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ABSTRACT

The Fox Mine was a Proterozoic copper-zinc, volcanogenic

massive sulfid.e deposit located in northwestern Manitoba. It

htas hosted by tholeiitic and calc-alkaline, sodic series vol-

canic and associated sedimentary rocks. The area has under-

gone middle amphibolite grade metamorphism.

The deposit comprised two major massive sulfide lenses,

produced by separate hydrothermal vents. Both displayed typ-

ical metal zonation with lowermost copper-rich stringer ore,

central massive copper-rich ore and uppermost stratified zinc

rich ore. The lenses were laterallly continuous with altered

felsic metavolcanic rocks. The western extension is obscured

by thick accumulations of siltstones and pyritic mudstones.

A thin. horizon of iron formation coincides with the eastern

extension.

The struct,ural evolution of the Fox Mine area involved

subvolcanic plutonism, early isoclinal folding (Fl), t,ight E-

trending shear folding (F2) followed by a period of faulting

and shearing (D3) that segmented and offset the sequence of

strata

The orebody occurred on the overturned limb of an early,

sub-horizontally plunging, isoclinal fold. Altered felsic

metavolcanic rocks 800 meters south of the mine constitute a

similar geological environment. They represent a detached,

folded (F2) repetition of the favorable stratigraphy.
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IN MEMORTAM

FOx MINE (L970-198s)

on the 29t,h of November, 1995, milring operations at the
Fox Mine ceased. ore milled to crosure totalled rlrg5grlg2
tonnes grading L.828 copper and L.IB* zinc. with many fond

memories, r bid adieu to an old 'friend' and respectfulry
submit this thesis.
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CHAPTER T

TNTRODUCTTON

1.1 BACKGROUNÐ, LOCATION AND ACCESS

rn his economic assessment of the Dunphy Lakes area,

S. Stanton (1949) made the following innocuous statement

the final paragraph of his report:

"About 11000 feet northwest of Fox Lake, a sparse dissem-
ination of fine pyrrhotite occurs in a small exþosure of re-crystallized dark-grey very impure garnetiferous quartzite.
A magnetic anomaly was also noted.in the immediate -vicinity.
No surface workings hrere observed" (p. 34).

Twerve years later, exploration crews in the employment

of Sherritt Gordon Mines Limited confirmed the existence of a

massive sulfide deposit approximately 300 meters northwest of
Fox Lake. By July of 1965, diamond drill crews had outlined
1111531636 tonnes of ore grading L.748 copper and 2.3s2 zinc.
Feasibility studies based on these drill results culminated

in a production decision and in May of Lg7o, the first ore

h/as skipped at Sherritt Gordon's Fox Mine.

For the next fifteen years, production revels at the Fox

Mine h¡ere maintained near its design capacity of 2 tTso tonnes ,

per day. Published mining reserves dated December 31, L994,

included 632 1893 tonnes averaging r. B02t copper and '2.4rgz

zinc.

These reserves were exhausted by routine mine production

during 1985. The finar ore was processed on November zgrJn.

Tonnage milled to èlosure totalled 1lr95B,l82 tonnes grading

M.

in
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service and Provincial Highway #396 by way of Thompson and by

a branch-line of the Canadían National Railway via Cranberry

Portage.

L.2 PREVIOUS hIORK

The earliest geological map to include the Fox Mine area

was the work of D. L. Downie in 1935. It was publíshed as

Geological Survey of Canada Map #343.A covering the Granviile
Lake Máp Sheet (lVest HaIf) on a scale of one inch equals four

miles.

The next published geological work providing coverage of
the Fox Mine area was by M. S. Stanton. It was released in
Ig49 as Manitoba Department of Mj-nes and Natural Resources

Report #48-4. This publicaÈion included the first detailed
map (inch to half mile) for the Dunphy T,akes segment of the

Granville Lake Mining District. In this report,, Stanton sep-

arated the rocks of the Dunphy Lakes area into the Vüasekwan

and Sickte Series, tonsistent with the nomenclature of Norman

(1933) and Bateman (I945). Meta- volcanic and volcaniclastic
rocks composed the former group; immature, presumably younger

meÈasedimentary rocks composed the latter. Significantly,
Stanton noted several occurrences of coarse garnet-actinolite

-cordierite-chlorite rock that he interpreted as hybrids re-
sulting from impregnation by granitic material. Stanton did
not elaborate on the structure of the Dunphy Lakes area. He

cited the paucity of minor structures and facing direction
indicators as limiting factors.





Aspects of Stanton's report and geological map brere in-

corporated into G.C. Ivtilligan's ( 1960 ) geological compilation

of the Lynn Lake District. This report amplified the litho-

logical and structural complexities of.the district.

The first descriptions of the Fox Lake orebody were in-

cluded in the field excursions of the 24Eh International Geo-

logical Congress (Glass, 1972). At t,his time, the Fox Lake

deposit was described as a steeply dippingr. tabular, massive

sulfide lens enveloped in alteration and apparently conform-

able with the enclosing l{asekwan Series host rocks. Included

in the hangingwall lithotogies was a sliver of Sickle Series

arkose. Based on the apparent symmetrical disposition of ore

minerals and alteration assemblages, the orebody was inter-

preted as an epigenetic hydrothermal replacement deposit,

modified by subsequent metamorphism (Glass , Lg72).

A more detailed study of the ore petrology and the dis-

tribution of alteration lithologies similarly concluded the

orebody was of epigenet.ic hydrothermal origin (Obinna, L974).

A study by Turek et.â1., (1976) of trace metal and major ele-

ment distributions around the Fox Lake orebody did not reveal

any large-scale dispersion patterns.

In 1976-77, the Fox Mine area was remapped by the Mani-

toba Department of Energy and Mines, Mineral Resources Divis-

ion, as part of a regional updating progranme in northwestern

Manitoba. Aspects of Èhis progralnme included geological map-

ping (Zwanzíg, 1978¡ Gilbert et al., 1980)' mineral deposit
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evaluations (Lustig, 1979¡ Gale et ar., 1990) and geochrono-

logical studies (Ctark, 1980).

These studies clarified the regional setÈing of the Lynn

Lake Greenstone Belt (Figure I ), more precisely defined the
relative ages of many of the metavolcanic and metasediinentary

rocks (clark, 1980) and provided a framework with whj_ch to
make stratigraphic correrations (crark, r980; Gilbert et ar.,
1980 ). The Fox Lake deposit was described as a volcanogenic

massive sulfíde for the first time (Lustig, r97g). Aspects

of this thesis were incorporated into a report on the massive

surfide deposit potentiar of Manitoba (Gare et a1.., r9g0).
1.3 SCOPE OF THE PRESENT STUÐY

The present study is a geological and geochemicar inves-
tigaÈion of the Fox Lake massive sulfide deposit, prompted by

the. immínent exþaustion of the deposit's mineable reserves.

ft encompasses surface and underground observations made by

the author during Èhe past ten years, while in the emproy of
sherritt Gordon Mines Limited. objectives of the pètrological
and structural observations made during this study incruded;
refining the orebody's stratigraphic position, estabrishing
the lateral extent of alteration and determining the effects
produced by subsequent deformational events.

The boundaries of the surface area mapped for this study
approximate a squarer,three kilometers to a side. The Fox

Lake massive sulfide deposit is centralry rocated within the

map area (see Map 1). This ground is currently held under
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production leases by sherrítt Gordon Mines l,imited.
surface mapping was done on a scale of one inch equals

two hundred feet using existing mine grid cut-lines. These

cut-lines had a longitudinal spacing of two hundred feet and

were tied int,o latitudinal baselines every two thousand feet.
The longitudinal component of.this grid was oriented N03oo w,

perpendicurar to the strike of the deposit. surface geology
was plotted on'mylars traced from Airquest surveys' originars
on a scale of one inch to four hundred feet. A georogical
plan map of the. study area is incruded ín the back jacket of
this thesis ." u.i I.

underground mapping for this study focused on the lower-
most operating level of the mine. A geological plan of 2g00

Level is cited as Map 2. rt also reposes in the back jacket.
This lever was mapped in its entirety by the author on a

scale of one inch equals twenty feet with geologícal features
referenced to suivey stations and plotted on a traced copy of
Èhe mine surveyor's lever plan. A simplified georogicar plan
of 2100 Level is included within the text as Fígure 3, to em-

phasis particurar structural aspects and to provide a refer-
ence map for some of the geochemicar samples listed in Appen-

cll_x IJ_.

rn areas of limited exposure, extensive use has been made

of surface and underground diamond drilr core. Approximate-
ty 10,000 feet (300ô meÈers) of dritl core were relogged by

the author for this study. cross sections of these hores are
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included as Appendix I with collar locations plotted on Maps

1 and 2. Additionally, two drill holes collared near the

2000 Level shaft station ar'e plotted in plan and included in

the back jacket of this thesis as Map 3.

This reporÈ summarizes the whole rock geochemistry of

863 samples from the study area and listed in Appendix II.

Major elements are listed as weight percent oxides. Trace

elements (Cr, Zr, Rb, Sr, Nb and Y) for 2OI of these samples

are included as Appendix III. Except where noted, ê11 analy-

ses were performed by X-ray'Assay Laboratories.

The analyses !{ere used to characterise the Iithologies

of the Fox Mine area. Ratios of select major oxides and nor-

mative minerals from 160 samples were compared in a chemical

classification of the metavolcanic rocks. A trace element

classification of the^metavolcanic rocks was attempted using

80 samples. The latter populatión is a subset of the former

and both are listed in Appendix IV. Thin sections for L20 of

the 863 whole rock samples !,¡ere made by Coots Petrographic

Limited. Geochemical and petrographic studies were done

while the author was attending the University of Manitoba in

Winnipeg.
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ROCK TYPES OF THE FOX MTNE AREA

2.L REGTONAL SETTTNG

The Fox Mine area occurs within the Churchill- Structural
Province. ït is situated near the western end of the more

southerly of two metavolcanic belts (Fig. I ) that constitute
the Lynn Lake creenstone Belt (Gi1bert et aI., l9g0). Whole

rock Rb,/sr dating of samples from ihe Lynn take Greenstone

Bert has yielded Aphebian ages for deposition, intrusion an-il

metamorphism (clark, fgbO l.
The metamorphosed volcanic, volcaniclastíc and sedimen-

tarlz rocks within this belt have been assigned to the ¡rtasek-

wan Group (Bateman ,. L945¡ Mirligan, 1960; Gilbert et êr.,
1980). This group has been complexly folded, faulted and in-'
truded by mafic to felsic prutonic rocks. The wasekwan Group

and early intrusions are overlain unconformably by a group of.
younger metamorphosed feldspathic sandstones and conglomer-

ates assigned to the Sickle Group (Norman, 1933; CampbelI,

19.69; McRitchie, L974r cilbert et â1., l9B0). The terms
'Sickle Series and Wasekwan Series' of Norman (1933) and

Bateman ( 1945 ) , respectivery, have been repraced by the terms
'sickle Group and wasekwan Group'. The nomencrature revision
was proposed by Campbell (f969). It has been adopted by all
subsequent author". The preferred 'Group' ranking is -used

throughout the remaining text.
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The Aphebian metamorphic Aradient for the western end of

the Lynn Lake Greenstone Belt increased towards the southwest

and achieved amphibolite facies conditions in the Fox Mine

area (Zwanzig, L977¡ Gilbert et aI., 1980).

The Lynn Lake Greenstone Belt constitutes a segment of a

larger belt of metamorphosed volcanic and sedimentary rocks

that extends from La Ronge, Saskatchewan in the southwest to

Partridge Breast Lake in northern Manitoba (Gilbert et ê1.,

1980). It is bounded on the south by the Kisseynew Sedimen-

tary Gneiss Belt and the north by t,he Southern Indian Gneiss

Belt. These belts comprise amphibolítes, . paragneisses and

migmatites and have been interpreted as stratigraphic equiva-

lents of the Vtasekwan and Sickle Groups formed in different

depositional environments (Gilbert et al., 1980).

The Kisseynew Sedimentary Gneiss BeIt is bounded along

its southern margin by the Flin FIon Greenstone BeIt. This

greenstone belt is divided into an Amisk Group that comprises

metavolcanic rocks and a Missi Group that contains immature

metasedimentary rocks (Bailes, L97I; McRitchie, L974).

In many respects, the Lynn Lake and Flin Flon Greenslone

Belts are analagous. An older.sequence. of metavolcanic rocks

paired with a younger group of metasedimentary rocks charac-

terize these greenstone belts. Both belts possess Aphebian

ages of deposition, sedimentation and intrusion (Sangster,

1972; BelI et al., L975; Clark' 1980) and host volcanogenic

massive sulfide deposits (Gale et'al.''1980; GaIe, L983).
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2.2 LOCAT SETTING

The Fox Mine area exhibits the topography and physiogra-
phy typical of the canadian shierd. The area disprays rittle
rerief and rocks are poorly exposed, yielding about two per-
cent outcrop. rt is dominated by shalLow lakes and muskegs

dot,ted with black spruce. rntermittently exposed, pine'stud-
ded ridges disrupt an. otherwise monotonous landscape.

Principal outcrop areas include tqo east-northeasterly
trending ridges that flank the depression formerly occupied
by Poki Lake; a small domar rise west of Fox Lake and isorat-
ed outcrops along the southwest shore of Fox Lake and between

Fox and snake r,aies. Although obscured by the scale of map-

ping (r:4800), most of these exposures occur on or near major
lineaments. Markedly linear muskegs, shorelines and outcrop
ridges are manifestations of a structurally controrled topo-
graphy hrorn down by glaciation. A similar interpretation is
offered for the unexposed breaks arong. outcrop ridges.

Diamond drill holes have been cored in 'some poorry ex-
posed areas (see Appendix I, Maps I and 3). Cores from drill
holes FS-23, Fs-35, FS-28 and FS-29 provide bedrock coverage
for the eastern and western êxtensions of the ore hori zon.

cores from drilr holes FS-33, FS-34, uF-rgg6 and uF-2039 pro-
vide similar coverage for the poorly exposed eastern margin
of the tailings disposal area. Trends from ground and air-
borne geophysicar surveys were used to extrapolate geological
contacts from exposed to unexposed areas.
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A complete and intact stratigraphic section has not been

recognized within the boundarj-es of the Fox Mine area. pory-

phase deformation (see Chapter V) has resulted in repetitions
of some lithologies and conspicuous absences of others. The

degree of exposure is not great and onry rimited top direc-
tion indicators $rere observed. rn spite of these problems it
has been possible to interpret a stratigraphic sequence which

is consistent with the observed relationships among rock
types and the observed structural evidence. rt is presented

in Figure 2. The ensuing discussion addresses the rock types

of the Fox Mine area in an order that is interpreted to be

from oldest to youngest. For previously stated reasons, this
ranking may be described as tenuous at best. structural com-

plexities are refrected in stratigraphic uncertainties.
The oldest rock types (Units 1 to 4) in the map area are

predominantly metavolcanic rocks and have been assigned to
the lilasekwan Group. within this group, the porphyritic mafic

metavolcanic rocks (Unit L) are interpreted to be lowermost.

This unit is arealry extensive and lithologically diverse.
rt is overlain by the felsic metavolcanic rocks (unit 2) that
are interpreted to host the Fox Lake massive sulfide deposit.
They are in turn overlaín by the metasedimentary rocks (unit
3). The contact between the latter rock units is found only
in drill core along the western extension of the ore horizon
(see DDH FS-28, Appendix I).
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WASEKWAN GROUP

FI GURE /:
ROCK UNITS ENCOUNTERED IN THE FOX MINE

AREA ARRANG ED IN STRATIGRAPHIC ORD ER.

NOTE (t) ' tnformol rock nomes from Gilberi el dl, 1980.

APHYRIC MAFIC METAVOLCANIC ROCKS
(tnfornotly hnovn os îhe Tod Loke bosall¡¡ lncludes
mosslve and pilloted flovs)

METASEDI MENTARY ROCKS
(lncludes feldspothic mudstones ond slltstones, vlîh
Inlercolated felslc tuff and bottte|

FELSIC METAVOLCANIC ROCKS

(lnfornalt.y ßnovn os the Snahe Latca daille¡¡1i
lncludes mosslve porphyrltlc ond aphyric flovs
of rhyolilic lo dacÍîlc composíllon, dacltic îuff,
alîered rochs of docìllc conPosÍtion and sulflde
lene esJ

PORPHYRITIC MAFIC METAVOLCANIC ROCKS

(tnfornatly known in port os îhe Fox Lotce porphyriîic
basolî ønd in port os îha Fox lltne succession(D ì,

includes an uppor sequence of porphyrilic mossive
ond pÍlloved bosalt flows, ophyrlc Pillowed bosoll
andesile flows ond flow breccios .ond lron formot

o lower sequence of PorPhyrì|ic' nossíve ond
Itowed bosatt flovs, ouloclastic breccío, volc
lasltc and derlved sedlmentory roch)
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Aphyric mafic metavolcanic rocks (Unit 4) constitute the

uppermost unit of the wasekwan Group. ït compríses aphyric,
massive and pillowed basalts exposed along the east-trending
ridge north of the mine and mill comprex. simirar aphyric
massive flow rocks are a minor component of the porphyritic
mafic metavolcanic gnit.

The hlasekwan Group is overlain by the Sickle Group. A

thin sliver of arkosic meta-sandstone. (Unit 5) is the sole

representative of this latter group. Within the map area, it
overlies t,he metavolcanic rocks with apparent conformability.

Treatment of the intrusive rocks (Units 6 to 9) follows
the description of the sickle Group. No stratigraphic. order

is implied for these rock types. Most (Units 6,7 and 9) oc-

cur as relatively smal1, si.ll-Iike bodies and are interpreted
to be synvolcanic. The hornbrende tonalite - quartz diorite
(Unit 8) is a much larger plutonic body. ïts age of emplace-

ment is less certain.
Rock names that indicate the mode of primary deposition

have been used where possible in the ensuíng discussion. A1-

though frequently omitted, the prefix meta- is implied for
all rock types in the Fox Mine area.

2.3 WASEKWAN GROUP

2.3.1 PORPHYRTTIC MAFIC METAVOLCANTC ROCKS (UNTT 1)

Flow comprising hornblende-phyric, massive and pillowed

basalts (ra-b) with subordinate amounts of aphyric basalts
(lc) and aphyric andesites (Id) outcrop in the southeastern
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half of the map area. These flow rocks are interpreted to be

the oldest rock types in the map area and to constitute the

basal portion of the stratigraphic section. A lower contact

was not observed. The thickness of the porphyritic basalts

is a speculative subject without this contact. They have an

exposed thickness in excess of 1r500 meters within the map

area. The porphyritic mafic metavolcanic rocks represent a

thick accummulation of flows and flow breccias with a minor

component of derived sedimentary rock. These rock types con-

stitute the lowermost two-thirds of the total stratigraphic

succession. Considering their areal extent, the porphyritic

mafic metavolcanic rocks are poorly exposed.

' Principal outcrop areas of this unit include a discon-

tinuous ridge that parallels the north arm of Snake Lake; the

southeast shoreline of Fox Lake; the peninsulas separating

Fox and Jam Lakes and the well exposed ridge southeast of the

mine and mill comþlex. Most outcrops are small (Im to 25m)

and lichen covered. Only segments of individual flows are

exposed on most outcrops.

The porphyritic mafic metavolcanic rocks are diverse

lithologically. Eight subdivisions of this unit have been

recognized within the map area. These subdivisions include

massive basalt (la), pillowed basalt (Ib), volcaniclastic and

derived sedimentary rock (1g), aphyric basalt (Ic), aphyric

andesite (ld), autoclastic breccia (Ie) and iron formation

(If). Altered porphyritic mafic metavolcanic rocks (Ih) is
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the subunit term applied to artered rocks of unit I without
distinguishing the prot,olith. Altered andesites and basalts
are most commonly encountered in the stratigraphic section
directry beneath the massive sulfide deposit or its strike
projection.

These subunits are not unifoimly distributed. The map

area underlain by the porphyritic mafic metavolcanic rocks

can.be divided into two subareas based on the rerative pro-
portions of constituent subunits. The bound.ary separating
these subareas coincides with the lineament defined by the

northern shores of Jam and Fox Lakes.

Exposures in the southern subarea most commonly reveal
portions of individual flows that comprise pillowed basalt
(lb) with subordinate massive basalt (la) and minor volcani-
crastic and derived sedimentary rock (1g). The northern sub-

area comprises pirlowed basalt (Ib) and aphyric andesite (ld)
in subequal proportions. Autoclastic breccia (le)., aphyric
basalt (Ic) and iron formation (lf) are minor constítuents of
this subarea. subarea constituent rock types are contrasted

in Table 1.

rn addition to these two exposed subareas, subunits of
the porphyritic mafic metavolcanic rocks were encountered in
drill core, where intersections are interpreted to be struc-
turar repetitions. Descriptions of these rock types are in-
cluded in this section; the structural processes responsible.

for these repetitions are discussed in Chapter V.



PARAMETER

SUBUNTT COMPARISON OF THE PORPHYRITIC MAFIC METAVOLCANIC ROCKS BY SUBAREA

Location

Area

Principal rock type(s)
as percentage of area

Subordinate rock type(s )
as percentage of area

TABLE I

SUBAREA 1

Southeast of Fox/Jam Lakes

3.32 square kilometers

Porphyritic pillowed and
massive basalt (la-b) - BOt

Aphyric basalt and andesite
(1c-d) - lsB
Volcaniclastic and derived
sedimentary rocks (1g) 5E

SUBAREA 2

Northwest of Fox/Jam Lakes

0.35 square kilometers

Pillowed basalt (lb) 40t
Aphyric andesite (ld) 30t

Autoclastic breccia (fe) l5E
Aphyric basalt (lc) 10t
Iron formatin (1f) 58

H{
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2.3.1. 1 lr{assive basalt ( la )

The subunit term, massive basalt (1a), is used for horn-

blende phyric, massive flow rocks of basaltic composition in

which the relationships with other subunits are obscure or

absent. It includes compositionally and texturally. similar

autoclastic breccias and subvolcanic silIs. !{here cross cut-

ting relationships are not observed (in drill core), the in-

trusive rocks are indistinguishable from massive flow rocks.

Outcroppings of massive basalt (Ia) are restricted to

subarea 1 (southeast corner of map area), where they are uni-

formly distributed and represent approximately 408 of the re-

corded exposures. Thicknesses of individual massive flows

vary from a few meters to several tens of meters. Further

discussion of the massive basalt (Ia) is deferred to the en-

suing subsection where it is reviewed in the context'of indi-

vídual flow composition and morphology.

2.3.L.2 PiIlowed basatt (Ib)

Individual f low units that contain pillowed.segrments are

described in this thesis as pillowed basalts (Ib). This sub-

unit includes approximately 80S and 408 of the outcrops in

subareas I and 2, respectively. Exposures of the pillowed

basalt are uniformly distributed throughout subarea I. In

subarea 2, they are confined to a 100 to I50 meter thick zone

that parallels P.R. #396. As summarized in lable 2, signifi-

cant morphological differences exist between the pillowed

basalts from these two subareas.



PARAMETER

Exposures of pillowed
basalt as percentage of
total exposures

Píllowed f low constituents
as percentage of individual
f low:

Massive basalt
Pillowed basalt
Pillow breccia

Phenocryst content
Type
Percentage
Si ze

Pi 1 lows
Shape
Size (diameter)

VesicIes,/amygdules

TABLE 2

COMPARISON OF PTLLOhIED BASALTS (Ib) BY SUBAREA

SUBAREA 1

808 408

20 to 60t
20 to 608
0 to 208

Cummingtonite pseudomorphs
5t
5 millimeters

Spheroidal to ellipsoidat
20 to 80 centimeters

Rare

SUBAREA 2

5 to 208
40 to 80t
10 to 30t

Hornblende pseudomorphs
3to4Z
2 to I millimeters

Amoeboid to loaf-like
30 to I10 centimeters

Common; quartz-carbonate

H
\o
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Observations of complete flow units with exposed upper

and lower contacts are rare. l{here expose.d' these contacts

have chilled margins and appear parallel. This implies indi-
vidual flows can be regarded as tabular bodies at least for

outcrop scale intervals. Most frequently, flow morphologies

are reconstructions from groups of outcrops. Criteria for

establishing flow direcÈions and lateral continuity of indi-
vidual flows have not been recognized in this subunit.

The pillowed basalts (Ib) are morphologically diverse.

Flows commonly show upward internal gradations from massive

basalt through pillowed basalt to pilIow breccia. Propor-

tions of constituent rock types vary from flow to flow and

within individual flows

Flows in subarea I comprise subequal proportions of mas-

sive basalt (including autoclastic breccia) and pillowed ba-

salt with minor pillow breccias. Thicknesses vary from 20 to

40 meters. Flows in subarea 2 contain voluminous pillowed

segments with subordinate amounts of massive basalt and pil-

low breccia. Structural disruptions are evident in this sub-

area. Estimated flow thicknesses vary from 10 to 30 meters.

The shapes and sizes of individ.ual pill-ows also show con-

siderable variation. In subarea I, they vary from subsphe-

roidal to ellipsoidal and range from 15 to 80 centimeters in

their greatest dimension. These pillows are convex upwards

and locally serve as facing direction indicators. In sub-

area 2, the shapes of individual pillows are more irregular,
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varying from amoeboid to flattened loaf-like forms. pilrow

diameters range from 30 to 110 centimeters. pillows wittr
downward extending lobes locally provide facing indicators.

Pillows in subarea I are poorly vesiculated with massive

cores (Plate 2l . They appear morded together with lit,tle or
no interpillow hyalocrastite or sediment. pillow selvedges

are coarsely recrystallized and vary in thickness from 0.5 to
2.0 centimeters. Pillows in subarea 2 have highly vesicu-
lated, altered cores ( Plate 3 ) . Vesicles are commonly l_n-

filled by quartz an/qr carbonate. Pillow selvedges vary in
thickness from 0.2 to 2.0 centimeters and interpillow sedi-
ment is an essential component. Thin rimmed, isolated amoe-

boid pillows totally enclosed in thick accumulations of un-

stratified hyalocl'astite are common.

The phenocryst contents of pillowed basalts also vary by

subarea. According to Gilbert et al. (1980), original pyrox-

ene phenocrysts have been pseudomorphed by aggregates or sub:

rounded clusters of amphibole with an average diameter of 5

millimeters. Pillowed flows in subarea I contain approxi-

mately five vol.ume percent phenocrysts that' are uniform in
size and have been pseudomorphed by cummingtonite. The esti-
mated phenocrysÈ content of subarea 2 pillowed basalts is
from 3 Èo 42. Compared to subarea L, this lower percentage

reflects the contribution of hyaloclastite to the piltow
breccia segments. Phenocryst size is also more variable in
subarea 2, with diameters ranging from 2 to I millimeters.
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The pillow basalts possess porphyritic to glomeroporphy-

ritic, seriate textures. In thin section, porphyritic aggre-

gates of cummingtonite (Plate 4) or hornblende (P1ate 5) are

seen to be enclosed in a fine-grained, felted groundmass of

plagioclase feldspar with either cummingtonite or hornblende.

The amphiboles constitute 50 to 908 of individual sectíons.

¡rtinor constituents include plagioc1ase., biotite, quartz, cal-

cite and sphene. Accessory minerals include epidote, seri-

cite, magnetite and pyrrhotite.

2.3.1.3 Aphyric basalt ( Ic )

Several outcrops in subarea 2 consist of medium fine- to

fine-grained, greenish-black, weakly foliated, aphyric basalt

(Ic). The.exposures are situated on the rídge south of P.R.

#396 and to the south and east of the pillow basalt (1b).

Similar rock types were encountered by underground drifting

near the shaft station on 2100 Level (rig. 3) and by the

ramp access to 2800 Level (Iutap 2') . These exposures suggest

this subunit is laterally continuous with a minimum thickness

in.excess of 30 meters. The aphyric basalt constitutes 5 to

108 of the rock volume of subarea 2. Exposures of the aphy-

ric basalt are not sufficient to detail the distribution of

this subunit. On some outcrops, entrail-like trains of epi-

dote outline lobes within this subunit (Plate 46). Quartz-

filled amygdules occur near lobe margins. Amorphous epidote

blobs occupy the core regions of some pillowlike lobes.
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The aphyric basalt (tc) has a subidioblastic texture.
Sections comprise subequal proportions of skeletal hornblende

and plagioclase. Minor phases include diopside, quartz, epi-
dote and carcite. Accessories include sericite and pyrite.

2.3.1.4 Aphyric andesite (ld)

Flows of aphyric andesite (ld) constitute approximately

4os of the rock volume in subarea 2 | but less than 5E of sub-

area 1. Exposures of this subunit define a northward thick-
ening wedge. rt has a maximum thickness.of 200 meters on the

eastern end of the ridge south of the mine complex, the prin-
cipar outcrop area for Èhe aphyric andesite. Lesser occur-

r.rr.å" are encountered on the peninsula separating Jam and

Fox Lakes; and drill core intersections along strike of the

orebody (FS-23, FS-28 and FS-35).

Thicknesses of individual aphyric andesite flows vary

from less than 5 meters to greater than 20 meters. Approxi-

mately two thirds of this subunit consists of pitlowed flow
rocks. The remainder comprises subequar portions of massive

andesite and andesite breccia with a minor tuffaceous compon-

ent. Rock types.are laterally and vertically intergradation-
aI within individual f lows (Plate 6). lrlhere present, massive

aphyric .andesite occurs towards the base of flows that have

voluminous' pillowed central portions. Pi1low lavas commonly

grade upwards into pillow breccias. Breccias contain isolat-
ed pillows and pillow fragments in an unstratified hyalocla-
stite matrix. Individual pillow size decreases upwards.
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Pillow structures and the internal arrangement of rock

types within individual aphyric andesite flows commonly yield

facing directions. Internal shelves with convex roofs (Plate

91, downward tonguing pillow lobes, and flows that grade from

massive andesite at the base upwards into pillowed andesite

and pillow breccia (Plate 6) indicate the facing direction of

flows in several locations. Early folding has resulted in

local reversals of tacing directions.

outcrops of the aphyric andesite are bleached and mot-

tled. Both fresh and weathered surfaces are greyish-white to

greenish-grey in colour. In general, pillows are light col-

oured with darker cores and rims. l,tassive portions of f lows

are a similar pa1e, greyish-white. Pillow breccias comprise

pale white pillows and pillow fgagrments enclosed in a green-

ish-grey to greenish-brown matrix (Plate 10 ). The amount of

matrix material is variable. Pillows ín subarea I are separ-

ated by 4 to 6 centimeters of hyaloclastite. Pillows in sub-

area 2 commonly have littIe or no interstitial hyaloclastite.

Massive flow segments and the interiors of pillows and

pillow fragments are similar mineralogically and texturally.

All aïe !./eakly foliated and comprise essential amphibole (0

70E) and plagioclase (30 50S). Plagioclase occurs as ag-

gregates of polygonized grains (0.03 - 0.1 mm) intergrown

with weakly aligned blades and rhombs of hornblende and cum-

mingtonite (0.04 - 0.1 mm). High proportions of the latter
'amphibole result in a pale, felsic-looking rock
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2.3.1.5 Autoclastic breccia ( le )

Exposures of the autoclastic breccia (1e) are restricted

to subarea 2. Numerous small, isolated outcrops (250 meters

south of the headframe) indicate this subunit has an areal

extent in excess of 200 x 300 meters. Exposures of the auto-

clastic breccia along the ridge southeast of the mine complex

reveal this subunit to be laterally discontinuous and irregu-

lar in.shape. It constitutes 10 to 158 of subarea 2.

. 
Exposures of the autoclastic breccia east of the 'main

outcrop area are spatially associated with the aphyric basalt

(lc). Subunit contacts are not transitional; most are knife-

sharp structural discontinuities (Plate L2). The autoclastic

breccia is bounded on the west by the pillowed basalt (1b).

Outcrop patterns suggest these subunits interdigitate, but

contacts are not exposed. ït also occurs near-the 2100 Level

crusher station (Plate 15) ' where it overlies the alteration

zone, but is separated by a fault.
The easternmost outcrop of autoclastic breccia interdig-

itates with pillowed flows of aphyric andesite (Plate 13).

Distinctions between aphyric andesite pilloy breccias and the

autoclastic breccia are based on fragment morphology. Pillow

breccias contain visible pillow fragments. Fragments of the

autoclastic breccia are aphyric, fine-grained' pale grey' e-

longate and irregularly shaped (plate 14). The size of these

fragments varies from 4 to 25 centimeters in their greatest

dimension. They are enclosed in a garnet mica schist matrix.
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2.3.L.6 Iron formation (lf)

Occurrences of iron formation are restricted to subarea

2. The only known outcrop is located 200 meters north of the

headframe. The other occurrences are known only from drill
core. Iron formation intersections include DDH's FS-23@623'

( 190m) , FS-28e175' ( 53m) ' FS-33e100' ( 30m) and G410' ( 125m)

and FS-34e500' ( 152m). The maximum recorded thickness is 15

meters. In FS-33, the presence of iron formation coincides

with the contact between the porphyritic mafic metavolcanic

rocks (Unit 1) and the overlying felsic metavolcanic rocks

(Unit 2). Elsewhere the stratigraphic posiÈion occupied by

the .iron formation is less clear. It may be transgressive.

Drill intersections suggest the iron formation occurs as

lenses of limitàd lateral continuity.

The íron formation is banded, but alternating layers are

irregularly space|. Discontinuous, isoclinally folded cherty

layers ( f 2 cm) alternate with thick' coarse-grained' dark

apple-green mafic layers (5 I0 cm) of unusual composition

(Plate 16), including essential hedenbergite, minor andradite

garnet and accessory gahnite ( zincian spinel ) , pyrrhotite and

chalcopyrite. Megactystic major constituents show segregat-

ion banding. Magnetite is the principal iron mineral (up to

40S), most commonly occurring as disseminated grains (0.01 -
0.05 mm) in irregular zones.approximately coincident with the

mafic layers. Large blebs (up to 5 mm) are'less common.
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Constituent rock types include epiclastic breccia, thick
bedded, heterolit,hic conglomerate and thin-bedded mafic silt-
stone (hyalotuff?). Conglomeratic clasts are well-rounded,

vary in size (1 20 cm), locally fine upwards and are matrix

supported. Clasts 'in the breccia are subrounded, small (0.5

to 5 cm), poorly sorted and more abundant than the enclosing

matrix. Breccia matrix and clasts conÈain prominent porphy-

roblasts of cummingtonite (3 5'mm). Clasts in the conglom-

erate are hornblende-phyric. Conglomerate and siltstone mat-

rices are finely comminuted and do.not contain phenocrysts.

Primary sedimentary features corrsisiently indicate northwest

facing directions. Petrographic studies were not done for
this subunit.

2.3 .I .8 AIte.red porphyritic maf ic metavolcanic rocks ( th )

At several locations withín the porphyritic mafic meta-

volcanic rocks, there are irregular, coarse-grained zones in
which original subunit features have been modified, but are

still recognizable (Plate L7't. The zones are schistose and

contain radiating bundles or bladed porphyroblasts of amphi-

bole (0.5 -I0 cm) and sieve-textured cordierites, in addition

to biotite laths and garnet porphyroblasts. Less commonly,

they comprise felted masses of magnesian chlorite overprinted

by large tremolite prisms. The zones possess crosscutting

relationships (Plate I8), which indicates formation by post-

depositional processes. These pto.""="= are interpreted to

be hydrothermal alteration.
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Occurrences of altered porphyritic mafic metavolcanic

rocks (exclusive of the zone enclosing the orebody) are found

either in drill core intersectíons (DDH's including FS-23@

490' ( 149m) and L260' (384m), FS-35@865' (264m), FS-28e38'

(12m) and 560' (171m), and UF-1886@2450' (747m) or outcrops

in subarea 2. Alteration in subarea I is known only from

drill intersections. Cored intervals of altered rock are

short (up to 3 meters) and randomly distributed. The effects

of hydrothermal alteration as observed in drill core and on

outcrops in subarea 2 are regist,ered as- irregularly spaced,

crosscutting zones or semi-conformable lenses of coarsely re-

crystallized magnesian mineral assemblages with schistose

textures. Altered intervals are encountered more frequently

with proximity to ore. Alteration assemblages are more prev-

alent in the pillow breccias and auto.clastic breccias (ld-e).

This association suggests either preferential susceptibility
to alteration processes or the proximity of a hydrothermal

source

Altered porphyritic mafic metavolcanic rocks underlie the

massive sulfide deposit and occur along the strike project-

ion to the east and west. Most rock types in the alteration
zone that envelopes the Fox Lake orebody belong to other rock

units. Further discussion of alteration rock types and pro-

cesses is deferred to Chapter III (The Alteration Zone).
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2.3.2 FELSTC METAVOLCANTC ROCKS (UNIT 2)

Felsic metavolcaníc rocks overlie the porphyritic mafic

metavolcanic rocks. Subdivisions of this unit, based on pri-
mary features, include massive porphyritic dacite (2a), mas-

sive aphyric dacíte (2b), massive porphyritic rhyolite (2c) t

dacitic tuff (2d), altered dacite (2e) and sulfides (2f).

Approximately I to 109 of the exposures in the map area are

felsic metavolcanic rocks.' This value is similar.to the pro-

port,ion of felsic rocks in the stratigraphic section.

Exposures of these têtsic rocks occur in three distinct
clusters.

The southernmost group of felsic metavolcanic rocks

occupies the wedge-shaped tract between Fox and Jam Lakes and

the tailings disposal area (see Map 1). These felsic rocks

are bounded on the north and southeast by porphyritic mafic

metavolcanic rocks. Facing direction indicators in both

mafic and felsic rocks consistently place the felsic rocks

stratigraphically above the porphyritic mafic rocks. The

basal portion of this outcrop area comprises massive

porphyritic and aphyric dacites (2a-b). Massive porphyritic

rhyoliÈe (2c) and dacitic tuff (2d) are exposed in the upper

portion. Thickness estímates for the rock column "*po".d in

this area range from 200 to 400 meters.

The middle outcrop area of felsic metavolcanic rocks is
Iocated 200 meters south of P.R. #396 near the bend in the

south access road. This segirnent is composed entirely of da-
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TOcitic tuff (2d) and has an exposed thickness of less than

meters, but the shape and extent are unknown.

The northernmost exposures of felsic rocks straddle P.R.

#396, approximately 300 meters east of the mine. These out-

crops are the exposed segment of an east-trending belt that

comprises dacitic tuff (2d) and massive porphyritic rhyolite

(2c1. As indicated by drill intersections, this belt of fel-

sic rocks maintains a constant'thickness of 30 to 40 meters

and hosts the Fox Lake massive sulfide deposit.

Primary features used in subdividing the felsic metavol-

canic rocks include phenocryst content, textures and gross

morphology. Massive felsic rocks occur as either thin, 1o-

cally disrupted, Iaterally continuous flows or thick flows

with no apparent lateral continuity. Fo1iated, tuffaceous

rocks are commonly associated with these flow rocks. Coarser

grain size, schist.ose appearance and the presence of amphi-

bole asterisms differentiate altered felsic rocks from unalt-

ered ones. The boundary between these rock types is somewhat

arbitrary.

2.3.2.L Massive porphyritic dacite (2a)

. Low relief, flat domal outcrops of massive porphyritic

dacite (2a) are exposed in the southernmost belt of felsic

rocks. They outcrop 50 meters nort.h of the isthmus that sep-

arates Fox and Jam Lakes. With the exception of a fault-

bounded northern margin, these outcrops define the areal ex-

tent of this subunit. From these exposures' the massive
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porphyritic dacite has an estimated thickness of 100 meters

and a lateral extent of less than 200 meters.

Exposed surfaces are patchy, lichen-covered and weather

pinkish-grey. The colour is imparted by hematized microfrac-

tures that disrupt and polygonize an otherwise massive, pale

greyish-white quartzofeldspathic matrix (plate 19). Incon-

spicuous white feldspar phenocrysts ( f to 3 mm) are common in
this. subunit. Vesicles are rare

A thin zone (2 3 m), in which the massive porphyritic

d-acite occurs as broken, angular blocks (10 40 crr)r defines

the eastern or lower margin of this subunit (Plate 2Ol and a

coarse-grained, discont.inuous, magnetiferous garnet amphibol-

ite layer defines the upper contact. The blocks are greyish

white and enclosed in a fine-graÍned, brownish-grey, foliated
matrix. Thick accummulations of dacitic tuff (2d) mark the

southern limit of this subunit, but the contact between these

rock types is not exposed.

The massive porphyritic dacite are fine-grained (0.01 -
0.06 mm) with porphyritic textures, in thin section. Both

plagioclase and quartz occur as phenocrysts. Principal mine-

ral constituents include plagioclase (6Ot) and quartz (30*)

as polygonized matrix aggregates. Biotiter ês ragged Iaths

(0.1 0.2 mm)r is the principal mafic constituent. Minor

phases include muscovite, garnet and chlorite.
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The phenocryst content varies, but averages one percent.

The dacites contain either quartz or plagioclase phenocrysts

or both, indicating this subunit is a composite of several

lesser flows. Plagioclase phenocrysts vary in size from I to

4 millimeÈers and show varying degrees of deformatign. Some

show only marginal granulation along grain boündaries (Plate

2l.). Others are completely reþlaced by fine-grained polygon-

ized aggregates (P1ate 22'). Matrix grains and phenocrysts of

plagioclase are locally altered to sericite or saussurite.

Quartz occurs as microphenocrysts (0.1 0.3 mm) and highly

strained larger phenocrysts (0.8 2.0 mm).

Minor and accessory minerals include cummingtoniter. mê9-

netite, apatite, tourmaline and pyrrhotite. Porphyroblastic

garnet (2.0 mm to 2.0 cm), poikiloblastic staurolite (2.0 mm

to 5 mm), fibrolite knots (up to I cm), cordierite poikilo-

blasts (5.0 mm to 2.0 cm) and asterisms of anthophyllite (up

to 10 cm) occur within restricted segments of this subunit

(P1ates 23 and 24l..

Porphyroblastic mineral phases occur in bands or zones

near the contacts of the massive flow rocks. Many (notably

cordierite and anthophyllit,e) occur in discordant' crosscut-

ting zones that are related to alteration processes. Others

(sillimanite) occur in discrete zones that seemingly reflect
primary compositional differences. The alignment of these

latter zones is conformable with primary layering observed in

adjacent rock types.
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2.3 .2.2 Massivej aphyric dacite (zbl

Massive aphyric dacite (zbl outcrops intermittently a-

Iong t,he western margin of the massive porphyritic dacite.
Exposures are small and isolated. The aphyric dacite has an

estimated thickness of, 30 meters, but its shape is not .known

because its contacts are not exposed. It appears confined to
the southern outcrop area and constitutes approximately one

percent of the stratigraphic section

Except for the absence of phenocrysts, the massive aphy-

ric dacite is petrographically similar to the massive porphy-

ritic dacite. It consists of fine-grained (0.03 - 0.08 mm)

polygonized matrix grains of plagioclaser euârtz and minor

biotite as ragged laths that define a weak foliation. Minor

constituents include chlorite as replacements on biotite and

late muscovite. laths. Accessory minerals include magnetite,

epidote and porphyroblastic Aarnet (wít,h depletion haloes).

2.3.2.3 Massive porphyritic rhyolite (2c)

A single outcrop is the only surficía1 expression of the

massive porphyritic rhyolite (2c). It is located 300 meters

east of the mine on the south side of P.R. #396, in the north-

ernmost felsic outcrop belt. Other occurrences of the mas-

sive porphyritic rhyotrite are known only from drill core (fS-

33, UF-1886 and UF-2039). These cored intervals come from

int.ersections in the southernmost felsic outcrop area. The

surface exposure and drill intersections indicate this sub-

unit is discontinuous, but lateralIy extensive, with a maxi-
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mum thickness of less than 20 meters. The estimated average

thickness is only 5 to 10 meters. This subunit constitutes

less than 1S of the stratigraphic section and occurs near the

top of the felsic metavolcanic rocks (Unit 2).

The solitary outcrop of this subunit is small and has no

exposed contacts. The weathered surface is ivory white' mas-

sive and piÈted. Pitting has resulted from the preferential

weathering of randomly oriented amphibole porphyroblasts ín a

resistant, fine-grainedr euârtzofeldspathic matrix. Plagio-

clase and quartz phenocrysts both occur in this subunit, but

are not abundant (I8). OnIy smoky-grey quartz micropheno-

crysts are evident on the weaÈhered surface.

Re1ict textures are not apparent in the massive porphy-

ritic rhyolite. the rock is a fine-grained, poorly foliated
to massive, quartzofeldspathic Aneiss. Quartz and untwinned

plagioclase, in subequal proportions, are.the principal mine-

ral constituents. Both occui as polygonized, mosaic matrix

grains (0.02 0.06 mm) and phenocrysts. Plagioclase pheno-

crysÈs are large (0.5 to 3.0 mm) and ovoid. Quartz occurs as

strained microphenocrysts (0.08 1.0 mm). Anthophylliter âs

bladed porphyroblasts and asteiisms (1.0 mm to 2.0 cm), is
the principal mafic constituent (Plate 25). It is locally
retrogressed to chlorite. Minor constituents include biotite
and orthoclase. The former occurs as ,smal1, weakly aligned

laths; the latter as polygonized matrix grains. Accessory

minerals include porphyroblastic aarnet, epidote and pyrite.
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Dacitic tuffs constitute approximately five percent of

the stratigraphic section. Field relationships indicate this
subunit occurs as tabular, sheetlike bodies that lie above

the massive porphyritic and aphyric dacites (2a-b), but below

the massive porphyritic rhyolite (2c).

OuÈcrops of dacitic tuff are cream- white to buff color-
ed oñ weathered surfaces. Fresh surfaces are g:reyish brown.

This subunit is generally fine-grained, foliated and compos-

ítionally layered (P1ate 26). Vlhere observed, compositional

layering is essentially parallel to primary'layering.

Two.foliations are evident in some thin sections. Both

are lepidoblastic schistosities defined by aligned biotite
Iaths (plate 27). Fo1iae of the early schistosity are more

continuous and contain aligned trains of small garnet porphy-

roblasts. Essential constituents includes subequal amounts

of quartz and untwinned plagíoclase that occur as xenoblastic
polygonized maÈrix grains (0.03 0.1 mm) and rare pheno-

crysts ( f 3 mm) . Minor minerals include biotite, garnet,

hornblende and cummingtonite-anthophyllite. Hornblende oc-

curs as relict, skeletal grains. The white amphiboles occur

as compositionally zoned rhombs and acicular grains (0.5

3.0 mm) overprinting both mica and quartzofeldspathic layers.

The mafic minerals constitute 10 to 202 of individual sect-

ions. Accessory mineral phases include chlorite, calcite,
epidote, sphene, apatite, tourmaline, magnetite, pyrrhotite

and pyrite.
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2.3 .2.5 Altered dacite (2el

Coarse-grained schists containing magnesian-rich mineral

assemblages occur as irregular lenses and anastomosing vein

networks within most felsic metavolcanic subunits. Most com-

mon1y, these zones are irregular in shape and crosscut the

host strata. Conformable lenses are rare. These zones re-
sulted from post-depositional processes. The attendant mine-

ralogical'and textural t_ransformations indicate these pods

and lenses are part of a metamorphosed hydrothermal alterat-
ion zone

Visibly altered felsic rocks occur as discordant lenses,

patches and stringers of coarse-grained schists that contain

porphyroblastic cummingtonite (Plate 2p1 , anthophyllite and

cordierite (Plate 29). Less conspicuous alteration is mani-

fested in medium-grained schists that contain aligned laths

of biotite and sericite with porphyroblastic Aarnet, cordie-

rite and/or staurolite. Porphyroblastic schists are rare in
massive dacites (2a-b) but common in the dacitic tuff (2d).

Coarse magnesian schists are encountered more frequently

with proximity to the massive sulfide deposit. The mineral

assemblages indicate metamorphism of chemically modified,

hydrothermally altered protoliths. Mineralogical changes

effected by alteration processes are most evident in rock

types of the alteration envelope and are discussed in Chapter

III (tne Alteration Zone).
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2.3.2.6 SuIf ides (2f I

MosÈ rock types in the Fox Mine area contain sulfides as

accessory minerals. Finely disseminated pyrrhotite and py-

rite are ubiquitous. Heavily disseminated and semi-massive

sulfides are less common. Occurrences include sulfidic mud-

stone bands in the metasedimentary rocks (Unit 3) and a rusty

gossan zone with heavily disseminated sulfides (2f.) hosted by

cordierite anthophyllite gneiss (2e) exposed in the southwest

part of the map area (714008 x 7000N). The Fox Lake orebody

is the only known massive sulfide occurrence. Rocks with el-
evated sulfide contents occur within a restricted segment of

the stratigraphíc section. This segrment straddles the bound-

ary between the felsic metavolcanic rocks (Unit 2) and the

metasedimentary rocks (Unit 3).

Major concentrations of sulfide minerals are restricted
to a 200 meter thick, east-trending zone that includes the

Fox Lake massive sulfide deposit. The sulfide. content de-

creases,with increasing distance from the orebody. The ore

horizon position is denoted by disseminated pyrrhotite with

specks of chalcopyrite 350 meters beyond the ore limits. The

sulfide occurrence 800 meters south of the mine is inter-
preted as a structural repetition of the main sulfide hori-
zon. Evidence supporting this interpretation includes host

rock similarity, sulfide mineralogy and intersecting trends.

These aspects are discussed more fully in the ensuing chap-

ters..
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2.3.3 METASEDIMENTARY ROCKS (UNIT 3)

Metasedimentary rocks (Unit 3) occur as four east-
trending, sheet-like bodies in the northern harf of the map

area. only the two northernmost segrments are exposed on sur-
face. one outcrops 500 meters north of the mine complex in
the explosives' storage area, where it has an exposed thick-
ness ín excess of 150 meters. The other body outcrops along

the shore of Dunphy Lake and is at least 75 meters thick.
The locations of the remaining metasedimentary tracts

are known from underground workings and drill core intersect-
ions. The more northerly segment, informally known as the

slatey sediments, subcrops 100 meters north of the orebody.

The thickness of this zone varies from 120 meters near the

western boundary of the map area to less than one meter near

the eastern boundary. The remaining zone occurs on the west

side of the orebody and is wedge-shaped. The metasedimentary

rocks (Unit 3) constitute 7* of the Fox Mine stratigraphic
section, but only 3 to 48 of the exposed bedrock.

The metasedimentary rocks comprise 752 feldspathic silt-
stones (3a) with 2OZ intercalated mudstones (3b) and subordi-

nate felsic tuffs (3c). Layering ranges from fine laminat-

ions (2 5 mm) to very thick bands (up to 5 meters). Compo-

sitionar differences between adjacent layers resurt in a pro-

nounced colour banding on weathered outcrop surfaces (p1ate

30 ). Minor folding and crenulation of the layering are a

cônspicuous' diagnostic feature of the metasedimentary rocks.
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The feldspathic siltstones (3a) are thick bedded (30

100 cm)r homogeneous, with very thin laminae (I mm). Layer-

ing is defined by segregation into quartzofeldspathic and bi-

otite-rich layers. Opaque míneraI trains are aligned paral-

lel to layering. Small biotite laths define a late' cross-

cutting lepidoblastic schistosity. Quartz, plagioclase and

biotite are essential minerals in the siltstone. Sections

comprise fine-grained (0.03 to 0.1 mm) quartz (508) and plag-

ioclase (30t) as polygonízed' matrix aggregate with subordin-

ate, rusty-brown, lepidoblastic biotite (Plate 31). Minor

constituents include porphyroblastic staurollte, garnet' cum-

mingtonite and sillimanite. Accessory minerals include ap-

atite, scapolite, graphite, pyrrhotite and pyrite.

Feldspathic mudstones (3b) are very fine-grained (0.01 -

0.05 mm), micaceous (up to 252',) and locally 'sulfide-rích, but

otherwise texturally and mineralogically similar to the silt-

stones. Restricted segments within the feldspathic mudstones

contain semi-massive to massive pyrrhotite with minor pyrite'

chalcopyrite and sphalerite. More typically' pyrrhotite oc-

curs as finely disseminated grains

Felsic tuffs occur as thin (0.5 to 5 meters)r continuous

lenses within the siltstones and mudstones. Ïn outcrop they

are fine-grained, Iaminated and whitish-grey in colour. Rare

layers contain Iapilli-sized fragments. The tuffs are petro-

graphically similar to the dacitic tuffs (2d) of the under-

lying felsic metavolcanic rocks (Unit' 21.
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2.3.4 APHYRTC MAFIC METAVOLCANIC ROCKS (UNTT 4)

Aphyric mafic metavorcanic rocks (4) outcrop as a werl

defined, easterly trending ridge 350 meters north of the mine

comprex. This unit has an exposed thickness of 200 meters.

Both upper and lower contacts are unexposed. samples from

outcrops along the ridge show remarkable mineralogical and

compositional homogeneity. Aphyric basalts constitute 9E of
the stratigraphic section.

The aphyric mafic metavolcanic rocks consist of massive

basalt (4a) and pillowed basalt (4b). Approximately 408 of
this unit comprises pillowed flows, but individuar flow units
have not been discriminated. Individual pillows show extreme

flattening. Length to width ratios exceed 10:1 in both plan

and cross section (Plate 32). fn general, these pillows are

poorry vesiculated with thin selvedges and very rittre inter-
pillow sediment. secondary replacement of pilrow cores by

epidot,e is common.

Outcrop surfaces of these basalts are medium- to medium

fine-grained, dark greenish-black and well foriated (ptate

33 ) . The fol-iation is a nematoblastic schistosity defined by

rodded hornblende. Late cross-cutting calcite veins are very

common. Segregated subidioblastic hornblende (60t) and xeno-

blastic plagioclase (308) are the principal mineral constit-
uents of this rock type (Plate 34). Biotite, epidote, cal-
cite and diopside are minor constituents. Magnetite and ir-
menite are the most common accessory minerals.
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ent angular quartz grains and subordinate intercalations of

fine-grained, Yellowish-grey phyllite, that occur as discon-

tinuous lenses (2 to 30 cm). Subrounded to ovoid clasts (to

5 cm) of granite and quartz are common in the sandy layers'

Irregularly shaped phyllitic clasts are less common.

The arkosic meta-sandstone varies in col'our from smoky-

grey to pale greyish-pink. The grain size is also variable'

The phyllitic lenses are very 'f ine-graj-ned (0.02 - 0.05 mm);

sandstone segments are much coarser grained (0.3 2.0 mm)'

This unit is well foliated and.contains a number of primary

sedimentary'structures including bedding, graded bedding and

rarely, cross-bedding (PIate 35). These structures yield

rare, but consistent, south facing directions. Pseudocross-

bedding, prodUc..d ¡V late shearing, is prominent in the sandy

layers

The principal mineral constituents of the arkosic meta-

sandstone are quartz (60 808) and plagioclase (10 208)'

Quartz porpnyroclasts lO.2 0.5 mm) are elongate and highly

straíned (Plate 36). Plagioclase grains are small and com-

monly sericitized. Minor consti.tuents include muscovite, bio-

tite and orthoclase. Mylonitic fabrics are most prominent

along the southern contact of the arkosic meta-sandstone.

Cored samples from the northern contact contain large, rela-

tively undeformed quartz porphyroclasts (up to 2 mm) ' in a

finer grained matrix of unstrained quartz, unaltered plagio-

clase and lePidoblastic micas.
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2.5 INTRUSTVE ROCKS

Intrusive rocks that range in composition from gabbro to
granite outcrop within the map area. Smaller bodies, includ-

ing diabase dikes or sirls (unit 6), quartz-eye porphyry

dikes (Unit 7) and a solitary biotite leucogranite sill (Unit

91, appear sill-like and aligned with the regional foliation.

Larger intrusive bodies tend to be massive, less regular in
shape and include gabbro (Unit 6) and hornblende tonalite
quartz diorite (Unit 8).

Most intrusions preceded structura,l deformation, but the

relative ages of the different types are not well documented.

Stratigraphic order is not implied by the numerical ranking

on Map 1. Most appear spatially isolated and crosscutting

relatiónships between intrusive roiks of different composit-

ions have not been observed in the map area.

2.5 .1 GABBRO, DTABASE ( UNïT 6 )

Intrusive rocks of gabbroic composition outcrop north of

the tailings area and along both the north and south flanks

of the exposed ridge southeast of the mine. The outcrops by

the tailings area are tightly clustered. The size and shapê

of this body are not apparent. Exposures along the north

flank of the ridge by the mine define a thin ( less than 40

meters), east-trending intrusive body. Outcrops along the

south flank provide almost continuous exposure of a gabbroic

body with an average thickness of 70 meters for most of its

350-meter strike length.
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In all three outcrop areas, the gabbro appears massive,

coarse-grained and greenish-black in colour. Subidioblastic

hornblende (60S) and xenoblastic plagioclase (30E) are the

princípal mineral constituents. Minor constituents include

biotite, chlorite, quartz, calcite and magnetite. Secondary

replacements by quartz and calcite are common along cross-

cutting veins

Diabase dikes or sills that are compositionally and min-

eralogically similar to the gabbroic bodíes described above'

ramify the alteration zone that envelopes the Fox Lake mas-

sive sulfide deposit. These dikes are fíne-grained, massive

and dark green in colour. They occur along the strike pro-

jection of the north flank gabbro. As exposed underground'

the diabase dikes appear. boudinaged. . They pinch and swell in

both cross-section and plan view (F'ig. 3 ) . Cross-cutting re-

lationships and altered contacts (Plate 43) indicate the

dikes were emplaced after ore deposition, but before develop-

ment of the regional foliation.

2.5.2 QUARTZ-EYE PORPHYRY (UNTT 7)

Thé quartz-eye porphyry is a quartz-phyric int,rusive rock

of dacitic composition. It is exposed in a sm.all cluster of

outcrops northeast of the taitings area and on the ridge

southeast of the mine. Outcrops and drill core intervals in-

dicate this unit is easterly Èrending and convoluted with a

thickness from 5 to 100 meters.

The quartz-eye porphyry is coarse-grained, bonê-white
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and well foliated. Raised quartz phenocysts result in extra-

ordinarily rough outcrop surfaces. Aligned quartz aggregates

and biotite laths define the foliation. A ribbon mylonite

longitudinally traverses the porphyry as a 50 to 200 centi-

meter band and resembles a silicified margin.

The quartz-eye porphyry comprises quartz porphyroclasts

(0.5 to 3.0 mm) in a matrix of medium f5-ne-grained quartz,

altered plagioclase and biotite. Both porphyroclastip and

mat,rix quartz grains ?re strained with mortared rims. Xeno-

blastic plagioclase grains are. sericitized and lepidoblastic

biotites are almost totally altered to chlorite (penninite).

Cataclastic fabrics and retrogressive mineral assemblages are

most pronounced adjacent to the ribbon myloni-tes (Plate 51 ) .

2.5.3 HORNBLENDE TONALITE - QUARTZ DIORTTE (UNIT 8)

Hornblende tonalite quartz diorite (Unit 8) is the

most voluminous intrusive rock in the map area. This unit

outcrops between the explosives storage area and Dunphy Lake.

It is intruded into the metasedimentary rocks (Unit 3) and

appears as a tabular, east-trending body approximately 500

meters thick. Xenoliths of the metasedimentary rocks occur

along both margins. Thin dikes of basic feldspar porphyry,

encountered in underground workíngs, are mineralogically and

texturally similar to the hornblend'e tonalite.

In outcrop, the hornblende tonalite is massive, medium

coarse-grained and pale greyish-white in colour. This rock

fype has a seriate texture with conspicuous, dark green.horn-
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blende phenocrysts (I.0 to 5.0 mm) in a finer-grained matrix

of xenoblastic plagioclase and subidioblastic hornblende.

Minor constituents include lepidoblastic biotite and xeno-

blastic quartz. Tourmaline (schorlite) is a prominent

accessory míneral, occurring as idioblastic grains on late

fractures.

In drill hole FS-34, from 680' to 1315' (207m to 401m)'

fine-grained, greyish-brown, weakly foliated rocks of unknown

origin, but similar composition to the hornblend tonalite.

It is possible these rocks are feldspathic siltstones (3a) or

dacitíc tuffs (2d) that were metasomatically altered by a

proximal tonalitic intrusion.

2.5.4 BIOTÏTE LEUCOGRANITE (UUTT 9)

A thin, doubly tapered lense of biotite leucogranite is

exposed in outcrops 320 meters north and 670 meters east of

the headframe. The maximum thickness of this lense is ap-

proximately 40 meters and the eastern extension is defined by

a 70 centimeter segment encountered in DDH FS-23@132' (40m).

The biotite leucogranite does not appear related to any of

the larger intrusive bodies exposed within the map area.

Outcrops of the leucogranite are massive, medium fine-

grained and white in colour. Textures in this rock type are

cataclastic. Subidioblastic quartz and plagioclase grains

with mortared rims are the principal mineral constituents.

Partially chloritized, ragged lepidoblastic biotite and xeno-

blastic microcline are minor constituents.
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CHAPTER TIT

THE ALTERATTON ZONE

3:1 LOCATTON AND EXTENT

The Fox Lake massive sulfide deposit is enveloped by an

east-trending, steep north-dipping alteration zone. As out-
lined by diamond drilling, this envelope has a surface strike
length of 1500 meters with tapered margins and a down dip
projection in excess of 1500 meters. The width of this zone

(including sulfides) varies from 60 meters on surface.to more

than 90 meters on 2800 (850m). Level. The shape of this en-

velope is analagous to an inverted soda bottle that has been

extremely flattened.

3.2 LITHOLOGICAL DESCRIPTIONS

The alteration zone associated with the.massive sulfide
deposit comprises four mineralogically and texturally dis-
tinct lithologies. Lithological proportions and dispositions
vary marlçedly (see Map 2 2800 Level). As traversed from

south to north, altered rock types . include quartz-sericite

schist (2eQSS) r quartz-biotite gneiss (2eQBG), cordierite-
anthophyllite gneiss (2eCAG) and coarse mica schist (2eCMS).

3.2.1 Quartz-sericite schist ( 2eQSS ) *

Quartz-sericite schist most commonly defines the upper

stratigraphic contact of the alteration zone. On both 2100

* Footnote: The alphanumeric code for lithologies of the
alteration zone combines a subunit identifier with a mineral-
ogical descriptor. For example, 2eQSS designates an altered
dacite (2e) described as a (Q)uartz-(S)ericite (S)chist.
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Level (Fig. 3 ) and 2800 Level (Map 2 ) quartz-sericite schist
marks the contact between altered and host rocks. Similar
lenses also occur near the lower alteration zone contact,
particularly on the west end of the orebody. Most commonly,

the lenses are thin and disjoinÈed, with average thicknesses

of less than three meters. Lenses' strike lengths rarely ex-

ceed 40 meters and in total they constitute less than one

percent of the. alteration zone

The appearance of the quartz-sericite schist is unique.

In drill core and exposed faces undergrou.nd, it is fine-
grained and schistose with a pearly lustre. Thin brown and

lime-green intercalations (10 20 cm) contain biotite and

fuchsite (chrome-bearing muscovite) r respectively.

In t,hin section, the'quartz-sericite schist displays my-

lonitic to lepidoblastic-polygonized textures. Grain size

variations reflect the degree of post-deformational annealing

(Plate 37). Quartzr âs polygonized aggregates (0.03 - 0.25

rnm), is the principal mineral constituent. Lepidoblastic

muscovite or sericite (0.01 - 0.4 mm) is the other essential

constituent. Minor constituents inciude biotite, cordierite
and sillimanite. Accessory minerals include disseminated py-

rite, pyrrhotite and rarely chalcopyrite.

3.2.2 Quartz-biotite gneiss ( 2eQBG)

The principal occurrence of quartz-biotite gneiss is a

2O-meter thick, stratiform layer near the upper alteration
contact. This layer extends the breadth of the alteration
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zone srith only local disruptions. A second, less continuous

quartz-biotite gneiss layer with a thickness of approximately

ten meters occurs near the lower alteration conÈact. Both

upper and lower quartz-bíotite gneiss lenses thin towards the

margins of the alteration zone. Together they represent 308

of the alteration zone volumet 35 to 408 in the upper levels

of the mine, but less than 252 in the lower levels.

lthere exposed underground, the quartz-biotite gneiss ap-

pears medium-grained, granular, greyish-brown and well foli-

ated. Contacts tend to be gradational, diffuse and interdig-

itated.. Quartz-sericite schist lense,s (10 40 cm) regularly

occur withín the quartz-biotite gneiss especially near the

contacts. Contacts with the cordierite-anthophyllite gneiss

are equally diffuse.

Quartzr ês polygonized, matrix grains (0.1 0.5 mm)r is

the principal mineral constituent (60t) of the quartz-biotite

gneiss. Aligned biotite laths (O.2 0.5 mm) constitute up

to 252 of some sections and define the foliation. Minor con-

stituents include altered, polygonized, idioblastic plagio-

clase, and sericite. Accessory minerals include cordierite'

anthophylliter staurolite, sillimanite, chlorì-te, garnet and

the opaques. lrlhere porphyroblastic, the accessories commonly

assume major constituent proportions. Pyrrhotite, pyrite'

chalcopyrite and hematite, in order of decreasing. abundance'

make up 15 percent of individual sections.
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Medium-grained, greyish-brown, well-foliated cordierite-

anthophyllite gneiss with thin biotite laminae occurs above

the sulfide lenses and is gradational into the quartz biotite

gneiss. Medium-grained, pale greyish-white, weakly _foliated
cordierite-anthophyllite gneiss occurs along the margins, and

is transitional into, diabase dikes (Unit 6). The most ex-

tensive intervals of cordierite-anthophyllite gneiss occur

near the lower alteration zone contact. In these intervals,

the gneiss is ramified by anastomosing networks of coarse

mica schist

In drill core and underground drifts, the cordierite-

anthophylliÈe gneiss appears mineralogically and texturally

diverse. Most commonly, it is a very coarse-grained' porphy-

roblastic schist with porphyroblastic or poikiloblastic min-

eral phases so large (f0 15 cil)r they t,otally obscure the

schistosity (PIate 38).

Textures_ in the.cordierite-anthophyllite gneiss is domi-

nated by porphyroblastic minerals. Fist-sized cordierite

poikiloblasts and porphyroblastic anthophyllite asterisms are

principal mineral constituents (Plate 39 ). Xenoblastic

quartz grains occur as inclusions in cordierite poikiloblasts

and as rare, polygonizea matrix aggregates (0.05 0.1 mm)

with plagioclase and ragged biotite laths. Other minor con-

stituents are cummingtonite, phlogopite, talc and chlorite.

Staurolite, garnet, magnetite, pyrite, pyrrhotite and chalco-

pyrite occur as accessory minerals-
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3.2.4 Coarse mica schist (2eCMS)

Coarse mica schist constitutes up to 30S of the altered
rock volume below the 2000 Level, but is virtually absent in
the upper levels of the mine. Most commonly, mica schist is
encountered stratigraphically beneath the massive sulfide
lenses, near the lower contact of the alteration zone. Less

extensive, patchy intervals appear intermittently above the

sulfides. Occurrences of .oå."" mica schists vary from thin
crosscutting veins and sÈockworks (I0 to 30 cm) to thick tab-
ular bodies comprising vein networks (S to 20 meters). Re-

garded en inasse, the coarse mica schist resembles a f lattened

funnel, wedged beneath the massive sulfide lenses. Quartz-

biotite gneiss (2eQBG) defines the funnel margins.

The mica schist is very coarse-grained and schistose.

The fabric is dominated by interpenetrative platey minerals

with several preferred orientations. The micas are kinked,

partially replaced and intergrohrn. Most are related to a

single, anastomosing foliation.

. Coarse mica schist colour is a function of the principal
mineral constituent, which varies from biotite (p1ate 40) to
phlogopite (plate 4I), talc or chlorite. The platelr hydrous

minerals result in rock types that are bIack, rusty-bronze,

pearly-grey or green in colour, respectively. The occurrence

of chlorite and talc schists at depth in the core of the

coarse mica schist is the only spatial association observed

for these rock types
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Disseminated, semi-massive and massive sulfide lenses

account for fifteen volume percent of the alteration envelope

and are the principal constituents of the ore zone. The ore

zone comprises two sulfide lenses, informally known as the

main zone and the west lens. Further discussion of the ore

lenses and constituent rock types is deferred to the ensuing

chapter

3.3 ZONING OT' óHN ALTERATTON ROCK TYPES

The alteration zone enveloping the Fox Lake massive sul-

fide deposit strikes NOTOoE and dips'-70o Ngt. It- comprises

schists and gneisses that show consistent spatíal relation-

ships.

Their present configuration indicates the deposit is

south-facing and overturned (fig. 4a). Quartz-biotite gneiss

(2eQBG) outlines the margins and coarse mica schist (2eCMS)

with stringer sulfides occupies the cores of two flattened,

funnel-shaped bodies that lie to the north of the two main

massive sulfide lenses in the lower levels of the mine.

These zones are deformed and metamorphosed hydrothermal con-

duits beneath the massive sulfide lenses (Fig. 4b).

Altered rock types on the south side of the deposit are

almost as voluminous as those on the north. Unmineralized

coarse mica schist (2eCMS) interlayered with, and marginally

above, the main sulfide lens suggests that hydrothermal pro-

cesses remained operatíve for some time after the terminatj-on

of sulfide deposition from the main lens vent
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Cordierite-anthophyllite gneiss (2eCAG) intercalated

with quartz-biotite gneiss (2eQBG) occurs as thick, blanket-

like accumulations (30 m) that mantle the main sulfide lens

(main zone). These altered gneisses are lateral equívalents

of the west lens massive sulfides. Their distribution indi-

cates that hydrothermal fluids from the west lens vent mi-

grated laterally and interacted with the material being de-

posited above the main zone. The quartz-biotite gneiss layer

overlying the west lens is thin (.4 m).

A thin, semi-continuous'band of quartz-sericite schist

(2eQSS) marks the southern contact of the altered sequence

that overlies the main sulfide lens (see Map 2 - 2800 Level).

A second segment transects the hydrothermal conduit beneath

the west lens (north of the sulfide zone). Textures in the

schist are mylonitic to blastomylonitic and the traces coin-

cide with zones of movement and ductile deformation. These

shear traces define the margins of the alteration envelope,

indicating the present shape of alteration zone is in part

structural 1y control 1ed.

3.4 ALTERED ROCK TYPES EXTERNAL TO THE ALTERATION ENVELOPE

Outcrops 1000 meters south of the mine complex comprise

rock types that are texturally and mineralogically similar to

those of the alteration envelope. These altered rock types

occur within the felsic metavolcanic rocks (Unit' 2) and were

described in the previous chapter as altered dacites (2e).

The alteration zone enveloping the Fox Lake massive sul-
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fide deposit strikes N07098. Outcrops of the felsic metavol-

canic rocks 800 meters south of the deposit indicate this
unit strikes N010ow, but is folded. Surface and underground

diamond drill holes (FS-33, UF-1886 and UF-2039) indicate the

lower contact trends to the northwest. Projections of this
trend intersect the strike projection of the alteration en-

velope I000 meters west of the orebody. Zonal continuity has

been obscured by subsequent structural deformation. The dis-
.cussion of deformational mechanisms is deferred to Chapter V

(STRUCTURAL GEOLOGY, METAMORPHTSM AND INTRUSIVE SEQUENCE).
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CHAPTER IV

THE ORE ZONE

4.I LOCATION AND EXTENT

As alluded to in the previous chapter, the Fox Lake ore-

body comprised two massive sulfide lenses, informally known

as the main zone and the west lens. Neither lens outcropped,

but stripping operations related to surface pilIar recovery

(Plate 46) partially exposed both. The two bodies abutted on

surface and had a combined strike length of 425 meters. The

curvilinear trace of this zone was located 20 to 65 meters

north of.the mine buildings, where it dipped away from the

mine complex at -070oNï4t on a strike of N075on. The thickness

of the ore lenses varied from 5 to 45 meters.

The ore zone separated into two lenses 200 meter:s below

surfacer_near the 630 Sublevel (fig. 5). The separation dis-

tance between the west lens and the main zone increased with

depth, to a maximum lateral separation of 150 meters on the

2100 Level (640m). The strike length of the west lens aver-

aged 75 meters from the 630 Sublevel to the 2100 Level, where

it dissipated into a series of low grade, discontinuous suI-

fide stringers.

The main ore zone riras a tabular body that extended from

surface to below the 2800 Level (850m). Its strike length

decreased with depth, to less than 125 meters on 2800 Level.

Drill indicated tonnage below 2800 Levet proved insufficient

to warrant further mining.
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4.2 ORE TYPES AND DISTRTBUTION

Massive sulfide deposits commonly display metaL zoning.

Volcanic-associated deposits are characterized by stratiform
zinc-rich ore overlying stratiform and/or stockwork copper-

rich ore (Sangster, L972; Lydon, 1985). Metal distributions
in the Fox Lake massive sulfide deposit exhibited this char-

acteristic zonation

Upper level stopes (surface to 350m), particularly lhose

on the west end of the orebody, comprised zinc-rich massive

sulfides. Copper content increased to the east. In general,

these stopes had Cu,/(Cu+Zn) ratios of less than 0.5 (fig. 5).

Copper-rich massive and semi-massive sulfides with lesser,

but still significant zínc values dominated the intermediate

stoping levels ( 350m to 700m) . Copper-rich stringer sulfides
stratigraphically underlying the massive sulfides were en-

countered only in the lowermost mining levels (700m to 850m).

In this regiôn, the Cu/(Cu+Zn) ratio approached unity.
The principal ore type in the upper levels was a medium-

grained, banded sphalerite-rich massive sulfide, which was

most prevalent in stopes on the western end of the orebody

where zínc Arades commonly exceeded 4.50t. Príncipal gangue

minerals included granular pyrite (608) and quartz (308).

Minor and accessory minerals included biotite, magnetite, ar-
senopyrite and hematite. Upper level stopes on the east end

of the orebody contained up to thirty . volume percent fine-
grained pyritic cherts. These cherty layers were centrally
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disposed within the massive sulfides and contained up to ten

percent chalcopyrite.

The most important ore type in the central stoping areas

of the mine was a massive, granular, medium-grained chalcopy-

rite- and sphalerite-bearing massive sulfide. the zone aver-

aged 1.50t copper and 2.502 zinc, but chalcopyrite and sphal-

erite contents varied markedly. Granular pyrite (558) and

quartz (252) were the principal gangue minerals, but pyrrhot-

íte was an important minor constituent (10 158), most pre-

valent on the east side of the orebody in the lower stoping

blocks. Accessory minerals included magnetite' arsenopyrite,

tetrahedrite and cubanite. Pyritic cherts with disseminated

chalcopyrite btere a minor constituent in these stoping areas.

Ore types in the lower stoping leve}s included massive,

semi-massive and. stringer sulfides. Massive sulfides were

most common along the southern ore contact. They comprised

medium-grained, rarely banded, granular pyritic sulfides con-

taining sphalerite and subordinate chalcopyrite, along with

crosscutting mobilized stringers of chalcopyrite and pyrrho-

t,ite that enhanced the copper values. The host rock for the

semi-massive and stringer iulfides was typically the coarse

mica schist (2ecMS). stockwork mineralization comprised

Iarge blebs, veinlets and stringers of coarse-grained chalco-

pyrite with subordinate pyrrhotite. Stockwork sulfides !'¡ere

most common on the north side of the ore zone. They were

only encountered in the lower leve1s of the mine.
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4.3 SULFIDE RECRYSTALLTZATION AND MOBTLTTY

Silicate mineral assemblages indicate that temperature

and pressure conditions reached the medium grade (or míddle

amphibolite facies) of metamorphism (see Chapter V). The

temperature and pressure conditions achieved during amphibo-

lite grades of metamorphism are sufficient'to promote the re-

crystallization of chalcopyrite, sphalerite, pyrrhotite, and

pyrite (Barnes, 1979). Petrögraphic studies indicate all the

sulfide minerals have been recrystallized. The occurrence of

coarse-grained chalcopyrite gnd pyrrhotite blebs and veinlets

crosscutt.ing medium-grained, gr"rrolar pyritic massive sulf.ide

ores indicates mobilization during metamorphism of the Fox

Lake massive sulfide deposit.

4.4 LATERAL FACIES EQUTVATENTS

Fine-grained, low grade to barren massive sulfides com-

prising essential pyrite and quartz occur on both the eastern

and western margins of the Fox Lake massive sulfide deposit.

These low grade sulfide zones are not persistent laterally.

Fie1d observations and drill core intersections Ioott FS-23@

560' (171m)l indicate a thin,. segmented layer of banded iron
formation occurs in lieu of massive sulfides on the eastern

extension of the ore horizon. Drill core [onH FS-28G7I8'

(2I9m) ] from the western extension of the ore horizon con-

tains pyritic mudstones directly above a thin layer of alter-

ation. In a drill hole 1000 feei (305m) to the west, the aI-

tered rock Èypes are no longer recognizable and the pyritic
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mudstones are more voluminous (DDH FS-29 ).
Similar facies transitions have been recorded elsewhere.

Lateral transitions from massive sulfides into iron formatíon

have been recorded at a number of massive sulfide deposits.

Changes ín the oxidation-reductíon potential of the hydro-

thermal fluid is a commonly cited cause for these transitions
(Hutchinson, Lg75). Transitions from massive sulfides into

sulfide-bearing mudstones and tuffs have been recorded for a

comparable number of deposits (Ohmoto and Takahashi, 1983).

These transitions appear related to influxes of clastic sedi-

ment into a restricted depositional basin.

It is both beyond the scope of this thesis and beyond

the limits of available information to establish the detaí1s

of ore-forming processes which have been estab.lished in many

other deposits around the world. It is clear, hohlever, that

many of the features of the Fox Lake orebody are features

that. characterize volcanogenic massive sulfide deposits else-

where, especially those of the Canadian Shielb. Consequently

the same genesís has been interpreted for the Fox orebody.
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CHAPTER V

STRUCTURAL GEOLOGY, METAMORPHTSM AND INTRUSIVE SEQUENCE

5.1 GENERAL STATEIIENT

Faulting and shearing were the most conìmon manifestations

of deformation in the metavolcanic and metasedimentary rocks

of the Fox Mine area. Zwanzíg (Tg77 ) described the area as

"a patchwork of fault-blocks" with no apparent stratigraphic

continuity between blocks. Lustig (1979) subdivided the Fox

Mine area into four fault-separated blocks. He added that an

earlier fault or fold phase was indicated by the discordance

of lithological contacts and regional foliation.

Evidence presented in the ensuing sections indicates that

lat,e deformational events involved shearing and faulting with

attendant middle amphibolite grade metamorphism and were su-

perimposed on an early tight to isoclinal folding event at

comparable metamorphic arade. The late events'may be related

to the emplacement of tonalitic plutons to the north. Figure

6 summarizes the deformational events and intrusive sequence.

5.2 STRUCTURAL ELEI{ENTS

primary sedimentary and volcanic structures are abundant

in the Fox Mine area. Some provide facing directions of the

host strata. Mesoscopic and microscopic penetrative struc-

tural elements manifested b1z post-depositional Processes in-

clude foliations, lineations, minor folds, faults, shears'

and joints. fhese features are widespread and imply an evo-

lution involving at least four deformational events.
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5.2.1 Primary structures

Primary sedimentary layering (Sg) is recognizable in most

sedimentary units within the map area. AlËernating magnetif-

erous calc-silicate and cherty layers in the iron formation

(subunit lf), alternating layers of mud and silt in the meta-

sedimentary rocks (Unit, 3) and phyllitic lenses in the arko-

sic meta-sandstone (Unit 5) are examples of bedding or 'pri-

mary sedimentary layering. Graded bedding occurs within the

sedimentary rocks derived from the porphyritic mafic metavol-

canics (subunit tnr, where it indicates the sequence is north

facing. Graded bedding and cross-bedding are recognizable in

the arkosic meta-sandstone (Unit, 5) and yield south facing

directions (Plate 35).

Primary volcanic structures include pillowed flows,'flow

breccias and rare tuffaceous layering. Pillowed flows are

common in both the porphyritíc and aphyric mafic metavolcanj.c

rocks (Units I c 4). Pillow structures in the porphyritic

mafic metavolcanics are welI preserved, yield facing direc-

tions in several locations (plates 6 & 9) and rarely, flow

directions '(Plate 7). In the south (subarea 1) facing direc-

tions are most commonly to the northwest. Facing directions

in the north (subarea 2) are commonly to the south or south-

west. Facing directions observed in pillow structures indi-

cate local reversals of the host sequence particularly in the

south and central portions of the map area. Flow and facing

direction indicators were not observed in the deformed pillow
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structures of the aphyric mafic metavolcanic rocks.

The location of flow breccias within some porphyritic
basalt flows (subunits 1a-e) and massive porphyritic dacites
(subunit 2al yield facing directions. They corroborate the

northwest facing direction yielded by pillow structures in
subarea 1. Facing direction indicators have not been ob-

served in the tuffaceous and reworked sedimentary. horizons

within the porphyritic mafj,c metavolcanics (subunit 1g) and

fe-lsic metavolcanics (subunit 1d) .

The orientations of most primary sedimentary and volcanic

features vary systematically throughout the map arear tending

towards parallelism with the regional foliation. Bedding in
the southernmost outcrops has a northerly strike direction
(N02.0o8) and dips at moderate angles to the west. The strike
changes to north-northwest (N010oW) and dips steeply to the

west (locally to the east) in the south-central part of the

map area. Along the ridge south of the mine compl-ex, primary

layering has a northeasterly strike (N040oe) and steep north-

erly dips. Primary features in the northern half of the map

area, are aligned with an east-northeast strike (n070on) and

dip steeply to the northwest.

5.2.2 Foliations

In addition to beddirg, three penetrative planar elements

or foliations are recognized within the map area. Textures,

orientations, mineral alignments and segregations distinguish

the foliations. Parallel alignment of the micas and amphi-
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boles defines the first and second foliations. They are dis-
tinguished by different orientations and mineral assemblages.

The alignment of chlorite and sericite defines the third.
The first foliation (S1 ) is the planar element most fre-

quently encountered in the litt,le enclave of felsic meÈavol-

canic rocks that outcrop in the south half of the area. ft
is defined by the alignment of elongate clasts, fragnnents and

mineral'grains, notably biotite and hornblende. This foli-
ation developed during an early period of tight to isoclinal
folding (F'1) and is essentially- parallel to bedding through-

out the map area. S1ight discordance between the first foli-
ation (S1) and bedding (Sg) is apparent in some southern loc-
ations, appearing as an alignment of mineral grains at an a-

cute angle to the primary compositional layering.
The first foliation is overprinted and obscured by the

second foliation throughout most of the map area. Vìlhere re-
cognized, S1 strikes to the north'east and dips moderately to
the northwest. The strike direction is more northerly where

it has been deflected onto late shear surfaces.

The second foliation (S2) is the most commonly observed

planar element in the map area. The orientation of this fea-

ture shows little variation. Strike directions are to the

east-northeast'and dips are steep to the northwest. It is an

axial planar schistosity related to F2 shear folds. ft is
defined by the parallel alignment of biotite, muscovite and

rodded hornblende and is overprinted by weakly aligned white
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amphiboles. Local zones contain mylonitic textures with

marginally granulated and strained quartz graíns-

The third foliation (S3) is restricted to narrow' east-

northeasterly trending zones in the central portion of the

map area. It is characterized by retrograde mineral assem-

blages and mylonitic textures. It is superimposed on the

second foliat.ion, striking N070oe and dipping steeply to the

north$rest. Aligned mineral phases include chloriter musco-

vite (sericite) and strained quartz grains (see Plate 49) -

Bedding and foliations within the map area are commonly

co-planar and indistinguishable. Bedding and the first foli-

ation are best preserved in the south half of the map area

where they are folded about the F2 axial planar. The second

foliation is axial planar to the F2 folds and has a constant

orientation throughout the map area. These relationships are

illustrated on equal area diagrams (Fig. 7).

5.2.3 Lineations

Linear elements observed in the map area include minor

fold axes, preferred orientations of elongate minerals (horn-

blende or biotite) and rodding (amygdules, clasts, fragments'

and quartz segregations ). Trends of the lineations vary from

northwest to northeast (N035ovt to NO25oE) with steep plunges

(650 to 75o). Most parallel the plunge of the F2 foldsr âr€

contained within the 52 plane and interpreted as a product of

the second deformation. Criteria to distinguish reorient'ed

early (Ll) lineations utas not observed
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5 .2.4 Folds

Minor folds with different styles and orientations, rock

sequence distribution and local facing direction reversals

reflect two periods of folding. Both events vrere early in

the structural evolution of the Fox Mine area.

The earliest folds are rootless isoclinal folds in the

porphyritic mafic metavolcanics (Unit 1). SmaIl intrafolial

folds with east-trending axial planes occur in the aphyric

andesite (plate 16) and the banded iron formation (Plate 26).

Megascopic features provide indirect evidence of the early

fold phase. Inwardly dipping primary layering in the meta'

sedimentary and felsic metavolcanic rocks west and south of

the mine and opposing facing directions in pi11ow stquctures

and flow units in the porphyritic mafic metavolcanics on the

peniirsulas between Fox- and Jam Lakes indicate the presence of

an early tight to isoclinal fold phase with subhorizontal

fold axes (FI ).
Evidence of the second fold phase (F2) is more abundant.

Minor folds with east-trending axial planes and steep north-
plunging axes occur'in the three lowermost units of the local

stratigraphic section. Axial planes and fold axes parallel

the host rock foliation and mineral Iineation, respectively.

Minor folds are most conmon in the feldspathic siltstone and

mudstone (subunits 3a-b) that outcrop near the explosives'

storage area. Most are small (amplitudes less than 20 cm),

parasitic, similar folds that most frequently have Z-shaped
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synmetry (Plate 44) and an 52 axial planar foliation (Plate

45). Minor drag folds with similar orientations occur in the

autoclastic breccia (subunit le) and aphyric basalt (subunit

Ic) of the porphyritic mafic metavolcanics (plate 46). The

folds are asymmetric (typically Z-shaped) with axial traces

corresponding to local discontinuities (Plate 47).

Rock sequences with minor folds of opposing vergence and

changes in the orientations of earlier foliations a{e further

evidence of an east-trending fold phase. Sinistral offset a-

long east-trending shear surfaces has resulted in large scale

drag folds in the felsic metavolcanics. The early foliation
(S1) was deformed (drag folded) about the shear surfaces (see

Map I ). Minor folds observed in the feldspathic siltstones

and mudstones near the powder magazines and along the south

shore of Dunphy Lake have similar orientationsr but opposing

vergence. The minor folds indicate the presence of a major

F2 fold closrire to the west. The hornblende tonalite intru-

sion is coincident with the axial trace of this fold.

5.2.5 Faults and shear zones

The orientations and fabrics of planar struct.ural ele-

ments that offset or displace strata indicate . at least two

periods of faulting and/or shearing. Movement related to the

early event (D2) was confined to narrow east-trending shears

or shear zones that r^rere parallel to the regional foliation

and F2 fold planes. Movement on the late faulÈs involved

brittle offset on north- and northeast-trending surfaces.
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Field information, subsurface observations and drill data

indicate at least two generations of planar discontinuities,
one coinciding with the development of 53, and the other much

later cross-cutting and producing minor offset on all earlier
structures.

The early faults (D3) have the same orientation as the 52

foliation. They represent restricted Zones of extreme deve-

lopment of S2 along which discrete dislocations have modified

the disposition of lithologies, occurring in a zone approxi-

mately one kilometer wide in which 52 is best developed. The

northeastern limit of the zone is contact between the horn-

blende tonalite and the metasedimentary rocks. Its south-

western limit coincides with the contact between the mafic

and felsic metavolcanic rocks just west of FoT Lake. The

faults display retrograde mineral assemblagêsr mylonitic tex-
tures with well-developed S-C fabrics and are interpreted as

the later stage of a continuous deformational process.

The northernmost planar discontinuity coincides with the

southern contact of the arkosic meta-sandstone (Unit 5) andis

hereafter referred to as the Hatchet Lake shear zone (Ittap 1).

Continuous for several kilometers, it was a zone of ductile

shear that produced downward movement of the hangingwall in
the plunge directj-on of the F2 minor fold axes and mineral

lineation (Ll as det.ermined f rom mylonitic S-C petrof abrics.
A second east.-trending fault north of the mine coincides

with the contact of the metasedimentary rocks (unit 3) and
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the autoclastic breccia (subunit le). Its presence is indi-
cated by fault gouge or protomylonitic textures (Plate 48) in
DDH FS-23@431' ( 13lm) .

The best-exposed fault coincides with the southern margin

of the alteration zone. In the lower levels of the mine, its
trace coincides with a thín layer of quartz-sericite schist
(2eQSS). Textures in this quartz-sericite schist range from

myloniÈic to blastomylonitic. Crown pillar stripping opera-

tions exposed the fault on surface (Plate 49) where it is
east-Èrending with slickensid.es that indicate downward move-

ment of the hangingwall block.

The presence of at least síx faults or thin shear zones

south of the orebody is indicated from drill core intersec-
tions. Cored intervals reveal mifonitic textures and retro-
grade mineral assemblages. These faults are assumed to have

orientations similar to those north of the orébody. Compar-

able mineral assemblages indicate the faults were produced by

a single, late deformational event. Drag folds¡ slicken-
sides and mylonitic textures indicate the main sense of move-

ment was in the direction of the regional lineation with the

hangingwall moving down relative to the footwall. Absolute

displacements are not known, but juxtaposed rock seguences

suggest considerable movement. The minor structures indicate

both sinistral and dextral offset accompanied the normal

movement on these surfaces

The most recent structural elements observed in the Fox
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Mine area are north- and northwest-trending faults (D4) with

moderate westerly and southeasterly dips, respectively. Dis-

placements on these faults are poorly documented. They pos-

sess insufficient offsets to warrant inclusion at the scale

of mapping. Joints with similar orientations to the late

faults are prominent in. the gabbro southeast of the mine.

5.3 DEFORM.ATIONAL EVENTS AND TNTRUSIVE SEQUENCE

The structural evolution of the Fox Mine area included a

minimum of'four deformaÈional events as deduced from major

and minor structures. It comprised an early isoclinal fold-

forming event (Ð1 ) followed by a períod of moderate to tíght

shear folding (D2) with attendant development of the S pene-

trative foliation, faulting (D3) and the development of local

retrograd.e mylonitic textures and finally, a late period of

brittle faulti-ng (D4). As índicat"9 by field relations, most

intrusive rocks (11) were emplaced prior to deformation. The

hornblende tonalitic pluton (f2) to the north was intruded

between the third and fourth deformational events. Figure 6

summarizes these evenÈs. Structural types and orientations

suggest an overlapping of some events.

5.3.1 Ear1y intrusions (11).

The emplacement of small intrusive bodies including the

gabbro, diabase dikes (Unit 61, quartz-eye porphyry (Unit 7l

and biotite leucogranite (unit 9) predated deformation in the

Fox lline area. Most occur as lenticular bodies elongate in

the direction of the regional foliation, possess foliations
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comparable to their extrusive counterparts and are regarded

as subvolcanic sills and dikes. Emplacement of these bodies

may have provided the energy for hydrothermal processes.

5.3.2 First deformational event Dl

The first recognizable deformational episode manifested

itself in tight to isoclinal folds with steeply dipping limbs

and detached closures with sub-horizontal axes. Axia1 traces

of major Fl folds are northeast to east-trending, reflecting
transposition during subsequent deformational events.

The early isoclines folded the. primary layering (Sg) and

$rere coeval with development of the Ueading paratlel fírst
foliation (S1 ). Depending on rock composition, the foliation
is either a lepidoblastic schistosity marked by biot,ite laths

or a nematoblastic schistosity defined by hornblende prisms

and rods. The presence of staurolite and sillimanite in the

early foliation indicate that middle amphibolite grade of

metamorphism was achieved duríng the first deformation. The

early f ol iation ('S 
1 ) observed in the f el sic metavolcanics

(Unit 2) and rare intrafolial folds in the porphyritic mafic

metavolcanics (Unit 1) are minor structures produced during

the first deformational event.

5.3.3 Second deformational event D2

The second deformational event resulted in the develop-

ment of the penetrative foliation (S2) in the central zone of
the map area and numerous, moderate to t,ight minor folds with

east-trending axial .surfaces and axes parallel to 32 and L2 ,
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respectively. These folds are common in the metasedimentary

rocks but rare in the mafic metavolcanics (plates 46 & 47).

Major fold axial traces (î2) indicated by minor fold struc-
tures are located on Map 1.

Minor folds (Fz'l in the two northernmost metasedimentary

belts have opposing vergence and indicate the presence of a

major fold closure to the west. The orientations of minor

fold axes suggest it is either an overturned anticline or a

recrined fold. Minor folds and sequence facing directions
provide evidence of a synclinal FZ closure in the felsic
rocks north. of Jam Lake

Common orientations for planar and linear minor elements

produced by fording and shearing suggest these.processes were

contemporaneous. The second deformational event is recogni-

zed by a pronounced east-trending shear foliation (SZ ) that
dips steeply to the north. This foliation is either a lepid-
oblastic or nematoblatic schistosity, depending on rock com-

position. Aligned biotite and muscovite laths or hornblende

rods defíne the foliation. Garnet,, cordierite, anthophyllite
and cummingtonite are post-tectonic mineral phases associated

with this foliation and indicate middle amphibolite grade

metamorphism.

5.3.4 Third deformational event - D3

The third deformational event is regarded as a late stage

extension of the second event during which an east-trending

set of fault surfaces and mylonites hrere propagated. The
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Hatchet Lake shear zone is interpreted as a major dislocation
associated with this event. The amount of displacement on

this surface is not known, but appears considerable. Lesser

shears and faults that paralle1 this surface are interpreted
t,o be sympathetic structures. Minor structures indicate the

hangingwarl block moved down plunge relative to the footwall
block, with either sinístral (plate L2) or dextral (plate 46)

offset
Fault and shear surfaces associated with the third defor-

mational event have the same orientation -as the sZ foliation,
but offset the axiar surfaces of D2 folds and are defined by

the retrograde minerals, sericite and chloríte.
5.3.5 Late intrusions (]r2)

Empracement of the hornbrende tonarite quartz diorite
(unit 8) constitutes the second intrusive event. The horn-

brende tonalite was intruded into a homoclinal sequence of
feldspathic siltstones and mudstones (unit 3). rts rocation
coincides with the axiar trace of a major F2 overturned anti-
clinar or recrined ford. rt is crosscut by rate, brittre
faults indicating emplacement occurred between the third and

fourth deformational events.

5.3.6 Fourth deformational event - D4

The fourth deformational event is recognized by north-
and northwest-trending open faults and joints with moderate

dips. These structural discontinuities resurt in minor off-
sets of the foliation and earlier faults.
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5.4 METAMORPHÏSM

Mineral assemblages and textures indicate the Fox Míne

area has experienced at least three periods of metamorphism

imposed on rocks, some of which had undergone primary hydro-

thermal alteration. The first period was associated with
early isoclinal folding (D} ) and achieved middle amphibolite
grade. The second was related to shear folding and develop-

ment of the main regional fotiation (D2). It also. attained
middre amphibolite grade, but at slightly lower pressures.

The last recognizable metamorphic event was related to the

development of localized shear zones (D3) and produced retro-
grade mineral assemblages.

5.4.1 Hydrothermal AIteràtion
The Fox Lake massive surfide deposit. is underrain by two

inverted, cone-shaped zones of hydrothermar alteration. The

distributions of coarsely recrystallized, hydrous mineral

assemblages that preserve thê stockworks' gross morphologies

are the most substantive evidence of hydrothermal activity.
Alkali metasomatism, discussed in chapter vrr, defines a

broad, less'conspicuous geochemicar halo around the deposit.
Hydrothermal mineral assemblages and fabrics have been masked

by subsequent periods of higher grade metamorphism.

5.4.2 Early Midd1e Amphibolite Grade Metamorphism (Ml)

Evidence of early amphibolite grade metamorphism is con-

fined to the bert of felsic metavorcanics (unit z) north of
Jam Lake and poorly preserved relicts elsewhere. Inèlicative
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mineral assemblages include small biotite laths aligned in a

quartzose matrix and defining the weak, lepidoblastic schist-
osity (S1), late poikiloblastic staurolite and garnet, and

fibrolite masses. In the absence of K-feldspar, the latter
minerals indicate medium amphibolite grade of metamorphism.

The attendant weak foliation is north-trending and steeply

dipping. Sillimanite knots (or fibrolite. masses) are elong-

ate in this foliation, but show.late growth of randomly ori-

ented needles (Plate 50). Staurolite and garnet are post-

tectonic minerals and poikiloblastically ínclude the oriented

quartz and biotíte grains. Coexisting sillimanite and staur-

olite indicate elevated pressures.

Amphibole-rich layers in the felsic metavolcanic rocks

contain segregations of poikiloblastic hornblende alternating
with finer-grained, plagioclase-quartz bands-. The layers are

aligned in the early schistosity indicating that hornblende

crystallized during the first metamorphic event. Elsewhere,

the imprint of subsequent metamorphic events has camouflaged

the early medium grade event. Staurolite poikiloblasts with

internal S-surfaces disc_ordant to external S-surfaces indi-
cate the presence of two amphibolite grade foliations (Plate

3I ). Evidence of the early event is also provided by silli-

manite and. staurolite inclusions in cordierite poikitoblasts.

5.4.3 Late Middle Amphibolite Grade Metamorphism (M2)

The early middle amphibolite grade event was followed by

à second period of middle amphibolite grade metamorphism (M2)
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that involved comparable temperatures, but somewhat lower

pressures. Field relationships, mineral assemblages and tex-
tures indicate it was associated with the development of
east-trending folds (D2) and the regional foliation (SZ ).
Mineral assemblages and textures recorded in the field and

observed petrographicairy, deveroped during the second event.

Fabrics include a lepídoblastic schistosity produced by

the alignment of large biotite or ragged muscovite raths and

a nematoblastic schistosity defined by the alignment of horn-

brende rods and prisms. They define the .regionar foliation
(s2) and are distinguished from earlier fabrics by the pres-

ence of strained, mylonitic textures or zoned amphibores a-
Iigned in the foliation (Plate 51) and late, acicular, white
amphiboles that overprint the foriation. The resultant fori-
ation contains restricted zones with a strong preferred ori-
entation (shear surfaces) that traverse more extensive zones

in which the foliation j-s anastomosing and possesses several

weakly devéloped oríentations.
Middle amphiborite grade metamorphism is indicated by a-

ligned syn-tectonic biotite and hornblende and post-tectonic
overgirowths of garnet, cordierite, cummingtonite and antho-

phyllite (plate 52') . Late growth of the white amphibotes is
indicated by acicular crystals and fascicular aggregates that
overprint the s2 foliatíon. rnclusions of sillimanite and

staurorite in cordierite porphyrobrasts indicate lower pres-

sure conditions prevailed during the second event.
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5.4.4 Ret,rograde Metamorphism (M3 )

Retrograde metamorphism is associated with local, east-

trending fault or shear surfaces (D3) aligned parallel to the

regional foliation (52). Petrographic investigations indi-

cate that the f ault traces located on Iv1ap I are thin ( I - 3m)

sheet-like zones. The Hatchet Lake shear zone possesses

greenschist grade mineral assemblages and mylonitic textures.

Lesser, sympathetic shears and fault splays have greenschist

mineral assembl.ages and cataclastic textures. Mineral assem-

blages in these zones inciude sericiÈe, chlorite (penninite),

epidote and strained quartz grains that show maiginal nucle-

ation (Plate 53).

An absence of cross-cuÈting relationships suggests these

surfaces (S3 ) are a late, retrogressive stage in the develop-

ment of the regional foliation.

5.4.5 Metamorphic Temperature and Pressure Conditions

Stable mineral assemblages índicate the Fox Mine area

experienced three metamorphic events. The first two events

had overlapping st,ability f.ields in the middle amphibolite

grade. Mineral assemblages indicate the third event htas of

greenschist grade. The stability field of the early middle

amphibolite grade event as indicated by coexisting biotite,
&

hornblende, garnet, staurolite, and sillimanite in the ab-

sence of K-feldspar is defined by curves L, 3 and the granite

solidus on Figure 8. Temperatures of this field range from

540oC to 650oC and pressures range from 0.22 GPa to 0.64 GPa.
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coexisting garnet, cordierite and phrogopite (not in the
presence of biotite) establish the lower stability limit of
the second middre amphibolite grade metamorphic event as in-
dicated by curve 2 on Figure 8. The upper stability limiÈ is
defined by the granite solidus. simirar temperatures at
srightry lower pressure are indicated by. minerar assembrage

stability fields
Distinguishing between the first and second metamorphic

events ís complicated by similarities of textures and mineral

assemblages. Tl" lack of .cross-cutting relationships makes

distinctions more tenuous. Marked differences in orientation
from.adjacent outcrops, the incompatibility of silrimanite
and cordierite (Reinhardt, 1968) and zoned amphiboles aligned

in the regional'folíation serve to distinguish between these

events

The Fox Mine lithologies contain markedly different
mineral assemblages. The mafic metavolcanic rocks possess

the simprest mineralogies comprising hornblende, more rarery
cummingtonite, and plagioclase. Mineral assemblages from the

felsic metavolcanic rocks and the metasedimentary rocks are

more complex and provide the best indicators of metamorphic

grade. occurrences of phlogopite, cordierite and sirlimanite
are restricted to the felsic metavolcanics. staurolite
occurs in both metasedimentary and metavolcanic rocks. TabIe

3 summarizes the relationships of metamorphic minerals to
deformational , events
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TABLE 3

METAMORPHTC ¡.INER.ALS REI,ATED TO DEFOR¡{ATTONA¿ EVENTS

Event Dl________- D2stase ";;i;;r;-i;;; 
D3

_____Liid_tare early mid r.t
Quartz ----------: earlY mid latexx
Plagioclase x
Biotite x
Hoïnblende x x
Sillimanite 

x
Staurolite 

x
Garnet 

x
Cummingtonite

Anthophyl lite
Cordierite

Muscovite

Chlorite x

Epidote

x

'x

x
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CHAPTER VI

STRATIGRAPHIC MODEL OF THE FOX MINE AREA

6.1 GENERAL STATEMENT

The segment of the Lynn Lake greenstone belt exposed in

the Fox Mine area consists primarily of Wasekwan Group mafic

metavolcanic rocks. Successively younger metavolcanic r.ocks

in the southern half of the area are more evolved chemically.

Upwards through the volcanic pile, they become more felsic

and include andesites, dacites and minor rhyolites.

Derived feldspathic metasedimentary rocks lie atop the

metavolqanic rocks in the southern half of the map area and

at the base of a second sequence that includes aphyric mafic

metavolcanic rocks and Sickle Group arkosic metasandstone in

the northern half. The two areas are separated by the east-

northeast trending Hatchet Lake shear zone and the felsic

metasedimentary rocks provide some semblance of continuity

between the two blocks.

Stratigraphic relationships have been obscured by subse-

quent structural deformations. Late faulting (D3) super-

imposed on early isóclinal folds (DI) and tight shear folds

(D2 ) resulted in differential repetitions of stratigraphic

segments. The present lithostructural configuration of the

Fox Mine arear ês viewed in a simplified cross-section (fig.

9) evidences the structuratly replicated terrain. A strati-

graphic mo.del with faulting and folding removed is shown in

Figure 10.



F2 fold îrdce ' orebody ond
olterollon zone

500n

FIGURE !: SIMPLIFIED CROSS-SECTION OF THE FOX MINE AREA,
SHOWING STRATIGRAPHIC REPETITIONS OF AN OVERTTJRNED F2 FOLD LIMB,

>
ttl

1t'
Yi
ilí
ï#j
.)r-rlâ/
/-r rl-l\.

gï.tf,
ll,-:.4;l

wír

foulì zone
llmlls

i?
l,i\i
i,lC-/\ ¿'
/!í,tl'
i-'t!
<DÌ:
lrî,
lì;<
.íJir,

+++++++++++++++++++++++++++++++++++*-g **++
+

ì | t'.:

ii.
r1-)1
r'r ì,

DJ foulî troce

F- +'l hornblende tt
SICKLE GROUP

ffi. ã#l drkosíc meta

++;++++
#

+

North

hornblende lonallte
LEG EN D

drkosíc meta-sandslone
WASEKWAN GROUP

lT1
trr7Fl

ophyrlc noflc metovolconlc
metosedlmenlory rocks
felslc melovolconlc roclts
porphyriîlc mofìc melovolconlc rocks

rocks

H
H
(Jl



.;'
-,

'l'

51 /./.
-'Jl--t
tlt-¡ t-

ì,'.!:ì.
{¡ 1lr

:at.
'rt:\,

<tí
lzrl
!'t.

FIGIJRE IO' STRATIGRAPHIC MODEL OF THE FOX MINE AREA.

ta

\,
lt

7 Conttnued uplifî and shollow waler deposltlon of arkosic Eandstone' Untî 5.

6, llpttff fotlowed by îhe exlrusion of 'laterolly exlenslve ophyr¡c basall flows, Untt 4.
5. Morgtnol sedlmenìotlon, ltnit 3, wlth mÍnor lnternltlenl felslc volconìsnßc).
4. Hydroîherma! ocllvity, modlfying felsÍc host rock(2d wiîh attendant sulf lde deposltlon eil.
3. Onseî of telsíc volcanlsm, Unlt 2, íncludlng locol donÍng of rhyolite ond doclte flows

(2o-c), depositlon of toterølly extensive daclte tuffsedl, ond subvolcon¡c lntruslonsftI
2. Loîe sloge îronsilton to ínîermedÍate volconism, exlrusíon of local ondeslte flowsilc-d.

l* ** * ?o's ** ***+ì*l
++++++

ír:
,;a
,r-j

il -t I

t(i

l. Bulld-up of mofla plotform, suboqueous extruslon of Unlt I - porphyrltlc møssfve ond
plllowed bosolî f lows (ia- b). (modtf ted from Gllbert et ø1, ,982t

;fri
ìr'í
,fr

H
H
or



117

6.2 STRATIGRAPHIC DEVELOPMENT OF THE F'OX MTNE AREA

The lowermost unit in the Fox Mine stratigraphic section

is the porphyritic mafic metavolcanic rocks (Unit, I ) . IÈ

consists of an upper and a lower sequence and has an exposed

thickness in extess of 1500 meters

The lower sequence comprises massive and pillowed amphi-

bole-phyric basalt flows and flow breccias, informally

referred to as the Fox Lake porphyritic basalt*. Poorly

vesiculated pillows with massive cores and minor interpillow

sediment indicate these flows rtrere extruded into a deep

water, submarine environment. A reworked conglomeratic

horizon near'the top of this sequence suggests accumulations

of porphyritic basalt built-up into shallow d.epths of water.

The uppei sequence is more diverse and comprises aphyric

and porphyritic basalts and aphyric andesites. ïndividual
flows contain massive, pillowed and autobrecciated portions.

Extrusion into shallow depths of water is indicated by large,

vesiqulated pillows with abundant interpillow sediment. This

sequence is informally known as the Fox Mine succession*.

The shift from deep submarine to shallow water extrusion

is further evidence of volcanic pile build-up. The upper se-

quence is wedge-shaped and thíns to the south, the indicated

flow directíon observed in pillow structures.

* Footnote:
et aI. , ( 1980 )
parisoirs.

Informal rock
is included to

unit nomenclature from Gilbert
facilitate stratigraphic com-
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The porphyritic mafic meÈavolcanic rocks are overlain by

the felsic metavolcanic rocks (Unit 2), but contact relation-
ships are poorly exposed. rn the southwest, the fersic
metavolcanic rocks directly overlie the lower sequence

porphyritic basalts (la-b). South of the mine (subarea 21,

facing directions observed in pillow structures indicate the
felsic metavorcanic rocks overlie the upper sequence basarts
and andesites (Ic-e) with an iron formation marking the

contact

The felsic metavolcanic rocks outcrop as three detached

segments. An irregular, oblate body west of Fox Lake and

north of Jam Lake constitutes the greatest accummulatíon.

This body is not laterarly continuous and comprises massive

aphyricr guâÍtz- and feldspar-phyric rocks of rhyodacitic to
dacitic composition and the margins are mantled by coarse

autoclastic breccias of similar composition. This body ís
interpreted to be a series of subaqueous fersic frows.

The discontinuous obrate felsic body is ftanked by thin
flows and tuffaceous horizons. These rott types are

lateralry persistent and traverse the map area. Evidence of
hydrothermal activity is most pronounced near the upper con-

tact of the thin felsic horizons, indicatíng that alteration
was a relatively late prrimary process.

The felsic metavorcanic rocks are overlain by the meta-

sedimentary rocks (Unit 3). True stratigraphic order is pre-
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served only along the western extension of the ore horizon.

Elsewhere relationships are obscured by late faults with sur-

faces essentially paralleI to primary layering. The metased-

iment,arlz rocks comprise felspathic siltstones and mudstones

with minor intercalated felsic tuffs. Fine laminations and

sulfidic horizons indicate this unit was deposited in a deep

waterr reducing environment

Four outcrop areas or belts of metasedimentary rocks

provide -continuity bet$reen apparently unrelated stratigraphic

segments above and below the Hatchet Lake shear zone. This

unit has a maximum exposed thickness of 150'meters near the

explosives' storage area, where it is interpreted to be the

lowermost unit in a south-facing, overturned stratigraphic

slice
Aphyric mafic metavolcanic rocks (Unit 4) overlie the

metasedimentary rocks between the powder magazines and the

mine complex. This unit is 200 meters thick, longitudinally

traverses the map area and comprises massive and pillowed

flows. Poorly vesiculated pillows with little interpillow

sediment suggest these f lows !.rere extruded into a moderate to

deep submarine environment

The aphyríc mafic metavolcanic rocks are overlain by a

60 meter thick sliver of Sickle Group arkosíc meta-sandstone

(Unit 5). the presence of quartz and granitic clasts, g.raded

bedding and cross-bedding indicate- deposition of this unit

took place in a hígh energy, shallow water environment. In
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overturn-its present position,

ed and south-facing.

the arkosic meta-sandstone is
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CHAPTER VTI

GEOCHEMISTRY

7.L GENERAL STATE¡4ENT

The Fox Lake massíve sulfide deposit was not exposed on

surface. rt subcropped along the axis of an east-trending
longitudinal trough-like depression. The terrain ro0 meters

to the north and south of the deposit's surface trace is not,

exposed. ore and host. rock characteristics are known only
from dril1 core and underground workings.

rnformation from underground mapping and drill core log-
ging indicates the Fox Lake massive sulfide deposit is con-
tained within a series of fault-bounded slices that comprise

mafic to felsic metavolcanic rocks with subordinate metasedi-
mentary rocks. The inunediate host rocks are right-coloured,
siliceous, visibly altered and lack recognizable primary fea-
tures (see chapter rrr). Recognizable flows and breccias of
andesitÍc composition (54 609 SiO2) occur along the north
and south flanks of the alteration envelope.

stratigraphi-c ambiguities, the probability of structural
repetitions and the lack of sufficient exposure prompted pet-
rological and petrochemical investigations of drill core sam-

ples- The petrography of the Fox Mine rock types was pre-
sented in Chapter II.

Petrochemical investigations of the Fox Mine area in-
clude 863 whore rock analyses of surface (244), underground
(39) and drill core samples (580) and are listed in Appendix



lar locations are plotted on Maps 1, 2 and 3.

are included in Appendix I.
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II. The list includes several samples from each rock type

described in Chapter II. The surface and underground samples

(2100 Level) were collected by Dr. J. Fox. Sample locations

for these analyses a't:e included in Appendix IV. Drill core

samples are from surface (prefixed FS-) and the 2000' 2100

and 2800 Levels underground (prefixed UF-). Drill hole col-

Cross sections

All samples (863) were analysed for the major oxides

Sioz, AI Zo3, Cao, M9O, NarO, RZor Fero' Ivlno' Tio , PZos and

LOI ( loss on ignition) and are ]isted as vieight percent oxide

in Appendix II. Ferrous iron (as weight percent oxide) and

trace element analyses (Cr, SE, Rb, Nb, Yr and Zr in ppm)

were obtained for 20L of these samples and are listed in Ap-

pendix III. With the exception of samples from UF-2153 (2800

Level ) which were analysed by Chemex Laboratories Ltd. ' aIl

analytical work râ/as performed by' X-ray Assay Laboratories

Limited. Precision and detection limits for these analyses

are included in Appendix II.

The principal objective of these investigations was fur-

ther refine. the metavolcanic rock subdivisions established by

fietd mapping. Of the total number of samples analysed, 160

were used to chemically classify the metavolcanic rocks. The

samples listed in Appendix IV were selected to provide the

broadest compositional spectrum of metavolcanic rocks. Tl"

reductíon involved the elimination of altered and metasedi-
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mentary rock samples and resulted in a more manageable popu-

lation. Classification of the Fox Mine metavolcanic rocks

follows the procedures outlined by Irvine and Baragar ( 1971 ) .

The presence of. an alteration zone enveloping the Fox

Lake deposit was introduced and discussed earrier (chapter

III ). Field mapping indicates the al'teration is localized
wittiin the fersic metavorcanic rocks. This interpretation
was tested by a chemical classification (Figs. 11-15). An

alkali ratio díagram (fig. 16) was used to measure the

spatial extent of the primary hydrothermal alteration halo

To assess and counter potential problems associated with
major element mobilities, a second classification using sup-

posedly immobile minor and trace elements was constructed.

Eighty samples used in the chemical classification diagrams

that-were also analysed for trace elements (niobium, ytterium
and zirconium) are plotted on trace element diagrams (Figs.

r7-19 ).
7.2 MAJOR ELEMENT INVESTIGATIONS

Following the procedures outlined by Irvine and Baragar

(1971), 160 metavolcanic rock samples from the Fox lvline area

have been classified chemically. Díagrams generated by the

crassification process used major erement ratios (expressed

as anhydrous weight percent oxide) and major element ratios
recast as normative minerals. OnIy minimal adjustments were

required to prepare chemical data prior to classification.
Proportions of FeO, Fe2O3 and TiO2 indicated no adjustment
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was necessary to the ferríc/ferrous iron ratio. Samples have

been recalculated to anhydrous proportions, assuming H2O and

CO2 were the only constituents lost on ignition. Although

several metavolcanic rocks were porphyritic, none had pheno-

cryst contents sufficient to warrant corrections.

Samples selected for this study lirere taken within a one

kilometer radius of the Fox Lake massive sulfide deposit.

Analyses from visibly altered samples were avoided, wiÈh a

few notable exceptions. One sample from FS-35 and four from

FS-28 contained visible alteration and have been included in
this study to maintain continuity along the extensions of the

ore horizon. These samples are denoted by an asterisk (*) in
Appendix IV. Their locations on the various diagrams are

discussed in the appropriate sub:se.ctions.

The ensuing chemical classificaÈion is based on primary

field subdivisions and includes five rock groups. The porph-

yritic mafic metavolcanic rocks (Unit 1) are divided into ba-

salts (la-c) represented by filied circles (r) and andesites

(ld-e) by open circles (o). The felsic metavolcanic rocks

(Unit 2) are divided into dacites (2a, b and d) represented

by open triangles (a) and rhyolites (2c) by open squares (s).

The aphyric mafic metavolcanic rocks (Unit 4) are represented

by crosses (+).

, 7.2.1 Alkalies-Silica Diagram

An alkalies-silica diagram (figure II) is

cent plot of (Na2O + KZO) versus SiO2. It is

a weight per-

used to distin-
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guish alkaline and subalkaline volcanic rocks with the field

boundary from lrvine and Baragar (1971). Metavolcanic rocks

from the Fox Mine area ranging in composition from basalt to

rhyolite plot below the boundary line in the subalkaline

field.

lrlith the exception of the aphyric mafic metavolcanic

rocks (Unit 4), most rock groups show a wide range of alkali

and silica contents. Andesites with anomalously high . silica

contents (up to 708) are from an interval ímmediately below

the projected position of the alteration zone. Altered .sam-

ples from FS-28 and FS-35 have lower alka1i contents (notaUty

Na20) than theÍr unaltered counterpart.s (dacites) and plot

marginally closer to the abscissa on the alkalies-silica

diagram¡

7 .2.2 AFM Diagram

A ternary d.iagram for the Fox Mine metavolcanic rocks,

whereA=Na2o+ KZo, F=Feo+Fe2o3 andM=Mgo (in weight

percent oxide), is presented in Figure 12. The field bound-

ary separating the tholeiitic and calc-alkaline suites is

from lrvine and Baragar (f971). The metavolcanic rocks of

basaltic and andesitic composition possess elevated iron con-

tents and correspondingly low alkalÍes. Most lie well with-

in the tholeiitic suite. Rocks of dacitic and rhyolitic com-

p.osition straddle the field boundary, suggesting the exist-

ence of a suite association that includes both the tholeiitic

basalt and calc-a1kali series.
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Two altered dacites from FS-28 and an altered andesite

from FS-35 plot amidst the thoteiitic basalts. The incongru-

ous locations of these samples reflect their low sodium con-

tents.

7 .2.3 Alumina versus NPC Diagram

Figure 13 is a plot of alumina content (weight S 41203 )

veïsus normative plagioclase composition for the metavolcanic

rock samples of the Foxl t,tirr" area. The field boundary sepa-

rating the calc-alkaline and tholeiitic fields is from lrvine

and Barag3t (1971). Similar to the AFM diagram' rhyolites

and dacites on the 41203 vs. NPC diagram straddle the field

boundary. Unlike the AFM diagram, andesites and basalts show

a similar spread. Several samples of andesite and basalt

have alumina contents (16 to 188) more typical of the calc-

alkaline series. The dichotomy of values indicates a tholei-

itic basalt calc-alkaline series association

7.2.4 NCI versus NPC Diagram

The Fox Mine metavolcaníc rocks have been subdivided into

basalts, andesites, dacites and rhyolites on a normative co1-

our index versus normative plagioclase content diagram (fig.

14). Normative mineral compositions used in the creation of

this diagram reflect oxide contents in weight percent. Fie1d

boundaries are from Irvine and Baragar ( 1971 ) and apply to

subalkaline volcanic rocks.

Recast and plotted as a function of normative mineralogy'

Fox Mine samples fal1 within compositional fields Èhat differ
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from those established by field mapping. Rocks described in
the fierd or in core as rhyolites, dacites and andesites plot
within the normative compositional domaj-ns of dacites, ande-

sites and basalts, respectively. A recognízed shortcoming of
this diagram is the depenilency of Èhe normative plagiocrase

composition on Na2o which is sensitive to the effects of hy-
drothermal alteration. visibry artered samples from Fs-29

described in core as dacites ptot within the basalt fierd on

the NCI vs. NPC diagram.

7 .2.5 An-Ab'-Or Diagram

, 
The An-Ab'-or diagram is a ternary prot of the normative

feldspar content projected through albite. with fierd bound-

aries from rrvine and Baragar (1971), this diagram is used to
distinguish K-poor, _"average" and K-rich vorcanic suites.
The Fox Mine samples projected onto this diagram (fig. 15)

are wídely scaÈtered and occur within aII three subdivisions.
sample density is highest along the An-Ab' tierine, indicat-
ing the predominance of the K-poor or sodic series.

Samples projecting onto the K-rich field include basalts
from the upper part of unit I and visibry artered dacites a-
long strike from the orebody. The dependence of this diagram

on sodium content makes it sensitive to changes imposed by

hydrothermal alteration.
7.2.6 Alkali Ratio Diagram

The Fox Mine metavolcanic rock sampres are protted on an

alkali ratio diagram (fig. 16). This diagram is used to dis-
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tinguish hydrothermally altered volcanic rocks from unaltered

"normal" volcanic rocks. The spilite and keratophyre fietds
and normal vorcanic rock boundaries are from Hughes ( 1973 ) .

Approximately half (78/160) the samples falI within the

normal volcanic rock envelope or igneous spectrum. Few cor-
rerate with compositional fierds indicated by surface mapping

and core logging. of the Fox Mine samples that plot outside

the normar igneåus spectrum, 44 lie above the normal rock en-

velope and 38 fall below it. The former group falI within
the spilite and keratophyre fierd boundaries and suggest en-

richment in Na2O. The latter group includes the visíbly al-
tered dacites from Fs-28 and the altered andesite from Fs-35.

These samples show än apparent enrichment in K2O or a deple-

tion of Na2O.

7.3 TRACE ELEMENT INVESTIGATTONS

The use of immobile and trace elements in classifying
volcanic rocks has been advocated by some authors to overcome

the probrems associated with major element mobility (Ftoyd

and hlinchester, L975, Vüinchester and Floyd, L977). fmmobile

minor and trace element contents have been used to establish
suite associations and to classify rock types in a variety of
volcanic terrains (Frater, 1983; Holm et al., 1985; Greenough

and Papezik, 1985).

The universality of trace element immobility has been

questioned by several authors (Humphris and Thompson, L978¡

Finlow-Bates and Stumpfl, 1983; Kalogeropoulos, 1983; f,udàen
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et aI., 1983). Results of their studies indicate aII trace

elements are mobile given the right physical conditions.

Classification of the Fox Mine metavolcanic rocks was

attempted using supposedly immobile trace elements. Vühole

rock analyses for 20L Fox Mine rock samples had complementary

analyses for six trace elements including chromium, rubidium'

stiontium, yttrium, zirconium and niobium. These analyses

(listed in Appendix III in parts per million) are the first
five elements in the fifth row (nb, Sr, Y, Zr & Nb) and the

sixth in the fourth row (Cr) of the periodic table. Of these

six elements, rubidium and strontium are deemed to be rela-

tively mobile because they possess similar íonic radii and

charges, and substitute for potassium and calciumr respec-

tively. By implied mobility' these elements have been pre-

cluded from immobile trace element studies. Fluctuations in
chromíum content correspond to rock type changes recognized

in core, but a satisfactory classification mechanism using

chromium was not apparent. Combinations of the remaining

three trace elements plus titania (weight E oxide) were used

in a trace element classification of the Fox Mine metavolcan-

ic rocks.

7 .3.L zr/TiO2 versus Nb,/Y Diagram

Classification of the Fox Mine metavolcanic rocks using

trace element ratios is given in Figure 17. Field boundaries

are from Floyd and Vtinchester (1978). On this diagram, TíO2r

zirconiumr yttrium and niobium (a11 in ppm) are plotted as
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ratíos on logarithmic scales.

Few samples occur within the.compositional domains indi-

cated by the major element classification and field mapping.

Over half (49/80) plot within the alka1i basalt domain. None

plot in the rhyolite field. Rock samples logged as rhyolite

plot as dacite or trachyandesite. Dacites plot as andesites

and alkali basalts. Andesites plot as subalkaline and alkali

basalts.

The poor correlation between the field and trace element

classification suggests either totally erroneous. field sub-

divisions or trace element mobitity. Rock samples showing

the worst correlation contain both visible alteration and an-

omalously low trace element contents and indicate trace ele-

ment mobility. The diagram suggests at least some mobility

of both zirconium and yttrium

7.3.2 TíO2 versus Zr Diagram (logarithmic)

Figure 18 is a logarithmic plot of TiOz (weight. percent

oxide) versus zirconium (in ppm). Fíeld boundaries are from

Pearce ( 1980 ) . This di.agram is used to distinguish arc lavas

and within plate lavas

Most Fox Mine metavolcanic rocks fall within the arc

lavas domain, but a significant number possess anomalously

Low Zr contents and plot along the ordinate. Petrographic

studies indicate these rock samples are altered. .The low

zirconium contents are interpreted as evidence of mobility.
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7.3.3 TiOZ versus Zr Diagram

Figure 19 is a plot of TiO2 (wt. B) versus Zr (in ppm)

using linear scales. This diagram amplifies the 'anomalously

low zirconium values in altered samples described in the pre-

ceding sub-section. In addition, trends shown in this diag-

ram suggeSt 1ímited titanium mobility in some rock types'

particularly the andesites and basalts

7 .4 GEOCHEMICAI SUMMARY

Fie1d mapping indicated that mafic metavolcanic rocks

with subordinate intermediate and felsic metavolcanic rocks

constitute over 908 of the Fox Mine stratigraphic sejction.

Ambiguities in the position of the ore horizon within strati-

graphy indicated further refinements to the field classifica-

tion of metavolcanic rocks $rere warranted. A chemical clas-

sification following the procedures of Ïrvine and Baragar

(1971) was performed on 160 metavolcanic rock samples from

the Fox Mine area to test and,/or refine field subdivisions.

Diagrams in the preceding sections indicate the Fox lt{ine

metavolcanic rocks include sodic or K-poor series basalts,

andesites, dacites and rhyolites of calc-alkaline and tholei-

itic suite association. SampIe locations within the composi-

tíona1 fields of these diagrams show a wide range of values.

Broad compositional fields reflect the high proportion of

breccias within the volcanic pile and,/or incipient hydrother-

mal alteration. The chemical classification results in a

more mafic suite of metavolcanic rocks than was indicated by
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field mapping. Its dependence on the Na2O content in norma-

tive feldspars and hence its sensitivity to hydrothermal aI-

teration compromises the integrity of this classífication.

The existence of alka1i metasomatism is evident on the

alkali ratio plot (Fig. 17). This diagram suggests local en-

richments (spilitization) and depletions (primary alteration

zone).

Attempts to classify the metavolcanic rocks using trace

elements proved untenable. Several trace elements (notably

yttrium and'zirconium) were demonstrably mobile. Trends- il-

lústrated on the trace element diagrams suggested TiO2 was

one of the more immobile constituents in most Fox Mine meta-

volcanic rocks
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CHAPTER VITT

DTSCUSSION AND CONCLUSTONS

8. I DTSCUSSION

The Fox }line area occurs within the Churchill Structural

Province and is situated on the more southerly of two meta-

volcanic belts that constitute the Lynn Lake Greenstone Belt

(Gilbert, et al., 1980). This study has shown that the rock

types within the map area are predominantly metavolcanic and

metavolcaniclastic rocks of the Wasekwan Group and that a

thin, in-faulted sliver of arkosic meta-sandstone is the sole

representative.of the Sick1e Group. The lithological distri-

bution within the map area has been modified by late faultíng

superimposed on an early phase of folding. Deformational

processes resulted in loca1 repetitions of some strata and

the juxtaposition of different segrments of the stratigraphic

sequence.

Significant departures. from the stratigraphic sequence

as established by cilbert et al. (f980), were prompted upon

recognition of the structural style. Facing directions from

pillow structures and the laws of superposition indicate the

porphyritic mafic metavolcanics (informally known as the Fox

Lake porphyritic basalt) are the lowermost rock unit in the

map area. The porphyritic basalts represent a thick ac-

cumulation of pillowed flows and breccias and constitute a

platformal sequence. They are interpreted to be p?rt of an

ancient shield volêano (Gilbert et al., 1980).
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In the previous interpretation of the Fox Mine area

(Gilbert et aI., 1980 ), the orebody was continuous with a

thin felsic metavolcanic belt that r¡ras contained within a

north-facing sequence of porphyritic to aphyric basalts and

andesites, informally known as the Fox Mine succession. This

interpretation also had a thick belt of felsic metavolcanic

rocks (Snake Lake dacites) separating the Fox Míne succession

from the basal porphyritic mafic metavolcanics (Fox Lake

basalts ) .

Evidence presented in this study indicates that the geo-

Iogic setting of the orebody is much more compticated and'

that the stratigraphy is different to that interpreted pre-

viously. The aphyric /porphyritic basalts and andesites of

the Fox Mine succession lie directly upon the porphyritic

basalts (Fox Lake basalts). They constítute an intermediatei

step in the transition from mafic to felsic volcanism. The

basalt and andesites are overlain by extrusive rocks of rhyo-

litic and dacitic composition (the Snake Lake dacites). The

felsic rocks outcrop in three separate locations within the

map area, but constitute a single unit that has been é"g-

mented by late faulting.

The felsic metavolcanic rocks (Unit 2) are overlain by

the metasedimentary rocks (Unit 3). The deposition of feld-

spathic siltstones and mudstones is coincident with the term-

ination of economic sulfide deposition. These rock types are

encountered only on the west side of the orebody, where they
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occupy fault-juxtaposed limbs of an early tight fold. The D3

fault trace and Fl fold axiaL trace are essentially coplanar.

Rock types encountered in the norLhern portion of the

map area include metasedimentary rocks (Unit 3), aphyric

metavolcanic rocks (Unit 4 - informally known as the Tod Lake

basalt) and the sliver of Sickle Group arkosic metasandstone

(Unit 5). The Hatchet Lake shear zorre is coincident with .the

southern contact of the arkosic metasandstone divides the map

area into two lithostructural domains. The amount of move-

ment on this shear zone is unknown

' Metâmorphism in the Fox Mine area twice reached amphi-

bolite.grade conditions. The first metamorphic episode vras

related to early folding. The secoàd was related to a period

of shearing and faulting, during which the main foliation

developed. Loca1 overprinting of the shear foliation (52) by

faulted related, retrogressive mineral assemblages was

observed. Amphibolite grade metamorphism is implied for alI

rock types in the study area and especially those for which

the prefix meta- has been omitted.
'Evidence presented in this study indicates that the Fox

Lake massive sulfide deposit is hosted by the felsic metavol-

canic rocks. It occurs on the south-facing overturned limb

of an early tight to isoclinal fold structure. Cross-cutting

alteration stockworks stratigraphically underlying the mas-

sive sulfide lenses are zoned with coarse mica schist cores

and quartz-biotite gneiss (with sericite) peripheries. These
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rock types are altered and reconstituted felsic flow rocks'

Initial interpretations of the Fox Lake massive sulfide

orebody concluded it was an epigenetic hydrothermal deposit

modified by subsequent metamorphic events (GIass, L972¡

Obinna , L974¡ Turek et al., 1976'). Lustíg (L979) pointed out

similarities between the Fox orebody and other volcanogenic

massive sulfide deposits. This association was restated by

other authors (Gale et al., 1980; Gale, 1933). A volcano-

genic massive sulfide origin is consistent with the results

of this studY.

The alteration envelope associated with the Fox Lake de-

posit is laterally continuous for approximately I50O meters

to the east and west of the ore limits. The eastward contin-

uation of the alteration zone involves a facies change with a

thin zone of banded iron formation (subunit 2f) occurring in

the same stratigraphic positíon as the massive sulfides at

the mine. This iron formation is truncated by felsic intrus-

ions 3000 meters east of the orebody. A westward 'continuat-

ion of the ore horizon and alteration zone is obscured by ac-

cumulations of feldspathic siltstones and mudstones (subunits

3a-b).

The Fox Lake massive sulfide deposit is morphologically'

mineralogically and chemically similar to volcanogenic mas-

sive sulfide deposits described elsewhere (Franklin et â1.'

:-g7gl. The massive sulfides of the Fox orebody are inter-

preted to be the products of chemical precipitation from hy-
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drothermal exhalations debouched onto a Proterozoic seafloor.
This activity was coincident with felsic volcanism. The sul-
fides were deposited during an intervening period of volcanic
quiescence. Deposition of siltstones and mudstones $ras coin-
cident with the termination of sulfide deposition. Volcanism

in the area progressed from mafic (Unit, f) to felsic (Unit

2). It was interrupted by a period of sedimentation (Unit 3)

and then reverted back to mafic volcanism (Unit 4).
The Fox orebody comprises two stratiform massive sulfide

renses. Although the original shapes of these bodies are not

known, subsequent deformations have certainly resulted in
extension along strike and down dip. Flattening and atten-
uation of the Fox orebody and alteration zone have resulted
in a thin sheet- or blanket-like deposit. Sulfides are lat-
erally transitional into oxidês and 3000 meters along the

strike projection to both the east and westr no evidence

exists of either sulfide deposition or attendant alteration.
Similar alteration is encountered in Unit 2e, on the

north-facing limb of the segmented fo1d.

The hydrothermal system responsible for sulfide precipitat-
ion produced ferromagnesian enrichments and alkali depletions

in underlying stockwork and lateral "sheet-like' alteration
zones. These haloes are an order of magnitude larger than

the orebody and represent better exploration targets.
8.2 CONCLUSTONS

Investigations of the stratigraphy, structure .and



geochemistry of the Fox Mine area have led to

conclusions:
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the following

t. The Fox orebody is a Proterozoíc volcanogenic

massive sulfide .deposit.
2. The deposit comprises two discrete massive sulfid.e

lenses, each with its own stockwork zone.
' 3. The massive sulfide lenses are stratiform with

stringer sulfides in the underlying stockwork zone. Ore

lenses show conventional metal zonation with zinc

sulfides lying stratigraphically above copper sulfides

4. Massive sulfide depositio,n was contemporaneous with

a period of felsic volcanism that occurred between two

episodes of intermediate volcanism.

5. The massive sulfide ores are laterally transitional

into banded iron formation.

6. The massive sulfide lenses are

occur on the overturned north limb of an

south-facing and

eârly isoclinal

foId.

7. The early fold (Ff ) was flattened and subsequentl-y

segmented by late faults (D3), resulting in the juxtapos-

j-tion of different parts of the stratigraphib sequence.

8. The !{asekwan Group aphyric mafic metavolcanic rocks

(Unit 4) and the Sickle Group arkosic metasandstone are

from a different depositional environment and have been

introduced into the Fox Mine stratigraphy by faulting.

9. Volcanism in the Fox Mine area was subalkaline, of



the K-poor tholeiitic and

included basalts, andesites,

148

calc-alkaIine suites and

dacites and minor rhyolites.
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APPENDÏX TI

!{HOLE ROCK ANALYSES

OF SELECTEÐ FOX I\,ITNE ROCK SAMPLES

DETERMINATIONS AND LIMITS
(as given by X-ray Assay Laboratories)

UNITS
sio2 I
A1203 I
CaO E

MgO I
Na2O Z
K2O E

F8203 I
MnO I
TíO2 E

P205 I
and LOI equals

METHOD DETECTTON LTMITS
xRF 0.010
xRF 0.010
xRF 0.010 '

xRF 0.010
xRF 0.010
xRF 0.010
xRF 0.010
xRF 0'. 010
xRF 0.010
xRF 0.010

loss on ignitíon.
TNSTRUMENT STABTLITY (PRECTSION)

( f0 replicate analyses)

Mean (B)
sio2 39.5
A1203 2.92
CaO L.20
Mgo 34.8
Na2o 0.13
K20 0.02
Fe2o3 8.52
MnO 0.13
TiO2 0.I2
P205 0.04

SD (8)
0.06
0.01
0.00s
0.08
0.01
0.005
0.015
0.00
0.00s
0.00

Iv1ean ( I )

65.1
18.8
0.01
0.01
2.56

t2.9
0.L2
0.00
0.03
0.02

SD (8)
0.07
0.03
0.005
0.005
0.03
0 .02
0.00s
0.00
0.00
0.00

*Note: Mean is the arithmetic mean.
SD is the standard deviation.
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WHOLE Ræ< AT\ALYSES

flIG. CODE SiO2 41203 CaO ¡,19O Na2O K2O Fe203 ¡fiO TiO2 P2O5 IOT

IAT\OND DRITL HOLE FS-23---

159

406

666

886

L02 6

L23 6

148 ld

L64 ld

185 3

2I9 5c

235 ld

237 ld

257 ld

285 rd

300 lc

362 rd

390 ld

490 th

slz 2d,

522 lc

572 2d

580 Ic

618 le

70.4 13.7

52.3 L4.5

49.6 L3.6

46.1 13.6

48.8 L6.2

52.6 L6.4

58.3 16.3

57.5 14.2

74.6 L2.7

84.3 7.61

54.7 L4.8

56.0 15.s

s2.6 L6.9

55.8 14.4

49.7 L4.6

s4.6 17.3

53.3 13.8

s8.4 13.7

66.2 12.2

44.9 L4.7

62.7 L3.3

46.4 L6.L

s8.3 t2.s

1.98 0.39 6.98 0.2I 3.14 0.03 0.36 0.07

s.94 4.87 4.08 1.16 14.8 0.11 1.10 0.10

8.59 3.35 3.95 0.75 15.1 0.18 2.65 0.26

9.11 s.74 2.27 0.84 19.0 0.22 2.71 0.08

8.60 6.11 3.7s 0.32 13.1 0.17 1.18 0.12

6.22 5.30 4.83 1.01 11.4 0.13 0.82 0.08

4.75 3.0s 5.20 0.43 9.0s 0.L2 0.68 0.07

7.03 4.38 3.0r 0.43 10.4 0.16 0.72 0.07

r.72 0.24 6.55 0.20 1.08 0.02 0.25 0.02

I.32 0.20 3,51 0.67 0.90 0.02 0.17 0.02

3.87 6.43 3.54 0.86 12.1 0.20 0.63 0.03

7.66 3.42 4.r9 1.11 8.40 0.1s 0.74 0.02

s.32 5.68 4.L2 0.92 11.0 0.17 0.76 0.03

6.T2 3.58 2.98 0.70 I3.3 0.I9 L.29 0.2L

6.43 7.48 3.04 0.42 L5.2 0.18 1.28 0.I4

6.36 4.I7 2.77 2.10 9.1s 0.10 0.62 0.06

10.8 1.96 2.76 L.53 8.23 0.14 0.43 0.05

2.43 7.14 1.75 2.0s 9.49 o.Is 0.43 0.06

4.26 L.41 6.44 0.26 5.60 0.10 0.47 0.r2

L0.2 7.64 2.90 1.46 L2.1 0.22 0.90 0.08

4.48 I.90 4.78 0.58 8.71 0.16 0.48 0.16

1I.8 5.72 2.16 I.9L L2.4 0.24 0.4L O;Q2

6.11 3.13 5.27 0.30 10.5 0.18 0.42 0.10

0.85 98.2

0.31 99.2

1 .08 99.1

0.31 100.1

0;54 98.9

0.47 99.3

0.23 98.2

0.54 98.4

1.08 98.s

1 .00 99.7

0.96 98.2

i.g¡ ee.l

0.77 98.3

1 .08 99.7

0.9 3 99.4

1.8s 99.0

s.00 98.1

2.77 98.4

r.47 98.5

3.62 98.7

1.00 98.3

3.00 r00.2

L.47 98.3



flIc. CODE SiO2 AI2O3 CaO I,,I9O IIa2O K2O Fe2O3 ¡4r¡O TiO2 P2O5

645 7 67.s 13.9 3.65 1.48 3.20 2.08 5.07 0.07 0.34 0.06

998 7 66.9 13.9 3.38 1.48 3.69 1.83 s.16 0.08 0.32 0.06

LIL? Ie sI.1 17.5 5.61 5.27 2.86 L.96 I2.2 0.13 0.59 0.06

1128 lb 51.6 10.8 6.49 10.2 L.80 L.96 r2.4 0.22 0.90 0.16

1160 tb 52.3 12.4 6.38 8.87 3.87 0.72 rL.6 0.23 1.02 0.18

1184 lb 51.6 10.6 7.09 11 .8 2.56 0.49 L2.0 0.25 0.77 0.1s

1210 lb 47.7 r0.0 7.56 L4.9 r.82 0.3L r2.9 0.23 0.7L 0.L4

1230 tb 48.s 15.8 6.58 7.06 4.23 0.80 11.6 0.21 0.54 0.08

L262 th 44.1 9.33 3.L8 24.0 0.34 0.04 11.9 0.17 0.55 0.14

1340 19 5L.9 "L2.4 11.0 7.58 3.37 0.78 9.62 0.23 0.78 0.15

.----.---DTå¡4OND DRTT.L HOI,E FS-28----

18 ld 51.9 17.1 5.32 5.73 4.01 1.03 11.9 0.16 0.97 0.09

38 th 44.6 r2.0 7.25 L7.4 0.75 0.32 10.6 0.17 0.58 0.18

62 3a 62.3 L5.2 4.22 2.39 1.23 2.63 9.44 0.14 0.68 0.1s

78 3a 62.2 Ls.O 5.84 2.51 3.14 0 .69 7.88 0.13 0.50 0.13

107 3a 60.9 17.I 7.69 L.73 2.39 0.67 6.57 0.13 0.65 0.07

r32 3b ss.o rs.5 rL.2 2.37 2.69 0. 17 7 .77 0 .19 0. 59 0.07

188 3b 54.8 15.2 10.4 4.18 2.36 0.52 9.16 0.18 0.76 0.08

22r 3b 59.7 13.8 9.L7 1.38 3.66 0.79 3.80 0.13 0.71 0.09

23g 3a 5g.g L4.6 6.32 2.13 4.30 1.20 7.38 0.LZ 0.53 0.12

287 3c 68.L 12.2 2.76 I.55 2.62 1.54 6.55 0.09 0.49 0.13

319 3a 6s.6 14.1 2.20 I.61 3.83 2.29 6.39 0.08 0.71 0.19

334 3b s6.3 14.9 3.76 3.60 3.81 0.88 12.8 0.2L L.23 0.22

363 3b 48.5 17.8 9.61 6.42 2.7I 0.47 Lr.0 0.19 0.83 0-11

37s 3c 74.L n.à 3.29 0.86 2.16 1.61 3.33 o.O8 0.36 0.10

166

I¡I STM

1 .31 98.7

r.31 98.1

1.00 98.4

1.54 98.I

1.00 98.s

r.16 98.5

2.47 98.8

2.77 98.2

s.00 98.7

I.62 99.4

r .15 99.3

3.8s 97 .8

0.77 99.2

1.00 99. r

1.00 98.9

3.31 99.1

2.08 99.7

4.92 98. I

0. s4 97 .I
r.62 97 .7

0.85 97 .9

0.92 98.7

0.92 98.6

1.08 98.2



HIG. CODE SiO2 41203 CaO

406 sb s3.L L7.4 3.59

426 3a 65.4 I3.8 4.00

463 Id s6.9 L4.9 8.ls

510 Id 51.6 16.5 9.01

532 ld 56.2 L6.4 3.7L

586 2e 64.0 13.5 5.57

6L2 6 51 .7 L4.3 8.06

624 6 49.6 14.6. 7 .Ls

648 2e 61.9 14.3 4.58

728 3b 56.7 l.4.9 4.7t

789 3b 55.0 15.1 4.87

8L2 3a 59.5 14.2 3.61

866 3a 60.4 15.1 2.25

888 3a 62.1 L4.3 2.47

911 3a 64.I L3.7 2.62

936 3a 63.9 13.2 2.6L

978 3a 60.0 15.1 4.52

1003 3c 66.2 13.4 3.70

1038 3a 59.7 15.8 3.2I

1091 3a 57.5 15.1 5.69

1117 3c 63.3 L2.9 5.94

1134 3b s4.6 1s.5 7.29

1181 6 4g.0 19.8 7.Og

L239 3b 53.4 18.8 4.2s

1248 7 66.6 13.9 3.26

MqO l.ta2O K2O Fe2O3 ¡trrO TiO2 p2O5

2.9L 4.2s L.83 I2.5 0.15 0.83 0.17

L.37 2.14 I.68 6.98 0.11 0.65 0.13

2.93 2.33 2.L3 7.13 0.13 0.46 0.07

2.95 2.54 1.17 10.2 0.16 0.60 0.05

s.32 3.29 0.98 t0.7 0.24 0.62 0.09

1.30 2.20 2.s8 5.s1 0.10 0.4s 0.09

6.7t 2.23 0.46 10.7 0.26 0.66 0.06

5.97 2.40 0.66 13.0 0.23 L.23 0.L6

4.7g O.4o 2.27 s.70 0.06 0.44 0.08

2.23 L.75 t.39 12.1 0.19 0.78 0.2L

3.01 2.27 2.I9 L2.9 0.17 0.80 0.r7

2.04 2.27 2.07 12.6 0.11 0.72 0.Is

2.05 3.22 2.61 10.2 0.10 0.67 0.13

1.99 3.00 2.09 10.6 0.08 o.ss 0.11

1.69 3.09 1.50 8.92 0.10 0.s9 0.10

2.04 2.89 1.29 9.56 0.10 0.48 0.I2

2.25 I.88 2.67 9.09 0.L2 0.77 0.L9

L.2s 2.44 2.31 6.33 0.I0 0.49 0.11

2.3r 4.5s 0.87 10.0 0.13 0.72 0.T7

1.80 1.33 2.38 9.82 0.L2 0.65 0.L2

2.00 2.60 0.56 8.66 0.14 0.44 0.1s

4.30 3.69 0.s1 11.8 0.19 0.80 0.11

s.LA 2.8L 2.60 11 .7 0.18 0.64 0.10

2.59 4.63 2.18 9.2I 0.14 0.54 0.r3

r.59 3.87 L.As 4.78 0.1r 0.30 0.0s

L67

IOI STM

0.92 97.6

1.15 97.4

3.23 98.3

2.54 97.4

2 .00 99.5

2.62 98.0

2.s4 97.7

2.92 97.9

2.69 97 .2

3.46 e8:s

t .38 97 .8

1.85 99.0

2.L5 98.8

2.46 g'i.A

2.69 99. I
L.23 97 .s

0.77 97.4

1 .Is 97 .s

0.85 98.3

2.85 97.4

2.62 99.3

0.62 99.3

L.62 t00.7

1.54 97.4

L.46 97.4



168

fIG. CODE SiO2 41203 CaO ¡fqO À1a2O K2O Fe2O3 ¡4¡Ð TiO2 P2O5 I¡I StM

1263 7 67.6 13.9 2.94 r.47 4.11 1.44 4.2L 0.09 0.29 0.06 1.54 97.6

r28g 7 69.4 L2.8 L.6g 2.63 3.11 1.68 4.66 0.05 0.29 0.05 0.69 97.O

1313 7 66.9 LA.L 1.88 2.94 3.95 1.87 5.10 0.07 0.29 0.05 L.77 99.0

1333 7 66.9 L3.7 3.11 1.76 3.9I 1.68 5.10 0.09 0.33 0.06 0.77 97.4

t364 4 s0.2 16.3 1I.7 6.22 2.77 0.92 8.7g 0.17 0.46 0.09 1.46 99.0

1383 7 66.7 LA.l 3.45 1.88 3.57 1.61 4 .97 0.07 0.33 0.05 0.69 97.4

t4o7 7 66.6 I4.4 3.60 2.06 3.88 1.63 5.63 0.10 0.3s 0.06 0.54 98.8

1435 2c 7I.4 L2.6 3.23 L.04 I .82 2.74 4.61 0.11 0.36 0.08 0.38 98.4

1453 2c 70.8 I2.7 2.08 0.95 4.85 0.32 4.69 0.09 0.36 0.08 0.92 97.8

L46g 2c 70.3 13.3 2.26 0.69 s.s6 0.2T 3.8I 0.08 0.38 0.08 L.23 97.g

38 s 82.s 8.8s 0.33 0.63 o.rs z.si 1.42 0.01

63 lb 52.0 L2.9 8.45 7.s0 3.19 1.08 9.92 0.20

107 lb 46.L 12.6 L2.8 7.81.2.78 0.43 10.8 0.16

L62 Ib 44.8 1r.9 14.s 9.42 L.09 1.69 11 .3 0.22

r88 lb 48.2 rz.L 14.3 6.52 2.67 0.17 10.2 0.r9

2t0 th 47.5 10.5 7.48 16.6 1.22 0.37 10.9 0.17

229 th 48.0 10.4 5.18 18.1 1.27 0.43 11.6 0.17

247 6 53.9 14.3 5.04 3.34 2.82 1.83 14.1 0.20

289 6 49.s 13.7 9.52 7.10 3.17 0.42 L2.0 0.19

3t2 3b 50.8 r3.2 s.89 4.3L 2.98 1.10 15.6 0.19

328 3a 55.7 I7.3 5.39 2.70 4.2L 2.34 7.47 0.I4

366 3a 59.3 1s.1 4.23 2.40 3.37 1.0s 10.5 0.1s

391 3c 66.7 L2.9 4.81 1.s6 0.92 L.80 7.08 0.12

437 6 51.4 13.9 7.2L 6.77 3.r9 0.24 L3.4 0.r9

0.18 0.02

1.01 0.20

r.05 0.16

0.93 0.15

0.e3 0.i2

0.72 0.r2

0.72 0.13

L.76 0.23

0.78 0.11

2.L4 0.64

0.81 0.38

0.76 0.28

0.54 0.14

0.89 0.17

1.46 98.5

1.54 97.9

2.77 97.5

2.00 98.0

2.85 98.2

I.62 97 .2

2.3t 98.3

0.54 97 .9

0.69 97 .2

1.00 97.8

1.31 97.8

0.38 97 .s

1.08 97.7

0.46 97 .8



ETG. CODE SiO2

462 3a 60.7

478 3a 58.I

524 3a 61.8

s39 3b 55.5

569 3b 48.6

599 3a 64.4

607 3b 56.9

637 3c 67.6

696 3a 64.3

707 2b 61.9

744 Ie 55.2

787 lc 50.9

845 lc 50.0

875 lc 51.9

942 le 60.2

970 lc 48.9

990 lc 50.3

1002 6 49.3

1006 6 48.6

1008 3a 62.4

1040 3a 66.0

1082 3a 61.0

1100 3b s8.t

LI22 3b s6.9

1144 3a 59.0

41203 CaO

14.5 4.2L

16.0 2.29

15.1 s.09

14.9 4.59

19.7 8.98

ls.0 2.so

16.1 1.87

14.4 3.46

14.0 4.22

13.8 6.95

15.6 6.94

14.0 9.85

13.7 10.5

13.8 10.4

15.1 5.28

I4.4 9.23

13.8 7.43

18.1 LL.z

15.0 8.61

ls.3 3.L2

13 .5 2.24

Is.0 3 .76

14.9 4.06

L4.7 3.47

L4.2 4.95

¡4gO Na2O

I.82 L.64

1.92 3.8s

2.09 2.L5

3.97 3.16

4.42 4.24

1.71 3.36

2.2I 2.48

1.6s 3.23

2.24 L.40

1.s0 I.3I
2.49 2.29

7.32 2.28

6.99 2.L7

6.79 2.45

2.89 3.29

s.89 2.87

6.63 3.03

4.9I 2.82

7.61 2.84

2.46 3.94

L.75 4.48

2.25 I.95

2.26 I.77

1.7s 3.19

3.14 3 .87

I<2O Fe2O3 ¡,fiO TiO2 P2O5

1.88 8.95 0.07 0.67 0.L4

2.56 LO.2 0.07 0.64 0.10

1.63 8.01 0.11 0.71 0.ls

0.73 Is.6 0.22 I.38 0.19

1.40 8.78 0.14 0.81 0.12

1.81 7.4s 0.11 0.6s O.1s

2.44 L3.1 0.10 0.74 0.L2

L.23 6.39 0.07 0.51 0.14

2.72 7.19 0.09 0.48 0.07

L.37 7.92 0.L2 0.s7 0.09

1.89 10.1 0.13 0.sl 0.07

0.23 Lz.s 0.21 0.81 0.12

0.21 11.8 0.21 0.77 o.LI

0.22 L2.s 0.22 0.84 0.L2

1.31 9.26 0.17 0.75 0.16

0.31 I4.9 0.23 I.26 0.22

0.27 r4.3 0.23 1.10 0.18

0.22 9.8s 0.17 0.70 0.r1

0.49 L2.9 0.19 0.85 0.13

1.08 8.97 0.L2 0.74 0.16

0.42 7.89 0.10 0.5s 0.10

2.L7 L0.8 0.r1 0.63 0.14

2.2s L3.0 0.I2 0.70 0.15

1.61 13.2 0.0s 0.66 0.10

0.35 12.5 0.19 1.24 0.27

I69

TOI STM

2.54 97.L

2.08 97 .8

1 .15 97 .9

0.08 100.2

2.54 99.7

0.85 97.9

2.46 98.6

0.69 99.4

1.31 98.0

2.38 97 .9

I.92 97.r

0.23 98.4

0.69 97.2

0.77 100.0

0.77 99. I
0. s4 98.7

0.46 97.8

0.46 97 .8

0.92 98.2

0.46 98.7,

1 .15 98.2

1 .54 99.3

2.23 99.5

L.77 97.4

0.15 100.0



ETG. CODE SiO2

LL62 6 50.2

1215 7 66.6

L29L 7 68.4

1302 3a 63.7

1340 3a 64.L

1601 3b s9.0

At2O3 CaO I"gO I{a2O K2O Fe2O3 ¡,fiO TiO2 P2O5

14.0 8.s4 5.33 3.30 0.3I 13.9 0.2I L.28 0.13

I4.7 2.80 1.86 4.24 L.7L 5.19 0.09 0.34 0.06

L3.7 1.35 3.32 3.83 1.18 5.48 0.08 0.31 0.06

13.5 3.18 2.00 2.38 1.82 g.25 o.1o 0.55 0.09

L4.9 3.33 1.79 2.93 t.74 9.3s 0.I1 0.66 0.13

L5.7 5.47 L.70 3.26 t.43 8.67 0.11 0.64 0.13

r70

I¡T STM

0.38 97 .5

0.92 98.s

2.Ls 99.8

1 .Is 97 .8

0.85 99.9

1.54 97.6

------D]ÀI\OND DRTLL HOLE TJF-1911

42 s 79.L L0.9 0.99 0.86 2.19 1.99 3.41 0.03 0.41 0.10 L.23 LOI.z

87 s 76.4 I2.3 L.25 0.7L 2.3L 2.80 2.s3 0.02 0.28 0.08 1.00 99.7

L20 5 78.9 11.9 1.28 0.7L 2¿17 2.4L 2.28 0.02 0.26 0.06 0.92 101.0

L27 5 84.5 6.72 0.81 0.40 1.25 I.34 2.97 0.04 0.23 0.05 1.00 99.3

168 5 73.0 12.5. 1.11 0.89 2.32 2.s2 3.42 0.03 0.38 0.10 0.92 97.2

I93 Id 54.8 16.9 7.37 5.33 2.75 0.63 10.8 0.18 0.93 0.10 0.8s 100.7

208 ld s2.g 16.0 10.9 4.24 2.gO O.2g g.74 o.2o 0.86 o.r0 0-31 97.8

245 3a 64.8 1s.8 4.24 2.03 .5.03 0 .29 7 .37 0.07 0. 70 0 .22 0. 46 101 .0

276 3a s8.t 15.9 5.30 2.86 3.2s. L.L6 7.74 0.09 0.73 0.2L L.77 97.I

282 3a sg.7 I5.4 4.3L 2,.g0 2.48 L s9 I1.3 0.16 1.03 0.15 0.62 99.6

317 3b s1.7 13.7 2.03 3.86 4.06 1.16 18.5 0.05 0.s2 0.13 2.46 98.2

330 8 s7.6 1s.6 6.37 6.67 3.98 0.3g 6.75 0.08 0.73 0.19 0.s4 98.8

342 3b 49.L 2.43 4.77 3.63 0.27 0.26 32.9 0.0s 0.14 0.06 4.46 98.1

361 3a 59.5 15.4 2.53 2.05 3.85 2.40 8.81 0.09 0.66 O.L2 2.08 97.5

392 3a s7.1 1s.8 4.0s 3.73 3.i3 1.74 9.08 0.L2 0.80 0.14 1.15 97.s

443 6 4s.6 16.3 8.78 6.68 3.1s 0.23 L3.9 0.22 I.69 0.16 0.31 97.0

459 td 58.0 13.7 7.00 4.56 2.68 0.44 7.54 0.I3 0.37 0.05 0.77 95.2

4g2 lc 49.3 16.5 g.L4 7.38 3.67 O.I9 I1.4 0.I7 0.9I 0.21 0.15 99.1



ETG. CODE SiO2

507 Id 55.5

543 Ie 60.0

570 Id 54.4

661 ld 59.5

694 th 63.8

71s th 57.8

745 2e 65.1

769 2e 63.4

795 2e 60.5

811 2e 61.0

825 3b 46.4

850 2e 6L.4

886 2e 64.L

920 2e 62.7

936 2e 68.1

970 6 50.4

1019 2e 63.2

1043 2e 67.0

1073 3a 59.0

1094 2b 63.9

LL24 2b 63.3

tL46 2b 68.2

LL67 2b 66.1

1186 6 45.s

nàz 2a 65.6

41203 CaO

16.8 7.22

L4.6 5.2L

L8.? 7.6L

13.4 8.16

ls.6 6.13

15.7 6.39

L2.8 1.19

r3.1 2.8i,7

L4.9 r.63

t4 -6 L.2L

L0.2 2.49

16.0 3.59

10.6 2.38

L3.2 0.40

11.0 0.35

15.0 10.7

16.1 2.26

L4.9 4.93

L4.9 7.49

14.8 4.81

13.9 6.73

13 .5 4.54

12.9 7.t4

15.2 11.0

16.5 2.79

Þ19O Na2O

5.19 3.63

3.23 3.51

2.82 3.37

1.00 3.04

I.98 3.35

5.28 4.6t

3.36 2.49

5.83 1.97

8.40 0.8s

6.97 0.95

I.52 2.32

3.08 3.38

7.96 2.99

9 .84 0.76

10.0 0.38

7.40 2.04

3.46 L.82

0.72 2.94

2.07 2.L5

1.71 3.68

1.31 1.88

L.43 2.s6

0.74 3.46

7.62 2.00

I.44 4.85

K2O Fe2O3 lFrO

0.s6 9.69 0.I7

0.4s 9.82 0.13

0.31 9.7s 0.10

1.36 6.70 0.18

0.s7 6.83 0.08

0.48 6.34 0.11

2.50 7.59 0.02

2.0t 6.91 0.03

0.67 8.79 0.L2

1.66 8.3s 0.08

1.08 28.0 0.11

0.91 8.40 0.07

0.26 7.89 0.04

0.97. 9.09 0.10

0.49 7.34 0.08

0.2s r0.7 0.19

2.04 5.94 0.04

1.40 3.48 0.03

L .26 7.6s 0.11

0.66 8.32 0.t2

0.76 7.73 0.L2

I.16 6.41 0.08

0.s9 5.45 0.L2

0.72 12.6 0.2L

L.63 4.86 0.06

TiO2 P205

0.44 0.04

0.59 0.07

0.s8 0.08

0.43 0.09

0.50 0.09

0.71 0.19

0.37 0.07

0.36 0.0s

0.40 0.06

0.39 0.06

0.56 0.09

0.44 0 .07

0.29 0.05

0.35 0.06

0.29 0.05

0.72 0.08

0.41 0.0s

0. 39 0.08

0.55 0.07

0:49 0.09

0.49 0.10

0.49 0.1I

0.44 0.09

1 .48 0 .14

0.36 0.06

L7t

I¡T StM

0.31 99.s

0.31 98.0

0.46 97 .7

3.38 97 .2

0.46 99.4

0.54 98.1

3.46 99.0

r.92 98.5

3.85 1Q0.2

4.38 99.6

5.38 98.2

1.69 99.0

2.23 98.8

L.92 99.4

I.46 99.s

0.85 98.3

3.38 98.7

1 .31 97 .2

2.00 97.2

0.38 98.9

1.31 97.7

0.23 98.8

0.31 97.4

1.15 97 .5

0.54 98.7



EIG. CODE SiO2 41203 CaO ¡rgO l\razo K2O Fe2O3 tIrO

L232 2a 64.7 16.2 3.60 I.94 4.63 1.38 3.75 0.05

1264 2a 66.9 15.9 3.03 1.91 5.56 0.46 3.42 0.06

1270 6 47.6 13.0 9.33 9.27 2.34 0.45 I4.1 0.40

_DTAÙÍC¡TD DRTLL HOLE UF-2153 (A¡üALYSED BY

4 2e 62.9 13.6 L. I 4.54 0.55 2.10 10.3 0.05

20 2e 55.6 I3.8 0.71 5.44 0.9L I.76 14.6 0.04

24 2e 48.1 13.2 2.3L 8.87 1.26 0.74 16.5 0.06

28 6 43.6 L6.4 It.7 7.54 0.89 0.9T Iz.s 0.19

3l . 2e s8.6 14.0 2.03 6.90 0.93 L.49 11.0 0.05

40 2e s9.3 13.6 0.80 7.73 0.s0 1.02 9.47 0.0s

50 2e 55.6 13.4 0.57 I2.4 0.35 0.48 8.82 0.05

60 2e s6.5 I4.2 0.48 9.70 0.37 1.34 8.82 0.08

63 2e s6.9 13.6 2.8L 4.44 0.62 9.74 12.4 0.L2

66 2e 46.0 11.5 Ll.2 7.28 0.38 0.33 11.3 0.31

7L 2e 57.5 L2.7 3.15 4.69 0.73 L.06 12.s 0.10

75 2f 23.t 0.76 1.64 0.93 0.03 0.03 47.2 0.04

80 2f 14.3 0.15 0.s2 0.09 o.oo 0.01 s2.1 0.01

87 2f 23.1 0.15 0.09 0.09 0.00 0.00 48.0 0.00

92 2f 14.s 0.19 0.18 0.0s 0.00 0.01 s2.9 0.00

94 2f 32.I 1.70 2.31 0.77 0.07 0.0I 41.5 0.02

98 6 s0.3 1s.1 IL.2 7.03 1.71 0.06 L0.2 0.20

10s 6 51.3 14.9 10.s 6.91 1.81 0.06 10.s 0.18

116 6 5I.1 14.s 11.3 6.70 2.64 0.10 10.2 0.L6

124 6 53.5 14.0 6.79 8.84 2.20 0.05 8.ss 0.26

127 2e 41.1 13.8 1.51 11.6 0.57 0.39 16.6 0.18

L72

TiO2 P2O5 T¡I STM

0.39 0.08 0.54 97.2

0.38 0.08 0.46 98.2

0.48 0.13 0.s4 97.6

CHEMÐ( I,ABS)---

0.30 0.03 3.9s 96.6

0.33 0.02 6.00 94.8

0.40 0.03 6.15 92.6

1.28 0.07 3.95 95.3

0.43 0..03 3.05 94.s

0.32 0.04 5.40 95.4

0. 33 0.04 6 .80 96.2

0.35 0.04 6.4s 96.7

0.35 0.03 6.50 94.8

0.32 0.03 6.4s 9L.7

0.32 0.03 5.s0 94.5

0.13 0.01 19.8 79.5

0.02 0.0L 26.9 78.4

0.02 0.01 25.1 82.4

0.03 0.02 26.5 78.s

0.07 0 .02 L7 .1 83.2

0.78 0.10 2.05 95.7

0.77 0.10 0.14 94.0

0.73 0.07 1.70 96.r

0.60 0.04 3.I0 95.s

0.32 0.04 7.45 88.6



L73

EIG. C@E SiO2 41203 CaO MgO Na2O K2O Fe2O3 ¡fiO TiO2 P2O5 IOI SUM

I32 2e 48.8 13.0 1.83 7.66 0.87 o.7g I3.8 0.13 0.35 0.02 5.10 88.2

L37 2e 28.2 9.63 0.78 3.55 0.78 0.97 38.3 0.09 0.28 0.02 10.3 81.4

143 2e 38.5 6.42 0.67 1.94 0.58 0.59 29.5 0.06 0.18 0.01 7.10 76.6

L4g 6 50.9 16.2 4.8s 4.10 3.4s 0.9s 13.4 0.I4 0.52 0.06 2.30 92.9

I53 2e s3.0 8.31 o.s5 1.49 0.86 0.48 22.0 0.03 0.23 0.02 6.30 86.7

157 2e 49.4 11.I 0.81 8.16 0.61 0.88 15.3.0.08 0.32 0.01 3.95 86.0

t62 2e 60.5 8.88 0.67 6.47 0.47 0.32 L4.2 0.07 0.27 0.03 2.75 90.3

165 6 56.0 14.7 5.33 s.02 2.47 0.14 13.7 0.17 1.07 0.14 0.90 94.5

167 2e 62.2 9.63 0.36 6.32 0.33 0.s2 14.3 0.06 0.23 0.03 2.s0 g2.2

L72 2e 42.6 L2.6 2.18 8.47 0.63 0.49 23.7 o.L2 o.4o 0.03 7.00 91.1

I77 2e 36.L I4.2 3.97 9.95 0.95 0.98 23.3 0.08 0.43 0.02 6.9s 89.9

r82 2e 42.8 10.6 5.33 10.1 1.52 0.29 22.2 0.14 0.42 0.02 5.0s 91.8

187 2e 54.5 8.s0 4.03 6.75 L.11 0.14 18.7 0.13 0.27 0.02 4.45 93.0

Lgz 2e 5o.g 9.26 2.52 6.23 0.82 0.23 20.7 0.10 0.28 o.o2 5.95 90.8

195 2e 56.3 10.6 6.97 2.74 o.s4 1.I7 I4.3 0.03 0.32 0.02 5.10 93.8

198 2e 58.0 I4.7 I3.72.070.620.84 6.41 0.060.350.05.2.35 97.2

2oo 2e 56.7 L6.2 6.44 2.75 3.37 0.92 10.2 0.03 0.43 0.05 3.60 97.6

.DIÃiltOND DRTLL HOLE I.]F-T886--

18 Ic 50.I 15.4 12.8 4.10 1.03 1.06 1I.3 0.2t 0.67 0.10 2.08 98.8

40 Ic 5I.7 L6.4 9.44 5.47 3.48 0.44 10.3 0.2I 0.61 0.06 0.54 98.7

60 Ic 47.1 16.8 11.6 s.83 2.60 1.62 LO.1 o.I9 0.s0 0.06 1.16 98.3

80 lc 54.6 16.6 7.24 4.09 4.41 0.20 10.1 0.15 0.69 0.08 0.62 98.7

100 lc 62.5 12.2 8.71 I .42 L.24 Q.46 10.4 0.I7 0.60 0.11 0.77 98.6

Lzo lc 53.9 16.0 8.87 3.87 3.08 0.1s 11.I 0.21 0.70 0.I0 0.00 98.0

140 Ic 50.5 15.7 l .L 4.38 3.05 0.29 8.01 0.22 0.46 0.07 2.85 99.6



EIG. CODE SiO2

160 lc 50.1

180 lc 47.I

200 Ic 53.8

220 2c 72.8

240 2c 74.L

260 2c 72.I

280 2c 7L.2

300 2d 64.L

320 2d 63.0

340 2d 67.8

360 Ie 54.0

380 le 51.6

400 2c 69.9

420 2c 69.8

440 2c 73.1

460 2c 7L.9

480 2c 73.L

500 2c 73.7

5I0 2c 72.8

540 2c 69.3

580 2c 67.0

580 2c 69.3

600 2a 67.3

620 2a 68.6

640 2a 64.0

41203 CaO

L7.7 11.0

16.8 13.8

I7.2 9.2s

11.0 2.57

r1.3 L.74

11.8 2.23

I1.8 I.47

I2.7 4.47

13.4 2.5L

L2.5 1.43

13.8 4.83

L4.6 6.06.

11 . s 2.60

11.5 2.58

11.s I.24

Lz.I I .71

11 .4 I .84

1r.6 1.35

11.6 1.36

I1. 7 3 .10

12.3 2.52

L2.4 1.61

L2.5 2.60

tI.2 1.88

13.3 3.04

MgO I{a2O K2O

5.08 3.60 0.34

s.69 1.92 I.31

3.42 4.28 0.25

1.68 0.94 2.42

1.46 1.L9 2.46

1.81 1.74 2.23

1.53 1.52 2.82

2.13 3.09 1.02

L.97 3.92 L.35

2.7L 2.L4 2.42

6.34 4.L2 0.2r

5.I1 3.s6 0.40

0.86 3.15 1.04

1.01 3.0s 1.07

2.01_ 3.49 I.s4

L.23 3.94 I.42

0.8s 3.87 1.04

1.1s 4.L9 L.26

1.02 3.93 L.47

1.64 1.93 I.8s

2.57 2.0s 2.10

1.88 3.s5 1.87

2.53 2.66 2.0L

2.3L .2.67 L.82

3.2L 4.42 0.57

Fe2O3 I4nO

9.99 0.20

9.88 0.22

9.91 0.19

5.75 0.09

s.66 0.07

6.62 0.06

6.63 0.06

8.18 0.14

8.10 0.12

6.76 0.I2

12.8 0.20

13.9 0.21

6.80 0.11

6.96 0.L2

6.40 0.11

6.43 0.09

5.57 0.09

5.03 0.06

s.25 0.06

5.77 0.10

7.03 0.17

5.88 0.08

6.72 0.I2

6.88 0.08

8.31 0.14

TiO2 P205

0.58 0.0s

0.50 0.06

0.76 0.09

0.39 0.05

0.41 0.05

0.43 0.06

0.43 0.06

0.92 0.22

0.93 0.22

0.66 0.12

1.48 0.18

r.53 0.18

0.47 0.06

0.46 0.06

0.43 0.0s

0.43 0.05

0.34 0.03

0.33 0.02

0.32.0.02

0.67 0.11

0.68 0.12

0.66 0.12

0.70 0.11

0.76 0.r7

0. 9s 0. 17

174

IOÏ STM

1 .00 99.7

2.L5 99.4

0.77 100.0

1.54 99.2

0.85 99.3

0.54 99.6

r.00 98.6

1.93 99.0

-1.93 97.4

1 .16 97 .9

0.31 98.3

0.62 97.8

0.70 97 .2

0.70 97 .2

0.s4 100.3

0.08 99.4

0.15 98.3

0.23 99.0

0.47 98.3

I.00 97.3

1.00 97.s

0.62 98.0

0.70 97 .9

0.70 97 .r

0.16 98.3



EIG. CODE SiO2

660 2a 65.9

680 2c 69.6

700 2a 67.3

720 2a 63.1

740 6 50.7

760 2c 70.4

780 6 55.0

800 2a 66.8

-820 2a 64.6

840 6 4s.9

860 6 46.8

880 6 48.3

900 6 58.6

920 6 63.5

940 6 59.0

960 6 55.4

980 6 5L.2

1000 6 66.4

1020 6 s2.3

1040 6 50.7

1060 6 47.9

1080 6 53.2

1100 6 53.7

1140 6 53.8

1160 6 52.2

41203 CaO

12.6 L.75

t2.2 1.33

L2.5 1.69

13.3 2 .34

14.t 7.40

10.0 L.20

16.1 5.13

L2.2 1.86

13.3 1.9s

16.8 1.83

L4.4 s.96

L4.4 5.49

13.7 1.96

13.0 1.9s

L2.4 4.86

14. s 3 .74

L4.2 4.58

11.9 4.00

18.8 3.3s

15.1 4.04

16.2 7 .16

L4.2 6.70

14.2 4.03

14.4 4.9I

L4.4 5.70

¡4gO Ira2O K2O

3.78 2.87 L.4L

1.56 4.18 I.I5
L.g2 3.35 2.22

I.81 4.02 L.66

5.92 3.27 0.t5

3.63 1.94 L.2L

4.92 4.61 0.13

z.gq 1.22 L.L6

2.2L 4.25 1.61

9 .03 2.41 1 .33

6 .8L 2.0r 2.18

6.5s 1.83 2.46

6.09 2.73 1.88

2.77 2.83 1.90

4.22 3.L4 0.29

4.72 5.03 0.39

5.24 3.75 I.57

2.93 3.66 0.32

2.4I 6.61 1.11

5.22 3.11 3.06

5.73 3.79 L.24

4.36 3.64 0.84

s.89 4.02 0.81

5.43 4.10 0.79

s.17 3.81 0.50

Fe2O3 ¡/IrtO TiO2 P2O5

9.s2 0.16 0 .90 0.29

6.31 0.13 0.53 0.07

6.57 0.13 0.66 0.I2

9.54 0.0s 0.62 0.t9

14.6 0.26 L.98 0.22

7.31 .0.09 0.43 0.07

9.s6 0.13 1.13 0.20

8.08 0.07 0.ss 0.08

8.6s 0.03 0.88 0.20

L9.2 0.24 0.32 0.0s

16.6 0.24 2.I3 0.22

15.8 0.L9 2.L3 0.26

10.9 0.10 1.L5 0.22

10.6 0.16 0.91 0.19

10.9 0.20 1.00 0.66

13.3 0.I7 L.17 0.3s

14.5 0.15 1.s9 0.21

7 .71 0.13 0.91 0.16

10.8 0.07 0.83 0.14

13.6 0.16 1.72 0.20

12.8 0.24 I.75 0.30

13.1 0.25 r.63 0.22

13.3 0.20 L.52 0.2L

12.5 0.18 I.55 0.21

14.8 0.2I I.68 0.23

t75

I¡T STM

0.62 99.8

0.77 97 .9

0.62 97 .L

0.85 97 .5

0. 16 98.7

0.8s 97.2

0.77 97 .7

0.77 97.7

0.31 98.0

2.08 99.1

0.62 97.9

0.62 98. r

0.77 98. I

0.47 98.2

1.00 99.0

0.54 99.4

1.16 98.1

0.77 98.9

L.77 98.2

0.85 97 .7 .

0.85 98.0

0. 54 98.7

0.47 98.4

0.39 98.2

0.08 98.7



EIG. CæE

1180 6

1200 6

1220 6

1220 6

L240 6

t240 6

1260 2c

1280 2c

1300 2c

1320 2c

1340 2c

1360 2c

1380 2a

1400 2a

1420 2a

1430 2c

1460 2a

1480 2c

1500 2c

1520 2a .

1540 2c

1560 2a

1580 2a

sio2 A1203

46.4 15.9

57.3 14.6

55.I 14.2

s8.l 13.4

64.8 L2.5

47.1 17.7

69.9 L2.3

69.9 12.0

69.7 LL.7

70.6 11.6

68.5 L2.9

7r.3 Lz.I

65.7 L2.2

64.6 t2.6

64.9 13.3

70.3 15.9

64.5 13.1

69.5 13.2

69.9 12.0

67.8 12.6.

74.4 L0.2

62.4 L3.6

66.1 12.5

CaO ¡4qO

6.96 8.20

3.14 4.04

6.00 4.37

2.9L 4.L9

3.78 2.57

t3.9 9.46

1.28 1.59

0.98 1.84

1.06 1.71

0.8.6 1 .47

1.98 1.79

L.29 L.28

2.40 2.27

2.28 2.00

2.59 2.53

1.83 0.31

0.68 2.85

1 .19 1.70

0.83 1.s2

2.01 1.63

1.52 1.10

L.25 2.77

L.79 2.23

ITa2O K2O

2.96 r.66

4.03 1.70

4.30 0.15

3.r2 L.28

3.72 0.35

1.11 0.16.

4.23 L.34

4.I4 L.O2

3.77 0.67

2.87 L.29

3.84 0.7s

4.37 0.60

2.s0 2.03

3.68 1.14

2.00 2.r7

6.23 1.s3

2.L0 2.L7

L.47 2.25

L.23 2.85

3.r7 L.22

3.06 I.20

3.03 2.53

2.55 2.08

Fe2O3 ¡,lno TiO2 P2O5

14.0 0.23 0.61 0.09

10.4 0.12 0.89 0.21

12.0 0.18 1.s3 0.19

12.8 0.09 1.08 0.33

8.77 0.r2 0.89 0.r9

6.19 0.10 0.20 0.03

5.51 0.04 0.51 0.05

6.03 0.06 0.s0 0.04

7.10 0.09 0.50 0.06

7.L2 0.08 0.49 0.04

6.33 0.15 0.s3 0.25

5.45 0.1s 0.sr 0.03

8.11 0.05 0 .76 0 .26

9.20 0.08 0.85 0.19

7.45 0.2s 0.58 0.13

1.50 0.04 0.13 0.07

r0.9 0 .27 0.56 0.11

7 .70 0.20 0.9s 0.23

7.06 0.17 0.s0 0.06

7.L2 0.15 0.53 0.08

4.42 0.08 0.43 0.06

10.2 0 .2g 0.72 o.r3

7.66 0.18 o.ss 0.10

L76

I¡T STM

1.00 98.0

2.23 98.6

0.54 98.5

0.54 97 .8

0.77 98.4

1.31 97 .2

0.85 97 .6

I.00 97.4

1.00 97.3

0.70 97.2

t.23 98.2

0.85 97.9

L.62 97.8

1.08 97 .8

r.70 97 .6

0.39 98.2

0.47 97.7

1.00 99.4

1.16 97.3

L.62 97 .9

0.47 97.0

L.23 98.1

2.00 97.7



EIG. CODE SiO2

1600 2c 68.1

L620 2c 69.0

1630 2c 69.9

1660 Ic 42.8

L670 Ic 42.0

1700 lc 4L.7

1720 lc 39.9

L740 lc 4L.9

1760 lc 48.6

1780 lc 48.2

1800 lc 44.9

L820 Ic 48.3

1840 Ic 42.2

1860 Ic 44.3

1880 Ic 48.2

1900 lc 47.4

L920 lc 44.8

1960 Ic 44.2

1980 lc 44.4

2000 lc 49.3

2020 Ic 45.7

2040 Ic 46.0

2060 le 56.1

2080 2c 70.1

2100 2c 72.8

41203 CaO

L2.L 1.81

t2.2 0.85

11.4 0.37

L8.2 12.L

L2.4 11.3

15.4 12.0

19.I.9.76

14.5 18.6

L4.4 L4.6

15.9 L4.2

22.3 14.0

TT.2 T2.L

L9 .7 14.1

20.L ts.9

L2.8 14.8

L3.7 L4.9

16.8 16.8

18.2 I4.2

2r.2 14.0

I4.5 L2.6

22.0 10.1

13.6 ls.3

16.7 6.40

14.1 2.22

12.4 '3.76

¡,lgo I\Ta2O

2.11 3.14

I.77 4.I3

2.44 0.00

10.3 I.20

L3.2 0.70

11.9 1.21

12.3 1.30

9.29 0.92

11.1 0.63

r0.I 1.43

8. 34 1.19

13.7 1.60

9.L2 L.25

8.82 0.66

L2.8 0.44

12.4 0.68

10.5 0.s3

11.1 1.00

9.60 1.50

LL.z 2.23

8.13 3.14

10.5 1.16

3.82 2.89

I.69 1.08

1.85 0.30

K20 Fe203 lFrO

L.56 7 .17 0.15

L.37 6.73 0.1I

1.98 9.60 0.25

0.42 10.4 0.15

0.19 16.0 0.19

0.3s 12.8 0.17

0.44 11.2 0.L7

0.28 6.46 0.15

0.10 7 .23 0.L4

0.28 5.69 0.L2

0.32 s.19 0.11

0.20 8.31 o.Is

0.81 s.61 0.09

0.26 s.68 0.10

0.15 7.s9 0.14

0.26 6.82 0.14

0.19 5.35 0.12

0.54 6.95 0.13

0.18 s.32 0.11

0.I2 6.22 0.L2

0.89 s.30 0.10

0.16 7.09 0.17

1.63 7.17 0.10

2.75 3.97 0.09

z.Lr 3.22 0.r3

rio2 P2e/5

0.51 0.07

0.s3 0.02

0.sl 0.10

0.22 0.00

0.68 0.00

0.12 0.00

0.07 0.01

0.19 0.00

0.25 0.00

0.19 0.00

0.12 0.00

0.59 0.18

0.13 0.00

0. 11 0.00

0.24 0.00

0.21 0.00

0.11 0.00

0.15 0.00

0.08 0.01

0.21 0.00

0.12 0.00

0.30 0.01

0.79 0.13

0. 40 0.02

0.27 0.02

L77

I¡I STJM

1.08 97.8

I.62 98.0

1.16 97 .7

L.77 97.5

1.39 98.2

2.3L 98.r

3.31 98.1

5.70 98.0

I .00 98. 1

1.00 97.2

0.62 97 .L

1.08 97.4

4.77 97.8

1.16 97 .2

0.62 97.9

I.47 98.0

2.L6 97.3

0.70 97 .2

0.54 97 .0

0.87 97.L

L.47 97.0

2.85 97.2

3.47 99.1

2.16 98.6

1.00 97.9



EIG. CODE SiO2 41203

2L20 2ð, 66.2 L2.8

2L40 2c 75.2 L2.7

2160 2a' 60.7 17.5

2180 2a 67.6 L4.0

22OO 2c 70.6 11.9

2220 le 56.4 L4.2

224ß Ic 48.3 12.8

2280 Ic 49.4 13.8

2300 lc 49.3 16.8

2310 2a 65.6 17.2

2340 2a 61.3 17.8

2360 Ic 49.2 L2.7

2380 Ic 46.2 L4.3

2400 lb 48.1 7.89

2420 Ib 48.7 7.83

2440 lb 46.9 8.0s

2460 lb 48.2 8.34

-----ST]RFACE SA¡,IPLES

L 2c 75.7 11.8

2 ld s8.1 14.9

3 ld ' 54.4 14.0

4 2c 72.4 Ll.6

s ld 63.8 r3.3

6 Id 56.8 14.0

7 Id 54.0 L5.2

CaO ¡lqO

5.41 1.99

1.65 1.30

3.87 1.40

2.87 I.55

2.74 L.5r

s.87 5.81

L3.8 4.29

8.02 6.75

6.86 8.08

3.47 0.94

3.30 1.73

9.46 8.83

7 .07 9.T9

10.I 16.8

11.5 15.0

13.4 13:6

9.20 L5.7

COLLEf,TED

2.26 0.52

5.74 5.34

8.71 4.63

2.01 0.90

s.00 3.2s

5.44 4.12

s.27 4.r9

L78

\Ta2O K2O Fe2O3 ¡,rto TiO2 P2O5 I¡I StM

0.00 2.02 7.76 0.24 0.82 0.20 1.00 98.4

0.03 3.22 2.61 0.08 0.19 0.01 1.39 98.4

3.69 2.20 5.86 0.10 0.81 0.08 1.31 97.4

2.5L 2.37 5.22 0.16 0.56 0.08 L.62 98.5

2.13 I .72 4.8s 0.12 0.s0 0.07 1.39 97.s

0.s1 1.61 10.6 0.35 1 .45 0.12 0.4t 97.3

0.88 r.18 10.5 0.30 1.2s 0.10 4.31 97.6

0.70 0.93 13 .2 0.26 L.77 0.L7 3.23 98.3

2.26 L.46 rr.7 0.22 0,87 o.t7 T.4t 99.1

5.50 1.4r 2.82 0.07 0.27 0.09 1.00 98.4

6.06 1.2L 4.38 0.05 0.49 0.08 2.23 98.6

2.0? 0.78 L2.3 0.19 0.94 0.15 0.93 97.5

2.09 2.00 13.7 0.19 1.16 0.19 1.00 97.t

0.84 0.25 I2.1 0.22 0.s0 0.09 0.93 97.8

1.23 0 .2t lr.9 0. 22 0. s6 0.10 0.70 97 .9

1.10 0.79 r2.2 0.27 0.s3 0.10 1.16 98.0

1.46 0.31 12 .2 0.23 0.61 0.11 0.85 97.2

BY DR. J.S. FOX ** I¡C. = IfCATION-

2.LL 2.20 2.83 0.0s 0.29 0.06 1.38 99.2

3.37 0.39 10.5 0.19 0.72 0.09 0.46 99.8

2.28 0.70 r2.7 0.27 0.93 0.12 t.8s 100.6

3.29 I.22 s.97 0.13 0.48 0.Il 0.77 98.8

2.84 0.28 11.s 0.26 r.08 0.30 0.31 101.9

3.72 0.29 L3.9 0.22 0.89 0.22 0.38 99.9

4.26 0.36 r4.3 0.23 0.98 0.23 0.77 99.8



rÆ. coDE sio2

8 2c 72.L

9 ld 57.8

I0 ld 58.4

11 ---- 64.3

t2 Ib 49.L

13 2d, 63.3

14 le 52.I

15 le 54.3

16 Ie 56.5

L7 2d 63.8

18 6 49.6

19 le 57.5

20 ld 55.2

21 ---- 63.3

23 ld 58.3

24 ld 58.6

2s 7 69.7

26 7 69.0

27 2c 75.2

28 7 69.7

29 Id s7.3

30 7 67.5

31 ld 55.1

32 ld s4.2

33 7 68.7

41203 CaO

L2.L 2.2L

L4.2 s.67

L4.6 4.55

11.8 6.93

LL.7 10.7

L4.7 5.66

1r.8 6.42

13.0 6.42

I4.9 4.54

L4.2 2.06

13.8 7.92

13.7 4.13

L5.7 5.86

L2.6 5.84

L3.7 6.22

13.9 5.7L

L3.7 2.t0

t4.7 2.57

11.1 1.43

L3.2 2.34

14.8 5.26

L4.7 2.04

14.8 3.s4

13.9 4.s3

13.8 2.s0

179

Ï¡I ST]M

0.46 99.2

0. 15 99.5

0.8s I01.3

I.92 99.5

1.69 101.6

L.46 99.7

0.38 100.0

0.08 98.9

0.77 99.3

0.69 97 .5

0.62 99.9

0.62 98.8

0.38 99.3

3.00 98.6

t.46 99.5

0.8s 98.8

1.08 98.2

1.00 98.9

.o.s;2 99.s

0.62 97.4

0.31 100.8

1.31 98.1

0.08 99.6

0.69 99.3

0.8s 97.r

¡qO ITa2O K2O Fe2O3 ¡4nO TiO2 p2O5

0.79 2,.97 L.sz 6.47 0.10 0.39 0.09

3.99 3.41 0.51 12.8 0.24 0.69 0.06

4.94 3.75 0.67 12.6 0.20 0.75 0.08

1.83 0.18 I.84 9.69 0.19 0.72 0.09

9.s9 1.38 0.74 16.0 0.27 0.46 0.06

1.71 3.20 0.87 7.84 0.19 0.67 0.L7

2.77 2.56 0.43 20.1 0.38 2.L8 0.97

1.98 2.71 0.30 17.1 0.33 1.9s 0.68

3.3s 4.20 o.7L L2.7 0.20 1.32 0.22

I.8l 5.62 0.30 8.1s 0.13 0.s9 0.12

6.38 3.19 0.68 15.0 0.29 2.19 0.21

s.47 2.77 0.7r L2.6 0.22 0.90 0.15

4.81 4.32 0.26 LI.9 0.20 0.58 0.05

1.70 0.4s 1.8e 8.7s 0;.16 0.73 o.oe

3.07 3.09 0.58 12.0 0.23 0.73 0.09

3.28 3.72 0.26 LI.s 0.21 0.71 0.08

1.88 3.79 L.49 4.08 0.08 0.27 0.05

1 .68 3. s7 I .78 4.22 0.10 0. 26 0.05

0.74 4.50 0.38 4.63 0.09 0.t, o.ro

L.56 4.09 1.06 4.40 0.08 0.30 0.06

4.2r 3.91 0.26 I3.3 0.30 0.94 0.26

1.81 3.08 2.65 4.s1 0.1r 0.31 0.0s

s.63 3.98 0.23 t4.9 0.26 0.93 0.23

5.82 2.40 0.33 16.0 0.33 0.85 0.22

2.27 3.09 1.86 3.ss 0.11 0.30 0.08



TÆ. CCDE SiO2

34 Id s8.5

34 2c 74.5

3s 6 49.4

36 2d 67.2

36 le 54.3

37 6 47.6

37 6 47.9

38 Ib 51.5

38 le 59.3

39 6 s0.9

40 lc 54.6

40 2d 67.7

41 2c 74.L

4L Ie 58.3

42 le 58.2

43 Ic 52.0

43 Ie 57.2

44 Ie 59.5

45 ld s9.1

46 ld 58.3

46 2c 72.4

47 ld s3.2

47 ld 59.9

48 ld 59.7

48 6 s2.7

41203 CaO

13.4 5.20

L2.0 2.07

ls.3 9.06

L2.0 2.56

16.1 5.58

18.0 9.2L

17.0 8.18

17.6 6.09

19.s 2.25

14.8 10.8

L5.2 4.32

16.4 3.62

10.9 2.78

17.6 7.76

L3.7 4.96

2I.I 10.7

14.8 6.66

L4.4 5.44

15.1 5.36

I4.7 6.24

L2.8 0.78

18.4 8.09

14.3 4.45

16.0 3.08

13.9 L.42

¡4gO ltla2O K2O

2.84 3.60 0.27

0.89 3.64 0.83

7.94 2.77 0.83

1.57 4.31 0.34

3.09 3.63 r.47

5.21 2.s9 0.75

7.32 2.78 2.09

5.47 4.29 0.s5

3.23 1.98 2.23

9.07 2.s9 0.24

7.L7 I.81 1.37

1.49 3.53 1.94

2.40 2.68 0.59

2.80 I.95 1.5s

4.05 3.09 0.50

4.49 2.s6 1.13

3.55 3.69 0.24

3.45 3.90 0.43

4.54 4.55 0.47

4.72 3.88 0.38

0.I1 3.50 4.99

4.27 3.98 0. 37

4.06 3.78 0.78

3.99 2.61 3.00

8.23 2.76 0.25

Fe2O3 l&to

12.L 0.24

3.36 0.07

10.7 0.31

7.41 0.13

12.1 0.18

I2.9 0.2I

10.7 0.20

I0.4 0.18

9.35 0.08

9.84 0.18

13 .1 0. 33

2.87 0.05

5.s2 0.10

6.76 0.13

11.9 0.19

5.70 0.11

L2.0 0.22

11.6 0.20

9.95 0.19

9.45 0.18

I.51 0.0s

9.s6 0.16

9.90 0.17

7.54 0.09

18.0 0.39

TiO2 P205

0.96 0.28

0.23 0.05

0.50 0.08

0.73 0.23

1.3s 0.2s

0.51 0.07

0.47 0.11

0.72 0.10

I .00 0.19

0.72 0.07

0.73 0.10

0.54 0.07

0.29 0.07

0.57 0.33

0.95 0.Is

0.42 0.09

0.84 0.08

0. 83 0.10

0.49 0.07

0.45 0.08

0.13 0.02

0.87 0.26

0.s8 0.09

0.71 0.ls

0.74 0.15

180

I¡I STM

0.38 97 .7

L.23 98.8

1.00 97 .8

0.54 97 .0

0.46 98.4

1.31 98.4

0.92 97.7

1.00 97 .9

1.31 100.4

0.46 99.7

2.08 100.8

L.46 99.7

1.15 100.6

2.00 99.8

0.8s 98.6

1.38 99.7

1.15 100.6

0.8s 100.6

1.38 101.1

1.15 99.6

1 .31 97 .5

0.62 99.7

1.38 99.4

1.08 98.0

1.15 99.7



TÆ. CODE

49 2c

50 ld

51 ld

52 2b

53 2c

54 2c

55 le
566
576
586
59 le

606
61 7

62 ld

63 ld
64 2c

646
6s ld
6s ld
66 le
67 le

686
696
70 2d

7t6

sio2 A1203

7L.6 L2.2

53.2 ls.3

58.3 13.4

65.3 L2.9

72.8 L4.2

7L.4 Ll.6

59.8 13.3

51.0 17.4

48.8 16.6

48.1 14.8

57.3 14.3

s0.5 14.6

70.7 14.8

57.3 14.5

s4.9 15.3

73.0 L2.3

48.0 15.9

59.1 14.4

59.5 18.0

58.7 14.0

56.4 L4.6

52.4 L7.6

s0.8 14.8

68.7 LL.1

54.8 L2.6

CaO ¡tsO l.Ia2O

L.74 L.7o 4.63

5.36 5.75 3.71

5.00 3.84 3.63

3.34 2.29 4.3L

1.68 0.22 5.06

2.73 0.66 3.31

3.21 5 .33 2.93

9.40 4.32 3.78

L2.7 8.65 1.56

11.3 9.08 2.11

4.L4 4.61 3.s6

11.1 7.47 1.8r

2.r9 2.r3 2.49

3.53 4.09 2.69

5.45 4.75 3.70

1 . s4 1 .09 4.9s

r3.7 4.64 2.42

5.69 4.13 3.11

s.31 1 .62 4.73

5.r4 4.88 3.34

9.47 2.33 L.72

L2.4 2.r5 0.72

8.45 6.38 3.45

6.64 I.l2 2.25

6.93 2.98 1.93

ï<2O Fe2O3 l4nO

0.20 4.82 0.11

0.22 L4.7 0.69

0.20 I2.9 0.24

0.39 9.02 0.r7

L.44 r.43 0.06

r.27 5.11 0.12

0.25.13.6 0.23

0.63 10.2 0.22

0.29 9.37 0.18

0.54 10.3 0.20

0.8s 12.0 0.17

0.28 L2.2 0.22

L.I4 4.78 0.08

0.4s 14.s 0.50

0.23 13.5 0.28

0.20 4.48 0.13

2.L3 5.65 0.17

0.82 8.82 0.I7

L.r2 s.93 0.12

0.47 11 .7 0.21

0.51 10.2 0.18

0.57 8.92 0.L5

0.28 L2.7 0.24

0. 30 5 .47 0.14

0.44 L6.s 0.26

TiO2 P205

0.30 0.08

0.87 0.24

L.32 0.27

0.96 0.27

0.06 0.04

0.52 0.L2

1.33 0.20

0.47 0.07

0.70 0.07

0.82 0.07

1 .17 0. 18

0.89 0.08

0.35 0.07

0.76 0.18

0.92 0.22

0.28 0.06

0.68 0.11

0.50 0.08

0.55 0.27

0.64 0.08

0.66 0.08

0.67 0.r2

1. 16 0. 12

0. 40 0.10

1.86 0.16

T8I

IOI S(M

1.ts 98.5

0.38 100.s

0.54 99.6

0.46 99.4

t.46 98.s

L.62 98.5

0.31 100.4

1.38 98.9

0.23 99.2

1.31 98.6

1.08 99.4

1.00 100.r

1.15 99.9

0.92 99.3

0.46 99.6

0.23 98.2

4.00 97.4

t.23 98.1

0.69 97 .8

o.46 99.5

2.23 98.3

r.62 97 .3

1.08 99.4

r .15 97 .9

0.46 98.9



ïÆ. coDE

72 le

72 Ie

726

73 Ie

74 ld

75 2c

75 2c

767

777

78 lc

79 ld

806

81 le

81 2c

82 Ie

83 2d

84 2d,

856

86 ld

87 2c

88 2b

88 2b

89 Ie

90 2d,

91 2d

sio2 A1203

56.8 14.9

56.5 14.9

48.8 14.9

58.9 16.4

s6.5 14.0

73.3 11.3

73.1 11.5

68.9 11.8

64.0 L4.6

48.8 15.8

57.0 I4.2

50.9 13..9

ss.8 14.3

73.4 13.4

53.9 L4.7

6L.9 L2.6

62.1 13.1

48.9 16.1

s9.8 13.6

73.6 tI.8

60.6 14.9

60.2 L4.9

61. 5 13.s

62.3 13.s

65.7 L2.4

CaO ¡4gO

7.0L 2.72

5.22. 4.56

8.s7 s.44

5.27 3.47

7.10 3.46

1.94 1.03

1.98 1.04

3.74 I . s8

3.99 2.42

7 .66 6.17

3.s9 4.80

I0.8 7.39

3.59 5.79

L.67 t.96

4.36 5.64

3.13 3.63

3.t8 3.22

8.98 6.18

5.42 3.23

2.49 I.68

5.23 4.29

6.33 4.16

4.L0 2.66

4.43 2.69

2.Lt 2.74

I'Ia2O K2O

2.3L 0.70

3.97 0.27

2.39 0.29

s.36 0.39

3.26 0.77

3.24 L.07

3.43 1.10

2.I7 L.38

4.35 0.92

3.28 0.37

3.82 0.20

L.68 0.62

3.81_ 0.33

2.82 I.38

4.20 0.37

3.94 0.26

3.90 0.59

3.00 0.97

3.20 0.33

2.39 L.26

2.76 I.34

2.69 I.t2
2.78 0.89

3.74 0.51

4.39 0.72

P2O5 T¡I

0.08 1.85

0.07 0.46

0.21 0.92

0.10 0.62

0.09 0.92

0.08 '0.00

0.08 0.08

0.11 0.69

0.08 0.69

0.14 1.15

0.20 -0.62

0.07 1.00

0.22 -0.08

0.07 0.38

0.20 -0.23

0.34 0.s4

0.33 -0.69

0.09 0'. 38

0.21 -0.08

0.06 0.23

0.10 0.77

0.10 0.69

0.34 -0.15

0.31 -0.69

0.21 0.69

L82

suM

98.9

99.2

99.8

99.2

99.8

98. s

98.8

99. r

100.0

98.2

98.6

99.5

100.1

99.2

99.4

99.4

98.6

97.7

97.9

97.6

98.9

98. I

98.3

99.2

98.7

Fe2O3 ¡ûÐ TiO2

11.7 0.18 0.68

L2.2 0.20 0.77

ls.3 0.21 2.72

7.98 0.L4 0.s2

I2.7 0.2L 0.78

6.09 0.L2 0.37

6.00 0.11 0.37

7.98 0.17 0.56

8.37 0.13 0.43

13:9 0.24 0.73

L4.2 0.38 0.84

12.0 0.23 0.79

L4.7 0.24 I.43

3.80 0.06 0.30

14.3 0.2s L.64

1r.7 0.17 1.19

11.5 0.23 1.13

L2.2 0.2s 0.69

10.9 0.40 0.83

3.69 0.10 0.26

8.29 0.15 0.52

7 .92 0.16 0. 48

11.3 0.19 I.14

11.0 0.22 L.L8

8.67 0.16 0.87



T¡C. CODE

92 2ð,

93 lb

95 2d

96 lc

97 lc

98 2d,

99 lc

100 7

101 7

L02 7

103 lc

104 7

105 le

106 Ie

107 7

108 lc

109 2d,

110 le

111 2d

l-Lz Ie

I13 lc
114 2c

.115 Ie

116 6

irz 2d

sio2 AI203

64.4 L2.7

48.9 16.8

6L.6 L5.2

47.0 15.s

46.1 16.5

60.6 14.8

s0.6 L6.2

68.8 13.1

68.0 13.2

63.2 L4.6

51.6 15.4

6s.0 14.0

57.8 L2.9

5s.3 15.7

60.3 15.3

51.8 15.0

61.1 1s.0

53.4 15.1

62.1 11.3

s5.2 13.8

52.9 19.7

71.5 1r.9

s5.5 13.5

46.6 L2.3

62.5 Il.4

CaO ¡qO Ì{a2O

3.50 3.L6 3.25

10.3 4.4L 2.75

3.46 3.03 5.20

10.5 9.96 2.64

8.s3 6.57 2.43

4.00 4.39 4.45

7.2r 7.0L 3,66

z.at z.L9 3.74

3.59 2.L3 3.79

4.49 2.73 3.99

7.04 6.92 3.04

5.48 2.48 3.4s

3.73 4.6L 3.74

3.83 4.60 4.51

5.29 L.80 0.62

7.51 5.62 3.57

3.11 r.66 3.36

3.76 2.15 4.07

3.56 3.80 3.63

7.47 3.68 3.14

3.83 2.87 5.90

1.87 0.6s 2.I7

6.77 3.42 2.89

8.87 s.82 1.93

4.36 2.66 1.6s

I€.O Fe2O3 l,InO

0.81 9.02 0.16

0.83 11.1 0.26

0.21 10.0 0.21

0.28 11.L 0.22

0.51 15.8 0.28

0.33 11.0 0.18

0.45 L2.6 0.25

0.s6 6.45 0.17

0.63 6.68 0.16

0.85 7.57 0.L7

0.32 L3.5 0.24

0.42 6.30 0.L2

0.37 14.3 0.25

0.s8 12.9 0.20

2.86 9.94 0.20

0.32 13.1 0.25

0.87 10.s 0.20

0.28 18.2 0.30

0,29 L2.7 0.23

0.s4 L2.7 0.28

1.s8 7.33 0.12

2.33 5.53 0.11

0.52 L4.5 0.27

0.37 19.s 0.31

0.73 11.8 0.14

TiO2 P2O5 T¡I

0.92 0.20 0.23

0.79 0.09 L.77

0.71 0.15 0.00

0.46 0.05 0.77

0.85 0.18 0.92

0.83 0.22 -0.08

0.55 0.10 0.85

0.35 0.06 0.31

0.35 0.06 0.69

0.43 0.08 0.85

0.70 0.14 0.46

0.37 0.08 1.08

1.16 0.25 -0.ls

0.78 0.13 1.08

0.60 0.20 r.31

0.67 0.13 0.31

0.67 0.19 1.46

1.85 0.66 -0.08

0.78 0.07 0.08

0.82 0.11 0.69

1.08 0.64 L.92

0.31 0.08 1.15

1.16 0.34. 0.46

3.06 0.18 0.38

0.73 0.13 r.46

183

SUl,l

98.4

98.1

99.8

98. s

98.6

100.6

99.3

99.5

99.3

99.0

99.3

98.8

99.0

99.6

98.4

98.3

98.1

99.6

98.5

98.3

97.9

97.6

99.2

99.2

97.5



IÆ. CODE

118 6

119 2d,

119 2d

119 2d

L20 2ð,

L20 2ð,

L2L 2d

LzL 2d,

L22 2d,

122 2ð,

L24 2d

L24 2d

L25 le

125 Ie

L26 2d,

L26 2ð,

L27 2d

]-28 lc

L29 9

130 9

131 9

l-32 4

133 4

134 4

135 4

sio2 A1203

s4.4 13.6

60.1 Is.1

66.6 13.0

58.6 14.6

63.5 13.7

60.5 13.6

5s.6 14.4

62.8 L5.2

67.2 L3.5

63.9 13.7

67.4 LT.g

65.9 12.5

58.5 r5.2

s8.0 14.9

61.8 14.9

62.7 L4.s

66.6 L4.0

50.7 13.7

58.7 L4.7

61.8 14.4

s5.9 14.8

48.7 L4.0

49.I 14.5

48.6 13.5

sl.2 13.0

CaO ¡,lgO

6.6s 3.82

L.92 2.23

3.02 r.50

2.62 L.87

2.79 L.80

3.68 1.53

7.22 2.83

2.80 2.88

2.89 t.76

3.30 2.34

4.60 L.46

s.L2 L.23

8.78 1.38

9.38 1.33

3.42 2.35

3.2L 2.09

2.48 L.48

6.s3 5.43

s.72 2.79

4.49 2.52

s.86 5.43

10.5 7.63

9.53 6.07

L0.2 7.44

9.58 6.96

AIa2O K2O

2.t2 0.6L

3.53 1.30

2.09 L.77

2.68 2.g8

2.86 L.62

2.90 L.zg

0.73 1.75

3.66 1.05

3.91 0.gg

4.04 0.s9

1.89 0.80

1.36 1.09

3.31 
. 
1.86

3.44 1.8s

4.73 0.85

4.27 0.78

4.05 1.31

3.82 0.57

6.2I 0.34

6.38 0.37

s.67 0.87

2.36 0.24

2.44 0.35

2.L7 0.26

1.83 0.34

Fe2O3 I'fiO

ls.1 0.28

9.28 0.L2

7 .28 0.t2

9.07 0.10

8.2T 0.L2

9.44 0.10

11.1 0.26

8.10 0.10

6.68 0.12

9.09 0.14

7.09 0.11

7.98 0.09

7.02 0.ls

7.0I 0.16

8.14 0.13

9.27 0.I3

6.s3 0.08

14.8 0.21

6.06 0.12

s.s0 0.08

6.60 0.11

11.8 0.20

13.1 0.21

L2.8 0.22

13.3 0.21

TiOz P205

1.60 0.18

0.47 0.07

0.48 0.09

0.74 0.L4

0.61 0.12

0.61 0.13

0.79 0.r1

0.41 0.07

0.s6 0.11

0.60 0.12

0.38 0.08

0.39 0.08

0.39 0.07

0.38 0.07

0.70 0.27

0.77 0.23

0.53 0.13

1.13 0.12

0.60 0.07

0.54 0.02

0.60 0.03

0.93 0.08

1.11 0.09

1.07 0.10

L.22 0.rr

184

IOI SIM

0.15 98.4

3.62 97.8

2.23 98.2

4.77 98.2

3.31 98..7

4.38 98.1

2.62 97.4

0.69 97.8

1.00 98.6

0.38 98.2

I.46 97.2

2.62 98.3

0.92. 97.6

1.00 97 .s

0.92 97 .7

0.69 98.7

0.77 98.0

0. s4 97 .s

2.46 97.8

L.77 97.9

1.77 97.7

0.85 97 .3

1.00 97 .5

0.92 97.2

0.69 98.4



TÆ. CODE

136 4

L37 9

138 4

139 4

140 4

141 4

L42 4

143 4

t44 4

145 8

L46 3a

L47 I
148 I
L49 3c

150 3a

151 4

l,52 4

153 4

154 4

1s5 5

155 s

156 4

L57 4

157 4

1s8 4

sio2 A1203

50.0 14.9

61.3 Is.3

4'7.4 L4.2

50.1 14.3

47.9 L5.3

48.5 13.3

48.0 13.7

49.2 L4.6

46.4 15.0

60.3 15.3

63.6 L4.6

55.6 16.3

61.3 15.4

73.3 tL.7

63.4 L5.4

49.3 14.6

49.6 L4.L

47.3 14.5

48.0 13.6

76.s 10.9

78.0 9.66

51.1 14.1

50.1 14.s

49.8 14.3

48.3 15.2

CaO ¡,19O

LL.9 7.54

4.82 3.43

L2.0 7.77

L2.0 8.23

10.0 8.36

9.99 8.22

11.6 7.00

10.6 6.21

11.5 8.40

3.93-3.79

2.65 2.64

6.54 5.33

4.89 3.97

2.67 0.78

A.LT I.72

10.8 7.18

10.4 6.68

9.88 8.56

L2.3 7.L7

0.93 0.99

0.90 0.74

10.9 4.86

10.7 s.70

11.0 5.91

10.8 7.06

l.Ia2O K2O

1.06 0.20

4.18 2.00

T.78 0.29

1.38 0.24

2.44 0.22

2.26 0.24

1.88 0.26

2.55 0.2s

L.76 0.22

3.91 2.30

2.83 2.L8

3.49 L.74

4.05 2.29

3.0s 1.41

2.44 L.63

2.32 0.35

2.80 0.32

2.36 0.23

1.30 0.35

2.36 L.69

2.23 t.55

2.28 0.29

1.83 0.34

2.26 0.35

L.92 0.26

Fe2O3 llfiO

10.8 0.18

4.83 0.09

11.1 0.20

11.1 0.19

12.1 0.19

I2.7. 0,23

L2.5 0.20

11.7 0.17

L2.L 0.22

5.01 0.10

6.65 0.10

6.43 0.13

5.6s 0.09

3.69 0.09

6.70 0.r2

11.5 0.17

11.9 0.19

13.6 0.23

10.9 0.23

3.35 0.0s

2.38 0.04

10.2 0.18

11.6 0.16

11.7 0.18

12.s 0.18

Tjtc.z P2c/5

0.80 0.08

0.60 0.25

0.82 0.07

0.82 0.08

1.03 0.10

1.06 0.09

1.12 0.10

1.14 0.09

0.85 0.07

0.55 0.22'

0.66 0.16

0.8s 0.41

0.57 0.26

0.30 0.0s-

0.99 0.27

0.86 0.07

1.10 0.10

1.18 0.10

0.79 0.08

0.37 0.09

0.27 0.07

r.09 0.10

1.06 0.10

1.13 0.09

1,11 0.09

18s

I¡I SUM

0.92 98.s

0.8s 97 .7

L.46 97.L

L.23 99.7

0.77 98.4

0.77 97 .3

1.31 97.6

0.46 97 .L

0.77 97.3

1.69 97 .L

t.62 97.8

1.15 97.9

1.00 98.9

0.92 98.0

1.38 98.1

0.62 97.8

0.77 97.9

0.54 98.4

2.62 97.8

1.rs 98.4

1.38 97 .2

2.L5 97.2

1.31 97.4

1.31 97 .8

0.8s 98.2



TÆ. CODE SiO2

1s9 3b 49.3

160 3b 51.7

161 4 49.0

L62 4 48.9

163 4 48.1

164 lc 48.7

165 lc 51.0

L66 lc 52.L

L67 lc 51.1

168 Ic 49.8

169 lc 46.7

170 lc 48.6

L7L Ic 45.7

172 lc 51.2

173 7 66.5

L74 Ie 56.5

175 2d, 6t.6

176 2ð, 61.s

L77 2d 67.2

178 2ð, 64.4

L79 le 51.9

180 1c 49.5

181 Ie 54.8

L82 ld 54.0

183 Ic 50.2

41203 CaO

18.0 9.49

L6.7 8.66

L4.9 10.9

14.s 10.7

14.3 10.5

L7.4 9.74

L6.2 10.3

16.5 8.71

16.1 10.3

L2.9 10.6

15.4 11.4

14.8 6. sI

13.7 13.¿

15.1 4.54

L2.7 2.28

13.9 6.50

L4.9 5.43

L4.7 3.26

13.6 3.13

r2.9 6.37

L4.2 11.0

16.3 7.32

L5.2 8.37

Is.3 6.05

ls.4 L2.7

¡,IgO ÀIa2O KzO

4.64 2.82 0.38

4.96 3.09 1.07

7.15 1.96 0.43

6.99 2.1r 0.34

7.68 2.19 0.30

3.50 2.L4 2.65

3.95 2.36 0.65

4.26 2.82 0.42

4.72 2.78 0.32

7.48 2.4r 0.73

9.04 1.82 0.37

8.51 2.03 r.29

6.76 2.33 0.63

4.98 3.77 0.66

t.LA 2.84 2.L7

3.70 3.L2 0.32

3.95 2.78 0.34

3.s2 3.33 1.38

3.05 4.11 0.79

2.30 2.s6 0.37

4.07 L.78 0.99

4.35 3.11 0.78

2.96 2.82 0.4s

3.ss 3.09 0.68

1.80 1.34 0.63

Fe2O3 ¡frO TiO2 P2O5

11.3 0.18 1.10 0.18

8.29 0.17 0.94 0.24

10.8 0.18 0.85 0.08

L2.6 0.19 1.r0 0.10

I2.7 0.23 1.15 0.10

11.6 0.19 0.7r 0.10

11.1 0.23 0.63 0.10

11.8 0.23 0.71 0.13

10.1 0.19 0.54 0.09_

11.0 0 .2g o.g8 0.27

11.1 0.20 0.7s 0.08

L2.2 0.17 1.01 0.09

10.0 0.21 0.7s 0.b9

ls.s 0.19 1.6L 0..23

8.00 0.10 0.41 0.13

12.0 0.23 0.72 0.r9

7.20 0.16 0.45 0.09

8.40 0.14 0.44 0.07

4.62 0.12 0.37 0.09

7.38 0.17 0.63 0.23

11.s 0.2L 0.97 0.08

14.s 0.20 0.71 0.06

13.1 0.2L 0.73 0.08

L2.7 0.19 0.66 0.06

11.7 0.22 0.64 0.07

186

T¡I STM

0.38 97 .8

I.62 97.4

1.31 97 .6

0.69 98.2

0.8s 98.2

1.00 97 .7

0.85 97.4

0.15 97.8

a.92 97.2

1.08 97.6

r.00 97 .8

2.77 98.0

4.08 97 .7

0.92 98.6

0.92 97 .3

0.38 97.5

0.62 97.s

0.54 97.3

0.92 98.0

1.00 98.3

4.23 100.9

1.38 98.2

0.38 99.0

1.00 97.3

3.ls 97 .8



r,G. coDE sio2 41203 cao tlgo IIa2o K2o Fe2o3 ¡,fio rio2 p2o5

184 ld 54.6 13.s 8.60 2.71 1.81 0.81 12.1 0.2L 0.64 0.08

185 ld s2.8 L4.7 9.32 2.47 2.66 0.80 13.3 0.22 0.73 0.08

186 ld 55.2 L4.7 8.10 2 .77 L 86 o .8g L2.2 0.20 0.68 0.08

L87 Id 55.4 14.8 6.83 3.35 2.23 0.90 12.6 o.2I 0.70 0.08

188 le 58.7 L2.7 7.24 2.43 1.36 1.75 tO.O 0.13 0.58 O.O7

I89 le 62.0 L2.5 6.79 L.3s 2.36 t.3t B.2B 0.16 0.60 0.07

190 le 61.3 15.1 5.18 0.95 2.73 2.60 6.7L O.I3 0.54 0.OB

191 2e 65.8 15.3 0.73 L.97 0.43 3.52 5._50 0.05 0.41 0.09

I92 2e 32.0 16.1 2.27 Lz.S 0.26 L.39 ZS.S 0.12 0.36 0.02

193 Ie 53.0 20.7 0.46 9.60 0.69 0.41 10.5 0.18 O.6s 0.0s

L94 Ie 58.6 16.0 2.96 2.3t 2.90 2.58 9.7L O.L2 O.5B O.tl
195 Ie 59.5 16.6 5.28 4.t3 2.86 1.39 B.8s 0.I4 0. 47 O.06

L97 Ie s3.9 1s.3 9.26 6.19 1.91 I.L2 6.93.0.14 0.70 0.22.

198 8 61.7 13.8 6.LI 2.79 L.39 1.06 9 .42 0.16 0.65 o.O8

199 Ic 50.0 L7.7 7.L4 5.89 3.I7 0.44 II.3 0.19 O.49 O.O4

200 Ic 49.8 18.0 8.70 5.47 2.40 O.B2 10.3 0.18 0.46 0.05

20L lc s2.1 11.8 15.3 2.42 2.s6 0.L9 7.74 O.t9 0.49 O.O7

202 le 55.8 15.7 9.70 1.96 4.09 L.44 6.48 0.15 0.44 O.O7

203 3a 68.8 L2.6 5.08 0.89 3.16 0.38 3.93 0.09 0.38 0.09

204 3a 63.6 L4.7 4.23 L.92 3.43 t.L2 9.44 O.L2 O.sO 0.10

206 s 79.0 9.97 0.94 0.73 L.28 2.20 2.s8 0.05 0.28 0.08

207 5 74.8 11.3 1.28 0.84 2.44 L.85 3.30 0.06 0.34 0.09

208 4 48.6 17.4 8.11 5.66 2.06 1.33 10.4 0.17 1.34 0.09

209 4 49.5 15.1 11 .4 6.54 2.33 0.2s 10.7 0.18 0.94 0.07

210 4 49.L L7.3 1I.4 5.95 2.53 0.39 9.91 0.1s 1.01 0.09

I87

IOI STM

2.08 97.L

L.62 98.7

o.g2 97.6

2.L5 99.1

3.08 98.0

2.54 98.0

L.92 97.2

3.s4 97.3

8.77 99.2

3.23 99.4

2.08 98.0

1.46 100.7

1.38 97 .t
1.00 98.2

1.15 97.s

L.23 97.s

5.62 98.5

3.92 99.8

L.77 97.2

L.23 99.4

1.08 98.1

1.15 97.5

3.08 98.2

1.00 97 .9

L.23 99.L



Ttr. CODE

zLL 3a

2L2 3b

2L3 3b

2L4 3c

2L4 3c

2L5 3a

2L6 3b

2L7 3a

2r7 3b

z]..g 3c

2L9 3a

220 3b

221 4

222 4

223 4

224 4

225 5

226 5

227 5

228 I
229 I
229 I
230 Ie

23t I
232 4

sio2 A1203

6L.3 16.2

52.8 L7.8

53.8 15.0

72.L r2.9

70.1 13.6

60.5 16.0

58.8 15.1

61.3 15.3

s5.8 16.0

68.6 13.3

6t.9 L4.9

56.5 15.6

s0.s ls.0

46.7 L4.6

49.9 13.5

45.6 T5.2

76.1 10.1

78.5 9.2s

78.1 10.3

57.4 L7 ..9

56.2 15.3

s7.2 I5.3

s3.0 14.7

ss.4 ls.8

49.3 14.0

CaO !4gO

6.8L 2.59

8.s9 5.05

6.67 3.88

2.68 0.96

2.52 0.74

5.04 2.45

6.16 4.35

5.32 2.24

7.44 3.5r

3-23 1.31

6.18 2.88

7.09 3.88

L2.9 s.3s

T2.4 8.70

9.86 8.04

9.82 8.93

1.35 0.87

1.35 0.98

L.23 0.69

5.68 1.90

s.31 s.78

6.13 6.00

5.09 5.45

6.32 6.s3

10.4 7.81

l.Ta2O K2O

3.90 0.86

3.01 0.44

3.05 0.65

3.94 1.18

4.31 1.14

2.64 L.66

3.78 0.57

3.10 1.31

3.L7 0.97

3.84 0.71

2.90 0.78

3.50 0.67

1.61 0.31

1.06 0.31

2.r5 0.26

2.30 0.26

2.77 L.s3

1.80 1.73

I.79 2.09

7.22 0.50

s.01 1.25

4.43 0.97

3.92 0.60

4.20 0.74

2.22 0.35

Fe2O3 ¡,ttO TiO2 P2O5

6.56 0.12 0.96 0.25

8.17 0.16 0.69 0.28

13.7 0.19 1.01 0.21

2.32 0.06 0.23 0.07

3.86 0.09 0.36 0.09

7.30 0.17 0.91 0.37.

7.L7 o.Lz 0.78 0.24

7.35 0.17 0.95 0.40

8.99 0.22 0.96 0.24

6.L7 0.14 0.52 0.11

6.86 0.16 0.73 0.22

7.41 0.15 0.98 0.22

9.24'0.16 0.87 0.08

12.8 0.2L L.00 0.08

12.0 0.19 1.0s 0.09

L2.9 0.24 L.07 0.09

3.16 0.05 0.33 0.08

2.65 0.08 0.27 0.07

2.06 0.05 0.33 0.07

4.s6 0.07 0.62 0.39

s.99 0.11 0.66 0.19

6.L2 o.Lz 0.67 0.i8

15.2 0.19 0.64 0.11

6.76 0.L2 0.72 0.L8

1r.9 0.2L I.04 0.10

188

IOI SIDÍ

1.69 101.2

0.92 97 .9

1.15 99.3

1.00 97.5

1.85 98.7

1.38 98.3

1.08 98.2

0.77 98.1

1.08 98.3

0.69 98.6

0.92 98.s

1.08 97 .L

1.08 97.0

0..69 98.6

0.85 97.9

0.85 97.3

0.85 97.2

0.85 97.5

0.85 97.6

1.69 98.0

1.38 97 .2

0.8s 97.9

0.77 99.7

L.46 98.3

0.8s 98.2



Tæ. CODE

233 4

234 3b

235 3b

236 3a

237 3b

238 3a

219 4

240 4

24I 4

242 4

243 3a

244 3b

245 3b

'246 
8

246 I
247 4

249 3a

250 3b

25T 3c

252 3a

253 3c

254 5

255 lc

256 le

257 le

sío2 A1203

51.5 13.5

54.2 17.0

57.1 15.3

63.3 L4.7

59.7 L4.5

60.2 16.4

50.5 14.6

50.1 14.2

48.7 .14.9

48.6 15.1

67.5 L4.3

55.8 16.7

51.5 13.0

57.0 L4.2

57.0 14.3

49.8 14.3

64.2 L5.8

55.7 L5.7

74.L t2.8

63.8 16.1

77.4 LL.2

75.0 11.6

50.4 13.2

55.7 r4.7

s8.5 14.2

CaO I4gO

9.52 8.29

7.38 3.74

8.27 3.L6

3.50 1.84

6.56 2.15

6.0s 1.83

IL.7 5.82

9.75 8.47

11.0 8.09

tz.t 4.26

s.95 1.03

8.28 3.06

7.6L 4.07

6.96 6.38

6.94 6.55

10.5 8.33

4.92 L.59

5.80 4.s3

1.20 0.69

2.9L 2.70

3.33 0.58

1.09 0.76

10.2 10.5

8.28 3.82

8.Ls 2.26

I'Ia2O K20

2.24 0.34

3.15 1.36

3.23 L.4s

3.44 L.82

3.11 0.99

4.02 I.L2

2.27 0.24

2.15 0.32

L.90 0.27

l.7L 0.74

2.64 0.93

3.32 0.99

2.60 0.60

3.46 1.11

3.54 1.15

2.03 0.26

3.77 0.93

4.09 1.05

2.84 2.59

3.67 2.26

2.33 0.s9

2.27. 2.68

2.64 0.25

2.01 0.40

2.30 0.80

Fe203 ¡f¡O TiO2 P2O5

11.5 0.17 0.86 0.07

8.47 0.L2 0.81 0.19

s.8s o.Ll 0.77 0.23

6.75 0.13 0.93 0.39

8.37 0.17 0.94 0.37

5.78 0.09 1.35 0.40

11.1 0.18 1.14 0.11

11.8 0.20 0.92 0.08

11.9 0.19 0.86 0.08

10.5 0.15 1.20 0.11

r.86 0.04 1.15 0.11

6.61 0.I4 I.02 0.32

17.8 0.24 L.58 0.21

7.07 0.13 0 .64 0.28

6.75 0.13 0.64 0.30

11.8 0.19 0.95 0.08

4.50 0.08 0.86 0.26

7.65 0.1s 0.89 0.22

2.03 0.05 0.21 0.06

5.45 0.06 0.58 0.16

1.37 0.04 0 .46 0 .L7

3.05 0.05 0.30 0.08

9.67 0.29 0.45 0.06

11.0 0.23 0.73 0.08

9.69 0.24 0.93 0.15

189

I¡I ST]T{

0.62 98.5

0.92 97.4

2.08 97.5

1.8s 98.6

L.77 98. 6

1.00 98.2

'1.69 gg.4

1.00 99.0

0.8s 98.8

3.62 98.0

L.62 97 .L

2.00 98.3

0.69 100.0

0.85 98.0

1.00 98.3

0.69 98.9

1.31 98.2

1.54 97 .3

1.00 97 .5

0.77 98.4

0.77 98.2

0.77 97 .6

0.77 98.3

1.15 98.1

1.31 98.6



190

Iæ. CþDE SiO2 41203 CaO ¡4qO I\Ta2O K2O Fe2O3 lôrO TiO2 P2O5 I¡I StM

258 le 54.4 l-5.9 7.07 3.22 3.22 0.54 I1.7 0.23 0.90 0.13 0.92 98.2

259 le 54.0 L2.2 5.46 3.44 2.99 0.20 13.8 0.16 2.44 0.74 2.85 98.3

..----DTÀ¡iD¡{D DRIüL HOLE FS-23--_

EIG. CODE SiOz 41203 CaO ¡gO Na2O K2O Fe2O3 ¡,Íú TiO P2O5 IOI StM

24 6 50. 6 13.2 6 .72 4.60 3.91 0. 69 L6.7 0. 16 1.82 0 .18 1.00 99 .6

75 6 43.6 I3.7 8.L4 4.45 2.60 1.33 20.5 0.23 3.81 0.08 0.62 99.1

L62 td 57.2 Ls.9 s.86 4.27 4.L8 0.40 11.1 0.16 0.87 0.09 0.31 100.4

2g2 Ic 48.8 16.3 7.06 8.90 2.88 0.17 13.6 0.18 0.66 0.09 0.85 gg.5

377' ld 52.5 L7.4 6.02 4.gO 2.42 2.54 L2.2 0.14 0.s8 0.07 1.23 100.0

467 2d 63.8 12.5 6.47 L.42 3.63 0.99 8.06 0.19 0.66 0.L2 2.16 100.0

514 2ð, 60.2 13.3 6.05 2.82 7.17 0.09 7.95 0.14 0.55 0.20 1.85 100.4

546 lc 48.4 L2.7 10.6 1I.O L.62 1.20 10.5 0.16 0.2s 0.03 2.08 98.8

627 Ic 50.5 13.6 10.s 7.13 3.46 0.42 10.s 0.25 0.37 0.03 2.54 99.4

635 2c 72.5 LL.6 1.91 1.83 5.01 0.38 5.61 0,09 0.38 0.09 0.47 99.9

1113 8 68.8 L2.7 3.80 2.2L 2.47 2.L2 s.22 0.09 0.42 o.Lt L.47 99.s

1136 Ib 47.8 9.29 7.5T t4.6 1.36 1.36 I3.8 0.27 0.84 0.14 1.93 99.1

1168 lb 51.0 10.1 6.99 13.0 1.97 0.86 L2.6 0.27 0.81 0.14 1.16 99.1

L237 lb 49.0 10.9 9.98 L2.2 t.20 1.34 I0.9 0.19 0.65 0.16 2.39 99.1

L268 lb s2.3 13.s s.15 9.63 2.78 0.53 12.s 0.20 0.96 0.19 2.16 100.0

1274 Ih 47.L 7.32 6.83 22.2 0.L7 0.02 lo.s 0.17 0.44 0.L2 4.39 99.6

.----DTåMCDÍD DRTLL HOI.E FS-28----_
18 lc s3.3 16.6 6.75 5.4L 4.06 0.57 10.9 0.20 0.92 0.10 0.70 99.6

30 Ic 52.4 L6.4 6.86 s.09 3.78 0.77 12.0 0.20 L.00 0.12 0.8s 99.s

70 3a 62.5 Ls.I 4.73 2.27 L.L6 2.79 9.40 0.Is 0.68 0.19 0.8s 99.9



EIG. CODE

L]-2 3a

140 3a

15s 3b

223 3b

237 3c

267 3a

285 3a

320 3a

395 3c

467 Id

492 2ð,

522 Id

532 le

533 Ie

547 Ie

648 2d

662 2e

672 2e

726 2e

733 3b

77L 3a

772 3a

773 3a

817 3a

915 3a

sío2 A1203

60.3 18.7

59.s L7.4

56.2 L8.2

ss.6 16.5

66.3 14.0

59.6 15.7

68.0 14.8

68.3 14.0

7L.4 L2.4

56.0 Is.3

64.7 I3.7

54.2 18.0

54.8 16.9

53.9 16.8

56.1 L7.2

64.2 l4.L

64.6 L3.7

61.2 14.1

61.1 ls.3

56.1 12.8

64.3 L5.2

65.2 L4.0

63.6 L4.7

60.1 15.4

63.7 L4.2

CaO I,I9O

6.22 2.L2

6.89 2.40

4.68 3.90

9.91 1.86

3.47 L.77

3.65 2.45

0.23 2.34

2.8s 1.69

3.7L L.23

9.82 2.87

4.96 1.26

6.41 3.99

3.72 5.42

2.98 6.51

4.91 3.87

3.11 5.00

2.47 6.69

1.63 8.99

3.5s 1.86

4.74 2.60

3.43 1.73

2.57 r.92

2.9L L.84

2.60 2.L2

2.38 1.95

Na2O K2O

3.77 1.08
'3.22 

r.Og

4.88 0.9s

4.56 0.93

3.L4 2.85

3.04 2.44

0.43 3.48

3.71 L.92

2.53 L.26

2.28 L.57

2.36 2.63

3.61 1.46

3.07 T.32

2.67 L.5L

4.6L 0.46

L.L6 2.59

0.63 1.79

1.11 1.57

2.74 r.8L

0.90 1.03

3.70 L.32

2.86 2.L6

3.29 2.09

3.40 2.42

3.30 2.08

Fe2O3 ffitO

6.30 0.11

7.84 0.13

8.68 0.09

5.L2 0.L4

5.66 0.10

10.1 0.12

5.24 0.02

s.91 0.10

s.40 0.09

7.88 0.17

7.01 0.16

9.94 0.16

11.9.0.34

13.2 0.36

10.0 0.20

6.38 0.0s

7.20 0.08

8.09 0.08

10.8 0.11

17.1 0.18

8.48 0.09

9.76 0.09

9.38 0.09

10.9 0.08

9.sl 0.10

TíO2 P2ci5

0.77 0.08

0.69 0.07

0.49 0.07

0.83 0.10

0.78 0.22

0.76 0.16

0.43 0.07

0.74 0.18

0.52 0.11

0.44 0.07

0.43 0.09

0.63 0.07

0.68 0.08

0.68 0.08

0.63 0,07

0.43 0.08

0.41 0.08

0.41 0.08

0.74 0.Is

2.69 0.4s

0.65 0.14

0.s8 0.14

0.62 0.12

0.79 0.16

0.s9 0.10

191

I¡I StM

0.54 100.0

0.70 100.0

0.54 98.7

4.00 99.6

1.16 99.s

1.93 100.0

4.62 99.7

0.70 100.2

L.47 L00.2

3.23 '99.7

2:L6 99.s

1.16 99.7

1.39 99.7

1.39 i00.1

0.31 98.4

3.00 100.1

1.93 99.6

1.93 99.6

L.47 gg.7

1 .00 99.7

0.62 99.7

1.00 100.3

1.16 99.9

2.08 100.1

1.31 99.3



192

trc. coDE sio2 41203 cao I'fgo Na20 K20 Fe203 ¡,rro río2 p205 r¡r stu

1020 3b 56.6 15.9 3.39 3.49 2.78 L.13 12.0 0.16 0.84 0.18 3.08 99.6

L0s2 2d, 6s.4 L4.9 3.09 2.00 3.78 1.3s 7.32 0.10 0.64 0.13 r.47 LOO.z

1098 2e s[.l Ls.2 3.54 2.22 z.rs 2.s6 16.0 0.12 0.9s 0.24 3.31 100.4

1160 2e s7.8 13.3 4.84 4.91 3.10 0.16 13.9 0.24 L.24 o.2g 0.oB gg.g

L469 2c 72.0 L3.7 2.LB 0.75 6.41 0.13 3.44 0.oB 0.42 o.og r.16 100.4

----DIåI\4CND DRTI,L HOLE FS-33_-

59 Ic 48.9 L6.7 6.56 6.13 3.L4 L.L7 r4.0 0.24 0.70 o.14 1.16 99.9

94 If 70.8 1.59 7.69 0.42 0.01 0.01 19.5 0.25 0.05 0.43 -0.38 100.4

108 If s3.s 7.03 5.1s 4.83 0.28 0.20 26.0 0.30 0.23 L.OA 0.93 gg.5

110 lf 44.1 1.63 10.8 0.84 0.02 0.04 41.9 0.25 o.os 0.80 -0.61 99.8

134 2c 73.2 Lr.8 2.29 L.01 4.43 0.79 s.09 0.07 0.54 0.13 0.93 100.4

134 2b 57.5L7.9 6.05 2.63.5.59 0.63 8.18 0.13 0.69 O.O8 0.19 99.8

1s7 le s7.0 1s.4 7.s3 3.6s 3.49 0.39 rt.t 0.rg o.B2 0.10 0.47 Loo.2

L57 2c 73.8 11.8 2.23 0.63 4.L2 L.34 4.72 0.12 0.53 o.t3 0.54 100.1

Lgz 2c 75.2 13.0 1.98 0.23 7.34 0.16 0.59 0.02 0.20 0.05 r.0g gg.g

237 2c 7s.8 L0.7 2.47 L.44 4.11 0.84 3.07 0.05 0.r5 0.03 t.t6 gg.g

280 le s7.1 16.1 5.19 4.98 4.29 0.80 9.46 o.L6 0.72 o.og 0.62 gg.s

328 tc 5r.8 14.5 9.48 5.66 2.321.03 r2.4 o.zz o.5B 0.r3 0.77 98.9

350 lc 51.1 16.2 6.6L 4.56 3.s7 L.34 L2.9 0.23 o.71 0.10 2.00 gg.4

398 Ic 47.9 L5.5 L2.7 3.36 2.L6 L.76 rr.3 o.17 0.49 0.06 4.39 99.8

,411 If 50.9 r.79 11.1 0.72 0.01 0.01 33.8 0.38 0.07 1.10 -0.38 99.5

430 2b 69.7 r2.3 2.61 2.01 2.71 1.93 7.47 0.1s 0.s2 o.r2 0.70 100.3

570 2c 70.0 11.8 L.L8 2.47 2.s6 L.74 7.16 0.31 0.41 0.06 r.70 99.5

760 2a 62.5 L3.7 3.36 3.53 3.29 L.BB 8.70 0.14 0.95 0.tz t.t6 gg.s

775 2a 61.6.13.4 3.19 4.35 3.55 r.65 9.43 0.18 1.00 0.r7 0.95 gg.4



193

EIG. CODE SiO2 41203 CaO MgO Na2O K2O Fe2O3 ¡,fiO TiO2 P2O5 I¡I SUIT,I

852 2a 62.0 L3.6 3.80 3.s6 3.80 1.92 B.B4 0.17 0.94 o.L7 r.00 99.9

886 2a 65.5 13.5 2.92 2.67 3.34 2.6s 7.27 0.12 0.71 o.16 o.g5 99.8

1024 2c 68.7 r2.5 L.66 2.72 A.Ls L.26 s.a4 0.09 0.60 0.r3 r.54 99.3

1141 2b 64.6 L3.2 2.31 3.L5 4.24 1.19 9.08 0.L2 0.93 0.33 0.62 99.8

L232 2c 72.9 L2.6 0.21 1.24 0.'19 8.64 t.9B 0.02 0.09 0.10 0.77 99.4

L252 2d, 63.6 L3.2 r.32 3.67 2.04 1.35 11.8 0.32 0.94 0.18 1.70 100.2

L262 2d, 64.5 13.3 1.97 3.90 4.03 0.84 8.81 0.15 0. 92 o.2g 0.93 gg.7

1325 2c 72.2 L2.3 r.27 L.94 3.27 T.5B 4.93 0.14 0.51 o.r0 L.47 99.8

1358 2c 78.7 9.87 0.43 1.53 4.60 0.29 2.77 0.03 0.19 0.03 L.z3 99.8

L472 lc 4s.8 2L.g L2.3 6.89 2.24 0.20 8.68 o.r8 0. 44 o.o4 0.77 99.s

1488 lc 45.5 20.6 L2.2 8.03 1.84 0.08 10.0 0.15 0.24 o.o4 0.77 99.5

-----DTAMCND DRILI HOI,E FS.

62 2ð, 60.9 15.8 2.77 2.08 4.72 0.98 10.9 0.L2 0.77 0.r5 0.8s 100.1

353 2ð, 67.2 L3.7 4.16 r.43 1.96 2.46 6.96 0.10 0.60 0.13 1.31 100.1

488 lb 49.3 L6.4 11.3 5 .99 2.63 0.48 t t.9 0.26 0.56 0.08 1.08 100.0

628 le 57.6 13.L 7.874.803:600.11 10.6 0.220.660.16 0.47 gg.z

685 I 57.9 15.8 6.22 4.L7 5.23 t.83 6.35 0.11 0.65 0.11 L.23 99.7

733 8 57.1 16.1 3.10 5.39 5.28 2.6t 7.2L 0.08 0.76 0.1s r.23 99.0

744 8 s7.4 L6.2 4.30 4 .69 4.49 0.56 6.75 0.09 0.72 0.r4 1.39 96.8

778 8 s7. s 16. 4 5. 52 4 .30 4.70 L.48 s.88 0.09 0 . s8 0. 10 'z.Ls 9g.8

782 I 59.3 r5.9 3.9s 4.15 5.30 1.41 5.98 0.08 0.70 0.13 1.70 98.7

869 8 64.0 15.s 2.33 2.82 6.60 1.s7 4.69 0.06 o.sl 0.11 r.16 99.4

901 8 61.6 ls.9 2.8L 3.s7 5.76 L.57 s.54 0.08 o.ss 0.11 1.39 99.0

920 I 62.8 L5.2 3.31 3.s3 6.53 1.39 5.37 0.08 0.s1 0.10 0.70 99.6

1045 I 61.7 15.0 3.80 3.62 5.91 1.54 s.37 0.10 0.s2 0.10 L.77 99.5



EIG. CODE SiO2 41203 CaO ¡gO l.ia2O K2O Fe2O3 ltrO

1133 I 61.2 L5.6 4.47 3.87 5.51 1.70 5.59 0.09

1180 8 62.0 Ls.A 5.01 3.57 5.t2 L.L4 5.47 0.09

L207 8 61.9 15.6 4.31 3.77 5.63 1.39 5.59 0.09

1244 8 61.7 15.5 4.62 3.78 5.59 1.18 5.65 0.09

I29I I 65.0 16.3 3.1s 1.97 6.35 1.38 3.47 0.05

1488 2c 71.2 L3.3 I.33 1.08 5.27 I.26 4.21 0.03

1540 2c 68.9 13.8 1.70 I.00 3.98 2.65 4.7L 0.02

.----DTå¡{CND DRIT,L HOLE FS-

248 5 81.3 8.55 L.77 0.95 2.82 1.10 2.01 0.04

285 le s5.3 10.4 10.6 8.37 3.36 0.s3 8.0s 0.19

290 le 55.1 13.7 7.94 6.24 s.07 0.59 7.2L 0.L2

380 9 59.5 L5.2 5.20 2.63 6.85 0.26 6.50 0.09

399 9 7L.0 13.0 4.42 o.zL 6.89 0.48 1.26 0.04

463 Ie 56.4 15.6 5.19 3.78 5.70 1.31 9.55 0.08

477 le 56.8 1s.6 s.06 4.43 6.66 1.14 8.11 0.08

497 Ie s4.5 16.6 4.24 3.91 s.78 1.84 10.s 0.06

s28 Ic 51.3 14.1 6.32 4.53 3.96 0.38 16.3 0.23

546 Ic 50.8 14.0 5.46 5.81 4.19 0.53 16.0 0.23

5s2 2d, 62.0 r0.9 6.83 2.40 I .82 2.05 LL.z 0.22

564 6 48.0 13.3 8.88 3.90 3.46 0.s0 16.1 0.30

580 2ð, 67.4 L0.7 s.L3 2.45 2.26 L.99 6.17 0.10

s93 3a 75.9 9.89 2.99 0.80 2.36 I.48 3.13 0.03

630 3b 47.L L4.6 3.85 2.05 3.04 1.34 21.8 0.r0

729 6 48.7 17.2 9.29 6.10 3.42 0.95 10.5 0.18

751 2d, 67.0 L2.3 5.90 1.38 3.84 0.19 7.06 0.15

Ti:Oz P2c/5

0.52 0.11

0.s3 0.11

0.53 0.1r

0.s3 0.10

0.40 0.08

0.38 0.09

0.42 0.10

L94

Ï¡I STM

0.70 99.4

1.08 99.6

0.70 99.7

1.23 100.1

I.47 99.7

1.08 99.3

2.00 99.4

0.16 0.0s

0.47 0.06

0.59 0.03

0.35 0.06

0.26 0.02

0.66 0.0s

0.6s 0.08

1.08 0.08

1.29 0.11

1.28 0.11

0.78 ó.30

2.56 0.22

0.44 0.06

0.43 0.07

0.73 0.09

0.99 0.20

0.6s 0.13

0.93 99.7

L.77 99.3

2.L6 98.9

2.08 98.8

2.47 L00.L

1.62 100.0

1.62 100.3

1.39 100.0

0.70 99.3

0.39 98.8

1.47 100.0

1.31 98.6

2.85 99.6

L.62 98.7

4.s4 99.3

1.16 98.7

1.'31 100.0



EIG. CODE

771 2d

793 2d

810 ld

830 2d

838 ld

845 ld

847 ld

863 6

865 19

870 2d

878 6

892 6

904 2c

918 6

929 2c

957 2d

964 la

984 la

1013 la

1020 2c

1037 2c

1068 Ia

1083 Ia

1087 2c

1102 Is

SiO2 41203 CaO

64.7 L3.2 4.77

66.8 L2.9 4.gL

ss.8 ls.6 6.67

66.9 13.3 L.49

55.1 17.0 5.88

59.6 L4.6 5.56

59.9 14.0 4.s9

49.4 16.O e. AO

52.0 ls.5 1.98

62.6 14.8 4.6L

54.2 L2.7 5.27

49.2 L3.L 6.92

69.0 10.8 7.52

51.8 12:8 8.97

69.5 L2.5 3.65

60.3 I4.2 4.54

52.0 L4.0 9.10

51.8 14.6 10.1

47.8 L4.3 6.7L

69.3 13.4 0.78

72.2 L2.3 2.94

49.1 13.6 7.44

sl.s 13.9 10.3

7L.3 L2.7 2.40

52.6 3.85 18.4

MgO l.Ia2O K2O

z.LL 3.96 0.22

L.62 3.52 0.13

4.10 2.98 1.33

3.34 1.2L 2.08

3.92 3.82 L,43

2.57 3.72 0.75

4.43 3.00 0.60

8.4s 0.4L I.25

11.1 0.90 1.95

2.92 3.94 0.65

2.34 3.48 0.09

4.97 3.17 0.10

I.67 3.49 0.05

4.72 3.29 0.L3

1.31 2.60 2.01

s.s8 3.s9 0.47

9.2L 2.77 0.38

7 .59 3.85 0.12

L0.2 2.r1 0.23

2.99 5.18 0.47

1.80 4.78 o.ZL

8.1s 2.00 2.00

7.33 3.72 0.48

2.30 7.41 0.05

9.84 1.77 0.0s

Fe2O3 ¡fto TiO2

9.99 0.L4 0.74

8.73 0.13 0.70

10.5 0.18 0.s7

9.76 0.10 0. 44

10.9 0.15 0.61

9.93 0.16 0.s9

12.1 0.24 0.59

13.4 0.28 0.91

13.2 0.21 0.48

8.57 0.16 0.70

18.0 0.28 2.07

17 .4 0.26 3.LL

s.56 0.11 0.30

L4.7 0.23 2.L6

6.23 0.07 0.59

9.27 0:20 0.78

9.76 0.31 0.43

9.65 0.r9 0.33

1s.1 0.29 0.4L

s.35 0.09'0.45

4.24 0.07 0.39

14.9 0.17 0.34

10.8 0.14 0.34

2.60 0.05 0.44

11.2 0.24 0.L4

P2O5 IOT

0.12 -0.07

0.L2 0.47

0.07 1.00

0.07 0.93

0.07 0.85

0.08 0.93

0.07 0.31

0.08 1.54

0.05 2.08

0.13 0.93

0.84 -0.07

0.20 0.31

0.09 L.23

0 .24 0.93

0.18 0.93

0.20 0.77

0.08 1.00

0.04 1.39

0.0s 1.08

0.I2 0.62

0.10 0.93

0.03 I.23

0.04 r.16

0.09 0.70

0.01 1.85

19s

STM

99.9

r00.1

98.8

99.7

99.8

98.8

99.9

100.2

99. s

100. 1

99. 3

gg. g

99.9

100.0

99.6

99.9

99.2

99.8

98.4

98.8

100.0

99.1

99.8

r00.1

100.0



EIG. CODE SiO2 41203 CaO ltlgo Na20 K20 Fe203 ¡,fno TiO2 P205

1160 le 53.9 15.7 6.77 3.9s 3.47 0.80 13.5 0.20 0.81 0.07

1195 -- 62.5 L4.8 10.6 0.80 0.01 2.59 7.03 0.09 0.25 0.05

L224 ld s6.9 13.3 7.I0 2.68 2.38 1.76 1r.7 0.18 0.81 0.10

L2s4 ld 58.3 13.6 7.07 2.68 3.65 0.56 11.2 0.23 0.84 0.12

1287 ld s4.9 L3.9 7.39 4.06 4.19 0.45 11.9 0.19 0.79 0.08

._---DIå¡4CD{D DRTT,L HOLE TJF-1911

168 5 80.1 9.83 1.10 0.6L 2.33 2.11 2.02 0.03 0.24 0.06

169 5 73.4 L2.7 1.20 1.06 2.48 3.19 3.83 0.04 0.49 0.L2

188 le 54.4 15.8 8.58 4.94 3.30 0.73 7.99 0.16 0.89 0-11

Lg2 Ie 54.7 L6.3 6.98 5.09 3.01 0.54 10.6 0.17 0.95 O-11

238 3a 59.9 I7.1 5.94 2.49 3.91 1 .54 6.86 0.08 0-86 0-36

258 3a 64.0 13.8 6.26 L.64 L.47 I.86 8.73 0.15 0.57 0-14

292 3b ss.s 16.s 7.06 4.01 1.5? 2.39 9.42 0.11 r.L2 0.r2

330 8 57.0 rs.3 8.26 6.40 3.71 0.29 6.27 0.11 0.69 0.18

557 le 52.2 L7.9 8.18 5.44 L.84 1.72 L0.6 0.16 0.48 0.06

574 le 57.2 L6.6 6.01 3.35 4. 04 0.5210.7 O-T7 0-63 O-07

1057 2d 66.2 15.1 4.96 1.59 3.82 o.g4 6.02 0.08 0.40 0.08

1094 2ð, 64.7 L4.2 5.05 1.63 3.58 1.13 7.33 0.11 0.49 0.08

L097 2d, 67.3 13.3 5.61 1.43 2.94 0.82 6.4s 0.10 0.46 0.08

L228 2ð, 6s.1 16.0 4.33 2.10 s.13 1.4g 3.s8 0.06 0.40 0.08

L263 2d 63.2 r3.8 4.75 0.96 3.84 1.2L 8.25 0.0s 0.41 0.09

t265 6 4s.8 11.6 11.1 11.4 1.52 0.23 1s.8 0.39 0.48 0.20

196

I¡T ST]M

0.77 100.0

1.s4 100.3

2.54 99.s

L.47 99.8

2.54 100.4

1.00 99.5

I.23 99.8

2.39 99.3

0.77 99.3

1.23 100.3

1.31 100.0

1.85 99.7

1.00 99.4

0.93 99.6

0.47 99.8

0.85 100.1

1.39 99.7

1.39 99.9

I.62 99.9

3.47 100.1

0.85 99.5

----DIA¡4OI{D DRILL HOLE UF-2184----

15 6 s7.3 14.6 s.sL 2.89 4.11 0.43 12.8 0.19 0.79 0.08 o.s4 99.3

32 6 s9.7 13.s 4.87 2.82 4.31 0.24 r2.2 0.18 0.73 0.08 0.77 99.4



ETG. @DE

73 2e

99 Ie
110 Ie

119 6

139 '2e

L44 le

148 le

158 le

159 th

L79 6

199 Id

202 Id

212 th

220 ld

228 Id

240 Id

262 I
267 I
282 ld

297 lc

30r ld
318 Ic

340 2d

350 2d,

377 2ð,

sio2 A1203

60.3 14.3

57.5 14.1

58.0 14.7

50.3 14.8

56.6 14.5

59.7 14.5

55.9 14.1

55.8 12.9

6L.4 L2.L

47.3 14.4

54.0 17.2

55.3 15.4

64.9 13.0

54.8 16.9

54.9 Is.8

57.3 L4.4

57.5 15.3

66.3 14.3

63.6 L2.8

49 .4 L6.9

62.5 13.0

50.3 17.5

63.6 14.0

64.5 15.6

60.6 14.0

CaO ¡{qO

5.77 2.62

6.15 3.28

s.52 2.99

7.96 7.9s

2.L3 4.68

5.16 3.00

6.94 2.LL

10.7 1.93

0.25 5.24

9.32 L0.8

9.69 2.35

11.4 3.00

4.s4 1.s5

6.49 4.0L

9.46 2.38

6.45 4.L9

6.76 6.54

2.62 3.t9

8.38 0.83

8.92 s.50

8.98 1.08

9.06 6.02

8.L4 L.47

5.7L L.62

6.40 3.52

I\h2O K2O

4.64 0.L5

3.47 0.64

4.33 0.26

2.s8 0.13

1.33 1.45

4.10 0.56

2.79 2.04

0.40 2.43

0.24 2.30

1.76 0.84

2.5L 2.7s

L.97 2.17

3.46 1.20

3.62 2.t2

2.62 L.s2

3,87 0.29

4.32 0.63

3.27 I.83

2.75 L.I8

2.90 I.1s

2.59 1.30

3.86 0.20

L.05 2.29

2.84 1.15

2.15 1.31

Fe2O3 1610

10.3 0.18

t2.2 0.2L

11.s 0.19

11.4 0.28

12.9 0.09

10..6 0.21

11.9 0.21

10.5 0.20

10.6 0.06

10.9 0.21

7 .4s 0.L3

6.67 0.L4

8.30 0.13

7 .89 0.L7

10.1 0.17

11.8 0.20

6.25 0.09

s.91 0.07

6.66 0.16

11.0 0.23

6.59 0.15

10.8 0.18

7.19 0.10

7.30 0.09

9.79 0.L4

TiO2 P205

0.75 0.09

0.74 0.08

0.76 0.07

0.98 0.09

0.41 0.06

0.95 0.10

1.19 0..23

0.75 0.09

0.34 0.06

0.71 0.07

0.54 0.06

0.64 0.08

0¡70 0.13

0.70 0.22

0.75 0.09

0.65 0.08

0.72 0.20

0.34 0.07

0. 41 0 .10

0.81 0.10

0.41 0.09

0.86 0.12

0.44 0.08

0.52 0.09

0.5s 0.06

L97

IOI STM

0. s4 99.7

0.93 99.3

1.62 100.0

2.s4 99.L

5.93 100.1

1.23 100.1

2.00 99.5

3.54 99.3

7.54 LOO.2

2.3L 98.7

3 .16 99.9

2.54 99.4

1.16 99.1

1.85 98.8

1.8s 98.7

0.70 100.0

I.47 99.9

2.00 100.0

3.16 100.1

1.31 98.9

3.23 100.0

0.77 99.7

L.47 99.9

0.77 L00.2

1 .31 99.9



198

EIG. CODE SiO2 41203 CaO I'gO Ira2O K2O Fe2O3 ¡fnO TiO2 p2O5 r¡r SrM

392 2d, 63.9 15.7 3.31 1.62 5.93 0.64 6.92 0.12 0.42 0.L2 0.77 99.5

398 2d 61.3 15.1 3.81 3.44 3.95 0.85 9.97 0.12 0.55 0.06 0.23 99.4

410 ld 56.4 14.5 5.07 4.24 4.49 0.32 11 .7 0.36 0.86 0.22 0.39 98.6

4L7 3b 52.7 I4.9 10.3 3.96 1.03 1.92 8.16 0.16 0.60 0.08 4.77 98.6

437 3a 57.7 L4.7 4.L0 4.38 4.I9 0.18 13.4 0.24 0.9G 0.24 0.23 100.4

452 3a 58.3 14.8 3.g3 2.47 2.96 !.62 LL.z 0.09 0.66 O.L2 3.62 99.8

485 ld 55.7 13.9 3.51 4.90 4.59 0.43 L2.g 0.32 0.83 0.20 1.31 98.5

502 3a 66.3 14.4 3.09 1.00 4.52 L.62 5.73 0.03 0.41 0.08 Z.L6 99.4

548 3a 64.4 L2.2 I.08 3.37 0.35 1.11 16.5 0.18 0.74 0.T-t -0.23 I00.4

558 3a 63.4 L4.7 6.87 3.67 L.25 L.43 6.77 0.L2 0.67 0.10 0.70 99.7

-_-DTåI\O{D DRII,L HC[,E I]F-2184 CHECK SAT\,IPI,E--_

318 lc 50.1 17.4 9.0s 6.03 3.89 0.20 ]rO.7 0.18 0.85 0.12 1.00 gg.G

-_-DII\¡vXOI\D 
DRLLL HOLE FS-35 CIIECI( SAI\,IPLE---

::': "::l__"#:';il;:iï l;ll lTi:i " -:l
42 lc 54.0 15.8 8.61 5.03 4.14 0.21 9.83 0.17 0.83 0.12 0.G2 99.4

64 Ic 46.3 18.2 10.6 4.9L 2.40 2.49 11 .7 0.20 0.80 0.08 1.54 99.2

88 lc 47.2 L7 .6 10.4 s.01 3.60 0.70 L2.4 0.24 0.84 0.10 0.70 98.7

114 le 57.9 L3.7 6.64 3.98 3.72 0.36 10.6 0.17 0.BB 0.12 0.47 98.6

143 2c 71.3 11.3 0.80 1.83 3.96 0 .87 7.47 0.14 0.38 0.04 0.70 98.7

L64 2c 73.1 11.0 2.01 0.88 3.33 1.07 s.28 0.10 0.41 0.07 1.00 98.3

238 2d. 62.3 L7.L 4.00 2.11 5.07 1.56 s.36 0.09 0.38 0.10 0.47 98.s

264 6 53.4 14.1 4.76 5.09 4.33 0.76 13.6 0,23 I.54 0.I7 0.62 98.s

363 2a 68.6 L2.3 2.76 2.92 3.50 1.27 6.88 0.10 0.73 0.L4 0.31 98.5

383 6 54.6 13.8 4.23 6.31 3.71 0.85 L2.2 0.17 1.46 0.L7 0.85 98.4



ETG. CODE

397 6

452 2a

503 2d

643 2c

666 6

746 2c

901 2e

966 6

1033 6

L047 2c

L092 6

IL46 2c

1168 2c

1186 2c

L223 2c

L293 2c

1302 2e

1307 2c

1314 6

L327 2a

1339 2a

1346 6

1357 2c

1383 2c

1407 2c

sio2 A1203

52.7 14.7

69.3 L2.0

59.4 L4.L

71.3 11.3

50.5 13.9

71.6 11.6

74.6 10.9

54.5 13.8

53.0 13.7

71.3 10.7

56.0 14.4

72.7 LL.o

72.2 LI.3

7L.7 LL.3

72.0 LL.s

72.7 Il..s

70.4 11.6

71.3 11.4

s0.2 Is.4

68.8 12.0

66.9 L2.4

49.3 L3.7

72.6 LL.6

73.6 L0.7

7L.7 LL.z

CaO l,IgO

2.43 8.08

1.57 1.83

1.06 6.28

1.37 1.95

9.65 10.6

2.02 L.65

1.01 1.39

6.46 s.31

2.30 s.s3

t.92 L.75

2.3s 6.13

L.56 L.42

1.84 1.16

r.17 1.40

2.72 L.00

L.64 L.26

2.L2 I.58

3.19 1.91

10.0 6.31

L.95 2.14

2.01 1.88

9.48 8.24

1.64 1.16

1.89 1.88

2.87 0.96

l.Ia2O K2O

3.04 1.13

3.84 1.53

2.77 L.rg

3.72 0.9L

2.56 0.31

2.9r r.24

2.74 L.75

2.80 0.42

1.98 1.38

3.08 1.39

2.58 1.28

3.67 1.56

3.59 1.41

3.s0 2.4s

3.18 1.26

4.06 1.19

3.46 0.99

3.43 0.51

3.37 0.37

4.07 0.96

4.08 1.15

2.44 0.72

4.26 0.76

2.2L 2.03

2.90 L.48

Fe2O3 16ú

L4.9 0.27

6.29 0.11

I2.2 0.L7

6.46 0.10

9.76 0.16

6.82 0.18

4.60 0.06

11.5 0.19

18.0 0.19

6.42 0.09

L4.4 0.24

5.05 0.10

6.13 0.09

5.52 0.07

6.04 0.09

5.31 0.07

7.5s 0.10

6.13 0.12

11.9 0.20

7.40 0.08

8.06 0.10

13.1 0.21

6.20 0.09

s.s7 0.09

s.78 0.11

TiOz P205

1.84 0.18

0.55 0.10

0.96 0.23

0.43 0.04

0.75 0.14

0.43 0.06

0.31 0.02

1.48 0.17

1.46 0.16

0.58 0.10

1.61 0.17

0.51 0.10

0.49 0.09

0.51 0.08

0.5s 0.11

0.s6 0.09

0.48 0.06

0.47 0.06

0.83 0.07

0.75 0.18

o.a¿ o.zz

0.77 0.20

0.34 0.03

0.32 0.02

0.32 0.03

199

T€I STD{

0.47 99.8

1.08 98.2

1.16 99.5

0.47 98.0

0.62 98.9

0.31 98.9

1.08 98.5

0.23 98.1

0.85 98.5

1.00 98.3

0.54 99.7

1.16 98.9

0.62 98.9

1.39 99.1

0.70 99.2

0.77 99.2

0 .47 98. 8

0.39 98.9

0.39 99.0

0.62 98:9

1.31 98.9

0.85 99.0

0.62 99.3

0.47 98.8

1.39 98.7



EIG. C1]DE

L443 2c

1498 2c

1514 2c

L562 2c

L576 6

1599 2c

L626 Ic

L632 2ð,

1639 lc

1652 2d

sio2 A1203

72.5 tL.2

71.0 11.4

71.0 11.7

74.3 LL.2

49.0 15.0

72.9 LL.2

48.8 15.9

64.4 9.08

49.L L4.4

68.2 9.98

CaO ¡4gO

3.02 1.00

2.04 L.L2

1.48 I.26

1.3s 1.01

8.04 4.51

2.11 1.09

6.84 9.74

4.90 3.13

9.92 9.60

2.3L 2.64

l{a2O K2O

2.76 2.09

3.94 1.10

4.29 L.46

4.I9 L.23

3.4L L.92

4.23 L..0L

2.73 2.88

1.31 0.96

2.L7 L.87

0.69 1.s7

Fe2O3 lrrrO

4.70 0.10

6.71 0.11

6.72 0.09

s.78 0.08

13.5 0.23

s.93 0.09

LO.T 0.27

13.1 0.35

9.02 0.26

I3.2 0.25

TiO2 P205

0.31 0.03

0.42 0.06

0.42 0.06

0.34 0.03

0.95 0.12

0.34 0.04

0.s4 0.04

0.29 0.L4

0.47 0.05

0.30 0.08

200

I¡I ST]M

1.s4 99.2

0.93 98.8

0.47 99.0

0.47 99 .9

1.54 98.1

0.85 99.8

1.00 98.8

0.62 98.3

1.54 98.3

0.39 99.6



APPENDÏX III

TRACE ELEMENTS(iN PPM), Tj-O2 AND FCO CONTENTS

FOR 2OI ÐRILL CORE SAMPLES(1984)

(as analysed by X-ray Assay Laboratories)

INSTRUMENT STABTLITY (PRECISION)
(10 replicate analyses)

Mean ( ppm ) so ( ppfn )

20L

LIMTTS
PPM
PPM
PPM
PPM
PPM
PPM

sD (ppm)

10
40
10
40
20

0

the detectíon limit
at 10x the D.L. it

is better than 5?.

Rb
Sr
Y
Zr
Nb
Cr

UNITS
Cr
Sr
Rb
Nb
Y
Zr
FeO I
Tj-O2 E

2t0
260
130
280

10
3300

METHOD
XRF
XRF
XRF. XRF
XRF
XRF
WET
XRF

DETECTION
10.000
10.000
10.000
10.000
10.000
10.000
0.10
0.0I0

10
10
10'10
10
10

Mean ( ppm )

200
44 00

50
I 1500

980
0

*Note: Mean is the arithmetic mean.
SD is the standard deviation.

Regarding the FeO determinations, ât
the precision is +/- Eh.e detection limit'
is +/- 10 202 and at 100x the D.L. it



202

SAT\,TPLE

23-24

23-75

23-t62

23-292

23-377

23-467

23-514

23-546

23-627

23-63s

23-1113

23-1136

23-1r68

23-I237

23-L268

23-127 4

28-18

28-30

28'70

28-rL2

28-t40

28-1ss

28-223

28-237

TRACE ELEMENTS, TiO2 AND Feo

Cr Rb Sr Y Zr-- Nb TiO2

50 10 50 40 90 20 t.82
s0 40 180 20 30 40 3.81

70 30 220 10 50 10 0.87

1s0 10 100 30 40 20 0.66

50 30 130 <10 I0 30 0.58

90 20 160 20 20 10 0.66

70 20 310 20 80 10 0.55

1340 40 L70 10 <10 20 0.2s

690 20 160 10 10 10 0.37

140 10 100 40 130 30 0.38

L20 60 1s0 20 90 10 0.42

980 40 40 10 30 20 0.84

940 40 1s0 10 30 20 0.8r

1070 30 190 <10 40 20 0.6s

660 30 . 300 30 60 20 0.96

2060 10 30 I0 20 20 0.44

90 20 180 30 s0 I0 0.92

2oo 30 180 10 60 30 1.00

80 70 100 20 100 20 0.68

80 20 240 20 80 10 0.77

70 30 230 I0 s0 20 0.69

110 30 2I0 <10 60 10 0.49

50 30 2t0 10 s0 10 0.83

60 90 140 30 110 <10 0.78

FeO

13.3

L6.2

8.9

11.0

9.7

6.2

6.3

8.3

8.3

4.7

4.3

10.8

10.5

8.5

1r.4

8.6

9.1

10.0

7.8

5.1

6.2

7.3

4.4

4.7
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SA¡{PLE

28-267

28-285

28-320

28-395

28-467

28-492

28-522

28-532

28-s3 3

28-547

28-648

28-662

28-672

28-726

28-733

28-77L

28-77 2

28-77 3

28-8I7

28-9r5

28-10 20

28-I052

28-1098

28-11 60

28-L469

Cr

110

200

100

150

L20

90

70

140

90

80

100

170

370

L20

L20

110

80

L20

100

110

100

t20

r10

90

150

Rb

50

50

40

20

50

70

50

30

30

10

30

30

30

50

20

30

60

60

70

70

20

40

60

10

20

STY

190 20

<I0 30

180 20

190 30

r80 10

70 10

r00 10

70 <10

30 10

120 <10

50 <10

40 <10

30 <10

90 10

r20 30

190 30

100 20

100 20

r40 40

80 20

180 30

I50 20

60 30

40 40

180 s0

Zr Nb

100 20

40 <10

L20 10

80 30

30 20

30 20

30 20

20 10

20 t0

30 t0

40 20

20 20

40 . <10

ITO 10

200 40

110 30

130 40

LzA 20

1r0 20

100 30

90 10

160 30

L20 20

80 l0

200 20

TiO2

0.76

0.43

0.74

0.52

0 .44

0.43

0.63

0.68

0.68

0.63

0.43

0.41

0 .42

0.74

2.69

0.6s

0.s8

0 .62

0.79

0.s9

0.84

0.64

0.95

L.24

o .42

FeO

9.0

0.9

4.8

4.7

6.1

5.6

7.8

9.1

9.8

8.5

4.8

5.7

6.4

8.8

14.5

6.7

8.0

7.7

9.2

8.0

L0.2

6.0

13.4

11.6

2.7
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SAIUPLE

33-s 9

33-94

33-108

22-rL0

33-134

33-134A

33-rs7

33-157A

33-L92

33-237

3 3-28 0

33-32 I
33-3s 0

3 3-39 I
33-41 1

33-430

33-s70

33-760

33-77 5

3 3-8s 2

33-866

33-1024

33-1141

33-1232

33-1252

Cr Rb

90 10

1s0 20

110 10

100 <10

r20 20

40 40

70 20

140 30

140 I0

r30 30

90 20

100 20

50 40

50 30

110 10

140 40

140 20

110 40

100 30

110 40

1r0 70

110 30

100 20

180 120

L20 40

STY

200 20

<10 20

<10 <10

10 <10

40 80

240 < 10

260 10

110 90

I20 30

90 10

130 10

260 <10

280 <10

140 20

50 <10

110 60

80 50

190 30

130 s0

130 50

100 50

100 60

L20 40

<r0 10

70 s0

TiO2

0.70

0.05

0.23

0 .05

0.54

0.69

0.82

0. s3

0 .20

0.15

0.72

0.58

0 .71

0.49

0..07

0.s2

0.41

0.95

1.00

0.94

0.71

0.60

0.93

0.09

0.94

FeO

11.0

9.6

17 .7

18.9

3.2

6.r
7.8

3.5

0.5

2.2

7.5

8.8

9.3

8.4

17.0

5.6

5.7

6.0

7.3

6.3

5.1

4.5

6.6

1.1

9.4

Zr

40

<10

10

<10

300

40

40

300

190

L70

40

30

30

20

<10

300

290

190

170

200

240

220

2L0

30

210

Nb

20

10

10

30

30

30

10

20

20

30

IO

10

10

20

40

40

2Q

30

30

20

20

20

20

20

20



205

SAMPLE

33-L262

33-1325

33-1358

33-r472

33-1488

34-62

34-3s3

34-48 I
34-628

34-68 5

34-733

34-7 44

34-778

34-782

34-869

34-901

34-920

34-1045

34-1133

34-1180

34-1207

34-L244

34-I29I

34-1488

34-15 40

Cr Rb

100 20

140 30

140 20

100 <10

70 10

L20 20

130 50

60 <10

100 30

160 40

360 90

260 l0

239 50

2L0 30

170 40

r90 60

180 40

180 40

160 40

r80 30

160 30

180 s0

r20 40

160 20

t40 60

STY

70 70

130 60

s0 r20

260 20

240 10

230 30

70 20

200 <10

220 10

370 20

2s0 10

410 20

400 20

450 20

290 t0

300 40

260 20

220 20

400 10

530 10

450 <1 0

610 <10

350 <10

140 40

140 30

Zr

2t0

260

330

2o

<r0

'13 0

L20

20

40

60

120

90

70

L20

90

90

I20

100

90

90

90

90

90

150

150

Nb

30

30

30

10

t0

t0

30

20

10

20

30

20

10

30

10

30

10

10

10

20

20

10

10

40

10

TiO2

0.92

0.s1

0.19

0.44

0.24

o .77

0.60

0.56

0.66

0.65

0.76

0.72

0. s8

0. 70

0. s1

0.5s

0.51

0.52

0.52

0.53

0.53

0.53

0.40

0.38

0.42

FeO

7.0

4.1

2.2

6.1

9.3

9.1

5.6

8.8

7.8

4.8

5.4

3.3

3.9

3.9

3.6

3.s

3.8

3.9

4.3

3.9

4.0

4.0

2.6

3.3

2.9



206

SAMPLE

35-248

35-28 5

35-290

35-38 0

35-399

3 5-46 3

35-477

35-497

3s-52 I
35-54 6

35-552

3s-56 4

35-58 0

35-s93

35-63 0

3s-729

35-7sr

35-771

3s-793

35-81 0

35-8 30

3s-8 38

35-84 5

35-847

35-86 3

Cr Rb

210 40

790 <10

390 10

90 10

140 20

70 60

60 50

50 50

40 10

50 <10

90 40

40 t0

130 40

160 40

90 50

80 30

110 20

80 20

100 <10

80 40

140 40

60 30

90 20

90 2Q

100 30

YZr

<r0 40

10 80

30 100

60 230

30 340

10 30

10 30

10 s0

30 s0

20 60

40 90

30 L20

<r0 40

10 20

10 60

20 40

20 20

30 30

20 50

<10 
. 
<10

20 50

10 10

20 20

10 10

20 30

Sr

160

370

310

r60

ts0

1r0

1s0

130

170

240

150

140

140

110

100

260

270

rs0

22Q

90

20

140

140

60

100

Nb

20

20

30

30

20

20

2o

<10

20

10

20

30

10

20

20

20

10

20

20

20

20

20

<I0

10

30

TíO2

0.16

0 .47

0.59

0.35

0.26

0.66

0 .6s

r.08

I.29

L.28

0.78

2.56

0 .44

0.43

0.73

0.99

0.6s

0.7.4

0.70

0.57

0 .44

0.61

0 .59

0.59

0.91

FeO

1.6

5.4

5.6

5.r
1.1

7.6

6.3

8.3

T3.2

13.1

8.6

L2.5

4.9

2.6

18.7

8.6

5.5

8.1

6.9

8.6

7.7

8.9

7.9

1o'n
11.3
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SAMPLE

3 5-8 65

35-8 7 0

3s-87 I
35-892

3 5-90 4

35-9 I 8

35-929

35-957

35-964

3s-984

3s-1013

35-10 20

3s-I037

35-1068

3s-10 83

3s-1087

3s-1I02

35-I160

35-tr9s

35-I224

35-12s4

35-L287

r911-168

191 1- 16 9

t91r-188

Cr Rb

L20 30

230 20

.80 20

60 20

90 10

130 20

100 50

90 30

870 30

860 10

750 <10

110 10

r40 20

870 s0

s40 20

90 10

30 <10

70 30

80 40

50 50

80 <10

s0 10

2L0 60

160 90

100 20

SrYZr
50 <10 10

L20 20 70

130 50 230

140 40 100

130 20 100

110 20 100

60 30 r10

I20 10 50

t20 t0 t0

100 <10 <I0

70 20 <10

70 40 160

1r0 30 90

140 .19 <10

220 30 <10

110 20 90

90 20 20

320 10 40

420 30 70

80 10 40

1s0 20 s0

130 10 40

180 I0 s0

190 30 160

180 20 40

Nb

30

<10

40

40

20

40

<10

20

30

20

10

30

30

10

20

10

10

TO

10

20'

10

20

10

20

20

TiO2

0.48

0 .70

2.Q7

3.11

0.30

2.16

0. s9

0.78

0.43

0.33

0.41_

0.45

0.39

0.34

0.34

0 .44

0.14

0.81

0.25

0.81

0.84

0.79

0.24

0 .49

0.89

FeO

11.3

7.7

I5.5

L4.7

4.2

11.9

5.2

8.2

7 ..9

7.8

12.2

4.6

4.2

12.0

8.3

2.4

9.5

10.4

1.3

8.8

8.8

9.0

I.6
3.0

6.4
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SAMPLE

1911- r 9 2

191 I-238

191 1-2s8

L9tr-292

1911- 3 3 0

1911-ss7

L9IL-57 4

191 1-1057

1911- 10 9 4

t91I-1097

19Lt-L228

191 1-1263

I91I-1265

2L84-L6

2L84-32

2L84-73

2L84-99

2184-110

2l-84-rL9

2L84.L39

2t84-L44

218 4- 14I

218 4- 1s 8

2L84-L59

2L84-L7 9

Cr Rb

110 20

100 30

110 40

80 60

320 20

r20 50

70 20

100 30

tro 40

110 20

140 20

tso 40

s90 20

60 30

110 <10

90 <10

90 20

70 . 10

230 I0

190 50

100 20

70 40

70 s0

180 50

550 30

STY

180 20

200 30

r40 20

190 30

740 20

280 10

130 10

160 20

110 20

t 60 10

100 <10

140 2Q

30 10

90 1o

130 10

r20 10

reo 30

90 20

70 <10

60 10

70 20

80 40

70 10

<10 10

80 <10

Zr Nb

60 10

90 30

90 20

50 10

110 20

<10 t0

30 20

50 20

s0 10

60 10

80 10

80 40

<10 20

40 10

40 <10

20 20

30 20

20 20

40 10

30 r0

40 <10

90 30

20 20

10 l_0

30 20

TíO2

0.95

0.86

0.57

L.I2

0.69

0 .48

0.63

0.40

0..49

0 .46

0.40

0.41

0 .48

0.79

0.73

0.75

0.74

0.76

0.98

0.41

0.9s

T.I9

0.75

0.34

0.71

FeO

8.8

5.3

6.8

7.3

4.9

5.1

8.7

4.7

s.8

4.9

2.9

7.L

11.8

9.9

9.7

7.8

9.3

9.0

9.4

6.8

8.4

9.0

7.6

1.8

8.4
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SAMPLE

2I84-I99

2I84-202

2r84-2L2

2L84-220

2L84-228

2L84-240

2L84-262

2L84-267

2L84-282

2r84-297

2 18 4-30 1

2184-318

2L84-340

2 I I 4-350

2l-84-377

2L84-392

2L84-398

218 4- 4I0

2r84-4r7

2I84-437

2L84-452

2L84- 485

2184-502

2184-s48

21 8 4-ss I

Cr

80

130

L20

1r0

70

70

310

r20

L20

60

80

90

100

L20

90

80

100

80

70

80

110

90

150

170

l-20

Rb

40

20

10

50

40

10

20

40

40

40

sQ

IO

50

20

30

20

20

20

50

10

40

20

50

40

30

Zr

10

<10

30

100

20

10
i

r30

110

40

50

40

60

50

40

30

190

30

40

20

70

110

40

90

100

50

Nb

20

20

10

20

10

20

20

20

IO

30

20

10

10

10

30

20

20

10

30

30

10

t0

10

30

10

Tio2

0.54

0.64

0.70

0.70

0.75

0.6s

0.7.2

0.34

0.41

0.81

0.41

0.86

0 .44

0.52

0 .55

0 .42

0 .5s

0.86

0 .60

0.96

0.66

0.83

0.41

0.74

o .67

FeO

s.9

5.2

6.8

6.4

8.1

9.2

5.2

4.7

5.4

8.9

4.9

8.3

5.5

5.8

7.6

5.5

8.3

9.5

7.L

11.3

10.4

11.1

5.0

13.4

5.2

SrY
170 20

170 <10

100 20

180 10

130 10

160 10

710 10

t20 20

210 10

L20 20

r70 <10

280 r0

r20 10

210 20

100 10

180 40

1s0 10

1r0 40

1s0 10

80 30

170 30

1r0 <10

150 10

<10 30

70 30



SAIvIPLE

2184-318*

35-83 I *

*CHECK

Cr

90

70

SAMPLES

Rb

10

50

Sr

270

160

YZrNb
20 40 20

<10 30 20

TiO2

0.85

0.62

2I0

FeO

8.2

8.8
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APPENDIX TV

LIST OF SAMPLES

USED IN THE CHEMTCAL AND TR.ACE ELEMENT CLASSIFTCATTONS

OF lHE FOX MTNE METAVOLCANTC ROCKS



2L2

**The samples included in the following list were used in

the chemical classification of the Fox Mine metavolcanics.

. Surface samples locations are given in Appendix V:

3r 6r 7r 8,10, L6, 17,19r 20r 23,24r 31' 32r 83' 84, 93,

g6,103,108, L2r, r22,134,135, L36,138, 139, 140, 141,

r42, L43, r44, 151, r52, 255, 256, 257, 258 and 259.

Underground samples locations are given in Appendix V:

L64, 165, L66, I75, L76, L77, r78, 180, 181, L82, 183, L84'

185, 186' I87, 188 and 189.

Diamond drill hote UF-1886 sample numbers correspond

to f ootages down tft. hot":

160, 180, 280,300,480,500, 620,640,660,840, 960, 980,

1060, L620, L670, 1700, 1860, 1880, 2180, 2310, 2340, 2380,

2400, 2420 and 2440.

**The following list of samples (80) were used in both the

chemical classification and the trace element classification

of the Fox Mine metavolcanic rocks. Visibly altered samples

are indicated by an asterisk(*).

Diamond drill hole UF-1911 sample numbers correspond

to footages down the hole:

1057 and 1094

Diamond dril1 hole FS-23 sample numbers correspond to

footages down the hole:

!62, 467, 5I4, 627, 635, 1136, 1168' 1237 and L268-



2t3

Diamond drill hole FS-28 sample numbers correspond to

footages down the hole:

19, 30, 467, 492, 522, 532, 533, 648, 662(*1, 672(*) and

726(*',) .

Diamond drill hole FS-33 sample numbers correspond to

footages down the hole:

59, L34, L34, L57, L57, L92, 237, 280t 328, 350, 398, 430,

570, 760, 775,.852,886, :IO24t rrl1,1252, L262, '1325, L472

and 1488.

Diamond drill hole FS-34 sample numbers correspond to

footages down the hole:

488, 628, 129L, 1488 and 1540

Diamond drill hole FS-35 sample numbers correspond to

footages down the hole:
' 285, 2gO, 552, 580, 75Lt 77L, 7g3, 8r0, 830, 838; 845, 847,

965(*), 870, 904, 929, 957, 964, 984, 1013, L020, 1037, 1068,

1083, 1087, 1160, L224, 1254 and L287.
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APPENDIX V

CO-ORDINATE LOCATIONS

OF SURF'ACE AND 21OO LEVEL SAMPLES

(as listed in APPendix II)



SATvIPLE

I

3

5

7

9

11

13

15

t7

19

2L

23.

25

27

29

31

33

35

37

39

4t

43

45

47

2L5

LOCATION OF SURFACE AND 2IOO LEVEL SAMPLES

EASTING NORTHÏNG SAMPLE EASTING NORÎHING

725L0 8180 2 72520 8220

72sL0 8260 4 7 2s30 8390

725L0 8440 6 72s00 8s20

72500 8560 I 72520 8s80

725L0 8800 10 725Is 8870

72510 895s L2 72500 9o1s

725.10 9L20 14 7 2530 9160

72600 9rs0 16 72600 9100

72210 9190 18 72280 9140

72200 9L20 20 72205 9080

72Lg5 9040 22 722L0 8980

72220 8940 24 72210 8870

72L85 8720 ZA 722L5 8735

7228s 8760 28 72230 8665

722L0 8630 30 72300 8635

72160 8590 32 72200 8s6s

722Ls 8545 72200 8s00

72220 8460 36 72200 8370

72160 8300 38 7224Q 8210

72L60 8200 40 71980 916s

72020 9140 42 71980 9L2s

72010 9080 44 7L99s 891s

7L920 8795 46 7L98s 8765

71880 87 40 48 720Ls 8680



SAIttPLE

49

51

53

55

57

59

6I

63

65

67

69

7L

.73
75

77

79

81

83

85

87

89

91

93

95

97

EASTING

7 200s

7 20L0

7 2L20

72035

71865

718 50

71820

71825

7L780

7L780

71805

718 10

715 8s

71600

71530

71580

7r555

716I5

71600

7L370

7 1380

7 L395

7 L425

714 50

714 00

NORTHING

8640

Is10

8385

I310

813 0

8395

I s95

868s

88 80

9080

9L20

916 0

9000

Sego

I 840

8685

I 540

8390

8235

8600

8520

8445

I 325

I 705

8805

SAMPLE

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

EASTING

7 2000

7 2000

7 2065

7L970

718 00

7L790

7L820

7L790

7 L820

71700

717 60

7 L635

7Iss0

7L545

7t570

71605

7L640

7 1ss0

7 1480

7133s

7L435

7L405

714 r0

7L440

713 60

2L6

NORTHING

8620

I 435

I 360

8220

8300

8 555

8660

8 715

9020

9 100

9170

9L20

8990

8920

8780

8 59s

8420

8395

8660

8s90

8465

I410

8265

I 785

I710



SAI\,TPLE

99

101

103

105

107

109

111

113

115

TT7

119

L2T

L23

t25

L27

L29

131

133

135

137

139

141

143

145

L47

EASTTNG

7L340

7 1310

7L200

7IZLO

710 00

70940

72760

73000

7 3r75

72240

72000

7 2030

7 2L20

72400

7 2620

7 2640

72620

7 2560

7 2580

7 2435

72360

7 2L85

7 2200

7 2t40

NORTHTNG

8730

8880

87 65

I 480

8690

8730

9040

8900

8800

9280

9270

9320

9 310

916 5

9640

9 700

1012s

r0290

1r740

10s4s

10240

10500

T T4OO

1 1s50

SAII,IPLE

100

I02

104

106

r08

1r0

IL2

114

116

118

L20

L22

L24

126

L28

130

132

134

136

138

140

142

I44

I46

148

EASTING

713 6s

7118s

7L200

7116s

71040

7 2430

7 2960

73090

7 2280

7 2140

7 20L0

72090

7t620

72350

7 2770

7 2960

7 2665

7 2600

7 2560

72430

7 2400

7 2200

7 2200

7 2175

7 2L70

2L7

NORTHTNG

88 45

8920

8650

I 390

I810

9070

8920

I 780

9235

9240

9300

9235

92T0

916 5

9 470

9650

9980

I 0200

t 0560

L072,0

10360

I 0300

r 0680

11480

11700
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SAMPLE

1-49

151

153

155

L.57

1s9

161 ?

163

16s

_t67
L69

171

173

175

L77

179

181

183

18s

18,7

189

191

193

195

197

EASTTNG

7 2000

7 2000

7 2000

718 00

71780

71790

7r590

716.00

704s0

70s00

70s50

70590

70650

70670

70690

70740

70790

70840

70905

70930

7093s

70930

7 0960

71040

7 L075

NORTHING

I 1080

. 10800

10370

I012 0

r0810

LL220

10s90

10550

9535

961 0

9 680

97 40

9830

985s

988s

9950.

10030

10090

10r35

1016s

10190

1023s

10330

1 052s

t 062s

SAIUPLE

150

L52

154

156

1s8

160

L62

L64 ?

L66

r68

L70

L72

174

176

178

180

L82

184

186

188

190

L92

L94

196

198

EASTING

7 2000

72010

71980

71790

7 1810

7L640

71550

7t440

7 0470

7 0520

70570

706I5

7 0660

70680

70715

70765

70815

70850

7 0920

70930

7 0920

70950

7 1025

7 r060

7109s

NORTHTNG

110 30

10s80

L0275

10380

11070

11210

10750

9s10

9 565

9645

97T0

97 85

9840

9870

9 910

9985

t 0060

I 0125

1 01s0

1018 0

I 0210

r0290

10480

10580

1066s
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SAMPLE

L99

20L

203

205

207

209

2.LL

2L3

2r5

2L7

2r9

22r

223

225

227

229

23t

233

235

237

239

24r

243

245

247

EASTING

7 0110

71160

7r180

71190

7L375

71390

7r420

71390

7L375

71.280

711 s0

71160

71200

7114 0

7LL7O

7L2TO

709s0

70970

71040

70975

7 3020

7 2950

73000

73000

7 3370

NORTHTNG

I 0710

10840

t 089s

10920

I 030s

10 510

LT235

1 1360

I 1530

11600

11590

112s0

10770

r0400

101s0

994s

10630

I 11s0

I 1s70

11670

9985

10380

10635

10730

I 0200

SAMPLE

200

202

204

206

208

210

2r2

2L4

216

218

220

222

224

226

228

230

232

234

236

238

240

242

244

246

248

EASTTNG

71130

7TL1O

7118 5

713 50

714 00

713 40

7 L420

71385

7T37s

7113s

7LT7O

7LT7O

71r90

,7 LL7 O

71180

7 0990

7 0920

7L020

7 0970

7 0920

7 3015

7 2990

73000

73040

73425

NORTHTNG

I 0760

10870

10905

10 210

r 0410

11100

r1260

11430

r1580

I 1620

11430

11080

10s70

L0265

I 0035

9960

I 096s

1147s

11630

1r550

1019 0

10600

I0700

11570

10s30



SAMPLE

249

25I

2s3

2s5

257

259

EASTTNG

7 3440

73430

7 3840

7 0240

7 0L20

68245

NORTHTNG

10990.

1117s

1 0700

8970

8 480

10145

SAMPLE

250

252

254

256

2s8

EASTING

73390

73830

7 3820

7 0045

69870

220

NORTHTNG

1111s

1 1100

9860

8680

87 40
































