a mixture of chlorite and biotite. Although Mg, Fe and

AI are relatively constant in all analysesr the chlorite-like parts

cont.ain more HrO and less Si, K and Ti than the biotite-like parts;
all íntermediate states between the two end members occur. These

results indicate t,hat these cryst,als are actually composed of

intimately intergrohln chlorite and biotite, probably the result of

the chlorítization of biotite.
Similar crystals have been the focus of other studies that
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have tried to determine the mechanism of the biotite-chIoríte
transformation" Banos and Amouric (1984) have proposed that the
process ís a solíd-state reaction produced by the brucitization of
the interlayer levels (K planes) of bÍotite. Alternatively, Veblen

and Ferry (L983) have proposed that chloritization occurs by the
replacement of tetrahedral-octahedral-tetrahedral mica layers in
bíotite by brucite-Iike layers. The transformatíon has been

proposed to involve the introduction of HrO, H*, Mg and Fe, and

major losses of K and Sí (Veblen & Ferry, L9B3).
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Chapter I
MÏNERALTZATTON

There are two mineralization occurrences or zones in the Vamp

Lake area. The largest zone is partly exposed on the large island
of the island fault block, whereas the smaller, Iess economically

important second zone occurs under the lake in the maínland fault
block, about 400 m west of, and along strike from the island zone

(Figure 5) " These will be referred to as the island zone and the

Iake zone respectively. Both zones are concordant with host strata.
The island zone has been traced from the surface outcrops on

the island to a depth of 350 m, and has been traced for a strike
length of 190 m (Figures B-J2). The island zone has a maximum

thickness of 18 m. At the present erosion surface, a second sulfide
zone occurs 20 m above the main mineralization zone; the distance

between the two zones decreases with depth, and the 2 mineralized

zones appear to merge at a depth of 90 m (Figures 8t 9).
Mineralization in this upper zorle has been traced for a strike
Iength of 60 m. Mineralization in the island ore zone is composed

of 2 distínct ore types based on economic components and theír
characteristícsi an auriferous Cu-Zn rich ore, and a Zn-rich or€.

Although sulfide mineralízation remains open at depth, most of
the economic ore grade material occurs as a 1.5-L4"7 m thíck
auriferous Cu-Zn ore lens between 200 and 275 m dept,h ín the lower

ore unit; this lens has been traced for a strike length of i-20 m

and plunges approximat,ely 75 degrees northeast" A second economic

grade massive sulfide lens, 15 m thick, forms the upper ore unit;
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it outcrops at the surface of the ore discovery island, and has

been traced to a depth of 90 m along a strike length of 60 m" ore

intersections of this second zorle !ùere unavailable for examination,

and therefore the mineralogical and textural characteristics of the

body are unknown. As such, the subsequence descriptíons of the

island ore zone refer only to the lower unit. Assay results
indicate that this upper ore zone contaíns both Cu-Zn and Zn-rich

ore; neither is gold-rich. The remainder of the island ore zone

consists of disseminated sulfide minerals that contain only minor

Cu and Zn, locally grading into thin lenses of hígh sulfide mineral

content" These types are described in detail in sections 8.1- to
8.1,.2.2 "

The lake ore zone is a high sulfide content Zn-Cu ore body

that intersects the lake bottom 250 m west of the ore discovery

island. The tabular-shaped body has a strike length of 134 m, is i-2

m thick at its widest point, and can be traced from the 4 m deep

lake bottom to a depth of 95 m. In the lake zone, disseminated

sulfides only occur in the proximal alteration zone.

Total tonnage of proven ore reserves of the Vamp Lake deposit

is reported to be 422,422 tonnes (Walker, L9B5). This is a

combination of the island ore zone (2L8t9O4 tonnes) and the lake

zone (2031518 tonnes). Ore grade estimates for the island ore zone

r^rere given as 6"07 g/t au (values cut to 34"289/tl¡ L7"L4 g/t Agi

2.i-3? Cu; and 2"2% Zn" The lake zone has significantly lower grades

of 2.36 g/t au¡ t2.O g/t Agì i-"1-68 Cu; and 2"38 Zn.
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8"]. CHARACTERTSTTCS OF THE ISLAND ORE ZONE

Sulfide mineralization in the island fault block can be

subdivided into three general types based on mineralogy, textures,

economic components, and location. Two economic and subeconomic ore

types have been differentiated; the third sulfide type is non-

economic. The spatial relationships of the various sulfide types

and host rocks, and typical ore grades for each sulfide type, are

illustrated in several representatíve drill hole sections provided

in Figures 68-72. For the purpose of this discussion, the terms

economic and subeconomic are relative, and are not necessarily

meant to imply actual mineable ores for monetary profit"

The Cu-Zn sulfide ore is generally restricted to a stratiform

l-.5-L4.7 m thick lens at a depth of 200 to 275 m below surface and

at the extreme eastern end of the island ore zone. The lens has a

strike length of L20 m. In this location it forms the base of the

island ore zone, in contact with altered mafic footwall rocks. This

ore type ís commonly overlain by a concordant, economic to

subeconomic Zn-rich ore, 0.45 to 3.0 m thick, whích extends

lateraIly outward forming the remaínder of the island ore zone. The

contact between the Cu-Zn and Zn-rich ore is relatively sharp.

Disseminated mineralization is found L.5-7 "6 m above, and up

to L"2 m below, the main ore lens" In outer margins of the island

ore zone, and where the Cu-Zn ore is absent, the disseminated

sulfide zones are more diffuse and occur in a zone up to 4.5 m

thick immediately below the Zn-rích ore (Figure 68), and extend up
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FIGURE 72: ORE ZONE INTERSECTION
DRILL HOLE CON 39
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to 50 m above the Zn-rich ore" Dissemínated sulfides above the Cu-

Zn or Zn-rich ore occur in felsic volcaníc hangingwall rocks" In

the stratigraphic hangingwall of the island ore zone, disseminated

sulfides below the Cu-Zn ore generally occur in proximally altered

mafic rocks. Disseminated sulfides IocaIIy grade into 3-75 cm thick

lenses of high sulfide mineral content. The large number of

intersections of such lenses withín and among widety spaced drill

holes make correlation of indívidual lenses impossible, and

therefore the orientation and dimensions of individual lenses could

not be estabtished. Where Zn-rich ore is absent, the Cu-Zn ore

grades direct,ly into the dísseminated sulfide.

Both Cu-Zn and Zn-rich types of ore are mineralogically simple

and contain similar sulfide components pyrite, pyrrhotite,

sphalerite, and chalcopyrite although in different proportions

and with different textural characteristics. The disseminated

sulfide and the thín lenses of high sulfide mineral content within

it are composed of pyrite and pyrrhotite, with trace amounts of

sphalerite and chalcopyrite.

B. l-. 1 Cu-Zn Ore

B. l- " 1. 1- SuIf ide Mineralogy

Sulfide minerals generally comprise 2A-70å of the Cu-Zn ore of

the island ore zonei in order of decreasíng abundance, they are
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pyrrhotíte pl-us pyrite, charcopyrite, and spharerite. The pyrite
and pyrrhotite abundances are highry variabre. rn praces, pyrite is
the dominant sutfide component and pyrrhotite is the 1east abundant

sulfide mineral, but in other places thÍs relationship is reversed
with pyrrhotite being the dominant sulfíde mineral and pyrite the
reast abundant. This variation appears to have a patchy
distribution. Chalcopyrite is almost invariably more abundant than
sphalerite.

Pyrite occurs dominantly as irregular 0.07->0.8 mm grains that
are fractured and brecciated, and locally poikilit,ic (Figures 73

and 741¡ as 0.03-0.1 mm euhedrar crystals (Figure 731¡ and rarery,
as >0"8 Írm wide veins exhibiting minor brecciation and

segmentatÍon. The euhedral crystals occasionally exhibit rounded

embayments of the caries typer ilay contain gangue inclusions, an¿

rarely, \^rere f ound as overgrowths on írregular pyrÍte grains.
Locallyr the irregular pyrite grains coalesce to form large masses

several míllimeters in size. The euhedral pyrite crystals, the
Ínclusions, and the caries type of embayments, are commonly cited
as features of metamorphosed ores (vokes I Lg6g). As a result, the
euhedral pyrite crystals are interpreted to have formed as a result
of crystal growbh under metamorphic condítions.

Pyrrhotite is commonly poíkilit,ic and generally occurs in the
following forms: (0.01--0.4 mm interstitial grains between oLher

sulfides and gangue (Figure 7s); aggregates composed of irregularly
shaped 0.01-->0.8 mm grains of míxed chalcopyrite, sphalerite and

pyrrhot,íte; and irregurarly shaped o.o1->0.8 mm grains in gangue.
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Figure 732 CON 44V[2-775.5¡ Island Ore Zonei Cv'Zn ofe. Irregular
maéses of chalcopyrite and sphalerite partly surrounding anhedralt
brecciated pyrite grains and silicate fragments. Euhedral pyríte
crystals (top center) that cross-cut the boundary between
chátcopyrite and gangue are evídence of metablastic growt'h
(recrystallization). The caries type of rounded embayments on lower
ieft ðorner of the euhedral pyrite crystal ís also a typical- fabric
of metablastic growth. Gangue consísts of the biotitic mafic type
aggregates described in the text.

In Figures 73 to 85, the width of each photomicrograph is
approximately equivalent to L.2 tnm. Samp1e numbers correspond to
diãmond drill hole numbers and depth in feet. Abbreviations used
are as follows: Py=pyríte; Po=pyrrhotite; Sp=sphalerite;
Ch=chalcopyritei Gn=gangue. See text for descriptions of gangue
types.
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Figure 74: CON 454-896.5; Island Ore Zone¡ Cu'Zn ore. Irregular to
rounded silicate gangue areas and poikilitic, brecciated pyrite in
a sphalerit,e matrix. The smaller, darker colored inclusions in
pyrite and sphaleríte are aggregates of quartz. Quartz ís more
abundant in the sulfíde part of the ore than it is in the gangue.
Larger, lighter colored non-sulfide gangue ís biotitic mafic type
gangue and subordinate biotitic feldspathíc type. The gangue cross-
cut sulfide-sulfide contacts ¡ quartz inclusíons within the sulfides
terminate at these contacts.

Refer to Figure 73 for explanation of scaler location, and
abbrevíations.
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Figure 752 CON 44W2-787¡ Tsland. Ore Zonei Cu'Zn type o{e"-
poÍfititic chalcopyrite tttd pyrrhotite matrix to lar-ger. rounded
gangue areas. approximate contact between pyrrhotíùe and
Ëfr"í""pyrite is iããicated by the dashed l-ine. This sample is
,ligfttii dif ferent from other Cu-Zn ore specimen-s 

_ 
in terms of

n;il" 'mineralogy. In addition to being more rounded than usual,
ifre-aominant g""óo" is the normally subordilate quartzo-feldspathic
i'p"; the inõ1uãions ín t,he sulfide matrix are mainly quart-zose
gá';gü", and lesser pale green amphibole crystalst some of which
have pyrrhotite cores.

Refer to Fígure 73 for explanation of sca1e, location, and
abbreviations.
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Chalcopyrite occurs in several forms: 0.2->0"8 mm ínterstitial
graíns among breccíated pyríte, pyrrhotite, and gangue (Figure 73'l¡

irregularly shaped 0.01-->0"8 mm grains in mixed aggregates of

commonly poíkilitic, chalcopyríte, sphalerite and pyrrhotite; <0. 01-

mm irregular blebs in gangue (Figure 75\¡ <0.01- mm veins filling

fractures in pyrite; and narrov/, 0.02-0.07 mm rims, partly

enclosing pyrite grains.

Sphalerite commonly occurs as: <0.8 mm irregular grains mixed

with chalcopyrite and/or pyrrhotite (Figure 73l'¡ 0.06-0.3 Inm

interstitial graíns between pyrite graíns (Figures 73 and 74li

<0"2-0"3 Inm inclusíons in pyríte, chalcopyrite t oY pyrrhotite;

<0.01 mm veins filling fractures in pyrite; and <0.01--0"3 mm

ínclusions within gangue (Figure 74]¡. Most textural forms of

sphalerite are poikilitic.

8.L.1.2 GoId Content

Assay results from diamond drílI core have shown that gold

values of >0.L5 oz/t are found only in the island ore zone and are

almost exclusively in the maín Cu-Zn sulfide lens (Figures 8-I2l ¡

values range from 0.0L to 3"O oz/I, with a mean Au content of 0.18

ozff" In places, elevated gold values are present through the

entire thickness of the Cu-Zn lens (Figures 68, 7Il, but in other

places high gold values are restricted to zones within the lens

l_Bs



(Figure 72l,.

GoId was not identified in thís study nor in an independent

scanníng electron microprobe study completed at the Institute of
Mineral Research, Míchigan Technological university (Hwang I LgB4l "

As a result, the phase in which the gold occurs is presently

unknown.

8"1.2 Zn-Rich Ore

8. L.2.L SuIfide Mineralogy

The sulfide components of the Zn-rích ore of the island ore

zone, in order of decreasing abundance, are pyrrhotite, pyrite,

sphaleríte, and chalcopyrite. In Zn-rich ore, each sulfide mineral

has a more restricted range of abundances and morphological forms

than in Cu-Zn ore. Sulfide components generally comprise 60-70? of
this type of ore.

Pyrite occurs ín the following forms: irregular 0.07->0.8 mm

grains that in places coalesce to form large masses (Figure 76) ¡

and 0.3-8.0 mm euhedral to subhedral crystals (Figure 77l' similar
to, alt,hough larger than, those of Cu-Zn ore. Pyrrhotite commonly

forms poikilitic, brecciated masses of irregularly shaped 0"01-->0.8

mm graíns mixed with sphalerite, and possibly chalcopyrite (Figures

76 and 78), or ínterstitial matrix to pyrite crystals. Rarely, it
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Fígure 762 CON 7-788.5¡ Tsland Ore Zone; Zn-rich ore. Large
snËh"dr"I pyrite ín poikilític pyrrhotite plus sphalerite matríx.
Silicate íäãlusions in the matríx are <0.1--0.L5 mm non-pleochroíc
amphibole crystals. Larger non-sulfide gangue aggregates are
feldspathic quartzose tYPe.

Refer to Figure 7g for explanation of scaler location, and
abbreviatíons.
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Figure 77: CON 6-632; Island Ore Zone;
crystals of pyríte and inter-granular
filted fractures in pyrite. Gangue
biotite.

Refer to Fígure 73 for explanation
abbreviations.

Zn-rich ore. Large euhedral
pyrrhotite, which has also
shown consists mainly of

of scale, location and
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Figure 782 CON 7-788 "5¡ Island Ore Zone; Zn-ricìr orêo T,arge
iriegular masses of fractured, poikilitic pyrrhotite in a
sphaierite matrix. Larger non-sulfide areas are feldspathic
quartzose gangue; smaller silicate inclusÍons ín the sulfídes are
pale, non-pleochroic amphibole crystals.

Refer to Figure 73 for explanatíon of scale, Iocation, and
abbreviation.
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fills <0"0i- mm fractures in pyríte (Figure 77). The pyrrhotite-
filled fractures in pyrite metacrysts are interpreted to be tension
fractures, which are defined as veinlets withÍn nodules and

metacrysts that terminate in the parent rock and are filled by

mobile sulfides such as pyrrhotíte, chalcopyrite, and sphalerite
(Vokes I l97Ll. Sphalerite most commonly occurs as poikilitic, (0.8

mm irregular grains intermixed with pyrrhotite, and interstitial to
pyrite grains (Figure 76 and 78ll¡ and as <0.2-0.3 mm non-poikilit.ic
blebs in pyrite (Figure 76). Two generations of spharerite may be

present: poikilitic sphalerite is locally overgrohrn by non-

poikilit.ic grains. chalcopyrite occuïs as irregular <0.01--0.4 mm

grains intergrown with sphalerite and interstital to pyrite and

pyrrhotite (Figure 79')¡ 0.07 mm wide ríms, partly enclosing pyrite
grains (Fígures B0 and 81); and <O.OL mm fracture fitlings in
pyríte. Where this ore type overlíes the Cu-Zn ore, chalcopyrite
abundance is slightly higher than where the Cu-Zn ore is absent.

8.1.3 Disseminated (Non-economic) Sulfide Zones

Disseminated sulfides zones are characterized by the presence

of l--68 (locally increasing to 20Zl evenly disseminated pyrite
and/or pyrrhotite, with trace amounts of sphalerite and.

chalcopyrite. Minor (<0.5?) cu and zn values are found in this type

of mineralization in both hangingwall and footwall positions.
Disseminated sulfides also occur within the distal alteration zones
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Figure 79: CON 57-763; Is1and Ore Zone¡ Zn'ri.ch ore., overlyíng the
culzn ore. Intergrown graíns of poikilitic pyrrhotite, sphalerite
and chalcopyrite interstitial to anhedral pyrite graíns. The
d.omínant gangue resembles the maf ic type aggregates, but lacl.<s
biotite, ãnd there is lesser feldspathic quartzose and biot.it'ic
quartzo-feldspathic gangue.

Refer to Fígure 73 for explanatíon of scale, Iocation and
abbreviations.
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Figure B0: CON 5-40L; Island Ore Zone¡ Zn-rich ore, overlying the
CuIZn zone. Large rounded pyríte grain; chalcopyrite and.sphaleríte
ríms pyrite and also form i?regular b1eþs in the pyrrhotite matrix.
eanguä consists of quartzo-feldspathic type aggregates, and
isoÍated <O.l_-0.45 mm crystals of quartz and amphibole.

Refer to Figure 73 for explanation of scaler location, and
abbrevíations.
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Fígure 81-: CON 5-401-; Island Ore Zone¡ Zn-rLc,h ore, overlying.the
Cu-Zn zone. Anhedral pyrite grains r^rith intergranula-r sphalerite"
Tension fractures wit,ñín pyrite also contain sphaleríte" Minor
chalcopyrÍte occurs around-the edges of the pyrite -grains. Gangue
consislã of individual quartz crystals, and larger gangue
aggregates consist of amphíbole cryst,als.

Refer to Figure 7g for explanation of sca1e, Iocation and
abbreviations.
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which generally contain minor Zn (<0"58), although this may loca1ly

increase (Figure B) "

Sulfides generally comprise 50-75å of lenses of high sulfide
mineral content. The sulfíde component of the lenses consist of 70-

838 pyrrhotite matrix, and L7-3O2, 0.04-0.L8 fltm rounded pyrite
grains (Figures 82, 83). Such rounded pyrite crystals in
metamorphosed ore are commonly interpreted to be the result of

rounding from plastic flowage within more ductíle íntergranular

minerals (Nold, 1983). These are commonly referred to as rolled
pyrite metacrysts. Some pyrite grains are also cracked or shattered

(Figure 82), a feature typical of deformation accompanying

metamorphic recrystallization.

Gangue Mineralogy8.1.4

The Cu-Zn ore typically contains 30-80% gangue, dominated by

2 main types of sílicate aggregates, biotitic mafic and quartzose

(Figure 69, 701¡ quartzo-feldspathic and feldspathic types of

gangue aggregate are usually subordinate, but are locally dominant

in the upper part of the Cu-Zn ore (Fígure 70). The Zn-rich ore

typically contains 30-40å gangue¡ 70-904 of the total gangue

consists of biotitic mafic, feldspathic quartzose, biotitíc
quartzo-feldspathic, quartzose, and quartzo-feldspathic types

(Figures 68,69,711. The remaining gangue of the Zn-rich ore

consists of individual crystals or monomineralic aggregates of
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Figure 82: CON 5-424.5, Cu- and Zn-poor, high sulfide mineral lens
in-disseminated sulfide zone. Rounded pyrite grains and rounded
gangue mat,erial in a poikílitic pyrrhotite matrix. Cracked or
ãhattered pyrite grains also occur locaIIy (top left). The n9n-
sulfide arêãs consist of quartzo-feldspathíc type gangue. AIso
present are quartzose aggregates, and large pa1e, non-pleochroic
amphibole and biotite crystals.

Refer to Figure 73 for explanation of scaler location, and
abbreviations.
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Figure 83: CON 5-424.5¡ Cu- and Zn-poor, hiqh sulfide mineral lens
in- disseminated sulfide zone. Rounded pyrite grains and gangue
areas in a pyrrhotite matrix. The larger non-sullide gangue is the
quartzo-fe1ãËpathic type; remaining gangue consists of quartzose
åggregates ana individual pale green amphibole and biotite
crystals.

Refer to Fígure 73 for explanation of scale, location, and
abbreviations.
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tremolíte, and biotite" In high sulfide mineral content lenses

within disseminated sulfide zones, two types of gangue aggregates

ralere recognized, quartzo-feldspathic and quartzose; subordinate

tremolíte and biotite crystals are also present.

Biotitic mafic gangue in both the Cu-Zn and Zn-rích ore

consists of 0.6-7.0 mm irregular to rounded aggregates (Figure 73)

composed of : 45-909. | 0. l-5-1-.2 Inm amphibole; LO-202, (0 .L-0.7 mm

biotite; and 5'20?, 0.9-1.7 mm aggregates of <0.1 mm plagioclase.

Locally, t,here is up to L5å, <0.1-0.34 mm quartz. In the Zn-rich

ore, t,he biotitic mafic gangue aggregates contain 7-L5?, <0.L-0.9

mm sulfíde grains (pyrrhotíte & sphaleríte) which are interstítial

to, and form inclusions wíthin, amphibole. In some aggregates, the

amphibole is similar to the pale, non-pleochroic variety found in

the tremolite-quartz-biotiÈe-chlorite assemblage of proximal

alteration zone. Míca assocíated with this amphibole is typically

the green bíotite-chlorite intergrowths rather than pure biotite;

rarely the biotite-chlorite intergrowths form 1-.8 mm wide veins

comprising o.25 mm laths.

Quartzose gangue in both the Cu-Zn and Zn-rich ore consists of

irregular to rounded 0.1 -2.7 mm aggregates of <0.L-0.48 mm quartz

(Figure 74ll or 1-.7-3.0 mm wide veins of <0.L-0.48 mm quartz that
also contain 10-L5% sulfíde and IocaIIy 5Z amphibole or biotite-

chlorite intergrowths" In lenses of high sulfide mineral content

within disseminated sulfide zones, guartzose gangue forms rounded

aggregates, 0.L-L"B mm in size"

The quartzo-feldspathic gangue comprises 1.8-5.1 mm aggregates
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consísting of 40-553, <0"1 mm plagioclase, and 25-45eø, <0"L-0.7 mm

quartz in 0"8-1"6 mm aggregates. Feldspathic gangue comprises 1-"35-

3.4 ilrm rounded aggregates consisting of 60-BB?, (0 "1,-0.22 mm

plagioclase; 10-408, <0.L-0.33 mm biotite; and Lrace-2ä amphíbole"

Both gangue types may also contain 52, 0.45-1.35 flrm patches

consisting of 30-60% sulfide and 40-703 epidote. Although generally

subordÍnate to the mafic and quartzose gangue types ín the Cu-Zn

zone, the quartzo-feldspathic type is locaIly the dominant gangue

material in the upper part of the Cu-Zn ore (Figure 70).

The biotitic quartzo-feldspathic gangue is a minor component

of Zn-rich ore and comprises 0.45-3.5 mm aggregates composed of 40-

B0Zt <0.1 mm plagíoclase, with rare 0.24-0.33 mm grains; l-0-60?,

<0.1--0.6 mm quartz; and 5-1-03, (0"1--0"15 mm biotite laths and 0.45

mm anhedral patches. Vühere the underlying Cu-Zn lens is absent, the

gangue in Zn-rich ore is dominated by feldspathic quartzose

material (Figure 68) in 0.2-5.0 ilrm rounded to irregularly shaped

aggregates composed of 40-8OZt 0.L-0.72 mro qluarLz; 1-8-30?, (0.1- mm

plagioclasei 5-2OZ sulfide; and trace-1-0?, 0.1-0.9 mm biotite.

Locally these aggregates contain up to 408 epidote.

8.2 CHARACTERISTICS OF THE LAKE ORE ZONE

The lake ore zone consists of a single concordant lens that

subcrops beneath the lake on the mainland fault block. Original

size (i.e, tonnage) and pre-erosional dimensions of the lens are
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unknor^rn. The lake ore zone contaíns slightly less tonnage than the

combined economic lenses of the island ore zone" The zone is

mineralogically and texturally simple, consisting exclusively of

Zn-Cu-rich ore, that is texturally and mineralogically similar to

the Zn-rich ore of the island ore zone, although the lake ore zone

contains substantíaIIy less pyrrhotite and more chalcopyrite.

Boundaries of the ore zone with the host rocks are usually sharp

and well defined with the exception of the lateral peripheries,

where the sulfide is less abundant, and forms 1.7-7.0 iltm thick

layers containing 20-85? sulfide minerals within sulfide-free rock"

8.2.1 Sulfide Mineralogy

Sutfide minerals comprise 20'754 of the lake ore zone; ín

order of decreasing abundance these minerals are: pyrite'

sphalerite, chalcopyrite, and pyrrhotite. No layering or zonation

of ore minerals have been noted; the ore zone appears to be

relatively homogeneous ín texture and composítion.

Pyrite generally occurs as 0.05-0.8 mm euhedral to subhedral

crystals t.hat in places are brecciated (Figures 84, B5)' and ít'

locally forms 0"8 mm thick veins. Sphalerite occurs as 0.25->0.8 mm

poikilit.ic graíns ínterstitial to pyrite, and as 0.01--0.06 mm blebs

withín gangue, or less cofltmonly, within pyrite" Chalcopyrite occurs

as fracture fillings within pyrite, as narrow rims partly enclosing

pyrite grains, and as 0.01-0.4 mm irregular patches intergrohrn with

t99



-\

Figure 84: CON 20-LL5; Lake Ore Zone. Subhedral pyrite crystals.in
a Jphalerite matrix" ihalcopyrite occurs as a vermicular exsolutíon
in the sphalerite. Gangue consists of irregular aggregates of
quartz and chlorite, and minor amphibole crystals.

Refer to Figure 73 for explanatíon of scale, location and
abbreviations.
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Figure 85: CON 20-LL5; Lake Ore
crystals with interstitial
Chalcopyrite also occurs as
sphalerite, and fills fractures

Zone. Subhedral, brecciated pyrite
sphalerite and cha1coPYrite.
vèrmicular exsolutions within

in pyríte grains.

Refer to Figure 73 for explanation of scaler location, and
abbreviatíons.
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sphaleríte" It also occurs as sma1l blebs or vermicular inclusions

within sphalerite (Fígures 84, 85); these are interpreted to be the

result of exsolution of chalcopyrite from sphalerite, a common

texture of this particular pair of minerals in high grade

metamorphic terrains (Vokest L969). Pyrrhotite forms 0.01-0.25 mm

pokilitic grains intergrown with chalcopyrite and sphalerite; and

as 0.0L-0.06 mm poíkilitic, írregular grains in gangue.

8"2"2 Gangue Mineralogy

Gangue comprises 25-45? of the lake ore zone. The dominant

gangue component is 0.23-l-.36 mm quartz cryst,als that f orm

írregularly shaped patches up to 4.5 mm in size. The remainder of

the gangue is 0.1--L.35 mm aligned chlorite laths, which are

characterized by green-brown to grey birefringence and form O.22-

3.2 mm wide veins or aggregates, and scattered 0.5 ilrm amphibole

crystals with resorbed rims.

Quartz is the only gangue component in the sulfide-rich layers

at the lateral boundaries of the zone. Sulfide-free interlayers are

composed of: 55Zt <0.L mm plagioclase¡ L9Z, (0.L-O.22 mm quartz;

!3Zt 0.26-0.6 mm sub-poikilitic, anhedral to subhedral amphibole;

and l-38, 0,1-7 ilrm biotíte laths" The quartz ín the sulfíde-free
ínterlayers is much finer grained than the quartz of the sulfide-
rich layers"
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Chapter 9

Discussion

9.1 INTRODUCTION

The petrographic, textural, and chemical characteristics of

the host rocks and ores of the Va*mp Lake deposit have been

described in the previous chapters. These characteristics and

implications regardíng the genesís of the deposit wiII be discussed

in the present chapter in order to address the following points:

L" Classification of the Vamp Lake deposit, based on

lithologic associatíons and physícal characteristics, and

comparison of the physical and chemical features of the

Vamp Lake deposit with other deposits of comparable type,

in order to determine similarities and differences, and

their possible significance for genetic implication"

2. Examination of the chemical and mineralogical changes

that occurred during alteration, and their significance.

2. The relationship between alteration and mineralization.

3. Genesis of the Vamp Lake deposit

9 "2 TYPE OF DEPOSTT . CLASSIFTCATION

The Vamp Lake deposit ís símilar in many respects to other

massive sulfide deposits in the Flin-Flon-Snow Lake greenstone

be1t, but there are some differences that may reflect slight

variations ín genesis" The characteristics of the Vamp Lake deposít
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are discussed below.

9.2"L External characteristics of the ore zones

Vamp Lake deposit is a stratabound accumulation of >50å

sulfide minerals, hosted by volcanic rocks; underlying pillowed

mafic flows indicate a subaqueous environment. These

characteristics classify this ore body as a volcanogenic massive

sulfíde deposit accordíng to Lydon I L984.

Although the typical economic massive sulfíde deposít contains

1--l-0 million tonnes of ore (Lydon, 19841 | the smaller size of the

Vamp Lake deposit is not unusual when compared to similar deposits

in the Flin Flon-Snow Lake greenstone belt (Table 1). There are,

however, some physical characteristics of the Vamp Lake deposit

that distinguish ít from many massive sulfide deposits. Most

massive sulfide deposits have a gradational lower contact, with an

underlying Cu-stringer zone (Franklin et al, l-98L); a Cu-stringer

zone ís absent at Vamp Lake and the lower contact of the ore is

sharp. Upper contacts of most massive sulfide deposits are

described as sharp (Franklin et aI, 1981-), but in the island ore

zone at Vamp Lake, the ore lens grades upward ínto a díssemínated

sulfide zone IocalIy up to 50 m thick"

Traditionally there has been a strong emphasis in the

literature on the assocíatíon of massive sulfide deposits and

fragmental footwall rocks (Sangster & Scott | 1976l' " However,

according to a relatively new classífication outlined by Morton &

204



Franklín (1987ll I there ís a second category of massive sulfide
deposits, Noranda-type, which are associated with mafic and felsic
flows, rather than fragmental rock types. Vamp Lake would fit thís
category of massive sulfíde deposits.

9.2"2 Internal characterisLics of the Vamp Lake deposit

Archean and Proterozoic massive sulfide deposits usually
consist of pyrite, pyrrhotite, chalcopyrite and sphalerite
(Franklin et al, 1-98L; Sangster & Scott | !9761 " The Vamp Lake

deposit is also characterized by t,hese minerals, and it is thus a
typical massive sulfide deposit in terms of sulfide mineralogy. The

Cu and Zn grades of t,he deposit are also comparable to other

deposits in the FIin Flon area (Table 2). The Au content of the

Vamp Lake deposít, however, is unusual for this area; this
difference will be addressed later.

The island ore zone of the Vamp Lake deposít is characterízed

by an upward and outward zonation of Cu-Zn-Au ore to Zn-rich ore,

but no zoníng was observed in the lake ore zone. Distinctive metal

zonation, símilar to that found in the island ore zone, is one of
the most diagnostic features of volcanogenic massive sulfide
deposits (Lydon, L9B4). This zonation is usually ascribed to the

effects of physiochemical gradients on míneral precipitatíon from

hydrothermal fluids (Lydon, L988) "
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9"2"3 Deformation and metamorphísm of ores

Volcanogenic ore deposits are an integral part of the

stratigraphic sequence and thus should have been subjected to the

same deformatíon and metamorphic events that affected the host

rocks. A number of textural features índicative of both

metamorphism and deformatíon can be observed in metamorphosed

sulfide deposits. OnIy the more brittle sulfides such as pyrite

record evidence of deformation (Vokes I L969; Craig & Vokes, L993).

The fractures in the brittle míneral pyrite, and cracked, shattered

and brecciated pyrite grains are evidence of deformed ores (Vokes,

L97U Vokes I L9931 | as are the rounded pyrite grains and rounded

gangue areas (Vokes I L969; Gair & Slack, 1984; Klemd et aI, L9B7i

Marshal} & Gilligan, 1-989, Vokes' l-993).

Metamorphic fabrics are those attributed to recrystallization

and metablastic Arowth during progressive metamorphism. Mínerals

of high form energy such as pyrite gro!\r as metacrysts with well

developed crystal faces (Vokes , 1-9691 ¡ inclusions and caries type

embayments are common met,amorphic features of these crystals

(Vokes | !969l'. At hígh metamorphic grades some sulfide minerals

become ductíIe and tend to flow around gangue minerals and less

ductile sulfide grains (Vokes, L969). The remobilízed nature of

sphalerite, chalcopyrite, and pyrrhotite is índicated by their

mat,rix forming and fracture filling occurrences (Vokes, L97L¡

Pederson, I9B0) " Healing of cataclastically deformed pyrite by

infilling with relatively ductile pyrrhotite or chalcopyrite, is

typicalr âs is the infÍlling of fractures in brittle sulfides by
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more ductile sulf ides (Vokes, l-993 ) " The exsolution of

chalcopyrite in sphalerite is evidence that the ore attained a

medium amphibotite metamorphic grade. The presence of large
euhedral- pyrite crystals that show no evidence of deformation, and

are rarely found overgrovring irregular pyrite grains are evidence

that metamorphism contínued after the termination of deformational

stresses (Vokes I L969).

9.3 SPATIAL ASSOCTATTON OF ALTERATION ZONES VüITH

MÏNERALIZATÏON

9.3.1 Distal alteration zones

The sulfide and silicate mineralogy of the dist,al alteration
zones, and chemícal and spatial evidence suggest a relationship
between the processes responsible for alteratíon and those

responsible for mineralization. As indicated earlier, distal zones

are found in footwall positions, immediately below both ore zones.

The alteration assemblages in both distal zones contain 6-202

sulfide minerals. Comparable sulfide contents do not occur in
unaltered rock units between the alteration and ore zones. Although

most of the contained sulfide ís pyríte, minor sphalerite is
presentr ês indicated by anomalous Zn values throughout the

alteration zone (section 8"L"3), which locally íncrease to economic

grades (Figures 8'L2l I indicating that the alteration process \^ras

capable of depositíon of sulfide minerals, some of whích was Zn-
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bearing" The loca1 presence of the silicate component gahnite in
the chloríte-quartz-bíotite assemblage of the maínland fault block

is indirect evidence of this. rt has been proposed that such zn-

rich spinels form by desulfurization reactions involving a member

of the Fe-S-O system and sphalerite with either garnet or an

alumínosilicate (Spry & Scott, l986arb). Gahnite is an accessory

mineral in alteration zones at most massive sulfíde deposíts that
attained amphibolite grade metamorphism (Franklin et aI, L9B1).

9"3.2 Proximal Alteration Zones

Proximal alteration zones at Vamp Lake are stratiform, thin,
and spatially associated wíth the ore zones" The Vamp Lake deposít

differs somewhat from the norm because this alteration is equally

developed both below and above the lake ore zonei ín the island

fault bIock, as in most other ore deposits of this type, the

alteration is most highly developed beneath the ore body. The

proximal alteration zones contain low grade Cu-Zn values generally

in the form of dísseminated sulfides (section 8.L.3). In the

mainland fault bIock, disseminated sulfídes are restrícted to the

alteration envelope, but in the island block, disseminated type

sulfides extent as much as 50 m into the hangingwall, weII past the

Ioca1ly developed proximal alteration of hangingwall felsic rocks.
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9.4 GENESTS OF AITERÄ,TTON

The mineralogical characteristics of the distal alteration
zones at Vamp Lake are comparable to hydrothermal alteration zones

commonly associated with proximal volcanogenic massive sulfide
deposits. Although the assemblages themselves are variable among

deposits, the indívidual components are similar; chlorite, biotite,
muscovite, quartz, serícite, and tremolite are among the components

reported in alteration zones associated with other metamorphosed

massive sulfide deposits (Larson, L984¡ ?üalford & Franklin, L9B2¡

Knuckey et aI, L9B2) "

Vühole rock chemical data indicate that Na and Ca depletion,

and K and Mg enrichment are coilrmon in hydrothermal alteration zones

associated with massive sulfide deposits (Frank1in et al., 1-98L;

Riverin & llodgson, ]-980; Vivaldo, 1-985; Lydon L9B4)" These trends

are evident in most of the alteration assemblages of the distal
island alteration zone. Data in the literature are limited
regarding possible trace element changes in alteration zones.

Therefore, it is not known whether the Rb, Cr, Ni, and Ba

enríchment, and Sr and Nb depletion observed at Vamp Lake are

typícal of hydrothermal alteration associated with the generation

of massive sulfide deposits.

Although there are less data on the the alteration zones in
the maÍn1and fault block, the chemistry and mineralogy of the zones

are símílar to those of the island fault block and they are

interpreted to have formed by similar processes. As indicated
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above, the chemical and mineralogical characteristics of the zones

is consistent with hydrot,hermal alteration processes typically

associated with massíve sulfide deposits. Based on the

mineralogical, and possible chemical simílarity between alteration

zones in both fault blocks, a simíIar hydrothermal process may have

formed both zones.

9.4.L Distal zones

At Vamp Lake, there are morphological and spatial differences

in the distal alteration zones in each fault block. The alteration

zone in t,he island fault block ís a relatively thick' pod-Iíke

body, with a length to width ratio of approximately 3. It is

concordant and widens towards the present erosional surface

(Figures 5a-5d). The maínland distal zone is extremely narrow by

comparison; length to wídth ratio is uncertain, because the eastern

end of the alteratíon zorLe is truncated by the east-trending fault,,

but the exist.ing part has a ratio of 22, which is a minimum value

for the zone. The differences in distal zones between fault blocks

may indicate a separate genesis for the two bodies, and the zones

are discussed separately in the following section.

As indícated earlier, the distal zones in each fault block are

t,he product of hydrothermal activity. The zones may represent: 1)

a hydrothermal alteration pipe; 2) a hydrothermal reservoir; 3) a

secondary hydrothermal feeder zone or or offshoot from a main pipe

or conduít, or 4) hydrot,hermal alteration associated with a shear

2L0



zone.

9.4"1-"I Island Fau1t Block

The distal alteration zone contains many mineralogical and

chemical simílarities to hydrothermal atteration pipes described in
the literature. A mineralogical zonation of alteration minerals is
frequently reported in hydrothermal alteration pipes of massive

sulfide deposits (Larson, l9Ù4i V[alford & Franklin | !982; Knuckey

et aI, 1-982); deposíts in the FIin Flon-Snow Lake belt are

characterized by alteration pipes with MgO-enriched chloritic
cores, and sericitíc peripheral zones (Franklin et al, L9B1-). The

Vamp Lake distal island zone display two types of mineralogical

variation: L) an upward and downward change in assemblage due to
the alteratíon of mafic flows, and 2) localized changes in sub-zone

2 that represent a change in precursor lithology. Sub-zone 2

contain both mafic precursor rocks and intermediate rocks; the

altered mafíc flows are characterized by the alteration assemblage

chloríte-quartz-biotíte, and the rocks interpreted to have been

derived from intermediate flows are novT characterized by the

assemblages quartz-biotite and quartz-muscovite. The lateral
continuity of the quartz-muscovíte and quartz-biotite assemblages

wit.hin sub-zone 2 parallel regional stratigraphy, support,ing a

stratigraphic control. The mafic rocks show systematic changes ín
alteration assemblages as a function of position within t,he

alteration zone" The central part of the zone is characterized by

the assemblages chlorite-biotite-quartz-amphibole and quartz-
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biot,ite-garnet, derived from low TiOz mafic flows" Northward to
sub-zone 2t mafic flows are characterÍzed by the assemblage

chlorite-quartz-biotite, whereas in the outer margíns of the zone

they are characterized by chlorite-quartz-sericíte-amphibole and

serícite-epidote-chlorite-bíotite assemblages .

Variations in mineral chemistry are well documented within
hydrothermal alteratíon pipes beneath volcanogenic massíve sulfide
deposÍts. This variation is most evident in chlorites which show a

progressive decrease in Mg/Mg+ne outward from the core of the

alteration pipe (Larson | 1984; HaII, 1-982¡ Henley & Thornl"y,

i-98L ) . VüaIf ord and Franklin ( L982 ) have proposed that Fe-rích

chlorite forms in the low temperature (outer) part of the

alteration zone whereas Mg-rich chlorite is produced in the higher

temperatures cores. At Vamp Lake, a similar relationship could not

be established with the available data; chlorite from altered mafic

rocks in the central part of the island distal zone has a more

restricted compositional range than chlorite from altered mafíc

rocks in the outer margíns of the zone, which encompasses the

composition of chlorites from the core as well as chlorites whích

are more Mg-rich and Mg-poor. As noLed in section 7.6.Lt the

variability of some of the chlorite from samples in the outer

margin may indícate the presence of chlorite unrelated to the

alteration.

Morphologícal features of the distal alteration zone are not

compatible with a hydrothermal alteration pipe model. Typical

hydrothermal alteration pipes cross-cut stratigraphy, and are
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generally connected to the massive surfíde body (Lydon, L9g4i

Franklín et aI, I9B1) " The distal island zone appears concord.ant,

and is separated from the mineralization by unaltered units. The

alteration assemblages are characterized by phyllosilicate minerals
that display a well devloped schistosity parallel to regional
foliation, and the local development of axiar planar and

crenulation cleavage, indicating that the alteration zone pre-dates

regíonal deformation. Therefore, the origínal morphology of the

zone could have been changed by deformation, flattening an original
cross-cutting body, and making it nearly parallel to stratigraphy"
Most Canadian massíve sulfíde deposits have undergone penetrative
deformatíon, and in many of these, the arteration zone has been

transposed to a position of apparent lateral conformíty with the

massive sulfide body (Lydon | !984; Frankrin et al, 19Bt-) " The Flin
Flin, Stall Lake, Anderson Lake and Normetal orebodies of the FIin
Flon-Snow Lake belt are examples of deposits that are ínterpreted
to be laterally transposed from their aLteration pipes. Several

features of the distal alteration zone at vamp Lake, however, are

not compatíble with such an explanation; the alteration zone ís a

uniform distance far below, but directly underneath the ore zone

wíth no lateral separation of distal atteration and ore zone, and

the deformed three-dimensional shape of the zor,e does not appear to
indicate a high degree of frattening" Thus spatiar and

morphological characteristics of the zone are consístent to some

degree with a hydrothermal alteration pipe"

A different interpretation is the secondary feeder model, in
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which the distal island alteratíon zone would represent a

stratigraphically or structurally controlled off-shoot from a main

conduit. Although this model could account for íts spatial positíon
and stratiform nature of the alteration zone, the pod-like
morphology of the zone is difficult to reconcile as a

stratígraphically or structurally controlled off-shoot whích would

presumably be more thinner and laterally continuous in nature.

A third, and more likely interpretation is the hydrothermal

reservoir modeI. Hydrothermal reservoir properties are consistent

with the conformable nature and position of the distal ísland

alteration zorLe" The decreasing size with depth of the alteration

zone could indicate that the main part of the reservoír r,.zas above

the present day erosion surface" The actual feeder to the massíve

sulfide body may have been removed by erosion, along with most of

the reservior t ot it may be present below the alteration zone, but

t,tras not intersected because drílIing would be paralle1 to such a

zor;e. The former alternative is more like1y, because the density of

drill holes would severely limit the size of such an undiscovered

zone.

Tn conclusion, the internal characterÍstics, the morphology,

and the spatial position of the dístal alteration zone is
consisLent with a hydrothermal reservoir model, and most likely

represents the remnants of a hydrothermal reservoir, the main body

of whích has been eroded way"
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9"4"I"2 Maínland Fau1t Block

The present morphology of the maínland distal zortel

particularly the high aspect ratío and stratiform nature of the

zone, is much different from the the typical cross-crltting

hydrothermal alteration pipe described in the literature (Franklín

et aI, 1981-). The present morphology appears to preclude a

hydrothermal alteration pipe model because it is highly unlikely

that deformation could have produced such a morphology from a

typical hydrothermal conduit pipe. The alteration zone in the

mainland fault block may represent: J-) shear related hydrothermal

alteratíon, or 2l a stratigraphically or structurally controlled

secondary feeder zone" Both models are compatible with the

extremely thin and continuous nature of the alteration zone.

However, the chemistry and mineralogy of the zone is comparable to

the distal island zone, sugçtesting that a comparable hydrothermal

process was responsible for both; the shear model has therefore

been ruled out. SÍnce the mainland distal zone terminates at the

fau1t, it is possíble that it represents a lateral feeder off the

hydrothermal reservoir (the distal island zone).

9.4.2 Proximal Alteratíon Zones

The proximal alteration zones may be 1-) the result of

alteration at the seawater-rock interface by the expulsion of ore-

bearing hydrothermal fluíds from a nearby vent, or 2) a metasomatic

zone produced during metamorphism of the ore body.
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9.4"2"L Is1and Fault block

The metamorphic model for alteration is based on the premise

that the metamorphic degradatÍon of pyríte to pyrrhotite releases
s to the environment (vokes | 1"962; vokes I L969; McDonard, ]-967 ¡

Craig & Vokes , 19931 ¡ reactions of silicates with sulfur possibly
derived from thís source wirt lead to relatively iron-poor
silicates within and adjacent to orebodíes, and may be responsible

for aureoles of Mg-metasomatism around some ore bodies (Vokes,

L969). Evidence against. such a model in the island fault block is
the asymmetric development of the alteratÍon zone; alteration
produced in this manner should have been equally well developed

above and below the ore body, although the different lithologies
above and below the ore body could have played a role in
asymmetrical development of alteration. The spatial characteristícs
of the island ore zone are also not consistent with this model. As

described in earlier sections, the proximal alteration zone extends

past the ore zone, along an apparently stratigraphically controlted
horizon.

The model most consistent with the data for the island fault
block ís alteration at the seawater-rock interface by the expulsion

of ore-bearing hydrothermal fluids from a nearby vent. such an

alteratíon model is consistent wíth the thin, stratigraphically
controlled, continuous nature of the zone, and íts footwall
positíon to the ore. The chemical changes in mafic rock of the

proximal alteration zone are somewhat similar to those found in the

distal zones, but there are some differences ín the proximal zone
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such as higher Mg, Cr, and Ni contents, and addition of Ca. The

chlorite contained in this zone tend to be more Mg-rich as well
(sectíon 7"6.1)" The different chemical characteristics of the

proximal zone may reflect seawater-hydrothermal fluid mixing near

the water-rock interface. SímíIar data on the behavíor of Cr and Ni

at t,he seawater-interface are not available"

9.4.2.2 Mainland Fault Block

The lake ore zone, in contrast to the island ore ore, has well
developed proxíma1 alteratíon in both hangingwall and footwall
positions" The thickness of the alteration is less than 11- m, but

the thíckness is similar on all sides of the ore body. Proxímal

alteration of the mainland fault block therefore appears to be more

spatially associated with the ore zone, and does not appear to have

the same stratigraphic control evident, in the proximal alteratÍon
zone of the island fault block. The alteration assemblages are

identical above and below the lake ore zone, suggesting a similar
genesis for altered rocks in both positions. Hangingwall alteration
is present at a few other volcanogeníc deposits elsewhere in the

Churchill Province, although it is generally weakly developed

(Franklin & Thorpe, 1982). The presence of hangingwall alteration
has been noted also at the Amulet Lower A deposit at Noranda, and

at many of the Kuroko deposits (Frank1in et aI, L98l-) " Alterat,ion
immediately above an ore zone is best developed where a second ore

zone occurs st.ratigraphically above the first. fn Kuroko deposits,
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and ot,her deposits where there are no overlying ore zones,

hangingwall alteration is relatively subtle, and little chemícal

change occurred (Franklin et aI, 1981-). The hangingwall alteration
above the island ore zone is weakly developed and thus does not

appear to be unusual. The proximal alteration of the Lake Ore Zone

is more enigmatic. The alteration is nearly as well developed above

the ore as below, and contact with overlying unaltered rock is

reLatively sharp. Therefore its presence cannot be attríbuted to an

overlying deposit.

The metamorphic model outlined in section 9"4.2.L is
consístent with the well developed alteration on all sÍdes of the

ore body. However, the island ore zone hTas subjected to the same

metamorphic regime as the lake zone, and therefore should also have

developed a pronounced hangingwall alteration in the same manner as

the lake zone. Thus, although this model may be responsible for

part of the alteration, it cannot account for all the features of

the proximal alteration of both fault blocks.

The seawater-rock alteration interface model proposed for the

proximal island zone could also account for the footwall proximal

alteration of the mainland zone, although the more restricted

occurrence of the mainland proximal alteration zone would suggest

a different fluid regime in this locality. The hangingwall

alteration of the lake zone is more enigmatic. Although the

hangingwall alteration may indicate that the zone was buried while

still hot and still reacting with the surrounding medium, there are

ínsufficíent data on the alteration in this locality to ascertain
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the genesis with certainty.

9.5 GENESTS OF MINER.ATTZATION

The ore zones of the Vamp Lake deposit are stratabound,

occurring at the contact between underlying mafic flows, and

overlying felsic to intermediate volcaniclastic rocks" This setting
is disturbed only on the ore discovery island, where a mafíc sill
has been intruded after deposition of mineralization and overlying
lithologies splitting the mineralization into two ore zones. Based

on the stratigraphic correlation the lake ore zone is interpreted
to have been deposited at the same time as the island ore zone, and

símp1y represents the emplacement of a more distal form of deposit

from the same hydrothermal system.

9.5.1 Island Ore Zone

9.5.1-.L Economic to Sub-Economic Ore

The proximal alteration zone represents hydrothermal

alteration of rocks at the seawater-rock interface (section

9"4"2"1!," This implies that the source of the ore-bearing

hydrot,hermal fluid, the vent area, rnras nearby" The higher cufzn

ratios suggested by the ore grades of the ísland ore zone relative
to the lake ore zone would also suggest closer proximíty to the
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vent area (Lydon, r9B4) " Part of the hydrothermal reservoir
apparently underlies the island ore zone as the distal alteration
zone, sugçtesting that the feeder pipe \^ras close, although not

directly beneath the present ore zone. The Cu-Zn ore is therefore
interpreted to have been deposited close to the hydrothermal vent,
from ore-bearing hydrothermal fluids. The quartzose gangue cornmon

ín this ore type is dissimilar to adjacent wall rocks suggesting

that this gangue may be of hydrothermar origin (Lydon, !984]',
indirectly supporting the hydrothermal deposition model.

9.5.1.2 Disseminated sulfide Zone

The dissemínated sulfide zone in the hangingwall of the island
ore zone may have been generated in one of two mannerss i.) it may

reflect renewed or contÍnued hydrothermal activity, during the

depositíon of the overlying felsic units t or 2l it may be the

result, of metamorphíc degradatÍon of pyrite to pyrrhotite, and the

subsequent release and reaction of sulfur with silicate minerals in
t,he wall rocks to produce disseminated sulfides. Metamorphíc

development is consistent with the disseminated nature of the zorlel

but does not agree with the more extensive nature of the

disseminated sulfides in the hangingwall relative to the footwall
of t,he zone, extendíng up to 50 m above the zone, the lack of
disseminated sulfides above the lake zone t ot the breaks between

disseminated zones evident in Figure 73. Renewed oï continued

hydrothermal activity durÍng the deposition of the intermediate and
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felsic volcanÍclastic hangingwalt sequence is consístent with the

hangingwall position of the disseminated sulfide zone, and. the

loca1 breaks in the zone. As such, this is the more likely model.

9.5.I.4 Gold Mineralization

Gold content in the vamp Lake deposit is highly variable,
ranging from 2.37 g/t in the lake ore zone, to 6.07 g/t in the

island ore zone. The abundance of gord in the lake zone is
comparable to other sulfide deposits in the Flin-Flon Snow Lake

greenstone belt. Gold content of these deposits range from 0.L0 to
3"39 q/L, and the I.32 g/t average is well above the 0.7 g/t
average for similar deposits from the Superior Province, with the

exceptíon of the Horne, Quemont, Lenoíre, and Tache Lake deposíts,

each of which contain 6.2 g/t Au (Franklin & Thorpe, !9e21. The

higher gold content of the island ore zone is similar to that of

the few gold-rich volcanogenic massive sulfide deposits in the

Superior Province. The anomalous gold content of the island ore

zone may reflect the chemical conditions at the time of

mineralization or may represent a secondary enrichment. The spatial
association between the Cu-Zn ore and the high gold contents seen

in Figures 69 to 72 suggest that the gold is related to the

deposition of the Cu-Zn sulfide ore. A copper-gold assocíatíon,

similar to that of the Cu-Zn ore of the island ore zone, has been

documented in other deposits, particularly those with high cu/zn

ratios such as Mt" Lye1l and Mt. Chalmers in eastern Australía
(Large et al., 1988)r and the Millenbach mine at Noranda (Knuckey
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et al I L9821 "

Thís assocíation may be due to the chemical characteristics of
the hydrothermal fluids responsible for the transport and

depositíon of the associated metals. Studies from modern seafloor
deposits indicate that the gold content of volcanogenic massíve

deposits is a functíon of the chemistry of the hydrothermal system

(Hannington & Scott, LSBB). The higher average gold content of
sulfide deposíts in the Churchill Province relative to the Superior

Province may simply reflect chemical differences in the

hydrothermal systems that operated in these separate regions"

Studies have shown that temperature, pH, saliníty, díssolved

S, and O or S activity control the chemistry of the hydrothermal

fluid by the following relationship:
aAuctz-/aAu(HSlz- = (KL/K) [ (aH*¡21act-¡2/1aurs¡21 (Large et aI,L988)

Calculations based on this relationship indicate that gold

transportation as AuCl, complexes is favored by high temperature

fluids (>300oC), with high saliníty ()seawater), low pH (4.5), low

aHrS (<L0-2'5M), and. moderate to high fOr. Such conditions favor the

mutual transport and precipitation of gold and copper (Large et
aI., L988). The transport of gold as a bisulfide complex (Au(HS)r)

is favored by lower temperature fluids (1-50-300oC), low salínity
((seawater), moderate to alkaline pH (>4.51 , high aH.S (>1-O-2'5M) ,

and moderate f0r. These conditions favour the mutual transport and

deposit,ion of gold, lead and zinc. ft has been suggested that most

hydrothermal fluids responsible for the formation of volcanogenic

massive sulfide deposits transport gold in solution as a gold
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bisulfide complex (Au(HS)r), accounting for the fewer deposits with
gold-copper associations"

Evidence from fluid density, geothermometry and S isotopes

indicates that mixing of hydrothermal fluids with cold seawater is
also an important control for localízation of gotd in massive

sulfide deposits near the vent fluid-seawater ínterface (Hanníngton

& Scott, 1988). This is primarily a function of decreasing

temperature and increasing pH, resulting ín the deposition of gold

and copper from the hydrothermal fluid, particularly if the gold

was being transported as a chloride complex which is stable at

higher temperature and lower pH conditions. The Cu-Zn-Au ore of the

ísland ore zone at Vamp Lake is interpreted to have been deposited

from hydrothermal fluids that transported the metals as a chloríde

complex" The mixing of the hydrothermal fluids with seawater and

subsequent deposition of the Cu-Zn-Au ore near the vent fluid-
seawater interface is consistent with the proposed genesis of the

underlyíng proximal alteration of this particular ore zone.

9.5.2 Lake Ore Zone

The Zn-rich nature of the lake ore zone, the pod-like

morphology of the zone, and the lack of dírectly associated

hydrothermal vent type alteration ín the mainland fault block may

imply that the lake ore zone is a more distal type of deposit that
accumulated at least 400 m or more from the expulsion point of t,he

hydrothermal exhalations, based on the relative position of the

223



more proximal island ore zone. Distal deposits may represent brine
pools formed by high densíty ore solutions that accumulated ín a

topographíc depression. Deposits generated in such a \¡ray typícaIly
have a taburar or sheet-líke morphorogy, and higher zn-cu ratíos,
possibly the result of lower ore solution temperatures (Lydon,

L98B). The lower ca/zn ratio of the lake zone supports such an

origin for this ore body. Distal deposits do not have associated

alteration zones (Bailes & Syme, 1989), and the lack of a

hydrothermal vent in this area indirectly supports the model.

Although the lake ore zone is not associated with fine-grained
cherts and graphít,ic mudstones that typically overlie and host

other distal deposits in the FIin Flon area (Bailes & Syme, !989),

the absence of such units could merely reflect a shorter hiatus in
volcaníc activity.

9.6 TIMTNG OF MTNERALIZATION AND AITERATION

As índicated by the metamorphíc and cataclastic textures of

the ores, the Vamp Lake deposit has been metamorphosed and

deformed. This, in conjunction with the plunge of the island ore

zorae, which is consistent with regíonal lineations observed in the

country rocks, supports a pre-deformational and pre-metamorphic

origin for the deposit" The presence of chalcopyríte exsolutions ín
sphalerite (as seen in Fígure 84) indicates that temperatu.res of at
least 350-400 degrees celsíus were reached during metamorphism

(Vokes' l-969). This is consistent with the amphibolite metamorphic
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grade indicated by the mineralogy of the host rocks" This

interpretation is consístent wíth the inferred pre-metamorphic

origin of the alteration zones associated with the ore zones¡ ërs

suggested by the schistosity of the alteration assemblages which

parallel regional foliat,ion.
The proposed hydrothermal model for the alteratÍon and

emplacement of the island ore zone and the associated proximal

alteration implies that the ore was deposited after the emplacement

of the mafic units of formation 3t and prior to the deposition of
the intermedíate and felsic dominated formation 4. The presence of

sulfide-bearing fragments in hangingwall intermediate units (Figure

2Ol ís consistent with the interpretation that some mineralízation

occurred prior to the deposition of the overlying units" The

disseminated nature of the upper part of the island zone probably

reflects a more diffuse and less focussed hydrothermal activity.
The lake zone r^ras deposited prior to the generation of the

overlying disseminated sulfide zone in the island fault bIock.
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CONCLUSIONS

i-" The Vamp Lake deposít is interpreted to be a synvolcanic massive

sulfide deposit in a tholeiitic ísland arc setting.

2. St,ratigraphic correlation across the east-trending fault
indicates that both the island and lake zones rlrere deposited at the

same time. The island ore zone is interpreted to be a proximal type

of deposit; the hydrothermal vent was nearby, although not directly

beneath it. The lake zone ís interpreted to be a more distal

deposit, produced from the same hydrothermal system as that

responsible for the island ore zone.

3" Remnants of the hydrothermal system are reflected in the

presence of the distal and proximal alteration zones. The island

distal alteration zone is interpret,ed to represent a hydrothermal

reservior, the maín part of which has been eroded ar,tray; the distal

lake zor,e may be a stratigraphically controlled off-shoot from the

reservoir. Proximal alteration zones show slight variations from

dÍstal zones in mineralogy and chemistry. These features may

reflect alteration at the seawater-rock interface by hydrothermal

fluid that was mixing with seawater.

4. The hydrothermal vent has not been found, and may have been

above the present day erosíon surface" Most of the ore produced by

thís hydrothermal system would presumably have been located above

the vent area, suçÍçtesting that it has been eroded as well.
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Cl - Chlor¡te

APPENDIX A
Strcale llir¡erabgy of Wt¡ole Ræk Ssmpfæ

M - Muæov¡te
St - Stau¡ol¡te
Gar - Gamet
Gah -Gahn¡te
Ca - Calcite
S - Ssicite
8C- Biotite-Chlorite Intdgrowths
Pr - Prehn¡te
Sh - Sphme

Maneralogy (X)

Samp þ
Numbe Ou PI Hbl T E z Cz BI cl M st Gâ iAh P Ca s BC sh Opaauæ

lñó

¡fl 12
¡R 13

L-ó

L-4

&
¿13

17

ä
u10

Ái 49

l2
12

<l
2

2 I t

ffi't9
GR 25
GR 26

L_J

L--4
L-4
L-3

ld
41

A

7 7 I <l

GR 35
GF 36

L* 32
æ

{g
t3 50 ,IC

't0
2

<1

sft 3A
3Fì ¡10

3Ê 48
ìR 4f)

t-4
t4

H

æ
27

lo

46
2A

45
17
¿5

4

t8
<l

<l

z
2

TFì 21
52-350
52-374

t*
t-3
l-4

4t

2f*
â

61

<l

20
tt
<1 <1

<1

26 Â

53-474
59-47
59-81.5
5S-214.5

t-4
38
23

IJ
27
17

4 t

3{

t(

25

5

Â

37-æ1
ì7 -7Sl
ì7-8æ

25
26
70

44
30

æ

æ
40
30

J

1

139-æs
139-S2

r-ó
l-3 25

n 19
15

s
6

10
1rru-æ

t40-æa
Con 0- f 2'l t-3 31

23
41 'I

q
1

t3
<t

<1
'to

Øn æ-tz4
Con 24-158
Con 24-167.5
CÃn /ø-123

L-4
L-3
l-â

s
30
5t
æ

w

I 3(
4

44
I

x 6

7

lon 44-ã{l
ion44-4æ.

43
26

t9
50
aa

I

I
1æn cil{Yl

lon 454-835.I
hf, 454-860
:on 51 -171

t-3

I

1

0
43

9C
't5

s5
s

<ì
<1

<l

CÆn 51-584
Con 51 -682
Con 52-96.5

æ
27

1

4C

7
4

I

@n ÒI-rIz
Con 57-184
Con 57-343.5
C¡n 57-51.5

tþ
I
7

4a

71û 4
<1

<1

en 5/-öl4.5
Con 57-753
hn57-ng
Conæ.-477

tó

49
f9

¿ b:
88 7

1

I I

lon 63- 171

]on 63-188.5
lon ô3-ã3.5

t-3

t-3

ö
13

3l IU

I
71 1n

l4
14
l1 46

I

4

'I
l1

1

4nN+Þ.O
bn 63-5so
lon 63-æ€.5
lon 63-1035

t-3
3€
43

6

lc

'I
t4

¿a

ion 63-11 16
)oî64-1æ

¡-4 17
251 16

I
I

7

AI



APPEND¡X B

Electron mÍcroprobe analyses of chlorite from varÍous assemblages and loca-tions- as tabulated bel-ow. rn the foLì-owing pages, Lhe number in bracket.sfollowing the sample number refer to analysès- from different crysbals fromLhe same sample; those $tith letter designãtions refer to different analysesfrom the same crystal.

SampIe

59-2L4
L39-325
coN 7-130
coN 7-165
coN 7-246- 5
coN 20-115
coN 24-t27
coN 24-160
coN 26-92
coN 26-102
coN 26-L29
coN 39-732.5
coN 44-154
coN 44-228
coN 44-248
coN 44-317.5
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coN 63-549. 5
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Location

Mainland disLal zone
Island disLaI zone
Island distal zone
Isl-and distal zone
Island peripheral.
Mainland proximal zone
Mainl-and proximal zone
Mainland proximal zone
Mainland distal zone
Mainl-and distal zone
Mainland peripheral
fsland proximal zone
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Isl-and distal zone
Island distal zone
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chl-or i te-bioti te-quartz -amph ibol e
ch lori te-quartz -bioti te
chlorl te-quartz -serici te-amphibo le
tremol i te-quartz -b ioti te-chl orite
chlorite veing

A2



Sample 59-214 (t )

OUAIIÏTTAIIvE Eits RESULTs
(ZAF CORRECTIOiiS VIA iIAGIC v,

tLttttr{I
t LIrlt

PftECISI0r.t
2 SIG'IA

0 .17
0.13
0.r3
0.01
0.0 |

0.03
0.27

OX I T,E

F(]R'tULA

ft 60
AL 2OJ

s I0?
K?O

cA0
ilfl0
FEO

ñ00
AL2O3

sI 02
FEO

0x I irt
PERCETiT

I J.84
19.23
2ó.ól
0.02
0.0ó
0.27

?8. óJ

88. óó

AT0ñS.

,tG KA

AL I(A
SI KA

K KA

CA I(A
Itil KA

FE Kâ

0*

It6 KA

AL I(â
sI t(â
FE I(A

0r

UEi6HT
K-RATIO PERCIilT

0.0 {81 8. 35
0.0ó{5 10.18
0.0870 t2.{{
0.0002 0.0?
0.000{ 0.05
0.00t9 0.2|
0 .2008 22.25, 35.17

N0. 0F CA f i 0rts
I II F ORnULA

4.3t27
1.8040
5.ó{01
0.00ó5
0.0t1J
0.0,f 8ó
5 .07 {9

t9.9óllÏOTAL

ilUI{8TR OF CATIOI{S CâLCULATEü ON BâSIS OF

$ I,ETERIIIilET, SY STOICHI(]II€TRY

28 OTYGEi{

TLEñTHT
T LINE

ï0ïâL

K-ftATI(}

0.0ó32
0.0592
0.0901
0. 1 ó9ó

^ 
ra

0.1{
0.r3
0.27

se-21 4 (3)

PREC¡SION
Z S¡ GñA

0.19
0.11
0.11
0.01
0.25

fJX IiIE
F EÑCTI{ T

| /.54
17.)0
27 .57
:{.Jl

87. 13

Sample

UE i6HT
PIRC EH T

10.58
9.37

r 2.89
r 8.90
35.39

Sample

UTTGHT

PERCEHT

I t.33
9.ót

1t .27
0.05

l7 .99
3ó.29

5s-21 4 (2)

PT(EC I SI ON OX I TIE

2 SIGIIA FORIIULô
f{ú. 0F cA t I0fts

I i{ FORñULA

5.50/8
{. J91ó
s .8088
1 .2828

19.99J9

ILE I{EilI
I LIilt

ñG t(â
AL KA

s¡ t{A

KKA
FE KA

0+

IOIâL

K-RAT I (]

0. 0ó85
0 ¡ 0ó08
0.0929
0.0005
0.tót3

(]X I TIE

F 0R liUL r{

ñG0

AL 2OJ
s I02
K20
FEO

OXIÛT
f'r.liCEri ì

ta. )8
r8.1ó
:8.40
0. 0ó

:¿3. I 4

8È. 55

f{0. 0F cAT I0fis
1Ii F(]Rf{ULA

5.75 I 0
1 ,3? t8
5 .93,1 1

0.01ó8
J .975ó

t9.975{

A3



Sample 59-214 (4)

OUAI{Ï ITATIVE T,(IS RTSULf S

(ZAF C(]RREC IIO'{S UIA ñâüIU v)

tLfllEr{ Ï
À LIIiE

ñG KA

AL KA

SI KA

TE KA

0*

TOTAL

XUIIBTR

K-RAÏ I Û

0.0óóó
0.0588
0.0925
0. | ó00

il.01
9. 30

r3.r8
r7.8ó
15.óó

0.18
0. | ¡l

0.rJ
0.25

ûfIf,E
FERUEd I

r8. J0
11.51
r8. l9
:.?.98

UTIGHI P[(EClSIirrl
PERCEI{T 2 SI6ñA

0r t irE
FORNULA

H6ü
âL 203
5I02
FEO

ftu. ÚF Ufì I I ÜfIS

I f{ I. ÜRñULA

5 .7030
r .3295
5 .8928
{ .01 70

19.9t2{

0F CAfl0r{S CALCULATEt,ofl BASIS

. 8),0J

0F 28 0XYGEI{ AT0ñS.

1 DETEftiIIflED BY STOICHIOñTTf(Y

A4



Sample 139-325 (1)

OUAilTITATIVE ET,S RISUTTS
(ZâF CoRR€CTIoi{S VIá ñA6IC v)

ELEñEI{T UEIGHI
E LII{E K-RâTIÍ¡ PEßCEI{T

0.0871 | 3.51
0.0798 t2.{5
0.08{ I | 2.32
0.000ó 0.0ó
0.002s 0.28
0. t033 il,ól

37. {5

ñG NA

âL Xå

sI r(â
K I(A
r{fi t(A'
FE KA

0*

K-RATIO

0.0888
0.078ó
0.081 |

0 .002 {
0. t 001

K-RAT I(]

0.0873
0.0750
0.0857
0.0002
0.002 I
0. | 028

Sample

UEI6HT
PERCE}I T

t3.77
t2.?7
12,20
0.28

I r.25
37 .19

r 39-325

PRECISIttt
2 516ñA

0.20
0.tó
0.t?
0.03
0. 20

(2)

()XIÚE

T (}RITULA

It60
AL2O3

sI 02
ñH0
FEO

ilo.0F CâTI0r{s
I II FORIiULA

ó. óó30
5.5t92
5.2{98
0.0197
0 .0ó20
2. {8ó8

20.0001.

¡.{ü.0F CâTI0rls
lri F0RñUL11

ó.8247
5 . at99
9.2J{1
0.0ó0{
2.1251

20.02só

PRECISI(}Ii
2 SIGt{â

0.20
0.tó
0.t3
0.0 |
0.03
0.21

(]XIÛE

F(¡RIIULá

ItG0

áL2OJ
sI 02
r(20

Iü{0
FEO

OX I T,E

PERCE'17

22. 15
?3.5?
2ó.37
0.08
0.37

1.f .93

87.72

A rOñs.

T(] TâL

IIUñ'ER .,F CâTIO}¡S CâLCULATED OI{ BASIS OF 28 .,XYGEII

S OETERI{II{EI} BY STOICHIOITETRT

TLIIIENT
& tIt{E

ItG KA

áL XA

5I KA

ñr{ xA
FT I(A
0*

OXIIE
PERCEf{ T

72.84
?J. l9
zó.ll
0. 3ó

14.47

8ó. 9ó
TOTâL

UE I GHT

PERCEf{I

r3.ó2
il.73
r2.{0
0.0J
0 .21

I r.55
3ó.92

Pt(ECISI0fl
2 SIGitA

0.20
0.15
0.t3
0..0 t

0.03
0. 21

(3)

{]XI IJE

F ()R IIUL A

ñG0

â1203
s I0?
T¡02
llft0
FEO

OXI UE

PERCTfiT

71 c,a

71 1'-,

2ó.53
0.0,f
0.3t

I .t. gó

8ó.18

Sample 139-325

E L EITTI{ I
¡ LII{E

ñ6 KA

AL I(â
SI Kâ

TI KA

11fl t(A

FE Kâ

0*

TOTâL

fiù.0F cATI0frs
] i{ F(]RfIULA

ó.7972
5,2734
5.3580
0,Q061
0.0510
2. 51 02

1 9 .998ó

A5



Sample CON 7-130

OUâIITITATIVE ET,S ftESUL f S
( ZâF CORf(ECT tOf{S U I A rtâG I C 'J ,

ELEñTIIT UEIEHT PRECISIOI{ OTITIE OXITIT fIÜ. ÛF CATIOí\|S
T LII{E K-RATI(l PERCEIIT 2 SI6I,IA FORIiULA PERCEI{T II{ I-OÑftULA

f{0 KA 0 
" 
0873 | 3. ó4 0.20 H60 22.62 ó . uOO3

AL Kâ 0.0728 t I .39 0. | 4 A1203 ?1 .53 s. I I /e
SI Kâ 0.087ó | 2.ó5 0. t 3 SI02 27 .()ô 5. {S8i
FEKA 0.t0ó8 12.0t 0.22 FtO 15.{5 ).óQ6:
0 r 3ó.9ó

ïoïAL 8ó . ó5 t9 .,t821

HUIIBER (lF CâTI()NS CALCULâTET OII BASIS OF 28 OXYGEN ATOITS.

T !ETERIIIHEII BY STflICHIOT{ETftY

A6



ELEIIE H I
T LIHE

Sample CON 7-t65 (l)

OUâHIIÏâÏIVE ËT'S RESULTS
(ZâF CORRECTIONS UIA 

'{A6IC 
V}

UEI6HI PRECISI0I{ ()XIt,E llxll'E r{0.0F tAIl0ri5
I(.RâTIO PERCEI{T 2 SIGI{â FORi{ULA PERCEfIT II{ FÛRñULA

ñ6 t(A

âL Xâ

SI XA

I( KA

TE Kâ
0r

0.0922
0.07óó
0.0878
0.00t ó
0.0951

tt.t9
I t.93
12.69
0.r8

10.óó
37.50

0.2 |

0.r5
0.r3
0.02
0.2 |

ô. t1e8
5.28rû
5 .3988
0.0552
.!.)7irg

t9.98J{

nGo 23.5?
A1203 ?2.54
sI02 27.15
K20 0.22
FE() 1 3.71

81.13

28 0,\f tiEt{ AI0nS.

r0ï âL

IIUñBER OF CâTI(¡HS CâLCULAÏED OI{ SASIS OF

f T,ETERIIIHED 8Y STOICHIOITTÏRY

EL EIIEIIT
t Lil{E

IIG Xâ

âL t{â
sl r(â

CR Kâ

FE I(A
0r

TO TâL

I(.RâI I (]

0.09{2
0.0752
0.087ó

'0.0000

0.09ó{

Sample

UE I 6HT

PERCEXT

| {.50
11 .77
r2.ó8
0.00

| 0.80
37.5ó

coN 7-165

PRECI S ¡ OI{

2 SIGIIA

0.2 r

0.15
0.r3
0.00
0.22

(2)

0r i tlE
F (1 RIIULA

rtG0

AL2O3
sI 0?
cR203
FEO

OX I IJE

PERCEN T

24 .04
22.24
27 .1J
0.00

13 .90

87.31

itO. UF tlA I I0r{S
I i{ F 0ññULrl

/. I t5l
5.2(fiI
5.J8ó r

r) .0Cl0rj
2.3078

20.0 1 23

A7



Sample CON 7-246.5

(¡UANIITAf IVE EtIS RESULIS
(zât c0RREcII0fts ulA nAGIC V)

ELEñTNT
T LINE

UE I 6HT

PERCEilT

8. ó8
t0.9{
l2.ló
0.37

20. {0
35.2s

PRECISI(1iI
2 SIGIIå

0.18
0.11
0.t2
0.0,1
0.29

()X T TIE

F(]RIIULA

ñtlil
AL2OJ
sI02
f1N0

FE(]

ux I frt
Fi:RCEN I

l{.J8
)/ì Á?

'26 .1) |

0. ,18

26.?5

K.RâT I O

0.051 2
0.0700
0.085 |

0 " 003{
0.18ó1

ft6
AL

SI
fl ll
FE

0

KA

KA

KA

KA

Kâ
I

fitj. {Jt l-A t I irris
I t{ F flK¡rLlL rl

{ . :rJ:i I
5. | 5:rJ
5 .50J I

0.06ó r

4.ó1J9

r 9.9208Ï(]ÏAL

I{UñBER

t

tJ7 .8i

OF CATIf)NS CALCULATEII (}H BASIS ()F 28 OXYGEII ATOñS.

DEIIRITIXED 3Y STf]ICHIOIIEÏRY

AB



Sample CON 20-tl5 (t)

ouAr{ f I IAl M €frs 6E5rr tt
(ZâF C(]RRECTI0t{S UIA rtA6rC V)

ñ6 KA

âL Kâ

SI Kâ

I( KA

ñR Kâ
FE KA

0r

E L E IIEI{T
I LITIE

I,REC I SI0rt
2 SIGr{â

0.19
0.r{
0.r2
0.0 r

0. 03
0.26

OI I I,E
F (]RñULA

It60
AL2O3
st02
r(20
I${0
Ft0

üx t trE
P tñC Erl I

| ó.8J
?1.10
2ó.22
0. 0s
0.29

2J.21

w.78 .

A ltrñs.

0.0ó | |
0.07 12

0.085 |
0.000ó
0.0020
0.tót3

UTIGHT
I(-RâÏIO PERCETIT

fiú. úF cAT t 0fts
I II FOR'IUL A

5.2199
5. t750
5. 151?
0.01 99
0.05tJ
4 .0180

I I .9ó83

t0.t5
¡t.t7
12.25
0.0ó
0.23

r 8.08
J5.8 {

ï0ïâL

dui{tER 0F câ f I0f{s cALcuLâIEtr 0r{ SAsIs 0F 28 0Xy6Eil

T'EÏERIt¡I{Ef I r STOICHIOI.|ETRY

Sample CON 20-lt5 (2)

tLErltt{T
t tIrtE

f OTâL

K-ftAf IO

0.0óó3
0,0729
0.0858
0.0007
0.0021
0. | {99

UEIGHT
PERCT N T

| 0.88
| | . {3
| 2.39
0.08
0.28

| ó.8{
3ó.3ó

PftECI S I (}fi

2 SI6ñA

0.r8
0.1|
0.t3
0.0 t

0. 03
0.2q

OX]úE
FORñULá

ft 60
r{L203
s I02
K20
r'til0
FEO

ÜXIIT
PE RCEil T

r 8.04
2r.ól
2ó. t0
0.09
0 .3ó

it.óó

8u.25

ItO Kâ
AL Xâ
SI Xâ

KKA
Itfl Kâ
FE I(A

0r

d0. 0F cA t I0rls
J I{ Ff]RfIULA

5.51J0
5.2?l{
5. {3J7
0.023/
0.061I
J.71 10

t9.96ti

A9



Sample CON 24-121 (t)

(lUâI{II ÏåTIVE EtJS RESULTS
(ZâF CORRICTIOi{S UIA ñA6IC vl

ELEñENT
t LIr{t

UE I GHT

I{-RATI(] PTRCEI{I

0.09 t 5 11.26
0.0á77 t0.óó
0.09t9 t3.25
0.00t7 0.t?
0.t008 il.r5

37.30

Sample

UEIGHT

PE RCEN T

15.7 6

il .9ó
t2.95

9 .02
38. 35

'{0. 
OF CAT I ONS

1H FORÍIULâ

t,01ì0
{.7139
1.66ó2
0.01t I
2.4ó28

t9.9ót8

PRECI SI0rt
2 SI6lrA

0.21
0.r3
0.t1
0.03
0.21

coN 24-121

PRECISIOiI
2 SI6ñA

0.20
0.15
0.tl
0.t8

()XIÚE

F ORIIUL â

ñG0

áL 203
st02
lrN0
FE(]

OX I IIE
l'ERCErl I

2J.ó5
20.r4
28.3{
0. ?9

| {.7J

87.1I

âïtlñs.

TOTAL

t{uttB€R 0t câII0t{s cALcutATEt, 0r{ SAsIS 0t

r ITEIERIIIt{ttr By ST0ICHI0TTETf(y

116 KA

âL KA

SI KA

t{il t(A

FE KA

0c

ftc KA

AL KA

SI KA

fE KA

0r

E LEHT I{ T

Å LIilt

TOT AL

K-RâT I O

0. I 045
0.07ó1
0.0892
0.0799

28 0Xr6Efi

(2)

OT I IJE

FORIlULá

It 00
AL ?03
sI02
tE0

OX I IIT
f'tÂcE f{ I

2ó. tJ
'-t'i A^

')7 -rr

I t.ó0

88.0J

€LEñEflT
T LIdE

nG t(â
âL Kâ

SI KA

F€ KA

0t

T(jTAL

K-RAIIO

0. | 017
0.075ó
0.0927
0.0812

Sample

UEI6HT
PERCTflT

t5.53
I t.8J
r3.43
9.49

J8.7 7

(3)

0x t IIE
FOftñULA

ñG0

â1U03
s I02
Ftù

UX I ItT
rEÑC Ef{ I

25.14
'l ) IÀ

28.7 1

| 2.20

89.04

coN 24-121

PRECISIOfI
2 SIGñA

0. 20
0.t5
0. t4
0.t9

ilO. üF cATIoi{S
I I{ FORftULA

I ,J721
5. | 785
5.38/ |

I .8858

20 .023ó

f{0. úF cA t I0fl5
I rl l- irRflULA

t,J7yt
5.0ó85
5.5272
I .9ó3 |

1 9.9J85

410



Sample CON 24-160 (t A)

OUAI{TIIA]IVE EIIS RESULTS
( ZAF CORRECTIOI{S UIA I{A6IC v)

116 Nâ

AL KA

SI KA

KKA
CR KA

Itlt KA

FE KA

0c

nG

AL

5I
t(

CA

CR

t{H

FE

0

€LEÌ{ENI
¡ LII{E

ELEI{EHI
& LII{E K-RATI O

xA 0.08r 7
Kâ 0.0580
Kâ 0.1t09
KA 0.02t 0
Kâ 0.00t 2
Kâ 0.0033
l(A 0 

" 
0025

KA 0. | 088
¡8

PRECISIOI{
2 SIGIIA

0.t9
0.t3
0.t3
0.0ó
0.0 |
0.03
0.01
0"22

OX I TIE

Ff¡RIIULA

It60
AL2O3
sI 02
K20
cA0
cR203
ItN0
FEO

i{0. 0F câTI0i{s
I I{ F(]RI{ULA

ó .137 |

3.882{
ó .295 1

0.283 I

0 .0513'
0.0329
2.8932

| 9. g7gl

N0. 0F cATIot{s
IH FORIIULA

ó. | 52ó
J.ggl,l
ó .,tó8,1
0. ó898
0.035ó
0.0783
0 .0592
?.5 | 73

| 9.891 ó

UT I 6HT
K.RAT I O PERCEIIT

0.0802 12.79
0.05{5 8.5ó
0. l02t | {.{5
0.008 | 0.90
0.002t 0.23
0.00t3 0.t5
0. il ó4 t3.20

3ó.ól

FRECISIOi{
2 SrGl{/l

0.t9
0.t2
0. l2
0.03
0.02
0.02
0.2 |

OXI DE

TORIIULA

t{G0

AL2O3
sI02
x20
cR203
t{Ì{0
FEO

0X t I,E
PERCENT

2r.?0
16. t7
30.91

I .09
0.3{
0.19

ró"99

8ó.89

Aï0r{s.

OXITIE

PERCENI

21. l5
| ó.92
33.t1
2.77
0.17
0.5 r

0 .35
15. 42

90.14

T OTAL

NUI{BER OF CATI()HS CALCULATEII OI{ BASIS OF 28 OXYGEN

DETERIIII{E¡} BY STf}¡CHIOITETRY

Sample CON 24-160 (18)

UEI6HT
PERCENT

12.7 6

8.95
t5.r9
2.30
0.t2
0.35
0.27

I t.99
38.20

TOIAL

Ail



Sample CON 24-160 (24)

OUANTITATIVE ET,S RESULTS
(ZâF CORRECTIOi{S VIA 

'IAGIC 
V)

ELEñENT
I LINE

ñ6 KA

âL XA

SI KA

KKA
CA KA

CR KA

I{N KA

fE KA

0*

ÏOTáL

HUIIBER OF

ELEITEI{T

T L¡HE

0.08{ ó

0.0570
0. | 055
0.0 | óó
0.000ó
0.0020
0.00 | 0
0. I 035

K.RâT I O

0.0785
0.0535
0. t 081
0.0t 03
0.0008
0.00 t 5
0.00r 4

0.t299

| 3.2ó
8.90

t4.9t
r.85
0.07
0.22
0.r2

t1.76
37.5 {

UE I 6HT
PERCEHT.

r 2.53
8.3ó

t5.t5
t.t3
0.09
0.tó
0.tó

| 4.29
37.42

OX ¡ t'E
PERCEiII

20.78
15.80
32. {0

1 .3ó
0.t2
0.23
0 .20

r8.J8

89.28

UEIGHT
K.RATI(] PTRCEI{T

PRECISI f}I{

2 SIGIIA

0.19
0.t3
0. t 2
0.05
0.01
0.02
0.02
0.2 |

PÍ(ECISI0N
2 SIGñâ

0.2 |
0.t2
0.t2
0.0 4

0"01
0.02
0.02
0.23

OXITIE OXIÛE
F(]RI{ULA PERCTi{T

ñG0 2r.99
á1203 I ó.8 I
sI02 31.90
K20 2.23
cA(] 0.09
cR203 0.1?
ñt{0 0. 15

FEo t5.t2

88. ó2

28 AXYGEN Aroi{S.

OXIÛT
FORIIULA

l{G0
â1203
sI0?
t(20
cÁ0
cR203
t1N0

FEO

HO. OF CATIÛNS
] H F(lRif ULA

ó .5100
3.9J47
ó.33ó3
0.5ó38
0 .020 I

0.050 t
0 .02ó0
2.5122

r 9.9532

i{0.0F cArIti{s
IN FORiïULA

ó. | 708
3.7 | 0ó
ó. {5ó5
0. 31 ó7
0.02ó |
0.0357
0 .03 41
3.0ó30

1 9.8137

CATIOHS CALCULâTEII Oil BâSIS OF

IIEÏERIIIHED 8T SI(lICHIOIIETRY

Sample CON 24-160 (28)

IIG Kâ
âL I(A

SI KA

KKA
CA Kâ
CR I(A
I{N KA

FT I(A
0*

T OTâL

412



Sample CON 24-160 (3)

OUA}ITIÏATIVE ET,S ßESULTS
(ZAF CORRECIIOI{S UTâ IIAGIC v)

ELEI{EI{I
T LIIIE K-RATI(}

PR€CISI(lN OXIT,E

2 SIGITA FORI{ULA

i{0.0F cATIoi{s
I}I F(]RI{ULA

5.91 04
3.7252
ó .7s59
1.127i
0.0276
0.02ró
0.0{ r2
2.2933 

.

| 9.9032

It6 Kâ

AL KA

SI KA

KKA
CA KA

TI I(A

CR I(A
FE KA

0t

TOTAL

I{UI{BTR OF

0.0803
0.05ó8
0.il83
0.0317
0.0009
0.0008
0.00 | 7

0.|00r

UEI 6HT
PERCEI{Ï

t2.40
8.67

| ó.37
3.8 |
0.r0
0.09
0.t8

il.05
38. óó

0.t8
0"13
0" | 4
0.07
0.0 |
0.0 |
0.02
0.20

It60
AL203
sI02
t(20
cA0
ï I02
CR2OJ

FEO

OX I TtE

PERCENT

20.5ó
tó.J9
35.03
{.58
0.13
0.r5
0,27

11.22

CAIIO}IS CALCUTATET, (¡N SASIS OF 28

9r.31

0xY6Et{ Aïoäs.

DETERI{IilEf, 8T ST(}ICHIf¡ITETI(Y

413



Sample CON 26-92 (t )

OUáI1IÏATTVE Ef,S RTSULTS
(ZAF C(lRRECTIOilS VIA ÍIAGIC v,

ELEñEHT
T L ¡I,{E

ñG KA

âL KA

SI KA

FE Kâ
0*

TOTAL

r{uñ88R

tLflrEr{l
I tIlrE

It6 KA

âL Kâ
SI XA

FI XA

0t

TOTâL

K.RâT I f)

0. | 039
0.0773
0.0893
0.08t3

UE I 6HT

PERCE}IT

r5.ó7
| 2. | 0
12.97

9 .17
38. r9

PREC I SI (]TI

2 SI6nA

0.23
0.r5
0. | 3
0.18

0X t I,E
FORTIULA

dG0

AL 203
s I02
FEO

ÙIIUT
f €1.:CEriï

15. 98

:2.8ó
"7 

';A

11 ,79

88.10

0F câIIoilÈ câtcutâTEL 0H sâsIs 0F 28 0xyGEd AIofls.

t,ETERñII{EII BY SIf'ICHIflI{ETRY

Sample CON 26-92 (z)

r{ú. tlf üA f I UriS
I I l- ûtr¡rULrr

, c,,ì ¡ '¡

5.3205
5. J,7J5
t.9il0

2('.ù12:

fiO. úF r,AtIûfli;
Ifl ÈÛÑñUI-A

2.3t.10
ri i t¡ ¡

5. Jó;?ó
2.,"rii q

I0.cìt9"r

K-RâTI(}

0.0988
0.0757
0.0873
0.085{

UE I 6HT

PE RCEIIT

| 5.05
I t.8{
12.ó5

9 .62
37.ó0

f)XIfE
FOftñULA

,1G0

AL 2OJ

s I02
FEO

UXI IJE

f'EliC Eri T

24.9ii
')') 7 l
17 A1

r2. J8

8ö.7 ó

PREC I SI Of{

2 SI6lrA

0.22
0. | 5
0.13
0.t9

Al4



Sample CON 26-102

OUAHTIIâTIVE ET,S RESULTS
(ZAT CORRECTIOI{S VIA f{AG]C (, I

ELTIIIHT
¡ LII{E

It6 XA

âL KA

SI Kâ

Câ KA

TI I(â
CR Kâ

ñil KA

FE KA

0*

K-RâÏ I (l

0 " 07{9
0.0731
0.08{{
0.0002
0.0005
0.00 | 9
0.00 r I
0. t 322

UTIGHT
PERCEHT

| 2.0ó
il.50
t2.19
0.02
0.0ó
0.20
0.r2

| 1.79
16.47

PRECI S I ()N

2 S¡G|A

0. 20
0.r5
0.t2
0.0 r

0.0r
0.02
0.02
0.21

0x I t'E
FOR''|ULA

nG0
AL 2O]
s I02
cA0'
Í I02
ût(2ûJ
rlN 0

l-trl

ûÃ I lrt
PERCti{I

19.99
21 .7.1

26.01
0.t)3
0.10

0.t5
r9.0J

fiÛ. úF iA I I úrlb
I r{ t- ÜñrrLtLfì

ó. ú925
5. ?38.¿
I il tir

0. 00óu
ú.0t5.i
0.0{éó
0.ú?óó
3.1li41

Iri.0l I 3lOTAL

HUñBER (]F CATI()HS CALCULATED ON ÚASIS OF 28

I DETERñIHED BY STOICHIf¡IIITRY

úr'. { I

0xfrlEft AT0f1s.

A15



Sample CON 26-t 29 (t )

OUâI{TTIáTIVE EIIS RESULlS
(ZâF C0RRECTI0NS VIA nrtGIC U)

I{G KA

âL Kâ
SI Xâ

ñÌt Kâ
FE I{â
0ç

E L EIIENT

& L¡NE
UE I 6HT

PET(CEHT

I t.ó{
It.t{
| 2.58
0. 2ó

| 5.8ó
3ó.52

PRECISIOI{
2 SIGr{â

0.t9
0.1{
0.t3
0.03
0.26

0.t9
0.t5
0.12
0.0 |

0.0r
0.02
0.25

0x I trE
T OR I{UL A

n60
â1203
s I02
n110

FEO

0x I t't
PERCEi{T

t9.J0
2l .04
2ó.92

Ó. JJ
20.10

K-RAT I()

0 .07 l7
0.07 | 0
0.0875
0.002J
0. | 125

0.07 | |
0.0757
0.08{5
0.0002
0.0008
0.00 | 2
0. | 375

rlú. ûF tAf Iûrrs
I rt r-úRhuLA

5,9.ì22
5.0óJr
5. {9t5
0. ù5,:.i
3.48ió

I 9.9.r:8T0TAL 88.00

HUñ8ER 0F CâII0t{S CâtCULATEt, 0i{ EASIS ûF 28 ùXrritfl AtünS.

t TIEÏERñII{EI, 8Y ST(]ICHI(]TTETRI

Sampf e CON 26-125 (2)

tLE nEilï
I LIilE I(.RâTIO

PRECISI(]ìI ()XI TtE

2 SIGIlâ F(]RñULA
0X I DE ilo . üF CA il trr{s

t'ËliCEf{I lN l-0[irluLrl

116 KA

âL Xâ

SI KA

X KA

Câ KA

Itft xâ
FE Kâ

0r

l(]TåL

UT I 6HI
PERCENÏ

I r.{8
I 1.82
| 2. | 9
0.03
0.08
0. | {

|5.3r
3ó,{l

r,tG0

AL?03
s102
K20
cA0
flN0
FEO

| 9.03
?? ¡'t
'!A (t7

0.03
0.r?
0. rã

19 .10

8,?.15

5.8ù¡l
5.38.77
5.3i8,'
0.0ú80
0 . v:54
0.0.1t 0

3.J7JÍ

t9.9l1i

Al6



Sample CON 39-732.5 r (t )

OUâHIITâTIVE EIIS RESULTS
{ZâF C(IRRECT¡ONS VIâ I{A6IC v)

116 l(â
AL KA

sI r(â

câ t(â

cR r{â
FE I(â
0c

ELE¡{EI{T
¿ r¡f{E

TOTAL

I{UItBER f¡F

PRECI SI f)I{
2 SlGfrA

0.22
0.15
0.r3
0.00
0.02
0.t9

0X I t,E
F (]ft IIUL A

It00
AL2O3

sI 02
cA0
CR2ÚJ
FEO

OXIÚE
PE RCEf{ I

25.0,1
?2.51
1? '! l

0.02
0.3t

t2.t7

8,". ?g

AT f]i{S .

f{ú. 0F tA t I|jris
I f{ I.ORfIULA

.¡. J5ç13

5. 3?iró
5.3ó {i'
0. 00r 2

ú.0{u5
?.005¡

r 9.99t I

UE I 6HT
K.RATI(] PERCEI{T

0.0995 t5.t0
0.07ó{ I t.9l
0.088t 12.73
0.000 | 0.01
0.0020 0.21
0.0852 9.1ó

, 
37.85

CâÏIOHS CALCULATEII OH BâSIS OF 28 0x f 6Er{

D€TERIITITEI¡ 8Y STf]ICH¡OIIETRY

Sample CON 39-732.5 (2)

ELE'IEH T

¡ LIilt

ItO XA

âL t(â
SI I(A

CR XA

fE KA

0û

T (¡TâL

X-RAT I O

0.09ó I

0.0759
0. 089 2

0.002ó
0.0888

UI I GHT

PIRCENT

l{.ó5
I t.8l
12.86
0.28
9.8ó

37.76

PRECISIOII
2 SI0äA

0.21
0.15
0.t3
0.03
0.20

{}X ] t,E
F 0 Rñ ULrl

ñrìU

rlL 2UJ
s I02
CR2ÛJ

FEO

ûX I t,i
PERCEf{ T

J{. JY
i't i,'i
'1 ) q'l

0..il
| 2. ót

81.!.\

fiÚ. (jt r.A f I trdlj
I rt r- 0fiñuLA

,r. I lljJ
5.ly4l
5.1J.r.1
0.0ó{r
2.ù95r

I 9.9.1ó3

417



Sample CON 44-154

OUâilT I TAT I VE TiIS f(ESULÏ S

(ZâF CORRECTIOI{S VIA ñAGlC I/)

ELEIIEI{T
E LII{E K.RATI()

PÍ(ECISI{]T{ OXII,E
2 SIGITA F(]I(ñULA

úXitrE r{ú. úF LA f Itrfis
FEI{CENT If{ I.ÚRf1UI.A

0.07ó1
0.073 I

0.08ó7
0.0007
0.0025
0.1279

UE I 6HT

PE RCENÏ

12.22
I t.1¡
| 2.48
0.08
0.28

l1.2{
3ó. ó3

0.20
0.14
0.r3
0.0 r

0.03
0.23

ñ60
AL 2Ú3

stû'l
cR2ú3
f1r{0

tE0

:î. ti
jl . r,,i
2ó. ó9
0.11
O . Jó

ril.J'l

ó. | {Y;)
5. I l'r.l¡
5.43Ju
0.,J | 8?
0.0ór9
J.Ir8B

I I .9ó5i

ñ6
AL

SI
CR

fl f{

FE

0

t(A

KA

Kâ

Kâ

Kâ

XA
rt

T(}ÏåL

l{un8ER 0F câTtoHs câLcuLATtD 0r{ úAsts 0t 28

T DEIERIIIIIEII 8Y STf¡ICHIOITETRY

0x f c'EN ÂI0f15.

AlB



Sample CON 44-22S (t)

OUâI{TITôIIVE EIIS RESUL f S

{zâF c0RRtcTIof'{s vtA f{AGIti v)

E LE ItEI{ T

t LIIIT X-RAT IO
PRECISI(¡N OII ÚE

2 SIGITA FOI(,tULA
OX I ÛE dII. ÚF ÜA I ! Urig

f'hhicÉNl Id FurifluLA

ñ6 t(A

âL KA

SI Xâ

Ì1il t(â
FE I(A
0û

ï0ïâL

I{UñBTR OF

0.0898
0.0719
0.0855
0.0019
0.0997

UEIGHT
PERCEI{I

| 3.97
I t.71
|2.4r
0,22

I t.32
37.08

ñG0

AL2O3

s I0?
n.{0
FEO .

?J. r¿
27.19
?6.i4
0.28

1 {.57

ó.i,| l,;
5.158:
5. i3ó.7
0. û{ 79
?. ,r qY;?

:,1.0.14 i

0. 20
0.15
0.r3
0.0.3
0.2 |

8ó. /4

cATI0l{s câLcULAIEü 0i{ BASIS tlF ?8 úÀf rif.-f{ A rrrns.

T OTTERI{IHEO BY STOICHIOñETRY

t L E r{tr{T
E LIIIE K-RAI IO

Sample CON 44-228 (Zl

UEIOHI PRECISION OXIIIE
PERCENT 2 SIGIlA TOftfIULA

Üxlf.rt dú. uf I,At lufis
Fthicl--flì lî{ t-útiñut-A

ñG KA

AL KA

SI Kâ

K I(A

ñt{ KA

fE KA

0+

ÏOTAL

0.0885
0.07ó{
0.0857
0.0007
0.00 | I
0. | 009

1J.77
| 1.9ó
t2.{5
0.08
0.1ó

| | . {ó
37,22

0.20
0.15
0.rJ
0.0 t

0.02
0.2 |

ñGÚ

AL 203
s I0?
K20

flN0
r- E0

t'i.8,i,

'ri ( ¡

r'i I ai

ô ')ô

r{.14

87.ù9

L Ëttt 7

5 1¡ìr
5.il.lir
,).i)i4i
0 . riJ.t I

?. {óY8

i0.tl t8

419



Sample CON 44-248 (t)

OUâI{f IIâTIVE E!S RESULIS
(ZAF CORRECIIOI{S VIå IAÜIC V'

tLEftEr{ï
& LINE K.RATIO

PI(ECISIOfI (]XIfJE

2 SI6flA F()RI{ULA

ttx I t,E fio. ûF cAI i 0fis
PERCEÍ{T ]'{ FÍ]RNULA

0.0898
0.0755
0 .088 {
0 " 0007
0.00 | ó
0.t0ó2 .

UEIGHI
PERCEHI

r 3.98
I t.82
|2.8t
0.08
0.r9

I t.92
37 .79

0.20
0.r5
0.r3
0.0 |

0.02
0.22

r{G0

AL 203
sIt2
K20
ti{0
FEO

!3. rú
22. J3
2Ì.41
(r.10
0.24

r5.3r

88 .59

ó.8r5i
5.ttrl
5.r0/4
0.0?5 r

0.0{00
1.5t04

20.('09ó

.7. u08{
5.0óó2
5. {85/
?. {209

19.98r?

ñG

âL
5I
K

il rt

TE

0

itG

AL

SI
fE
0

Kâ

KA

KA

KA

Xâ
Kâ
t

T OTAL

NUITBER f]F CAIIOIIS CâLCULAIITJ (]I{ gASIS (]F 28

* TJ€TERñIf.{ET' BY S Tt]ICHIÚ'IE IR'f

0x'rGEri A l't f,ts.

tL EitE rtï
T LIIIE K.T(AÏ IO

Sample CON 44-248 (2)

UEI6HT PRECISIOf{ TrXIt,E
PERCE}IT 2 SIGIIA FORÍ{ULrì

0 x I frE r{ú . üF üA t l()rts
t'tftCE r{ T I ri r- úRñULA

KA

KA

KA

Kâ
t

0.0931
0.0739
0.0902
0. | 020

l{.11
I r.59
r J.0ó
I I .1ó
37.98

0. 21

0.r5
0.r3
0.21

It 60
ÁL 2rl3
s I02
TE(J

lJ. t5
21.8i
21 .91
14..i4

88.53IOTâL

420



Sample CON 44-317.5 (I)

OUâNTITâÏ¡VE ET'S RESUL IS
(zâF C0RRECTlofis VrA i{âGIC V)

ELEI{ENT
E LIHE

PRECTSI(]II
2 SIGñâ

0.20
0.13
0.r3
0.0 |
0.0 |
0.0{
0.27

f{Ù. IJF (,A I I UdS

I d t'irRfluLA

5. Í!/0
.r. ú9 tu
:.át.11
r.r . r,, .1 ;i.5

ú.ü¡,r t

0 .0t 10

3 .,ió5.¡

19.9:r I 3

ñG Kâ
AL Kâ

sl xâ
K I(A

tA r(â
ñlr t(A

FE I(A

0r

0.0ó50
0.0ó7 |

0.0878
0.000ó
0. 001 |
0.0037
0. | 509

r 0.70
1 0.51
| 2.55
0.07
0.t2
0.fl

| 6.71
35. óó

UEI6HT
K-RATI{¡ PERCENT

OXM 0X I frt
FORñULA PERCEfIT

ñ60 tl.t4
AL?oJ l9.8lt
stúz :ó.85
x?0 0.08
cAo 0.tó
hfio 0.53
FEo 2 | .3{

ú.{. ,tô

28 úX YGEd rtT(lflS .

0xIIrË
F 0RÌtULrâ

rt G0

rlL 20J
s 102
K2CI

cA0
flH 0

FEO

üÃ I rrt
PERÜET{ T

16 . .!g
2r. {5
t5 ?1

0.1?
0.r?
0.51

;12 .43

8ó. óJ

IOIâL

HUñBER OF CâTIONS CâLCULâTED OI{ ÚASTS OF

* DETERI{INEI¡ BY ST(lICHIOI{ETRY

Sample CON 44-317.5 (2)

ELEñEI{I
¡ LI'IE

IIG KA

AL KA

SI I(A

x t(â
Câ KA

Iil{ t(â
FE KA

0*

TOTâL

I(.RâI I O

0.0ó t 2
0.0726
0. 0 821
0.0009
0.0008
0. 0035
0. | 573

UTI6HT
PERCENT

t0.12
r t.35
11 .79
0.10
0.09
0.39

r7.{3
J5.3ó

PRECISI{]iI
2 SI6ñA

0.t9
0.1{
0.t2
0.0 |

0.0 |

0.04
0.25

r'{tj. Uf Le i I Urr;
I r{ F0RñtrLrt

5.?/{8
5.JJrl
5.J1.74
0.0321
0.0?)l
0.090J
1.915¿

?ù.0J | 3

A.21



Sample CON 44-767 (lA)

OUâHTIIáÏIVE ETIS RESULTS
(ZAF CORRECTIOHS VIâ IIAGIC v)

ELEIIEHT
I LIHE

UTI6HT
K-RâTIf¡ PERCETT

0.0{ | 3 7.03
0.0{ó2 7.ll
0. il t7 t5.29
0.0{00 {.JJ
0.00t | 0. r I
0.00t3 0.t4
0.00t2 0"t2
0.18ó0 20.37

35.28

0.0122 7.09
0.019{ 7¡53
0.t t58 t5.80
0.0199 5.{0
0.0016 0.lg
0.00t5 0.t5
0. t735 t 9.02

36.10

f¡XIDE
F(¡RIIULA

ñG0
AL2O3
sI 02
t(20
cA0
TI02
cR203
Ft0

t{00 | r .73
å1203 t,t.23
sI02 33.7e
K20 ó.50
II02 0.30
cR203 0,22
FEo 2r.47

9t.25

0F 28 0XY6EI{ AT0ñS.

OXIT,E NO. OF CATIOIIS
PERCEI{T IH FORITULA

I l.ó5 3.6ó97
t3.13 3.3453
32.70 ó.gt 1ó
5.2? 1 . {0ó2
0.tó 0.03ó1
0.23 0.0J73
0.1 8 0.0291 .

26.20 ,t . óJ 13

89 .77 20.0óó8

Ar 0ñs.

PRECI SI ON

2 SI6t{â

0.tó
0.t2
0. 13
0.09
0.01
0.02
0.02
0.29

0. 1ó
0.l2
0. 13
0.09
0.02
0.02
0.27

ñ6 KA

âL I(A

sI r(å
t( t(â
câ t(â
ïI t(â
CR I(A

FE Kâ
0*
IOTAL

}IUIIBER OF CâIItlTIS CâLCUTâTEI¡ OI{ BâSIS OF 28 OXTGEII

g ÛETERñINEI¡ 8Y ST(l¡CTII(,HETRY

Sample CON 44-767 (tB)

TLEITEIIT UEIGHT PRECISIOI{ (IXIDE OXII¡E I{O. OF CâîIOI{ST III{E X-RâTIO PERCEI{T 2 SI6IIA FÍIRITULA PEftCENT IH FORIIULâ

IIG Nâ

âL I(A

sI l(â
l( t(A

T¡ Kâ
CR KA

FE Kâ
0*

3,6127
¡. {ó35
ó.980J
l.7l¡5
0.01óg
0.03ó{
1.22óó

20.0799T (lTAL

IIUIIBER f}F CATIONS CALCULATEI f¡H ÚASIS

ÚEIERIIII{EI, BT STOICHIftIIETRY

A.22



ILEIIEH]
t IIHE

UE I 6HT
PERCENT

7.sI
7 "69

t 5.02
1,77
0.t9
0.t2

| 9.99
35.óó

PRECISI OH

2 SI6ilâ

0 .17
0.t3
0.t2
0.08
0.02
0.02
0.28

(1c)

OXIDE
F(¡RI{ULA

ñ60
AL2O3
sI 0?
K20
TI02
cR203
FE(]

OX I I,E
FTRCEÌII

| 2.45
r {.53
32.tt
5.0?
0.3 |
0.r8

25 .71

90. J5

Sample CON 44-767

ñG l(A
AL KA

SI KA

KKâ
TI I(â
CR KA

FE KA

0û

I(.RâT IO

0.0 {,11
0.0199
0. | 092
0.0385
0.00 | 7
0.00 | 2
0. | 82s

r{0. 0r cATI0r{S
III F(]RfIULA

J.88 | 3
3.579ó
ó.7191
t.3{01
0.0{9{
0.0302
4.19ó1

20 .09ó 4

TOIAL

ELEII EIIT
I LII{E

T(}TAL

K.RâT I O

KA 0.0{0ó
KA 0.01óó
r(A 0.089{
KA 0.0058
K-A 0.0008
Kâ 0.00 | 3
Kâ 0.00t ó
KA 0.2213
t

UE I 6HT

PE RCEHT

7.20
7.39

| 2.51
0.62
0.08
0.t{
0.1ó

21 "17
32.90

PRECI S IOH
2 SIGIIA

0.ró
0.t2
0.r3
0.03
0.0 |
0.02
0.02
0.30

(l D)

OXI ÚE

FORI{ULA

ñG0
AL2O3
st02
t(20
cA0
TI02
cR203
FEO

OX I I,E

P€RCINT

I t.91
| 3.9ó
26.76
0.75
0.12
0.23
0.23

3t.18

85.,t7

Sample CON 44-767

ItG

âL
SI
l(

CA

ÏI
CR

FE

0

ri0.0F cATI0i{s
II{ F(]Ri{ULA

{.03J2
3.7290
ó .0ó5?
0.?ló1
0 .0287
0.0390
0.0{ | I
5.9ó53

20. il 8ó

423



Sample CON 44-767 (24)

OUâI{1ITáTIVE ETIS RISULTS
(ZAF CORRECTIOHS VIA ì{A6IC V}

ELEñE}I I
E LINE

UEIGHT PRECISIOII
K-RATIO PERCEI{T 2 516I{A

(}XIDE OXIT'E fIO. OF CATIÍ}IIS
TORI{ULA PERCENT Ii{ FORi{ULA

äG KA

åL t(â
SI Nâ

KKA
TI KA

CR I(A
t{l{ KA

TE KA

0*

0.0{90
0.053 |
0. 1 170
0.053ó
0.002{
0.002 |
0.00 | 7
0. | 52ó

8.09
8.t0

| ó.09
5. gg

0.27
0.22
0.19

17.07
17.29

0. | ó
0. | 2
0.13
0.09
0.02
0.02
0.03
0.2 {

t{G0

â1203
sI 02
K20
TI 02
cR203
ñil0
FEO

t3.11
r5.30
3{. {3
7.09
0 .,15
0.33
0.2{

2t.9ó

9J.21

1.99ó8
3.6015
ó.8830
1.808ó
0.0ó80
0.0515.
0.01 l2
3 .67 t7

20. | 252r(lT âL

IIUITBER OF CATIOHS CALCULâTEI¡ OH 8AS I S 0F- 28 oXTGEt{ AT0}tS .

E DEIERIITIIET BY STO¡CHI(1IIEIRY

Sample CON 44-767 (28)

ELEIIEHT
¡ LIIIE

f f)ÏAL

K.RATIO

0.0{89
0.05¡s
0.ilt1
0.0109
0.0024
0.00 | I
0.000ó
0. | 73ó

UEIGHT

PERCEIIT

8.1ó
8.22

t 5.35
{.13
0.2ó
0.20
0.07

| 8.95
36.79

PRECISIOI{
2 SIGñâ

0. l7
0..t2
0.13
0.07
0.02
0.02
0.02

. 0.27

OXI ÚE

FORI{ULA

It60
AL2O3
sr02
K20
TI02
cR203
üt{0
FEfl

OX II,E
PERCEilI

| 3.5,1
t5.53
32.8r
5.31
0.11
0.29
0.09

21 .38

?2.43

IIG Kâ

âL t(â
SI Kâ

KKA
TI KA

CR Kâ
IlH Kâ
FE Kâ
0r

ì{0. 0F câTI0NS
II{ F(IRI{ULA

,1 .0887
3 .7090
ó. ó5{3
I .379 |
0 .0ó7 I
0.0,1ó2
0.0 | 50
t.t3t{

20 .090ó

A.24



Sample CON 44-267 (3A)

OUAI{TIÏAÏIVE ETIS RESULTS
(ZAF CORRECTIONS UIA ñAGIC V)

ELEI{EHT

' 
TINE

UE T 6HT
I(.RâT I O PERCEXT

OXIDE OXITII
FORIIULA PEÑCEIIT

ñG0 t2.84
â1203 t5. tó
sI02 30. s I
K20 3.29
ïI02 0.21
cR203 0.2ó
llNo 0.23
FEo 27.18

89.72

28 0XY6Et{ AToirs.

PRECISION
2 SIGIIA

0.1ó
0.t2
0.r2
0.0ó
0.02
0.02
0.02
0.2ó

r{0.0F cârl0Hs
I N FORIIULA

1 .0102
3 .7703
ó..13t7
0.88óó
0.0379
0.0{38
0.01.r 9
1.7983

20.0s87

I{G KA

AL KA

SI Kâ
I( KA

ÏI Nâ

cR t(â
IIH KA

fE r(â

0*

ItG Kâ

AL KA

sI t(â
KKA
ÏI KA

CR I(A

FE KA

0*

0.0{52
0.051 1

0. | 022
0.0250
0.001 3

0.00 | 7
0.00 | ó
0. | 89ó

7.7s
8.02

I 4.2ó
2"73
0. | {
0.t8
0.r8

2t.t3
35.32

fOTâL

HUIIBER OF CâTIOI{S CALCULATEÛ ON BASIS OF

* DETER¡{IIIEO 8Y STOICHI()HETRT

Sample CON 44-767 (38)

ELEIIEI{T
r LIHE I(-RAT¡ f¡

0.0{ó3
0.05 | 0
0. | 031
0.025ó
0.00 | s
0.00 | I
0. | 903

UEI6lT
PERCEHT

7,8?
7.92

l{.32
2.77
0.t7
0.l g

20.75
35.2ó

PRECISI(lI{
2 SIGIIA

0.tó
0.t2
0.12

. 0.0ó
0.02
0"02
0.29

0XI ['E
FORIIULA

l{G0

â1203
sI 02
t(20
T¡02
cft203
FEf)

OXIDE
FERCEIIT

| 3.09
r 1.9ó
30. ó1
3.33
0.28
0.27

26.69

89.?ó

ilo. 0F cATI0¡{s
IN FORi{ULA

{ . l2,tg
3.7270
6.1792
0.8987
0.0{,1{
0.0{55
4.7201

20.039óTOIAL

A25



Sample CON 44-?67 (¿)

OUAI{TIfATIVE €tIS RESULTS
(ZAF CORRECTIOI{S VIâ f{AGIC v)

ELEIIEIIT
T LINE

OX I T,E

FORitULA

t{G0

â1203
sI02
r(20
cA0
TI02
CR2OJ

FEO

OX I TIE

PERCEII T

I t.89
t3.9{
33.82
5.ól
0.2 r

0.32
0.23

21 .30

90.32

AItñS.

UEIGHT PRECISIOI{
K.RATIO PERCEHT 2 SI6ItA

fio.0t câTIoNs
I'{ FORi{ULA

3 . ó78ó
J.It00
7.0212
r . {8ó9
0.0{ 7 |
0.0{92
0.0377.
{.2t8ó .

r 9.9492

l{0 . 0F cAT t orls
IN FORI{ULA

3.78{6
3. ó539
ó.g0gg
1.500ó
0.0351
0 .0598
0 .0{00
0.0{79
{.t038

20.03{ I

I{G KA

âL KA

SI Xâ
t( t(A

Câ Kâ

II Kâ
CR NA

FE Kâ
0r

ì16 KA

âL Kâ
SI KA

X I(A

Câ Kâ
ÏI KA

CR I(A

llH t(A

FE Kâ
0*

0.0{28
0.0r8{
0.iló3
0.0{ 33
0.00 | {
0.00r 7
0.00 | 5
0. | 7{ó

K.RAT T (¡

0.0{45
0.0523
0. 1 130
0.0il0
0.00 | |
0.002 |
0.00 | ó
0.00 | I
0.t7tl

7.17
7.38

| 5.81
{. óó
0.t5
0.t9
0. 1ó

| 8.89
¡5.92

0.tó
0.r2
0.t3
0.08
0.02
0.02
0.02
0.27

TOT âL

i{UIIBER OF CATIOIIS CâLCULATEI¡ ON BâSIS OF 28 OXYGEI{

f,ETTRñI¡{ET, 8Y STOICHIOIIETRT

Sample CON 44-767 (5)

OUAI{TITâTIVE ElS RESULTS
(ZAF C()RRECTIOilS UIA ñA6IC vt

ELEI{TNT
¡ LIIIE

UEI6HT
PERCEHT

7.{3
7.96

t5.{{
1.7 4

0.il
0.2J
0.17
0.2 r

| 8.50
36.17

OXIDE
FORf{ULâ

äG0
âL2OJ
sI02
K20
câ0 .

rI02
cR203
ñr{0
FEO

OX I I,E
PERCEIIT

| 2.32
I 5.01
33.03
5.71
0. 1ó

0.39
0 .25
0.27

2J.80

PftECISI (]i{

2 SIG|â

0.t7
0.r3
0.t3
0.08
0.0 |
0.02
0"02
0.03
0.2ó

T0ïAL 90.95

I{U'IBER OF CATIOHS CâLCULATET ON BASIS OF 28 OXYGEN ATOIIS.

" OETERñINET, BY STf}ICHI(]I{ETRY

A26



Sample CON 44-762 (6)

OUAHTITáTIVE €ÚS RESULTS
(ZâF CORRECTIONS VIA IIA6IC v)

ñ6 t(A

ât Kâ
SI I(A

KKA
Câ Nâ

TI I(A

CR Kâ
t{r Kâ
FE KA

0*

€LEËENT
E LINE

PRECISI (lN

2 516äA

0.r5
0.12
0.t2
0.08
0. 01

0.02
0.02
0.02
0.28

OXI DE

FORIIULá

ä60
á1203
sI02
t(2c
cá0
TI02
cR203
ñil0
FEt]

OXII'E
PERCENT

| 2.50
1 5.51
32.27
4.90
0.12
0.30
0.31
0.t{

25.17

9t.21

âï0r{s.

a{0. 0F cATI0t{s
IH F(}RìIULA

3.8389
3.7753
ó.ó{gl
r.2881
0.02ó3
0.01ó0
0.050ó
0.02.r0
{.337ó

20.0Jó t

UEICHT
K.RAII(l PERCEHT

0.0118 7.5{
0.05¡ó 8.23
0.t0t{ t5.08
0.037ó ,1.07
0.0008 0.08
0.00tó 0.t8
0.002t 0.2t
0.00t0 0.tl
0"t793 19.56

3ó.1 I
TOT âL

IIUIIEER OF CâTIONS CâLCUTAIEI, ON BASIS OF 28 0XY6Ei{

t TIETERITII{EII 8Y SIflICHI(¡ttETRY

A27



Sample CON 44-ZZS (l A)

0UAI{TITâTIVE ETIS RESULTS
(ZAF C(]RRTCTIONS UIA I{AGIC V}

UEIGHT PRECISIOI{ OXIT,E OXIÛE HO. OF cATI(lIis
PIRCE}IT 2 SIGIIA FÍ]RI{ULA FEROT|{T I,{ FORIIULA

ELEIIEI{I
& LIHE

TOTâL

K.RAT I O

0.0703
0.05ós
0.t3t2
0.0702
0.0027
0.00t ó

0.07ó3

t0.ó8
8.1t

| 7.83
7.7^9.
0.3 |
0.18
8. ó3

J9.r9

0.t8
0.t2
0.t5
0.t0
0.03
0.02
0.r9

flG0
â1203
sI02
K?O

TI O2

cR203
FE(]

17.72
| 5.89
38.tó
9.38
0.52
0.26

lt.t0

9J. 02

AIoi{s.

5.0212
3 .5ó32
7 .2591
2.2770
0 .0717
0.0387
1 ,7 ó61

20.00J4

1.tó1{
3.02{5
ó.3255
I .9399
0 .0óJ7
ù.03J0
t.50{l

t/.0521

TO TAL

HU'{ÚER OF CâTIONS CALCULâTET, OT{ SASIS OF 28 OXYGEN

TLEii€ NT

¿ LIHE

ItG t(A

A! KA

SI KA

KKA
ÏI I(A

cR t(â
FE I(â
0û

,IG KA

âL I(A

SI I(A
(KA
TI KA

CR KA

FE I(â
0*

}IG KA

âL KA

SI KA

KKâ
CA KA

TI KA

CR KA

fE I(A

0*

* T,ETERIIIHED BT ST(]ICHIOI{TTRY

Sample CON 44-775 (l B)

UEI6HI PRECISIO¡{ OXIT,E OXITTT i{O. OF CATIO'{S
K-T(ATIO PERCEI{T 2 STGIIâ FORTIULA PÉRCÉilT lii fORfrUtA

0. 0ó8 {
0.05ó5
0. | 313
0.0702
0.0027
0.00 | ó
0.07ó3

t 0.39
8.38

| 9.25
7.79
0.3 r

0.18
8. ó3

39.{l

UEI 6HT

PERCTI{I

I 0.31
8.12

| 7.50
7.,10
0.03
0.28
0.t1
9.3 |

38. óó

0.t8
0.r2
0.1ó
0.t0
0.03
0.02
0.t9

IrG0

AL2O3
sI 02
r(?0
ïI 02
cR203
FEf]

17.21
| 5.8{
39.0,1

9. J9
0.52
0.2ó

il.10

ig. ¡z

ELEIIENÏ
T IIHE K-RATI O

0.0ó74
0.05ó7
0 "1292
0..0ó73
0.0003
0.0025
0.001 3

0. 0837

0.r7
0.t2
0.t4
0.1 |
0.0t
0.02
0.02
0.t9

ñG0

â1203
sI02
K20
cA0
TI02
cR203
FEO

r7.09
| 5.91
37.4{
8.91
0 .0s
0.17
0.21

11.97

92.05

4.9il7
3.6r ó5
7.221t
2.19t I
0.009ó
0.0ó80
0 .0323
1.930e

19.9822

Sample CON 44-775 (tC)

PRECISI0il oXIITE 0XII!E l{0. 0F CATIoÌ{S
2 SIGIIA FORI{ULA PERCEI{T II{ FORI{ULA

IOTAL
428



Sample CON 44-775 (2)

OUANTITáTIVE EÚS RESULTS
(ZâF CORRECTIOT{S UIA I{A6IC v)

€LEI{EHT
& LIHE

I{G KA

åL Kâ
5I Kâ

K I(4.
Tl t(â
CR KA

FE KA

0*

TOTâL

I{UI{BER OF

PRECI SI Oi{

2 SI6ltA

0.17
0.t2
0.ts
0.t0
0.02
0.03
0.r9

0.r7
0.t2
0.rs
0.r0
0.02
0.02
0.r9

0xIrt
FERCENT

I ó.98
tó. tó
38.t9

9.54
0.{8
0.33

10.9{

92.62

AIoilS.

i{0.0F CAIIBT{S
II{ FORiIULA

.l .8318
3. ó37 |
7.2?13
2.3232
0.0ó9?
0.0{9r
1.747i

t9.9519

i{0. 0F cArr0r{s
III F()RIIULâ

1 .908ó
I.5088
7.3ó38
2.2897
0.053 1

0.01óó
1.7796

| 9.9502

. UEIGHT
K.RâTIO PERCEHT

0.0ó75 | 0.2{
0.0580 8.55
0.t32r r7.85
0.0720 7.92
0.002ó 0.29
0.0020 0.22
0.0761 8.51

39.0{

OXIDE
F(1RIIULA

ñG0
AL2O3
s¡ 0?
K20
TI02
cR203
FEO

lfGo 17.25
AL203 t5.59
sI02 J8.57.
K20 e.¡0
II02 0.37
cR203 0.31
FEo I t.1{

92. ó3

28 ofToEùt ATot{s.

câIl0ils cALcuLâTEIt 0t{ úâSlS 0F 28 0Xy6Et{

ÛITERI{IHET BY STOICHIÍ¡ITETRY

Sample CON 44-775 (3)

OUâNTITATIVE Et,S RESULîS
(ZAF CORRECTIflNS VIA itAGIC V)

I¡EIGHT PRECISIÍ}II ()XIDE OXIIJE
I(-RâTI(! PERCEIII 2 SI6IIâ FORIiULA PERCENT

ELEITEHT

I L¡I{E

IIG KA

â1. Kâ
SI KA

I( Kâ

TI I(A

CR I(A
FE I(â
0r

TOTâL

NUIIBER OF

0.0ó85
0.0558
0. | 335
0.07r0
0.0020
0.00r9
0.0778

t0.{0
L25

| 8.03
7.80
0.22
0.2 |
8. óó

39.05

CâTIflNS CâLCULáTEI} ON EASIS OF

I DETERIIII{TÛ EY STOICHIOTIETRY

429



Sample CON 62-367.5 (t )

OUAI{TITâT¡vE EI,s RTSUL]s
(ZâF CORRTCTIOHS UIA ñAGIC v,

ñG t(â
AL I(â
st r(A

fEr(â
0t

IIG Kâ

âL t(â
ST Kâ

CR KA

FE I(å
0r

ELEITEHT

I LII{E
UEI6HT
PTRCEI{T

r{.0ó
t1.92
t2.ó5
I t.{5
37.5ó

PRECI SI f1i{

2 SI6f{â

0.20
0.t5
0.13
0.21

PRECISIOfI
2 SI6äA

0.2 r

0.t5
0.t3
0.02
0.20

0I I t,E
t 0f ftuLA

ft Gtl

AL20J
s 102
tE0

0x I trE
F O ftIlUL A

It G0

AL 2OJ

s I02
CR2OJ

FEO

üXIirt
PEftCEfI i

1t 7'i

22.5J
2Ì.01
14.74

g,r. ó5

AIÙñS.

üx I trt
T EÑCEN I

') t 7a

?2. 51
1) 1c.

0.1ó
| 4.4.7

88.2ó

â Í0r{S.

K.RâT I O

0.09 | 0
0.07ó5
0.087ó
0.t034

d0. ût C,ìtIúris
Itl FútîrtULrì

ó .900 r

5. i.7l {
5.i;J.i3
?. {.{ó2

19.99¡0
I OÏAt

IIUIIEER {}F CâTI(¡HS CâLCULâTED OII BASIS OT 28 ()XYGEII

S D€TERñTHE¡} BY STO¡CHIOI{ITRY

Sample CON 62-367.5 (2)

OUAI{ÏITATIVE ETfS RISULTS
(ZâF CORRECTIOHS UIA fIA6]Ü l/)

ELEITEHT

I LIr{t
UEIGHI

X-RâI I O PERCEIIT

0.0930 | 1.33
0.07ó1 | t.?l
0.0885 12.79
0.00il 0.11
0.t0t5 il.25

, 
37.87

CâÏI(¡HS CâLCULATED

r{ü. 0f üA f I t,r{S
I f{ F c|RñUI- A

ó.9 i i?
5. 22J5
5.J85¿
0.023ó
J.JöJU

19,98J99
ÏOTAL

I{Uñ8ER OF 0r{ úAsIs 0F

I}ETERñINEB 8Y STOICHIOITTTRY

430

Z8 0X f 6Er{



Sample 62-392

OUâItTITATIqE ETIS RTSULTS
(ZAF CÍIRRECTIONS VIA iIAOIC V)

€LEIIEHT
I LII{E

116 KA

âL Kâ

SI HA

KKA
TI Kâ

r{fi KA

FE I(A

0f

r(}TAL

t{u}tBER

K.RâT I (}

0.0889
0.0759
0.08ó0
0.0002
0.0001
0.00 | I
0.0999.

UEI 6HT
PERCEI{Ï

r 3.81
r r.85
12.{4
0.02
0.02
0.20

It.2{
37.1 0

PREC I SI flN
2 SI6r{A

0.20
0"t5
0.t3
0.01
0.01
0.03
0.20

()X I TIE

t0ftrluLA

ñG0

Ar_ 2úJ
st0?
K20
rt02
f1N 0

FEO

-ûx I trt
PEIiCEfl I

2'1.t39
)i I?

tó .6')
n ô1

0.0.1
0. ló

l{.4ó

8ó. ó8

rto. úF CA I I úris
Iil t 0tiñuLA

ó .8:.?3
5..Jtji8
5 ..]50Í
r).0,J7é
0.'J0 {0
u. 0 415
? .429 ]

r 9.997 {

()I CATI()I{S CâLCULAIED ON BASIS OF ?8 OTf6Eil ATUf{S.

DEIERITIIIEII BT STOICHIflI{TÏRY

A3I



Sample CON 63-67.5 (l )

OUåN]ITATIVE EÍIS KESULTS
( ZAF CORRTCTIOI{S UIA itAGIC v)

€LEHEI{T
t LIIIE

TLE I{E II T

T LIIIE

IrG Xâ

âL Kâ

SI I(A

FE l(â
0t

TOTâL

l{ullBtR 0t

UE I 6HI
I(-RATIO PERCEI{T

0.t032 t5.5{
0.0776 t2.t3
0.0881 12.86
0.0008 0.09
0.000ó 0.07
0.0748 8.5t
. 38.t{

PREC¡ SIOII
2 SIGIIA

0.23
0.t5
0. | 3
0"01
0.02
0.t9

rlX I út
PERCEI{T

25.)l
22.9 |

2t.11
0. t r

0 .09
| 0.95

ú7.34

A tOñs.

f{{J. riF üâ | I úr{:;
I i{ F 0RñULrt

,7.5090
5. ?/85
5. J780
0.0?ó9
0.0 | 5l
| .789l

19.99ó?

Ë6 t(A
AL Kâ

SI Kâ

r( xâ
fiH t(A

FE I{â
0e

OX I I'E
F ORi{ULA

ñG0

AL203
sI 0?
K20
i{Ì{0
FEO

TO IåL

i{UI'|BER OF CâII(¡IIS CALCULâTED ON BâSIS OF

DTIERñI}tET¡ TY STOICHTOIIETRY

28 OX.fGEN

Sampfe CON 63-67.5 (2)

OÚAflTlTAITVE EI'S T(ESULTS
( ZâF CoRRECT ¡or,tS V I A riâGI C v)

K.RAT I (]

0. | 0{8
0.07 {5
0.089 |
0.07r5

UE I 6HT

PE RCE }IT

| 5.78
I t.ó8
t2.95
8. r8

37.95

PREC I SI ON

2 SIGIIA

0. 23
0.t5
0.t3
0.19

OX I I,E
f0t(ñuLA

ft GÚ

Ê1203
sI02
Ft0

OXIÛE
PEÑ CET{ T

iA 1"

22.ù l
27 .70
10.91

8ó.84

âT0i{s.

NÚ. UF ÜA I J Üf{b
I 
'{ 

F(]KñULA

l.oó22
5. | 093
5.4407
1 . ì976

2A.Q()4i

CâTIOHS CâLCULâIEI, f]it{ BâSIS OF

I OEÏTRII¡}tEII BY STf)IcHIOIIETRT

Á.32

28 OXYSEN



Sample CON 63-1BB (t )

OUA¡{TIÏâÏIVE EtJS RESULTS
(ZâF CORRECTIOIIS UTâ I1AGIC V)

ELEI{E}IT UEIGHT PRECISI(]I{
T LII{E K.RâTIO PERCEIIT 2 SIGIIA

oxl tE 0x ¡ trt
F(}RITULá PERCEi{T

n60 22.)5
â1203 22.53
sI02 2ó.7J
ñll0 0. r 9

FEf] 15.13

'à7.32

28 OXYGE'{ ATÛfIS.

r{0.0t cATI0f{s
II{ Ft}RiIULâ

ó.781 |

5.3r0r
5.345J
0.0320
2.53r1

I e. eee¡

f{0. 0t cAI I ()ils
I i{ F()RfIULA

ó.7957
s,2257
5 . J5J2
0.032û
0 .0325
?.ót l0

20 .0500

atc t{â
AL Kâ

SI KA

ñH KA

FT Kâ

0*

0.088 |
0.07ó3
0.08ó2
0.00 | 3
0. t017

13.72
I t.92
12.19
0.r5

I r.7ó
37.28

0.20
0..r 5
0. r 3

0.02
0.2 r

PREC I5 ] (]II

2 SI6ñA

0. 20
0.t5
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APPENDIX C

Major and trace el-ement anal-yses of arr geochemicar samples
are given in the fol-lowinq pages. All samples are risted
in order of sample number- Refer to Tabl-es 5-? for informa-
tion regarding rock type and location. Mineral.ogical com-
ponents of each sample are given in Appendix A.
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XRF analyses performed at University of Manitoba

(in

the

ppm)

Sampìe number

1. 52-3s0

2. 52-374

3. 59-2t4. s

4. 140-264

5. CoN 20-124

6. CoN 24-ls8

7. cON 44-154

B. coN 45A-835.5

9. coN 45A-860

10. cON 5t-t7l

ì I . CON 5t -682

r2. coN 52-96.5
.l3. 

CoN s2-614.5

14. CON 57-172

Y

24.74

ì s.59

8.90

9. 49

36.21

8.44

8.98

21. ì0

32.92

13.22
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4s.72

22.45

7r

243.46

20.31

13. t4

26. 56

80. 53
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s5.3ì
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26.56

r 07.36

37.02
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17 .67

3. 02

3.5t

2.84

4.24

3.09

0

3.82

7 .75

3.r6

5.0.|

7 .72

4.93

Rb

38.21

t 3.06

33.34

4t .30

10.06

.| 
6.80

46.47

ì 9.80

16.89

5. 7l

22.72

ì2.ì5

ì8.53

RhSr

966.2s 2.54

88.46 2.20

ss. 18 t.ge

157 .41 2.32

273.75 2.63

20.80 2.23

63 .62 2.6t

263.25 2.42

152.59 2.t9

117 .75 2.16

334.21 2.29

ì 43.53 2.90

?29.61 2-11
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Sampìe number

rs. c0N57-55.|.5

16. coN 57-674.5

17. coN 563-l7l

18. coN 63-188.5

r9. coN 63-.|035

20. c0N64-122

2ì. CoN 64-470.5

22. GR 12

23. GR 13

24. GR 14

25. GR 26

26. GR 35

27. GR 36

28. cR 39

29. GR 48

30. GR 49
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I 3.85

24. 50

t3.73
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39.07
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34.t5

30.64
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lì.ì5
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90.89

171.28

80.45

5l .20
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5.68

2s.22

6. 50
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4.95

RhSr

226.68 2.09

124.27 2.09

855.64 ?.56

ì1.04 2.34

44.0r 2.19

174.49 
'.?'

39ì.ì7 1.97

ì 14 . 36 2.95

157 .75 2.21

I'17. 31 2.12
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353.ì7 3.18
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